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Utility of Loop-mediated Isothermal Amplification Assay,
Polymerase Chain Reaction, and ELISA for Diagnosis of
Leptospirosis in South Indian Patients
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Background: Leptospirosis is a zoonotic disease which requires laboratory diagnosis for confirmation. Materials and Methods: In this study
serum samples from adults with acute undifferentiated fever (duration <15 days) were tested for IgM antibodies to Leptospira by ELISA, PCR
for rrs gene and loop-mediated isothermal amplification (LAMP) assay for LipL.32 and LipL41. Results: Among the 150 sera tested, three were
positive by PCR, LAMP and IgM ELISA/modified Faines’ criteria, two by only PCR; seven only by LAMP assay and forty fulfilled modified
Faine’s criteria (illness clinically compatible and IgM ELISA positive for leptospirosis). Clinical correlation revealed renal compromise, low
platelet count and severe jaundice were significantly related to leptospirosis (P < 0.05). Conclusion: This study suggests that LAMP assay could
be useful for diagnosis of leptospirosis during the 1% week of illness whereas [gM ELISA forms the mainstay of diagnosis from the 2™ week
onward. Further studies especially community based, comparing ELISA, PCR, LAMP, culture and microscopic agglutination test are required

to evaluate the veracity of these findings.
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INTRODUCTION

Leptospirosis is a zoonotic disease caused by pathogenic
species under the genus Leptospiral which have twenty
genomospecies based on DNA hybridization analysis!®
and 24 serogroups and 250 serovars based on the surface
exposed lipopolysaccharide.®) This infection is re-emerging
in China, Japan, Australia, India, and Europe. Leptospirosis
is a common cause of acute febrile illness in India, especially
during the monsoon months and outbreaks have been reported
from the Andamans, Tamil Nadu, Karnataka, Maharashtra,
Andhra Pradesh, and Orissa after heavy rains.

Severe disease occurs in 5—10% of patients associated with high
mortality rate in this group?® and leptospiremia occurs during
the 1** week of illness.!! The majority of the patients present
with nonspecific symptoms of acute fever, headache, abdominal
pain, myalgia, and conjunctival suffusion, which makes it
difficult to differentiate this illness from other causes of acute
fever like scrub typhus, dengue, and malaria.l Thus, laboratory
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confirmation of disease is important as clinical management is
different for these conditions.

Many diagnostic methodologies are available for laboratory
diagnosis of this infection. Direct detection includes isolating
the organism in culture or detecting specific DNA while
indirect method includes detection of antibodies. The use of
culture as a diagnostic method is limited by its long turnover
time, requiring at least 6-8 weeks for growth.™

Polymerase chain reaction (PCR) targeting the 16S rRNA
has been used to detect the presence of leptospires in serum,
urine, cerebrospinal fluid, and autopsy tissue.l'’ PCR has been
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done with 16S rRNA as the target having a sensitivity of
52.7-94.4%"# and a specificity of 90-100%,"' secY gene,!'”
LipL32 gene,® and rrs gene with the highest sensitivity
of 94.8%.""1 Its value lies in the fact that it can diagnose
the disease very early in the 1% week of illness before the
appearance of antibodies and hence helps in early initiation
of treatment. PCR is expensive and needs costly equipment,
reagents, and technical expertise.

Loop-mediated isothermal amplification (LAMP) an
isothermal DNA amplification method has high specificity
and not inhibited by PCR inhibitors.['>!* The utility of LAMP
for the rapid and specific diagnosis of leptospirosis has been
evaluated by only five different groups of researchers.!*+!#!

Microscopic agglutination test (MAT) is the reference
method for serological diagnosis of leptospirosis. The MAT
suffers from drawbacks like complex and labor intensive test
procedure, requirement of a large library of strains''! and paired
sera for confirmation.”®! Detection of IgM antibodies by ELISA
is the most widely used method for diagnosis of leptospirosis
especially as a part of modified Faine’s criteria. Like Faine’s
criteria it includes clinical features such as a headache,
fever, temperature, conjunctival suffusion, meningism, joint
pain, jaundice, albuminuria, and epidemiological features
but unlike Faine’s criteria which use culture and MAT for
laboratory diagnosis, in addition, modified Faine’s criteria
uses IgM ELISA also.!'! The advantage of ELISA is that it
can be performed easily with less infrastructure and technical
expertise and is inexpensive and less laborious compared to
MAT.!""1In addition, the ELISA can be automated, the result is
objective, especially once a diagnostic cutoff has been decided
on, therefore having less inter- and intra-observer variation.'?)

As no single test by itself can diagnose all cases of
leptospirosis, composite diagnostic criteria, which includes
clinical, epidemiological, and laboratory parameters, have been
defined called as Faines’ and modified Faines’ criteria.l'”! The
aim of this study was to compare the utility of LAMP, PCR, and
ELISA for diagnosis of leptospirosis and to correlate clinical
features with the diagnosis of leptospirosis.

MareriaLs AND MEeTHODS

Patient selection

Serum was collected from 150 patients with acute febrile
illness from December 2012 to July 2014. These patients had a
fever (>100°F) of duration <15 days without eschar, who were
malaria and blood culture negative. After the study was approved
by the Institutional Review Board, clinical information, and
4 ml blood was collected from these patients (after obtaining
informed consent) in a red capped tube with clot activator (BD
Vacutainer, Franklin Lakes, NJ, USA). Serum was separated
by centrifugation at 2500 rpm for 10 min at 4°C.

Antibody detection
IgM antibodies to Leptospira were detected by ELISA (PanBio
Ltd, Brisbane, Australia) in 150 acute serum samples and 32

convalescent sera. The test was performed according to the
manufacturer’s instructions. Each ELISA run was validated
only if the relevant controls (positive, negative, and cutoff
controls) were within the range described by the manufacturer.
In addition, an in-house QC (close to the cutoff value) sample
was used for assay validation. The IgM ELISA for Leptospira
was considered to be positive if the value was >20 PanBio
units.

Molecular assays

DNA was extracted from the serum samples (200 pl) using
the QIAamp blood mini kit (Qiagen, Hilden, Germany) and
stored at —70°C.

Nested polymerase chain reaction

A nested PCR was performed targeting and amplifying a
547 bp segment of the 16S rRNA gene (r7s gene). The primer
sequence used was as described by Boonsilp et al.l'l In each
cycle of the nested PCR, the reaction volume was 50 pl which
contained 2% PCR mix (Thermo Fisher Scientific, Marietta,
USA), 20 pmol of each of the primers, 4 mM MgCl, and PCR
grade water along with 5 pul of DNA. The cycling conditions
used for both (first and second round) were the same and
included 95°C for 2 min for initial denaturation, followed
by 95°C for 10 s, 67°C for 15 s, 72°C for 30 s for a total of
40 cycles and one cycle of 72°C for 7 min for the first run.
The final extension of 72°C for 7 min was performed before
detection of amplification products. Gel electrophoresis was
performed in a 2% agarose gel containing ethidium bromide
(10 ug/ml), and the 547 bp product was visualized using a
gel documentation system (Gel Doc, Bio-Rad Laboratories,
Hercules, CA, USA).

Loop-mediated isothermal amplification assay

The LipL32 and LipL41 LAMP assay was performed at
63°C using the protocol and primer sequence described
by Chen et al.'® In each run positive control which was
Leptospira interrogans strain Icterohemorrhagiae obtained
from Regional Medical Research Centre, Port Blair, India
and a negative control were used. The detection of the
LAMP products was done by visual detection for turbidity,
centrifugation at 14,000 rpm for 1 min for pellet formation and
gel electrophoresis using a 2% agarose gel containing ethidium
bromide (10 wg/ml). The product was visualized using a gel
documentation system (Gel Doc, Bio-Rad Laboratories,
Hercules, CA, USA).

L. interrogans serovar Pomona, serovar Icterohemorrhagiae,
and serovar Hardjo (kindly provided by RMRC, Port Blair,
India) were used as positive controls for the nested PCR and
the LAMP assay.

Sequencing

Two amplified products for rrs gene were sequenced to
confirm the appropriateness of the target amplified. The ABI
310 Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA) was used to enumerate the sequences. The homology
of the sequence obtained with that of the existing Leptospira
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sequence in the Gene Bank was performed using the basic local
alignment search tool (BLAST, available from www.ncbi.nlm.
nih.gov/BLAST) program with the available standard reference
sequences in the GeneBank for homology.

Case definition of leptospirosis

The case definition used in this study included the samples
which were positive by PCR or LAMP or fulfilling modified
Faine’s criteria based on clinical features, epidemiological
features and IgM ELISA!” for leptospirosis.

Data analysis

All the data were entered into an Excel spreadshect
2010 (Microsoft Office, Redmond, Washington, USA). The
sensitivity and specificity of ELISA, PCR, and LAMP assay
were evaluated using latent class analysis (LCA) using STATA
version 13 (StataCorp LP, Texas, USA). Chi-square test was
used to check the association of categorical variables and a
P <0.05 was taken as statistically significant.

ResuLts

Among the 150 patients recruited, 52 were diagnosed to have
leptospirosis based on our case definition. Of these three were
positive by IgM ELISA, PCR, and LAMP, two were positive
only by PCR for rrs gene (547 bp), and 7 were positive only
by LAMP assay for LipL32 and LipL41 genes, another forty
fulfilled modified Faine’s criteria (clinical criteria plus IgM
ELISA positive).

The clinical features of the patients with and without
leptospirosis were evaluated. Only, decreased urine output,
jaundice, renal compromise, and low platelet count were found
to be significantly related to leptospirosis as given in Table 1.

Table 1: Clinical Features among Those with Leptospirosis
and Those Without (Based on Study Case Definition)

Features

No leptospirosis Leptospirosis P

(%) (%)

Myalgia (n=60) 35(35.71) 25(48.08)  0.141
Headache (n=46) 27 (27.55) 19 (36.54)  0.256
Abdominal pain (n=33) 21(21.43) 12 (23.08)  0.817
Loose stool (n=21) 13 (13.27) 8 (15.38) 0.722
Nausea and vomiting (n=71) 49 (50) 22 (42.31)  0.369
Dry cough (n=14) 11(11.22) 3(5.77) 0.274
Cough with expectoration 11 (11.22) 12 (23.08)  0.055
(n=23)

Respiratory distress (n=31) 18 (18.37) 13 (25) 0.340
Rash (n=17) 4 (7.69) 13(13.27)  0.306
CNS manifestations (n=24) 19 (19.39) 5(9.62) 0.120
Bleeding manifestations 9(9.18) 4(7.69) 0.757
(n=13)

ARDS (n=31) 18 (18.37) 13 (25) 0.340
Decreased urine output 13 (13.27) 15(28.85)  0.020
(n=28)

Bilirubin >3mg/dl (n=56) 31(31.6) 25 (48) 0.012
Creatinine >2.5mg/dl (n=43) 23 (23.46) 20(38.46)  0.044
Decreased platelet (n=97) 57 (58.16%) 40 (76.92%)  0.002

The test results were analyzed using LCA for the three tests
ELISA, PCR, and LAMP for diagnosis of leptospirosis. All the
tests had a sensitivity of 100%. However, the specificity was
highest for PCR with 98.64%, followed by LAMP 95.24% and
least for ELISA (modified Faines’ criteria) 72.79%. As all patients
positive by IgM ELISA for leptospirosis (as per the inclusion and
exclusion criteria) were having a clinical picture compatible with
leptospirosis, the LCA results for ELISA have been extrapolated
as results obtained for modified Faines’ criteria for leptospirosis.

It was seen that LAMP assay was positive for all 10 (100%)
within the 1% week of illness. In case of PCR, three samples
were positive in the 1% week of illness and other two in the
2% week of fever. By ELISA, IgM antibodies were detectable
within 4-7 days of illness for 20 (46.5%), including the three
positive by molecular assays and 23 (53.5%) were positive
between 8 and 15 days of fever.

Sequencing done for two samples (GenBank accession
numbers KR780767 and KR780768) confirmed the identity
with the available sequences as 98% and 97% respectively
with L. interrogans.

Discussion

According to the World Health Organization, the case
definition of leptospirosis includes an acute febrile illness with
a headache, myalgia, conjunctival suffusion, anuria/oliguria,
jaundice, cough, hemoptysis, breathlessness, hemorrhage, rash,
nausea, vomiting, abdominal pain, diarrhea, and meningeal
irritation.["”! The above-mentioned clinical features were
present in many of the patients recruited. However, only renal
compromise (oliguria and raised creatinine), low platelet count
and jaundice (bilirubin >3 mg%) were significantly related to
the patients with leptospirosis in this study.

In this study, among the leptospirosis patients, in addition to
fever, 48.08% had myalgia, 36.54% had a headache, 28.85%
had oliguria, 59.61% had raised bilirubin, and 42.3% had renal
compromise as evidenced by raised creatinine level. Other
studies performed in India have noted similar clinical findings
in patients with leptospirosis. Datta ez al. observed that myalgia
was seen in 78.4%, icterus in 74.5%, headache in 41.2%, and
oliguria in 29.4% of leptospirosis patients.?” Chaudhry et al.
reported that the common clinical features were vomiting/
nausea (49.4%), headache (50.5%), myalgia (52.8%), renal
involvement (54%), and raised bilirubin (59.7%).*"! Using
modified Faine’s criteria, Debmandal et al. found that the most
common features were a headache (100%), jaundice (93.92%)),
whereas 25.23% leptospirosis cases had increased bilirubin.??

Although all three assays showed excellent sensitivity, the
specificity of the LAMP and PCR was far superior to that of
the IgM ELISA. In a study done by Lin ef al. the detection
limit of the LAMP assay was similar to the PCR (100 genome
equivalents) the target being LipL41 gene.'¥ Sonthayanon
et al. reported that with the target 7:s gene and LipL41 gene, the
sensitivity was 43.6% and 37.6%, and specificity was 83.5%
and 90.2%, respectively for the two targets.!® In another study
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conducted by Koizumi et al., the specificity of LAMP assay
with 775 gene as target was 66.7%.% From the last two studies,
itis evident that LipL41 has higher specificity compared to rrs
gene for detection of Leptospira DNA by LAMP assay. In the
present study, the LAMP assay had a high specificity as it had
two targets LipL.32 and LipL41 which is similar to the findings
of Chen et al."™ This explains the reason of it picking up the
samples which were neither picked up by PCR nor ELISA.
Interestingly, there were two samples which were positive for
rrs gene by PCR but negative by LAMP assay and IgM ELISA,
despite being repeated twice. These are being considered as
false negatives for LAMP assay.

The noteworthy point regarding the molecular assays used in
this study is that all 10 samples positive by Leptospira LAMP
assay occurred in individuals whose duration of illness did not
exceed 1 week. This suggests that LAMP assay is more likely
to be positive in those with fever <7 days. The two samples
which were negative by LAMP but positive by PCR were from
patients whose duration of illness was beyond 7 days.

IgM antibodies to Leptospira are detectable from the 2™ week
onward,?* the same was observed in this study. This confirms
the finding that all cases of Lepfospira cannot be detected in
blood by nucleic acid amplification tests like PCR or LAMP
after the 1* week of illness.”® Hence, IgM ELISA is still a
useful tool for diagnosis of leptospirosis in a tertiary care
center like ours. This is of great importance as most of these
patients are referred to a tertiary care center in the 2™ week of
illness as they have not responded to treatment at the primary
or secondary health-care level.

A robust inclusion and exclusion criteria for recruiting study
subjects were used in this prospective study, reference test
for leptospirosis diagnosis like culture and MAT were not
performed. Therefore to assess the efficacy of each test (IgM
ELISA, PCR, and LAMP) for diagnosis of leptospirosis, LCA
was employed. An expert formulated case definition was used
to assess the significance of clinical features in those with and
without leptospirosis. Among 52 patients diagnosed as cases of
leptospirosis, 40 were positive only by IgM ELISA/modified
Faines’ criteria. Using LCA, all the three tests had a sensitivity
of 100%, whereas a specificity of 98.64%, 95.24%, and
72.79% could be attributed to PCR, LAMP, and IgM ELISA/
modified Faines’ criteria for leptospirosis. In the 1% week of
illness, LAMP assay performed best, whereas IgM ELISA was
the mainstay of diagnosis of leptospirosis from the 2™ week
onward. Our preliminary data suggest that a combination of
LAMP and IgM ELISA is likely to pick up most cases of
suspected leptospirosis especially when they have no eschar,
are blood culture and malaria negative. Future studies including
paired sera for a demonstration of rise in titer or seroconversion
and detection of leptospiral DNA in urine are required to assess
the validity of these findings.
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