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The frequencies of the Human leukocyte antigen (HLA) alleles in the Puyanawa indige-

nous  reserve population and their association with the NDO-LID and ELISA PGL-1 rapid

serological test was assessed. This was a cross-sectional study with an epidemiological

clinical design conducted in two indigenous communities in the state of Acre, Brazil.

Blood  was collected in a tube with EDTA to identify HLA alleles and perform serologi-

cal  tests. DNA was obtained using the salting out procedure. The LabTypeTM technique

(One-Lambda-USA) was used for HLA class I (loci A*, B* and C*) and II (loci DRB1*, DQA1*

and  DQB1*) typing. Allele frequency was obtained by direct count, and the chi-square

test  was used to assess the association with the NDO-LID and PGL-1 tests. The most fre-

quent  alleles in the two communities were: HLA-A*02:01, HLA-B*40:02, HLA-DRB1*16:02,

HLA-DQA1*05:05 and HLA-DQB1*03:01. The allele HLA-C*04:01 was the most common

in  the Barão community, and the allele HLA-C*07:01 in Ipiranga. Among individuals
Nursing who  presented seropositivity to the NDO-LID test, the association with alleles HLA-A*02

(43.18% vs 24.8%, p = 0.03, OR = 2.35) and HLA-B*53 (6.83% vs 0.0%, p = 0.03, OR = 8.95) was

observed in the Barão community. HLA-B*15 was associated with non-seroconversion to

the  NDO-LID test in Ipiranga. In both communities, HLA-B*40 and HLA-C*03 were associ-

ated  with positive serological response to ELISA PGL-1. The HLA class I and II alleles most
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frequently found in this study have already been described among Terena indigenous

groups, and HLA class I contributes to seroconversion to NDO-LID and PGL-1 tests in inhab-

itants of the Barão and Ipiranga communities.

© 2020 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/
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eprosy is a chronic granulomatous infection caused by the
ycobacterium leprae (M. leprae)1 that has affected humanity for

enturies. Even after the introduction of polychemotherapy, it
emains a public health problem in Brazil.2 The infection is
ransmitted mainly among family members who share genetic
nd environmental factors, besides being considerably influ-
nced by the variation in genes related to immunity.3–7

Many  diseases – including leprosy – have been related to
he HLA system due to its importance in adaptive immune
esponse.4,8–10 Studies designed as family aggregation, com-
lex segregation, linkage, association, and genome scans
uggest that leprosy phenotypes largely depend on the host’s
enetic characteristics. Numerous positive associations have
inked class I and II molecules with susceptibility to leprosy,
ts clinical forms and, leprosy reactions.3,11–14

An experimental study conducted with Vietnamese and
ndian individuals showed a strong association of HLA-C
HLA-C*15:05) in the susceptibility to leprosy.11 The presence
f HLA-A*28, in Mexico’s mixed-race population, has been
efined as a predisposition marker to lepromatous leprosy

LL).13 In Brazil, a positive association was found between HLA-
*11, HLA-B*38, HLA-C*12, and leprosy,12 and alleles A*03 and
*11 were associated with susceptibility to develop border-

ine leprosy (BL).3 The protective association was observed
etween clinical borderline leprosy and HLA-C*05.6

Regarding class II molecules, studies indicate a more
onsistent association between HLA-DRB1/DQB1 alleles and
usceptibility to leprosy, suggesting that these could be the
ain genes associated with leprosy susceptibility.8–10 Sev-

ral studies have reported association of alleles HLA-DRB1*04,
RB1*10, DRB1*12, DRB1*15 and DRB1*16 with susceptibility or

esistance to leprosy in several populations worldwide.8–10,14

tudies show that alleles HLA-DRB1*15, and DRB1*16 are
ssociated with leprosy, especially in Indian, Japanese, and
razilian populations,5,8,9,15,16 whereas alleles HLA-DRB1*04
nd HLA-DRB1*07 are associated to protection,5,17 and the lat-
er with BL.6

Serological methods are indicators of the spread of the M.
eprae infection in the general population and can contribute
ositively as an epidemiological surveillance instrument of

eprosy.18–20 These methods use techniques based on the
etection of specific anti-M. leprae antibodies. Thus, those with
ositive responses to the tests have higher diversity of anti-
odies against the bacillus, a response presented mainly in
ultibacillary cases (MB).18,21,22
Seropositivity to phenolic glycolipid 1 (PGL-1) estimates
 three-fold greater chance of developing the disease.23,24

ambier et al.,25 observed that the PGL-1 seropositivity rate
licenses/by-nc-nd/4.0/).

was affected by kinship, being higher among siblings, followed
by parents, spouses, and children, suggesting that transmis-
sion of the disease occurs mainly among individuals who
share genetic and environmental aspects.

LID-1 (Leprosy IDRI Diagnostic), derived from the fusion
between recombinational proteins ML0405 and ML2331 and
the PGL-1 antigen, represent important antigens specific
to leprosy serology, and studies have suggested that their
association improves serological sensitivity to diagnose pau-
cibacillary leprosy (PB) and early disease.26–28 Such good
serological reactivity led to the development of a simple and
rapid test incorporating the LID-1 and PGL-1 antigens, immo-
bilized in a nitrocellulose membrane for the detection of
antibodies, aiding in the leprosy diagnosis.27

The state of Acre, an endemic region for leprosy in Brazil,
maintains a high detection coefficient of 15.07 per 100 thou-
sand inhabitants.29

The occurrence of MB cases in Ipiranga community, the
possible detection failure in early disease,30 contact with the
regional population, and cultural and socioeconomic habits of
indigenous peoples, are substrates that predispose to a higher
risk and exposure to the disease, justifying an investigation.

To analyze genetic and serological characteristics in an
indigenous community is not a common and easy task. Given
this context, this study was an opportunity to gather knowl-
edge about leprosy, HLA genotypes, and the contribution of
these molecules to seroconversion to NDO-LID and ELISA PGL-
1 tests in this never-studied ethnic group.

Thus, assuming the participation of HLA alleles in the
immunological response in leprosy and the importance of
serology in the identification of subclinical infection and as a
diagnostic aid, this study proposes to identify the frequencies
of HLA alleles in the indigenous population of the Puyanawa
reserve, and to assess their association with the results of the
rapid lateral flow serological test NDO-LID and ELISA PGL-1.

Material  and  method

This was a cross-sectional study with epidemiological clini-
cal design conducted in two indigenous communities, Barão
and Ipiranga, in the municipality of Mâncio Lima, Acre, Brazil.
These communities are part of the territory of the indigenous
ethnic group Puyanawa with estimated population of 576 indi-
viduals – 320 in Barão and 256 in Ipiranga, according to data
from the Indigenous Health Care Information System.

The sample consisted of 284 individuals, over 18 years of

age, who had lived for more  than one year in the communities
without prior diagnosis of leprosy. Among the studied individ-
uals, 145 (51%) were men, mean age 36, ranging from 18 to 31
years.
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Samples

To identify HLA alleles and conduct the serological tests, 10 mL
peripheral venous blood was collected in a tube with ethylene-
diaminetetraacetic acid (EDTA). Of the obtained material,
5 mL  were used to extract plasma, which was separated into
aliquots and stored at −20 ◦C. The rest of the material (5 mL)
was stored at 2–8 ◦C. One aliquot was used to perform the
NDO-LID test, and the remaining sample was sent to the Lauro
de Souza Lima Institute in Bauru/SP for identification of the
HLA alleles and detection of ELISA PGL-1.

Serological  tests

Detection of IgM antibodies against PGL-1 of M.  leprae was
performed by ELISA technique, developed according to the
methodology described by Brett et al., 1983. All sera were
tested in duplicate and the ELISA results were considered pos-
itive when optical density (OD) was equal to or greater than
0.150 (the mean absorbances plus three standard deviations
of 100 healthy individuals).

The kit manufactured by Orange Life in Brazil was used for
immunochromatography technique (NDO-LID), adding 10 �L
of plasma followed by 100 �L running buffer (2–3 drops). The
test result was considered positive when they presented color
in the test and control lines. The result was considered neg-
ative when no color was seen in the test line. The tests were
photographed using a DSC-HX9V camera (Sony, Tokyo, Japan)
20 min  after the addition of the buffer solution.

DNA  extraction

The salting out technique was used to obtain DNA from the
leukocytes. The concentration of the sample was adjusted at
20 ng/mL and stored at −80 ◦C in a freezer until use.

HLA  typing

Typing of class I (loci A*, B*and C*) and class II (loci DRB1*,
DQA1*, DQB1*) HLA alleles was conducted using the LabTypeTM

technique (One-Lambda, USA), which applies LuminexTM

technology to the reverse DNA-SSO typing method.
The principle of the technique consists in the amplifica-

tion of the HLA region by PCR using a specific primer for
each locus. The PCR product is biotynilated, allowing it to be
detected using streptavidin conjugated with R-phycoerythrin
(SAPE). The PCR product is denatured and re-hybridized in
a specific sequence oligonucleotide probes immobilized in
fluorescence-coded microspheres. The fluorescence intensity
of PE (phycoerythrin) in each microsphere was identified by
a LabScanTM 100 flow analyzer. An analysis software (HLA
Fusion) was used to determine the HLA genotyping, which
is based on the reaction pattern compared to the patterns
associated to already identified HLA gene sequences.
Ethical  aspects

This study was approved by the Research Ethics Commit-
tee on Human Beings and by the National Research Ethics
 2 0;2  4(4):296–303

Commission (CONEP) under opinion nos. 940.163 and
1.018.673, respectively.

Statistical  analysis

The frequency of alleles was obtained by direct count.
The analysis of the association between HLA alleles

and NDO-LID results was conducted using the chi-square
or Fisher’s exact test using the Graph Pad program
(http://www.graphpad.com/quickcalcs/contingency1.cfm).
Statistical significance was considered for p-values less 0.05.
Odds Ratio (OR) with a 95% confidence interval (95%CI) was cal-
culated using SISA (http://www.quantitativeskills.com/sisa/)
when p was statistically significant.

From the HLA genotypes for the different loci,
Hardy–Weinberg equilibrium calculations were performed
and the population structure was evaluated by applying the
G test.

Given the variability of HLA specificities, HLA alleles were
presented in allelic groups to avoid the over stratification of
the sample and to perform the comparative analyses between
HLA alleles, NDO-LID, and PGL-1.

Results

Genetic  aspects  of  HLA

Typing of HLA identified 21 alleles on locus A, 52 on locus B,
22 on locus C, 42 on locus DRB1, 13 on locus DQA1, and 15
on locus DQB1. Tables 1 and 2 list the most frequent alleles in
this population, and other alleles are presented in supplemen-
tary Tables (S1–S6). The most frequent class I HLA alleles in
the Barão community were A*02:01 (29.93%), B*40:02 (14.28%),
and C*04:01 (15.65%); and for class II: DRB1*16:02 (23.81%),
DQA1*05:05 (26.19%), and DQB1*03:01 (34.7%). The same alle-
les were observed at Ipiranga community, namely, A*02:01
(29.7%), B*40:02 (18.04%), DRB1*16:02 (21.43%), DQA1*05:05
(22.18%) and DQB1*03:01 (34.21%); except for locus C, in which
the most frequent allele was HLA-C*07:01(14.28%).

Regarding the Hardy–Weinberg equilibrium calculations,
the Barão sample showed significant values for HLA-A, HLA-B
and HLA-C loci, while in the Ipiranga sample only HLA-A locus
was in equilibrium.

The results of the G test showed the existence of popula-
tion structure and low gene flow in the analyzed populations,
and similarly the F statistic elements (frequency of alleles and
presence of exclusive alleles) corroborated these findings. Due
to this structure, allele frequencies were presented separately
in each population.

Association  between  NDO-LID  and  HLA

A significant association between positive NDO-LID test
was found with alleles HLA-A*02 (43.18% vs. 24.5%, p = 0.03,
OR = 2.35) and HLA-B*53 (6.83% vs. 0.0%, p = 0.03, OR = 8.95) in

residents of Barão community. For Ipiranga community, a sig-
nificant association was found between allele HLA-B*15 (3.85%
vs. 16.25%, p = 0.05, OR = 0.19) with negative result for the NDO-
LID test. When analyzing the two populations jointly, there

http://www.graphpad.com/quickcalcs/contingency1.cfm
http://www.quantitativeskills.com/sisa/
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Table 1 – Most frequent alleles of HLA class I (loci A*, B* e C*) in Barão and Ipiranga communities.

Barão community (N = 147) Ipiranga community (N = 133)

HLA-A* n % HLA-A* n %

02:01 88 29.93 02:01 79 29.7
31:01 72 24.49 31:01 62 23.31
68:01 35 11.9 68:01 32 12.03
HLA-B* n % HLA-B* n %

40:02 42 14.28 40:02 48 18.04
35:01 36 12.24 39:01 35 13.16
39:01 32 10.88 07:02 21 7.89
HLA-C* n % HLA-C* n %

04:01 46 15.65 07:01 38 14.28
08:03 28 9.52 08:03 36 13.53
02:02 26 8.84 03:04 34 12.78

N, number of individuals; n, number of alleles (2n); %, allele frequency; boldface, most frequent allele.

Table 2 – Most frequent alleles of HLA class II (DRB1*, DQA1*, DQB1*) in Barão and Ipiranga communities.

Barão community (N = 147) Ipiranga community (N = 133)

HLA-DRB1* n % HLA-DRB1* n %

16:02 70 23.81 16:02 57 21.43
07:01 28 9.52 04:11 24 9.02
03:01 19 6.46 14:02 19 7.14
HLA-DQA1* n % HLA-DQA1* n %

05:05 77 26.19 05:05 59 22.18
03:01 47 15.99 03:01 45 16.92
01:02 41 13.94 04:01 37 13.91
HLA-DQB1* n % HLA-DQB1* n %

03:01 102 34.7 03:01 91 34.21
03:02 44 14.96 04:02 40 15.04
02:01 22 7.48 03:02 38 14.28
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N, number of individuals; n, number of alleles (2n); %, allele frequenc

as an association between seropositivity to the test and
he HLA-B*57 allele (6.25% vs. 1.15%, p = 0.03, OR = 5.73), and
eronegativity with alleles HLA-B*15 (6.25% vs.14.37, p = 0.005,
R = 0.39) and HLA-C*02 (2.08% vs.10.92%, p = 0.008, OR = 0.17)

Table 3).

ssociation  between  PGL-1  and  HLA

lleles HLA-B*40 (31.25% vs. 15.15%, p = 0.04, OR = 2.56) and
LA-C*03 (40.62% vs. 20.43%, p = 0.021, OR = 2.66) were asso-
iated with a positive serological response to the ELISA PGL-1
est at Barão and Ipiranga communities (Table 4). The reduced
umber of participants with positive PGL-1 (16 individuals) did
ot enable the assessment of the association in each popula-

ion separately.

iscussion
he knowledge of HLA alleles is an important instrument to
nderstand the origin of populations, and their determination
ontributes to the understanding of mechanisms associated
ith susceptibility or resistance to certain diseases.7,31,32
dface, most frequent allele.

This study showed class I and II HLA alleles found in
the population of the Puyanawa indigenous reserve. The
most frequent alleles were HLA-A*02:01, HLA-B*40:02, HLA-
C*04:01, HLA-C*07:01, HLA-DRB1*16:02, HLA-DQA1*05:05, and
HLA-DQB1*03:01.

The finding of lack of equilibrium for the different loci
in both populations was not apparently due to inbreeding
processes, but, in contrast, the HLA-A locus at the Barão com-
munity and HLA-DQB1 at the Ipiranga community indicated a
slight increased number of heterozygotes.

Although the structuring was observed, as well as a low
gene flow among the analyzed populations (G test and F statis-
tic), there has been no loss of allele diversity or crossbreeding
that would direct the population to eventual homozygosis.
Even being of the same ethnicity, marriage between individu-
als from these two villages is not very frequent, which explains
the low gene flow observed.

According to data from Rede Brasil de Imunogenética (Brazil
Immunogenetics Network), alleles HLA-A*02, HLA-B*40, and

HLA-DRB1*16:02 are among the most frequent in the popula-
tion of Acre. These results demonstrate the similarity between
the Puyanawa indigenous population and the population of
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Table 3 – Significant associations between the NDO-LID test and HLA alleles of indigenous residents of Barão and
Ipiranga communities (n = 135), Acre state, Brazil.

HLA Barão community

NDO-LID p-value OR 95%CI

Positive (N = 22) Negative (N = 47)

n % n %

A*02 19 43.18 23 24.8 0.03 2.35 1.1–5.01
B*53 03 6.83 0 0 0.03 8.95 0.97–82.54

HLA Ipiranga community

NDO-LID p-value OR 95%CI

Positive (N = 26) Negative (N = 40)

n % n %

B*15 2 3.85 13 16.25 0.05 0.19 0.04–0.92

HLA Barão and Ipiranga communities

NDO-LID p-value OR 95%CI

Positive (N = 48) Negative (N = 87)

n % n %

B*15 6 6.25 25 14.37 0.005 0.39 0.15–1.0
B*57 6 6.25 2 1.15 0.03 5.73 1.13–28.99
C*02 2 2.08 19 10.92 0.008 0.17 0.04–0.76

NDO-LID.
HLA, human leukocyte antigen.
N, number of individuals; n, number of alleles (2n); %, allele frequency; p, Fisher’s exact test (p ≤ 0.05).
OR, odds ratio.
95%CI, 95% confidence interval.

Table 4 – A significant association between the ELISA PGL-1 test and HLA alleles on residents of Barão and Ipiranga
communities, Mâncio Lima, Acre, Brazil, 2018 (n = 109).

HLA alleles Barão and Ipiranga communities

aPGL-1 p-value OR 95%CI

Positive (N = 16) Negative (N = 93)

n % n %

B*40 10 31.25 28 15.05 0.04 2.56 1.1–5.99
C*03 13 40.62 38 20.43 0.021 2.66 1.21–5.87

a-PGL-1, Anti-PGL-1 ELISA.
HLA, human leukocyte antigen.
N, number of individuals; n, number of alleles (2n); %, allele frequency; p, Fisher’s exact test (p ≤ 0.05).
OR, odds ratio.

95%CI, 95% confidence interval.

the state of Acre, showing the miscegenation between these
populations.

The history of the Puyanawa people is marked by a
long process of domination, enslavement, and disappear-
ance of their culture and language. Like many  peoples of

Acre, they suffered from the growth of the extraction of
natural rubber in the region in the early 20th century.
Since the first contacts with non-indigenous peoples, many
have died in conflicts or from diseases acquired in this
process.33

The HLA class I and II alleles most frequently found in this
study had already been described in Terena indigenous popu-
lations, who mostly inhabit the state of Mato Grosso do Sul34
except for allele HLA-DQA1*05:05, which is present among
Guarani and Kaingang indigenous people31 and Cayapa people
in Ecuador.35
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b r a z j i n f e c t d i s .

Alleles DRB1*16:02 and DQB1*03:01 are frequent among the
ndigenous populations of Xavantes, Guarani Kaiowá, Guarani

bya, Guarani Nandeva, Kaingang, and Ticuna in Brazil,31 and
ayan peoples in Guatemala.36

The Brazilian population has a great allelic diversity result-
ng from the miscegenation among Caucasians, Africans,
nd indigenous peoples.37,38 The identification of HLA alleles
hows Italian immigration to the southern region of Brazil,
utch to the Northeast, and Moroccan Jews in the Ama-
on region.38 During the period known as the rubber cycle,
he state of Acre received many  migrants from the North-
ast region – mainly from Ceará – due to a drought in the
ate 19th century, as well as individuals from São Paulo and
yria/Lebanon.39

A study on the frequency of different HLA-DRB1 alleles
n individuals from endemic areas for malaria in the North
egion of Brazil, including a municipality in Acre, identified
hat the most frequent alleles were HLA-DRB1*04, DRB1*08,
RB1*07, and DRB1*13 and that the high prevalence of allele
LA-DRB1*04 reflects the contribution from indigenous peo-
les to the genetic composition of the Brazilian population –
specially in the north of the country40 – since this allele is
haracteristic of indigenous peoples of the Americas.41 These
esults were also observed in group evaluated in our study.
onsidering both populations together, the frequency of the
LA-DRB1*04 allelic group was 34.35%, with HLA-DRB1*04:11
eing the most frequent. The frequencies of alleles HLA-
RB1*07, DRB1*08, and DRB1*13 were 15.91%, 17.29%, and
9.34%, respectively.

The distribution of HLA alleles and haplotypes in ethnic
roups that compose the Brazilian Registry of Voluntary Bone
arrow Donors (REDOME) presents frequent alleles in indige-
ous peoples, such as HLA-A*03:04, A*23:02, A*29:03, A*31:28,
LA-B*35:21, and states where the allele HLA-B*40:15 was
nly observed in the indigenous ethnic group.42 We verified
he presence of HLA-B*40 as the most frequent allele; how-
ver, the genotype found in the Puyanawa population was
LA-B*40:02.

The most frequent allele in the Puyanawa population in
his study was HLA-DRB1*16:02. Alleles HLA-DRB1*15 and
RB1*16 have been associated with leprosy, especially in

ndians, Japanese, and Brazilians.5,8,16 HLA-DRB1*16:01 was
ssociated with susceptibility to BL,5 whereas HLA-DRB1*16:02
o LL.43 Although the study with the Brazilian population was
onducted in a sample different from that of our study, and
ince leprosy cases have occurred in the indigenous reserve
n the past, we  can hypothesize that the identification of
LA-DRB1*16:02 could suggest that these individuals would
e the most predisposed to the manifestation of leprosy. Stud-

es with greater control must be conducted to confirm these
esults.

To date, there are no studies assessing the association of
ositive serology (NDO-LID and PGL-1) for leprosy with HLA
lleles. However, there are positive associations linked to these
olecules with leprosy and its clinical forms and reactions

ue to their importance in the presentation of antigens and

riggering humoral immune response. Knowing that serologi-
al methods use techniques based on the detection of specific
nti-M.  leprae antibodies and that seropositivity to the tests
ainly show responses triggered by humoral immunity with
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a higher presence of antibodies against the bacillus,18,21,22 our
study showed that HLA alleles contribute to seroconversion to
NDO-LID and ELISA PGL-1 tests.

Barreto et al.,44 stated in their study that the chances of
developing leprosy in people seropositive to the surface pro-
tein of the M.  Leprae were 2.7-fold higher than in seronegative
people (p < 0.01), indicating that in a follow-up of 10 seropos-
itive individuals, there is a greater than 90% probability of
detecting at least one new case in two years.

Serological studies from different regions of Brazil
confirmed the anti-LID-1 and anti-NDO-LID tests as diag-
nostic tools for the detection of multibacillary leprosy
and identification of individuals with subclinical M. leprae
infection.20,26

The increase in HLA-A*02 and HLA-B*53 frequencies sug-
gest, respectively, a two- and nine-fold higher risk of having a
positive serological response to the NDO-LID test, respectively.
On the other hand, individuals who presented the HLA-B*15
allele were less likely to respond to the test and, consequently,
have lower chances of developing MB, or even getting sick.
In a distinct population, Santana et al.,6 observed the pres-
ence of HLA-B*53 (p = 0.05 and pc > 0.05) in patients with BL,
and association of the HLA-B*15 allele (p = 0.05 and pc > 0.05)
with the manifestation of the type 1 reaction. In the joint
analysis of the two populations, there was association with
HLA-B*57 increasing the chance by almost six-fold of having
positive serological results to NDO-LID, whereas the HLA-B*15
and HLA-C*02 alleles would reduce this possibility.

Seronegativity does not rule out the possibility of disease
development. The chance is much higher in seropositive than
in seronegative individuals.21,44 According to a follow-up study
in schoolchildren, 22.3% and 9.4% of seropositive and seroneg-
ative individuals, respectively, developed leprosy.44

The analysis of HLA molecules of the population of the
two communities with ELISA PGL-1 showed that HLA-B*40,
and HLA-C*03 alleles were associated with an almost 3-fold
greater chance of presenting positive serological response. In a
review published by Jarduli et al.,8 HLA-B*40 antigen and HLA-
A*02-B*40, HLA-A*11-B*40 and HLA-A*24-B*40 haplotypes were
frequent in Indians with leprosy.

Studies have shown that seropositivity to ELISA anti-PGL-
1 associated with the risk of developing leprosy, especially
in intra-domiciliary contacts of MB cases18,19,21,45 is directly
related to genetic susceptibility, frequent exposure to the
bacillus, and leprosy endemicity.25,45,46 Moreover, evidence
also shows that increased age, health problems, and socioe-
conomic conditions are associated with increased disease
risk.47

Thus, establishing the HLA frequency of this indigenous
community was crucial to characterize the genetic profile of
this population, contributing to the distribution of HLA alleles
in the Brazilian population and establishing the HLA associ-
ation with serological tests (NDO-LID and PGL-1) used in the
diagnosis and monitoring of leprosy. The association of HLA
alleles and seropositivity to surface proteins of M.  leprae may
be a genetic indication for the predisposition to leprosy. How-
ever, more  studies are needed to further establish the role of

HLA alleles in seroconversion to the rapid NDO-LID and ELISA
PGL-1 tests, and so appropriately targeted public health poli-
cies are established.
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