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ABSTRACT
Background: Serological tests for antibody measurement in leprosy have a series of limitations 
in discriminating contacts and patients. The present paper intends to evaluate if association of 
more than one antibody isotype in serum samples may be a useful tool in leprosy diagnosis.
Methods: This study evaluated 395 leprosy contacts and 71 leprosy index cases living in 
endemic municipalities in Northeastern Brazil. The participants were evaluated according to 
their anti-phenolic glycolipid antigen-I isotype (PGL-I) profile. Serum anti-PGL-I IgM, IgG, and 
IgA were measured by indirect ELISA.
Results: A strong association was found for antibody positivity in MB leprosy index cases. The 
odds ratios were 6.11 (95% CI 3.08 – 12.16) for IgM, 3.31 (1.66 – 6.61) for IgG, and 16.97 (8.39 – 
34.2) for IgA. For IgM associated with one or more isotypes, the OR was 21.0 (95% CI 10.11 – 
43.64), and for IgG + IgA, the OR was 17.58 (6.23 – 49.54). The highest diagnostic sensitivity of 
76.0% (95% CI 61.8 – 86.9) was observed for IgM, and the lowest value was 24.1% (13.0 – 38.2), 
which was observed for IgG + IgA isotypes. Regarding presumptive positive predictive values, 
the lowest value was obtained for IgM at 24.7% (95% CI 18.1 – 32.3), and the highest values 
were observed for IgM+ one or more isotypes and for IgG + IgA isotype at 60.0% (44.3 – 74.3) 
and 66.7% (41.0 – 86.7), respectively.
Conclusions: The present work demonstrated that by associating two or more positive anti
body isotypes, the risk of facing a real case of leprosy may increase.
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Introduction

Worldwide, 202,185 new cases of leprosy were 
reported by the World Health Organization (WHO) in 
2019 [1]. Of these, 29,936 occurred in the Americas, 
and 27,864 were reported in Brazil (approximately 
93.07% of the total in the Americas) [1]. The three 
countries with the highest number of new reported 
cases in that year were India, Brazil, and Indonesia, 
which accounted for 79.01% of new leprosy cases [1]. 
Although there has been a progressive decrease in the 
incidence of leprosy, the data do not seem to be in line 
with reality. For instance, there are many undiagnosed 
cases that need to be investigated by active searches 
in hyperendemic areas [2].

In 2019, Brazil had an average detection rate of 
13.23 new cases for every 100,000 inhabitants, and 
78.4% were diagnosed with the multibacillary form 
[3]. In the same year, 1545 new cases were reported 
in children below 15 years of age [4]. Of these cases, 50 
presented with grade 2 disability (3.23%), which is 

representative of late diagnosis [4]. For this reason, 
one of the pillars of the global strategy against leprosy 
has been to reduce the rate of new cases in children 
with this level of disability [1].

Diagnosis of leprosy in children reflects active trans
mission of the bacteria in the community and failures 
in health strategies [5]. According to the epidemiolo
gical bulletin on leprosy of the health secretariat of the 
state of Ceará, Brazil, the state’s detection rates were 
17.2 cases per 100,000 inhabitants in 2019, and there 
were 2.8 cases in children below 15 years of age per 
100,000 inhabitants [6]. A new proposal of the WHO 
includes early detection of new cases, accurate diag
nosis, and treatment [7].

However, there is great difficulty in diagnosing 
leprosy in its earliest stages due to the failure of follow
ing up leprosy contacts. People who have close con
tact with an index case are at risk of acquiring the 
disease, but there are still individuals who develop 
the disease without knowing an index case [8]. The 
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monitoring of people who have contact with index 
cases of leprosy is considered an effective measure 
for the early diagnosis of new cases [9].

A question that is frequently raised is whether ser
ological tools could be used for detecting those who 
are prone to developing the disease [10]. It is well 
documented that seropositive contacts – those who 
present positive anti-phenolic glycolipid 1 IgM (anti- 
PGL-I) titers – have 2.7 times higher risk of developing 
leprosy than those who are seronegative. However, it is 
also known that less than 45% of anti-PGL-I IgM con
tacts develop leprosy [11]. Thus, in the present work, 
we intend to evaluate if association of more than one 
antibody isotype in serum samples may be a useful 
tool in leprosy diagnosis. This approach was examined 
through a cross-sectional study in four municipalities 
of the northeastern region of Brazil.

Material and methods

Study design – The present work is a cross-sectional 
study and included children and young people aged 4 
to 15 years who were in contact with leprosy index 
cases. The contacts and index cases were living in 
municipalities with high, very high, or hyperendemic 
rates of leprosy. The municipalities were Rio Largo (RL, 
Alagoas, high endemicity), Santana do Ipanema (SI, 
Alagoas, very high endemicity), São Gonçalo do 
Amarante (SGA, Ceará, high endemicity), and Canindé 
(CAN, Ceará, hyperendemic leprosy rates). Home visits 
were scheduled for children and young people to be 
examined by skilled nursing professionals and trained 
students. In the municipalities of SGA and CAN, the 
project relied on the Academic League of Stigmatized 
Diseases, which was coordinated by the PhD nurse 
Paula Sacha Nogueira. In the municipalities of RL and 
SL, the participants were evaluated by local skilled 
nursing professionals at the Specialized Unit in 
Tuberculosis and Leprosy, Santana do Ipanema, and 
by nursing students and professionals under supervi
sion of the PhD nurse Clodis Maria Tavares in Rio Largo.

Leprosy contacts – Contacts aged 4–15 years old 
(N = 395) were evaluated in terms of the presence of 
lesions (aspect, number) and nerve thickness. Endogen 
histamine and thermal, pain, and tactile sensitivity 
were evaluated when necessary. A clinical sociodemo
graphic questionnaire was administered to the partici
pants (see supplementary material appendices 1 
and 2).

Children and young people who lived inside the 
index case’s home were classified as household con
tacts (HH). Those living up to five houses to the right or 
left of the index case’s home were considered perido
micilliary contacts (PD). Friends and relatives who spent 
some time in the index case’s house were also included 
in the former group. The participants were also classi
fied according to the WHO operational classification of 

leprosy index cases as paucibacillary (PB) and multiba
cillary (MB) contacts [12]. At the health center, blood 
was collected (4 mL) in tubes containing anticoagulant, 
and after centrifugation, serum samples were aliquoted, 
transported to the Laboratory of Immunology, UFC, 
Ceara, and maintained at −20° C until analysis.

Index cases – Leprosy patients (N = 71, aged 10 to 
97 years old) were selected according to the registra
tion of the National Notifiable Diseases System (SINAN) 
of each municipal health secretariat and defined as 
index cases. They were invited to go to a health center, 
where a clinical sociodemographic questionnaire (see 
supplementary material appendix 3) was administered, 
and venous blood without anticoagulant was collected 
(4 mL). After obtaining serum, the samples were trans
ported to the Laboratory of Immunology, UFC, Ceará, 
and maintained at −20° C until analysis.

The index cases were classified in paucibacillary or 
multibacillary according to the WHO classification [12]. 
A paucibacillary clinical form was considered when 
a compromised anatomical region and/or nervous 
trunk was identified. A multibacillary clinical form was 
considered when two or more anatomical regions or 
more than one nervous trunk were affected. 
Information about treatment was also obtained from 
the medical records.

Ethical aspects – The project was approved by the 
National Committee for Research Ethics (process CAAE 
11709213.9.0000.5054). After explanation of the pro
ject, the guardians of the participants were asked to 
sign a consent form. Participants aged 8 to 15 years old 
were also asked to sign a consent form themselves, as 
were the index cases.

Serological tests – Serum anti-PGL-I antibodies were 
measured as described by Macedo et al. [13] with slight 
modifications. Microplates precoated with 5 mg/L of 
native PGL-I (donated by BEI Resources/ATCC, 
Manassas, USA) were incubated with 1% fetal bovine 
serum (FBS, GibcoTM, Brazil) in phosphate buffered 
saline (PBS, pH 7.4) for 2 h at 37°C in a humid chamber. 
After washing, serum samples were diluted in PBS with 
0.5% FBS (1:200 for IgG and IgM; 1:50 for IgA), added to 
plates (50 μL per well in duplicate), and incubated for 
2 h at 37°C. After washing, the conjugates [peroxidase- 
labeled anti-IgG (code A0170, Sigma, USA), anti-IgM 
(code SA5-10293, Thermo, USA), and anti-IgA (code 
A0295, Sigma, USA) diluted to 1:20000, 1:2500, and 
1:12000, respectively] were added to the plates and 
incubated for 1.5 h at 37°C. After washing, the plates 
were incubated for 30 min at room temperature with 
chromogen/substrate solution for ELISA (100 μL per 
well), which contained tetramethylbenzidine (TMB) 
(Invitrogen™, USA). The reaction was interrupted by 
adding 25 μL of 2.5 N sulfuric acid. The analysis was 
performed at 450 nm and 620 nm (reference wave
length) using an ELISA plate reader (ASYS Expert Plus, 
Biochrom, UK).
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Four wells contained all reagents except for serum 
and were used as blank samples. An aliquot of pooled 
normal human serum (NHS) was used as a cutoff sam
ple and tested in all assays in quadruplicate. The NHS 
pool comprised serum samples from 50 local blood 
donors, who were seronegative for HIV, Chagas, hepa
titis B and C, HTLV, syphilis and did not present leprosy 
at the time of sample collection [13]. Titration of the 
conjugates were done in order that the optical density 
(OD) of the cutoff serum sample did not exceed 0.250. 
The negative control OD should be below the men
tioned value, and the positive control OD should be at 
least five times above the mentioned value (see sup
plementary material appendix 4).

Statistical analysis – The data were analyzed using 
nonparametric tests as the values did not follow 
a Gaussian distribution (Kolgomorov-Smirnov test). 
The Kruskall-Wallis test was used to compare antibody 
levels from three or more groups. The Fisher test was 
used to analyze the possible association between the 
frequency of positive or negative serum antibody 
levels in leprosy index cases and contacts. The odds 
ratio (OR) and 95% confidence interval were calculated 
to evaluate the odds of presenting leprosy and 1 or ≥ 2 
positive serum antibody isotypes. Diagnostic sensitiv
ity and specificity and positive and negative predictive 
values were also calculated. All statistical analyses were 
performed using GraphPad Prism version 6.0, and the 
level of statistical significance was 5% (p < 0.05).

Results

The study included 395 leprosy contacts in the age 
group of 4 to 15 years, who were divided in those 
without lesions (N = 340, named healthy contacts) 
and those with suspected lesions (N = 55). Among 
those without lesions (Table 1A), 175 were female chil
dren (median age 10 years old), and 165 were male 
children (median age 9 years old). The participants were 
classified as HH contacts (N = 67), PD contacts (N = 273), 
PB contacts (N = 89), and MB contacts (N = 251).

Among those with lesions (Table 1B), there were 29 
female children (median age 11 years old) and 26 male 
children (median age 10 years old). The participants 
were classified as HH (N = 20), PD (N = 35), PB (N = 23), 
and MB (N = 32) contacts. Three of them showed nerve 
thickness. They presented grade 0 disability. The parti
cipants with suspected lesions or nerve thickness were 
referred to the health center to be examined by 
a physician. After the project was finished, 7 contacts 
with suspicion got diagnosis of leprosy (6 with the 
indeterminate clinical form and 1 with the borderline 
clinical form of leprosy).

Thirty female index cases (median age 46 years old) 
and 41 male index cases (median age 50 years old) 
were included in the study (Table 1C). The index cases 
were classified as having the PB clinical form (N = 21) 
and MB clinical form (N = 50). Eighteen index cases 
(25.4%) were under treatment, 12 index cases (16.9%) 
were recruited one year after treatment, 6 index cases 
(8.5%) were recruited two years after treatment, and 25 
index cases (35.2%) were recruited 3 or more years 
after treatment. Information regarding treatment 
from ten index cases was missing in the medical 
records (14.1%). No statistical differences were found 
with respect to antibody levels considering the year 
after treatment (Kruskal-Wallis test, p = 0.61 for IgM, 
p = 0.075 for IgG and p = 0.61 for IgA, data not shown).

Serum anti-PGL-I titers

Figure 1 presents the interquartile ranges and medians 
of anti-PGL-I IgM, IgG, and IgA levels in serum samples 
from MB contacts without lesions (MB healthy con
tacts; N = 251), MB contacts with suspected lesions 
(N = 32), and MB leprosy index cases (N = 50). Anti- 
PGL-I IgM levels were higher in MB leprosy index cases 
than in MB healthy contacts (Kruskal-Wallis test, 
p < 0.0001) and MB contacts with lesions (K-W test, 
p < 0.01). Anti-PGL-I IgG levels were higher in MB 
leprosy index cases than in healthy contacts 
(K-W test, p < 0.001). Anti-PGL-I IgA levels were higher 
in MB leprosy index cases than contacts with or with
out lesions (K-W test, p < 0.0001).

Figure 2 presents the interquartile ranges and med
ians of anti-PGL-I IgM, IgG, and IgA levels in serum 
samples from PB healthy contacts (N = 89), PB contacts 
with suspected lesions (N = 23), and PB leprosy index 
cases (N = 21). The only isotype that presented any 
statistical difference was IgA. Anti-PGL-I IgA levels were 
higher in PB leprosy index cases than contacts without 
lesions (K-W test, p < 0.01).

Figure 3 presents the interquartile ranges and med
ians of anti-PGL-I IgM, IgG, and IgA levels in serum 
samples from MB contacts who were household con
tacts (HH contacts; N = 6), MB peridomicilliary contacts 
(PD contacts; N = 26), and MB leprosy index cases 
(N = 50). Anti-PGL-I IgM levels were higher in MB 
leprosy index cases than in HH and PD multibacillary 
contacts (K-W test, p < 0.01 and p < 0.0001, respec
tively). Anti-PGL-I IgG levels were higher in MB leprosy 
index cases than in HH and PD multibacillary contacts 
(K-W test, p < 0.0001 and p < 0.01, respectively). Anti- 
PGL-I IgA levels were higher in MB leprosy index cases 
than HH and PD multibacillary contacts (K-W test, 
p < 0.0001).
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Figure 4 presents the interquartile ranges and med
ians of anti-PGL-I IgM, IgG, and IgA levels in serum 
samples from PB household contacts (N = 14), PB 
peridomicilliary contacts (N = 14), and PB leprosy 

index cases(N = 21). The only isotype that presented 
any statistical difference was IgA. Anti-PGL-I IgA levels 
were higher in PB leprosy index cases than PB perido
micilliary contacts (K-W test, p < 0.05).

Table 1. Age range, gender, and clinical forms of leprosy index cases, household (HH) contacts and peridomicilliary (PD) contacts 
without lesions (healthy contacts), and those with lesions.

(A) Contacts without lesions (healthy contacts) (N = 340)
Gender Age median 

(range)
Type of contact

HH 
(N = 67)

PD 
(N = 273)

PB 
(n = 14)

MB 
(N = 53)

PB 
(N = 75)

MB 
(N = 198)

Female (N = 175) 10 
(4–15 years old)

7 27 42 99

Male 
(N = 165)

9 
(4–15 years old)

7 26 33 99

(B) Contacts with lesions (N = 55)
Gender Age median 

(range)
Type of contact

HH 
(N = 20)

PD 
(N = 35)

PB 
(N = 14)

MB 
(N = 6)

PB 
(N = 9)

MB 
(N = 26)

Female (N = 29) 11 
(4–14 years old)

5 2 5 17

Male (N = 26) 10 
(5–15 years old)

9 4 4 9

(c) Index cases (N = 71)
Gender Age median 

(range)
Clinical form (n = 71)

PB (N = 21) MB (N = 50)
Female (N = 30) 46 

(10–81 years old)
12 18

Male (N = 41) 50 
(15–97 years old)

9 32

Obs. HH (household contacts); PD (peridomicilliary contacts); PB (paucibacillary); MB (multibacillary).

Figure 1. Interquartile ranges and medians of anti-PGL-I IgM, 
IgG, and IgA levels in serum samples from MB (multibacillary) 
contacts without lesions/MB healthy contacts (HC; N = 251), 
MB contacts with suspected lesions (LC; N = 32), and MB 
leprosy index cases (IC; N = 50). The cutoff values were 1.1 
for IgA and 1.2 for IgG and IgM isotypes. ap<0.0001, Kruskal- 
Wallis test, anti-PGL-I IgM levels in MB index cases were higher 
than in MB healthy contacts; bp<0.01, Kruskal-Wallis test, anti- 
PGL-I IgM levels in MB index cases were higher than in MB 
contacts with lesions; cp<0.001, Kruskal-Wallis test, anti-PGL-I 
IgG levels in MB index cases were higher than in MB healthy 
contacts; dp<0.0001, Kruskal-Wallis test, anti-PGL-I IgA levels 
in MB index cases were higher than in MB healthy contacts 
and contacts with lesions.

Figure 2. Interquartile ranges and medians of anti-PGL-I IgM, 
IgG, and IgA levels in serum samples from PB (paucibacillary) 
contacts without lesions/PB healthy contacts (HC; N = 89), PB 
contacts with suspected lesions (LC; N = 23), and PB leprosy 
index cases (IC; N = 21). The cutoff values were 1.1 for IgA and 
1.2 for IgG and IgM isotypes. *p < 0.01, Kruskal-Wallis test, 
anti-PGL-I IgA levels in PB index cases were higher than in PB 
healthy contacts.
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Frequency of positive anti-PGL-I antibodies

The frequency of positive antibody isotypes was eval
uated in leprosy index cases with the PB clinical form 
(Table 2) and the MB clinical form (Table 3) in associa
tion with healthy contacts. No association was found 
between the positivity of anti-PGL-I and index cases 
with the PB clinical form, irrespective of the isotype 
(p = 1.0 for IgM and IgG and p = 0.055 for IgA, Fisher 
test). Nonetheless, a strong association was found for 
all antibody isotypes in MB leprosy index cases 
(p < 0.0001 for IgM and IgA and p = 0.0014 for IgG, 
Fisher test).

Regarding the IgM isotype, the OR was 6.11 (95% 
CI 3.08–12.16). For the IgG isotype, the OR was 3.31 
(95% CI 1.66–6.61). For the IgA isotype, the OR was 
16.97 (95% CI 8.39–34.2). When positive IgM was 

considered together with one or more isotypes 
(p < 0.0001, Fisher test), the OR was 21.0 (95% CI 
10.11–43.64), and when positive IgG and IgA status 
was analyzed (p < 0.0001, Fisher test), the OR was 
17.58 (95% CI 6.23–49.54).

The highest diagnostic sensitivity was observed for 
the IgM isotype at 76.0% (95% CI 61.8–86.9), and the 
lowest value was observed for IgG + IgA isotypes at 
24.1% (95% CI 13.0–38.2). With respect to diagnostic 
specificity, the highest value was obtained for IgG + 
IgA isotypes at 98.2% (95% CI 96.2–99.4), and the low
est value was for the isolated IgM isotype at 65.9% 
(95% CI 60.6–70.9). Regarding presumptive positive 
predictive values, the lowest value was obtained for 
IgM at 24.7% (95% CI 18.1–32.3), and the highest 
values were observed for IgM + one or more isotypes 
and for IgG + IgA isotype at 60.0% (95% CI 44.3–74.3) 
and 66.7% (95% CI 41.0–86.7), respectively. Negative 
predictive values were high for all the isolated or asso
ciated isotypes. For instance, for the IgM isotype, the 
negative predictive value was 94.9 (95% CI 91.3–97.4), 
and that for IgM associated with one or more isotypes 
was 93.3% (95% CI 90.2–95.7).

Figure 3. Interquartile ranges and medians of anti-PGL-I IgM, 
IgG, and IgA levels in serum samples from MB (multibacillary) 
contacts who were household (HH, N = 6), or MB peridomi
cilliary contacts (PD, N = 26), and MB leprosy index cases 
(N = 50). The cutoff values were 1.1 for IgA and 1.2 for IgG 
and IgM isotypes. ap<0.0001, Kruskal-Wallis test, anti-PGL-I 
IgM levels in MB index cases were higher than in PD contacts; 
bp<0.01, Kruskal-Wallis test, anti-PGL-I IgM levels in MB index 
cases were higher than in HH contacts; cp<0.0001, Kruskal- 
Wallis test, anti-PGL-I IgG levels in MB index cases were higher 
than in HH contacts; dp<0.01, Kruskal-Wallis test, anti-PGL-I 
IgG levels in MB index cases were higher than in PD contacts; 
ep<0.0001, Kruskal-Wallis test, anti-PGL-I IgA levels in MB 
index cases were higher than in HH and PD contacts.

Figure 4. Interquartile ranges and medians of anti-PGL-I IgM, 
IgG, and IgA levels in serum samples from PB (paucibacillary) 
household contacts (HH, N = 14), PB peridomicilliary contacts 
(PD, N = 14), and PB leprosy index cases (N = 21). The cutoff 
values were 1.1 for IgA and 1.2 for IgG and IgM isotypes. 
*p < 0.05, Kruskal-Wallis test, anti-PGL-I IgA levels in PB 
index cases were higher than in PD contacts.

Table 2. Frequency of positive/negative anti-PGL-I levels in paucibacillary leprosy index cases and healthy contacts.
Serum anti-PGL1

IgM IgG IgA
IgM + one or more 

isotypes IgG + IgA

Index 
cases 

(n = 21)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 21)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 21)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 21)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 21)

Healthy 
contacts 

(n = 340)

Positive 7 116 2 39 4 22 3 18 1 6
Negative 14 224 19 301 17 318 18 322 20 334
Fisher 

test
p = 1.0 p = 1.0 p = 0.055 p = 0.11 p = 0.35
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Discussion

Although leprosy has been eliminated as a public 
health problem in several countries [14], Brazil is one 
of the countries that still suffers from a high incidence, 
late diagnosis, and grade 2 physical disability at diag
nosis [15]. Diagnosis in primary care is essentially clin
ical based on the search for injuries with altered 
sensitivity and/or thickened nerves [12]. Delays in diag
nosis are due to a lack of the patient’ knowledge, as 
well as a lack of knowledge and skill of health profes
sionals [16]. In addition, a lack of government attention 
may directly affect the quality of service provided to 
the population [7]. Another worrying factor is leprosy 
in children, which represent recent infections and high 
transmission rates [17]. Furthermore, children with 
leprosy indicate that they were possibly contacts of 
undiagnosed and therefore untreated leprosy patients 
[18].

Diagnostic tests have been developed and estab
lished for a multitude of infectious diseases [19], even 
for those just recently described [20]. Regarding 
leprosy diagnosis, as it is a disease that has practically 
no laboratory tests as support tools, there is a risk of 
the diagnosis being delayed by up to 10 years in Brazil 
[16], as well as other countries [21]. The only laboratory 
test available is intradermal smear microscopy, which 
can have a negative result in cases of paucibacillary 
clinical forms of leprosy [12]. Therefore, the search for 
biomarkers that consider the immune response to 
mycobacteria is extremely relevant [22].

Regarding detection of antibodies against PGL-I anti
gen, which is specific to the mycobacterium [23], Araújo 
et al. [24] found in a longitudinal study with 10 years of 
follow-up that those who were seropositive for anti-PGL 

-I had a 5.7-fold increased risk of developing leprosy. 
The authors reported disease confirmation in 2% of the 
participants. According to Penna et al. (2016), contacts 
with positive anti-PGL-I have a 3-fold higher risk of 
developing leprosy than those with negative anti-PGL 
-I. In their systematic review and meta-analysis, the 
authors found an overall OR of 3.05 with diagnostic 
sensitivities ranging of 1.96 to 39.29% and diagnostic 
specificities of 83.52 to 98.03% [11].

Leturiondo et al. (2021) highlight a fundamental 
point in that although serological tests have a series 
of limitations, they can be important to assist in 
clinical routine (for example, in differentiating 
leprosy from other dermatological conditions). 
Assessing endemic controls and patients and con
sidering the paucibacillary and multibacillary clinical 
forms, the authors found diagnostic sensitivities of 
32% and 81%, diagnostic specificities of 81.7% and 
99%, positive predictive values of 14.9% and 43.3%, 
and negative predictive values of 92.9% and 94.6%, 
respectively [25].

In a study carried out by our group, a strong correla
tion was demonstrated between the anti-PGL-I IgM 
and IgA levels (r = 0.74; p < 0.0001), and there was 
a moderate association between the tests (Kappa coef
ficient of 0.48) [13]. In the multibacillary leprosy clinical 
form, diagnostic sensitivities for IgM, IgG, and IgA were 
81.3%, 21.9%, and 53.1%, respectively. In the pauciba
cillary leprosy clinical form, they were 59.1%, 22.7%, 
and 40.9%, respectively. Diagnostic specificities were 
88.2% for IgM and 100% for IgG and IgA. Therefore, at 
that time, we suggested the inclusion of the IgA iso
type in the follow-up of contacts, in addition to the IgG 
and IgM isotypes [13].

Table 3. Frequency of positive/negative anti-PGL-I levels in multibacillary leprosy patients and healthy contacts. Parameters of OR, 
diagnostic sensitivity and specificity, and negative and positive predictive values (and 95% interval confidence) for isolated anti- 
PGL- I IgA, IgM, IgG, IgM + one or more isotypes, and IgG + IgA antibody levels.

Serum anti-PGL1

IgM IgG IgA
IgM + one or more 

isotypes IgG + IgA

Index 
cases 

(n = 50)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 50)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 50)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 50)

Healthy 
contacts 

(n = 340)

Index 
cases 

(n = 50)

Healthy 
contacts 

(n = 340)

Positive 38 116 15 39 27 22 27 18 12 6
Negative 12 224 35 301 23 318 23 322 38 334
Fisher test p < 0.0001 p = 0.0014 p < 0.0001 p < 0.0001 p < 0.0001
Odds ratio 

(95% CI)
6.11 

(3.08–12.16)
3.31 

(1.66–6.61)
16.97 

(8.39–34.2)
21.0 

(10.11–43.64)
17.58 

(6.23–49.54)
Diagnostic sensitivity 

(95% CI)
76.0 

(61.8–86.9)
30.0 

(17.8–44.6)
54.0 

(39.3–68.2)
54.0 

(39.3–68.2)
24.0 

(13.0–38.2)
Diagnostic specificity 

(95% CI)
65.9 

(60.6–70.9)
88.5 

(84.7–91.7)
93.5 

(90.4–95.9)
94.7 

(91.8–96.8)
98.2 

(96.2–99.4)
Positive predictive 

value 
(95% CI)

24.7 
(18.1–32.3)

27.8 
(16.5–41.6)

55.1 
(40.2–69.3)

60.0 
(44.3–74.3)

66.7 
(41.0–86.7)

Negative predictive 
value 
(95% CI)

94.9 
(91.3–97.4)

89.6 
(85.8–92.6)

93.3 
(90.0–95.7)

93.3 
(90.2–95.7)

89.8 
(86.3–92.7)

CI = confidence interval.
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During the same period, we carried out 
a prospective follow-up study of 69 children and 
young people between 4 and 15 years of age for 
3 years [26]. One striking observation was that the 
IgG isotype showed a strong association with leprosy 
(relative risk of 8.5 times). One child who was 
a peridomicilliary contact presented increased levels 
of the IgA isotype three years before the appearance 
of a hypochromic lesion on the back of his neck. In 
the second year, he showed increased levels of IgG and 
IgA. Only in the third year of follow-up did he show 
increased levels of IgM, besides IgG and IgA [26]. This 
clearly demonstrates the importance of investigating 
the three antibody isotypes.

In the present work, we carried out a cross-sectional 
study with samples of index cases of MB and PB clinical 
forms and healthy contacts (children and young peo
ple without suggestive lesions or nerve thickening 
who lived with or next to index cases). Contacts with 
suspected lesions and/or nerve thickening were not 
included in the control group. No significant associa
tions were found for PB leprosy. Instead, based on the 
data for MB leprosy, the ORs for IgM and IgG were 6.11 
and 3.31, respectively. The highest OR values were 
found for IgA (OR 16.97), for IgM, when it was asso
ciated with one or more isotypes (OR 21.0), and for IgG 
+ IgA isotypes (OR 17.58). This means that compared to 
healthy contacts, MB leprosy index cases show 16.97, 
21.0, or 17.58 times the odds of presenting positive 
isolated IgA isotype, IgM associated with one and more 
isotypes, or IgG + IgA isotypes, respectively. This repre
sents 2.77-, 3.42- or 2.87- times higher possibilities that 
leprosy patients will present one of the former biomar
kers, respectively, than positive isolated IgM compared 
to healthy contacts.

A question that constantly arises is why IgM is 
not only used since it is known that PGL-I is 
a T-independent antigen [23]. The reason for seek
ing an association with other biomarkers is that 
although IgM alone has a higher diagnostic sensi
tivity than the other isotypes (considering the multi
bacillary forms of the disease), its diagnostic 
specificity is not as good. Therefore, it can impair 
the ability to confirm leprosy since its hypothetical 
positive predictive value is only 24.7%. Meanwhile, 
when it is associated with another isotype, there is 
a significant improvement in its positive predictive 
value, which rises to 55.1%.

Data from another study [27] corroborate our 
results, demonstrating that IgA is a biomarker that 
should be used in the follow-up of contacts and to 
help in the diagnosis of leprosy. That study found that 
IgA anti-NDO-HSA (natural octyl disaccharide bound to 
human serum albumin) presented diagnostic sensitiv
ities of 100% and 95% for the multibacillary and pau
cibacillary forms of leprosy, as well as diagnostic 
specificities of 95% and 85%, respectively.

Another question that arises is why molecular 
tests are not used instead of serological tests. In 
our recent experience, virtually no blood samples 
from contacts were positive for M. leprae DNA, and 
only one patient’s blood sample was positive 
(unpublished data). Contacts cannot be biopsied 
for obvious reasons, and nasopharyngeal molecular 
testing has no association with disease. Therefore, 
we believe that among the best biomarkers with all 
their limitations are antibodies, considering not only 
the IgM isotype but also the main isotypes present 
in the systemic circulation and associating them 
with each other and perhaps other molecules of 
the immune system, such as chemokines. The impor
tant idea is that if we associate the isotypes, the 
probability of disease can increase. In conclusion, 
when faced with two or more positive antibody 
isotypes, we may already be closer to a real case of 
leprosy. This would certainly help in the diagnosis of 
leprosy.
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