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ABSTRACT

Review Article

Analysis of PCR Techniques
for Detection of Leptospira:

A Narrative Review

Leptospirosis, a widespread zoonotic disease caused by pathogenic Leptospira species, is recognised as posing significant
challenges to both public health and veterinary sectors. Traditional diagnostic methods, including serological assays and culture
techniques, are often characterised by limited sensitivity, particularly during the early stages of infection. In contrast, enhanced
accuracy and rapid detection capabilities have been demonstrated by molecular diagnostics- especially Polymerase Chain Reaction
(PCR)-based approaches. In this review, the development and application of various PCR-based methods, including conventional
PCR, nested PCR, quantitative real-time PCR (qPCR), digital PCR, and Loop-Mediated Isothermal Amplification (LAMP), have
been explored for detecting Leptospira in clinical and environmental samples. These technologies have been shown to not only
improve sensitivity and specificity but also facilitate early and reliable diagnosis. A comprehensive literature search was conducted
using PubMed, Scopus, and Web of Science, focusing on studies published between 2000 and 2025. The selected literature has
highlighted the diagnostic strengths, limitations, and practical considerations associated with each method. Furthermore, the
future integration of multiplex PCR assays and portable diagnostic tools is discussed to expand point-of-care testing, particularly
in resource-limited settings. Standardisation of protocols and cross-platform validation are emphasised as critical for achieving
widespread, effective use. Overall, leptospirosis diagnostics continue to be redefined by PCR-based strategies, supporting

improved disease surveillance and control.
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INTRODUCTION

Leptospirosis is a zoonosis caused by disease-causing spirochetes
of the Leptospira genus. An estimated 1.03 milion cases are
accounted for globally, and approximately 58,900 deaths are
caused each year, indicating that leptospirosis is a serious global
public health threat [1]. Human infections are caused by exposure
to water sources polluted with the urine of carrier host animals, with
the brown rat being identified as the most significant carrier host
of human infection worldwide [2]. Additionally, leptospirosis can be
misdiagnosed as more common disorders, such as brucellosis,
initial toxoplasma infection, rickettsial infections, hantavirus disease,
HIV seroconversion, and routine viral infections (such as cold, flu,
and human herpesvirus infections) [3]. Various clinical symptoms
may be caused by leptospirosis in people, ranging from a subclinical
infection with no symptoms to a serious iliness that could be fatal [4].
Leptospirosis is caused by gram-negative infectious bacteria of the
Leptospira genus, which are characterised by their spiral morphology
[5]. The transmission cycle of Leptospira, as depicted in the [Table/
Fig-1], involves reservoir hosts, environmental contamination, and
human exposure.

Taxonomy and classification: Leptospira belongs to the family
Leptospiraceae [6]. Pathogenic Leptospira species, especially
L. interrogans and its strains, cause leptospirosis- a common
zoonosis, a neglected, zoonotic/infectious, and a contributing
factor to acute undifferentiated febrile sickness [7]. Sixty-nine
genetic species, including pathogenic and saprophytic bacteria, are
currently recognised in the genus Leptospira [8]. Human and animal
infections are caused by eight pathogenic species [9]. Organisms
of the genus, primarily L. kirschneri and L. interrogans, are thought
to be causative of 60,000 mortalities and 1 million occurrences
of illness in human populations globally each year [10]. Although
occupational activities and water sports cause risk, the timing and
location of outbreaks remain unpredictable [11].
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[Table/Fig-1]: Two main pathways are primarily involved in the spread of Leptospira:
direct contact with infected animals or indirect interaction with environmental

mediums, such as water and soil that have been contaminated by bodily fluids,
especially urine from infected hosts.

Laboratory diagnosis of leptospirosis: The understanding of the
pathogenesis and epidemiology of leptospirosis has been gradually
improving in recent years. Since microscopy was unable to identify
the small amount of Leptospira in clinical specimens, Leptospira
identification using culture and microscopy analysis has been
found to be unusable because of its limited specificity [12]. The
requirement for a prolonged incubation time for culture, at least
four weeks, rapid tests and serological kits like the Enzyme-Linked
Immunosorbent Assay (ELISA) are also offered, but the majority
have poor sensitivity and specificity [13]. Now, major confirmed
techniques for diagnosing leptospirosis are available: PCR and the
serology-based Microscopic Agglutination Test (MAT). PCR involves
costly reagents, scientific expertise, and equipment like a thermal
cycler; on the other hand, MAT is time-consuming, and needs
living cultures for cultivation, has a complex analysis and commonly
requires serum for confirmation [14]. Although some standardisation
exists in identifying acute leptospirosis through direct analysis,
serological testing, and molecular-based methods, managing
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the detection of long-term leptospirosis, especially its subclinical
form, remains difficult. Current techniques for detecting Leptospira
infection cannot identify low bacterial loads in asymptomatic carriers
due to their low sensitivity and specificity [15]. Since the target gene
rrs is extensively preserved throughout the bacterial kingdom, false-
positive findings will probably be obtained even if both harmful and
non pathogenic Leptospira species can be identified [15]. A reliable
chemical analysis technique that offers increased sensitivity and
precision in assessing low-abundance targets is digital PCR [16].
Since Leptospira is characterised by slow-growing bacteria that
take weeks to test positive in culture-based techniques, it is not
useful for treating patients in an emergency [17]. However, high-
sensitivity and specificity diagnostic tests based on PCR can be
used to get the acute phase diagnosis. According to a study, PCR-
based testing can be a helpful diagnostic tool during the first week
of the illness [18]. It might therefore be an effective alternative for
MAT in the acute stage [19].

Conventional Diagnostic Approaches for

Leptospira Detection

According to World Health Organisation (WHO) guidelines,
diagnostic tests can be performed for the confirmatory diagnosis
[20] of Leptospira isolation using culture techniques, DNA extraction,
and the MAT antibody detection [21]. Identifying leptospirosis
depends on routine diagnostic procedures, which are often skipped
because of limited clinical suspicion, leptospirosis may be confirmed
using serological tests that detect Leptospiral antibodies [22].
MAT is considered the definitive test for serological identification
of Leptospira because of its high sensitivity and specificity [23].
Therefore, the limited utility of traditional serological methods notably
impacts disease monitoring, prevention, and containment [24].
MAT encompass early false-negative outcomes and cross-reactive
responses, which eliminate the capacity to differentiate between
strains. The technique’s extreme time and work dedication, and the
need for a significant number of live leptospires are drawbacks [25].
Other serological techniques, such as the Latex Agglutination Test
(LAT), dipstick ELISA, and ELISA, have already been investigated, but
each of these methods has drawbacks of its own [26]. On the other
hand, isolation and purification of genomic DNA, an inside genomic
extraction procedure has been implemented to recover DNA from
the cultures of bacteria and Leptospira cell pellets. In Leptospira
infection, diagnostic approaches broadly include bacterial culture,
PCR, and serological methods such as MAT, ELISA, and rapid tests
[Table/Fig-2].

Leptospira
: DIAGNOSTIC METHODS

S

Bacterial Culture PCR
Isolation of leptospires Detection of DNA

[Table/Fig-2]: Diagnosis for Leptospira detection.

Serological assays are currently less effective for the early detection
of leptospirosis due to their uneven performance. As an alternative,
gPCR can identify leptospiral DNA during the acute stage of the
infection and is more sensitive and specific [27]. To investigate
whether the number of reported leptospirosis cases found in
patients with clinical signs of having the disease could be increased
by combining MAT and PCR [14]. To validate a new multiplex
gPCR that will allow for the selective and specific detection of all
infectious Leptospira species, comprising pathogenic groups |

Serology
+ MAT (Microscopic
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and Il together, with the ability to differentiate between them. The
particular identification of the contagious Leptospira species,
excluding among the three pathogenic groups, target areas from
the 16S RNA gene were selected. These regions made it easier to
detect all infectious Leptospira species using a wide and focused
spectrum [28]. Early Leptospira diagnosis by culture and serology
can be challenging without appropriate experience and is frequently
postponed due to the long time required for findings. Leptospirosis
is a disease that is severely neglected in India, particularly in the
north. In the study by Shukla S et al., leptospirosis patients with
positive serological results were studied using TagMan real-time
PCR with the /ipL32 gene as the target. Despite the favourable
climatic circumstances in northern India today, there has been very
little research conducted, none of which used real-time PCR [29].
Targeting the /lipL32 gene, Brenner DJ et al., conducted a real-time
PCR study to detect Leptospira. Primers and probes derived from
the target sequences of 10 pathogenic Leptospira strains, such as
L. interrogans, L. borgpetersenii, L. alstonii, L. kirschneri, L. meyeri,
L. noguchii, L. santarosai, L. weilii, L. dzianensis, L. barantonii [30].
Allknown pathogenic Leptospira species can be detected with great
efficiency, sensitivity, and specificity with this assay (conventional
real-time PCR method with hydrolysis probes) [31]. In Indonesia,
leptospirosis appears to be a major cause of hospitalisation. It may
present with a variety of clinical symptoms, making it challenging to
distinguish it from other common tropical illnesses. The laborious
gold-standard MAT can be effectively replaced by PCR and ELISA,
especially in environments with limited resources [32].

PCR-Based Diagnostic Techniques for Leptospira
According to the study by Mullan S and Panwala TH, out of 100
feverish patients likely to have leptospirosis based on compatible
cases and positive non diagnostic serological testing, 37% were
confirmed to have leptospirosis using PCR. PCR is the appropriate
test for leptospirosis, as it rapidly produces results when used within
the first week and can confirm the diagnosis without the need for
a convalescent sample. This leads to timely medical attention and
the implementation of necessary public health measures. PCR
can detect the infection in patients during its early stage, before
antibodies have formed [33]. The differing positive rates of the two
PCR techniques could also be affected. TagMan-based gPCR is
commonly used in the diagnosis of leptospirosis and is preferred
over traditional PCR due to its ability to detect low DNA copy
numbers and its rapid turnaround time. In the study by Kim DM et
al., higher Leptospira detection was reported using rrs nested PCR.
Nested PCRs are performed through two consecutive PCR runs,
with the second set of primers designed to amplify a secondary
target obtained from the first PCR product. Consequently, further
amplification is permitted due to the limited amount of target DNA
produced in the initial PCR cycle. According to the study, greater
sensitivity was observed with nested PCR than with gPCR (85.4%
vs. 82.9%) [34]. A highly sensitive multiplex PCR that can identify
both ipL 32 and rrs gene targets in a single reaction provides a more
reliable, quick, affordable, and time-saving molecular test for the
early diagnosis of leptospirosis [14]. A novel gPCR multiplex assay
was designed and validated by Pérez LJ et al., to enable the specific
and selective detection of the entire group of infectious Leptospira,
through which both pathogenic groups | and Il were selectively
distinguished [28].

The study by Pacce VD et al., stated that researchers used
different gene targets for PCR and LAMP detection of pathogenic
Leptospira to create a quick and easy method that could serve
as a proof-of-concept test in medical settings for both humans
and animals [35]. A study by Chou LF et al., conducted analyses
of kidney infections caused by dormant Leptospira using a novel
molecular technique to observe variations in individual immune
responses. The researchers employed digital PCR techniques
with newly developed primer-probe sets targeting the fliG flagellar
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gene to analyse urine samples from individuals with laboratory-
confirmed leptospirosis and to detect Leptospira in infected murine
kidneys. Their findings indicate that the fliG gene-targeting digital
PCR method provides higher sensitivity. The newly developed
fliG-targeting assay demonstrated ten times the sensitivity of
conventional gPCR for trace detection, enabling more precise
differentiation of Leptospira species. This advancement allows
for highly sensitive monitoring of extremely low bacterial loads
compared to traditional techniques [Table/Fig-3] [15].

‘ Evaluation of Digital PCR ‘
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[Table/Fig-3]: Digital PCR for diagnosis.

Scientists claim the creation of novel gPCR tests that target the
16S rBNA gene as a diagnostic marker for Leptospira species [36].
TagMan-based real-time PCR successfully identified 1x10°to 1x10?
GE/linear response of the isolated Leptospira | DNA, achieving an
efficiency of 98.96% and a coefficient of correlation of 0.998. The
analysis also demonstrated that the assay could detect 10 copies
per reaction as the Lower Limit of Detection (LLOD); among 42
duplicates tested with 10 copies per reaction across eight separate
runs, 41 replicates showed amplification of the TagMan /ipL32
target. To confirm the proper extraction method, researchers further
submitted all tested bacterial samples to 16S rBNA ampilification,
which produced strong positive bands in agarose gel analysis.
Moreover, when DNA from additional non spirochaete infections
was analysed, the test showed no amplification, and the newly
designed primers demonstrated no non target hybridisation in in
-silico testing [37]. The sensitivity and specificity of real-time PCR
assays are mostly determined by the design of the primers and
probes, their selection criteria, and their optimal parameters [38].
Primers were created to target the Leptospira spp.-specific 16S
rBRNA gene region. The perfecta SYBR Green FastMix (Quanta)
and the CFX96 C1000 touch real-time PCR Thermocycler (BioRad)
were used for gPCR. About 2 L of genomic DNA and 200 nM 16S
primers were included in each PCR experiment [39]. [Table/Fig-4]
outlines the workflow for the Leptospira PCR assay.

Amplification of lipL32 in
digital PCR platform

1ipL32 gene (marker for
pathogenic Leptospira)

Conventional PCR
= Basic amplification for
presence/absence

Digital PCR
+ Absolute quantification
« Partition-based detection

PCR offers a rapid method for detecting leptospiral DNA in clinical
specimens such as blood and urine.
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Conversely, the MAT continues to serve as the benchmark for
detectingspecificantibodiesinserumsamples. Cultivationtechniques
enable the isolation and classification of Leptospira species from
biological fluids, including blood, urine, and Cerebrospinal Fluid
(CSF). The study by Garshasbi V et al., produced a targeted ~290
bp amplicon in 26 of the 128 specimens examined using the nested
PCR technique, with 13 males and 13 females testing positive. The
maximum spiked sera dilution yielded a positive result with about 20
bacteria per 200 pL of specimen, corresponding to a signal of 0.6
spirochete genomes per response [40]. Another study evaluated
two molecular targets for PCR: the /lipL32 gene detected via gPCR
and the 16S rDNA rrs gene through nested PCR, the study found
that 47 patients (29%) tested positive for /ipL32 and 63 patients
(88%) for the rrs gene. The application of multiple targets boosted
detection rates by obtaining genes for PCR. Therefore, they advise
using a multiplex PCR assay with high sensitivity that focuses on
multiple diagnostic targets for the initial screening of Leptospira
among suspected individuals [14]. Since leptospirosis begins
around the second week of illness, researchers could potentially
use a quantitative PCR test with enhanced specificity and sensitivity
and reduced susceptibility to contamination as a valuable method
for identifying acute Leptospira presence in urine samples during
the second week of acute febrile illness [29]. An extensive analysis
of different PCR techniques based on past literature findings is
illustrated in [Table/Fig-5] [1,14,15,19,28,29,32,35,39-51].
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[Table/Fig-4]: Leptospiral PCR assay.
“Note: Image is generated by the Al

No. Author Key findings (outcome)

Sh Sample type No. of population/
enrolled cases/isolates

Technique Genes

al., 2017 [1] qPCR detection

Waggoner JJ . . . Convalescent serum samples, CSF, whole . 3 16S rrs gene (targeting
1 and Pinsky BA, PCR deteotecsiér;g?gtlon earlier than blood, 49 samples from patients with Reverseptcr:a'lrr;)s;sr:gtlo;CECR (RT lipL32 Leptospira (16S rrs,
2016 [41] 9y leptospirosis a secY, gyrB)
Al SA et al Loop-Mediated Isothermal
2 2017 [42]" Amplification (LAMP) was rapid and Urine samples from dogs and cattle LAMP, gPCR LigB gene
sensitive for animal samples
Courdurie G et Ethylenediaminetetraacetic Acid Using EDTA tubes to collect blood plasma
3 (EDTA) plasma improved early samples, 122 patients were found to have gPCR secY and rrs genes

leptospirosis

) Molecular assays outperformed
Garshasbi V et
4 al., 2018 [40] Immunoﬂuorescgnt Assgy (IFA) for
early diagnosis

Serum samples

Nested-PCR and a real-
time PCR (gPCR), Indirect
Immunofluorescent Assay (IFA)

rrs and lipL32 genes

Blood samples, 41 additional organisms

al., 2018 [44] differentiation

5 Mohd Al MR et |- Reliable clinical detection using rrs and 65 clinical samples from individuals with gPCR Targeting rrs genes
al., 2018 [43] gPCR o
probable leptospirosis
6 Esteves LM et HRM-PCR improved early species | A total of 202 patients were investigated using RT-PCR-HRM, conventional 7 gene

blood and/or urine samples

nested PCR
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" . ) . . . 242bp lipL.32,547bp 16S
7 Philip N et al., | Multiplex PCR |ncr§§sed diagnostic Blood/serum samples, 165 patients qPCR, multiplex PCR, nested 'DNA (7s),Nested 16S
2020 [14] sensitivity PCR
rDNA gene
8 Pérez LJ et al., Multiplex gPCR effective for A total of 684 samples included urine, blood, Novel multiplex gPCR, gPCR, 165 RNA gene
2020 [28] multiple sample types kidney, and placenta Simple gpcr, Duplex-gPCR 9
Shukla S et al., | lipL32-gPCR was highly reliable for ) i .
9 2020 [29] diagnosis Urine and blood samples real-time PCR lipL32 gene
10 Ahmed AA et High sens'ltlwtyldunng early Serum, EDTA blpgd and urine samples, 249 real-time PCR lipL32 gene
al., 2009 [19] infection clinical samples
Podgorsek D Blood positive early; urine positive Blood and urine, 400 samples, 234 of which
11 9 P Y P were blood (58.5%) and 166 of which were real-time PCR lipL.32 gene, rrs genes
et al., 2020 [45] later . N
urine (41.5%)
MAT (blood obtained after the seventh day
. of the disease onset) and PCR assay (urine
12 Zubach O et PCR better early; MAT useful later obtained between the first and seventh day Real-time PCR lipL32 gene
al., 2020 [46] (later phase). .
of the disease) were used. Total number of
suspected leptospirosis patients (n = 150)
Gasem MH et qPCR effective in large endemic . . In-house quantitative real-time )
13 al., 2020 [32] population 1464 patients, blood and urine samples PCR (GPCR) assay rrs and lipL.32
Demonstrated strong performance " -
14 Blanchard S et of lipL32-gPCR in routine public- Blood and urine Real-time quantitative PCR lipL32 gene
al., 2021 [47] . (gPCR)
health surveillance
15 Pilau NN et al., | gRT-PCR as a sensitive method for | Blood and urine, the minimum sample size (N) quantitative 'RNA and iol 32 genes
2022 [39] differentiating pathogenic species was calculated to be 342 Real-Time PCR (qRT-PCR) P 9
Pacce VD et Identified novel diagnostic gene novel genes, lic13162 and
16 al., 2022 targets enhancing specificity for DNA extracted from the renal tissue Real-time PCR lic20239, and also /ipL32
[35] pathogenic species gene
Othman S et Showed secY PCR useful in Blood and urine samples, Admission patient Polvmerase Chain Reaction
17 monitoring bacterial DNA clearance | samples Blood-69, Urine-34 Discharge patient Y Leptospira | secY gene
al., 2022 [48] . . (PCR) assay
during recovery samples Blood-15, Urine-8
Chou L-F et al,, Flag gene showed strong Sample of urine from patients with » . .
18 2025 [15] diagnostic potential leptospirosis confirmed by a laboratory PCR and real-time gPCR Targeting the fliG gene
G gPCR superior to conventional Blood samples,56 febrile patients’ acute blood | qualitative gpcr, conventional
19 | CRetal, 2024 rs gene
PCR samples PCR
[49]
Uduwawala H Highly sensitive assay for clinical Blood samples were collected into .
20| atal, 2024 [50] detection EDTA tubes 9PCR gene fipL.32
Valente M et Lfo1-PCR improved species-level Human blood samples and the blood culture
2 al., 2024 [51] identification and index tests were compared PCR gene Lib1

[Table/Fig-5]: Literature findings on molecular diagnostic set-up in leptospirosis [1,14,15,19,28,29,32,35,39-51].

CONCLUSION(S)

The PCR methods such as conventional, nested, quantitative,
multiplex, and especially real-time PCR allow fast and accurate
detection of Leptospira by identifying its DNA, even early in the
ilness. However, these tests can be expensive, require trained
personnel, and lack standardised procedures across laboratories.
Ongoing research should aim to combine PCR with next-generation
sequencing, automation, and point-of-care technologies to make
testing more accessible and efficient. Overall, advances in PCR-
based diagnostics have greatly improved leptospirosis detection,
leading to quicker treatment, better patient outcomes, and stronger
global disease surveillance.
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