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In this study, in the beginning 582 serum samples were subjected to Microscopic Agglutination Test
(MAT) with eight different serovars prevalent in the region to know the seroprevalence of Leptospira in
bovines in Karnataka, India. Based on the findings of the MAT, different samples like blood, urine, aborted
materials and uterine discharge collected from the MAT positive animals were used for isolation and
genomic detection by conventional PCR targeting two lipL32 and seqY genes using specific primers. Out
of the 163 MAT positive samples screened 12 samples (including three isolates) were found positive in
PCR. Subsequently, to identify the different species prevalent in the geographical region the PCR positive
samples were subjected to rpoB and LipL41 gene amplification. and nucleotide sequence analysis of rpo B, it
was found that all the samples were belonging to L. interrogans species with overlapping/superimposing
L. interrogans and L.borgpetersenii species. Further, the LipL41 gene sequence phylogenetic analysis differ-
entiated these two species clearly. Therefore, it can be concluded that LipL41 gene based phylogenic anal-
ysis besides rpoB gene can be effectively utilized to identify different Leptospira species in a geographical
niche including the identification of intermediate species. This is first of its kind in India using LipL41 gene
based phylogenetic analysis for Leptospira species identification in limited number of samples from bovi-
nes, hence the same can be explored on a larger geographical area with more number of samples and
even to identify the prevalence or presence of intermediate species in different geographical locations.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Leptospirosis, a bacterial disease of zoonotic importance, preva-
lent globally and affects most of the mammalian species including
both domestic and wild animals. Many leptospira serovars are iso-
lated even from aquatic species. The disease spreads through mul-
tiple routes both directly or indirectly, however contanimnated soil
or water plays a crucial role in transmission of the disease
(Hartskeerl and Terpstra, 1996). According to World Health Orga-
nization (WHO, 1999), in India huge and diversified animal popu-
lation with their close contact with farming community is playing
an important role in the spread of the disease. Apart from this, poor
sanitary conditions, poor animal management and close
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association between man and animals provide a favourable envi-
ronment for the spread of the disease. Leptospirosis occurs round
the year with a high incidence during rainy reason due to the sur-
vival of the Leptospira for a quite long time in the logged water
conditions and slightly alkaline environment (Levett, 2001).

Among domestic animals, bovine leptospirosis has been associ-
ated with serious financial loss due to infertility, abortions, high
culling rates, mastitis or decrease in milk yield. Most of the times
the cattle remains as symptomless carrier of leptospires for long
periods and pose a great threat to other healthy animals and work-
ing personnel. The abortions with leptospirosis are due to interfer-
ence with the implantation of embryo or with other pregnancy
events (Dhaliwal and Murray, 1996; Guitian et al., 1999).

Routinely, in the laboratory, the leptospirosis is diagnosed
based on either antigen or antibody detection. However, detection
of Leptospira serovar by serology like Microscopic Agglutination
Test (MAT) and ELISA needs biosafety and biosecurity laboratories.
Therefore, in identification of leptospirosis conventional Poly-
merase Chain Reaction (PCR) for antigen detection plays a signifi-
cant role in detection of types of serovar/serogroup involved in
the given outbreak or prevalent in that geographical area. In this
context, various genes from 16S rRNA and outer membrane pro-
teins (OMP)-like LipL41 have been targeted by different research
workers to detect pathogenic leptospires by conventional PCR
(Rapiphan et al., 2011; Raven, 2006; Senthilkumar et al., 2011).
Considering the advantages of each gene over the other, two genes
viz., partial secY (G1,G2) and LipL32were targeted for identification
of pathogenic leptospires.

Molecular analysis of the Leptospira genome especially nucleo-
tides (nts) sequences of specific genes is paramount significant to
determine the genetic variations and the evolutionary relatedness
including the understanding of the new species or types evolution.
Phylogenetic analysis of the isolates or the PCR amplified products
using rpoB and LipL41 genes will give a clear picture on the pres-
ence of different species of leptospires, which can not be identified
completely by MAT or by other PCR techniques. As per Venkatesha
and Ramadass (2001), Bevans et al. (2020), Chandan et al. (2016),
rpoB gene can be effectively used for phylogenetic analysis and
detection of Leptospira species from field materials. The outer
membarane proteins like LipL41 plays a crucial role in obligatory
bacteria like leptospires and sequence variability can be ascer-
tained effectively in OMPs (Lascola et al., 2006; Marjo and
Windell, 2019). The phylogenetic analysis will also help us to
understand the prevalence of Leptospira intermediate species
which are playing a very significant role in the disease control
strategy in India as per the earlier findings (Balamurugan et al.,
2013). The phylogenetic analysis targeting two different genes will
further help us to know the molecular epidemiology of Leptospria
species in the geographical area.
2. Methods

Collection of samples: Cows and Buffaloes with clinical signs
and history of suspected leptospiral infections like abortion, still-
birth, infertility problems (repeat breeder, pyometra and cystic
ovaries), blood in milk and icterus with dullness, haematuria were
chosen for study purpose and samples like blood, serum, urine,
milk, aborted materials and tissue samples were collected from
these animals.

Isolation of leptospires: All the samples collected from MAT
positive animals were used for isolation i.e., sediments in liquid
samples and liquid suspension just above the sediment for tissue
samples (3–4 drops) were inoculated into the liquid EMJH media
using 0.45 mm syringe filter. The tubes were incubated at 30 �C
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for 4–6 weeks with a weekly observation and sub culturing as
per the requirement.
2.1. Polymerase chain reaction (PCR)

DNA extraction: The DNA extraction from the suspected mate-
rials was carried out using QIAmp DNA mini kit – (Qiagen, Cat. No:
51306) following the manufacturer’s instructions.

Primers: The following sets of primers were used for the gene
G1 F – 50 CTG AAT CGC TGT ATA AAA GT 30 and G2 R – 50 GGA
AAA CAA ATG GTC GGA AG-30 [4]. LipL32-F 50 CATATGGGTCTGC-
CAAGCCTAAA 30 and LipL32-R 50 CTCGAGTTACTTAGTCGCGTCAGAA
30 [3]. The PCR reaction was done in 25 ul as previously described
(Bal et al., 1994; Meenambigai et al., 2011). The PCR was performed
in the total volume of 25 ml reaction mixture as follows:

Master Mix12.5 ll, Forward Primer (10 pmole/ll) 1.0 ll, Rev-
erse Primer (10 pmole /ll) 1.0 ll, Template DNA 4.0 ll, Nuclease
free water 6.5 ll, Total 25.0 ll, For positive control four ml of
DNA template (L. interogans serovar Hardjo) and for Negative con-
trol known negative DNA (Staphylococcus species) was used.

For secY PCR, using primer G1 and G2, one cycle of 94 �C for
5 min for initial denaturation followed by 32 cycles of 94 �C for
1 min-denaturation, 55 �C for 1 min- Annealing, 72 �C for 2 min
for extension and final extension of one additional cycle of 72 �C
for 6 min.

Agarose gel electrophoresis:
Following electrophoresis, the gel was visualized at 300 nm

wave length using a UV transilluminator for the presence of speci-
fic amplicons along with DNA molecular weight marker.
2.2. Phylogenetic analysis

The PCR positive samples and the isolates were amplified for
sequencing and subsequent phylogenetic analysis using partial
rpoB and LipL41 gene sequences using the primers rpoB-F:
50CCTCATGGGTTCCAACATGCA 30 and rpoB-R :50CGCATCCTCRAAG
TTGTAWCCTT 30 and LipL41-F 50 TAGGAAATTGCGCAGCTACA 30

and LipL41-R: 50GCATCGAGAGGAATTAACATCA 30 and PCR condi-
tions as described earlier (Balamurugan et al., 2013; Bal et al.,
1994; Ahmed et al., 2006) along with positive and negative con-
trols. For partial rpoB first cycle of 94 �C for 3 min for initial denat-
uration, followed by 39 cycles of 94 �C for 90 sec denaturation,
55 �C for 1 min Annealing, 72 �C for 45 sec for extension and final
extension of final extension of 72 �C for 20 min. Similarly, for
LipL41, first cycle 95 �C for 5 min for initial denaturation and then
34 cycles of 94 �C for 30 sec denaturation, 58 �C for 30 sec Anneal-
ing, 72 �C for 1 min for extension and final extension of one cycle of
72 �C for 6 min.

The amplicons were commercially sequences and edited nts
sequences by mMEGA 5 software was analyzed by BLAST and Clus-
tal Wmethodology using the published sequences (Tables 1 and 2).
3. Results and discussion

3.1. Isolation of leptospires in EMJH medium

The different samples collected from the MAT positive animals
were subjected for isolation, out of which three samples (1.84%)
yielded growth of leptospires (Fig. 1) during the second week of
incubation. Eventhough, 12 samples were positive by PCR , we
could isolate leptospires only from three samples (25%) indicating
that less sensitivity of the isolation method or it may be due to the
contamination of the other organism while employing the isola-
tion. However, inspite of repeated sub culture and following strict



Table 1
Details of the rpoB nucleotide sequences of Leptospira from different countries available in the GenBank were included for the comparison.

Sl. No. Place of Origin GenBank accession no. Sl.No. Place of Origin GenBank accession no.

1 India JN388642 21 India HM046990
2 India JN388657 22 Brazil EU747301
3 India HM046991 23 India HM046995
4 India JN388617 24 India HM046989
5 India JN388655 25 Brazil EU747315
6 India HM046992 26 France DQ296139
7 India HM046993 27 India HM046994
8 India JN388654 28 India HM046996
9 India JN388632 29 India HM046997
10 India JN388656 30 India JN388636
11 India JN388629 31 India JN388633
12 Brazil EU747299 32 India JN388625
13 Brazil EU747311 33 France DQ296138
14 Brazil EU747304 34 France DQ296143
15 France DQ296133 35 France DQ296136
16 India JN388624 36 France EU747316
17 India JN388631 37 France DQ296142
18 Brazil EU747310 38 Brazil EU747309
19 India JN388644 39 Brazil EU 747,303
20 Brazil EU747307 40 India EU388638

Table 2
Details of the LipL41 nucleotide sequences of Leptospira from different countries available in the GenBank were included for the comparison.

Sl. No. Place of Origin GenBank accession no. Sl. No. Place of Origin GenBank accession no.

1 China AY622686 21 China AY776298
2 Brazil GQ204270 22 USA AY461952
3 India DQ132992 23 Mayotte JN683923
4 USA AY461945 24 USA AY461957
5 USA AY461946 25 USA AY461956
6 Argentina KF184576 26 USA AY461950
7 China AY622673 27 USA JN461949
8 China AY622677 28 India JN683923
9 China AY622679 29 USA AY461953
10 Japan AY240677 30 USA AY461954
11 India AY642286 31 USA AY461958
12 China AY622687 32 China AY622674
13 China AY622678 33 China AY622676
14 Japan AB240674 34 China AY622684
15 China AY622683 35 USA AY461937
16 China AY776300 36 Mayotte JN683912
17 China AY776299 37 Mayotte JN683918
18 Japan AB240676 38 Japan AB240677
19 India AY642287 39 USA AY461947
20 China AY622682
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biosecurity and sterility measures the growth was observed in only
three samples.

3.2. Polymerase Chain reaction (PCR)

The different samples collected from MAT positive animals
were initially screened using G1 and G2 primers (Gravekamp
et al., 1993) could detect 12 (7.36%) leptospiral DNA with an ampli-
con size of 285 bp. Subsequently, when all the samples were sub-
jected to LipL32 specific PCR the same 12 samples were found
positive with an amplicon size of 756 bp (Figs. 2 and 3). The iden-
tification of Leptospira is a fool-proof mechanism to determine the
active infection in any given animal, hence genomic detection by
PCR was employed to confirm the disease in the seropositive ani-
mals as PCR being more specific, rapid, less cumbersome. The
detection of same 12 samples as positive by both primer sets has
shown the efficacy of both the primer sets and the results were
in agreement (Cheema et al., 2007), as they also reported that
the above primers were similar in their efficacy for diagnosis of
leptospirosis. Further, it was found that all the 12 samples were
positive by both primers indicating the absence of Grippotyphosa
serogroup/serovar. Moreover, all the PCR positive cases were from
3

the animals with aborted history especially from various tissues of
the aborted foetus has resulted in specific amplicons. This finding
clearly indicates that targeting more aborted animals with
repeated collections could help in finding more positive cases by
PCR.

3.3. Nucleotide sequencing of PCR products

Direct sequencing of the purified PCR amplified partial rpoB and
LipL41 gene products (Figs. 4, 5) was done using the gene specific
primer pairs. The partial rpoB gene primer included Lept 1900F
and Lept 2500R bordering a hypervariable region between the
position 1900 and 2500. The LipL41 gene primer included the poly-
morphic sequence size of 518 coating for outer membrane lipopro-
tein with a PCR product size of 520 bp (Ahmed et al., 2006). There
is an exponentially high sequencing data of biological genomes is
available now for molecular biological or genetic investigations
(Bansal, 2005). The genetic analysis of leptospires is to be estab-
lished to show the genetic relatedness and evolutionary variation
among the different Leptospira species prevalent in a geographical
area. The study of nucleotide sequence is important to understand
the evolution of new types or species, its importance in the devel-



Fig. 1. Growth of leptospires in EMJH liquid (a) growth &control and EMJH semisolid medium (b) control &growth.

Fig. 2. Agarose gel showing PCR amplifications with G1G2 Primers. Lane M: 100 bp ladder; Lane 1: Positive control (Reference sejroe strain); Lane 2: Negative control
(Staphylococcus Spp); Lane 3: No template control; Lane 4: Positive isolate (KVAFSU_BANG_KAR I); Lane 5: Positive isolate (KVAFSU_BANG_KAR II); Lane 6: Negative sample.

Fig. 3. Agarose gel showing PCR amplifications with LipL32 Primers. Lane M: 100 bp ladder; Lane 1: Positive sample (KVAFSU_BANG_KAR 1); Lane 2: Positive isolate
(KVAFSU_BANG_KAR I); Lane 3: Positive control (Reference sejroe strain); Lane 4: Negative control (Staphylococcus Spp); Lane 5: Negative template control; Lane 6: Negative
sample.
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opment of diagnostic and molecular epidemiological investiga-
tions. Further, this technique is beneficial in identification of even
single nucleotide deletion / addition or substitution, which cannot
be detected in any other methods.
4

In principle, the phylogenetic analysis based on alignment of
nucleotide sequence of specific genes provide an insight into the
genetic makeup of the leptospires and their sharing with the other
members of the group. This approach is perhaps the most realistic



Fig. 4. Agarose gel showing PCR amplification with rpoB Primers. Lane M: 100 bp ladder; Lane 1: Positive isolate (KVAFSU_BANG_KAR I); Lane 2: Positive isolate
(KVAFSU_BANG_KAR II); Lane 3: Positive isolate (KVAFSU_BANG_KAR III); Lane 4: Negative control (Staphylococcus Spp); Lane 5: Positive control (Reference canicola strain);
Lane 6: No template control; Lane 7: Negative sample.

Fig. 5. Agarose gel showing PCR amplification with LipL41 Primers Lane M:100 bp ladder; Lane 1: Positive isolate (KVAFSU_BANG_KAR I); Lane 2: Positive isolate
(KVAFSU_BANG_KAR II); Lane 3: Positive control (Reference canicola strain); Lane 4: Negative control (Staphylococcus Spp); Lane 5: No template control; Lane 6 and 7:
Negative sample.
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and presents a quick bird’s eye view of the complex inter-
relatedness.

3.4. Phylogenetic analysis

The Phylogenetic trees were constructed and the evolutionary
history was inferred using the Neighbour-Joining method (Saitou
and Nei, 1997) using corresponding sequences from both pub-
lished reference rpoB and LipL41 sequences from different parts
of the world and nucleotide sequences obtained in this study.
The percentages of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) were
shown next to the branches (Felsenstein, 1985). The evolutionary
distances were computed using the Neighbour-Joining tree
method (Tamura et al., 2004) and are in the units of the number
of base substitutions per site. The analysis involved nucleotide
sequences from reference strains as well as amplified products
sequenced in this study. Evolutionary analyses were conducted
in MEGA5 (Tamura et al., 2007) The details are shown as per the
cluster formation in (Figs. 6, 7).

3.4.1. Analysis of partial rpoB gene sequences of the Leptospira
Several molecular techniques have been evaluated for the iden-

tification and characterization of Leptospira species and DNA-DNA
hybridization identified 20 Leptospira species to date with nine
pathogenic Leptospira species (Cerqueira and Picardeau, 2009).
Analysis of a segment of rpoB may be useful as an initial screening
test for the identification of a new isolate of Leptospira using a sys-
tem of similarity cut-off to define species (Lascola et al., 2006).

Out of the 12 PCR positive samples, 11 samples gave a reason-
ably good sequence read sufficient enough for further analysis
when subjected to nucleotide sequencing for partial rpoB gene
(Fig. 6). By sequence analysis, the positive samples showed identity
5

with the many published sequences of various leptospires of
NIVEDI, Bangalore (formerly PD_ADMAS), India and other global
isolates. In general, all the samples have shown identity with L.in
terrogans/L.borgpetersenii species by forming various clusters in
the same species group. None of the samples have formed cluster
with Leptospira krischneri and Leptospira intermediate species as
well as Leptospira biflexa and few other serovars / species which
were used as out group to compare the sequences.

When the above 11 amplified products were compared within
the L.interrogans/L.borgpetersenii species, it was clearly evident that
they formed three different clusters i.e., KVAFSU_BANG_KAR 1–6
have formed one cluster and KVAFSU_BANG_KAR 7–9 have formed
another cluster. KVAFSU_BANG_KAR 10 and 11 have formed a dif-
ferent cluster. The cluster formation was almost matching with the
findings of multiplex PCR (mPCR) where the samples KVAFSU_-
BANG_KAR 1–4 have shown amplication with Leptospira interro-
gans serovar canicola and in the cluster formation also the above
four samples have shown clear identity with the L.interrogans ser-
ovar canicola. Similarly, KVAFSU_BANG_KAR 7–9 has shown ampli-
fication with Leptospira interrogans serovar sejroe and in the cluster
formation also the above three samples have shown identity with
the L.interrogans serovar Hardjo. KVAFSU_BANG_KAR 10 and11 has
shown amplification with L.interrogans serovar Icterohaemorrha-
giae and in the cluster formation also above two samples have
shown identity with the L.interrogans serovar Icterohaemorrhagiae.
For samples 5 and 6 even though they have shown identity with
serovars Canicola, Hebdomadis and few other isolates but based
on mPCR and nucleotide sequencing of partial rpoB findings it
can be concluded that they belong to other serovar of L.interro-
gans/L.borgpetersenii species.

The present findings were in agreement with the findings of
(Lascola et al., 2006) and (Bal et al., 1994) they also stated that par-
tial rpoB gene can be effectively used for phylogenetic analysis, as



Fig. 6. Phylogenetic tree of partial rpoB gene nucleotide sequences using neighbour-joining method.
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well as identification of leptospires from clinical samples (Bal et al.,
1994) in their findings clearly stated that 30.3% of Leptospira iso-
lates isolated from different parts of India belong to L.interrogans/
L.borgpetersenii species and in the present study also all the 11
PCR amplified products were belonging to the above species group
and none of them were belonging to L.intermediate group.
6

3.4.2. Analysis of partial LipL41 gene sequences of the Leptospira
Out of the 12 PCR positive samples, 11 samples gave a reason-

ably good sequence read sufficient enough for further analysis
when subjected to nucleotide sequencing for LipL41 gene (Fig. 7).
The LipL41 gene includes the polymorphic sequence size of 518
coating for outer membrane lipoprotein with a PCR product size



Fig. 7. Phylogenetic tree of LipL41 gene nucleotide sequences of Leptospira constructed based on neighbour-joining method.
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of 520 bp (Ahmed et al., 2006). In obligate intracellular bacteria,
the outer membrane proteins (OMPs) play a crucial role in the pro-
cess of adaptation by facilitating interactions between bacterial
cells and its host (Nguyen et al., 2006).
7

Though more than 258 serovars in the genus Leptospira have
been identified, they are antigenically distinct due to the
lipoploysaccharide (LPS) and spatial arrangement of outer mem-
brane lipoproteins (OmpL). Generally, the 16S rRNA genes are most
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conserved but sequence variability is noticed in outer membrane
proteins (Vedhagiri et al., 2009). Keeping these points in view to
identify the speciation of the leptospires and evolutionary changes
LipL41 was targeted in the present study using the published
nucleotide sequences.

Most of the published sequences belong to human and less data
was available pertaining to animals. This was probably the first
study to compare the animal isolates or samples to compare with
the published human isolates for the LipL41 gene region in India.
Interestingly, unlike with rpoB gene region, all the sequenced
amplified products shown the identity with the L.interrogans spe-
cies and there was no overlapping of L.interrogans/L.borgpetersenii
species observed. When the above 11 amplified products were
compared within the L.interrogans species it was clearly evident
that they formed three different clusters i.e., KVAFSU_BANG_KAR_
1–4 and 5 have formed one cluster and KVAFSU_BANG_KAR_6 and
7–9 have formed another cluster. KVAFSU_BANG_KAR_ 10 and 11
have formed a different cluster. The cluster formation was almost
matching with the findings of mPCR where the samples KVAFSU_-
BANG_KAR_ 1–4 have shown amplication with L. interrogans sero-
var Canicola and in the cluster formation also the above four
samples have shown clear identity with the L.interrogans serovar
Canicola. Similarly, KVAFSU_BANG_KAR_ 7–9 has shown amplifi-
cation with L.interrogans serovar Hardjo and in the cluster forma-
tion also the above three samples have shown clear identity with
the L.interrogans serovar Hardjo. KVAFSU_BANG_KAR_ 10 and 11
has shown amplification with L.interrogans serovar Icterohaemor-
rhagiae and in the cluster formation also above two samples has
shown clear identity with the L.interrogans serovar Icterohaemor-
rhagiae. For sample 5 even though it has shown more identity with
serovars Autumnalis, Hardjo, Paidjan and Grippotyphosa and few
other isolates but based on mPCR and nucleotide sequencing of
LipL41 findings, it was concluded that it belongs to other serovars
of L.interrogans species. For sample 6 even though it has shown
more identity with serovarss Hebdomadis, Canicola, Australis and
Pomona but based on multiplex PCR and nucleotide sequencing
of LipL41 findings, it was concluded that it belongs to other serovar
of L.interrogans species.

The observations were in agreement with the other’s findings
(Vedhagiri et al., 2009), in their study also L.interrogans has formed
a separate cluster when compared with the L.borgpetersenii species.
Apart from this the present observation of forming a single cluster of
L.interrogans specieswas in agreementwith the findings of previous
report, where the LipL41 gene has highly conserved sequences that
are expressed both in cultivated organisms and during infection in
mammals (Haake et al., 1999). Furthermore, the present finding also
manifest that the PCR positive samples have indicated same result
with respect to conserved sequence during the infection.
4. Conclusion

Interestingly, results analysis of both rpoB and LipL41 geneswere
compared with the species differentiation, which could not be done
completelywhen rpoB gene sequences alonewas targeted, as in that
there was an overlapping/superimposition between the L.interro-
gans/L.borgpetersenii species was observed as reported earlier. It is
noteworthy that these findings in our present work clearly pointed
out that LipL41 can be more efficiently used for species identifica-
tion of leptospires when compared to rpoB gene sequences alone,
but this needs to be ascertained on a larger number of samples from
different geographical areas of the endemic region.
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