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Abstract | Wild rats are associated with transmitting various deadly pathogens with significant zoonotic potential,
including blood protozoans. The present study aimed to determine the prevalence of blood protozoan parasites in
peri-domestic wild rats in Dhaka City, Bangladesh. A total of 80 wild rats belonging to four species, Rattus norvegicus
(n=28), R. rattus (n=14), Bandicota bengalensis (n=30), and M. musculus (n=8), were captured. The wild rats were trapped
alive in grocery shops (n=25), rental houses (n=20), slum areas (n=15), and fish markets (n=20). Five blood protozoa,
Plasmodium sp. (31.25%), A. marginale (21.25%), A. centrale (17.5%), Babesia sp. (10.0%), and Trypanosoma sp. (3.75%)
were detected in this study. The overall prevalence of infection was 50.0%, with the highest infection rate in R. norvegicus
(57.14%), followed by B. bengalensis (53.33%), M. musculus (37.5%), and R. rattus (35.71%). In respect to locations, the
highest prevalence was found in slum areas (66.67%), followed by fish markets (50%), grocery shops (48%), and rental
houses (40%). Both the single and mixed (Co-infection) were observed. This study revealed that the wild rats act as the
reservoir of multiple blood protozoan parasites of animals and humans. Therefore, our study underscores an integrated
control program against wild rats to prevent rodent-borne protozoan zoonosis in Bangladesh.
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INTRODUCTION known as murid rats; they are nocturnal and omnivorous
(Britannica, 2020). In Bangladesh, common wild rats

Wld rats, belonging to the order Rodentia, constitute species include Rattus rattus (Indur), Bandicoota indica
one of the largest groups of mammals on earth. (Dhadiindur), B. bengalensis (Metho indur), R. Norvegicus
Muridae, being the largest family, comprises over (Badami indur), Cannomys badius (Bamboo rat), and
1,383 species, including mice and wild rats, collectively — Sunmcus murinus Linnaeus (Chika, chuchoo) etc. (Burgin ez
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al., 2018; Ahmed ez a/., 2009). Wild rats bear economic
and public health importance due to their ability to cause
substantial losses by feeding on stored food and destroying
crops. Moreover, rats play a vital role as a reservoir
and definitive hosts for numerous infectious zoonotic
organisms (Gratz, 1998) and, therefore, pose health risks
by transmitting various infectious agents to humans and
animals (Khaghani, 2007). Increasing cases of parasitic
zoonoses have been reported globally (Han ez a/., 2015).

Urban areas, particularly cities like Dhaka, are of particular
concern due to the emergence of zoonotic diseases
facilitated by the favorable habitats for wild rats, which
frequently come into close contact with humans (Luniak,
2004). Rat species such as house mice (M. musculus) and
wild rats (R. rattus, R. norvegicus) are more prevalent in
urban areas and are becoming problematic due to their
high reproductive capacity, zoonotic potentials, and close
association with humans (Battersby ez a/., 2002; Clinton,
1969). Over 20 established diseases are directly transmitted
from rats to humans, typically via blood-feeding vectors
such as fleas, ticks, and mites (Paramasvaran ez a/., 2009;
Wang ez al., 2000; Ellis ez al., 1999). Wild rats harbor a
wide range of zoonotic diseases caused by protozoa (e.g.
toxoplasmosis, babesiosis, trypanosomiasis, leishmaniasis),
helminths (e.g. hymenolepiasis, trichinellosis,
echinococcosis, and capillariasis), viruses (e.g. Lassa
fever, Hantavirus diseases, tick-borne encephalitis), and
bacteria (e.g. plague, leptospirosis, lyme disease, and
relapsing fevers) (Asante ef al., 2019; Roohollah ez al.,
2012). Among these, blood-borne protozoan diseases
are transmitted by rats include leishmaniasis (Leishmania
major, L. infantum); trypanosomiasis (Trypanosoma lewisi);
babesiosis (Babesia microti); malaria (Plasmodium berghei),
anaplasmosis (4. marginale, A. centrale) (Helmy ez al., 2017,
Seifollahi ez al., 2016; Killick-kendrick, 2009). In Spain,
L. infantum DNA was detected in 27 % of rats (Ashford,
1996), while Plasmodium berghei is commonly studied as
a popular organism for human malaria in Africa (Navea-
Pérez et al., 2015). In Iran, 11.54% of rats were found
infected with Trypanosoma lewisi, and in the USA and
Japan, human babesiosis caused by B. microti, transmitted
via rats, has been documented (Seifollahi ez a/., 2016;
Homer ez al., 2000; Saito-Ito ez al., 1999). In Bangladesh,
a lower incidence of anaplasmosis (7.5%) and Babesiosis

(4.7%) has been reported previously (Islam ez a/., 2020).

Wild rats are known carriers of numerous zoonotic
pathogens, facilitated by increased interaction with people
due to urbanization (Sumangali e 4/, 2007) and their
close proximity to human settlements such as slums,
rented houses, and shops. Despite the global public
health significance of rodent-borne protozoan diseases,
very few studies have been conducted in Bangladesh,
even in Southeast Asia. Furthermore, Dhaka, as a densely

populated city with a substantial rat population, has lacked
previous research attention. Therefore, the aim of this study
was to assess the prevalence of blood protozoan parasites in

peri-domestic wild rats in Dhaka City.
MATERIALS AND METHODS

THE STUDY AREA AND WILD RATS CATCHING

The research was conducted in Dhaka, situated on the
eastern banks of the Buriganga River. The city experiences
a distinct monsoon season and has an annual average
temperature of 26 °C. Dhaka is one of the most densely
populated cities globally, characterized by a mix of
multistoried buildings, skyscrapers, and slums. These
demographic, topographic, and climatic conditions make
Dhaka an ideal habitat for rats. The wild rats were captured
from various locations, including grocery shops, vegetable
and fish markets, general households, and slum areas in
Agargaon, as well as West Kafrul within the Dhaka North
City Corporation. A total of 80 wild rats were trapped from
different locations using iron stick traps (27 cm x 13 cm x
13 cm). The traps baited and set with care before sunset
were collected in the following morning. The captured wild
rats were then taken to the Microbiology and Parasitology
Laboratory, Sher-e-Bangla Agricultural University, Dhaka,

for further studies.

RODENT IDENTIFICATION

Each wild rat was placed individually in a glass flask and
anesthetized with a cotton plug soaked in chloroform.
Then, the rats were identified, classified, and categorized
based on their species, sex, site of collection, and date
according to the keys and description of Aplin ez a/. (2003).
Species identification involved observation of coat color,
size, shape, and appearance, as well as head-body length
and specific tail length. Sex was determined by examining
the distinct sex organs.

BLOOD COLLECTION AND PRESERVATION

In this study, blood was collected via cardiac puncture.
After identifying the heart, a 1.0 ml or 3.0 ml syringe
was used to draw the blood. Then, the collected blood was
preserved in a collecting tube containing EDTA (purple
tip) for further analysis.

PREPARATION OF THIN BLOOD SMEARS, GIEMSA
STAINING, AND MICROSCOPIC EXAMINATION

A thin blood smear was prepared by placing a small drop
of blood on a clean, grease-free, pre-labeled glass slide. A
second slide was set at a 30-45° angle to the drop, allowing
the drop to spread along the edge before quickly pushing
it to the end of the slide. Three slides were prepared per
sample. The smears were air-dried for a few minutes and
then fixed in absolute methanol for 2-3 minutes using
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a Coplin jar. The fixed slides were stained by flooding
them with Giemsa working solution (p™ 7.1) for 35-40
minutes (Thanee ez a/., 2009). After staining, the slides
were rinsed with running tap water and left to air dry. The
prepared slides were examined under a microscope (100X
magnification) using immersion oil. The morphological
identification of blood protozoa was conducted according
to the keys and description of Urquhart ez /. (1996).

STATISTICAL ANALYSIS

The data, including locations, rat species and sex, niches,
parasite species, and infection nature (single and mixed),
were considered as independent variables. Data with low
detection rates were excluded. Pearson’s chi-square and
Fisher’s exact test were used to analyze the association
of parasite detection rates across the different locations,
species, sexes, niches, and infection types using GraphPad
Prism 8 (GraphPad Software, San Diego, CA, USA). A p

value of <0.05 was considered significant.

RESULT'S

MORPHOLOGICAL IDENTIFICATION

«  Trypanosoma sp.: This species exhibited a classical
slender form with a long posterior end. It had a sub-
terminal oval kinetoplast and the nucleus located in
the anterior part of the body. The flagellum was free
(Figure 1).

« A centrale and A. marginale: A. centrale was found to
have a round inclusion body in the central part of
the erythrocyte (Figure 2A). Whereas 4. marginale
appeared as an intracellular basophilic, spherical
inclusion body located near the margin of erythrocytes
(Figure 2B).

*  Babesia sp.: In rat blood, B. microti is commonly found.
In Babesia infection, infected red blood cells (RBCs)
showing pleomorphic shapes and sizes which were
elliptical (Figure 3A), classic tetrad-forms (Figure
3B), comma (Figure 3C), pleomorphic ring (Figure
3D) or vacuolated (Figure 3E).

*  Plasmodium sp.: The trophozoites had a compact
cytoplasm and a large chromatin dot. Occasional band
forms and/or “basket” forms with coarse, dark-brown
pigment were also observed (Figure 4A). The ring
form had large chromatin dot inside the cytoplasm
(Figure 4B). Schizonts containing 6-12 merozoites
with large nuclei clustered around a mass of coarse,
dark-brown pigment giving an appearance of rosette
(Figure 4C). The gametocytes were round to oval with
scattered brown pigment and almost filled the infected
red blood cell. The shape of gametocytes was bean-
shaped (Figure 4D).

KN

NC

FG
Figure 1: Trypanosoma sp. highlighting  the
KN=Kinetoplast, NC=Nucleus and FG= Flagellum
(100X).

Figure 2: Anaplasma centrale: indicates the inclusion body
at the central part of the erythrocyte (A). Anaplasma
marginale: indicates the inclusion body near the margin of
the erythrocytes (B) (100X).

B at

Figure 3: Babesia sp. (100X), showing pleomorphic shapes
and sizes including, elliptical shape (A), maltase cross/
tetrad (B), comma shape (C), pleomorphic ring (D), and

vacuole (E).

Continued Publication - 2026 | Volume 13 | Page 35

(=
OS¢ Links
**@Researchers



The Journal of Advances in Parasitology

ok -

Figure 4: Plasmodium sp. (100X), highlighting the
trophozoite stage (A), the ring-shaped trophozoite
stage with a large chromatin dot (B), the schizont stage
containing 6 to 12 merozoites with large nuclei clustered
around a mass of coarse, dark-brown pigment (C), bean-

shaped gametocyte (D).

OVERALL PREVALENCE

'The study was carried out with a total of 80 wild rats collected
from different locations in Dhaka City, Bangladesh. Out
of 80, 40 (50%) rodents were found to be infected with
different blood protozoan parasites (Table 1). Five species
of blood protozoa were identified in this study. Among the
detected blood protozoan parasites, Plasmodium sp. had
the highest prevalence (31.25%), followed by 4. marginale
(21.25%), A. centrale (17.50%), Babesia sp. (10.00%), and
Trypanosoma sp. (3.75%).

Table 1: Prevalence of blood parasite infection by wild rat
species.

Rat species No.ofrats  No.ofinfected  p-value
examined  rats (%)

R. norvegicus 28 16 (57.14%)

B. bengalensis 30 16 (53.33%) 0.5035

M. musculus 08 3 (37.50%)

R. rattus 14 5 (35.71%)

Total 80 40 (50.00%)

PREVALENCE OF BLOOD PROTOZOAN INFECTION BY
WILD RAT SPECIES

Four wild rat species were identified among the captured
samples. The highest number of rats belonged to Bandicota
bengalensis (30), followed by R. norvegicus (28), R. rattus
(14), and M. musculus (08). Among these species, R.

norvegicus had the highest prevalence of protozoan
infection (57.14%, 16/28), followed by B. bengalensis
(53.33%, 16/30), M. musculus (37.5%, 3/8), and R. rattus
(35.71%, 5/14) (Table 1).

PREVALENCE OF BLOOD PROTOZOAN INFECTION BY SEX
OF WILD RATS

Both male and female wild rats from all four species were
found to be infected. The prevalence of infection was
higher in female rats across all species. In R. norvegicus,
the prevalence was 50% in males and 66.67% in females,
respectively. Similar observations were observed in B.
bengalensis (52.38% in males and 55.55% in females),
R. rattus (33.33% in males and 40% in females), and M.
musculus (28.57% in males and 100% in females) (Table
2). However, Anaplasma sp. had a higher prevalence in
females (44.45%) compared to males (24.52%), similar to
Plasmodium sp. Conversely, Babesia sp. and Trypanosoma
sp. showed a higher prevalence in males than in females

(Table 3).

Table 2: Prevalence of blood parasite infection by sex of
wild rats.

Ratspecies Sexof No.of No.ofinfected p-value
rats rats rats (%)

R. norvegicus Male 16 8 (50.00%) 0.4589
Female 12 8 (66.67%)
Total 28 16 (57.14%)

B. bengalensis Male 21 11 (52.38%) >0.9999
Female 9 5 (55.55%)
Total 30 16 (53.33%)

R. rattus Male 9 3 (33.33%) >0.9999
Female 5 2 (40.00%)
Total 14 5 (35.71%)

M. musculus  Male 7 2 (28.57%) NA
Female 1 (100%)
Total 8 3 (37.50%)

Total 80 40 (50.00%)

NA: Not analyzed.

Table 3: Prevalence of blood parasites in male and female
wild rats.

Parasite species No. of infect- No. of male No. of female
edrats (%)  rats (%) rats (%)

Plasmodiumsp. 25 (31.25%) 13 (24.52%) 12 (44.45%)

A. marginale 17 (21.25%) 10 (18.86%) 7 (25.93%)

A. centrale 14 (17.5%) 9 (16.98%) 5 (18.51%)

Babesia sp. 8(10.00%) 6 (11.32%) 2 (7.41%)

Trypanosoma sp. 3 (3.75%) 2 (3.77%) 1 (3.70%)
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PREVALENCE OF BLOOD PROTOZOAN INFECTION IN
WILD RATS BY CAPTURED NICHES

'The wild rats were captured from four types of locations,
namely stationary/grocery shops (25), local rental houses
(20), fish markets (20), and slum areas (15). The highest
infection rate was observed in rodents from slum areas
(66.67%), followed by those from fish markets (50%),
grocery shops (48%), and local rental houses (40%) (Table
4).

Table 4: Prevalence of blood parasite infection in different
niches.

Niches No. of trapped No. of infected p-value
rats rats (%)

Grocery shops 25 (31.25%) 12 (48.00%)

Local rent houses 20 (25.00%) 8 (40.00%) 0.4741

Slum areas 15 (18.75%) 10 (66.67%)

Fish markets 20 (25.00%) 10 (50.00%)

Total 80 40 (50.00%)

PREVALENCE OF CO-INFECTIONS IN MALE AND FEMALE
WILD RATS

Both single and mixed infections with blood protozoan
parasites were detected. The analysis showed single
infections at 27.50%, whereas mixed infections with double

and triple pathogens at 15.0% and 7.50%, respectively
(Table 5).

DISCUSSION

This study examined four peri-domestic wild rat species,
namely Rattus norvegicus, R. rattus, B. bengalensis, and M.
musculus. Five species of blood protozoan parasites were
identified, namely Plasmodium sp., A. marginale, A. centrale,
Babesia sp., and Trypanosoma sp. Similar blood protozoan
parasites were previously reported in rats and shrews in
Bangladesh (Islam ez a/., 2020), except for Trypanosoma sp.
Many authors reported similar blood parasites in rats in
different parts of the world (Alias e a/., 2014; Makokha ez
al., 2011; Ajayi ez al., 2006). The overall prevalence of blood
protozoan parasites in this studywas 50.0%, which was higher
than previous findings of Islam ¢7 /. (2020) in Bangladesh
(13%), Dada (2016) in Nigeria (16%), Katakweba (2018)
in Tanzania (22.9%). However, the prevalence of blood
protozoan parasites in this study is similar to those from
Nigeria (63.08%) (Ajayi ez al., 2006), and Iran (53.8%)
(Seifollahi ez al., 2016). The variations might be due to
the geographical variations, types of parasites identified,
abundance and distribution of tick vectors in the research
area, and the methodology for detection and identification

of the parasites (Katakweba, 2018).

In this study, the prevalence of Plasmodium sp. was
31.25%. This rate is higher than the 0.67%, 8.57%,
and 6.8% infection rate reported by Islam ez a/. (2020),
Katakweba (2018) and Makokha e7 a/. (2011), respectively

Table 5: Co-infections of parasites in the blood samples of wild rats.

Status of infection Grocery shops Renthouses Slumareas Fish market Total
(n=25) (n=20) (n=15) (n=20) (n=80)
Single infection
Plasmodium sp. 6 (24.00%) 1(5.00%)  2(13.33%) 2(10.00%) 11 (13.75%)
A. marginale e 1(5.00%)  2(1333%) 1(5.00%) 4 (5.00%)
A. centrale 1 (4.00%) n.d 1 (6.67%) 1 (5.00%) 3 (3.75%)
Babesia sp. 1 (4.00%) 1(5.00%) nd e 2 (2.50%)
Trypanosoma sp. 1 (4.00%) 1 (5.00%) n.d n.d 2 (2.50%)
Subtotal 9(36.00%)  4(20.00%) 5(33.33%) 4(20.00%) 22 (27.50%)
Double infections
Plasmodium sp. + A. centrale n.d n.d 1 (6.67%) 1 (5.00%) 2 (2.50%)
Plasmodium sp. + Babesia sp. 2 (8.00%) n.d n.d n.d 2 (2.50%)
A. marginale + A. centrale n.d 1 (5.00%) 1 (6.67%) 2 (10.00%) 4 (5.00%)
Plasmodium sp. + A. marginale n.d 2(10.00%) 2 (13.33%) n.d 4 (5.00%)
Subtotal 2 (8.00%) 3(15.00%) 4 (26.67%) 3(15.00%) 12 (15.00%)
Triple infections
A. marginale + A. centrale + Babesia sp. 1 (4.00%) 1 (5.00%) 1 (6.67%) 1 (5.00%) 4 (5.00%)
Plasmodium sp. + A. marginale + A. centrale n.d n.d n.d 1 (5.00%) 1 (1.25%)
Plasmodium sp. + Trypanosoma sp. + Babesia sp. n.d n.d n.d 1 (5.00%) 1 (1.25%)
Subtotal 1 (4.00%) 1 (5.00%) 1 (6.67%) 3 (15.00%) 6 (7.50%)
Grand total 12 (48.00%) 8 (40.00%) 10 (66.67%) 10 (50.00%) 40 (50.00%)
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but lower than 42.1%, and 48.46% in reported by Ajayi
et al. (2006), and Alias ez al. (2014), respectively. The
variation in prevalence might be due to the variation in
sample size, geography, rodent species, high concentration
of mosquitoes, and the prevalence of malaria. Although
females (44.45%) were more affected than male rodents
(24.52%), the difference was not statistically significant,
which was supported by Alias ez a/. (2014), who reported

similar infection rates in both sexes.

Trypanosoma sp. was also identified in this study, with a
prevalence of 3.75%, consistent with earlier findings
of Katakweba (2018) (4.29%), Shafiyyah ez a/. (2012)
(1.5%), and Ajayi ez al. (2006) (3.08%). However, a higher
prevalence was reported in Brazil (21.7%) due to the larger
fly population and tropical climate (Linardi et al., 2002).
Wild rats near human settlements were more likely to be
infected by Trypanosoma species (Pumhom ez /., 2015). In
Bangladesh, the absence of Tsetse fly (Glossina spp.), which
transmits salivarian trypanosomiasis, likely contributes to
the lower infection rate of Trypanosoma sp.

In this study, Babesia sp. had a prevalence of 10%, with
higher infection rates in male rodents (11.32%) compared
to female rodents (7.41%). A previous study in Bangladesh
reported a lower infection rate of 4.7% (Islam ez al,
2020). Lower infection rates were also reported in other
studies (Mardosaité-Busaitiené ez al., 2021; Selma e al.,
2019; Navea-Pérez ez al., 2015). On the other hand, a
similar prevalence was reported by Katakweba (2018),
who documented 7.14% infections of Babesia sp. The hot
and humid conditions and high population density in
Dhaka City might favor for growth and survival of tick

populations, leading to a higher prevalence of Babesia.

In this study, Anaplasma sp. was also detected, with a
prevalence of 21.25% for Anaplasma marginale and 17.5%
for A. centrale. A previous study in Bangladesh reported a
lower prevalence of Anaplasma sp.7.5% (Islam ez al.,2020).
'This variation might be due to the difference in sample
size, geographical location, and seasons.

In this study, wild rats of both sexes were found to be
infected, where the females (59.25%) had a higher infection
rate than the males (45.20%). This finding contrasts with
the study by Alias ¢ a/. (2014), which found that male
rats had higher infection rates because they explored
larger areas than female rats. All rodents in our study were
captured between late winter and early spring (February to
March), coinciding with the wild rat breeding season. That
might be the reason why females in our study had higher
rates of protozoan infection.

The study revealed that R. norvegicus had the highest
infection rate (57.14%), followed by B. bengalensis, R. rattus,

and M. musculus. Among 80 wild rats captured, the majority
were collected from different grocery shops (31.5%),
followed by rental houses (25%), slum areas (18.75%), and
fish markets (25%). A similar study in Argentina reported
that 74% of captured rats were commensal species (Mus
domesticus, Rattus rattus, and Rattus norvergicus) (Castillo
et al., 2003). In the present study, the highest number
of infected wild rats were found in houses in slum areas
(66.67%), followed by fish markets (50%), stationery shops
(48%), and rental houses (40%). In Bangladesh, slum areas
are responsible for various disease transmissions. Lesser
access to health services, inadequate housing, and poor
sanitation in slum communities increase parasitic infection
by wild rats and facilitate the epidemic transmission of
infectious diseases in humans (Ko e /., 1999; Childs e
al., 1991).

CONCLUSION

The aim of the present study was to determine the
prevalence of blood protozoan parasites in peri-domestic
wild rats in Dhaka City, Bangladesh. The Plasmodium
sp., Babesia sp., and Trypanosoma sp. have been reported
to bear public health significance. This study reports the
blood protozoa Trypanosoma sp. for the first time in wild
rats in Bangladesh. Wild rats live alongside humans in city
areas and play an important role in transmitting zoonotic
diseases. For this, further research with larger sample
sizes and molecular techniques is essential for better
understanding the complex interaction between rodent
hosts and protozoan parasites.
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