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ficient detection tool. In the present study, slit skin scrapings, blood, nasal swabs and saliva from Paucibacillary
(PB) and Multibacillary (MB) cases as well as household contacts of PB cases were tested by multiplex PCR
using three different gene targets namely RLEP, 165rRNA and sodA. We found an increase in overall diagnostic
positivity for M. leprae DNA detection by M-PCR as compared to individual PCR. In case of nasal swabs using

M-PCR the PPV, NPV were 0.5454, 0.8333 respectively. There is remarkable increase in PPV in SSS of PB cases
and nasal swabs of HHCs using M-PCR. Conclusively, our finding suggests the utility of M-PCR for early diagnosis
and household contact surveillance for leprosy.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Leprosy is an ancient bacterial disease caused by infection with My-
cobacterium leprae. The bacillus produces chronic infection that affects
mainly peripheral nerve and skin, but it may also affect different sites
such as the eyes, mucous membrane of upper respiratory tract, bones,
and testes and produces a spectrum of clinical manifestations
(Graham et al., 2010; Polycarpou et al.,, 2013; Walker and Lockwood,
2007). The immunohistopathological classification was described by
Ridley and Jopling (1966) and categorized the disease into 2 polar
groups, tuberculoid leprosy (TT) and lepromatous leprosy (LL), with 3
intermediate stages, borderline tuberculoid (BT), borderline borderline
(BB) and borderline lepromatous (BL) forms. In 1998, for treatment
purposes under field condition, WHO classified leprosy patients into 2
broad groups based on number of skin lesions, bacillary index, and
nerve involvement (World Health Organization. Action Programme
for the Elimination of Leprosy, 1995). Recently, WHO revised the case
definitions of PB case: a case of leprosy with 1 to 5 skin lesions, without
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demonstrated presence of bacilli in a skin smear; MB case: a case of lep-
rosy with more than 5 skin lesions; or with nerve involvement (pure
neuritis, or any number of skin lesions and neuritis); or with the pres-
ence of bacilli in a slit-skin smear (SSS), irrespective of the number of
skin lesions (World Health Organization. Regional Office for South-
East Asia and Global Leprosy Programme, 2017).

Leprosy is routinely diagnosed based on the cardinal signs of leprosy,
i.e., presence of hypopigmented anesthetic patch, thickened nerve, and
presence of acid fast bacilli (AFB) in SSS. Although presence of AFB in
skin smear is diagnostic for leprosy, its sensitivity is very low for early
diagnosis of leprosy. Furthermore, serological assay based on detection
of M. leprae specific antigens, phenolic glycolipid 1 (PGL-1) or its syn-
thetic disaccharide (NDO-BSA) and natural disaccharide-leprosy IDRI
diagnostic antigen (NDO-LID), employed earlier failed to detect approx-
imately 60% of PB cases of leprosy (Cho et al., 1983; Duthie et al., 2014;
Fujiwara et al., 1984). Since level of antibody is associated with intensity
of exposure of host to the pathogen, these serological assays were not
found to be efficient in detecting majority of PB cases who have not de-
veloped significantly high level of antibody as well as could not detect
all subclinical infections (Douglas et al.,, 1988). Another immunological
method like T cell immune response as measured by IFNvy production
was employed throughout the spectrum of leprosy patients (Geluk
et al,, 2005; Spencer et al., 2005). PB cases exhibited CMI response, se-
creting high level of IFNvy after in vitro stimulation with M. leprae specific
antigens; however, as household contacts (HHCs) also showed a similar
pattern of [FN+y secretion as that of PB cases, the IFN y-based assay was
found to be of no significance (Martins et al., 2012). Hence, serological
and CMI-based tests so far developed failed to develop as diagnostic as-
says for early detection of leprosy.
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Polymerase chain reaction (PCR) is a very sensitive and specific mo-
lecular method for amplification and identification of nucleic acid of a
specific organism. Previously, various attempts have been made to de-
tect M. leprae DNA in clinical samples of leprosy patients. The clinical
samples used not only were skin biopsies but also included different
types of specimens such as SSS, nerve twigs, urine, oral/ nasal swabs, sa-
liva, blood, and ocular tissues (Almeida et al., 2004; Caleffi et al., 2012;
de Wit et al., 1993; Jardim et al., 2003; Martinez et al., 2006; Rosa
et al., 2013; Santos et al., 1993; Shamsi et al., 2007; Turankar et al.,
2015). Usefulness of PCR in identification of pure neuritic leprosy has
been reported to be sensitive up to 50-70% (Bezerra Da Cunha et al.,
2006; Martinez et al., 2014; Rodriguez et al., 2013). Specific and sensi-
tive target is an essential element to develop a diagnostic tool by using
PCR-based methods. Woods and Cole have reported that at least 28 cop-
ies of a repetitive sequence RLEP are present in an M. leprae genome,
which make it a more sensitive target than any other single copy gene
target. They have reported 73% positivity using RLEP-based PCR in pa-
tients with a bacillary index of zero (Woods and Cole, 1990). RLEP-
based PCR has been employed by many investigators for diagnosis of
leprosy (Jamil et al., 1994; Santos et al., 1993). In previous studies,
other gene targets like 16SrRNA and sodA have been employed for via-
bility and detection assay specific for M. leprae. They found 16SrRNA/
RLEP RT-PCR M. leprae viability assay useful both for short-term exper-
imental purposes and for predicting M. leprae viability in biopsy speci-
mens to monitor treatment efficacy, whereas the sodA/RLEP RT-PCR
M. leprae viability assay was limited to short-term experimental re-
search purposes (Martinez et al., 2009).

Multiplex PCR (M-PCR) as an alternative form of PCR employing
more than 1 gene specific to M. leprae DNA has been used for detection
in clinical cases of different categories and HHCs in earlier studies
(Banerjee et al., 2010; Sandhika et al., 2016). Chaitanya et al. have re-
ported 75.61% positive detection in indeterminate leprosy by targeting
pseudogenes of M. leprae, ML1545, ML2180, and ML2179 employing
M-PCR (Chaitanya et al., 2017). In one of the studies, it was reported
that by employing M-PCR in PB case, the percent positivity significantly
increased up to 80.3% from 22.2% of AFB positivity for M. leprae
(Banerjee et al., 2010). As reported in previous finding, the efficacy of
conventional PCR can be enhanced by multiplexing the specific targets
which are present in multiple copies or present as consensus sequence.
We designed our experimentation based on previously reported specific
targets for the purpose of developing a diagnostic tool.

In the present study, 4 different types of clinical samples such as slit
skin scrapings (SSS), blood, nasal swabs, and saliva from both PB and
MB cases as well as from their HHCs were tested by M-PCR using 3 dif-
ferent targets, namely, RLEP, 165rRNA, and sodA. Furthermore, same
clinical samples were tested by individual gene PCR using the same 3
gene targets so as to compare the efficiency of M-PCR over the individ-
ual gene PCRs. Hence, the purpose of this study was to develop a better
diagnostic tool to detect early leprosy.

2. Material and methods
2.1. Patients and contacts

A total of 91 clinically confirmed cases of leprosy patients (60 PBs
and 31 MBs) were included both study groups, and their 50 HHCs
were recruited after taking informed consents from patients at 3 differ-
ent centers of The Leprosy Mission community hospital, India. The pro-
cedures of sample collection were in accordance with the standards and
guidelines of the Indian Council of Medical Research. The study was ap-
proved by “Ethical Committee-The Leprosy Mission Trust India
(TLMTI)”, meeting held on 17 September 2012. As the present study
was designed to find out the efficacy of diagnosing PB cases, the sample
size was calculated only for PB leprosy by Yamane method: n = N/ (1
+ Ne?), where n = sample size, N = population size, and e = level of
precision (at 95% confidence interval, e = 0.05). The value of N for PB

cases was 73 as reported in the database of annual new case detection
at different centers of TLMTI. Applying the above formula, the value of
sample size was 61.73.

All of these untreated patients were categorized into PB and MB after
examination of their clinical characteristics and SSS positivity for AFB
based on guidelines of WHO classification (World Health
Organization. Action Programme for the Elimination of Leprosy, 1995).
Overall, 60 patients were categorized into PB and 31 into MB. Demo-
graphic details of the cases and controls recruited in the study are
given in Table 1.

2.2. Clinical samples

SSS, blood, nasal swab, and saliva samples were obtained from each
subject and were processed for DNA extraction. After initial processing,
PCR was performed on SSS (n 31), blood (n 30), nasal swab (n 30), and
saliva (n 31) belonging to MB group, whereas in PB group, SSS (n 60),
blood (1 30), nasal swab (1 30), and saliva (n 31) were analyzed. Clinical
samples of HHCs used for PCR were SSS (n 30), blood (n 30), nasal swab
(n 50), and saliva (n 50). The number and type of clinical samples col-
lected in each category were in concurrence of availability of patients
as well as household contacts and their consents.

Furthermore, 30 samples each from nonleprosy cases (patients hav-
ing other dermatological diseases, tuberculosis) and healthy individuals
from nonendemic area were also collected and processed for DNA ex-
traction and were used as negative control group.

2.3. Sample collection methods

SSS samples were collected after taking 4 scrapes of tissue from an
incision (5 mm long and 2 mm deep) made with the help of a sterile sur-
gical scalpel blade on the left and right earlobes and skin lesions without
any contamination with blood along the skin-slit area. The tissue mate-
rial thus obtained was collected in microcentrifuge tube containing 70%
ethanol, and samples were kept at 4 °C until further processing. Periph-
eral venous blood (2 mL) was withdrawn from each patient by
antecubital venipuncture and collected in EDTA vial and kept at 4 °C.
Nasal swab was collected from the surface of the turbinate bone of the
nasal septum with sterilized wet cotton swabs soaked in normal saline
(0.9% w/v NaCl), and the cotton was stored in dry microcentrifuge
tubes and quickly stored at —20 °C. Nonstimulated saliva (approxi-
mately 20 mL) was collected from each subject into a sterile container
over a period of 5 min. Each collected saliva sample was immediately
centrifuged at 21800 xg for 30 min at 4 °C. Supernatant (500 pl aliquot)
was collected and then stored at —20 °C after adding 5 L of preserva-
tive (5 mM EDTA, 2 mM Thimerosal).

2.4. DNA extraction

DNA was extracted from SSS and nasal swab using the method de-
scribed earlier (Jadhav et al., 2001). In brief, SSS collected in 70% ethanol
was centrifuged at 29000 xg, and thus, the pellet obtained was air dried.
Further extraction method was the same for both SSS and nasal swab
which was done by adding lysis buffer (10 mg/mL Proteinase Kin 1 M
Tris, pH 8.5, and 0.5% Tween 20) to the sample followed by incubation

Table 1
A demographic details of leprosy patients and controls.

Category Age Bacillary index Number of patients
MB 18-40 2-3 20
40-60 2-4 11
PB 18-40 0 35
40-60 0 25
HHCs of PB 18-50 - 50
Nonleprosy cases 18-45 - 30
Healthy controls 18-45 - 30
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at 60 °C for 16 h. Proteinase K was then inactivated by incubation at
97 °C for 15 min. The lysate was further used for PCR.

The DNA extraction from blood was done using red cell lysis method
(Sambrook et al., 1989). In brief, 200 L of whole blood was mixed with
600 pL red cell lysis buffer (155 mM NH,4Cl, 10 mM KHCO5, Na,EDTA,
pH 7.4), incubated for 30 min on ice, and then centrifuged at 4500 xg
for 10 min at 4 °C. The pellet obtained was treated with sodium EDTA
(SE) buffer (75 mM NacCl, 25 mM Na,EDTA, pH 8), Proteinase K, and
20% SDS and incubated overnight at 37 °C in water bath. Thereafter,
the homogenate was mixed with SE buffer and phenol for 10 min and
centrifuged at 29000 xg for 5 min at 10 °C. The supernatant was col-
lected in fresh tube, and DNA precipitation was done using phenol:chlo-
roform:isoamyl alcohol (25:24:1) method.

The DNA extraction from saliva was done using 10% Chelex
(Polgarova et al., 2010). In brief, equal volume of 10% chelex resin was
added to tube containing saliva, and the tube was vortexed for a few
seconds. The samples were incubated in water bath at 97 °C for
30 min. Thereafter, the samples were centrifuged at >9000 xg for
5 min followed by collection of supernatant in fresh tube and used for
PCR.

Genomic DNA from M. leprae, strain NHDP-63, was kindly provided
by the Biodefense and Emerging Infections Research Resources Reposi-
tory (https://www.beiresources.org/) and was used in all PCR experi-
ments as positive control. Nuclease-free water was used as negative
control. The purified genomic DNA of concentration 1 x 10™% pg/uL
(100 pg/uL) was serially diluted up to concentration of 1 x 10~ 3pg/uL
(0.1 att/uL) and used to test the sensitivity of PCR for target sequence
RLEP, genes 16SrRNA and sodA.

2.5. Selection of gene target and primer design

The primer sequences for selected gene target 16SrRNA and repeti-
tive sequence RLEP were acquired as described in earlier studies
(Donoghue et al., 2001; Jadhav et al., 2005). The primer sequence for
sodA gene was designed in our lab using primer BLAST version 3. The de-
signed primers were obtained commercially by Sigma, USA. The primer
sequences are mentioned in Table 2.

2.6. PCR cycling parameters and reaction conditions

The entire clinical samples and serially diluted purified genomic
DNA from M. leprae, strain NHDP-63, were tested using individual
gene PCR as well as M-PCR targeting 16S rRNA, sodA, and RLEP. The
DNA extracted from each clinical sample was used in equal quantity
for PCR mixture. PCR mix for individual genes was prepared using 2x
M-PCR Master Mix (Cat. No. 206143, QIAGEN, Germany), forward and
reverse primers (10 pM), and 2 pL of template DNA. The final concentra-
tion of Master Mix was made 1x and 0.2 pM for each primer in reaction
mix of final volume 20 pL made up with nuclease-free water. M-PCR re-
action mix was prepared using 2x M-PCR Master Mix (Cat. No. 206143,
QIAGEN, Germany), forward and reverse primer mix (10 pM), and 2 pL
of template DNA. The final concentration of Master Mix was made 1x
and 0.2 uM for each primer in reaction mix of final volume 20 pl made
up with nuclease-free water. Both individual gene PCR and M-PCR

Table 2

Primer sequences for targets.
Gene Primer Sequence Amplicon

orientation size

16STRNA  Forward 5'-CGGAAAGGTCTCTAAAAAATCTT-3/ 171 b
16STRNA  Reverse 5'-CATCCTGCACCGCAAAAAGCTT-3’ P
SodA Forward 5'-CAGCTGTATGACCAACAGGC-3’ 185 b
SodA Reverse 5'-TGCGTCTTAGATGTTGCAGC-3’ P
RLEP Forward 5'-TGCATGTCATGGCCTTGAGG-3' 129 bp

RLEP Reverse 5'-CACCGATACCAGCGGCAGAA-3’

were performed with same kind of master mix in order to make equally
efficient reaction mixture in terms of enzyme and other constituents.

PCR amplifications were performed using thermal cycler (Corbett
Research, Australia). The reaction conditions for individual gene PCR
for RLEP were 1 cycle of initial denaturation at 95 °C for 15 min followed
by 37 repeats of cycling at 94 °C for 30 s, 58 °C for 30 s, and 72 °C for
1 min. Termination of reaction was done after final extension at 72 °C
for 10 min. Similarly, 165rRNA gene was amplified with reaction condi-
tion of 1 cycle of initial denaturation at 95 °C for 15 min followed by 37
repeats of cycling at 94 °C for 2 min, 57 °C for 2 min, and 72 °C for 3 min.
Termination was done after final extension at 72 °C for 10 min. Amplifi-
cation of sodA gene was performed with reaction condition of 1 cycle of
initial denaturation at 95 °C for 15 min followed by 37 repeats of cycling
at 94 °C for 30 s, 60 °C for 1.5 min, and 72 °C for 1.5 min. The reaction
was terminated after final extension at 72 °C for 10 min. The amplified
products were electrophoresed on 2% agarose gel (Tris-Borate-EDTA)
at constant voltage (100 V). The gel image was captured using gel doc-
umentation system (Alphalmager EC).

The reaction conditions for M-PCR including all 3 targets were 1
cycle of initial denaturation at 95 °C for 15 min followed by 37 repeats
of cycling at 94 °C for 30 s, 57 °C for 1.5 min, and 72 °C for 1 min. The re-
action was terminated after final extension at 72 °C for 10 min. The am-
plified products were electrophoresed on 4% agarose gel (Tris-Borate-
EDTA) at constant voltage (100 V). The gel image was captured using
gel documentation system (Alphalmager EC).

3. Results
3.1. Standardization with genomic DNA from M. leprae, strain NHDP-63

The standardization of M-PCR showed that, among all 3 targets,
RLEP is most sensitive to detect M. leprae purified genomic DNA, up
to the concentration of 102 ug/uL, followed by sodA (108 pg/uL)
and 16SrRNA (10~° pg/uL). Similarly, individual gene PCR also
showed highest sensitivity for the target RLEP (108 pg/uL),
followed by equal sensitivity (10~ ug/uL) for sodA and 16SrRNA
gene targets.

3.2. PCR with clinical samples

3.2.1. Individual gene PCR

All the 4 types of clinical samples, i.e., SSS, blood, nasal swabs, and sa-
liva, were examined with individual gene PCR for these 3 genes, and re-
sults are shown in Table 3.

By individual gene PCR, it was found that MB cases showed highest
positivity with target RLEP in all kinds of samples except for nasal
swabs, which were more positive by targeting gene 16SrRNA. In PB
cases, positivity for RLEP was highest in SSS and saliva samples, and

Table 3
Results showing percentage positivity of clinical samples by individual gene PCR for each
individual gene.

Clinical samples Categories Percentage (%) positivity by
individual gene
RLEP 16SrRNA SodA
SSS PB (n 60) 51.66 31.66 21.66
MB (n31) 83.87 70.96 52
HHCs (n 30) 0 0 0
Blood PB (n30) 46.66 53.33 53.33
MB (n 30) 83.33 60 70
HHCs (n 30) 0 0 0
Saliva PB (n31) 45.16 35.48 6
MB (n 31) 64.5 419 19
HHCs (n 50) 0 0 0
Nasal Swab PB (n30) 70 76.66 10
MB (n 30) 73 90 13
HHCs (n 50) 10 4 0
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positivity for 165rRNA was highest in blood and nasal swab samples.
Positivity for sodA gene was lowest among all 3 genes in all type of sam-
ples except blood.

In the context of suitable clinical sample for diagnosing leprosy, both
targets RLEP and 165rRNA showed highest percent positivity in nasal
swabs followed by SSS in both categories, i.e., MB and PB. However,
nasal swabs from HHCs also showed positivity for these 2 gene targets.
Nasal swabs of HHCs showed positivity of 10% with target RLEP and 4%
for 16SrRNA gene by individual gene PCR. The overall diagnosis of clini-
cal samples of PB cases and their HHCs by individual gene PCR are
shown in Table 4.

3.2.2. M-PCR

M-PCR was performed with same clinical samples of PB cases and
their HHCs to examine efficiency of M-PCR over the individual gene
PCR. PB cases were chosen to perform M-PCR in order to check the effi-
cacy of M-PCR in clinical samples with low bacillary load or in other
words early detection of leprosy. Overall detection of M. leprae DNA in
different types of clinical samples by means of individual gene PCR
and M-PCR was compared, and results showed a remarkable increase

Table 4
Results showing overall diagnosis of clinical samples of PB cases by individual gene PCR.

in sensitivity and specificity of diagnosis using M-PCR. None of the
nonleprosy cases and healthy negative controls was found positive for
the test. The overall diagnosis of clinical samples of PB cases and their
HHCs by M-PCR are shown in Table 5.

A representative image of agarose gel electrophoresis of M-PCR is
given in Fig. 1.

In PB cases, sensitivity and specificity for SSS were found to be
0.9333 and 1, respectively [positive predictive value (PPV) 1; nega-
tive predictive value (NPV) 0.8823] using M-PCR, whereas using in-
dividual PCR, values were 0.5166 and 1 (PPV 1; NPV 0.5084) for
RLEP, 0.3166 and 1 (PPV 1; NPV 0.4225) for 16SrRNA, and 0.2166
and 1 (PPV 1; NPV 0.3896) for sodA, respectively. Similar pattern
was found in blood samples. In case of nasal swabs, using M-PCR,
the sensitivity and specificity were 0.8 and 0.6, respectively (PPV
0.5454; NPV 0.8333), whereas by individual gene PCR, the values
were 0.7 and 0.9 (PPV 0.8076; NPV 0.8333) for RLEP, 0.7666 and
0.96 (PPV 0.92; NPV 0.8727) for 16Sr RNA, and 0.1 and 1 (PPV 1;
NPV 0.6493) for sodA, respectively. There is a remarkable increase
of positive detection up to 40% in nasal swabs of HHCs using M-PCR
as compared to individual gene PCR (10%).

Type of clinical Subjects Target  Positive Negative Positivity Sensitivity Specificity Positive predictive value Negative predictive value

samples (%) (PPV) (NPV)
PB cases (n
0) RLEP 31 29 51.66 05166 1 1 0.5084
HHCs
(n30) 0 %0 ) _ ) )
PBcases(n  I6ST 49 4 31.66 03166 1 1 04225
60) RNA

sss
HHCs 0 30 _ _ _ _
(n30)
gg)cases ™ eia 13 47 21.66 02166 1 1 03896
HHCs
n30) 0 30 - - - -
gg)cases " R 14 16 46.66 04666 1 1 0.6521
HHCs
(n30) 0 %0 ) ' ) ) -
PBcases(n  16ST 45 4 53.33 05333 1 1 06818
30) RNA

Blood
HHCs 0 30 i ) . ) .
(n30)
gg;“es M sdn 16 14 5333 05333 1 1 0.6818
HHCs
(n30) 0 30 ) i ) ) )
g?)cases (™ R 14 17 45.16 04516 1 1 0.7462
HHCs
(n50) 0 %0 ) ) ) _ _
PBcases(n  165r 20 35.48 03548 1 1 07142

. 31) RNA

Saliva
HHCs 0 0 i ) . } -
(n50)
PB cases (n
31) SodA 2 29 6 00645 1 1 0.6329
HHCs
(n50) 0 50 - - - - -
gg;‘*ses " REp 21 9 70 0.7 09 0.8076 08333
HHCs
(n50) 5 45 10 - - - -
PBcases(n  I6ST— »3 4 76.66 07666  0.96 092 08727
30) RNA

Nasal swab HHCs
(1 50) 2 48 416 - - - -
gg)cases ™ Sedn 3 27 10 0.1 1 1 0.6493
HHCs 0 50 _ _ - - -

(n50)
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Table 5
Results showing overall diagnosis of clinical samples of PB cases by M-PCR.
Type of clinical samples Subjects Positive Negative Positivity (%) Sensitivity Specificity PPV NPV
SSS PB cases 56 4 93.33 0.9333 1 1 0.8823
(n 60)
HHCs (n 30) 0 30 0 - - - -
Blood PB cases 26 4 86.66 0.8666 1 1 0.8823
(n30)
HHCs (n 30) 0 30 0 - - - -
Saliva PB cases 17 14 54.83 0.5483 1 1 0.7812
(n31)
HHCs (n 50) 0 50 0 - - - -
Nasal swab PB cases 24 6 80 0.8 0.6 0.5454 0.8333
(n30)
HHCs (n 50) 20 30 40 - - - -

4. Discussion

Early diagnosis of leprosy is important for limiting the severity of
disease by providing early treatment. If not treated early, it may lead
to deformities and disabilities. Various approaches were adopted by in-
vestigators to detect the presence of bacilli in the spectrum of the dis-
ease but could not develop a diagnostic tool up to a gold standard
which can identify the disease earlier than finding the cardinal signs
identified by a clinician. PCR-based detection added significant im-
provement in detection of leprosy since 2 decades especially for cases
with negative bacillary index and patients who are lacking cardinal
signs of the disease. PCR using M. leprae specific genes encoding
36 kDa antigen (Kampirapap et al., 1998), 18 kDa antigen (Scollard
et al,, 1998), 65 kDa antigen (Plikaytis et al., 1990), complex 85
(Martinez et al., 2006), 16S rDNA (Martinez et al., 2009), and repetitive
sequence (Truman et al., 2008) has been reported earlier by different in-
vestigators as major gene targets for detection of disease. This molecular
approach can be made more efficient by targeting gene with high copy
number in genome of M. leprae. It is evident that sequence RLEP is re-
peated 28 times in M. leprae genome (Martinez et al., 2009). Further-
more, gene targets Ag85B (Martinez et al., 2006), sodA, and 165rRNA
(Martinez et al., 2009) have also been employed in conventional and
real-time PCR for detection M. leprae DNA as well as for assessment of
viability of M. leprae in clinical samples. In a different study, clinical sam-
ples like SSS and blood, and environmental samples were used for com-
parative analysis of positivity by PCR using RLEP, 16SrRNA, sodA, and
rpoT genes and reported highest PCR positivity for RLEP in clinical as
well as environmental samples (Turankar et al., 2015).

While standardizing the procedure with M. leprae purified genomic
DNA strain NHDP 63, we also found RLEP was showing highest sensitiv-
ity for detection of M. leprae (10~° pg/uL) in purified genomic DNA
followed by sodA (10~ pg/uL) and 16SrRNA (10~° pg/uL).

The quality and quantity of the isolated nucleic acid and the PCR
product size should also be taken in consideration, as these may affect
the amplification procedure generating false-negative results, which
depend on type of clinical sample collected and method employed to
extract DNA. Thus, a suitable nucleic acid extraction method is also

12345678 91011121314151617

185bp —> bp
171bp —>
129bp —>

100 bp

Fig. 1. Multiplex PCR amplifications on 4% agarose gel electrophoresis at constant voltage
(100 V) using M. leprae specific targets RLEP, 16SrRNA, and sodA. Lane 1-13, clinical
samples; lane 15, positive control; lane 16, negative control; lane 17, DNA ladder (100 bp).

important, as impurities in extract can inhibit the polymerase reaction
(de Wit et al,, 1991).

In the present study, we examined 4 different types of clinical sam-
ples to measure the efficacy of M-PCR over individual gene PCR. The
samples collected were SSS, blood, nasal swabs, and saliva and proc-
essed by suitable methods as described before.

In the current study, results showed that by individual gene PCR,
RLEP is the most suitable target for all kinds of samples. In PB cases, pos-
itivity for RLEP was highest in SSS and nasal swab, and positivity for
16SrRNA was highest in nasal swab samples. Positivity for sodA gene
was lowest among all 3 genes in all types of samples except blood.

The target RLEP showed higher positivity of 10% in nasal swabs of
HHCs compared to 4% positivity of 16SrRNA gene target by individual
gene PCR. This result shows RLEP as a better target as compared to
16SrRNA for examination of HHCs also. In an earlier study, M-PCR
targeting repetitive sequence of M. leprae and TTC repeats has been
used for early detection of leprosy among close contacts and reported
10.9% nasal swabs positivity in MB HHCs and 1.3% among PB HHCs
(Banerjee et al., 2010).

Furthermore, by incorporating more than 1 gene target, detection of
M. leprae DNA can improve in terms of specificity and sensitivity of the
test. M-PCR is reported to enhance the positivity of detection in low-ba-
cillary index cases (Reja et al., 2013). In the present study, M -PCR was
performed using 3 targets, RLEP, 16S5rRNA, and sodA, specific to
M. leprae. In our study, M-PCR showed a remarkable increase in overall
detection of M. leprae DNA in different types of clinical samples as com-
pared to individual gene PCRs. Our results showed that, in PB cases, M-
PCR with SSS is the most sensitive (0.9333) and specific (1) test for di-
agnosing infection of leprosy (Table 5). The PPV and NPV for the test
were 1 and 0.8823, respectively, which suggest the efficacy of the test.
The test results also showed increase in sensitivity as compared to indi-
vidual gene PCR. However, with blood samples also, there was similar
enhancement of sensitivity using M-PCR as compared to individual
gene PCR, that is, from 0.4666 (RLEP), 0.5333 (165rRNA), and 0.5333
(sodA) using individual gene PCR to 0.8666 using M-PCR, but it was
found to be less sensitive than SSS. These results depict that M-PCR
with SSS can be a better choice of molecular tool for diagnosis of leprosy
with higher sensitivity and specificity than the conventional PCR.

In earlier studies, detection of M. leprae DNA using PCR in nasal
swabs samples from HHCs and healthy individuals along with leprosy
patients have been reported (Almeida et al., 2004; Beyene et al., 2003;
de Wit et al.,, 1993; Lavania et al., 2012) and showed the positivity in
majority of MB patients. However, detection in HHCs was found to be
positive approximately up to 10% using gene target RLEP alone
(Araujo et al., 2012; Cabral et al., 2013; Klatser et al., 1993) and by
targeting RLEP along with TTC repeats for M-PCR (Banerjee et al.,
2010). A study for monitoring transmission of M. leprae in HHCs of pa-
tients reported 16% positivity for M. leprae DNA in nasal swabs, and on
follow-up, 2 of these nasal swabs positive HHCs became cases
(Romero-Montoya et al., 2017). Further, a recent study by Araujo et al.
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(2016) using quantitative PCR of RLEP showed 49% positivity in nasal
swabs in HHCs of MB cases. Although the present study using M-PCR
failed to find any positivity in SSS and blood samples, 40% positivity
was noted in nasal swabs of HHCs, which strongly indicated nasal car-
riage of M. leprae even in HHCs of PB leprosy (Tables 4 and 5). Follow-
up of these HHCs for 2 years and above for their rate of conversion to
clinical cases will indicate the utility of this M-PCR in prediction of clin-
ical leprosy in HHCs.

5. Conclusion

M-PCR can be a better choice of molecular tool for detection of
M. leprae in clinical samples with higher accuracy than the conventional
single-gene PCR. Our findings suggest utility of M-PCR using RLEP, sodA,
and 16SrRNA genes for early diagnosis and for surveillance of leprosy
household contacts and subclinically infected leprosy endemic popula-
tion. Attempts are being made to make the test much simpler so that
it could be applied in field-based situation.
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