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Human Genetic Susceptibility of 
Leprosy Recurrence
Priscila Verchai Uaska Sartori1, Gerson O. Penna2,3,4, Samira Bührer-Sékula5, 
Maria A. A. Pontes6, Heitor S. Gonçalves6, Rossilene Cruz7, Marcos C. L. Virmond8, 
Ida M. F. Dias-Baptista8, Patricia S. Rosa8, Maria L. F. Penna   9, Vinicius Medeiros Fava10, 
Mariane M. A. Stefani4* & Marcelo Távora Mira   1*

Host genetic susceptibility to leprosy has been intensively investigated over the last decades; however, 
there are no studies on the role of genetic variants in disease recurrence. A previous initiative identified 
three recurrent cases of leprosy for which none of the M. leprae strains, as obtained in the first and the 
second diagnosis, had any known genomic variants associated to resistance to Multidrug therapy; 
in addition, whole genome sequencing indicated that the same M. leprae was causing two out of the 
three recurrences. Thus, these individuals were suspected of being particularly susceptible to M. leprae 
infection, either as relapse or reinfection. To verify this hypothesis, 19 genetic markers distributed 
across 11 loci (14 genes) classically associated with leprosy were genotyped in the recurrent and in three 
matching non-recurrent leprosy cases. An enrichment of risk alleles was observed in the recurrent cases, 
suggesting the existence of a particularly high susceptibility genetic profile among leprosy patients 
predisposing to disease recurrence.

Leprosy is a chronic infectious disease caused by Mycobacterium leprae, an obligatory intracellular, slow growing, 
alcohol-acid resistant bacillus with tropism for skin macrophages and Schwann cells of the peripheral nervous 
system1. The disease affects more than 200.000 people every year globally, with high incidence and prevalence 
concentrating in India and Brazil2. Leprosy presents a large spectrum of clinical manifestations that varies 
depending on the host’s immune response, ranging from the localized tuberculoid to the systemic lepromatous 
forms as defined in the classic Ridley & Jopling classification system3. Alternative, the World Health Organization 
(WHO) classification protocol distributes leprosy cases as paucibacillary (PB) or multibacillary (MB) for treat-
ment purposes4.

Leprosy is treated by a multidrug therapy (MDT) consisting of rifampicin, dapsone and clofazimine carried 
out for six monthly doses for PB patients and for 12 monthly doses for MB patients5; treatment is distributed for 
free in endemic countries since 19956. Currently, there is the proposal for a uniform multidrug therapy regimen 
for leprosy patients that consists of six doses of MDT prescribed regardless of any clinical classification crite-
ria. A Clinical Trial for Uniform Multidrug Therapy Regimen for Leprosy Patients in Brazil, (U-MDT/CT-BR) 
was recently conducted to compare outcomes of regular 12 doses MDT (R-MDT) and the uniform six doses 
MDT (U-MDT). The study included results from laboratory tests (bacilloscopic index, serology and histopathol-
ogy) and clinical evaluation during long term follow-up7. Among the recurrent cases of leprosy identified in the 
U-MDT/CT-BR trial; for three of them, M. leprae isolates obtained in the first and second diagnosis were submit-
ted to whole genome sequencing (WGS); analyses did not show any mutations associated with drug resistance. 
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Based on comparative analysis between M. leprae genomes obtained in the first and second infection of each 
patient, the authors concluded for two cases of relapses caused by same strain and one case of reinfection caused 
by a different M. leprae strain8.

Considering that (i) all patients were followed and completed the treatment correctly, (ii) U-MDT was effi-
cient in treating the disease, and (iii) no mutation associated with drug resistance was detected in the genomes of 
any M. leprae strain recovered from the three reinvestigated recurrent cases, it is reasonable to assume that leprosy 
recurrence was not due to characteristics of the etiologic agent but yet, to a combination of continuous exposure 
to M. leprae associated with an increased host susceptibility genetic background.

Host genetics accounts for a great proportion of disease heritability in leprosy and many genes were 
already identified with substantial evidences in support of their association with leprosy9. Among them, genes 
HLA-DR-DQ (major histocompatibility complex, class II, DR – class II DQ)10, LTA (lymphotoxin alpha)11, IL10 
(interleukin 10)12, PRKN/PACRG (parkin RBR E3 ubiquitin protein ligase/parkin coregulated gene)13, NOD2 (nucle-
otide binding oligomerization domain containing 2)14, LACC1/CCDC122 (laccase domain containing 1/coiled-coil 
domain containing 122)14, SOD2 (superoxide dismutase 2)15, NEBL (nebulette) (unpublished data), GATA3 (GATA 
binding protein 3)16, IFNG (interferon gamma)17 and TLR1 (toll like receptor 1)18 have been associated with leprosy 
in Brazilian population samples, the majority of them playing important roles related to the host immune system. 
However, to date, no attempt has been made to translate this genetic knowledge into the definition of an individ-
ual susceptibility profile that could help explain complex leprosy phenotypes such as recurrence/reinfection. Here 
we genotyped 19 Single Nucleotide Polymorphism (SNP) distributed across these 11 loci associated with leprosy 
per se on six leprosy cases from the U-MDT/CT-BR cohort: two cases previously reported as relapses and one as 
reinfection8, and three matching, successfully treated leprosy patients that did not relapse. Allele frequencies were 
compared across the two groups and with publicly available databases.

Results and Discussion
All 19 SNPs were successfully genotyped for all six samples of leprosy patients and results are summarized in 
Table 1. A global count including all genes/markers assessed revealed that risk alleles were more frequently 
observed in recurrent patients #3208 and #2188, in contrast to controls and recurrent patient #1126.

Comparison of the combined genotypic distribution of all variants tested between the two groups revealed an 
enrichment of homozygous genotypes for the risk alleles among the three recurrent patients (Table 2): 40% vs. 
19% among controls (P = 0.02; OR = 2.83; 95% CI 1.22–6.58). The same comparison applied for the combined 
allelic distribution also revealed an enrichment of risk alleles among cases, with a suggestive difference that failed 
to reach statistical significance at the 0.05 level (57% vs. 45% among controls; P = 0.08). These results must be 
interpreted with caution, given the extremely low sample size and the moderate to high degree of linkage dise-
quilibrium across markers located within gene loci PRKN/PACRG (r2 = 1 between rs1040079 and rs2276201 and 
r2 = 0.7 between rs1040079 or rs2276201 and rs9356058), LTA, (r2 = 0.5 between rs2239704 and rs909253), NOD2 
(r2 = 0.6 between rs2111234 and rs8057341, and r2 = 0.66 between rs2111234 and rs3135499), HLA-DRB1/DQA1 
(r2 = 0.46 between rs602875 and rs1071630) and CCDC122/LACC1 (r2 = 1 between rs2275252 and rs4942254). 
Importantly: it is possible that high LD is in fact reflecting the additive effect of two or more variants of distinct 

Gene Marker
Risk 
Allele

Frequency on 
recurrent cases

Frequency 
on controls

Frequency on 
public databasea

Cases Controls

3208 1126* 2188 9162 9638 9536

IL10 rs1800871 A 0.67 0.50 0.43 AG AA AG AA AG GG

PARK2/PACRG

rs2803073 G 0.17 0.33 0.34 AA AG AA AG AG AA

rs1040079 G 0.67 0.0 0.32 GG AA GG AA AA AA

rs2276201 C 0.67 0.0 0.41 CC TT CC TT TT TT

rs9356058 T 0.67 0.17 0.75 TT CC TT CC CT CC

SOD2 rs4880 G 0.33 0.50 0.41 AG AA AG AG AA GG

NEBL rs625903 G 0.33 0.67 0.59 AA AG AG AG AG GG

CCDC122/LACC1
rs2275252 C 0.17 0.33 0.61 AA AC AA AC AC AA

rs4942254 T 0.17 0.33 0.57 CC CT CC CT CT CC

NOD2

rs8057341 G 1.00 0.67 0.52 GG GG GG GG AG AG

rs3135499 A 0.17 0.50 0.64 CC AC CC AC AC AC

rs2111234 A 0.83 0.67 0.51 AA AG AA AA AG AG

HLA-DRB1/DQA1
rs602875 A 0.83 0.67 0.73 AA AG AA AG AG AA

rs1071630 T 0.67 0.50 0.45 TT CC TT CT CT CT

LTA
rs2239704 A 0.50 0.50 0.35 AA AC CC CC AA AC

rs909253 A 0.67 0.67 0.61 AA AG AG GG AA AA

GATA3 rs10905284 C 0.67 0.67 0.56 AC AC CC AC CC AC

IFNG rs2069727 T 0.83 0.50 0.73 CT TT TT TT CC CT

TLR1 rs4833095 C 0.83 0.33 0.57 CC CC CT CT CT TT

Table 1.  Genotypes for all markers on all patients. A: adenine, G: guanine, C: cytosine, T: thymine. *Patient 
suspected of reinfection a: Data from 1000 genomes, phase 3, all superpopulations combined, obtained on 
Ensembl Genome Browser.
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functional impact upon the net risk for that gene. This effect would be similar to what has been observed previ-
ously for gene TNFSF819: extensive LD has been detected between associated markers identified as independent 
expression quantitative trait loci (eQTL) for TNFSF8; the authors argue that this combined functional impact 
could reflect the high correlation observed between the SNP alleles.

It is interesting to note that recurrent patient #1126 presented allelic and genotypic global counts similar to 
the controls and in contrast with the two other recurrent individuals. Patient #1126 has been described previously 
as the only case of recurrence caused by distinct M. leprae strains isolated in the first and the second diagnosis8. 
Also, patient #1126 presented the shortest time to relapse and the latest age of diagnosis – 32 years – similar to the 
controls (Table 3). One cannot disregard the possibility that recurrent patients #3208 and #2188 have also suffered 
reinfection – and not relapse – caused by the same M. leprae strain. This hypothesis is reinforced by the fact that 
none of the M. leprae strains have the classically recognized resistance mutations8, thus relapse caused by treat-
ment failure is unlikely. Thus, the most striking host-related, non-genetic difference between recurrent patients 
#1126 and #3208 and #2188 is the age of diagnosis. In leprosy, the presence of the age-dependent association has 
already been shown for PRKN-PACRG20, LTA11, miR-146a21 (leprosy per se) and TNFSF15-TNFSF822 (leprosy 
reaction). The enrichment of risk alleles observed for recurrent patients #3208 and #2188 is compatible with the 
hypothesis that early onset leprosy is more heavily dependent on genetic mechanisms, whereas late onset disease 
is a balanced combination of genetic and environmental factors.

A higher frequency of the risk allele is observed for markers of several well-known leprosy susceptibility genes 
– IL10, PACRG, NOD2, HLA-DRB1/DQA1, LTA, GATA3, IFNG and TLR1 – when relapse cases are compared 
with controls and the frequency available on public databases (Table 1). This observation, although interest-
ing, has only qualitative value in the context of a description of a series of cases and should be interpreted with 
extreme caution.

Materials and Methods
Ethics approval.  This study was performed following the Declaration of Helsinki and Brazilian research reg-
ulations and was approved by the National Ethics Commission of Research (CONEP) of the Ministry of Health, 
protocol number 12949/2007, as previously described7. Informed consent was obtained from all individual par-
ticipants included in the study.

Subjects.  Six male leprosy patients were selected from the previous U-MDT/CT-BR study; three did not 
relapse during an eight-year follow-up; two were diagnosed as relapse caused by the same M. leprae strain and 
one was considered a reinfection caused by a distinct M. leprae isolate8. The three non-recurrent patients were 
matched with the recurrent cases by leprosy clinical form, ethnicity (estimated based on phenotypical features 
and skin color and distributed as Caucasian, African, Asian, Native American or Mixed), bacilloscopic index, 
treatment protocol, occurrence of leprosy reaction and place of residence (all six patients were from a leprosy 
hyperendemic area of Fortaleza, Brazil). A summary of the demographic and diagnostic information is presented 
in Table 3.

Cases Controls 3208 1126* 2188 9162 9638 9536

Risk alleles 65 (0.57) 51 (0.45) 24 18 23 18 18 15

Non-risk allele 49 (0.43) 63 (0.55) 14 20 15 20 20 23

Homozygous for the 
risk allele 23 (0.40) 11 (0.19) 10 4 9 4 3 4

Non-homozygous for 
the risk allele 34 (0.60) 46 (0.81) 9 15 10 15 16 15

Table 2.  Count of risk allele on cases and controls. *Patient suspected of reinfection.

Patients
Age at First 
Diagnosis

Ethnic 
Group

Leprosy 
Classification Leprosy Reaction

Time to Relapse 
(Months)

Case/Relapse Patients

1126* 32 Mixed BL T2R/Neuritis/T1R 46

3208 17 Mixed LL Neuritis/T1R/T2R 86

2188 20 Mixed LL T1R/T2R 79

Control/Patients Without Relapses

9162 35 Mixed BL T1R NA

9536 32 Mixed LL Neuritis/T2R NA

9638 29 Mixed LL T2R NA

Table 3.  Demographic and diagnostic characteristics of leprosy patients with/without recurrence. 
Abbreviations: BL: Borderline Leprosy, LL: Lepromatous Leprosy, T1R: Type 1 Reaction, T2R: Type 2 Reaction, 
ND: not declared, NA: not applicable. *Patient reported as reinfection.
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Gene selection, genotyping and analysis.  Genes were selected for genotypic analysis based on pre-
vious evidence for validated/replicated association with leprosy in Brazilian population samples. SNP markers 
have been selected based on previous published, association with leprosy in one or more Brazilian population 
samples and/or in previous genome-wide association studies (GWAS) (Supplementary Table S1). Genomic DNA 
was obtained from peripheral blood by salting-out23; the DNA was quantified spectrophotometrically using 
NanoDrop 2000/2000c and the concentration of genomic DNA was normalized to 20 ng/µL. Genotyping was per-
formed by fluorescence-based allelic discrimination using TaqMan, as implemented in the Applied Biosystems® 
7500 Real-Time PCR platform. The reactions mix was composed by ultrapure water (1.9 μl per sample), TaqMan® 
SNP Genotyping Assays (40×, 0.1 μl per sample), TaqMan™ Genotyping Master Mix (2×, 3 μl per sample) and 
template DNA (3 μl). Reaction was conducted using a denaturing temperature of 95 °C for 15 seconds and an 
oligonucleotide hybridization and extension temperature of 60 °C for 2 minutes on each of a total of 50 cycles.

Linkage disequilibrium (LD) was estimated using Haploview v.4.2 using the combined dataset of all six 
patients. A descriptive analysis was performed using the Statistical Package for the Social Sciences (SPSS) v.22. 
Genetic profiles of recurrent and non-recurent cases were described against the frequencies of risk/protection 
alleles obtained from previous studies as available on Ensembl Genome Browser with data of 1000 genomes, 
phase 3, combined population. The Fisher’s exact test for small sample sizes was used to compare combined allelic 
and genotypic frequencies across the two groups.

Conclusion
Our study presents, for the first time, suggestive evidence that genes associated with susceptibility to leprosy may 
also play an important role on disease recurrence. Our data indicates that a combination of alleles in different 
genes may confer hyper-susceptibility to leprosy detectable even among leprosy susceptible individuals, increas-
ing the chances of disease recurrence. In addition, one could speculate, based on the allelic profile of patient #1126 
– similar to the non-recurrent and distinct of the other two recurrent individuals – on the possible existence of 
distinct genetic mechanisms controlling disease relapse and reinfection. We are fully aware of the limitations of 
our design, particularly related to the small sample size; thus, this mainly descriptive, qualitative report of a series 
of cases must be perceived as a hypothesis-generating initiative, opening the possibility for additional studies of 
larger sample sizes of non-recurrent and recurrent leprosy affected individuals, aiming to identify biomarkers of 
risk of reinfection that may be used to monitor treated patients continuously exposed to the bacilli in endemic 
areas, with potential positive effects over leprosy control programs.

Data availability
The authors state that all data produced in the study is available.
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