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Development of multiplex real-time PCR assay for detection

and differentiation of Leptospira spp.

Adle assalasy* ywe AvSidesnd desan gszd o3 quld

Duangjai Suwancharoen* Busara Sittiwicheanwong Chatsuda Suraphi Waree Sookmai

Abstract

Leptospirosis is a zoonotic disease caused by Leptospira spp. which are classified based on
their divergent genomes and ability to cause disease, namely, pathogenic, intermediate, and
non-pathogenic groups. Recent studies on intermediate Leptospira spp. demonstrated that they are
infectious Leptospira spp. and cause leptospirosis. It is necessary to develop an assay to detect all
groups of Leptospira spp. Thus, this study aims to develop multiplex real-time PCR to detect
Leptospira genus and distinguish 3 groups of Leptospira spp. using four primer-probe sets that were
designed from 16S rRNA, lipL.32, and 23S rRNA gene sequences. Multiplex real-time PCR assays were
optimized for the condition and were assessed for analytical sensitivity and analytical specificity using
17 serovars of reference Leptospira spp. The results showed that the assay can detect all 17 serovars
of reference Leptospira spp. and differentiate them into 3 groups correctly with analytical sensitivity
at 100 cells/ml and 100% analytic specificity. Then, twenty isolated Leptospira spp. from clinical
and environmental specimens were tested with multiplex real-time PCR for group identification
and confirmed the results with the results from 165 rRNA sequencing. All group identification results of
isolated Leptospira spp. were consistent with partial 16S rRNA sequence results. In conclusion,
the developed multiplex real-time PCR assay has enabled concurrent detection and identification in a
single reaction with high sensitivity and specificity. This method provides rapid results and valuable
epidemiological data. However, the evaluation of diagnostic performance of multiplex real-time PCR

directly on clinical specimens still requires further study.

Keywords: Multiplex real-time PCR, Leptospira genus, pathogenic Leptospira spp., intermediate

Leptospira spp., non-pathogenic Leptospira spp.
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Introduction

Leptospirosis is an infectious disease that is recognized as a worldwide re-emerging zoonotic
disease, especially in tropical and subtropical countries, and unsanitary areas (Adler, 2015; Costa et al,,
2015). Leptospira spp. can harbor in kidney of infected animals. The disease can be transmitted via
urine by different animal species, including rats, horses, cattle, dogs, cats, swine, and buffaloes (Narkkul
et al,, 2021). In animals, abortion or internal organ hemorrhage is the most common clinical sign.
However, persistent infections can also occur, resulting in large economic losses (Pérez et al., 2020).

Leptospira spp. are spiral gram-negative bacteria with flagella for motility. Leptospira spp. is
categorized into family Leptospiraceae, order Spirochaetales, and genus Leptospira (Cameron, 2015).
Initial classification of Leptospira spp. divided them into 2 species which were Leptospira interrogans
(pathogenic group) and Leptospira biflexa (non-pathogenic group). They were then classified serologically
into serogroups and serovars. Currently, 350 serovars have been identified and a specific serovar may
belong to multiple species (Romero-Vivas et al., 2013; Krishnan & Ganesh, 2020). Genetic classification
dependent on 16S rRNA can distinguish Leptospira spp. into 3 groups which are pathogenic group
(9 genomospecies), intermediate group (6 genomospecies), and non-pathogenic group (7 genomospecies)

(Picardeau, 2013). The difference in base pairs of 165 rRNA genes between pathogenic and intermediate



groups is 70-76 bp (Morey et al., 2006). Recently, the classification has been revised, demonstrating that
intermediate genomospecies share a similar ancestral root with pathogenic genomospecies. Both are
classified as infectious Leptospira spp. and subdivided into 2 clades: P1 (pathogenic group) and P2
(intermediate group) (Vincent et al., 2019). Although intermediate Leptospira spp. have been found in
febrile cases in humans (Chiriboga et al., 2015) and causing fever, anorexia, icterus, and weight loss in
dogs (Piredda et al., 2021), explicit clinical symptoms that distinguish the infection-causing from the
pathogenic or intermediate groups have yet to be clearly established (Vincent et al., 2019).

Most studies employ PCR or real-time PCR assay targeting ¢gryB, rrs, and secY to detect
Leptospira genus, or lipL21, lipL32, lipL41, ligA, and ligB to detect pathogenic Leptospira spp.
(Thaipadungpanit et al., 2011). Detection of the lipL32 gene, in particular, has been used in several
studies limited to pathogenic Leptospira spp. However, the assay does not cover intermediate
Leptospira spp. (Levett et al., 2005; Stoddard et al.,, 2009; Ahmed et al., 2020), despite being infectious
and can cause disease. Multiplex real-time PCR was used in many studies to distinguish Leptospira spp.
from other pathogens, for example, Plasmodium parasites, Brucella spp., Campylobacter foetus,
Dengue virus, and Chikungunya virus (Selim et al., 2014; Waggoner et al., 2014; Giry et al,, 2017).
Moreover, most research on using multiplex real-time PCR to distinguish between eroups of Leptospira
spp. has been focused on separating between pathogenic and non-pathogenic Leptospira spp. (Bedir
et al,, 2010) or between pathogenic and intermediate Leptospira spp. (Pérez et al., 2020). Nevertheless,
the studies that developed multiplex real-time PCR to differentiate 3 eroups of Leptospira spp. have not
been found yet.

This research aims to develop a multiplex real-time PCR to detect Leptospira spp. along with
classifying groups of Leptospira spp. using 4 specific primer-probe sets based on TagMan probe assay.
The first one was gene-specific Leptospira genus (screening test), and others were specific to
pathogenic group, intermediate group, and non-pathogenic group. The assay was evaluated analytical

sensitivity, analytical specificity, and group identification performance.

Materials and methods

Primers and probes design

Ninety-seven Leptospira spp. sequences were retrieved from GenBank based on sequence
integrity, and they represented all 3 groups of Leptospira spp. as well as unrepetitive serovars.
They consisted of 52 sequences of 165 rRNA gene from Leptospira spp., 21 sequences of lipL32 gene
from pathogenic Leptospira spp., 18 sequences of another region of 16S rRNA from intermediate
Leptospira spp., and 6 sequences of 23S rRNA gene from non-pathogenic Leptospira spp.

Nucleotides of each gene were aligned by ClustalW in MEGA X software (Kumar et al.,, 2018).
The overlapping nucleotides were assigned in the Primer-BLAST program on the NCBI website (Ye et al.,
2012) for designing primers and probes. Four primer-probe sets were evaluated for T value and GC
content. They were tested for specificity of each primer and probe in silico with ClustalW in MEGA X

software. Then, the primers and probes were synthesized by Sigma-Aldrich (Germany).



Sample preparation
Reference Leptospira spp.

Seventeen serovars of Leptospira spp. were received from WHO/FAO/OIE Collaboration center
for reference and research on leptospirosis, Australia and KIT Royal Tropical Institute, Netherlands, which
covered 3 groups of Leptospira spp. to test in multiplex real-time PCR assay. They were maintained
in National Institute of Animal Health (NIAH) laboratory by subculturing them in Ellinghausen
McCullough Johnson Harris (EMJH) broth and incubated at 30°C for 7 days. To optimize real-time
PCR conditions and test analytical specificity, each serovar of Leptospira spp. was performed cell
enumeration using a Petroff-Hausser counting chamber and adjusted the number of cells with
phosphate buffered saline (PBS) to 10° cells/ml. Another set of 10° cells/ml of Leptospira spp.
was 10-fold diluted from 10° cells/ml to 1 cell/ml for testing sensitivity.

Isolated Leptospira from clinical and environmental specimens

Twenty isolated Leptospira spp. from 16 clinical specimens and 4 environmental specimens
in Thailand from 2016 to 2019 have been maintained in NIAH laboratory by subculturing in EMJH broth
and incubated at 30°C. The twenty isolates were isolated from 10 specimens of cattle urine from
Bangkok, Ratchaburi, Chon Buri, Mukdahan, Tak, and Buri Ram, 2 specimens of buffalo blood from
Phatthalung, 1 specimen of rat urine from Nakhon Si Thammarat, 1 specimen of rat kidney, 2 specimens
of soil, and 4 specimens of surface water from Nan. Specimens were cultured in EMJH broth at 30°C
and observed under a dark-field microscope every week until spirochetes were found or until 3 months.
Suspected positive specimens were confirmed Leptospira genus by 16S rRNA real-time PCR.

Genetic material

Leptospira DNA were extracted by QlAamp® DNA mini kit (QIAGEN®, Germany). The quantity
and purity were determined by spectrophotometer (DeNovix®, USA). DNA of other bacteria including,
Brachyspira spp., Campylobacter spp., Escherichia coli, Enterococcus faecalis, Enterobacter spp.,
Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pyogenes, S. agalactiae, and Vibrio
cholerae for specificity test were obtained from Bacteriology and Mycology section, NIAH.

Multiplex real-time PCR assay

All assays were probe-based real-time PCR (TagMan). Each reaction proceeded in a total volume
of 25 ul consisting of 1x FastStart essential DNA probe master (Roche®, Germany), 0.4 uM of each primer,
0.2 pM of each probe, nuclease free water (Roche®, Germany), and 5 pl of DNA template.
An individual real-time PCR assay was implemented to select the annealing temperature for the
multiplex real-time PCR assay. The thermal cycling conditions were as follows: 1 cycle of
pre-denaturation at 95°C for 10 minutes, followed by 45 cycles of denaturation at 95°C for 30 seconds,
annealing and extension at the optimized annealing temperature for 30 seconds, and 1 cycle of cooling
at 40°C for 30 seconds. All experiments were repeated at least 3 times to test their reproducibility.
All analyses were carried out using the LightCycler® detection system (Roche®, Germany). The result that
has quantification cycle (Cg) value <40 means positive result.
Analytical sensitivity and analytic specificity of multiplex real-time PCR assay

Leptospira interrogans serovar Canicola, L. inadai serovar Lyme, and L. biflexa serovar Patoc |

were used in this study to represent the pathogenic, intermediate, and non-pathogenic groups,



respectively. To determine the analytical sensitivity, the assay using 4 primer-probe sets amplified each
10-fold dilution of Leptospira spp. from 10° cells/ml to 1 cell/ml to establish the limits of detection
(LOD). The assay was tested in triplicate. Amplification efficiency (E) of multiplex real-time PCR assay was
measured from each slope of standard curve and calculated using the equation: E = -1+10""
(Cepin, 2017).

Analytical specificity was determined in triplicate on DNA of 17 serovars of references
Leptospira spp. and 10 other bacteria using 4 primer-probe sets. The amplification results examined the
cross-reactivity between Leptospira groups and other bacteria. The analytical specificity were defined by
the concept of inclusivity, exclusivity, and selectivity (Pérez et al., 2020).

Group identification performance

DNA was extracted from the 20 isolated Leptospira spp. and tested with the multiplex real-time
PCR assay to evaluate group identification performance. The results of group differentiation were
confirmed with the 165 rRNA sequencing results. An 165 rRNA (~1,480 bp) was amplified by PCR using
bacterial universal primers (P16S-8UA [5'-AGAGTTTGATCMTGGCTCAG-3’] and P16S-1485R
[5’-TACGGYTACCTTGTTACGACTT-3"]). PCR amplification condition was 1 cycle of pre-denaturation at
95°C for 2 minutes, followed by 30 cycles of denaturation at 96°C for 1 minute, annealing at 55°C for
1 minute and extension at 72°C for 90 seconds, and 1 cycle of final extension at 72°C for 7 minutes
(Saito et al.,, 2013) PCR products were purified and sequenced by SolGent Co., Ltd. (Korea) then the
sequences were compared to the database via BLAST (Altschul et al., 1990).

Results and discussion

Multiplex real-time PCR assay

Genus-specific and group-specific primers and probes designed in this study were shown in
Table 1. The 165 rRNA gene aims to detect the genus of Leptospira spp. based on a conserved region
at 726-902 bp of GenBank accession no: NR 116542, while another region of 16S rRNA was designed
based on a particular region at 570-1081 bp of intermediate Leptospira spp. of GenBank accession
no: NR 115296. The lipL32 gene and 23S rRNA gene were used to detect pathogenic Leptospira spp.
and non-pathogenic Leptospira spp., respectively. Each set was optimized with 17 serovars of reference
Leptospira spp. using a single real-time PCR for an individual annealing temperature. It can be seen from
the data in Table 1 that optimized annealing temperature was 62°C for genus and intermediate group,
and 60°C for pathogenic and non-pathogenic groups.

Multiplex real-time PCR was performed at the optimized annealing temperature of each primer
and probe. Both annealing temperatures at 60°C and 62°C can amplify the template. But 60°C
demonstrated non-specific amplification at late cycles, while 62°C did not show any non-specific
amplification. Thus, 62°C was selected to be the annealing temperature for the multiplex amplification.
The thermal conditions for multiplex real-time PCR assay were 1 cycle of pre-denaturation at 95°C
for 10 minutes, followed by 45 cycles of denaturation at 95°C for 30 seconds, annealing and extension

at 62°C for 30 seconds, and 1 cycle of cooling at 40°C for 30 seconds.



Table 1 Primers and probes were used in multiplex real-time PCR.

Annealing
Target groups Genes Primer ID Sequences (5’ > 3’) Temperature Source
Leptospira 165 F 16S GE ACGGGATTAGATACCCCGGT This study
spp. (Genus)  rRNA R _16S GE TTAAACCACATGCTCCACCG 62°C This study
P 16S GE HEX-CGGATTAAGTAGACCGCCTGGGGA-BHQ1 This study
Pathogenic  lipL32 F lipL32 PA  AGCTC GTTCTGAGCGAG This study
R lipL32 PA ACGAACTCCCATTTCAGCGA 60°C This study
P lipL32 PA FAM-AAAGCCAGGACAAGCGCCG-BHQ1 (Stoddard et al., 2009)
Intermediate  16S F 16S INTER ~ GTGGCCTGCACTTGAAACTA This study
rRNA R 16S INTER  CAACTHAATGGTAGCAACATACGA 62°C This study
P 16S INTER  Cy5-CGAAGGCGACTTGCTGGCTCAA-BHQ2 This study
Non- 23S F 23S NON  TAGCTTTAGGGTTAGCGTGGTA This study
pathogenic  rRNA R 23S NON  CACATCCTTTACCACTTAGCGTAG 60°C This study
P 23S NON  Texas Red-AAGGGAAACAGCCCAGACCGTC-BHQ2 This study

This study used 23S rRNA to distinguish non-pathogenic Leptospira from the other groups similar
to previous research that used multiplex real-time PCR to discriminate between pathogenic and
non-pathogenic Leptospira spp. using ligA/B and 23S rRNA, respectively (Bedir et al., 2010). This indicates
that 23S rRNA is suitable for detection of non-pathogenic Leptospira spp. In addition, our study used
lipL32 to detect pathogenic Leptospira spp. but the (ipL32 gene sequences was different from
intermediate group (Sykes et al., 2022), and percent similarity of lipL32 protein was 67% (Murray, 2013).
Thus, it cannot use a single gene to detect both pathogenic and intermediate groups. For this reason,
Intermediate Leptospira spp. were missed and significantly underreported because most routine
diagnostic tests detected only pathogenic Leptospira spp. and did not consider intermediate Leptospira
spp. in the assay. Likewise, Bedir et al. (2010) study, even though the intermediate group can cause mild
symptoms in humans and animals (Chiriboga et al., 2015; Piredda et al., 2021).

On the contrary, this study recognized the significance of intermediate group. The multiplex
real-time PCR assay included the detection of intermediate Leptospira spp. using 16S rRNA. This is
similar to Pérez et al. (2020) study. Their study pointed out that different regions of 165 rRNA can
distinguish intermediate Leptospira spp. from pathogenic Leptospira spp. However, our study developed
4-plex real-time PCR in a single reaction to detect 3 groups of Leptospira spp. which differs from Pérez
et al. (2020) study. Their assay comprised 2 steps of real-time PCR. First, duplex real-time PCR detected
infectious groups (pathogenic and intermediate Leptospira spp.) and pathogenic Leptospira spp.
Suppose the result was ambiguous, such as a positive result for the infectious group and a negative
result for the pathogenic group. In that case, the assay must be confirmed for the intermediate
Leptospira spp. using a single real-time PCR as a second step. But their assay was overlooked for
detecting non-pathogenic group.

Analytical sensitivity and analytical specificity

The analytical sensitivity of multiplex real-time PCR was determined by using 10-fold dilution

ranging from 10° cells/ml to 1 cell/ml of group-represented reference Leptospira spp. The E values of

each reaction were 90%-110% with a coefficient of determination (R’) greater than 0.99 in all



primer-probe sets, as described in Figure 1. The E value refers to amplification efficiency which each
replication cycle should ideally double the number of a target sequence resulting in a 100%
amplification efficiency (Cepin, 2017). The E values at 90%-110% are deemed acceptable for real-time
PCR, and the R’ greater than 0.985 indicates that this assay is reliable in terms of pipetting precision and
the range of assay (Rogers-Broadway & Karteris, 2015). Moreover, this study revealed the LOD of
multiplex real-time PCR at 100 cells/ml (Figure 1) and can detect the targets in 100% of all replicates.
This assay has a LOD equal to the Bedir et al. (2010) assay which detected (igA/B and 23S rRNA of

pathogenic and non-pathogenic Leptospira spp., respectively.

Leptospira genus Pathogenic Leptospira spp.
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Figure 1 The standard curve of multiplex real-time PCR assay using 4 primer-probe sets in a reaction to amplify 10-fold dilution
of (A) Leptospira genus, (B) pathogenic Leptospira spp., (C) intermediate Leptospira spp., and (D) non-pathogenic Leptospira spp.
showed each LOD at 100 cells/ml and the amplification efficiencies (E) ranged from 90%-110% with a coefficient of determination
(R?) greater than 0.985.

In order to assess analytical specificity, 17 serovars of reference Leptospira spp., including
pathogenic, intermediate, and non-pathogenic groups, and 10 other bacteria were tested.
The performance of multiplex real-time PCR showed 100% specificity in each Leptospira group and
established neither inter-assay cross reaction nor discordant reaction (Table 2). Our study showed
inclusivity by detecting all Leptospira spp. in the panel, and group-specific primers can detect all
Leptospira spp. in their group without showing inter-assay cross reaction and discordant results
(Table 2). Likewise, this assay did not amplify 10 other bacteria, indicating that the primers in this
study were exclusive and selective for genus and groups of Leptospira spp. as designed. From the
results of analytical sensitivity and analytical specificity, we can infer that this assay accomplished the
critical parameters, including accurate design of suitable primers and probes, and appropriate

optimization of reaction parameters.
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Group identification performance

The group identification performance was evaluated on 20 isolated Leptospira spp. from cattle,
buffalo, rat, and environment which were obtained from blood, urine, kidney, soil, and water.
The 20 isolates mentioned above were tested with a multiplex real-time PCR assay in this study.
The result showed that the assay was able to distinguish Leptospira spp. into their respective groups.
The accuracy of identification was confirmed the results from partial 165 rRNA sequencing. It is apparent
from Table 3 that the results from both methods are concordant.

Interestingly, this assay can detect and classify pathogenic and intermediate Leptospira spp.
apart from 17 serovars of reference Leptospira spp. namely, Leptospira licerasiae that was isolated from
cattle urine (C4-UB10) and Leptospira kmetyi that was isolated from soil (55T3, 25C1). The results from
this study might imply that primer-probe desien is appropriate and capable of detecting a broad range
of Leptospira spp. and discriminating them into their respective groups.

This study lacks the result of inhibitors derived from the field specimen because this assay did not
examine specimens directly. However, Pérez et al. (2020) tested multiplex real-time assay on clinical
specimens and found that PCR inhibitors were not found in clinical specimens to interfere with multiplex

real-time PCR reaction.

Table 3 Results of the multiplex real-time PCR assay and the partial 165 rRNA sequencing

Specimen  Types of . Multiplex real-time PCR (+/-) 16S rRNA Sequencing
names specimens 16S rRNA®  lipl32 165 rRNA® 23S rRNA Species Group
C-1UB1 Urine Cattle + + - - L. borgpetersenii Pathogenic
C1-UB2 Urine Cattle + + - - L. borgpetersenii Pathogenic
C2-UB1 Urine Cattle + + - - L. borgpetersenii Pathogenic
C2-UB5 Urine Cattle + + - - L. borgpetersenii Pathogenic
C2-UBT7 Urine Cattle + + - - L. borgpetersenii Pathogenic
C3-UB16 Urine Cattle + + - - L. borgpetersenii Pathogenic
C4-UB10 Urine Cattle + - + - L. licerasiae Intermediate
C6-UB13 Urine Cattle + + - - L. borgpetersenii Pathogenic
C7-UB5 Urine Cattle + + - - L. interrogans Pathogenic
C7-UB8 Urine Cattle + + - - L. borgpetersenii Pathogenic
B8-WB1 Blood Buffalo + + - - L. interrogans Pathogenic
B8-WB2 Blood Buffalo + + - - L. interrogans Pathogenic
6UR-M2 Urine Rat + + - - L. interrogans Pathogenic
3KR/K3 Kidney Rat + + - - L. interrogans Pathogenic

5ST3 Soil - + + - - L. kmetyi Pathogenic
2SC1 Soil - + + - - L. kmetyi Pathogenic
6\WM2 Water - + - + - L. wolffii Intermediate
2WL2 Water - + - + - L. inadai Intermediate
5WT1 Water - + - - + L. biflexa Non-pathogenic
2WC1 Water - + - - + L. biflexa Non-pathogenic

Note: ° specific to Leptospira genus, ° specific to Intermediate group, hyphen (-): unidentified host or no quantification cycle
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Conclusion

This study designed 4 primer-probe sets specific to 16S rRNA, lipL32, another region of 16S rRNA,
and 23S rRNA genes. The result presented optimized condition for multiplex real-time PCR. Multiplex
real-time PCR assay can detect Leptospira genus and differentiate between 3 groups of Leptospira spp.,
including pathogenic, intermediate, and non-pathogenic groups. The assay provided amplification
efficiencies between 90% to 110% and LOD at 100 cells/ml with 100% analytical specificity. The results
of the detection of isolated Leptospira spp. from clinical and environmental specimens were concordant

with 165 rRNA sequencing results.

Suggestion

For further study, research is needed to validate the assay when detecting a clinical specimen
directly and evaluate the effect of different matrix materials. More information regarding these factors
would help to determine the diagnostic sensitivity and diagnostic specificity of the assay. In terms of
epidemiology, this method would illustrate the relationship between groups of Leptospira spp. and
disease severity. Research is also needed to determine leptospirosis prevalence, susceptible hosts,

severity, and endemic areas in the future.
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