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Editorial

Quick Response Code:
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Qua vadis leprosy?

We have come a long way in our fight against
leprosy. The skeletal evidence of leprosy from 2000
B.C. in Rajasthan, India, predates similar evidence from
the other parts of the world'. From these ancient times
to the beginning of 2023, the fight against leprosy has
been hard and relentless, the pace accelerating rapidly
at the turn of the 21* century. However, India still holds
the undesirable distinction of being the leading nation
harbouring human leprosy?. Reflections on the future
of leprosy must hence consider the enormous work
done in the past, often unrecognized through scientific
publications. It would be impossible to generate a
comprehensive list of all those who served in the
field of leprosy, but it will not be amiss to cite a few
— Mohandas Karamchand Gandhi, Manohar Dewan,
Baba Raghav Das, Abdul Kalam, Robert Cochrane,
Dharmendra, H. Srinivasan and Charles K. Job.
Although there is a worldwide decline in the various
statistics of leprosy, increasing new cases, childhood
cases and grade 2 deformity (G2D) in 2021 compared
to 2020, in the time of the COVID-19 pandemic when
much of leprosy surveillance was reduced, is a cause for
concern?. In India, new cases of leprosy increased from
65,147 in 2020 to 75,394 in 2021 and G2D increased
from 1572 to 18632. In southeast Asia, new child cases
were 5664 in 2020 as compared to 5380 in 20212,

Leprosy misdiagnosis

All aspects of leprosy, including epidemiological
data, depend on the accurate diagnosis of the
disecase. Leprosy symptoms are often ambiguous,
and apart from diseases that closely mimic leprosy,
replacing the Ridley-Jopling classification with the
WHO Paucibacillary (PB) - Multibacillary (MB)
classification, necessary for employing large-scale
treatment with multidrug therapy (MDT), has resulted
in the unintended consequence of an increase in
misdiagnosis®. In Brazil, among 574,181 new leprosy
cases, 7477 (1.3%) were misdiagnosed, more common

among females, children, PB and indeterminate
forms, and in neural leprosy without skin lesions®.
The consequences of misdiagnosis are serious and can
impact treatment, physical and mental circumstances
and ruin the economic productivity of individuals and
families.

Therefore, finding solutions to reduce the level
of misdiagnosis should be a top priority. To end this,
experienced leprologists should be retained in tertiary
institutions where laboratory facilities exist to evaluate
uncertain cases. Their comprehensive knowledge in
diagnosing and treating leprosy should be passed on
to the next generation. Educational material should
be freely and easily accessible. Translating these into
local languages is important. Furthermore, adding
interactive blogs that relate to these leprosy digital
textbooks will be helpful.

Tele-leprology

The doctrine of early diagnosis, effective treatment
and monitoring has not changed over the years and
rapidly evolving technologies hold possibilities of
preventing damage from the disease. Over the past
several decades, telemedicine has gained popularity
in several disciplines and the COVID-19 pandemic
has solidified its use further’. With widespread
internet coverage and smartphones, tele-dermatology
is an effective tool even in remote rural areas with
inadequate health care. Establishing remote reading
centres for diagnosing and monitoring leprosy should
be a top priority. These centres could be a part of
tertiary leprosy hospitals staffed with experienced
leprologists or act as conduits between the field and
the leprologists wherever and whenever available.
Ideally, image evaluation would require stations with
similar computers and calibrated monitors under
regulated ambient lighting. A crucial aspect of this
system is training workers to take good, gradable
images of leprosy lesions. An imaging protocol
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giving guidelines for standardizing the imaging
(magnification, distance from the smartphone and
lighting parameters (natural daylight outside the
dwellings) should be made available to all workers.
Training should include methods of safely and securely
transferring uniquely labelled images and patient data
to the central reading centre. Certifying the imagers
by requesting sample images and giving feedback on
the quality of images would make the system more
robust. These images would be a permanent record
over time and can be evaluated retrospectively as well
as be a repository amenable to artificial intelligence
investigations®’.

Biomarkers for early diagnosis

Predicting the development of the disease or
its reactions can mitigate its subsequent deleterious
consequences. Some intriguing reports on biomarkers
have been published recently including. One on
the transcriptional risk signature for predicting the
development of leprosy using blood 4-61 months
before the actual clinical diagnosis®. Other biomarkers
for detecting leprosy include the repetitive element
RLEP which is a highly specific target for detecting
Mycobacterium leprae, a recombinant multi-epitope
antigen and a multiplex real-time quantitative PCR
assay®!?. A five gene signature has been reported to
predict type 1 reactions at least two weeks before
the actual onset of the disease/symptoms''. Anti-
LID-1 serology at diagnosis has been shown to have
prognostic value for type 2 reaction in M. leprae
positive patients'?. In the future, more biomarkers
may be discovered and once these undergo further
evaluations for repeatability and economic feasibility,
these will become ready for transfer from laboratory
to field.

Newer drugs for treating leprosy and its reactions

Treatment efficacy and safety of newer drugs to treat
the disease, newer combinations of drugs and the myriad
periods of interventions that have reported the need for
careful investigations for validity and repeatability.
The specter of dangerous amounts of drug resistance to
M. leprae is of concern and there is a constant need for
innovative drugs and drug combinations to successfully
kill the bacilli. Newer anti-inflammatory drugs used in
other diseases may hence be explored particularly for
recalcitrant type 1 and type 2 reactions. Some drugs,
such as cyclosporin A, infliximab and methotrexate,
have been used in controlling reactions in leprosy, but
their efficacy needs to be replicated in larger studies.

Lessons to be learnt from other diseases that have
signs in common with leprosy

The hallmark of leprosy is a decrease or abolition
of tactile sensation. Various other conditions cause
hypoesthesia, but two important ones, diabetes mellitus,
which is a metabolic disease and HIV, which is a viral
disease, have both undergone extensive research to
prevent hypoesthesia, identify early peripheral nerve
dysfunction and regenerate peripheral nerves to restore
sensation. Great strides have been made in imaging
techniques of peripheral nerves, bioengineering of
neural tissue and in deciphering the mechanisms
involved in the regeneration of peripheral nerves. Limb
prosthesis with robust functions like never before is
now becoming available, but few have been used and
tested in deformed leprosy patients'®. Shoes that are
prescribed for patients with diabetic neuropathy are
highly functional, more effective in preventing ulcers
and aesthetically pleasing compared to the footwear
offered to leprosy patients.

In the current age of intensive national and global
travel, it is important to study the risk and course of
MB leprosy with co-existing morbidities such as HIV,
tuberculosis, COVID-19 and monkeypox. Both HIV
and tuberculosis as co-morbidities with leprosy are of
concern because of the resistance the virus and bacteria
are acquiring. Surveillance would play a critical role in
this context.

Specialized areas that require training

While physicians, physio and occupational
therapists receive reasonable training in leprosy, it
is generally not the case with paediatrics, nursing,
dentistry and nutrition. Childhood leprosy, besides
being a marker for recent transmission, warrants
accurate, early diagnosis by paediatricians who are
generally poorly trained in leprosy'. When leprosy
patients are admitted to a hospital, nursing becomes
the focal point of caregiving. Publications related to
leprosy nursing are scarce. Gingival recession, tooth
loss, chronic pulpitis, periodontitis and dental caries,
fissuring and atrophic glossitis, fibrosis and loss of
uvula are commonly seen in patients belonging to
the pre-MDT era and a substantial number of them
have limb deformities'>'®. Can leprosy patients with
deformed hands maintain oral hygiene? This is an area
lacking important information. Malnutrition is common
in children of leprosy contacts as well as adults with
leprosy, but only a few studies focus on nutrition in
leprosy patients in the post-MDT era'”. Modifying
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curriculum in dentistry, paediatrics and nursing must
hence be undertaken to remedy these shortcomings.
Nurses trained in specialized care of patients with
deformity and acute reactions will be better prepared
to learn on the job in caring for leprosy patients.

Zero leprosy

M. leprae has been detected in a wide variety of
wild animals. Leprosy-like lesions have been reported
in wild chimpanzees and sooty mangabey monkeys
(Cercocebus atys)'®,  Armadillos infected with
M. leprae are found in the southern United States and
in South American countries and play a small role as
reservoirs for the transmission of leprosy to humans®.
As long as, this type of transmission exists, a world
with zero leprosy is unlikely.

However, infection of M. leprae in laboratory
animals has opened up opportunities for in-depth
investigations on the bacilli. M. Ileprae-infected
armadillos have become extremely useful in leprosy
neuropathy research, providing insights into the
reprogramming and fate of Schwann cells when
denervation occurs, thereby granting opportunities
to discover novel therapeutic targets for delaying or
preventing nerve destruction?!?2,

Leprosy stigma

Leprosy stigma remains a problem in several parts
ofIndia. There have been plenty of reports on stigma and
ways to measure it, but reports on successful outcomes
are few?. Future focus should be on investigating and
promoting factors that have proved useful in bringing
down the level of stigma. Poverty, illiteracy, ageing
and visible deformities enhance stigma®. Integrating
leprosy into the general healthcare system appears to
have brought down the level of stigma®. Integration
appears to have worked more successfully in a
relatively poor and illiterate state than in an affluent
and literate state®®. Stigma reduction that is a byproduct
in specialized hospitals of excellence where service is
sought by wealthier populations and where discounted
care is provided to leprosy patients needs reporting.

Leprosy prophylaxis

The WHO advocates administering a single
dose of rifampicin to reduce the risk of leprosy,
in contacts of leprosy patients, after excluding
leprosy and tuberculosis in them?’. It is an attractive
concept, especially when the risk of inducing
resistance in Mycobacterium tuberculosis is small®.
Reports on long-term microbiological consequences

of a single-dose antibiotic are scarce. A short-term
study on the effects of a single-dose antibiotic
prophylaxis on normal oral microflora reported
that it can induce selection of resistant strains®. In
the recent past, antimicrobial resistance to leprosy
and tuberculosis has been growing’-*2, It is critical
to continue to evaluate the long-term beneficial
effect of this chemoprophylaxis against the risk of
microbiological consequences. However, it may not
be wise to extend this chemoprophylaxis to other
populations where comorbidity with tuberculosis
and HIV is substantial.

M. leprae, armadillos and liver regeneration

M. leprae has some amazing properties — it is the
only bacillus that selectively invades human peripheral
nervous tissue, it has an extraordinarily lengthy
doubling time, a long incubation period and it defies
culture in a laboratory medium. It has added one more
surprising property in conjunction with 9-banded
armadillos. It regenerates liver tissue. M. leprae
induces hepatocyte proliferation and a proportionate
increase of vasculature, and the biliary system. It does
so without accompanying fibrosis or tumorigenesis.
This hepatogenesis, if it can be replicated in human
beings, holds promise for patients with liver
destruction awaiting organ transplants, conditions such
as cirrhosis®.

Conclusions

An excerpt from Dr. Abdul Kalam, a wise ex-
President of India, addressing a national conference on
the elimination of leprosy gives the ultimate solution
in eliminating leprosy — ‘Real cure for the elimination
of leprosy lies in the development of the region, that
means developing the district, and the State. The
development approach would provide for the people
better amenities, clean drinking water, better hygiene
and sanitation, better education and awareness, better
healthcare and nutritious food resulting in a livable
environment. This holistic approach is the vital
need for eliminating leprosy in endemic regions’**.
The proof that this has worked can be found in the
developed nations of the world. The current Prime
Minister of India envisions that India would become
a developed nation in 25 years and once that vision is
realized, the end to leprosy in India would become a
reality.

Financial support & sponsorship: None.

Conflicts of Interest: None.



10.

11.

INDIAN J MED RES, JANUARY 2023

Ebenezer Daniel”" & Gigi Jasmine Ebenezer?
'Department of Ophthalmology, Director of the
Ophthalmology Reading Center, University of
Pennsylvania, Philadelphia & *Department of
Neurology, Johns Hopkins University,
Baltimore, MD, USA

*For correspondence:
ebenezerdaniel@gmail.com

Received December 28, 2022

References

Robbins G, Tripathy VM, Misra VN, Mohanty RK, Shinde VS,
Gray KM, et al. Ancient skeletal evidence for leprosy in India
(2000 B.C.). PLoS One 2009; 4 : €5669.

World Health Organization. Global leprosy (Hansen disease)
update, 2021: moving towards interruption of transmission.
Wkly Epidemiol Rec 2022; 97 : 429-52.

Kumar B, Dogra S. Leprosy: A disease with diagnostic and
management challenges! Indian J Dermatol Venereol Leprol
2009; 75 : 111-5.

Neves KVRN, Nobre ML, Machado LMG, Steinmann P,
Ignotti E. Misdiagnosis of leprosy in Brazil in the period
2003-2017: Spatial pattern and associated factors. Acta Trop
2021; 215 :105791.

Temesgen ZM, DeSimone DC, Mahmood M,
Libertin CR, Varatharaj Palraj BR, Berbari EF. Health
care after the COVID-19 pandemic and the influence of
telemedicine. Mayo Clin Proc 2020; 95 : S66-8.

Nelson CA, Kovarik CL, Morssink CB. Tele-leprology: A
literature review of applications of telemedicine and tele-
education to leprosy. Lepr Rev 2014; 85 : 250-61.

Paul SK, Kumar DP. Use of mobile technology in preventing
leprosy impairments. Disabil Rehabil Assist Technol 2022,
17 : 602-4.

Ti6-Coma M, Kietbasa SM, van den Eeden SJF, Mei H,
Roy JC, Wallinga J, et al. Blood RNA signature RISK4LEP
predicts leprosy years before clinical onset. EBioMedicine
2021; 68 : 103379.

Braet S, Vandelannoote K, Meehan CJ, Brum Fontes AN,
Hasker E, Rosa PS, et al. The repetitive element RLEP is a
highly specific target for detection of Mycobacterium leprae.
J Clin Microbiol 2018; 56 : ¢01924-17.

Lemes MR, Rodrigues TCV, Jaiswal AK, Tiwari S,
Sales-Campos H, Andrade-Silva LE, et al. In silico designing
of a recombinant multi-epitope antigen for leprosy diagnosis.
J Genet Eng Biotechnol 2022; 20 : 128.

Ti6-Coma M, van Hooij A, Bobosha K,
van der Ploeg-van Schip JJ, Banu S, Khadge S, ef al. Whole
blood RNA signatures in leprosy patients identify reversal
reactions before clinical onset: A prospective, multicenter
study. Sci Rep 2019; 9: 17931.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hungria EM, Biihrer-Sékula S, de Oliveira RM, Aderaldo LC,
Pontes AA, Cruz R, et al. Leprosy reactions: The predictive
value of Mycobacterium leprae-specific serology evaluated in
a Brazilian cohort of leprosy patients (U-MDT/CT-BR). PLoS
Negl Trop Dis 2017; 11 : ¢0005396.

Bates TJ, Fergason JR, Pierrie SN. Technological advances
in prosthesis design and rehabilitation following upper
extremity limb loss. Curr Rev Musculoskelet Med 2020; 13 :
485-93.

Mehta H, Narang T, Dogra S, Kumar B. Pediatric leprosy: No
child’s play. Int J Dermatol 2022; 61 : e244-5.

Jacob Raja SA, Rajall, Vijayashree R, Priya BM, Anusuya GS,
Ravishankar P. Evaluation of oral and periodontal status of
leprosy patients in Dindigul district. J Pharm Bioallied Sci
2016; 8 (Suppl 1) : S119-21.

Gupta B, Gupta S, Chaudhary M, Raj AT, Patil S. Oro-facial
manifestations in lepromatous leprosy patients in Central
India: Clinical findings from a cross-sectional study. Clin Oral
Investig 2020; 24 : 1981-6.

Dwivedi VP, Banerjee A, Das I, Saha A, Dutta M, Bhardwaj B,
et al. Diet and nutrition: An important risk factor in leprosy.
Microb Pathog 2019; 137 : 103714.

Hockings KJ, Mubemba B, Avanzi C, Pleh K, Diix A,
Bersacola E, et al. Leprosy in wild chimpanzees. Nature 2021;
598 : 652-6.

Adams LB. Susceptibility and resistance in leprosy: Studies in
the mouse model. Immunol Rev 2021; 301 : 157-74.

Truman RW, Singh P, Sharma R, Busso P, Rougemont J,
Paniz-Mondolfi A, et al. Probable zoonotic leprosy in
the southern United States. N Engl J Med 2011; 364 :
1626-33.

Truman RW, Ebenezer GJ, Pena MT, Sharma R,
Balamayooran G, Gillingwater TH, ef al. The armadillo as a
model for peripheral neuropathy in leprosy. /LAR J 2014; 54 :
304-14.

Ebenezer GJ, Pena MT, Daniel AS, Truman RW, Adams L,
Duthie MS, et al. Mycobacterium leprae induces Schwann cell
proliferation and migration in a denervated milieu following
intracutaneous excision axotomy in nine-banded armadillos.
Exp Neurol 2022; 352 : 114053.

Rafferty J. Curing the stigma of leprosy. Lepr Rev 2005; 76 :
119-26.

Rao PS, Raju MS, Barkataki A, Nanda NK, Kumar S. Extent
and correlates of leprosy stigma in rural India. /ndian J Lepr
2008; 80 : 167-74.

Arole S, Premkumar R, Arole R, Maury M, Saunderson P.
Social stigma: A comparative qualitative study of integrated
and vertical care approaches to leprosy. Lepr Rev 2002; 73 :
186-96.

Pandey A, Rathod H. Integration of leprosy in general health
system vis-a-vis leprosy endemicity, health situation and
socioeconomic development: Observations from Chhattisgarh
& Kerala. Lepr Rev 2010; 81 : 121-8.



27.

28.

29.

30.

DANIEL & EBENEZER: FUTURE OF LEPROSY 9

World Health Organization. Guidelines for the diagnosis,
treatment and prevention of leprosy. Geneva: WHO; 2018.

Mieras L, Anthony R, van Brakel W, Bratschi MW,
van den Broek J, Cambau E, ef al. Negligible risk of inducing
resistance in Mycobacterium tuberculosis with single-dose
rifampicin as post-exposure prophylaxis for leprosy. Infect
Dis Poverty 2016; 5 : 46.

Khalil D, Hultin M, Rashid MU, Lund B. Oral microflora and
selection of resistance after a single dose of amoxicillin. Clin
Microbiol Infect 2016; 22 : 949.¢e1-4.

Ahuja M, Singh I, Lavania M, Pathak VK, Darlong J,
Turankar RP, ef al. Ofloxacin resistance in multibacillary new
leprosy cases from Purulia, West Bengal: A threat to effective
secondary line treatment for rifampicin-resistant leprosy
cases. J Glob Antimicrob Resist 2022; 30 : 282-5.

31.

32.

33.

34.

Paramasivan CN. Status of drug resistance in tuberculosis
after the introduction of rifampicin in India. J Indian Med
Assoc 2003; 101 : 154-6.

Li X, Li G, Yang J, Jin G, Shao Y, Li Y, et al. Drug resistance
(Dapsone, Rifampicin, Ofloxacin) and resistance-related gene
mutation features in leprosy patients: A systematic review and
meta-analysis. Int J Mol Sci 2022; 23 : 12443.

Hess S, Kendall TJ, Pena M, Yamane K, Soong D, Adams L,
et al. In vivo partial reprogramming by bacteria promotes
adult liver organ growth without fibrosis and tumorigenesis.
Cell Rep Med 2022; 3 : 100820.

Abdul Kalam AP. Address by his excellency the President of
India. National Conference on Elimination of Leprosy. Indian
J Lepr 2004; 76 : 107-10.



