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Abstract

Background and Aim: The animal reservoir of leptospirosis is comprised of both domestic and wild mammals, with rats
known as the most important in the spread of the disease. The occurrence of this reservoir in residential areas increases the
potential for leptospirosis transmission. This study aimed to investigate the type of reservoirs and estimate the prevalence
of leptospirosis in rats and livestock animals in Bantul and Gunungkidul districts, Special Region of Yogyakarta Province,
Indonesia.

Materials and Methods: This research utilized a cross-sectional study design. Rat trapping and livestock (cattle, goat, and
sheep) blood surveys were conducted at four locations in each district. Samples of rat renal and livestock blood serum were
examined using the polymerase chain reaction technique to determine the presence of Lepfospira bacteria. The data were
analyzed descriptively by describing the species of rats trapped, the types of cattle, and the prevalence of Leptospira in the
sample.

Results: The rat species infected with Leptospira in Bantul district consisted of Rattus tanezumi 4.8% (3/63); Rattus
norvegicus 12.5% (2/16); Bandicota indica 28.6% (2/7); and Bandicota bengalensis 50.0% (1/2). No rats were found to be
positive for Leptospira in Gunungkidul district. The prevalence of Leptospira in cattle was 63.64% (7/11) in Bantul district
and 50.00% (8/16) in Gunungkidul district. In goats and sheep, the prevalence of Leptospira was 22.22% (2/9) in Bantul
district and 45.16% (14/31) in Gunungkidul district.

Conclusion: The potential exists for transmission of leptospirosis from rats and cattle in Bantul and Gunungkidul Districts.
It is necessary to increase leptospirosis awareness. Community education, especially for livestock farmers, needs to be
improved to prevent the transmission of leptospirosis from livestock.
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Introduction animals play an important role as hosts or reservoirs
of the bacteria [7]. Leptospira can be found in vari-
ous domestic mammals including rodents [8, 9], cat-
tle [7], sheep [10], dogs [11], cats [12], and other
livestock [13]. Interaction between humans and these
animals is a risk factor for transmission.

Rodents are known to be the main reservoir of
leptospirosis [9, 14]. This group consists of many spe-
cies, some of which are domesticated, so they have a
high potential to transmit leptospirosis to humans [15].
Rattus tanezumi is the most dominant species found
in residential areas [16]. They can occupy homes by
nesting on roofs, thus allowing them to escape erad-
ication attempts. Rattus norvegicus, better known as
the “sewer rat” in Indonesia, is a species that is com-
monly found in residential areas with poor sanitation
[17]. Several studies report that this species is a reser-
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Leptospirosis is a re-emerging disease caused by
pathogenic bacteria of the genus Leptospira. This zoo-
nosis has the most widespread worldwide distribution,
with more than 1 million cases experiencing severe
disease and approximately 60,000 deaths reported
annually [1]. Leptospirosis is classified as a neglected
disease [2], with wide distribution and cases reported
in both urban [3] and rural areas [4]. Leptospira reser-
voirs in both types of settlements are responsible for
the high prevalence rates.

Leptospira spp. infection occurs through two
routes: The direct route of contact with urine or tis-
sue from infected animals and the indirect route
through an environment (usually moist) contaminated
with the urine of infected animals [5, 6]. Domestic

Veterinary World, EISSN: 2231-0916 1449


https://orcid.org/0000-0002-1779-4869
https://orcid.org/0000-0001-6989-0863

Available at www.veterinaryworld.org/Vol.15/June-2022/7.pdf

continue to be recognized for endemic leptospirosis.
The number of leptospirosis cases in Gunungkidul dis-
trict is lower than in Bantul, but the mortality rate is
higher, exceeding 20%. Indeed, it was 100% (4/4) in
2016. Over the past 5 years, the leptospirosis incidence
rates in Bantul district have ranged from 80 to 100 cases.
However, the mortality rate has been reduced to below
6%. As a postscript, the Bantul District Health Office
reported a leptospirosis outbreak in 2011 [24]. The risk
factors for leptospirosis in Bantul and Gunungkidul
districts include exposure to the various leptospirosis
reservoirs found in the community.

Leptospirosis is still a neglected disease in
Indonesia, particularly in Yogyakarta. The knowl-
edge levels of people who are at risk of being exposed
to leptospirosis, and local health workers, need to
increase. Evidence showing that the risk of exposure to
leptospirosis exists in the environment is expected to
raise this awareness. This study aimed to estimate the
prevalence of leptospirosis in many types of reservoirs,
especially domestic animals such as rats and livestock.

Materials and Methods

Ethical approval

The study was approved by Indonesian Health
Research Ethics Committee, National Institute
of Health Research and Development (number
LB.02.01/2/KE.090/2019). The National and Political
Unitary Agency of Yogyakarta gave the consent and
permission to conduct the study.

Study period and location

A cross-sectional study was conducted from
January to November 2019 in Bantul and Gunungkidul
districts, Special Region of Yogyakarta Province. The
survey was conducted in four subdistricts (Figure-1).
Purposive random sampling was applied to select a

survey site based on the Local Health Office’s lepto-
spirosis case record.

Animals and sampling

Rats were captured in settlement areas, includ-
ing household areas, rice fields, and gardens around
houses. Rat trapping was performed for four consecu-
tive nights at each survey site. Species identification,
blood, and renal samples were taken directly at the
on-site locations. The captured rats were immediately
identified and then dissected; the kidneys were put into
tubes containing phosphate-buffered saline and stored
at 4°C. Livestock animals had blood drawn through
the jugular vein. The blood was immediately placed
into tubes containing ethylenediaminetetraacetic acid
and stored at 4°C.

Leptospira detection

Examination for the presence of leptospires was
carried out in the Laboratory of Banjarnegara Health
Research and Development Unit using the polymerase
chain reaction (PCR) method with the Lipl32 gene tar-
get, run according to the protocols published by Levett
et al. [25] and Vedhagiri et al. [26].

Statistical analysis

Data were analyzed descriptively by the propor-
tion of rats and livestock species that were obtained
during the study period, and the prevalence of leptospi-
rosis in the samples examined. Rat density data at the
study sites were determined by the trap success rates,
calculated by the total number of rats caught divided
by the number of traps and the number of capture days.

Results

Fifty-six rats were captured from four survey
sites in Gunungkidul district, that is, Patuk 1 (n = 16);
Saptosari (n = 10); Patuk 2 (n = 11); and Playen
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Figure-1: Survey site map [Source: Ina Geospatial Maps 2018].
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(n = 19). The relative density of rats described by the
rate of successful traps in this district was 5-9.5%.
Trapping in Bantul district captured more rats from
Pandak 1 (n=18), Sanden (n =29), Pandak 2 (n =32),
and Kasihan (n = 17), which is indicated by its suc-
cessful trap rate (Figure-2).

The rats captured at four locations spread across
each district of Gunungkidul and Bantul were identified as
six species, that is, R. tanezumi, R. norvegicus, B. indica,
M. musculus, Bandicota bengalensis, and Rattus tioman-
icus. This survey also obtained one non-rodent species,
the shrew Suncus murinus, which is also known to have
the potential to be infected with Leptospira. R. tanezumi
was the most abundant and dominant species caught in
Gunungkidul and Bantul districts (Figure-3).

Leptospira examination from rat renal samples

The results of the examination of Leptospira
positive rat renal samples based on species and their
sampling site by PCR are described in Table-1.

Rats caught in Bantul district infected with
Leptospira consisted of four species: B. indica (28.6%:
2/7), R. norvegicus (12.5%: 2/16), R. tanezumi (4.8%:
3/63), and B. bengalensis (50.0%: 1/2). Leptospira-
positive rats were trapped at three locations: Kasihan,
Sanden, and Pandak 2. In addition, Leptospira detec-
tion in rats from Gunungkidul district showed nega-
tive results in all samples.

Leptospira examination from livestock blood samples
The examination of 67 samples of livestock
blood found 31 samples (46.27%) to be positive for

Leptospira. These samples were obtained from 15 cat-
tle and 16 goats/sheep (Tables-2 and 3).

Discussion

The density of rats is directly proportional to the
risk of Leptospira transmission. In this study, the den-
sity of rats was described in terms of the relatively
successful trap capture rates. A trapping location was
classified as having a high density of rats if the trap
success rate was above 7%. The average trap success
in Gunungkidul was 7% (5-9.5%), while in Bantul dis-
trict, it was 12.25% (8.5-16%). Regardless of the bias
caused by differences in the number of catchers and
the equipment used, both districts have high rat densi-
ties, even though the rat capture rate in Gunungkidul
was lower than in Bantul district. In Gunungkidul dis-
trict, the study was conducted in a low-density hous-
ing area, while in Bantul district, it was conducted in
a densely populated location. Dense settlements pro-
vide more food sources, such as waste and leftover
food for rats, especially domestic rats such as R. nor-
vegicus and R. tanezumi.

The genus Rattus seems to benefit from urban-
ization and thrive in an urban and peridomestic envi-
ronment. R. tanezumi was the most frequently caught
species across all study sites. This is reasonable,
considering that the survey was conducted at resi-
dential locations. R. tanezumi is known as a “house
rat” which has a wide range of habitats and nests in
attics and other hidden places, both inside and outside
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Figure-3: The species of rats captured from survey sites in Gunungkidul and Bantul district.

Veterinary World, EISSN: 2231-0916

1451



Available at www.veterinaryworld.org/Vol.15/June-2022/7.pdf

Table-1: Leptospira examination by PCR methods of rats
samples from Bantul district.

Species n Positive Percentage Survey
site
Rattus 63 3 4.8 Kasihan
tanezumi and
Sanden
Rattus 16 2 12.5 Kasihan
norvegicus and
Sanden
Bandicota 7 2 28.6 Kasihan
indica and Pandak
Suncus 10 0 0 -
murinus
Rattus 1 0 0 -
tiomanicus
Mus musculus 1 0 0 -
Bandicota 2 1 50.0 Sanden
bengalensis

PCR=Polymerase chain reaction

Table-2: Leptospira examination by PCR methods of
livestock blood samples from Bantul district.

Livestock n Positive Percentage Survey site

Cow 11 7 63.64 Pandak
Goat/Sheep 9 2 22.22

PCR=Polymerase chain reaction

Table-3: Leptospira examination by PCR methods of
livestock blood samples from Gunungkidul district.

Livestock n Positive Percentage Survey site
Cow 16 8 50.00 Saptosari
Goat/Sheep 31 14 45.16 and Playen

PCR=Polymerase chain reaction

houses. These species can climb house walls, so can
easily go in and out for many purposes, such as for-
aging, mating, and nesting. The second most captured
species was R. norvegicus, which is a “sewer rat” and
is widely found in urban environments. This species
does not have the ability to climb, so its access in and
out of houses is relatively limited compared with R.
tanezumi. However, in urban areas, mostly in devel-
oping countries, this species was generally found in
slums and in areas with poor sanitation, such as mar-
kets, shopping complexes, and surrounding areas. In
this study, R. norvegicus was captured in survey sites
in both Bantul and Gunungkidul. In relation to zoono-
sis, R. norvegicus has been reported to act as a major
reservoir for leptospirosis [9].

B. indica is commonly found in agricultural
areas or in settlements adjacent to agricultural areas
(e.g., rice and farm fields). This species has also
been reported to transmit leptospirosis. The results
of the trapping activities of this study found only two
B. indica in Gunungkidul district and seven in Bantul
district. The survey site in Bantul was a settlement
area, with many rice and farm fields surrounding
the residents’ houses. This is the common habitat of

B. indica. 1t is noteworthy that the rice and farm fields
in Bantul are narrower than those in Gunungkidul
district, which causes the habitat range of B. indica
to increasingly narrow. This results in the activity of
this species being closer to residential areas. B. indica
was mostly caught in Bantul district, probably due to
the narrowing of its habitat range, making it easier to
capture.

Other species captured were R. tiomanicus,
M. musculus, and B. bengalensis. These three spe-
cies were caught in settlement areas in Bantul district.
This finding was in contrast with the study of “Rikhus
Vektora” in South Sumatra, which found the species
in areas far from settlements [16]. R. tiomanicus is
a type of tree rat and its natural habitat is outside of
houses, and is commonly found in plantation areas or
rice fields adjacent to rivers, while B. bengalensis is a
species that occupies garden or rice field habitats that
are identical to rural areas. Data show that these two
species were caught in Bantul district, the possible
explanation being the same as in B. indica phenome-
non, which was also caught more frequently in Bantul
district. M. musculus is a more cosmopolitan species,
but many studies report that this species is becoming
increasingly difficult to find in residential areas, espe-
cially in Java. This may be related to competition from
other species, especially R. tanezumi, resulting in a
decreasing population.

The prevalence of Leptospira in rats is influ-
enced by the rate of transmission between rats, both
within and between species. In areas of high-level rat
infestation, the potential for Leptospira transmission
increases with more frequent interactions between
rats. The trap success rate data showed that the rat
infestation in Gunungkidul district was lower than in
Bantul district. This low rat population resulted in a
lower rate of leptospirosis transmission between them.
In addition, none of the rats caught in Gunungkidul
were infected with Leptospira.

In this study, all the positive rats for Leptospira
were caught in Bantul district, and these rats occupied
denser settlements than those in Gunungkidul district.
The relatively large number of houses per capture area
and the lower areas of rice and farm fields, which are
their preferred habitats, make interactions between
rats more frequent and ultimately increases the poten-
tial for Leptospira transmission between them.

Rats are maintenance hosts of leptospires, and
these animals act as reservoirs for Leptospira bacteria
over relatively long periods of time. This is enabled
by the fact that rats do not show clinical signs even
though they are infected with Leptospira. Leptospira
bacteria are deposited in the renal tubules and excreted
in the urine of rats. Thus, the presence of infected rats
has the potential to transmit the pathogen to other rats
and animals and therefore has the potential to be trans-
mitted to humans. The species of rats infected with
Leptospira in Bantul district were R. tanezumi (4.8%:
3/63), R. norvegicus (12.5%: 2/16), B. indica (28.6%:
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2/7), and B. bengalensis (50%: 1/2). These results
were consistent with several studies conducted in
other areas. R. tanezumi, which is the species with the
highest density in settlement locations, has also been
confirmed as a Leptospira reservoir in Banyumas,
with a prevalence of 2.7% [27], Minahasa 9.0% [8],
Pati 40% [28], and Semarang city 8.3% [17].

The prevalence of leptospirosis in this study was
relatively low, and considering the small sample size,
high confidence intervals could not be determined.
However, this has also been the case in similar studies
in other areas which encountered the same problem.
Despite these limitations, the figures from these vari-
ous studies can still be compared equally.

R. norvegicus was caught in fewer numbers
than R. tanezumi, but the prevalence of Leptospira
in this species was higher. This finding correlates
with data from several other studies. The prevalence
of R. norvegicus infected with leptospirosis was
86.7% in Semarang [17]; 79% in Salvador, Brazil,
12% in Vancouver, Canada [29]; and 25% in Vienna,
Austria [30]. The prevalence of Leptospira in B. indica
in this study was the highest, in line with a study in
Bangladesh which reported that this species was the
most prevalent at 66.7% [31]. B. bengalensis had the
highest prevalence of Leptospira, with one positive
out of two samples examined (50%). This species was
caught in small numbers, so the prevalence rate was
high. As a caution, it is important to be aware that a
small population in a relatively narrow area affects the
interspecies transmission of Lepfospira, considering
that rats interact with other rats not only in terms of
competing for food or habitat dominance but also in
terms of breeding. The small number of individuals
of one species in a narrow habitat makes this interspe-
cies interaction more intense, resulting in an increased
potential for transmission. Another study reported
that B. bengalensis was a leptospirosis reservoir in
Bangladesh (31.4%) [31], Sri Lanka (29%) [32], and
India (37.2%) [33].

S. murinus is not a member of the Rodentia
group, but is a shrew and an insectivore. However,
several studies have reported that this species also has
the potential to transmit leptospirosis, so its existence
in the environment needs to be monitored. In this
study, PCR detection showed that none of S. murinus
were infected with leptospirosis. However, S. murinus
was reported to be infected with a prevalence of 6.7%
with leptospirosis serovar Cynopteri in Banyumas dis-
trict [27]. In addition, a greater prevalence (25%) was
reported by a study conducted in Malaysia [34].

The livestock samples confirmed in this study
included cattle, goats, and sheep. The data showed that
the prevalence of Leptospira in livestock in Bantul and
Gunungkidul district was high, with the prevalence of
Leptospira in cattle in Bantul district at 63.64%, while
in goats and sheep, the prevalence was 22.22%. This
corresponds with the findings in Gunungkidul district
where the prevalence in cattle was 50.00% and 45.16%

in goats and sheep. The potential for transmission of
leptospirosis from cattle to humans, especially stocks
farmers, needs particular consideration. Importantly,
the study results in Kulonprogo district revealed that
most stock farmers still do not have adequate knowl-
edge about Leptospira [23].

Similar to transmission to humans, Leptospira
infection in animals occurs due to direct contact with
urine or indirect contact with a contaminated environ-
ment. The high mobility conferred by leptospiral peri-
plasmic flagella allows the bacteria to invade the host
organism by active penetration through injured skin
or intact mucosa. When colonizing the kidneys, lepto-
spires are excreted in urine and may then contaminate
soil, surface water, puddles, streams, and rivers [35].
The study location was a suburban area with poor
environmental sanitation. This type of environment
allows for the transmission of leptospirosis among
various types of reservoirs, including rats, domestic
animals, and humans.

Leptospira infection in cattle is reported to
cause disease with mild-to-severe symptoms. A sur-
vey conducted in Kulonprogo district from 2011 to
2013 found that out of all of the corrals investigated,
5.6% had at least one individual animal infected with
Leptospira among their livestock. The prevalence of
cattle infected with Leptospira was 3.7%, while that of
small ruminants was 3.3%. The most dominant sero-
vars found were Hardjo and Icterohemorrhagie [23].
Kulonprogo district is another district in Yogyakarta
Province and has similarities in geography, environ-
ment, and the techniques used by farmers in manag-
ing livestock, which makes it similar to Bantul and
Gunungkidul.

Several studies have shown similar results
to this study. A study conducted on sheep in Brazil
reported that 24.74% were infected with Leptospira,
with Hardjo being the dominant serovar and all pos-
itive samples resulting from infection with the spe-
cies Leptospira interrogans [10]. Studies conducted
in Malaysia reported that the leptospires prevalence
in cattle was 11.75%, in goats was 11.2%, and in
sheep was 5.03%. The reported serovars were Hardjo,
Hebdomadis, and Pomona [7]. Research in Sri Lanka
reported that 11% of female rats and 8% of male rats
were infected with Leptospira, 9% of the cattle tested
were confirmed Leptospira positive, and the prev-
alence in buffaloes was 20% [36]. Another study in
Malaysia using a serological examination method
found a very high prevalence of leptospires in cattle
(81.7%), with Sarawak being the most dominant sero-
var [37]. This study indicated that the incidence of lep-
tospirosis in cattle was very high, although it does not
cause death in cattle. A study conducted in Kelantan,
Malaysia, reported that the prevalence of leptospires
in cattle was 14.16%; in goats was 11.20%; and in
sheep was 5.03% [7].

All samples were analyzed using the PCR method
with the Lip/32 gene targeted. This is a specific gene
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for pathogenic leptospires, so the positive samples
detected were likely due to pathogenic Leptospira
infection. However, a weakness of this study is that
no serovar data were obtained, making it difficult to
compare with the results of other studies or to com-
pare them with Leptospira serovars known to infect
humans at the study sites. In general, it can be con-
cluded that there is the potential for transmission of
leptospirosis from rats and livestock at the study sites,
referring to the results that pathogenic leptospires
were indeed proven to be present in these domestic
animals.

All the rats caught in Gunungkidul district
showed negative results for Lepfospira, in contrast
with the positive results of the livestock. These data
prove that action is needed to prevent transmission
among farm communities. Leptospirosis in cattle
can cause economic losses to farmers and the risk
of transmitting leptospirosis to the farmers them-
selves. Leptospirosis in cattle has been reported to
cause disturbances in the female estrous cycle [38]
and failure of fetal development [35]. Likewise, in
goats and sheep, leptospirosis causes reproductive
disorders, including fetal abortion and decreased
milk production [39]. Investigation in Bantul district
revealed Leptospira prevalence in both rats and cat-
tle. The potential for leptospirosis transmission from
domestic and wild animals was higher in Bantul
district than in Gunungkidul. This result is directly
proportional to the cases of leptospirosis seen in
humans. Each year Bantul district reports relatively
higher case numbers than Gunungkidul district.

Conclusion

This study has not been able to explain how
closely related leptospirosis is in rats and livestock
quantitatively nor the similarity of Leptospira sero-
vars in the research subject animal groups. Despite
this, the potential exists for transmission of leptospi-
rosis from rats and cattle in Bantul and Gunungkidul
districts. Rats that were confirmed positive for patho-
genic Leptospira in Bantul district were R. tanezumi,
R. norvegicus, B. indica, and B. bengalensis. In addi-
tion, the investigated cattle, goats, and sheep proved
to be potential reservoirs for leptospirosis in both
districts.

It is necessary to increase leptospirosis aware-
ness by increasing the quality and quantity of lepto-
spirosis surveillance, especially surveillance based on
reservoir animals. Community education, especially
for stock farmers, needs to be improved to prevent the
transmission of leptospirosis from livestock.
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