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Leptospirosis is a zoonotic bacterial disease affecting both humans and animals. This is the first study 
aiming to detect the Leptospira spp. in bovine kidneys collected from selected wet markets in Kota Bharu, 
Kelantan and subsequently determine the predominant Leptospira species. Additionally, the pathological 
alterations to the bovine kidneys as a result of leptospirosis were also analyzed. A total of fifty bovine 
kidney samples (n=50) were collected from four wet markets within Kota Bharu town and the samples 
were tested using a polymerase chain reaction (PCR) assay. From the results, thirteen samples (n=13; 
26%) were found to be positive for the 16S rRNA gene. DNA sequencing of the positive samples revealed 
the presence of Leptospira borgpetersenii (n=11) and Leptospira interrogans (n=1), which are known 
to be pathogenic Leptospira species in cattle and humans. One sample cannot be sequenced due to poor 
yield and quality. Furthermore, the kidneys that were PCR-positive showed significant histopathological 
lesions of bovine leptospirosis, consisting of interstitial nephritis, glomerular atrophy and tubular necrosis. 
In conclusion, the present study demonstrated the presence of L. borgpetersenii and L. interrogans in 
local cattle and this is an indisputable public health risk to the public considering that the samples were 
obtained from the local wet markets.
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INTRODUCTION

Leptospirosis is a zoonotic disease that can affect a wide 
range of mammalian hosts including humans (Allan 

et al., 2018; Biscornet et al., 2020). Despite being much 
underreported and neglected in many countries, the disease 
was estimated to cause more than a million human cases 
globally, with approximately 60,000 annual deaths (Costa et 
al., 2015). Leptospirosis can produce mild to severe clinical 
manifestations depending on the susceptibility of the host, 
inoculum dose and the pathogenicity or the virulence 
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factor of the infecting strain (Ko et al., 2009). Studies of 
leptospirosis are extensive in humans over the years but 
studies on animal leptospirosis are relatively lacking. In 
Malaysia, leptospirosis is an endemic disease due to its 
tropical climate. The warm and humid weather in Malaysia 
allow this organism to thrive longer in the environment 
and increase the risk of exposure. This contributes to 
the dramatic increase in the number of reported cases in 
Malaysia. According to the Ministry of Health Malaysia, 
there was a marked increase of leptospirosis cases from 
12.5 per 100,000 population in 2012 to 15.0 per 100,000 
population in 2013 (Benacer et al., 2016). 

Cattle are one of the major leptospires reservoir, 
and the disease; bovine leptospirosis (BL), is one of the 
leading causes of reproductive disorder in cattle which is 
characterized by failure to conceive, embryonic loss and 
abortion (Aymée et al., 2021). The worldwide prevalence 
of BL is not known, possibly due to the silent clinical 
signs exhibited by the animals that often go undiagnosed 
by veterinarians and farmers (Loureiro and Lilenbaum, 
2020). In Malaysia, BL is listed as a notifiable disease by 
the Department of Veterinary Services, but it has received 
marginal attention in research despite its potential impact 
on both animal and human health. Cattle can carry 
leptospires within their renal system, and can transmit 
pathogenic leptospires to human via direct contact with 
contaminated urine and the environment (Hegazy et al., 
2021; Narkkul et al., 2021). The human-cattle interface is 
one of the important factors for leptospirosis transmission 
especially among agricultural workers and people living 
in the vicinity of livestock farms (Hegazy et al., 2021). 
One cross-sectional study in Malaysia on BL showed that 
nearly 90% of cattle have been exposed to Leptospira spp. 
and this would potentially increase the risk of transmission 
to humans tending the animals (Daud et al., 2018a). In 
another study involving 120 cattle farmers in northeastern 
Malaysia, it was found that most farmers are highly 
exposed to Leptospira spp. showing 72.5% seropositivity, 
reflecting the high occupational risk associated to cattle 
farming (Daud et al., 2018b).

Despite the importance of BL in cattle populations 
and its potential implications for human health, there are 
several gaps of knowledge in the literature. One is the lack 
of comprehensive data on the prevalence and distribution 
of Leptospira species in cattle herds in Malaysia, including 
the specific serovars that are prevalent in different states/
areas (Sabri et al., 2019; Abdul Rahman et al., 2020). BL is 
typically associated with Leptospira borgpetersenii serovar 
Hardjo (Hardjobovis type) and Leptospira interrogans 
serovar Hardjo (Hardjoprajitno type) (Orjuela et al., 2022). 
In the tropics of South America, BL can also be caused by 
Leptospira santarosai and Leptospira noguchii (Guedes 

et al., 2021). Therefore, understanding the diversity of 
Leptospira species circulating in cattle populations is 
crucial for developing effective control measures.

Furthermore, there is a lack of data on the genetic 
characteristics of Leptospira strains isolated from cattle in 
Malaysia. Molecular detection tools such as the polymerase 
chain reaction (PCR) assays have been widely used to detect 
Leptospira spp. in various species worldwide (Benacer et 
al., 2016; Sabri et al., 2019) and has been regarded as the 
most convenient method employed for the surveillance 
of BL. Molecular techniques can provide valuable 
information on the genetic diversity, population structure, 
and transmission dynamics of Leptospira strains. Besides 
that, there is also a need for more studies on the pathological 
lesions associated with leptospirosis in bovine kidneys. 
Using histopathological evidence is important to visualize 
changes to the tissue lesions relating to the infection and to 
demonstrate the carrier state of the animals. Additionally, 
understanding the pathological changes caused by BL 
together with complementary histopathology evidence can 
provide insights into the disease’s pathogenesis and help in 
the diagnosis and management of BL.

The state of Kelantan, which is located at the northeast 
of Peninsular Malaysia, has one of the highest gross domestic 
products in agriculture production (Department of Statistics 
Malaysia, 2023). Cattle herding is one of the substantial 
farming activities in the state, producing approximately 
between 83,000 and 85,000 cattle per year; the third highest 
after Johor and Pahang states (Department of Veterinary 
Services Malaysia, 2023). Despite one of the top states with 
the highest cattle population, there are limited BL studies 
being carried out here (Sabri et al., 2019; Abdul Rahman 
et al., 2020). Moreover, Kelantan is one of the states in 
Malaysia with the highest human leptospirosis cases due 
to yearly flooding that occurs every monsoon season that 
would eventually lead to leptospirosis outbreaks due to the 
spreading of Leptospira spp. by the flood water (Radi et al., 
2018). The spread of pathogenic Leptospira could have been 
magnified during the flooding season as other carrier animals 
such as rats and dogs could also shed the bacteria into flood 
waters, thus transmitting the bacteria to different animal 
hosts, including to healthy cattle and humans. Hence, this 
study was conducted to detect the presence of Leptospira 
spp. in bovine kidneys and to determine the predominant 
species in Kelantan cattle. Moreover, this study also aimed 
to investigate the possible pathological lesions in the bovine 
kidneys as a result of leptospirosis.

MATERIALS AND METHODS

Sample collection and preparation
Convenience sampling was carried out by collecting 
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a total of 50 bovine kidney samples (about 50 g from each 
animal) obtained from butchers in four wet markets in Kota 
Bharu, Kelantan, Malaysia. The study objectives were 
explained, and verbal consent was obtained from all the 
butchers before any samples were obtained. Since we do 
not want to interfere with the butchers when they are busy 
attending to customers, we approached them after they 
were done for the day to explain our study and to obtain 
their consent. Subsequently, we obtained several suitable 
dates when they will be available to provide us with the 
kidney samples. Sampling was performed from December 
2021 until February 2022. Knives, other butchering 
tools and the hands of the butchers were washed with 
detergent before cutting open the carcasses. Additionally, 
we provided gloves, protective goggles and aprons to the 
butchers as a biosafety precaution. 

Kidney samples were obtained directly from the 
carcasses and directly placed into a sterile sealed bag. 
Each kidney sample was kept individually in a sterile 
sealed bag and stored in a polystyrene box with ice packs 
for transportation. To ensure that the samples were fresh 
for molecular detection, the samples were processed 
immediately upon arriving at the laboratory, and then 
stored at -80°C until further analysis. For histopathological 
examination, selected kidney samples were fixed in 10% 
(v/v) neutral buffer formalin for 24 h before staining 
procedure. Ethical approval application was submitted 
to the Institutional Animal Care and Use Committee, 
Universiti Malaysia Kelantan, however we were informed 
that this was not required since the study samples were 
obtained from third parties (e.g., butchers) and culturing 
of Leptospira was not performed.

Molecular detection of Leptospira spp.
All kidney samples were subjected to DNA extraction 

prior to molecular detection and purification. Approximately 
25 g of fresh bovine kidney tissues, directly excised from 
the renal lobe were sectioned, weighed, and homogenized 
using a commercial DNA extraction kit (Geneaid, Taiwan), 
following the manufacturer’s instructions. 

Leptospiral DNA was amplified by PCR using a set of 
primers targeting the 16S rRNA (Mérien et al., 1992) (Table 
I), and the PCR protocol and product visualization were 
carried out as described by Kamaruzaman et al. (2022). The 
PCR reaction mixture was prepared by mixing 12.5 μl of the 

PCR mastermix (Promega, USA), 1.0 μl of 10 mM of both 
forward and reverse primers, 0.5 μl of nuclease free water 
and lastly 5.0 μl of the extracted DNA, for a final 20.0 μl 
reaction per sample. The conditions of the PCR cycle was 
set using the following steps; denaturation at 95°C for 5 
min, followed by denaturation at 95°C for 30 sec, annealing 
at 60°C for 1 min, extension at 72°C for 30 sec for 35 
cycles, and the final extension was set at 72°C for 5 min. 
Similar to a previous study (Kamaruzaman et al., 2022), L. 
interrogans serovar Canicola was used as a positive control 
for this study. The PCR was repeated twice to confirm the 
presence of PCR-positive products on the gel. PCR-positive 
samples were then purified using the NucleoSpin Gel and 
PCR Clean-up (Macherey-Nagel, Germany) according to 
the manufacturer’s instructions and their concentrations 
were quantified using the NanoPhotometer P-360 (Implen, 
Germany). Samples below 20 ng/μl were discarded. All 
products were submitted for sequencing analysis by a third-
party service provider (Apical Scientific, Malaysia). The 
resulting DNA sequences were then analyzed by using 
ChromasPro software version 10.0 for DNA assembly and 
editing. Next, a phylogenetic tree was constructed using 
the Molecular Evolutionary Genetics Analysis version 11.0 
(MEGA 11) (PSU, USA) (Tamura et al., 2021) to determine 
the genetic relationships amongst the Leptospira spp. 
obtained from this study using 15 reference Leptospira spp. 
across three clades representing the pathogenic, intermediate 
and non-pathogenic groups, and one outlier strain of a 
similar spirochete (Leptonema illini) as an outgroup.

Histopathological examination
Six kidney samples representing both positive and 

negative results upon molecular detection were trimmed 
and fixed in 10% (v/v) formaldehyde for 24 h. The fixed 
tissues were then dehydrated using 70% (v/v) ethanol for 
15 min to remove the water before adding xylene to the 
tissue for 20 min to clear the remaining alcohol in the 
specimen. Next, the tissues were then embedded using 
molten wax to form a block. The block was then sectioned 
using a rotary microtome to a thickness of about 3-4 μm. 
Finally, the tissue sections were stained with Haematoxylin 
and Eosin (H and E) and were observed under a compound 
microscope to evaluate the lesions. The histopathology 
lesions were classified using an established scoring system 
(Prakoso et al., 2020) (Table II).

Table I. The primers used in this study.

Primer name Target gene Product size (bp) Sequences Reference
Lep F
Lep R

16S rRNA 330 5’- GGC GGC GCG TCT TAA ACA TG- 3’
5’- TCC CCC CAT TGA GCA AGA TT- 3’

(Mérien et al., 1992)

Histopathological and Molecular Analyses of L. borgpetersenii and L. interrogans 3
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Table II. Histopathology scoring system used for kidney 
evaluation adapted from Prakoso et al. (2020).

Score Severity Duration Distribution Exudate
0 NHC NHC NHC NHC
1 Minimal Acute Focal Suppurative
2 Mild Chronic Multifocal Fibrinous
3 Moderate Chronic 

active
Locally 
extensive

Necrotizing

4 Severe - Diffuse Fibrinopurulent
5 - - - Granulomatous

NHC, No histopathological changes.

RESULTS

Molecular detection of Leptospira spp.
From 50 bovine kidney samples collected, 13 

(26%) samples were found to be positive via PCR of the 
Leptospira 16S rRNA gene (Fig. 1). The distribution of 
the positive samples corresponding to each wet market is 
tabulated in Table III.

Fig. 1. Leptospira 16S rRNA PCR amplification of bovine 
kidney samples. M: 1 kb marker, +/− (positive/negative) 
controls and the Leptospira PCR-positive samples were 
placed in between M and the controls (Samples no. 18, 19, 
20, 22, 23, 24, 26, 31, 36, 37, 39, 45 and 46). L. interrogans 
serovar Canicola was used as positive control in this study.

Table III. PCR detection results of Leptospira spp. in 
kidney samples in this study.

Wet market No. of samples No of positive by PCR 
A 23 10
B 16 3
C 7 0
D 4 0
Total 50 Total positive: 13 (26%)

Phylogenetic analysis
All PCR-positive samples (n=12) were purified and 

submitted for sequencing except for one sample due to 
poor yield and quality. Phylogenetic analysis against 
representatives Leptospira genomospecies pathogenicity 
class (pathogenic, intermediate, non-pathogenic group), 
revealed that all samples from the present study were 
clustered within the pathogenic Leptospira subclade, 
together with other pathogenic Leptospira spp. (L. 
borgpetersenii, L. interrogans, Leptospira kirschneri and 
L. noguchii) (Fig. 2). Consequently, comparison of the 
amplified 16S rRNA sequences against the Basic Local 
Alignment Search Tool (BLAST) database, revealed that 
all samples have nearly 90% similarities and identities 
with L. borgpetersenii (n=11; Samples no. 18, 19, 22, 23, 
24, 26, 36, 37, 39, 45 and 46) and L. interrogans (n=1; 
Sample no. 20) strains (Fig. 2).

Fig. 2. The phylogenetic analysis of 16S rRNA nucleotide 
sequences across various Leptospira group using several 
genomospecies as reference and one outlier group by 
maximum likelihood method constructed using MEGA11 
[15]. Bootstrapping was performed 1,000 times, and all 
positions containing gaps and missing data were removed. 
Sequences obtained as part of this study are highlighted in 
red and the accession numbers generated from this study 
are in red parentheses.

Histopathological evaluation 
Representatives of three PCR-positive and three 

PCR-negative bovine kidney samples were selected 
for histopathology examination. Grossly, all samples 
collected from four wet markets did not have evidence 
of macroscopic or obvious gross lesions indicating the 
presence of leptospires. However, morphological changes 
and microscopic lesions were seen in all samples upon 

I.N.A. Kamaruzaman et al.
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evaluation. The H and E scores indicate the severity 
of the histopathological lesions, for which the higher 
score indicates an increase in the severity of the lesions 
(Table IV). All of the samples showed severe diffuse 
necrotizing nephritis, regardless of whether they were 
PCR-positive or negative. Sample no. 22 has the highest 
score which showed severe chronic active diffuse 
necrotizing tubulointerstitial nephritis characterized by 
interstitial infiltration of inflammatory cells, perivascular 
cuffing hyaline degeneration and tubular necrosis (Table 
IV, Fig. 3A-D). The remaining samples showed mixed 
histopathological lesions consisting of severe chronic 
diffuse necrotizing tubulointerstitial nephritis (Sample no. 
32) (Table IV, Fig. 3E-F) and severe diffuse necrotizing 
glomerulonephritis (Samples no. 3, 11, 18 and 45), 
respectively (Figure not shown).

Table IV. Histopathology scoring of bovine kidney 
samples.

Sample 
no.*

PCR 
results

Morphological diagnosis H and 
E score

3 Negative Severe diffuse necrotizing 
glomerulonephritis

11

11 Negative Severe diffuse necrotizing 
glomerulonephritis

11

32 Negative Severe chronic diffuse necrotizing 
tubulointerstitial nephritis

13

18 Positive Severe diffuse necrotizing 
glomerulonephritis

11

22 Positive Severe chronic active diffuse 
necrotizing tubulointerstitial 
nephritis

14

45 Positive Severe diffuse necrotizing 
glomerulonephritis 

11

DISCUSSION

The state of Kelantan is one of the most affected 
states in Malaysia with high human leptospirosis cases 
due to the post-monsoon season that results in high rainfall 
and floods that facilitate the transmission of leptospirosis 
(Radi et al., 2018). Despite the high awareness of 
leptospirosis amongst the locals due to its endemic nature 
in the country, leptospirosis is considered a neglected 
disease as there is a lack of knowledge pertaining to the 
transmission of the disease from cattle to human (Sadiq et 
al., 2021). In Malaysia, most cattle farmers do not practice 
leptospirosis vaccination as it not considered compulsory 
from the veterinary authority as compared to other top 
priority diseases such as foot and mouth disease (FMD), 

haemorrhagic septicaemia (HS) and most recently, lumpy 
skin disease (LSD). Additionally, Leptospira vaccines in 
cattle lack cross-reactivity among serovars (Ellis, 2015) 
and provide only a short-term protection (Grassmann et al., 
2017), both of which are the major pitfalls for controlling 
the disease at the farm level.

Fig. 3. Histopathological changes in the bovine kidney 
tissue samples; A, glomerular atrophy with slight 
deposition of homogenous hyaline droplets (tailed-
arrow). B, deposition of pinkish homogenous hyaline 
cast within the glomerulus (arrow). C, infiltration of 
inflammatory cells (neutrophils and lymphocytes) in 
the renal interstitial (tailed-arrow). D, eosinophilic 
homogenous cytoplasmic hyaline droplets in the tubular 
epithelial cells (tailed-arrow), renal tubular necrosis (thin 
arrow) and margination of inflammatory cells in the blood 
vessel lumen (thick arrow). E, renal tubular necrosis (thin 
arrow) was prominent with infiltration of inflammatory 
cells in the renal interstitial (tailed-arrow). Eosinophilic 
homogenous cytoplasmic hyaline droplets were observed 
in the tubular epithelial cells (thick arrow). F, deposition 
of pinkish homogenous hyaline cast within the glomerulus 
(thick arrow), renal tubular necrosis (thin arrow) with 
inflammatory cells in the renal interstitial (tailed-arrow). 
Images A-D were PCR-positive (Sample no. 22), whilst 
images E and F were PCR-negative (Sample no. 32). (H 
and E stain; magnification of 400x).
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Investigations on BL in Kelantan have only began to 
be described in recent years, though most of the studies 
involved serology (Daud et al., 2018a; Abdul Rahman 
et al., 2020) and only one study utilizing molecular 
techniques by Sabri et al. (2019). The present study 
described the presence of leptospiral DNA in fresh bovine 
kidneys sold at the wet markets and examined the degree 
of histopathological lesions correlated to the infected 
kidneys. 

This is the first study in Kelantan that successfully 
detected Leptospira spp. in bovine kidney samples. Bovine 
kidneys are often sold as offal, which are readily available 
at markets for local consumption and can be easily collected 
to screen for BL. Molecular detection, using PCR provides 
rapid results in contrast to other time-consuming methods 
and it is also used as the confirmatory diagnostic test due to 
the higher sensitivity and specificity (Loong et al., 2022). 
PCR has been extensively used to detect the presence of 
leptospiral DNA by targeting certain genes such as the 
universal 16S rRNA and the other surface proteins of the 
species, such as OmpL1, LipL32, LipL36 and LipL41 
(Gökmen et al., 2016; Loong et al., 2022). From this study, 
wet market A has the highest number of positive samples 
compared to the other markets (Table III). This could be 
due to the butchers obtaining beef from the same infected 
farms/sources. From our observation, the PCR-positive 
samples were traced to several individual butchers in the 
wet markets, as we collected the cattle kidney samples 
every alternate day (data not shown). It is important to note 
that we collected several samples from the same butcher 
at the same time and Leptospira spp. were not detected in 
all samples from the same butcher. Cross contamination 
between samples is possible since slaughtering of the 
cattle was done at the abattoir and the fresh carcasses were 
directly brought to the market for sale. However, if cross 
contamination occurred at the abattoir, we would expect 
all the kidney samples to be PCR-positive. This was not 
the case in the present study as there was clear demarcation 
of PCR-positive and negative samples. In this case, the 
histopathology images could complement the PCR results 
as Leptospira PCR-positive kidneys have relatively more 
pronounced tissue damage as compared to Leptospira 
PCR-negative kidneys. 

From the phylogenetic analysis, all samples showed 
nearly 90% similarities with L. borgpetersenii (n=11) 
and L. interrogans (n=1), which are amongst the highly 
pathogenic Leptospira species. Cattle are known as a 
natural reservoir for L. borgpetersenii that have a global 
distribution and infection in cattle may result in abortion 
and reproductive failures (Ellis, 2015; Taddei et al., 
2021). Due to its smaller genetic content compared to 
other closely-related pathogenic Leptospira species, L. 

borgpetersenii is considered a host-restricted pathogen 
which may not be able to survive outside the host (Bulach 
et al., 2006). Cattle can be infected with L. borgpetersenii 
and L. interrogans (with or without clinical signs) via 
various possibilities, such as direct contact with other 
cattle in the herd (Haake and Levett, 2017), venereal 
transmission (Loureiro et al., 2017), maternal transmission 
during pregnancy or suckling (Islam et al., 2019). The 
detection of both L. borgpetersenii and L. interrogans in 
this study may also be suggestive of concurrent presence 
of different Leptospira spp. as a result of the post-flood 
effect during the monsoon season, considering that the 
samples were obtained during the monsoon period of 
November until March with continuous rainfalls and 
floods at the northeast part of Malaysia, including the 
Kelantan state (Abdul Rahman et al., 2020). During 
the monsoon season, the movement of cattle to higher 
grounds by the farmers may facilitate the transmission of 
Leptospira via cattle urination to the environment. The 
risk of Leptospira exposure to other animals and humans 
sharing the same contaminated environment is increased 
during this period. As some pathogenic Leptospira species 
can survive in the water, the distribution of the bacteria is 
enhanced through common drinking water during floods 
which can potentially cause an outbreak (Zamir et al., 
2022). However, in this study we could not determine the 
type of serovars or serogroup under L. borgpetersenii and 
L. interrogans using tissue samples as the identification 
is only possible via Microscopic Agglutination Test 
(MAT), which is the current gold standard for diagnosis 
of leptospirosis approved by the World Organisation for 
Animal Health (WOAH) (World Organisation for Animal 
Health, 2023). 

Following the systemic infection, Leptospira are 
usually cleared out from the circulation by the antibodies 
at about 10 days after infection. However, the bacteria 
may evade the immune response, colonizing the renal 
tubules, which are antibody free sites. Leptospiral 
renal colonization occurred in the infected hosts at the 
leptospiruria phase, in which the bacteria are shed in the 
urine. The presence of leptospiral bacteria can cause direct 
or indirect damage to the kidney due to the leptospiral 
antigen initiated immune response, resulting in certain 
histopathological alterations (Haake and Levett, 2017). 
These leptospiral antigens can be found in renal structures 
such in the proximal tubule cells and renal interstitium in 
the form of clumps consisting of mainly macrophages. 
Grossly, infected bovine kidneys with leptospirosis should 
appear as whitish spots on the surface however, this was 
not observed in this study. The white-spotted appearance is 
suggestive of interstitial nephritis, which is common in BL. 
However, this is not considered a pathognomonic lesion 
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and other diseases may also cause a similar appearance 
(Azizi et al., 2014). The finding should be supported by 
other diagnostic approaches, such as molecular detection 
and histopathological evaluation for confirmation.

Generally, microscopic renal lesions related to BL 
are characterized by chronic disease, with the infiltration 
of inflammatory cells composing of predominantly 
lymphoplasmocytic cells (Carvalho et al., 2011). These 
findings are consistent for chronic infection in cattle, 
possibly at the carrier state. Taken together, the presence 
of Leptospira whether in the kidney or urine samples, 
and in the absence of clinical signs are indicative for 
chronic infection (Ellis, 1999). Similarly, other animal 
species such as dogs and rodents also showed major renal 
changes indicating chronic progressive lesions such as 
glomerulonephritis and interstitial nephritis (Agudelo-
Flórez et al., 2013; Dash et al., 2018). Evidently, 
the lesions seen in this area are caused by the toxin 
component from leptospiral outer membrane proteins 
(OMPs) that is able to trigger a series of proinflammatory 
effects upon stimulation of nitric oxide production by 
the proximal tubules cells causing cellular changes and 
inflammation (Yang et al., 2002). Unlike rodents, canine 
leptospirosis presents either hyperacute, acute, subacute, 
or chronic cases, which will depend on the infecting 
Leptospira serovars versus the native serovars or naturally 
acquired serovar (Rissi and Brown, 2014). Acute canine 
leptospirosis often presents with kidney failure whereas 
in the case of bovine leptospirosis, acute manifestation is 
not common in adult cattle compared to the subclinical or 
chronic infection, of which they remain a life-long carrier, 
able to transmit the disease throughout their lifetime. 
Interestingly, the immunization aim for each species is 
different; vaccination in dogs is aimed at conferring a long-
lasting immunity and reducing the impact of bacterial load 
toward the target organs (Chaurasia et al., 2022), whilst 
in cattle, vaccination aims to mainly prevent reproductive 
failure associated with pregnancy losses and reduced 
conception rate (Aono et al., 2013). 

Furthermore, other mixed lesions were observed in 
this study; such as inflammatory cells infiltration, tubular 
necrosis, glomerular atrophy and hyaline degeneration. All 
of these are indicative for leptospirosis, including those 
samples that presented negative results upon molecular 
detection (Fig. 3 E-F). However, these findings could also 
be suggestive for mixed or concurrent infections from 
other pathogens such as bacterial pyelonephritis (Peek and 
Divers, 2018) that can cause renal damage, resulting in 
similar histopathological changes as leptospirosis. Thus, in 
our opinion, the H and E method would not be considered 
as an ideal stain to demonstrate renal carriage and lesion 
associated to leptospirosis due to its non-specificity that 

may cause misinterpretation with other diseases. We 
recommend the use of additional histopathological assays 
such as silver staining or Warthin-Starry techniques to 
support the detection and visualize the alterations specific 
for BL (Silva et al., 2005; Azizi et al., 2014). 

CONCLUSIONS

In conclusion, L. borgpetersenii and L. interrogans 
were detected in the bovine kidney samples collected from 
wet markets in Kota Bharu, Kelantan. Tissue damage was 
evident in the kidneys via histopathology analysis. To 
date, this was the first study in Malaysia that successfully 
detected Leptospira spp. in bovine kidney samples. This 
study also adds to the current body of knowledge on 
the epidemiology of BL in Malaysia. The presence of 
pathogenic Leptospira spp. in cattle sold as beef, presents 
a zoonotic risk to the people working with the animals as 
well as visitors to the wet markets. Further investigation 
such as tracing the source of infection to where the 
cattle originated as well as screening the herd via MAT 
for the presence of anti-Leptospira antibodies, including 
individual farmers or butchers at the wet markets in 
Kelantan can be very useful in determining the exposure 
level, as well as identifying the common leptospiral 
serovars within the locality. Moreover, leptospiral isolation 
from the kidney and urine samples from live animals can 
be used to determine circulating leptospiral serovars. A 
proper characterization of leptospiral isolates is critical 
for the provision of evidence-based knowledge to support 
the development and commercialization of multivalent 
vaccines containing serovars that are circulating among 
local cattle populations. Using One Health approaches; 
proper surveillance program and campaigns to increase 
the public awareness should be carried out to address the 
situation, with the aim of preventing the disease from 
spreading in the population.
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