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Simple Summary

Capillaria hepatica is a zoonotic nematode primarily infecting the livers of mammals. In
humans, it causes hepatic capillariasis, a relatively uncommon but potentially severe
disease. Transmission occurs when embryonated eggs are ingested from contaminated soil,
food, or water, directly linking environmental exposure to infection risk. Wild rodents
serve as the main reservoir hosts for the parasite in environment. The wet market, as
part of the local food security, is a potential hotspot for transmission by fomite through
contaminated environments. The study was done in Medan, the capital of North Sumatra
province, Indonesia. We examined 150 wild rodents captured at three popular wet markets
in Medan and the surrounding residential area for the presence of C. hepatica in their liver
tissue using microscopy and molecular methods, with added spatial display. Most rodents
were infected with C. hepatica, particularly the brown rat (Rattus norvegicus), followed by the
Asian house rat (Rattus tanezumi). The findings indicate a significant risk of environmental
contamination and an increased risk of transmission to humans in the adjacent community.

Abstract

Background: Capillaria hepatica is a zoonotic nematode primarily infecting rodents. In
humans, it causes hepatic capillariasis, a disease that resembles hepatitis. Rodents act as
primary reservoirs and key amplifiers of transmission by ingesting the embryonated eggs
in contaminated soil/food /water. The wet market is a potential hotspot for transmission
through contaminated environments. Methods: We aimed to detect C. hepatica among wild
rodents from three popular wet markets in Medan, Indonesia: Simpang Limun, Petisah,
and Melati. Bait traps were placed near market stalls and nearby residences. Rodent
species were identified based on morphology. Liver tissue was microscopically examined
and further confirmed with PCR targeting the C. hepatica 185 rRNA gene. The spatial
display was produced through a GIS approach. Results: From 150 rodents, the species
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captured were Rattus norvegicus (70.7%) and Rattus tanezumi (29.3%), with R. norvegicus
as the most infected (95/106). Overall prevalence was 79.3%, with Petisah having the
highest local prevalence (48/51). Positive rodents were found at market stalls and in nearby
residential areas. Conclusions: We found a high prevalence of C. hepatica among wild
rodents in the three wet markets in Medan, suggesting a potential threat of transmission to
humans nearby.

Keywords: zoonosis; rodents; Capillaria; liver; wet market

1. Introduction

Over 60% of human infections originate from zoonotic sources. This encompasses a
diverse array of bacteria, viruses, fungi, and parasites. Interactions between people and
animals facilitate the transmission of zoonoses [1]. Synanthropic animals are wildlife that
inhabit areas near human settlements and derive benefits from anthropogenically altered
habitats, such as urban areas, agricultural lands, or residences. Among the synanthropic
animals that play important roles in zoonosis transmission in human environments are
wild rodents [2]. They have swift reproductive cycles and extensive occupancy, frequently
interacting with humans and the surrounding environment. Rodents are not only consid-
ered pests and harmful to agriculture and property but also act as reservoirs of various
zoonotic pathogens. Within this group, the species Rattus norvegicus, known as the brown
rat, and Rattus tanezumi, also known as the Asian house rat, are commonly studied for
their roles in zoonotic diseases. They are linked to diseases such as plague, hantavirus pul-
monary syndrome, leptospirosis, scrub typhus, and numerous other zoonotic diseases [3-6].
As zoonosis reservoirs, they substantially facilitate the transmission and propagation of
zoonosis through multiple direct and indirect mechanisms. Transmission may occur by
bites, inhalation of pathogens from rodent feces, or consumption of food and drink contam-
inated by rodent excreta. For Capillaria hepatica, the transmission is thought to occur mainly
through rodents’ carcasses contaminating the environment [7-13].

Capillaria hepatica, also known as Calodium hepaticum, is a parasitic nematode that
primarily infects rodents’ livers. C. hepatica exhibits a wide host range, encompassing at
least 80 species of rodents from the family Muridae and infecting a minimum of 24 other
mammalian families. It can cause symptoms similar to those of hepatitis, but also others.
Due to its location, it often goes undiagnosed, but in many cases it is also asymptomatic.
Reports in humans found that it can cause the zoonotic hepatic capillariasis, with clinical
presentations similar to those of acute or subacute hepatitis [7]. Symptoms may include
fever, abdominal pain, jaundice, hepatomegaly, and eosinophilia. Heavy infection can
lead to liver fibrosis or hepatic failure. Hepatic capillariasis is frequently mistaken for
various liver illnesses, including viral hepatitis, bacterial liver abscess, and liver tumors,
due to its varied and unusual clinical presentations. Furthermore, this pathogen may also
induce pulmonary symptoms, including cough, expectoration, and chest pain, potentially
due to ectopic larval migration into the lungs [9,14,15]. Confirmatory diagnosis is made
through biopsy/autopsy as the gold standard, serology tests, and imaging such as Mag-
netic Resonance Imaging (MRI), Computed Tomography (CT), and ultrasound. Diagnosis
can be challenging due to the infection’s non-specific clinical presentation. Treatment in-
cludes administration of albendazole with corticosteroid [9,16,17]. Considered rare, records
of human infection have been documented globally throughout Europe, the Americas,
Asia, Africa, and Oceania. Infections can be grouped into pseudo-infections (or spurious
infections) and true infections [7,9,12,17,18].
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Among the primary risk factors for human infestation are poor sanitary practices,
inadequate hygiene, high population density, and contact with rodents or other animals.
Individuals, both children and adults, who engage in dirt consumption (geophagia, pica), as
well as children exhibiting soil-to-hand-to-mouth contact, are particularly vulnerable [8,9].

Rodents act as the primary reservoirs for C. hepatica in the environment, maintaining
the parasite’s life cycle and serving as key amplifiers of environmental contamination.
Capillariasis occurs when eggs are ingested; the larvae then migrate to the liver, where they
mature, causing inflammation, fibrosis, and tissue damage. Transmission to humans and
other incidental hosts occurs through ingestion of embryonated eggs in contaminated soil,
food, or water, particularly in regions with high rodent density and inadequate sanitation.
Distinct from other nematodes, C. hepatica completes its entire development in the liver of
its host, where adult worms lay unembryonated eggs. These eggs are only released into
the environment upon the host’s death, decomposition, or predation, at which point they
embryonate in soil and become infective. Spurious infections arise when unembryonated
eggs are swallowed, usually by predators (cats, dogs) or scavengers of rodent carcasses,
pass through the intestine, and are subsequently excreted with feces. Although spurious
infection is not a true infection, the eggs excreted can become embryonated in the envi-
ronment and become a source of infection. Therefore, the abundant presence of C. hepatica
in the main reservoir hosts, such as rodents found near human settlements, suggested a
highly contaminated environment and a potential public health threat [7-13,17,19].

Changes in the global environment increase the number of rodents near human
dwellings and, in turn, potentially increase the risk of C. hepatica transmission. Capillaria
hepatica infection is commonly observed in rodents, particularly in Rattus spp. A few
studies revealed the presence of this parasite among rodents from different areas of Indone-
sia [20-24]. However, the phenomenon observed remains poorly understood. Furthermore,
there were no documented cases of C. hepatica infection in humans in the country. This
absence may be attributed to underreporting or misdiagnosis. The wet market, as part
of the locals’ food security, is a potential hotspot for transmission through contaminated
environments. We aimed to identify the occurrence of C. hepatica infestations among wild
rodents found in the three popular wet markets in Medan and their zoonotic implications.
As part of local food security, it is essential to monitor the occurrence of hotspots for
emerging disease transmission in these wet markets.

2. Materials and Methods
2.1. Study Sites and the Captured Rodents

The rodent samples were collected from three popular wet markets in Medan: Simpang
Limun (serving the area of Medan Kota district), Petisah (Medan Petisah district), and
Melati (Medan Tuntungan district) in August-September 2025 (Figure 1). Medan, the
capital of North Sumatra, Indonesia, has a tropical climate, and an area of 281.99 km?2.
It lies between 3°27" and 3°47’ of North Latitude, 98°35" and 98°44’ of East Longitude,
and a height 2.5-37.5 m above sea level (masl), and is bordered by the Regency of Deli
Serdang. Medan Kota district has a domain of 5.75 km?, covering 2.04% of Medan’s total
area, and a 27 masl height, plus a population of 84,779. Medan Petisah covers 1.87% of
Medan area, with a width of 5.28 km? and height of 26 masl, plus 72,599 residents. Medan
Tuntungan covers 25.16 km? area, or around 8.92% of Medan, with an average height of
56 masl, and 101,069 residents [25]. The ethical approval for the study was obtained from
the Health Research Ethics Committee of Universitas Sumatera Utara (protocol number
2603268-KEPK-USU).
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Figure 1. Locations of rodent collection: the wet markets Petisah (in Medan Petisah district), Simpang
Limun (in Medan Kota district), and Melati (in Medan Tuntungan district).

These three popular wet markets have market stalls selling mostly fresh produce,
groceries, and cooked food, with some clothing retailers. The neighborhood area (within
200 m of the markets) includes residential areas (houses and mixed-use/shophouses),
offices, and schools. Traps were placed on the crowded market stalls and the nearby human
dwellings for three weeks. Trap installation was located next to the stalls, as well as inside
and outside of the buildings for human dwellings. The single-use iron live trap applied was
rectangular, measuring 34 cm X 20 cm X 15 cm. Dried salted fish and other residual cooked
food (e.g., fried chicken) were used as bait. Each site was equipped with 100 traps, installed
daily at 6 p.m. and collected at 7 a.m. the next morning. Rodents were captured live inside
the trap until collection, then transported to the laboratory for further processing.

2.2. Data Collection and Microscopic Examination

Rodents were manually restrained by lightly grasping their neck scruff prior to eu-
thanasia to facilitate the safe and effective delivery of the intramuscular injection. Rodents
were euthanized via intramuscular injection of ketamine and xylazine. After anesthesia
administration, the sex, body mass, body length, tail length, ear length, and hind leg length
of the captured rodents were recorded for identification, following the protocol described
by Herbreteau et al. [26]. The captured rodents were identified based on these morphologi-
cal characteristics [26,27]. After the postmortem, liver samples were collected and visually
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inspected for visible white spot lesions. The suspected tissue was then dissected, placed in
a tube, incubated in pepsin-HCl solution, and examined under a light microscope (CX21
binocular microscope, Olympus®, Tokyo, Japan) for the presence of ova and parasites.
Another piece of the tissue was placed in a tube containing 70% ethanol and stored at
—20 °C for further DNA analysis.

2.3. Molecular Confirmation of Capillaria hepatica

After thawing frozen liver samples, 25 mg of tissue with obvious lesions was manually
homogenized in phosphate-buffered saline, and DNA was extracted using the Genomic
DNA mini kit for tissue (Geneaid, Geneaid Biotech Ltd., New Taipei City, Taiwan) according
to the manufacturer’s instructions. PCR amplification was performed using GoTaq® Green
Master Mix (Promega Corporation, Madison, WI, USA) with two published primers (233F:
5'-CGG TTC GCT GTT CAG TTG TT-3' and 436R: 5-TGC TGC CTT CCT TGG ATG
TA-3') targeting the highly conserved gene for 18S ribosomal RNA of Capillaria hepatica
(GenBank acc. no. LC425008) [28]. The amplification was performed using the Bio-Rad T100
thermal cycler (Bio-Rad Laboratories, Hercules, CA, USA), with the following conditions:
denaturation at 95 °C for 2 min; 35 cycles of 30 s at 95 °C, 30 s at 56 °C, and 30 s at 72 °C;
followed by a final extension at 72 °C for 5 min. The PCR products (204 bp) were confirmed
by 1.5% agarose gel electrophoresis.

2.4. Data Analysis

A spatial display approach was employed to visualize the distribution of rodent
occurrence in relation to key environmental and human activity areas. Field data on rodent
presence were collected using geographic coordinates and subsequently processed within
a Geographic Information System (GIS) environment. The visualization incorporated
primary spatial layers: the local wet markets and human settlements. The settlements
included residences (houses) and daily activity sites such as offices and educational facilities,
particularly schools attended by children. Rodent occurrence points were mapped and
overlaid with these layers for spatial visualization and identified areas of overlap.

All data were tabulated in Microsoft Excel (Version 2508, Microsoft, Redmon, WA,
USA) and descriptively analyzed using tables, charts, and percentage calculations.

3. Results
3.1. Captured Rodents, C. hepatica Prevalence, and Spatial Display

A total of 150 wild rodents were captured in these three popular wet markets in
Medan. We identified two rodent species, R. norvegicus and R. tanezumi, based on mor-
phological findings. The most captured species was R. norvegicus (70.7%), followed by
R. tanezumi (29.3%). Each captured point was grouped into three categories: market stalls,
houses/shophouses, and the school/office area. The study performed a descriptive com-
parison of the rodent species captured, showing the value of each species identified in the
examined areas (Table 1).

The Simpang Limun wet market yielded 49 rodent samples, of which 27 were identified
as R. norvegicus, and the remaining 22 were described as R. tanezumi. The Petisah market
had 51 rodents, comprising 40 R. norvegicus and 11 R. tanezumi. The Melati market collected
50 rodent samples, of which 39 were identified as R. norvegicus and 11 as R. tanezumi.
Overall, molecular examination revealed that R. norvegicus demonstrated high infestation,
with 95 of 106 samples testing positive for C. hepatica. The overall prevalence of C. hepatica in
the captured rodents was 79.3%, with Petisah having the highest local prevalence (48/51).
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Table 1. Prevalence of C. hepatica infection in captured rodents from the locations of three wet markets in Medan.

Captured Rodents
No. Wet Market Location Category R. norvegicus R. tanezumi Local
+ — n + — n Prevalence
Market stalls 11 4 15 4 11 15
L SimparTg Limun Houses & shop.houses 9 2 11 4 5999,
(n: 49) School/office 0 1 0 0
n: 21 6 27 8 14 22
Market stalls 24 0 24 6 2 8
Petisah Houses & shophouses 13 0 13 2 1
> (n: 51) School /office 3 0 3 0 0 1%
n: 40 0 40 8 3 11
Market stalls 29 2 31 6 3
Melati Houses & shophouses 3 2 0
> (n: 50) School /office 0 0 0 8%
n: 34 5 39 8 3 11
Total captured 150 95 11 106 24 20 44
Rodents
Total positive for Capillaria hepatica 95/106 24/44
Percentage 89.6% 54.5%
Overall prevalence: 119/150 (79.3%)

n: subtotal of captured rodents, +: rodent positive for C. hepatica, —: rodent negative for C. hepatica.
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In the spatial display at Simpang Limun, most of the infected rodents were found in
the market stalls and house areas. However, one positive rodent was found in the nearby
primary school. This is an important finding, considering that C. hepatica transmission
risk is more prominent in children. For Petisah, C. hepatica-infected rodents were mostly
found in market stalls. Additionally, three cases were found in the nearby office area. The
Melati wet market also showed that most positive samples came from rodents found near
the market stall areas, yet no cases were found near the school/office area (Figure 2). An
additional note in the findings was that the identified office areas for the captured rodents
were informal offices, where the building structure was either a house or shophouse being
used as office, and that they were not listed in the GIS system as established offices; hence,
the spatial layer display for the appointed offices was minimal /barely demonstrated.
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Figure 2. The spatial display of the distribution of C. hepatica-infected rodents across the three popular
wet markets in Medan, with added layers of settlements around to show potential transmission to
nearby humans. Appearance in order (from top to bottom): Simpang Limun, Petisah, and Melati.

3.2. Microscopy and Molecular Findings

Macroscopic examination of the removed livers from the rodent samples consistently
revealed yellowish to milky lesions on the liver surface, suggesting the presence of C. hep-
atica. Microscopy revealed distinctive ellipsoid-shaped eggs, with numerous joining pits
which looked like striations on the shells, and shallow polar plugs (Figure 3).
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Figure 3. (a) Macroscopic appearance of the rodent’s infected liver with milky spot lesions on the
surface (arrows), (b) microscopic appearance of C. hepatica eggs from the rodent’s liver under 400 x
magnification, and (c) under 1000 x magnification.

Using the 185 rRNA-based genomic amplification approach, we detected a 204 bp
band in positive C. hepatica samples (Figure 4). Microscopy was slightly inferior to PCR,
detecting 118 of 119 positive cases. All the positive rodents were found at market stalls and
in nearby residential areas.

500 bp

200 bp

Figure 4. Gel electrophoresis result of the amplified 18s IRNA target gene for C. hepatica, with a 204 bp
product. MW: Molecular Weight, (-): control negative, (+): control positive, and samples in number.

4. Discussion
4.1. Sites of Trapping

The three wet markets in Medan, where the study was conducted, are popular, with
large volumes of visitors and high trading activity in fresh produce and other food. The
selection of these three sites was determined by various considerations, including their role
in serving communities in an urban setting, their close proximity to human dwellings, and
their location in a relatively densely populated region. Wet markets are part of local food
security, enabling communities to access affordable food and goods for daily needs. On
the other hand, abundant food supplies from leftovers and waste are available for rodents
residing in these wet markets, providing a suitable environment for their population’s
growth. High population density will also facilitate close contact between rodents and hu-
mans, thereby elevating the risk of zoonosis transmission. Inadequate waste management
and poor hygiene maintenance are challenges commonly found in wet markets, thereby
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further promoting the growth of rodent populations [29-31]. A similar situation was found
in these wet markets, where insufficient waste management is combined with a lack of
hygiene upkeep in resource-limited urban settings.

The Simpang Limun wet market is situated in crowded area and near human
dwellings, including houses, schools, and offices. Additionally, some of the houses nearby,
particularly those in the approximate area of this market, are shophouses. Shophouses in
Medan are mixed-use buildings commonly found in urban settings, often with constricted
spaces. Some of them are two- to three-story buildings with the ground floor used for
commercial space and the upper levels for living areas. Some are one-story buildings with
the front area used for trading and the back for living [32]. This kind of setting is more
convenient and efficient for the vendors. A similar situation is found in Petisah wet market,
which is also densely populated. Shophouses are commonly found in this area, and based
on our findings, they provide a significant shelter for the captured rodents’ population,
although not as prominent as the market stalls. The wet market Melati, compared to the
two previous places, has a lower human population density and a wider area [25]. Fewer
shophouses are found in Melati than in the other two places. Most of the captured rodents
in these three markets were from market stalls, followed by the houses/shophouses area,
with fewer being found in the school/office area. The number of captured rodents in the
houses/shophouses category in Simpang Tuntungan and Petisah was higher in shophouse
buildings. However, in Melati, fewer rodents were captured in houses/shophouses, and
they were mostly obtained from the house structure buildings. Market stalls and shop-
houses can provide an abundant source of food for these rodents. Previous studies on
rodents and zoonotic infections in urban settings observed a similar pattern [1,3,22,30,33].
The urban rat population was sustained by the high density of residential zones surround-
ing the market, ongoing human activity, abundant food resources, and inadequate waste
control in the market. These factors facilitate the exposure and transmission of rodents and
the zoonotic pathogens they carry to humans.

4.2. Species of the Captured Rodents

In all three markets, R. norvegicus has been shown to be the more prominent species,
followed by R. tanezumi. Rattus norvegicus is among the most abundant and ubiquitous
urban rodent species considered pests worldwide. Rattus tanezumi is indigenous to Asia;
however, due to global trade, it has spread worldwide. Aside from being agricultural
pests and causing structural damage to building construction, both are also associated
with various zoonotic pathogens distributed globally [34-36]. The capture of these rodents
suggested a correlation between human activities and their presence in these areas.

The sewage rat R. norvegicus, popularly known as the brown rat, is prevalent in human
habitats worldwide due to its extensive distribution and diverse dietary adaptability,
enabling swift acclimatization to its environment. Well adapted for close contact with
humans and rarely found in the wild, this species is prevalent in metropolitan regions
with lower socioeconomic levels, and in areas where natural soil remains accessible for
burrowing [29]. Thus, the wet markets in Medan municipality are well-suited as habitats for
R. norvegicus. Additionally, numerous studies have established the presence of R. norvegicus
in public spaces and its role as a reservoir for various zoonotic infections [3,33,34]. Rattus
tanezumi, known also by the name the Asian house rat, is a widespread commensal rodent
found throughout East and Southeast Asia, and has recently expanded worldwide. In
addition to being agricultural pests and causing property damage, R. tanezumi is a potent
reservoir for numerous zoonotic diseases owing to its migratory behavior and varied
habitats, as documented in previous studies [3,33,37]. In this study, our findings also
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showed similar results, where R. norvegicus was found as the most frequent species in
public spaces, followed by R. tanezumi.

Our findings also showed that R. norvegicus was the most infested species with C.
hepatica. Of the 119 rodents infected with C. hepatica, the infestation percentage for R.
norvegicus was 89.6%. Other studies have documented similar results, showing the high
prevalence of C. hepatica in R. norvegicus, indicating that this species is one of the main hosts
of C. hepatica [10,11,19,38]. Interestingly, our findings showed the highest prevalence of C.
hepatica in captured rodents at 79.3%, compared with other published studies reporting
prevalence between 21.11% and 52%, indicating the abundant presence of this pathogen at
the study site.

In Simpang Limun, the number of C. hepatica-infested rodents captured in the market
stalls and houses/shophouses area was not much different (15 vs. 13). Most of the positive
rodents were R. norvegicus. Of note, one captured rodent infested with this pathogen was
found near the primary school area. As transmission of C. hepatica is usually through con-
taminated environments, such as soil/food /water, and children are particularly at risk [8,9].
This finding indicates the likelihood of C. hepatica transmission to these schoolchildren.
In Petisah, the infested captured rodents were dominated by R. norvegicus, and all indi-
viduals of this species were infected with C. hepatica. Most of the infested rodents were
captured in market stalls, followed by shophouses, suggesting that shophouses can provide
accommodating shelter for C. hepatica-infested rodents. In the office area, we found three
R. norvegicus rodents, all infected with C. hepatica. From the Melati market, the infected
captured rodents were also dominated by R. norvegicus. They were mostly found in market
stalls. Six infested rodent samples were captured in the house buildings, and one was
captured in the shophouses. No rodents were found in the school/office category. As
Melati is located in the Medan Tuntungan district, which spans a wider area, it has a
relatively lower population density than the other two districts, and fewer shophouse
structures were found in this area. Overall, Petisah has the highest local prevalence for C.
hepatica-infested rodents (94.1%). Petisah resides in a densely populated area. Other studies
also reported a higher prevalence of C. hepatica-infested rodents in more densely populated
areas, including in urban settings [10,11,13]. Rodents choose specific urban environments
based on the accessibility of suitable shelter, food, and water. Among these three elements,
food availability is believed to be the most significant. In urban settings, particularly in
densely populated areas, inadequately stored or improperly disposed of food and organic
waste serve as the primary food source for rats. These three wet markets, particularly
Petisah, have been shown to be ideal places for the occupancy of these C. hepatica-infested
rodents [29].

4.3. Microscopy and Molecular PCR Results

The macroscopic analysis of the excised livers from the rodent’s autopsy consistently
demonstrated yellowish to milky lesions. During macroscopic examination, the suspected
captured rodents’ livers consistently showed distinct feature of milky lesions, suggesting
C. hepatica infestation. Microscopy and molecular identification were also performed on
similar cuts of distinctive lesions from the autopsy of each rodent’s liver. Microscopy
showed a slightly lower sensitivity than PCR, identifying 118 of 119 positive cases.

The gold standard for detecting C. hepatica is liver biopsy or autopsy. The morphol-
ogy of the egg structure observed under microscopy in the biopsy/autopsy is also quite
distinctive and straightforward, with ellipsoid-shaped eggs, striated shells, and shallow
polar plugs [9,16]. Other methods, such as serology, imaging, and molecular identifications,
were developed because biopsy/autopsy is invasive. The molecular examination using
the 18s rRNA target gene of C. hepatica was initially developed for the detection in an
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asymptomatic patient, and has been used since then in other published studies [11,28].
The slightly lower microscopy sensitivity compared to PCR in our findings was probably
due to the selection of the autopsy tissue for further examination by these two methods.
Selecting the suspected milky liver lesions from the autopsy for examination improved
microscopy performance.

4.4. Zoonosis Perspective

Wild rodents can host numerous zoonotic pathogens that can be transmitted to hu-
mans, including parasites, viruses, and bacteria. Hepatic capillariasis is considered a rare
and neglected disease in humans. So far, 197 cases have been documented sporadically
worldwide, including from Europe, Asia, the Americas, Africa, and the Oceania. From
that, 97 were confirmed as true infections, while the rest were suspected to be spurious
infections [7,12-14,17,18,28,39].

The clinical signs of hepatic capillariasis are nonspecific, with symptoms including
fever, fatigue, anorexia, nausea, vomiting, abdominal discomfort, and diarrhea. Infection
may also induce pulmonary manifestations, such as cough, expectoration, and chest pain,
associated with the larva migration in the pulmonary system. Hepatomegaly, discomfort in
the hepatic area, and jaundice can also be found. Severe infection can lead to liver fibrosis,
hepatic failure, and can even be fatal. Hepatic capillariasis is frequently mistaken for vari-
ous other liver illnesses, including viral hepatitis, bacterial liver abscess, and liver tumors,
due to its atypical clinical presentations. Low awareness among the community regarding
this disease, the lack of information from extensive systematic epidemiological studies, the
challenge in diagnosis, where the gold standard is the invasive biopsy/autopsy, and the
failure to identify moderate or asymptomatic infections, all combined, are contributory fac-
tors in the misdiagnosis and underreporting of the disease. Historically, no recorded cases
of C. hepatica infection in humans from Indonesia have been reported. However, reports of
C. hepatica infestation in rodents were reported from different areas of Indonesia [23,24,38].
Furthermore, hepatitis is of growing concern in Medan municipality [40]. Hence, it is
suggested that human cases are underreported and/or misdiagnosed in Indonesia.

This study has some limitations. Because we focused only on detecting C. hepatica in
rodents at the study location, we qualitatively identified C. hepatica-infected rodents based
on the presence or absence of the pathogen. We did not measure parasite/egg density or
perform histopathological examination and the grading of the liver’s damage. We also did
not measure contamination levels of C. hepatica in soil/food /water at the study location,
nor did we examine the roles of other animal predators (cats, dogs) and scavengers in
the area through spurious infection modes to amplify contamination and transmission.
Furthermore, we did not include secondary data on suspected undifferentiated hepatitis
cases among humans from the study location to investigate their association with hepatic
capillarias. In addition, due to limited resources, we did not continue the PCR identifi-
cation with nucleotide sequencing to enrich the study findings. Nevertheless, this is the
first study to demonstrate the presence of C. hepatica-infected rodents in public spaces in
Medan municipality, the capital city of North Sumatra province, suggesting that the study
location was substantially contaminated and highlighting the potential of rodents and this
pathogen to cause zoonotic transmission to humans in the area, posing a significant public
health issue.

5. Conclusions

The present study revealed that wild rodents, particularly R. norvegicus and R. tanezumi,
which are prevalent in urban areas, may act as the main reservoirs for C. hepatica trans-
mission to humans in the study location. Furthermore, the widespread presence of these
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infested rodents in the studied markets and nearby human dwellings suggested substantial
potential for environmental contamination by C. hepatica and an imminent threat of human
transmission. Urban public spaces, such as wet markets, are highly conducive to becoming
the habitats of these infested rodents. Improved waste disposal, increased hygiene practices,
improved architectural design, and proper storage of food and leftovers to control the
population of these rodents are important [29-31]. Active routine surveillance to monitor
this pathogen in the environment and its association with human infection is also advisable,
as C. hepatica presence has been documented in the area. Additionally, the control and
monitoring efforts should include other zoonotic pathogens that harbor rodents as their
main reservoirs.
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GIS Geographic information system
km Kilometer

m Meter

cm Centimeter

masl Meter above sea level

am Ante meridiem

pm Post meridiem

DNA  Deoxyribonucleic acid
rRNA Ribosomal ribonucleic acid

PCR Polymerase chain reaction
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mins Minutes
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