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Available assays 

 Slit Skin Smear-AFB stain (SSS) microscopy

 Histopathology

 Animal inoculation Animal inoculation

 Serological assays

 Molecular assays



Slit skin smear preparation  



Grading of the smear
Description Grade 

1-10 bacilli in 100 OIF 1+

1-10 bacilli in 10 OIF 2+

1-10 bacilli per OIF 3+

10-100 bacilli per OIF 4+

100-1000 bacilli per OIF 5+100-1000 bacilli per OIF 5+

> 1000 bacilli / in clumps and globi in each OIF 6+

 Bacteriological index

 Morphological index



Bacteriological index
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Bacteriological and morphological 
indices
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Histopathology
 Useful for classification of spectrum and follow-up 









 Specificity 100 %

 Less sensitive (requires 104 AFB/ml)

 Negative in milder forms (PB)

Slit skin smear examination

 Negative in milder forms (PB)

 Repeated assessment of MI during the course of

treatment helps to monitor the prognosis & identify

those who are experiencing relapse



ANIMAL INOCULATION



Animal models

Dasypus novemcinctus

Athymic nude Mice 
Non human reservoir



Slender loris West African mangabey monkey

Indian pangolis

West African mangabey monkey



MOUSE FOOTPAD INOCULATION

•Swiss Albino Immuno-competent Mouse

•Thymectomized Immuno-deficient Mouse 

•Congenital Immuno-deficient - Nude Mouse•Congenital Immuno-deficient - Nude Mouse



Advantages of cultivation
 Sensitive than microscopy (10 times)
 Detection drug resistance
 Drug potency evaluation
 Detection of viability of bacilli

Disadvantages:
 Cumbersome & time consuming
 Ethical issues regarding use of animals



Limitations of Animal models

Immuno- competent Mouse
 Less multiplication
 High inconclusive reports

Immuno- deficient Nude mouse
 Difficult to maintain 
 Susceptible for infection



Puzzles around M.leprae

 Long generation time – 12 days

 Prefers cooler temperature for multiplication: 28-33°C

 Not able to be cultured in artificial medium



Limitations of Animal models

Nine Banded Armadillo
 M.leprae multiplies all over the body
 Selective availability – Southern America
 Does not breed in captivity



Mouse foot pad inoculation
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Immunocompetent mice 
(modified Shepard technique)

Biopsy specimen is weighed

Minced with scissors after addition of drops of HBSS

Transferred to a cup of a Mickle tissue disintegrator

Glass beads placed in the Mickle cup before sterilization

Vibrated for 1 min, freq 50-60 cy/s
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Tissue-homogenate is transferred to test-tube

HBSS and BSA are added to a final volume of 2.5 ml

Suspension is allowed to stand for 2 minutes 

Resulting supernatant is removed with a pipette

Preparation of smears for counting
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Preparation of smears and counting AFB

 Microscope slides with three fused ceramic circles, (1 cm in 
diameter )

 To prepare smears, 10 µl of formol-milk is applied and 10 µl  To prepare smears, 10 µl of formol-milk is applied and 10 µl 
of the suspension is added to the circle

 Liquids are immediately mixed and spread over the entire 
area
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 Smears are stained by acid-fast stain, bacilli counted under 
oil-immersion objective 

 20 fields per circle or a total of 60 fields per slide are 
examined
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 Calculation of No. of bacilli
Slide circle of diameter D,  microscope field diameter d, the 
following formula is applied to calculate the number of bacilli in 
the suspension

no. AFB      =  no. AFB counted   X   (D/d) 2 X 100
ml sample     no. fields counted
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Inoculation into Mice

 The suspension is diluted with HBSS to contain 3 x 103 AFB 
per 0.03 ml

 Suspension is injected subcutaneously into the mouse footpad 
with 1ml syringe and 27- or 30-gauge needle
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One specimen - 66 animals

Group No. of animals Feed

Control 10 Normal 

rifampicin I 8 0.03% rifampicin

rifampicin II 8 0.003% rifampicinrifampicin II 8 0.003% rifampicin

Dapsone I 8 0.01% dapsone

Dapsone II 8 0.001% dapsone

Dapsone III 8 0.0001% dapsone

Clofazamine I 8 0.01% clofazamine

Clofazamine II 8 0.001% clofazamine
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Harvesting of M. leprae 
 From 6 months after inoculation, mice sacrificed by 

cervical dislocation
 Inoculated foot is removed, fixed in 10% formalin 

for 3 days
 After fixation, foot placed in 5% formic acid in 70%  After fixation, foot placed in 5% formic acid in 70% 

ethanol for 7 days
 The decalcified foot is then processed for HPE and 

sections are stained for AFB
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 Control group should be examined for increase in 
number of bacilli before examining drug fed animals

 Increase in number of bacilli upto or more than 2 log 
increase indicates multiplication of bacilli in mouse increase indicates multiplication of bacilli in mouse 
footpad

 Increase in same numbers in drug fed animals 
indicates resistance
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Immunocompromised mice (Rees) 

 Immunocompetent mice produces limited number 
of bacilli because of T-cell immune response

i. Thymectomy – 4-8 weeks i. Thymectomy – 4-8 weeks 
ii. Irradiated with 900 rads of gamma or X rays
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SEROLOGICAL ASSAYS



Antibody detection





Fabri ACOC et al. Integrative literature review of the reported uses of serological tests in leprosy management. Rev Soc Bras Med Trop 
49(2):158-164 Mar-Apr, 2016





NDO-LID rapid test
 Smart phone based test reader platform

 Provides quantifiable data

 Can be applied for monitoring chemotherapy

Cardoso et al., Development of a quantitative rapid diagnostic test for multibacillary leprosy using smart phone Technology. BMC Infectious Diseases 2013, 
13:497



 35kDa based RIA/ELISA

 Monoclonal ab MLO4 identifies specific epitope on 35kDa

antigen of M.lepraeantigen of M.leprae

 Serum antibody competition test (SACT) or inhibition assay

 100 % sensitive in BL/LL; 50% in BT/TT



MOLECULAR METHODS



Molecular methods
 Specimen: skin biopsy, skin smear, nerves, urine, oral/nasal swabs & 

blood 

 Application:

 To diagnose difficult cases (PNL, PB) To diagnose difficult cases (PNL, PB)

 To monitor the treatment 

 To do surveillance of household contacts 

 To assess the viability of M.leprae

 To quantitate the bacillary load



Molecular methods-Targets



Molecular methods-Targets



PCR

Extraction of DNA

Amplification of targetsAmplification of targets

Gel electrophoresis and documentation 
(presence of 372 bp compared with 100bp ladder)

Very useful- reliability and rapidity in diagnosis and AMR detection 



PCR Assay for M.leprae specific gene

Agarose showing M.leprae repetitive sequence PCR product

372bp



RNA based PCR to demonstrate viability

 RNA targeting amplification system is promising
 RNA  more unstable than DNA; degrade faster after 

death
 Likely to correlate better with viable bacteria  Likely to correlate better with viable bacteria 

Messenger 
 RNA (mRNA) has shorter half life-ideal for viability 

determination
 16srRNA studied extensively and found useful



Drug resistance in M.leprae
Drug Target Gene 

Rifampicin -sub unit of DNA 
dependent RNA 
polymerase 

rpoB

polymerase 
Dapsone Targets dihydropteorate

synthase (DHPS) enzyme
folp1 

Quinolones DNA gyrase gyrA



1        2       3       4       5     6   100bp   NC

305bp

PCR Product of rpoB gene of M.leprae(305bp)

Gel Documentation of PCR Products

1        2       3       4       5     6   100bp   NC

388bp

100bp    1        2       3       4         NC    PC

PCR Product of folp1 gene of M.leprae(388bp)



Sequencing results



Sequencing results



Sequencing results





PCR-to study transmission & surveillance
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 All data collected globally from 2010 to 2015 was synthesized

during the global Consultation on Antimicrobial Resistance

Surveillance in October 2016. Formal reports were received on a

total of 1086 relapse cases and 776 new cases tested globallytotal of 1086 relapse cases and 776 new cases tested globally

before the end of 2015, among which resistance to rifampicin

was identified in 57 relapse cases (5.2% secondary resistance) and

16 new cases (2.1% primary resistance).







 A skin biopsy is collected preferably using a punch of 4 mm for new cases. For 
retreatment cases, a surgical biopsy of 6 mm is preferred, especially if the BI is 
close to 2+. The biopsy is then placed in a 1.8 mL centrifuge sterile tube (with 
screw cap), pre-filled with 1 mL of 70% ethanol (molecular biology grade 
absolute ethanol at 70% v/v + sterile deionized water

 from MilliQ or human injection quality 30% v/v, the mix being prepared in 
the laboratory) as described above. If this cannot be prepared at the health the laboratory) as described above. If this cannot be prepared at the health 
facility, biopsies can stay in an empty 1.8 mL sterile centrifuge tube (with 
screw cap) without any preservatives.

 Samples can be kept at room temperature until they are sent to the laboratory, 
possibly in batches, depending on the cost of transportation and on the number 
of samples per month.

 Bacilli are rapidly inactivated, which means that samples can be sent by routine 
transport without the need to control the temperature during transportation, 
or take additional precautions for biohazard control.



Take home message

Purpose Method currently in use

For routine diagnosis Clinical examination, SSS microscopy, 
HPE, PCR

To assess response to 
treatment

SSS, viability PCR
treatment

To assess drug resistance PCR followed by sequencing; almost 
replaced animal inoculation

To detect M.leprae in 
environment

(Only for research )PCR

To detect latent infection No test is currently recommended



THANK  YOU


