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Abstract: Leprosy is an infectious disease caused by Mycobacterium leprae and mainly affects skin, 

peripheral nerves, and eyes. Suitable tools for providing bacteriological evidence of leprosy are 

needed for early case detection and appropriate therapeutic management. Ideally these tools are 

applicable at all health care levels for the effective control of leprosy. This paper presents a 

systematic review analysis in order to investigate the performance of polymerase chain reaction 

(PCR) vis-à-vis slit skin smears (SSS) in various clinical settings and its potential usefulness as a 

routine lab test for leprosy diagnosis. Records of published journal articles were identified through 

PubMed database search. Twenty-seven articles were included for the analysis. The evidence from 

this review analysis suggests that PCR on skin biopsy is the ideal diagnostic test. Nevertheless, PCR 

on SSS samples also seems to be useful with its practical value for application, even at primary care 

levels. The review findings also indicated the necessity for improving the sensitivity of PCR and 

further research on specificity in ruling out other clinical conditions that may mimic leprosy. The 

M. leprae-specific repetitive element (RLEP) was the most frequently-used marker although its 

variable performance across the clinical sites and samples are a matter of concern. Undertaking 

further research studies with large sample numbers and uniform protocols studied simultaneously 

across multiple clinical sites is recommended to address these issues. 

Keywords: leprosy; leprosy diagnosis; PCR; slit skin smears; point of care test; skin biopsy; early 

diagnosis 

 

1. Introduction 

Leprosy is an infectious disease caused by Mycobacterium leprae and mainly affects skin, 

peripheral nerves, and eyes [1–3]. Leprosy has long-term consequences on the structure and function 

of the peripheral nerves leading to disabilities in limbs, which impact on the socioeconomic well-

being of the affected individuals [4]. Despite three decades of effective treatment with multidrug 

therapy (MDT), leprosy persists as a public health problem in many regions of the world [5]. Each 

year 300,000 people are newly diagnosed with leprosy worldwide; half are reported from India [6]. 

Despite the World Health Organization (WHO) declaring the elimination of leprosy as a public health 

problem in the year 2000, new leprosy cases still continue to occur in India with an annual incidence 

of around 135,000 cases [7]. There is evidence that many more patients still go undetected due to 

various reasons including social stigma attached to the disease, which hinders health-care-seeking 

behavior among affected persons [8]. Hence it is imperative to widen the scope and accuracy of 

leprosy detection for early identification before the consequences of nerve damage have set in [9]. 
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The current standard diagnosis of leprosy is mostly based on clinical evaluation of patients, except 

in a few settings where the microscopy of slit skin smears (SSS) for acid-fast bacilli and/or 

histopathological examination (HPE) of skin biopsies are being used as additional tests [10]. Clinical 

manifestations of leprosy are determined by patient immune responses to Mycobacterium leprae. 

Leprosy patients are classified by the Ridley–Jopling classification on the basis of the morphology, 

type, and number of skin lesions, as well as nerve involvement supplemented by the bacterial index 

(BI) and histopathological examination. The Ridley–Jopling types are tuberculoid (TT), borderline 

tuberculoid (BT), borderline (BB), borderline lepromatous (BL), lepromatous leprosy (LL), pure 

neural (PN) and indeterminate (I) [11]. 

The current operational classification of leprosy used by WHO is based on number of skin 

lesions; patients with less than five lesions are classified as paucibacillary (PB) and more than five as 

multibacillary (MB) leprosy. However, this classification, merely based on the number of lesions, may 

not always hold good for specific treatment strategies, as it has been frequently demonstrated that 

acid-fast bacilli (AFB) are present in cases clinically classified as PB. Such PB patients with active 

lesions may potentially be transmitting M. leprae to their contacts unless they are treated 

appropriately [12]. Hence there has been an emphasis on bringing back the laboratory diagnostic 

component into routine practice [13]. The two traditional tests viz. SSS and HPE of biopsies, though 

still holding well in terms of convenience of usage, have their own inherent limitations. SSS is 

relatively low in sensitivity and includes the risk of subjective errors of microscopic examination, 

whereas the HPE has the limitations of long turnaround time and technically demanding laboratory 

procedures [14]. Hence it is very important to develop diagnostic strategies involving highly sensitive 

laboratory tests for early detection of leprosy. Suitable tools for providing bacteriological evidence of 

leprosy are needed for early case detection and appropriate therapeutic management of leprosy. 

Ideally these tools are applicable at all health care levels for effective control of leprosy. 

Molecular diagnosis by nucleic acid amplification test (NAAT) is an emerging science in the 

clinical management of infectious diseases. Polymerase chain reaction (PCR) is one of the most 

popular NAAT currently being used for the diagnosis of infectious diseases [15]. Routine clinical use 

of NAAT has been well established in tuberculosis and other mycobacterial diseases. NAAT has 

almost replaced the conventional lab diagnostic tests in TB and has become the most widely used test 

at all levels of health care [16]. Such molecular diagnosis has not yet been practiced in the case of 

leprosy. PCR nevertheless has been popularly used for drug resistance testing and molecular typing 

of leprosy but never so far for the routine clinical diagnosis [17,18]. Given the potential use of this 

very important test, there is a need for a scientific analysis of the effectiveness of PCR for lab diagnosis 

of leprosy in correlation with the current standards. This evidence is envisaged to help the 

formulation of better policies for diagnosis and treatment of leprosy. With this background, the 

present systematic review analysis has been conducted in order to investigate the performance of 

PCR vis-à-vis SSS in various clinical settings and its potential usefulness as a routine lab test for 

leprosy diagnosis. 

2. Materials and Methods 

2.1. Study Design 

The study is a systematic review analysis to assess the usefulness of PCR for the laboratory 

diagnosis of leprosy. The review has been carried out with the purpose of accruing evidence on the 

performance of PCR in correlation with clinical classification of leprosy and standard laboratory 

diagnostic tests. The highlights from the review are envisaged to be useful in addressing the gaps in 

the existing systems and recommending better strategies for the future application of PCR during 

routine clinical diagnosis of leprosy. The protocol has been prepared based on Preferred Reporting 

Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines for systematic review analysis 

[19]. 
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2.2. Data Search 

Records of published journal articles were identified through searching the PubMed database 

[20]. Journal articles published until April 2018 were included. The data search was conducted 

between 15 March 2018 to 4 May 2018. All field searches for PCR and leprosy yielded 924 articles, 

which were filtered to 812 with Medical Subject Heading (MeSH) terms Mycobacterium leprae, leprosy, 

Hansen’s disease, laboratory diagnosis, biomarkers, PCR, SSS examination, and biopsies (protocol 

furnished as Figure 1). Out of 924, 715 full text articles were shortlisted. Twenty-seven of the 715 

articles were included for the analysis based on these inclusion criteria: the study should have 

involved PCR as one of the tests for leprosy diagnosis or confirmation along with one other standard 

test such as SSS or biopsy and PCR tests conducted on (any) biological (clinical) samples. Exclusion 

criteria included articles published in a language other than English, articles which did not have free 

full text available, PCR used for purposes other than leprosy diagnosis, such as PCR used as a test for 

drug resistance, molecular typing, or where the PCR test was not used on clinical samples. 

 

Figure 1. Flow chart detailing review steps (PRISMA guidelines). 

2.3. Data Extraction  

Each study was reviewed for the number of patients screened for leprosy diagnosis, mode of 

diagnosis including clinical examination and lab tests. Laboratory tests were further stratified into 

bacteriological examination by microscopy (AFB) and molecular tests (PCR) or histopathological 

examination (biopsy/HPE), clinical characteristics of the patients screened including PB/MB and 

nature of the clinical samples collected for lab diagnosis. Data on PCRs conducted on contacts/treated 

relapsed patients were excluded from the analysis. Percentage of positive results (sensitivity) for AFB 

microscopy and PCR were tabulated with reference to the clinical class of leprosy, AFB, and type of 

clinical sample used. Mean PCR positivity vis-à-vis genetic markers and the method of PCR used 

were also calculated. 

  

[n = 812 (Pubmed search builder-(((((leprosy[MeSH Terms]) OR hansen's 
disease[MeSH Terms]) OR mycobacterium leprae[MeSH Terms])) AND 

(((laboratory diagnosis[MeSH Terms]) OR biomarkers[MeSH Terms]) OR pcr[MeSH 
Terms])) AND (((((biopsies[MeSH Terms]) OR slit skin smears) NOT drug 

resistance[MeSH Terms]) NOT genotype[MeSH Terms]) NOT vntr loci[MeSH 
Terms]) +924 (All field search-(((((PCR) OR polymerase chain reaction) OR leprosy) 

OR hansens disease) OR laboratory diagnosis))]            Total n = 1736

Additional records 
identified through other 

sources 
(n = 0)

Records after duplicates 
removed 
(n = 1700)

Records excluded 
(n = 985) Reasons: free full text, other species, 

diagnosis of other diseases, immunity-immune 
response, FOX P3, CD4, ENL,T cell Immunity

Full-text articles assessed for 
eligibility 
(n = 715)

Studies included for 
review 
(n = 27)

Full-text articles excluded, with 
reasons (n = 688). Reasons: other 

language, non-PCR based 
diagnosis, non-accessible, PCR on 

contacts/relapses
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2.4. Definitions of Some of the Data Terms Used in the Review 

Report: Each individual paper included in the analysis is considered as one report; 

Assay: PCR on each sample type and/or each gene marker from each report was considered as an 

independent assay;  

Gene Marker: each genetic marker used for specific amplification of M. leprae DNA from clinical 

specimens;  

PCR Method: laboratory technique of PCR used for amplifying the DNA targeting the M. leprae 

genetic markers. 

2.5. Data Analysis 

Data extraction has been carried out in such a way that PCR on each sample type and/or each 

gene marker was considered as an independent assay. Some of the papers reported PCR in one or 

more samples and/or one or more gene targets. Hence there were 38 assay resulting from the total of 

27 papers that were reviewed. The matrix of published articles with types of lab tests conducted, 

types of samples used for testing, % PCR positivity, % AFB positivity on various samples, gene 

markers and/or PCR methods are tabulated for comparative analysis (Table 1). Mean and range are 

extracted for number of samples tested, percentage positivity of AFB, PCR for each clinical class, 

clinical specimen, PCR marker used, and PCR method used. 

3. Results 

3.1. Basic Clinical and Geographical Information 

The review included published papers on PCR in new leprosy cases, along with clinical and 

conventional lab diagnostic tests. Out of 1700 papers screened, 27 papers qualified for the criteria of 

inclusion (flow chart, Figure 1). Out of the 27, nine were on leprosy patients from India, seven from 

Brazil, five from Bangkok, two from Philippines and one each from China, Ethiopia, Nepal, and 

Vietnam. Most of the reports included testing on clinically-diagnosed leprosy cases for confirming 

the laboratory test findings, limiting the scope of analysis for estimating only the sensitivity of the 

diagnostic tests. Most of those analyzed were reported based on either AFB microscopy on SSS or 

biopsies as the conventional lab standard test for comparing the PCR results. 

3.2. Analysis 

The average number of study subjects across the reports was 96 (range 20–439). Eighteen out of 

the 27 reports classified patients as PB and MB leprosy. Twenty-four (63%) out of 38 assays studied 

were less than 100 patients and 14 (37%) included more than 100 patients (Table 1). Seventeen out of 

27 reports (62.9%) were based on a single PCR marker and nine (33%) used more than one marker; 

one (3.7%) used four markers. Three (8%) studies reported PCR results of a single marker on multiple 

samples (data not shown). 

3.3. Clinical Classification vs. Sensitivity of AFB and PCR 

Twenty-eight of the 38 of the total assays reported PCR on PB cases (six included data on AFB 

microscopy) (data not shown). Mean positivity for PCR was 48% (range 07–81) and AFB microscopy 

was 23% (range 1.7–35). Out of 38 assays, 26 reported PCR on MB leprosy cases and data on AFB was 

available for 17/26. Mean positivity for PCR was 77% (range 17–100) and AFB microscopy 59% (range 

15–100) in reports on MB leprosy cases. Mean positivity for PCR was 44% (range 13–93) and AFB 

microscopy was 30% (range 10–86), if the total number of cases was not segregated as PB and MB 

(Table 2), indicating that PCR has only an incremental value over microscopy for bacteriological 

diagnosis of leprosy. Our observation on positivity of microscopy and PCR in PB leprosy cases 

reiterates the necessity to revise the current leprosy classification and treatment criteria. This also 

indicates that on an average 19% of cases were wrongly classified as PB (if only skin lesions were 
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considered) and would have been missed treatment, had they not been tested with AFB and 10% 

more if PCR had not been used. 

As expected, PCR turned out to be the most sensitive test for bacteriological confirmation on MB 

cases. Given the fact that MB leprosy lesions most frequently contain M. leprae, the mean PCR 

positivity in MB cases should have been more; however, the data suggests a lower average. This could 

have been due to technical bias due to errors in clinical sample collection and/or laboratory testing. 

These issues need to be addressed through development of robust clinical and lab protocols based 

on evidence from large multicentric studies through uniform study methodology.  

A few reports included PCR results stratified for Ridley-Jopling classes of leprosy. Azevedo et 

al., 2017 [13] reported PCR across the spectrum, with percentage of PCR positivity as TT-21/38 

(55.2%); BT-20/21 (95.2%); BB-18/18 (100%); BL-12/12 (100%); LL-13/13 (100%). In another recent 

report Chaitanya et al., 2017, reported the results for a multiplex PCR as indeterminate 31/41 (75.6%) 

TT-03/03 (100%); BT- 40/42 (95.2%); BB-03/03 (100%); BL-58/59 (98%); LL-70/72 (97%). PCR showed a 

good additional value in diagnosing TT and indeterminate cases, which are traditionally known to 

be negative for AFB on microscopy. This indicates that PCR could be a better test in classifying 

bacillary-positive cases than smear and microscopy [21]. 

3.4. Clinical Specimens and PCR 

De Wit et al. (1993) reported on the utility of PCR for detection of M. leprae in nasal swab 

specimens amplifying the 531-bp pra gene, demonstrating 79.6% positivity of PCR [22]. Kyeong-Han 

Yoon reported PCR on slit skin samples, which was subsequently reported by many others [23–28]. 

PCR on biopsies has been reported by Wichitwechkarn et al. (1995), with a mean PCR positivity of 

66% and subsequently by many others. We found that biopsy was the most common specimen to 

have been tested for PCR of M. leprae [13,21,29–37] (Table 1). 

Out of 38 protocols studied, the majority (20) were based on skin biopsy (53%) followed by SSS 

(13, 34%); the rest of the samples included nerve biopsy, blood, and urine. AFB positivity in SSS has 

been 36% (range 18–69) and skin biopsy 44% (range 10–85). Likewise, PCR positivity on slit skin and 

biopsy was 61% (range 18–93) and 70% (range 46–93), respectively (Table 2). Since the skin biopsy 

and SSS happen to be the most frequent clinical samples collected for leprosy diagnosis, we tried to 

analyze the usefulness of PCR in the two samples. PCR seems to be more sensitive than microscopy 

in both the type of samples (SSS and biopsies), although skin biopsies have demonstrated 

significantly higher sensitivity to both microscopy and PCR as compared to SSS (Table 2). The reason 

could be the presence of a lesser number of bacilli in SSS than those in biopsy. The data suggests that 

PCR on skin biopsy seems to be the most sensitive test for demonstrating M. leprae bacilli. 

Nevertheless, with 62% sensitivity, PCR on SSS seems to be a better test when compared to 

microscopy (36%). Given the inherent limitations of skin biopsy such as the invasive nature of 

collection and technical expertise needed for test reporting, PCR on SSS samples with an average 

sensitivity of 62% seems to be more practical for application at primary care levels. 

Apart from these two conventional specimens, researchers also studied M. leprae PCR on other 

unconventional samples. Caleffi et al. (2012) used PCR, amplifying a 151-bp PCR fragment of the M. 

leprae pra gene in urine samples. Thirty four of the 73 (46.58%) leprosy patients studied were positive 

for PCR [38]. Tiwari et al. (2017) evaluated PCR in nerve biopsy specimens of 35 pure neuritic leprosy 

cases. AFB was positive in 13 (37.14%) cases and PCR positivity was observed in 22 (62.86%) cases 

[39]. A study involved 43 newly-diagnosed leprosy patients, where quantitative PCR was carried out 

on whole blood samples (PCR positivity - 13.95%) in comparison with SSS of the ear lobe (microscopy 

- 30.23%; PCR positivity - 41.86%) [40]. It is interesting to note that even urine and blood samples 

could be used for PCR testing. These reports suggest that blood and urine, although less sensitive on 

PCR than SSS, may still be considered as potential specimens, owing to the convenience of sample 

collection at all levels of health care. Future research for generating more evidence on usefulness of 

PCR on urine and blood, both in terms of sensitivity and feasibility for a point of care test would be 

promising. 
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Table 1. Data showing different studies involving conventional and molecular diagnosis of leprosy using different samples. 

Sl. 

No. 

Type of 

Sample 
PCR Type Marker/Gene 

No. of 

Patients 

Studied 

Smear Microscopy PCR 

p Value First Author 
Study 

location/Country 

Reference 

No. 
No. 

Tested 

No. 

Positive 
% 

No. 

Tested 

No. 

Positive 
% 

1 
Skin 

biopsy 

Conventional 

PCR 
RLEP 102 102 63 61.76 102 59 57.84 NA 

Michelle de 

Campos Soriani 

Azevedo 

Brazil [13] 

2 
Skin 

biopsy 

Multiplex 

PCR 
RLEP 220 220 122 55.45 220 164 74.55 p < 0.05 

V Sundeep 

Chaitanya 
India [21] 

3 
Skin 

biopsy 

Multiplex 

PCR 
M- PCR 220 220 122 55.45 220 205 93.18 NA 

V Sundeep 

Chaitanya 
India [21] 

4 
Nasal 

swabs 

Conventional 

PCR 

531 bp 

fragment 
103 0 0 0 103 82 79.61 NA 

Madeleine Y. L. 

de Wit 
Philippines [22] 

5 SSS 
Conventional 

PCR 

372 bp 

fragment 
102 102 62 60.78 102 95 93.14 NA 

Kyeong-Han 

Yoon 
Philippines [23] 

6 
Skin 

biopsy 

Conventional 

PCR 
372 bp 102 102 87 85.29 102 95 93.14 NA 

Kyeong-Han 

Yoon 
Philippines [23] 

7 SSS In situ PCR 
530 bp 

fragment 
25 25 5 20 25 18 72 p = 0.01 R Kamal India [24] 

8 SSS 
Conventional 

PCR 
RLEP 73 73 17 23.29 73 56 76.71 p < 0.001 R Kamal India [25] 

9 SSS 
Multiplex 

PCR 
372&201 bp 439 439 223 50.8 439 371 84.51 NA Surajita Banerjee India [26] 

10 SSS 
Conventional 

PCR 
RLEP 50 50 9 18 50 36 72 NA 

Shraddha 

Siwakoti 
Nepal [27] 

11 SSS 
Conventional 

PCR 
PCR-LP 91 91 21 23.08 91 22 24.18 NA 

Flaviane Granero 

Maltempe 
Brazil [28] 

12 SSS 
Conventional 

PCR 
PCR-P 91 91 21 23.08 91 17 18.68 p > 0.05 

Flaviane Granero 

Maltempe 
Brazil [28] 

13 SSS 
Conventional 

PCR 
pra gene 53 0 0 0 53 17 32.08 NA 

Jesdawan 

Wichitwechkaran 
Bangkok [29] 

14 
Skin 

biopsy 

Conventional 

PCR 
pra gene 53 0 0 0 53 35 66.04 NA 

Jesdawan 

Wichitwechkaran 
Bangkok [29] 

15 
Skin 

biopsy 
RT-PCR 16S rRNA 50 50 33 66 50 41 82 NA 

Mekonnen 

Kurabachew 
Ethiopia [30] 

16 

Nasal 

mucosal 

biopsies 

RT-PCR 16S rRNA 60 60 24 40 60 47 78.33 NA 
Benjawan 

Phetsuksiri 
Bangkok [31] 

17 
Skin 

biopsy 

Conventional 

PCR 
RLEP 110 110 43 39.09 110 81 73.64 NA 

Isabela Maria 

Bernardes 

Goulart 

Brazil [32] 



Trop. Med. Infect. Dis. 2018, 3, x FOR PEER REVIEW            7 of 14 

 

18 
Skin 

biopsy 

Conventional 

PCR 
372 bp 110 110 43 39.09 110 58 52.73 NA 

Isabela Maria 

Bernardes 

Goulart 

Brazil [32] 

19 
Skin 

biopsy 
qPCR 16S rRNA 69 69 0 0 69 53 76.81 NA Pham Dang Bang Vietnam [33] 

20 
Skin 

biopsy 
qPCR RLEP 47 0 0 0 47 38 80.85 NA 

Alejandra 

Nóbrega 

Martinez 

Brazil [34] 

21 
Skin 

biopsy 
qPCR 16S rRNA 47 0 0 0 47 24 51.06 NA 

Alejandra 

Nóbrega 

Martinez 

Brazil [34] 

22 
Skin 

biopsy 
qPCR sodA 47 0 0 0 47 22 46.81 NA 

Alejandra 

Nóbrega 

Martinez 

Brazil [34] 

23 
Skin 

biopsy 
qPCR 85B 47 0 0 0 47 26 55.32 NA 

Alejandra 

Nóbrega 

Martinez 

Brazil [34] 

24 
Skin 

biopsy 

Multiplex 

PCR 

372bp &201 

bp 
165 165 84 50.91 165 111 67.27 NA 

Abu Hena 

Hasanoor Reja 
India [35] 

25 
Skin 

biopsy 
qPCR 

RLEP & 372 

bp fragment 
51 51 18 35.29 51 38 74.51 p > 0.05 Wen Yan China [36] 

26 
Skin 

biopsy 
Nested PCR 

RLEP &372 

bp fragment 
51 51 18 35.29 51 37 72.55 NA Wen Yan China [36] 

27 
Skin 

biopsy 

Conventional 

PCR 

530 bp 

fragment 
55 55 9 16.36 55 40 72.73 NA 

Mohammad 

Shah Alam 
Bangladesh [37] 

28 Urine 
Conventional 

PCR 
pra gene 73 73 0 0 73 34 46.58 p > 0.05 K.R. Caleffi Brazil [38] 

29 
Nerve 

biopsy 

Conventional 

PCR 

375 bp 

fragment 
35 35 13 37.14 35 22 62.86 NA Vandana Tiwari India [39] 

30 SSS qPCR 16S rRNA 43 43 13 30.23 43 18 41.86 NA 
Rafael Silva 

Gama 
Brazil [40] 

31 blood qPCR 16S rRNA 43 0 0 0 43 6 13.95 NA 
Rafael Silva 

Gama 
Brazil [40] 

32 SSS 
Multiplex 

PCR 

372 bp 

fragment 
164 164 65 39.63 164 135 82.32 p < 0.0001 Surajita Banerjee India [41] 

33 SSS qPCR 16S rRNA 66 66 36 54.55 66 52 78.79 NA 
Janisara 

Rudeeaneksin 
Bangkok [42] 

34 
Skin 

biopsy 
In situ PCR 

530 bp 

fragment 
20 20 2 10 20 12 60 NA R. Dayal India [43] 

35 SSS 
Conventional 

PCR 
pra gene 122 122 49 40.16 122 86 70.49 p < 0.001 

Kowit 

Kampirapap 
Bangkok [44] 
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36 
Skin 

biopsy 

Conventional 

PCR 
RLEP 180 180 122 67.78 180 114 63.33 p < 0.0001 

V Sundeep 

Chaitanya 
India [45] 

37 
Skin 

biopsy 

Conventional 

PCR 
ML1545 180 180 122 67.78 180 164 91.11 NA 

V Sundeep 

Chaitanya 
India [45] 

38 SSS 
Conventional 

PCR 

372 bp 

fragment 
52 52 36 69.23 52 36 69.23 NA 

Lucas Gomes 

Patrocínio 
Brazil [46] 

Table 2. Details of assay—clinical classification, clinical sample vs. smear microcopy and polymerase chain reaction (PCR) positivity. 

Classification 
No. of Assay 

(Reports) Studied 

Average Number of 

Patients/Samples Tested 

(Range) 

No. of Assay 

Reported the AFB 

Microscopy 

%AFB Positivity Mean (Range) 

No. of Assay 

Reported PCR 

Tests 

%PCR Positivity 

Bacillary Load 

Paucibacillary 28 37.07 (7–234)  6 25.18 (1.75–35.29)  28 48.63 (7.69–81)  

Multibacillary 27 61.40 (12–205)  17 62.25 (15.38–100)  27 79.65 (17.39–100)  

Clinical samples 

Slit skin samples 14 101 (25–439)  12 37.73 (18–69.23)  14 60.71 (18.68–93.14)  

Skin biopsy 20 96.3 (20–220)  14 48.96 (10–85.29)  20 70.27 (46.81–93.18) 
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3.5. Gene Markers—PCR Sensitivity 

Various published reports on PCR in leprosy diagnosis studied a spectrum of gene markers as 

PCR targets on various clinical samples by multiple laboratory methods. There were twelve different 

markers used for PCR testing (Table 1). RLEP and 16S rRNA are the most frequent markers used, 

with PCR sensitivity ranging between 57% and 80% for RLEP and from 13% to 82% for 16S rRNA. 

RLEP seems to be the most sensitive marker for detecting M. leprae DNA, although its variable 

performance across the assays needs to be further addressed (Table 3). The sensitivity of RLEP PCR 

varied between samples, between clinical settings, and also between studies of the same authors. 

Martinez et al. (2011) reported highest RLEP sensitivity (81%) as compared to other three PCR 

markers [34]. Maltempe et al. (2016) reported RLEP PCR on SSS to be equally sensitive as AFB smear 

microscopy (24%) [28], which is the lowest (data not shown). Yan et al. (2014) reported at least 72% 

of RLEP PCR positivity as compared to 35% on smear microscopy of paraffin-embedded biopsies 

among PB leprosy cases [36]. The observations paved the way for exploring more evidence on RLEP 

PCR, the most frequently used and promising marker, for reasons of its variable performance and 

opportunities for improving its effectiveness. It was also observed that multiplexing RLEP with other 

markers yielded better results (data not shown), indicating the necessity for undertaking more 

studies in this direction, with large sample numbers and uniform protocols simultaneously studied 

across multiple clinical sites. The data also suggested that the highest mean positivity with any of the 

markers so far reported seems to be only 71%, which needs to be improved if PCR is to be used as a 

robust test for diagnosing leprosy. Since DNA extraction is one of the critical steps in any PCR-based 

diagnosis, it is logical to look into impact of role of DNA extraction procedures on PCR outcomes. 

We observed that most of the assays reviewed were based on the standard DNA extraction protocols 

such as phenol:chloroform method. We did not find any specific protocol associated with a higher 

PCR sensitivity (data not shown). None of the assays had reported the use of DNA extraction 

controls, which could have validated the sample processing procedure. 

Table 3. PCR markers and methods vs. sensitivity. 

 
Number of Assays Studied  

(n = 38) 
Highest Positivity (%PCR) Lowest Positivity (%PCR) 

Gene markers 

RLEP 9 80.85 57.84 

16S rRNA 10 82 13.95 

Method of PCR 

Conventional 19 93.14 18.68 

Multiplex 6 93.18 67.27 

Q-PCR 6 80.85 13.95 

RT-PCR 5 74.5 82 

There should be more research exploring better markers and suitable lab protocols for increasing 

the sensitivity of PCR for detecting M. leprae. Advancing scientific knowledge and an omics approach 

should throw some light on identifying such novel markers and developing them into robust PCR 

test modules for point-of-care diagnostic testing in leprosy. 

3.6. Method of PCR vs. PCR Sensitivity 

Out of 27 reports reviewed, 19 were based on conventional PCR, 6 were on quantitative real time 

PCR (qPCR), 4 on multiplex PCR and 2 were on reverse transcriptase PCR (RT-PCR) assays. 

Researchers have employed various PCR techniques for molecular diagnosis of M. leprae from SSS, 

skin biopsy, blood and urine samples. Conventional PCR targeting a single gene has been found to 

be the most frequently reported method. Several authors have used conventional PCR on slit skin, 

biopsy, urine, blood [27, 37–40]. On the other hand, few studies have utilized multiplex PCR on slit 

skin and biopsies, amplifying more than one target sequence, at the same level of laboratory settings 

as conventional PCR [21,26,35,41]. There are also reports on methods such as quantitative PCR, RT-
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PCR and in situ PCR, which are based on advanced laboratory facility and studies have reported RT-

PCR on skin biopsies, SSS and nasal biopsies [30,31,33,36,42]. Real-time quantitative (q-PCR) PCR 

technique was used by Martinez et al. (2011) and Gama et al. (2018) [34,40]. Yan et al. (2014) studied 

the nested PCR technique using two sets of primers to apply two different M. leprae-specific gene 

fragments from paraffin-embedded skin biopsy specimens [36]. Dayal et al. (2005) and Kamal et al. 

(2010) reported in situ PCR [24,43].  

From the above analyzed assay, the highest percentage of PCR sensitivity was observed using 

multiplex PCR technique (82%) followed by RT-PCR (78%) and conventional PCR (63%). These two 

techniques seem to be very useful PCR techniques in the rapid diagnosis of M. leprae. This observation 

indicates that even a simple PCR but with more than one marker and appropriate technical protocol 

could do better in picking up M. leprae DNA from clinical samples. This in turn indicates the 

usefulness of simple PCR-based tests for bacteriological diagnosis of leprosy even with a modestly-

equipped laboratory facility, although RT-PCR carries a technical advantage over simple PCR by 

providing quantitative estimate.  

The review analysis found that no individual M. leprae gene marker has been associated with 

higher sensitivity. However, using more than one marker in a multiplex format of conventional PCR 

seem to have yielded significantly higher mean positivity and hence could be a better choice (Table 

3). Almost all studies reported in this review have studied techniques based on traditional laboratory-

based PCRs, since the evidence gathered through this review suggests that it is more important to 

have appropriate protocols and robust markers for PCR sensitivity than sophisticated technology. 

Recent advancements in molecular methods has enhanced the capability of detection and 

characterization of infectious diseases. PCR is one of the techniques of molecular diagnosis that has 

great benefits and enhances advancements in rapid diagnosis. There are many simple point of care 

(POC) PCRs such as the LAMP test and Xpert TB available for diseases like TB, HIV, and malaria etc. 

[47–52]. Developing one or more of the existing markers into such POC platforms should be the goal 

of future research in molecular diagnosis of leprosy. Developing such point-of-care, easy-to-use PCR 

modules could have potential application at all healthcare levels. This addresses the issue of access 

to healthcare for persons affected by leprosy or those at risk of developing leprosy. Increasing access 

to healthcare leads to early detection of leprosy and prevention of consequences—the most important 

aspects of leprosy control. Hence it is envisaged that further research on PCR in leprosy include 

investigating various markers for the usefulness of point-of-care testing. 

4. Conclusions 

The evidence from this review analysis suggests that PCR on a skin biopsy is the ideal diagnostic 

test. Nevertheless, PCR on SSS samples also seems to be useful with its practical value for application 

at primary healthcare levels. Future research for better evidence on the usefulness of PCR on other 

samples such as urine and blood are recommended to avoid collecting slit skin/biopsy samples, 

which are relatively more invasive. Our observation on positivity of AFB microscopy and PCR in PB 

leprosy cases reiterates the necessity to revise the current leprosy classification and treatment criteria 

based merely on the number of skin lesions. PCR could be a better test in classifying bacillary positive 

cases than smear microscopy. Having said that, our review findings indicate the necessity for 

improving the sensitivity of PCR and further research on specificity is required in ruling out other 

clinical conditions that may mimic leprosy. Development of robust clinical and lab protocols based 

on evidence from large multicenter studies through uniform study methodology might be of great 

help in addressing the sensitivity and specificity issues. We found that no individual M. leprae gene 

marker has been associated with higher PCR sensitivity, indicating the need for more evidence for 

robust markers. However, using more than one marker in a multiplex format of conventional PCR 

seems to have yielded significantly higher PCR positivity and hence could be a better choice. RLEP, 

although the most frequent marker used, showed variable performance across the clinical sites, and 

samples are a matter of concern. Combining it with other markers in a multiplex PCR format might 

work. Multiplexing more than one target M. leprae gene might also help to address this issue. 

Undertaking more studies of this nature, with large sample numbers and uniform protocols 
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simultaneously studied across multiple clinical sites would be useful. In addition, there should be 

more research exploring better markers for increasing sensitivity of PCR for detecting M. leprae. 

Advancing scientific knowledge and omics approach should throw some light on the identification 

of such novel markers and developing them into robust PCR test modules for point-of-care diagnostic 

testing in leprosy. 

Limitations of This Systematic Review Analysis 

The present review has been mainly based on the reports available on the PubMed database and 

did not include any other databases due to the time and resource constraints. This might have led to 

a selection bias of papers published only on PubMed. We did not gather any other types of 

information sources such as unpublished data, data from ongoing studies from various researchers, 

which could perhaps have made our observations stronger. The data from records mainly comprising 

clinically-diagnosed leprosy cases, except one record, meant that we were unable to estimate test 

specificity. Analysis included data only on new patients. However, the authors would like to address 

the other two important applications of PCR, namely for contact screening and treatment monitoring 

through separate independent reviews. We limited the analysis to systematic review only and did 

not attempt meta-analysis due to heterogeneity of the data. This review could not elicit any significant 

evidence on usefulness of any specific marker for PCR, due to either limited number of studies or 

limited number of samples. Further studies with large sample sizes with existing or new markers are 

warranted to enhance evidence on this particular aspect. 
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