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a  b s  t r a  c t

Considering that the main route of Mycobacterium leprae transmission is the  upper respiratory

tract,  detection of salivary antibodies can be a useful tool for diagnosing early infection. The

study aimed to analyze salivary anti-PGL-1 IgA and IgM antibodies in 169 children aged 4–16

years  old, who lived nearby or inside the house of multibacillary or paucibacillary leprosy

patients in two endemic cities in Alagoas State – Brazil. Salivary anti-PGL-1 antibodies were

quantified by modified ELISA method. The frequency of contact and clinical form of the

index case were significantly associated with salivary antibody levels. High frequency of

IgM  positivity strongly suggests active transmission of M. leprae in these communities. We

suggest in the  present work that salivary anti-PGL IgA and IgM are  important biomarkers to

be used for identifying communities with probable active transmission of M. leprae.

©  2017 Sociedade Brasileira de Infectologia. Published by Elsevier Editora Ltda. This is an

open access article under the  CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Brazil is the second country with the highest incidence of

leprosy in the world.  In 2015, the country presented a  detec-

tion rate of  14.06 cases per 100,000 inhabitants.1 Although the

number of new cases seems to decrease, it may  not repre-

sent the reality. For instance, the high incidence of the  disease

among children means that an active transmission occurs in

∗ Corresponding author.
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the community.2 In 2015, the  detection rates of leprosy among

people under 15 years old in Santana do Ipanema and Rio

Largo, two Brazilian cities located in Alagoas State, were 13.77

and 32.81 per 100,000 inhabitants, respectively.3

As  the bacteria are not cultivable, secretory antibodies can

be a  useful tool to detect early infection. The nasopharynx is

the main portal of entry for Mycobacterium leprae (M.  leprae),

and the nasal epithelial cells are  an  important reservoir of the

bacteria.4 As mucosal immune organs and tissues compose an

integrated system, saliva is frequently considered to  be repre-

sentative of mucosal humoral immune response. The purpose

of the present work was to evaluate salivary anti-phenolic
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Fig. 1 – Levels of salivary anti-PGL-1 antibodies in 169 young contacts of leprosy patients. (A) Median and range of salivary

anti-PGL1 IgM and IgA in  contacts of multibacillary (MB  contacts, n = 115) and paucibacillary (PB contacts, n = 40) leprosy

patients. (B) Median and range of salivary anti-PGL1 IgM and IgA levels in household (HH, n = 57) and peridomiciliar (PD,

n = 112) contacts. Salivary anti-PGL-1 antibodies were  detected by modified ELISA method.

glycolipid 1  antigen (PGL-1) IgA and IgM isotypes among 169

leprosy contacts aged 4–16 years living in the municipalities

of Santana do Ipanema and Rio Largo (Alagoas state, Brazil).

Methods

Subjects  and  sample  collection

The contacts (n = 169) included in the  study were classified as

paucibacillary (PB  contacts, n = 40) or multibacillary (MB con-

tacts, n = 115) contacts, according to clinical form of the index

case. Fourteen contacts were not classified because the infor-

mation was not available in the patients’ medical records. The

participants were also classified as household contacts (HH,

n = 57) or peridomiciliar contacts (PD,  n  = 112). Peridomiciliar

contacts were those who were relatives of the index case but

did not live in  the same house or those who lived close to the

index case’s house (up to five houses apart). The project was

approved by the National Committee for Ethics in Research.

Unstimulated saliva samples were collected into tubes, which

were transported with ice packs to the laboratory, where they

were kept at  −20 ◦C until testing (up to three weeks after col-

lection). The presence of lesions and nerve enlargement were

investigated at the moment of sample collection. Cases sus-

pected of having the disease were referred to a  doctor and

excluded from the study.

Detection  of  salivary  anti-PGL-1  antibodies

Microplates were coated with native PGL-1 at 5  mg/L in abso-

lute alcohol for 2 h at 37 ◦C (protocol modified from Brito e

Cabral et al., 2013).5 After blocking with 1% fetal bovine serum

(FBS, LGC Bio, Brazil)-Tris solution for 2 h at 37 ◦C,  the  wells

were incubated with previously cenrifuged saliva samples

(diluted to 1:50 with 1% FBS-Tris). After 18 h at 4 ◦C and wash-

ing with 0.05% FBS-Tris solution, anti-human IgA or anti-IgM

alkaline phosphatase antibodies (Sigma, USA, 1:1000 in 1%

FBS-Tris) were  left on the plates for 2 h at 37 ◦C. After new

incubation for 2 h at 37 ◦C, and washing, the substrate solution

(1 mg/mL  p-nitrophenyl phosphate in  10% diethanolamine

containing 0.5 mM  MgCl2, pH  9.8) was  added to the wells.

After 100 min  at room temperature, absorbance readings were

recorded at 405 nm using an ELISA microplate reader. The

results were expressed as the OD mean of the values (minus

blank). The cut-off was based on the 97th percentile of normal

controls.6 Results 30% above the  cut-off value were considered

to be positive.

Analysis  of  data

The data were analyzed using nonparametric tests as  the data

did not follow a Gaussian distribution (Kolgomorov–Smirnov

test). All statistical analysis was performed using GraphPad

Prism version 5.0. The level of statistical significance was 5%

(p < 0.05).

Results

Salivary anti-PGL-1 IgM presented good correlation to salivary

IgA titers (Spearman correlation, r = 0.71, p < 0.0001). No statis-

tical significance was  found regarding the age range, either for

IgM or IgA (Kruskall–Wallis test, p = 0.149 and p = 0.312, respec-

tively, Table 1). No significant differences were either found in

IgM or IgA titers in respect to the degree of relationship with

the index case (p = 0.325 and p = 0.590, respectively, Table 1).

Contacts who reported having weekly contact with the  index

case had higher IgM antibody titers than those with daily con-

tact (p = 0.04, Table 1). MB leprosy contacts presented higher

levels of salivary anti-PGL-1 IgM and IgA (Mann–Whitney test,

p = 0.03 and p = 0.05, respectively) than PB leprosy contacts

(Fig. 1A). Interestingly, PD contacts had higher levels of sali-

vary IgM and IgA (Mann–Whitney test, p = 0.019 and p = 0.028,

respectively) than the HH contacts (Fig. 1B).

Discussion

With the advent of multidrug therapy the report of new cases

of leprosy had a  sharp decrease. However, this decline has
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Table 1 – Titers of salivary anti-PGL1 IgA and IgM in  169 young contacts of leprosy patients according to the age range of
leprosy contacts, their degree and frequency of relationship with the index case.

Salivary antibody isotype

Age range (years) IgM IgA

4–6 7–11 12–16 4–6  7–11 12–16

n 26  84 59  26 84 59

Antibody titers

(median)

0.032 0.070 0.050 0.087 0.115 0.102

Antibody titers

(interquartile

range)

0.010–0.109 0.026–0.428 0.018–0.270 0.050–0.155 0.062–0.226 0.06–0.183

Kruskall–Wallis

test, p

0.149  0.312

Family or social

relationship

with the index

case

Son/daughter

Brother/sister

Grand

son/Grand

daughter

Nephew/

niece/cousin/

cousine

Others Son/daughter

Brother/sister

Grand

son/Grand

daughter

Nephew/

niece/cousin/

cousine

Others

n 32 18  26 93  32  18 26 93

Antibody titers

(median)

0.035 0.100 0.036 0.062 0.095 0.132 0.125 0.107

Antibody titers

(interquartile

range)

0.010–0.088 0.023–0.250 0.010–0.483 0.024–0.324 0.050–0.165 0.059–0.194 0.042–0.263 0.067–0.200

Kruskall–Wallis

test, p

0.325 0.590

Frequency of

relationship

with the index

case

Daily Weeklya Monthly N.m.  Daily  Weekly Monthly N.m.

n 72  27  5 65  72 27 5 65

Antibody titers

(median)

0.037 0.25 0.087 0.050 0.100 0.130 0.076 0.110

Antibody titers

(interquartile

range)

0.010–0.190 0.030–0.550 0.038–0.399 0.02–0.232 0.058–0.185 0.076–0.260 0.062–0.362 0.060–0.199

Kruskall–Wallis

test, p

0.04  0.499

N.m. = not mentioned.
a p <  0.05 in relation to daily relationship.

become less steep in  recent years; on the  contrary, there has

been a rise in leprosy cases including children.6 This makes

the goal of eliminating leprosy impossible to  be achieved in  the

next few years,2 remembering that there are possible undiag-

nosed cases that are hidden sources of bacterial transmission.

In addition, there are many unknown aspects regarding the

ecology of M. leprae.6 Strategies are necessary to  interrupt

transmission, such as  the development of biomarkers to  iden-

tify contacts and/or to identify those at risk of developing the

disease.7

Mucosal immunity in leprosy is poorly understood,

although it is known that the nasal cavity is  one of the

first sites infected by M.  leprae, and the oral cavity can also

be affected, as  observed in  late-diagnosed patients.8 Sali-

vary antibodies of the IgA isotype have been considered as

biomarkers of infection, and also of immunity, considering

that they may  play a  role in inhibiting cell adhesion and

in  opsonophagocytosis.9 Smith et  al. (2004), in a follow-up

study of people residing in endemic regions for leprosy, found

an  initial positivity of 1.6% for polymerase-chain reaction of

nasal swab  and 67.7% for salivary anti-M.  leprae IgA.10 A very

interesting aspect observed in the study was that the fre-

quency of positivity was higher in certain seasonal periods,

especially in the presence of humidity, suggesting that the

bacillus remains in  the community but not necessarily in

the individual.10 In accordance with this hypothesis, Mohanty

and colleagues detected viable strains of M.  leprae in environ-

mental samples obtained from around the houses of leprosy

patients in  Ghatampur (India). The prolonged presence of

bacilli could play an  important role in the continued trans-

mission of leprosy.11

A  very low number of studies refer to  the presence of

anti-PGL1 IgM in saliva,5,9,12,13 which possibly indicates recent

infection, since the half-life of IgM-producing plasma cells
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is only five days, and their levels may  be correlated with

bacillary load.12 Abe et al. (1984) found a  frequency of pos-

itivity corresponding to 4.5% (five out of 110 patients).9 We

found much higher positivity of salivary anti-PGL1 IgM iso-

type among leprosy contacts, i.e. 17 out of 47 samples (36.1%)

in Rio Largo, and 15 out of 122 samples (12.3%) of children

from Santana do Ipanema. Likewise, in  a  previous study car-

ried out in Crato and Maracanaú cities, state of Ceara, Brazil,

13 out of 135 samples (9.6%) turned out positive for salivary

anti-PGL1 IgM.5 In this way, one could infer the magnitude

of active transmission in  the community. In fact, in 2013,

the case detection rate among young people under 15 years

old was  13.25 cases per 100,000 individuals in Santana do

Ipanema, while no case was detected in Rio Largo. In 2014,

no case was detected in the two cities. In 2015, the case detec-

tion rate in Santana do Ipanema was  32.81 cases per 100,000

individuals and 13.77 cases per 100,000 individuals in Rio

Largo.1

As leprosy infection requires prolonged contact time, those

who live in the same house of the index case is believed to

be at risk for developing the disease; however, recent reports

demonstrated that those who live nearby the index case

should also be investigated.14

It is an intriguing fact found in our present work those

who  lived nearby the index case presented higher levels of

salivary antibodies than the household contacts. The para-

dox tolerance/activation makes the mucosal immune system

a challenging task. The mucosal immune response may

be affected by various factors, such as soluble or particu-

late antigens, chemical nature and concentration of antigen,

frequency of exposition, gut microbiota composition, envi-

ronmental antigenic exposure, nutritional status (deficiency

of vitamin A), chronic infections with helminths or other

parasites.15 PGL-1, for instance, facilitates bacterial adhesion,4

modulates macrophage cytokine and chemokine production,

and may lead T cells to  anergy.16 In this respect, it  is  proba-

ble that PGL-1 exerts some type of oral tolerance on mucosal

immune response.

Natural killer T cells recognize glycolipid antigens pre-

sented by CD1d molecule and may  also play an important

role in oral tolerance by inducing tolerogenic dendritic cells

and regulatory T cells, or by deleting antigen-specific T cells.17

These mechanisms could partly explain what may be occur-

ring in children with prolonged and sustained contact with

the index case.

Detection of positive salivary IgM among young people sug-

gests that M.  leprae transmission is active in  the community.

For this reason, a  strategy at municipal level is extremely

urgent in order to reduce the dissemination of the bacillus.

Finally, we suggest in the present work that salivary anti-PGL

IgA and IgM are important biomarkers to be used for iden-

tifying communities with probable active transmission of M.

leprae.

Funding  information

This research was financially supported by the

MCTI/CNPq/MS-SCTIE [Process 403461/2012-0].

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgements

We  would like to thank Mrs. Ana Lúcia Carneiro Leal, Mrs.

Gilvânia França Vilela, and Mrs. Andrea Márcia Costa de Farias

for helpful assistance.

r  e  f  e  r  e n c e  s

1. Brasil. Sala de  apoio à  gestão estratégica do Ministério da
Saúde (SAGE). Indicadores de morbidade: hanseníase; 2017
[online]. Available from: http://sage.saude.gov.br/#/ [Accessed
March 31, 2017].

2.  Salgado CG, Barreto JG, da Silva MB, Frade MA, Spencer JS.
What do we  actually know about leprosy worldwide? Lancet
Infect Dis. 2016;16:778.

3. Brasil. Diretrizes para  vigilância, atenção e eliminação da
Hanseníase como problema de  saúde pública: manual
técnico-operacional [online]. Ministério da Saúde, Secretaria
de  Vigilância em Saúde, Departamento de Vigilância das
Doenças Transmissíveis – Brasília: Ministério da Saúde; 2016.
Available from: http://portalsaude.saude.gov.br/images/pdf/
2016/fevereiro/04/diretrizes-eliminacao-hanseniase-4fev16-
web.pdf

4. Silva CA, Danelishvili L, McNamara M, et al. Interaction of
Mycobacterium leprae with human airway epithelial cells:
adherence, entry, survival, and identification of potential
adhesins by surface proteome analysis. Infect Immun.
2013;81:2645–59.

5. Brito e  Cabral P, Júnior JE,  de Macedo AC,  et al. Anti-PGL1
salivary IgA/IgM, serum IgG/IgM, and nasal Mycobacterium

leprae DNA in individuals with household contact with
leprosy. Int J Infect Dis. 2013;17:e1005–10.

6. Smith WC,  van Brakel W,  Gillis T, Saunderson P, Richardus JH.
The missing millions: a threat to the  elimination of leprosy.
PLoS  Negl Trop Dis. 2015;9:e0003658.

7. Smith WC,  Aerts A.  Role of contact tracing and prevention
strategies in the interruption of leprosy transmission. Lepr
Rev. 2014;85:2–17.

8. Costa MRSN. Considerações sobre o envolvimento da
cavidade bucal na hanseníase. Hansen Int. 2008;33:41–4.

9. Abe M, Yoshino Y, Minagawa F, et al. Salivary
immunoglobulins and antibody activities in leprosy. Int J Lepr.
1984;52:343–50.

10. Smith WC,  Smith CM, Cree IA, et al. An approach to
understanding the transmission of Mycobacterium leprae using
molecular and immunological methods: results from the
MILEP2 study. Int J Lepr Other Mycobact Dis.  2004;72:
269–77.

11. Mohanty PS, Naaz F, Katara D, et al. Viability of Mycobacterium

leprae in the environment and its role in leprosy
dissemination. Indian J Dermatol Venereol Leprol.
2016;82:23–7.

12. Nagao-Dias AT, Almeida TL, Oliveira MeF,  Santos RC, Lima AL,
Brasil M. Salivary anti-PGL IgM and IgA  titers and serum
antibody IgG titers and avidities in leprosy patients and their
correlation with time of infection and antigen exposure. Braz
J  Infect Dis. 2007;11:215–9.

13. Brito e  Cabral P, Alves AR, Medeiros KBA, Castelo-Branco ES,
de  Alencar CP, Nagao-Dias AT. Emprego de  marcadores

http://sage.saude.gov.br/
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0095
http://portalsaude.saude.gov.br/images/pdf/2016/fevereiro/04/diretrizes-eliminacao-hanseniase-4fev16-web.pdf
http://portalsaude.saude.gov.br/images/pdf/2016/fevereiro/04/diretrizes-eliminacao-hanseniase-4fev16-web.pdf
http://portalsaude.saude.gov.br/images/pdf/2016/fevereiro/04/diretrizes-eliminacao-hanseniase-4fev16-web.pdf
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0105
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0110
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0115
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0120
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0125
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0130
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0135
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0140
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0145
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150


b  r a z  j i  n f e c t d  i  s  .  2  0 1  7;2 1(5):557–561 561

séricos e salivares anti-PGL-1 como parâmetros de  exposição
ocupacional ao Mycobacterium leprae. Rev Panam Infectol.
2009;11:21–6.
14. Barreto JG, Bisanzio D, Guimarães LdeS, et al. Spatial analysis

spotlighting early childhood leprosy transmission in a
hyperendemic municipality of the Brazilian Amazon region.
PLoS Negl Trop Dis. 2014;8:e2665.

15. Levine MM. Immunogenicity and efficacy of oral vaccines in
developing countries: lessons from a  live cholera vaccine.
BMC Biol. 2010;8:129.

16. Dagur PK, Sharma B, Upadhyay R, et al. Phenolic-glycolipid-1
and lipoarabinomannan preferentially modulate TCR- and
CD28-triggered proximal biochemical events, leading to T-cell
unresponsiveness in mycobacterial diseases. Lipids Health
Dis. 2012;11:119.

17. Kim HJ,  Hwang SJ, Kim BK, Jung KC, Chung DH. NKT cells play
critical roles in the induction of oral tolerance by inducing
regulatory T cells producing IL-10 and transforming growth
factor beta, and by clonally deleting antigen-specific T cells.
Immunology. 2006;118:101–11.

http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0150
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0155
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0160
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0165
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170
http://refhub.elsevier.com/S1413-8670(17)30007-7/sbref0170

	Salivary anti-PGL-1 IgM may indicate active transmission of Mycobacterium leprae among young people under 16 years of age
	Introduction
	Methods
	Subjects and sample collection
	Detection of salivary anti-PGL-1 antibodies
	Analysis of data

	Results
	Discussion
	Funding information
	Conflicts of interest
	Acknowledgements
	References


