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ABSTRACT

Objective: This short study describes the occurrence of pathogenic Leptospira spp. in two major 
wet markets in Kota Bharu, Kelantan, Malaysia.
Materials and Methods: 30 rodents (20 rats and 10 shrews) were caught in 2 wet markets, and 
a postmortem was performed to extract both kidneys. Molecular diagnosis via polymerase chain 
reaction (PCR) was conducted to detect leptospiral DNA using universal and pathogenic Leptospira 
primers, respectively.
Results: The results showed that 20/28 (72%) rat samples were detected positive for Leptospira 
spp, and all shrews were negative. Further sequencing analysis identified L. interrogans and 	
L. borgpetersenii as the most frequently Leptospirosis species from kidney samples.
Conclusions: The presented study here sheds light on the presence of pathogenic leptospires har-
boring the rat population in both wet markets in Kelantan, which presents a great public health 
risk to wet market workers and visitors.

ARTICLE HISTORY

Received February 25, 2022
Revised May 09, 2022 
Accepted May 10, 2022
Published June 26, 2022 

KEYWORDS

Leptospires; Malaysia; molecular 
detection; PCR; rodents; wet market

Introduction

Leptospirosis is one of the global zoonotic diseases that 
primarily infects mammalian species, including humans. 
The disease accounts for more than 60,000 deaths world-
wide [1] and causes major production losses in livestock 
in temperate countries. Leptospirosis is a notified dis-
ease in both the veterinary and human health sectors in 
Malaysia, and it is ranked third in terms of mortality after 
dengue and malaria [2]. Rodents are the principal carriers 
of leptospires, and the transmission of the disease from 
rats to high-density urban settings with poor sanitation is 
well-documented worldwide [3–5]. Leptospirosis is still a 
threat to people and animals because it has more than 250 
pathogenic serovars, even though it is ignored and under-
reported in many countries [6].

Wet markets serve as the ideal place to disseminate var-
ious emerging diseases. In many low- and middle-income 
countries, the existence of these markets is part of the cul-
tural heritage and traditions that are popular among the 
locals and tourists [7]. Various food products are sold daily, 
including live animals, freshly cut meats, vegetables, pro-
cessed food products, etc. These edible products and the 
wet market environment are attractive to pests, such as 
rodents and insects, which devour the leftover food from 
the waste and continue to increase for years. In Malaysia, 
wet markets are present in all states, and several studies 
have linked leptospirosis in recent years [8–10]. Several 
factors, such as lack of hygiene, poor maintenance of the 
market, and inadequate hygienic preparation of meat and 
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vegetables, may contribute to the spread of leptospirosis 
to human consumers.

The state of Kelantan (6.1254°N, 102.2381°E) is located 
in the northeastern part of Peninsular Malaysia. Kelantan 
has two major markets known among locals in the City 
Centre (Kota Bharu) (Wet Market A) and Pengkalan Chepa 
(Wet Market B). Both markets operate daily, with approx-
imately 500–1,000 visitors [11]. Despite being the oldest 
markets in Kelantan, there are a limited number of studies 
on leptospirosis targeting rodents inhabiting both mar-
kets. So, this study was carried out to look for leptospires 
in rodents using the molecular method and to figure out 
what kind of leptospires were detected from the samples.

Materials and Methods

Ethical approval

Animal ethics approval was obtained via the intuitional ani-
mal care and use committee (IACUC) Universiti Malaysia 
Kelantan (ethics no.: UMK/FPV/ACUE/FYP/10/2021).

Rat trapping

Rat (snap) traps were used to trap rodents at Wet Market 
A and B. All traps were set in the strategic area around the 
market at night, using fresh fish as bait. The trapping was set 
up from the end of October 2020 until early January 2021, 
a period spanning 10 weeks. The traps were inspected the 
following day. Trapped rodents were taken to the Animal 
Laboratory, Universiti Malaysia Kelantan, and transferred 
to a cage with unlimited access to food and water. Trapping 
procedures were repeated every 2 weeks until the desired 
number of animal samples was achieved (n = 40). For this 
study, all rodents were considered, regardless of their age 
and sex.

Sample collection

All the laboratory procedures were conducted under BSL-2 
facilities and practices. All animals fasted a day before the 
process. For the euthanasia procedure, the animal was 
euthanized using 2% (v/v) carbon dioxide in a closed air-
tight chamber (Dira Resources, Malaysia). Postmortem 
was performed shortly after the animal died, and both 
kidneys were harvested immediately and kept at −80°C for 
downstream application.

Molecular detection and characterization of Leptospira spp.

All kidney samples were subjected to DNA extraction before 
molecular detection and purification. Approximately 
25 gm of kidney tissues were sectioned, weighed, and 
homogenized using a commercial DNA extraction kit 
(Macherey-Nagel, Dören, Germany), following the manu-
facturer’s instructions. Leptospiral DNA was amplified by 
polymerase chain reaction (PCR) using two sets of primers 
targeting 16S rRNA [12] and the LipL32 gene [13], detect-
ing general Leptospira spp. and pathogenic Leptospira spp., 
respectively (Table 1). The condition cycle for both prim-
ers was set according to the following protocol suggested 
by previous studies, with slight modifications [12,13]. The 
initial denaturation was set at 95°C for 5 min, followed by 
the denaturation step at 95°C for 30 sec, annealing at 60°C 
(for both primers), the extension step at 72°C for 30 sec, 
and, lastly, the final extension at 72°C for 5 min. The DNA 
of Leptospira interrogans serovar (Canicola) was used as a 
positive control. PCR was set for 35 cycles, and the prod-
ucts were observed on a 1.5% (w/v) agarose gel stained 
with 1 μl Midori green and photographed under UV light. 
After visualization, positive samples were purified and 
submitted for sequencing. A phylogeny tree was modeled 
using Molecular Evolutionary Genetics Analysis version 
11.0 (MEGA 11) (PSU, USA) to determine the relationship 
among the Leptospira spp. genera by applying the maxi-
mum-likelihood method [14].

Results

PCR detection of Leptospira spp.

A total of 40 rodent kidneys consisting of 30 mixed-sex rats 
(Rattus spp.) and 10 shrews (Crocidura) were extracted. 
Two rat kidneys were found autolyzed during the process, 
making only 28 pairs of rodent kidney samples available 
for the research. The distribution of rodents belonging to 
the specific market is tabulated in Table 2. The DNA con-
centration was between 190 and 250 ng/ul and the purity 
was between 1.9 and 2.0, respectively. From the results, 
Wet Market A had slightly more positive animals (13/16) 
(59.1%) compared to Wet Market B (8/12) (50.0%). 
However, positive results were detected in the rat’s kidney 
samples and none in shrews. By PCR, 20 rat samples were 
detected positive using 16S rRNA PCR (71.4%) (Fig. 1) 

Table 1.  List of diagnostic leptospiral PCR primer pairs used in this study.

Primer Target gene Sequence (5’–3”) Size (bp) Specificity Reference

LepF
LepR 16S rRNA

5’-GGC GGC GCG TCT TAA ACA TG-3”
5’-TCC CCC CAT TGA GCA AGA TT-3”

330 bp
Universal 
Leptospira spp.

Mérien et al. [12]

Lep1132F
Lep1132R LipL32

5’-ATC TCC GTT GCA CTC TTT GC-3”
5’-ACC ATC ATC ATC ATC GTC CA-3”

756 bp
Pathogenic 
Leptospira spp.

Ibrahim et al. [13]
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Table 2.  PCR detection results of Leptospira spp. in animal samples in this study.

Animal No. of samples
No. of positive rodents by PCR with % No. of positive rodents in selected wet marketd

16S rRNAa LipL32b Wet Market A Wet Market B

Rat (Rattus spp.) 28 20 (71.4%) 15 (53.6%) 13/16 8/12

Shrew (Genus Crocidura) 10 0 (0%) 0 (0%) 0/6 0/4

Total 20/38 15/38 13/22 8/16

PCR positivity (%) 52% 39% 59.1% 50.0%

aPositive samples detected in 16S rRNA were also found positive in LipL32 PCR.
bPositive samples detected in LipL32 PCR were also found positive in 16S rRNA PCR, except for five samples.
cOriginal kidney samples was 40; however, two kidneys samples were autolyzed, thus not available. 
dThe number of positive animals over the number of captured rodents in the selected market.

Figure 1. 16S rRNA PCR amplification product bands of rodent kidney samples on 1.5% (w/v) 
agarose gels viewed under UV light. M: 1 kb marker, +/− (positive/negative) control. Positive  
control used in the study: L. interrogans serovar Copenhageni.
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compared to LipL32 PCR (53.6%, 15 samples) (figure not 
shown). Overall, 16S rRNA PCR detected 52% of the pos-
itive Leptospira DNA in all animal samples, while LipL32 
PCR detected 39% of the positive DNA. Except for five sam-
ples, all positive samples found with LipL32 PCR were also 
positive with 16S rRNA (Table 2).

Phylogenetic analysis

Out of 20 positive samples, only 8 were successfully sub-
mitted for full sequencing analysis. Reamplifying the 
remaining samples generated weak PCR products and 

yielded poor sequence results. A phylogenetic model was 
constructed based on 16S rRNA nucleotide analysis across 
Leptospira pathogenicity groups (pathogenic, interme-
diate, and nonpathogenic clades) consisting of reference 
genomospecies (Fig. 2). From the sequence analysis, it 
was found that the majority of Leptospira spp. detected 
in this study are highly similar to L. interrogans (100%), 
and two samples are identical to L. borgpetersenii (98%), 
respectively. Five previously detected positive samples 
using 16S rRNA PCR, but not in LipL32 PCR, were consid-
ered to belong to either the nonpathogenic or intermediate 
Leptospira group.

Figure 2. The phylogenetic analysis of the amino acid sequence of 16S rRNA across various pathogenic Leptospira genomospecies 
and serovars by maximum likelihood method based on ~330 aligned based pairs constructed using MEGA11 [14]. Bootstrapping 
was performed 1,000 times, and all positions containing gaps and missing data were removed. Positive samples in the study are 
highlighted.
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Discussion

This study showed pathogenic Leptospira spp. in urban 
rodents captured at two major wet markets in Kota Bharu, 
Kelantan. The literature search shows this is the first study 
targeting rodents at both wet markets. Recently, Kelantan 
showed an exponential of human leptospirosis cases [15], 
which could be attributed to the exposure to the bacteria 
via rodent transmission to the human setting. The wet mar-
ket is ideal as their breeding ground and could potentially 
become an epicenter for leptospirosis spreading, which 
will be an extremely high risk to wet market workers and 
visitors. A previous study by Rahman et al. [8] showed 
that wet market merchants in Kota Bharu, Kelantan, were 
directly exposed to pathogenic Leptospira spp., with a 
high seroprevalence rate. Interestingly, a similar study in 
wet markets in another Malaysian state (Selangor) also 
reported a high Leptospira seroprevalence rate among wet 
market merchants and food handlers [9]. These results 
back up the idea that these people are always at risk of 
occupational hazards, which is bad for public health.

In this study, both markets showed significant positive 
leptospires occurrence in rats. Surprisingly, none of the 
captured shrews were found to be positive. Although most 
shrew species are carriers of specific Leptospira serovars, 
the occurrence of pathogenic Leptospira spp. is not com-
mon in the shrew population. However, interaction with 
rats may lead to pathogenic species transmission to the 
shrew population [16,17]. More studies are warranted 
to determine the circulating Leptospira serovars within 
shrew species and to elucidate if this animal can harbor 
pathogenic Leptospira serovars as both maintenance and 
bystander infections.

From the PCR results (Table 2), it is suggested that 16s 
rRNA has a reasonable detection rate (20/38) compared 
to LipL32 (15/38) PCR; thus, it is still considered reliable 
for diagnostic work. However, LipL32 has better specificity 
to detect all pathogenic Leptospira spp. as the LipL32 gene 
is present only in the pathogenic species [18,19], which is 
a choice for many leptospiral detection studies in humans, 
animals, and the environment [20–22]. In this study, all 
positive samples (20/38) detected via 16S rRNA were also 
detected as positive in LipL32 PCR (15/38) except for five 
samples (Table 2). These samples were repeated for both 
PCR cycles and yielded similar results. However, we could 
still not submit these products for sequence due to poor 
field after purification. Hence, we consider that these five 
samples belong to the nonpathogenic/intermediate clade. 
We think that both PCRs are very sensitive and can be used 
for quick detection because of this.

From the phylogenetic analysis, all samples belong to the 
two major pathogenic subclusters: L. interrogans (six sam-
ples) and L. borgpetersenii (two samples). Interestingly, all 
samples showed 100% identity to L. interrogans serovar 

Copenhageni, and two samples had 98% identity to L. borg-
petersenii serovar Javanica, respectively. These findings 
are similar to a recent study by Bahtiar Affendy et al. [10], 
who reported both strains isolated from small mammals in 
wet markets. Although both strains are human pathogens, 
L. interrogans is considered highly pathogenic because it 
can survive outside the host and remain viable in the envi-
ronment for a long time [23], whereas L. borgpetersenii 
is a host-restricted pathogen with limited survival capa-
bility [24]. Leptospirosis caused by both strains has been 
reported in human and animal hosts worldwide in recent 
years [25–29]. Contact with rodent carriers enhances the 
transmission of these bacteria to vulnerable hosts, and it is 
speculated that rats are chronically infected for a lifetime 
and are able to pass the bacteria to their offspring via ver-
tical routes, such as in utero and milk transmission [30].

Several limitations were noted and can be planned 
for improvement. For example, a serodiagnosis study 
using samples from animals and wet market workers via 
Microscopic Agglutination Test (MAT) may be ideal for 
determining the predominant circulating leptospires in the 
study area that may be linked to future disease transmis-
sion. Lastly, wet market workers and visitors in Kelantan 
should be asked about their knowledge, attitudes, and 
practices to see how much they know about leptospirosis 
and how it spreads.

Conclusion

In conclusion, we successfully proved that rats in two sig-
nificant markets in Kelantan carry more pathogenic lep-
tospires and potentially pose a public health risk to wet 
market workers and visitors. To the best of our knowl-
edge, this is the first study targeting rodent leptospirosis 
in both wet markets in local cities in Kelantan. The study 
provides essential information on the presence of circu-
lating leptospires in the rat population to flag the local 
council/health authorities to promote an awareness cam-
paign among Kota Bharu and Pengkalan Chepa residents 
and to carry out aggressive rodent control programs as an 
effective preventive measure to contain the transmission 
of leptospirosis to humans. Further studies are warranted 
to investigate potential leptospires reservoirs via bacterial 
isolation from small mammals and environmental samples 
from the wet markets.
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PCR: Polymerase chain reaction; MEGA 11: Molecular 
Evolutionary Genetics Analysis version 11.0.

Acknowledgments

The authors wish to thank the laboratory staff of 
Veterinary Diagnostic and Service Unit (VDSU) Universiti 



http://bdvets.org/javar/	 � 280Kamaruzaman et al. / J. Adv. Vet. Anim. Res., 9(2): 275–281, June 2022

Malaysia Kelantan for their assistance in handling samples. 
Special thanks to Professor Syafinaz binti Amin Nordin 
and Dr Narcisse Mary Sither Joseph from the Department 
of Medical Microbiology, Faculty of Medicine and Health 
Science Universiti Putra Malaysia for providing positive 
control for this study.

Conflict of interest

None declared.

Authors’ contributions

INAK, MAMM, HWT, YKY, AWGS, TWL, FFAH, NAN, NAAM, 
CWSCWZ, and MFHR designed and carried out the field 
and laboratory work. LSK and SRC analyzed and inter-
preted the results. INAK and NS prepared the draft man-
uscript, and LAB reviewed and edited the manuscript. All 
authors provided manuscript ideas and approved the final 
manuscript.

References 
[1]	 Torgerson PR, Hagan JE, Costa F, Calcagno J, Kane M, Martinez-

Silveira MS, et al. Global burden of leptospirosis: estimated in 
terms of disability adjusted life years. PLOS Negl Trop Dis 2015; 
9(10):e0004122; https://doi:10.1371/journal.pntd.0004122 

[2]	 David A. Leptospirosis third deadliest after dengue and malaria. 
New Straits Times, 2020; Available via https://www.pressreader.
com/malaysia/new-straits-times/20200312/281655372137574

[3]	 Karande S, Kulkarni H, Kulkarni M, De A, Varaiya A. Leptospirosis 
in children in Mumbai slums. Indian J Pediatr 2002; 69(10):855–8; 
https://doi:10.1007/BF02723705 

[4]	 Villanueva SY, Saito M, Baterna RA, Estrada CA, Rivera AK, Dato 
MC, et al. Leptospira-rat-human relationship in Luzon, Philippines. 
Microbes Infect 2014; 16(11):902–10; https://doi:10.1016/j.
micinf.2014.07.001 

[5]	 Pellizzaro M, Martins CM, Yamakawa AC, Ferraz Dda, Morikawa 
VM, Ferreira F, et al. Molecular detection of Leptospira spp. in rats 
as early spatial predictor for human disease in an endemic urban 
area. PLoS One 2019; 14(5):e0216830; https://doi:10.1371/jour-
nal.pone.0216830. 

[6]	 Lehmann J, Matthias M, Vinetz J, Fouts D. Leptospiral pathogenom-
ics. Pathogens 2014; 10;3(2):280–308; https://doi:10.3390/
pathogens3020280 

[7]	 Naguib MM, Li R, Ling J, Grace D, Nguyen-Viet H, Lindahl JF. Live and 
wet markets: Food access versus the risk of disease emergence. 
Trends Microbiol 2021; 29(7):573–81; https://doi:10.1016/j.
tim.2021.02.007 

[8]	 Rahman MH, Hairon SM, Hamat RA, Jamaluddin TZ, Shafei MN, 
Idris N, et al. Seroprevalence and distribution of leptospirosis 
serovars among wet market workers in Northeastern, Malaysia: 
a cross sectional study. BMC Infect Dis 2018; 18(1):569; https://
doi:10.1186/s12879-018-3470-5. 

[9]	 Samsudin S, Saudi SNS, Masri NS, Ithnin NR, Jamaluddin TZMT, 
Hamat RA, et al. Awareness, knowledge, attitude and preven-
tive practice of leptospirosis among healthy Malaysian and Non-
Malaysian Wet Market Workers in selected urban areas in Selangor, 
Malaysia. Int J Environ Res and Public Health 2020; 17(4):1346; 
https://doi:10.3390/ijerph17041346 

[10]	 Bahtiar Affendy N, Mohd Desa MN, Amran F, Sekawi Z, Masri SN. 
Isolation and molecular characterization of Leptospira interrogans 
and Leptospira borgpetersenii from small mammals in Selangor 

wet markets. Int J Infect Dis 2020; 101:534; https://doi:10.1016/j.
ijid.2020.09.1385 

[11]	 Hussein H. #JOM! GO: The blissful abode [Internet]. New Straits 
Times, 2020. Available via https://www.nst.com.my/lifestyle/
jom/2020/10/634263/jom-go-blissful-abode

[12]	 Mérien F, Amouriaux P, Perolat P, Baranton G, Saint Girons I. 
Polymerase chain reaction for detection of Leptospira spp. in 
clinical samples. J Clin Microbiol 1992; 30(9):2219–24; https://
doi:10.1128/jcm.30.9.2219-2224.1992 

[13]	 Ibrahim L, Abdul Halim A, Rahmat MS, Faten Nadia M, Ubil ZE, 
Hamid A , et al. isolation by culture and PCR identification of Lipl32 
gene of pathogenic Leptospira spp. in wild rats of Kuala Lumpur. 
Malays J Pathol 2017; 39(2):161–6. 

[14]	 Tamura K, Stecher G, Kumar S. Mega11: molecular evolutionary 
genetics analysis version 11. Mol Biol Evol 2021; 38(7):3022–7; 
https://doi.org/10.1093/molbev/msab120 

[15]	 Azimullah, AZ, Aziah, BD, Fauziah, BD. The rise of leptospirosis in 
Kelantan 2014: Characteristics, geographical pattern and associ-
ated factors. IJPHCS 2016; 3(4).

[16]	 Houemenou G, Ahmed A, Libois R, Hartskeerl RA. Leptospira 
spp., prevalence in small mammal populations in Cotonou, 
Benin. Int Sch Res Notices 2013; (ID 502638); https://doi.
org/10.5402/2013/502638 

[17]	 Mayer-Scholl A, Hammerl J, Schmidt S, Ulrich R, Pfeffer M, Woll D, et 
al. Leptospira spp. in rodents and shrews in Germany. Int J Environ 
Res Public Health 2014; 11(8):7562–74; https://doi:10.3390/
ijerph110807562 

[18]	 Haake DA, Chao G, Zuerner RL, Barnett JK, Barnett D, Mazel M, et al. 
The leptospiral major outer membrane protein lipl32 is a lipopro-
tein expressed during mammalian infection. Infect Immun 2000; 
68(4):2276–85; https://doi:10.1128/IAI.68.4.2276-2285.2000

[19]	 Picardeau M, Bulach DM, Bouchier C, Zuerner RL, Zidane N, Wilson 
PJ, et al. Genome sequence of the saprophyte leptospira biflexa 
provides insights into the evolution of Leptospira and the patho-
genesis of leptospirosis. PLoS One 2008; 3(2): e1607; https://
doi:10.1371/journal.pone.0001607 

[20]	 Cheema PS, Srivastava SK, Singh S, Singh H, Sandey M. Detection 
of pathogenic leptospires in animals by PCR based on lipL21 and 
lipL32 genes. Indian J Exp Biol 2007; 45(6):568–73. 

[21]	 Podgoršek D, Ružić-Sabljić E, Logar M, Pavlović A, Remec T, Baklan 
Z, et al. Evaluation of real-time PCR targeting the LipL32 gene for 
diagnosis of Leptospira infection. BMC Microbiol 2020; 20(1); 
https://doi:10.1186/s12866-020-01744-4 

[22]	 Flores B, Escobar K, Muzquiz JL, Sheleby-Elías J, Mora B, Roque E, 
et al. Detection of pathogenic leptospires in water and soil in areas 
endemic to leptospirosis in Nicaragua. Trop Med Infect Dis 2020; 
5(3):149; https://doi:10.3390/tropicalmed5030149 

[23]	 Bierque E, Thibeaux R, Girault D, Soupé-Gilbert M-E, Goarant 
C. A systematic review of Leptospira in water and soil environ-
ments. PLoS One 2020; 15(1); https://doi:10.1371/journal.
pone.0227055 

[24]	 Bulach DM, Zuerner RL, Wilson P, Seemann T, McGrath A, Cullen 
PA, et al. Genome reduction in Leptospira borgpetersenii reflects 
limited transmission potential. Proc Natl Acad Sci USA 2006; 
103(39):14560–5; https://doi:10.1073/pnas.0603979103 

[25]	 Lau CL, Skelly C, Dohnt M, Smythe LD. The emergence of Leptospira 
borgpetersenii serovar arborea in Queensland, Australia, 2001 
to 2013. BMC Infect. Dis 2015; 15(230); https://doi:10.1186/
s12879-015-0982-0 

[26]	 Salgado M, Otto B, Moroni M, Sandoval E, Reinhardt G, Boqvist S, 
et al. Isolation of Leptospira interrogans serovar Hardjoprajitno 
from a calf with clinical leptospirosis in Chile. BMC Vet Res 2015; 
11(66); https://doi:10.1186/s12917-015-0369-x 

[27]	 Larson CR, Dennis M, Nair RV, Llanes A, Peda A, Welcome S, et al. 
Isolation and characterization of Leptospira interrogans serovar 
Copenhageni from a dog from Saint Kitts. JMM Case Rep 2017; 
4(10):e005120; https://doi:10.1099/jmmcr.0.005120 

https://www.pressreader.com/malaysia/new-straits-times/20200312/281655372137574
https://www.pressreader.com/malaysia/new-straits-times/20200312/281655372137574
 https://doi:10.1016/j.micinf.2014.07.001
 https://doi:10.1016/j.micinf.2014.07.001
https://doi:10.1371/journal.pone.0216830
https://doi:10.1371/journal.pone.0216830
https://doi:10.3390/pathogens3020280
https://doi:10.3390/pathogens3020280
https://doi:10.1016/j.tim.2021.02.007
https://doi:10.1016/j.tim.2021.02.007
https://doi:10.1186/s12879-018-3470-5
https://doi:10.1186/s12879-018-3470-5
https://doi:10.3390/ijerph17041346
 https://doi:10.1016/j.ijid.2020.09.1385
 https://doi:10.1016/j.ijid.2020.09.1385
https://www.nst.com.my/lifestyle/jom/2020/10/634263/jom-go-blissful-abode
https://www.nst.com.my/lifestyle/jom/2020/10/634263/jom-go-blissful-abode
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.5402/2013/502638
https://doi.org/10.5402/2013/502638
https://doi:10.3390/ijerph110807562
https://doi:10.3390/ijerph110807562
https://doi:10.1371/journal.pone.0227055
https://doi:10.1371/journal.pone.0227055
https://doi:10.1186/s12879-015-0982-0
https://doi:10.1186/s12879-015-0982-0


http://bdvets.org/javar/	 � 281Kamaruzaman et al. / J. Adv. Vet. Anim. Res., 9(2): 275–281, June 2022

[28]	 Marinova-Petkova A, Guendel I, Strysko JP, Ekpo LLP, Galloway R, 
Yoder J, et al. First reported human cases of leptospirosis in the 
United States Virgin Islands in the aftermath of Hurricanes Irma 
and Maria, September–November 2017. Open Forum Infect Dis 
2019; 6(7):ofz261; https://doi:10.1093/ofid/ofz261 

[29]	 Rao M, Amran F, Kamaruzaman AA, Hakim Esa HA, Abdul Hameed 
A, Mohamed Shabery NA. Case report: Fatal human leptospirosis 

caused by Leptospira interrogans genotype ST149. Am J Trop Med 
Hyg 2021; 104(1):216–8; https://doi:10.4269/ajtmh.20-0267 

[30]	 De Oliveira D, Figueira CP, Zhan L, Pertile AC, Pedra GG, Gusmão 
IM, et al. Leptospira in breast tissue and milk of urban Norway 
Rats (Rattus norvegicus). Epidemiol Infect. 2016; 144(11):2420–9; 
https://doi:10.1017/S0950268816000637


