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ABSTRACT

Objective: To compare the diagnostic efficacy of Multiplex polymerase chain reaction (PCR), Mycobacterium leprae-specific
repetitive element (RLEP) PCR and loop-mediated isothermal amplification (LAMP) PCR inthe diagnosisof pediatric leprosy asan
alternativeto slit-skin smear (SSS) examination.

Methods: A cross-sectional study was performed on 26 children aged 0-18 years with characteristic skin lesions of leprosy. SSS
examination for acid fast bacilli (AFB) was performed for all children. Additionally, urine, stool and blood samplesweretested by three
PCR techniques - Multiplex, RLEP and LAMP. The results of these tests were compared with each other and with results of SSS
examination for acid fast bacilli (AFB) using appropriate statistical tests.

Results: Out of 26 patients studied, SSS examination was positive for AFB in 7 cases (26.9%). In blood samples, the positivity of
Multiplex PCR, RLEP PCR and LAMP PCR was 84.6%, 80.8%, and 80.8%, respectively. Multiplex PCR in blood samples was
positivein 100% (n=7) of SSSpositive casesand 84.2% (16 out of 19) of the SSSnegative cases (P < 0.001). The positivity of all PCR
methodsin urine and stool sampleswas significantly lesser thanin blood.

Conclusion: Multiplex PCR in blood sampleisasuperior diagnostic tool for pediatric leprosy compared to RLEP PCR and LAMP
PCR, aswell as SSS examination.
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INTRODUCTION and is technically demanding. Hence, there is a need to
develop highly sensitive laboratory tests for early
detection of leprosy which will help to prevent trans-
mission and limit deformities [4]. With this background,
this study was undertaken to investigate the diagnostic
potential of three different molecular techniques, viz
Multiplex polymerase chain reaction (PCR), Mycobac-
terium leprae-specific repetitive element (RLEP) PCR
and loop-mediated i sothermal amplification (LAMP) PCR
in urine, stool and blood samples in the diagnosis of
pediatricleprosy asan aternativeto dlit-skin smear (SSS)
examination for acid fast bacilli (AFB).

L eprosy isachronic disease of moderateinfectivity witha
long incubation period. Mycobacterium leprae has
predilection for peripheral nervesand skin[1,2]. Children
are believed to be the most vulnerable group due to their
nascent immunity and exposure to intrafamilial contacts
[3]. Thetwotraditional diagnostictestsfor leprosy viz. dlit-
skin smears (SSS) examination for acid fast bacilli (AFB)
and histopathol ogical examination of biopsies, havetheir
inherent limitations. SSS examinationisrelatively low in
sensitivity and carries a risk of subjective errors of
microscopic examination, whereas the histopathological
examination hasthelimitations of alongturnaroundtime  METHODS
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suspected as per WHO Guidelines [5] were serialy
enrolled. A written informed consent was taken from the
guardians. Children previoudly treated with multi-drug
therapy (MDT) were excluded from the study. Prior
approval was obtained from the ingtitutional ethics
committee.

All enrolled patients were subjected to a detailed
history and examination including evaluation of skin and
any other site of involvement, description of skin lesions
and nerve involvement if any. SSS examination was
performed for each patient; smears were subjected to
Ziehl-Neelson staining for AFB and microscopy. Urine,
stool and blood samples of the patientswere collected and
subjected to Multiplex PCR, RLEPPCR and LAMPPCR.
Themethod of collection of urine, stool and blood samples
wasadopted as per the Centresfor Disease Control (CDC)
guidelines|[6]. Freshly passed stool specimen (3-5 g) was
collected in falcon tubes. Midstream urine sample (15-20
mL) was collected in sterile container. Stool and urine
sampleswere stored at -20°C until testing was performed.
Venous blood (2 mL) was collected in EDTA vial and
stored at 2- 8°C.

Slit-skin smear examination for AFB, RLEP PCR,
multiplex PCR and LAMP PCR of urine, stool and blood
samplewas performed at the National JALMA Institute of
Leprosy & Other Mycobacterial Diseases (ICMR Centre),
Agra, India.

Slit-skin smear examination was performed based on
themethodol ogy proposed by the International Federation
of Anti-Leprosy Associations (ILEP) [7]. Skin smear was
takeninagoodlight, sothat thelesionsare easily seen, and
their color and activity evaluated. The skin areachosenfor
the smear was cleaned by rubbing briefly but vigorously
with acotton wool swab dippedin spirit. Theareawasthen
allowedtodry. A fold of skin (or the bottom of the ear Iobe)
was picked up between the index finger and thumb and
squeezed tightly to prevent blood flow. A cut was made
with ascalpel blade 5mm long and 3 mm deep to get into
the dermis. The blade of the scalpel was then rotated
through a 90-degree angle, and the edges of the dlit skin
were scrapped several timesto obtain tissue pulp. A part of
the material wastransferred from the point of scalpel onto
aclean new glass slide and spread evenly making acircle
of 8 mm diameter. The smears were air-dried and then
fixed by passing it over theflameof aspirit lamp.

The forward (F) primer used for RLEP PCR was
5 TGCATGTCATGG CCT TGA GG 3 whilethereverse
(R) primer used was 5’ CAC CGA TAC CAG CGG CAG
AA 3. For Multiplex PCR primersused were: ML 1545 F
(5 GTCCTCCGTCTTGCTGACTG3'), ML 1545 R
(5 CATACCGGCCATATTGCGTC 3'), ML 2180 F
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(5'ACGCTCGCGTATGTCAAAAA 3), ML 2180 R
(5 CGATCACGATGCCGAACTTT 3'), ML 2179 F
(5 ATGAACTGCTAGATGTCCGGG 3), ML 2179
R(5 ATCTTTGCGCGAGTCTTGTG 3'). Each sample
wasdippedin400 uL of TE buffer and samplesweretaken
in eppendroff tube. All the purified samples were
processed for the isolation of exosomal DNA using van
Embden method with modifications[8]. The primerswere
synthesized by GCC Biotech. Complete amplification of
RLEP and multiplex was performed in a 25 L total
volume using specific reaction amplification reaction was
donein programmablethermal cycler with45 cycles(PTC
150 Minicycler; MJ Research). After the completion of
PCR reaction, ampliconswere enlarged by el ectrophoresis
and the DNA bandswerevisualized under UV (ultraviolet)
light.

For LAMPPCR, three setsof primersviz. forward and
backward outer primers(F3, B3), inner primers (FIP, BIP)
and loop primers (LF, LB) were used, viz F3 (5'-
GTCAAAAATCGTGCGGTTCC-3'), B3 (5-CGAAA
GCAGGCAGTCAGC-', FIP (5 AACAGCCATTTCAC
CCACCACCGGGCTCTGCTGTCTTGTG3'),BIP
(5 TATGTTCGGTAGTCGTGGGGGGCAAAAACC
CCGCAACACAGS3'),LF(5ACAACTCACCGCC
ACAGA-3) and LB (5-CAGCCCGGAATCCTGTT
GA-3'). For LAMP PCR after sample preparation, lysis
and extraction of DNA and amplification were doneusing
the above sets of primers. Postamplification results were
visualised by adding 0.1% SY BR Greento thetubes.

Satistical Analysis: Data collected was tabulated using
Microsoft excel and analysed using SPSS Version 16.0.
Descriptive analysis was used for the analysis. Cohen's
kappawas used asatest of agreement to comparetheresult
of dlit skin smear examination, RLEP PCR, Multiplex
PCR and LAMP PCR on urine, stool and blood samples.
Cohen's Kappa result were interpreted asfollows: values
0-0.20 as no agreement and 0.21-0.39 as minimal, 0.40-
0.59 asweak, 0.60-0.79 asmoderate, 0.80-0.90 as strong,
and > 0.90 as almost perfect agreement. Chi-square test
was used asatest of association.

RESULTS

Out of 26 patientsenrolled in our study, 20 (76.9%) were
aged between 11-18 years of age. The mean (SD) age of
the patients was 14.9 (3.4) years, ranging from 8 to 18
years. There were 19 boys and 7 girls. As per Ridley
Jopling classification [2], therewere 2 (7.7%), 4 (15.4%),
14 (53.8%), 3 (11.5%) and 3 (11.5%) cases of Tuberculoid
(TT), Borderline Tuberculoid (BT), mid-Borderline (BB),
Borderline Lepromatous (BL) and L epromatous L eprosy
(LL). Therewere 20 (76.9%) cases of multibacillary and 6
(23.1%) cases of Paucibacillary leprosy as per the WHO
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classification of leprosy. A history of family contact was
present in 19 (73.1%) of leprosy patients. 10.5% (1 out of
6) of PB casesand 89.5% (18 out of 20) of MB caseshad a
positive history of contact (P =0.012).

Out of 26 patients, SSSfor AFB waspositiveinonly 7
(26.9%) patients. The SSSfor AFB waspositivein 7 out of
20(35%) of MB casesand wasnegativeinall PB cases(P
<0.001).

In blood samples, the positivity of Multiplex PCR,
RLEP PCR and LAMP PCR was 84.6%, 80.8%, and
80.8%, respectively. The corresponding figures in urine
samples were 34.6%, 26.9%, and 30.8% and in stool
samples were 15.4%, 7.7%, and 11.5% (Table I).
Multiplex PCRin blood was positivein 5 out of 6 (83.3%)
of PB cases and 18 out of 20 (90%) of MB cases (P =
0.654). The corresponding figures in urine were 16.7%
and 40% (P = 0.292) and in stool sampleswere 16.7% and
15% (P=0.921).

Tablell depictsthe diagnosticyield of multiplex PCR
in blood, urine and stool compared to results of SSS. On
comparing theresultsof Multiplex PCRin blood and urine
samples, out of 9 cases that tested positive in the urine
samples, all of them tested positive in blood. Results in
blood were positivein 82.4% of cases of those who were
urine negative (P < 0.001). Similarly, all Multiplex PCR
positive cases in stool samples were positive in blood
samplesand 86.4% of blood sampleswerepositivein stool
sample negative cases (P < 0.001) (Tablel11). Out of 9
caseswho tested positivein urine samples, only 3 (33.3%)
were stool positive; while stool sampleswere positivein
5.9% of cases where urine samples were negative (P =
0.065).

DISCUSSION
New diagnostictoolsarerequired for early detection of M.

Tablel DiagnosticYield of RLEP PCR, Multiplex PCR and
LAMPPCR for Urine, ool and Blood Samples

Urinen Sool Blood
n (%) n (%) n(%)
RLEP PCR Positive 7(26.9) 2(7.7) 21(80.8)
Multiplex PCR Positive  9(34.6) 4(154) 22(84.6)
LAMPPCR Positive 8(30.8) 3(11.5) 21(80.8)

LAMP Loop mediated isothermal amplification, PCR Polymerase
chain reaction, RLEP Mycobacterium leprae-specific repetitive
element

lepraeto ensure effective diagnosis and timely treatment
of leprosy. PCR-based detection of M. leprae DNA in
clinical sampleshasbecomeincreasingly importantinthe
field of molecular diagnostics of |eprosy especially inthe
tuberculoid spectrum of the disease where clinical
manifestationsarelimited.

In the current study, we compared the diagnostic
efficacy of multiplex PCR, RLEPPCR and LAMPPCRIin
the diagnosis of pediatric leprosy asan alternativeto dlit-
skin smear examination. Out of thethree PCR techniques,
multiplex PCR offered best diagnosticyieldinall thethree
samplesincluding blood, urine and stool. Out of thethree
types of patient samples, multiplex PCR in blood had the
best yield with 100% positivity in urine and stool -positive
cases as well as 82.4% and 86.4% positivity in urine
negative and stool negative cases (P < 0.05). Multiplex
PCR in blood was positive in 83.3% of PB cases in
comparison to SSS examination which was negativeinall
PB cases. Hence, blood multiplex PCR can be used for
early diagnosis of leprosy, especialy in PB cases.
Compared to SSS examination. it is less invasive, less
painful and free of human error. The results of multiplex
PCR of urine and SSS examination are comparable and
thesetestscan beused interchangeably.

Tablell Comparative Performance of Multiplex PCR in Blood, Urineand Stool vs Slit-Skin Smear Examination

Tests Total SSSexamination SSSexamination Pvalue Percentage Cohen's
positiven (%) negativen (%) (2 test) of agreement kappa

Bfood

Genetic material detected 23 7(100) 16 (84.2) <0.001 38.46% 0.09

Genetic material not detected 3 0 3(15.8)

Urine

Genetic material detected 9 6(85.7) 3(15.8) 0.001 84.62% 0.64

Genetic material not detected 17 1(14.3) 16(84.2)

Stool

Genetic material detected 4 3(42.9) 1(5.3) 0.018 80.76% 0.43

Genetic material not detected 22 4(57.1) 18(94.7)

SSS Slit-skin smear
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WHAT THIS STUDY ADDS?

« Multiplex PCR in blood is a much superior diagnostic test with a significantly higher positivity as compared to slit
skin smear examination and can be used for diagnosis of both paucibacillary and multibacillary leprosy cases.

Table Il Comparison of Yield of Multiplex PCR for
Mycobacteriumlepraein Blood, Urineand Stool Samples

Urinesample Total Blood sample

Positiven (%) Negativen (%)
Positive 9 9(100.0) 0
Negative 17 14 (82.4) 3(17.6)
Total 26 23 3

P <0.001, Percentage of agreement 46.15%, Cohen’skappa0.13

Sool sample  Total Blood sample

Positive n (%) Negativen (%)
Positive 4 4(100.0) 0
Negative 22 19 (86.4) 3(13.6)
Total 26 23 3
P < 0.001, Percentage of agreement 26.92%, Cohen’skappa0.05
Urinesample  Total Sool sample

Positiven (%) Negativen (%)
Positive 9 3(33.3) 6(66.7)
Negative 17 1(5.9 16 (94.1)
Total 26 4 22

P < 0.065, Percentage of agreement 73.07%, Cohen’skappa0.32

Nearly a third patients tested positive by any of the
PCR methods using urine samplesin our study. Variation
in M. leprae PCR positivity has been associated with the
type of primers used, amplified fragment size, ampli-
fication techniques, and clinical specimensused [9]. The
yield was best in blood samples by any of the PCR
techniques. Previously, Wen et al used whol e blood nested
PCR amplification of M. leprae specific DNA for early
diagnosisof leprosy [10].

The detection of M leprae in urine and stool may be
higher in patients on anti-leprosy treatment as small
fragmentsof bacterial DNA may befoundin urinesamples
asaresult of DNA damageby antimicrobial therapy andits
subsequent excretion [11]. Caleffi et d employed PCR-Pra
for detection of M. leprae in urine samples of 73 leprosy
patients (36 were under anti-leprosy multidrug therapy)
and highlighted itsdiagnosticrolein TT leprosy wherethe
SSSisawayshegative[12].

We found a good agreement between the results of
urine PCR and SSS examination with a Cohen’'s kappa
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value of 0.64, indicating that the two tests can be used
interchangeably. Multiplex PCR in blood detected all the
SSS positive casesand 84.2% of SSSnegative caseswhich
ishigher in comparison to urineand stool PCR. Moreover,
blood multiplex PCR had poor agreement with SSSwitha
kappavalue of 0.09 whichinfersthat multiplex PCR offers
superior diagnostic potential over SSSand can beusedin
diagnosis of leprosy in both SSS positive as well as
negative cases.

The limitations of our study are the relatively small
samplesize, lack of control group and lack of comparison
with tissue biopsy samples. Studies comparing theresults
of PCR on tissue biopsy specimen with results of PCR in
urine, stool and blood sampleswith larger ssmplesizeare
required. Thereisalsothe need to exploretherole of PCR
in screening the close contacts of patient for early
diagnosisof leprosy.
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