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ABSTRACT
The number of new leprosy cases in the world is surprisingly high, Indonesia is still at the third rank in the term of new leprosy
cases over the world. Leprosy control strategies can be successful if early diagnosis and appropriate therapy are carried out.
Currently, several serological tests have been developed which can help detecting subclinical leprosy, making the diagnosis,
and monitoring therapy. One such serological tests is the anti-Phenolic Glycolipid-1 (PGL-1) serological test. The antibody
response to PGl-1 is mainly IgM, the amount of this antibody is correlated to the number of bacteria; so, the titer is higher
in lepromatous type compared with tuberculoid type, this causes serological tests still have limitation in diagnosing leprosy,
especially in paucibacillary type leprosy.
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INTRODUCTION
Leprosy in developing countries,
especially in leprosy endemic countries, is
still a health problem today.1 The number
of new leprosy cases in the world is still
high, around 208,641 cases in 2018. The
number of leprosy cases in the Southeast
Asia Region is 148,495 cases which is the
highest leprosy case in the world. The
number of new leprosy cases in Indonesia
is 17,017 cases, and reaches the third rank
in the world after India and Brazil.2 The
number of new cases which is still high
can be caused by the number of individuals
with subclinical leprosy infection that
remains unidentified, and if untreated,
it is possible to manifest as leprosy at a
later time.3,4 Diagnosis and classification
of leprosy mostly still refers to clinical
assessment of the cardinal signs of leprosy,
microscopic detection of acid-fast bacilli
(AFB) on slit skin smear or biopsy. None of
these diagnostic approaches has been able
to detect M. leprae infection in subclinical
leprosy.5,6
The key components in a leprosy
control strategy are early diagnosis and
appropriate therapy. Currently, several
serological tests have been developed
to help detect subclinical leprosy and
establish an early diagnosis. One of
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the serological tests that can be done is
checking for phenolic glycolipid-1 (PGL1) antibody.5,6 Phenolic glycolipid-1 is one
of the specific antigens in capsule and cell
wall of M. leprae.7,8 The PGl-1 antibody is
mainly IgM, the amount of this antibody
is correlated to the number of bacteria,
so the titer is higher in lepromatous type
compared with tuberculoid type.6,7 This
literature review will discuss the Phenolic
glycolipid‑1 serological test in people with
leprosy, so that it is expected to improve
understanding of the role of the anti-PGL-1
serological test in detecting subclinical
leprosy, diagnosing leprosy, monitoring
response to multi-drug therapy (MDT).

PHENOLIC GLYCOLIPID-1
AS A SPECIFIC ANTIGEN OF
MYCOBACTERIUM LEPRAE
An antigen is any material that can be
identified specifically by lymphocytes and
antibodies. Several studies over the past
three decades have attempted to develop
serodiagnostic assays using specific M.
leprae antigen and specific antibody
epitopes.6 The ultrastructural details of
M. leprae are the capsule, cell wall, cell
membrane, and cytoplasm, which can
be seen using an electron microscope.
M. lepra capsules contain bacterial lipids

which are found in large numbers in
infected tissue. The two main bacterial
lipids are Phthiocerol dimycocerosate
which has a protective function, and
PGL-1 which is the dominant lipid in
the cell wall, which gives immunological
specificity to M. leprae.8,9 Brennan and
Barrow found a specific lipid in the cell
wall of M. leprae which is known as PGL1.8
Lateron, trisccharride[3,6‑di‑O‑methyl
‑β‑d‑glucopyranosyl‑(1→4)‑2,3‑di‑O‑
methyl‑α‑l‑rhamnopyran(1→2)3‑O‑
methyl‑α‑l‑rhamnopyranose] and the
disaccharide components of PGL‑1
were found to be the components which
react specifically with IgM antibodies
in patients’sera.6 Later, identification of
specific B-cell epitopes of PGL-1, the sugar
molecules, natural disaccharide (ND)/
natural trisaccharide (NT) led to synthesis
of these sugars and were used conjugated
with bovine serum albumin (BSA) as NDO-BSA/NT-O-BSA in ELISA for diagnosis
of leprosy. These glycoconjugates
were to have higher specificity than
the copolymers of PGL-1 and used in
standardization of ELISA for diagnosis of
leprosy.6,8 PGL-1 antibody examination
can use several techniques, namely
Enzyme-linked immunosorbent assay
1

REVIEW

(ELISA), Mycobacterium leprae dipstick
(ML dipstick), and Mycobacterium leprae
lateral flow assay (ML Flow) test.6

ANTI PHENOLIC GLYCOLIPID-1
SEROLOGICAL TEST IN
SUBCLINICAL LEPROSY
DETECTION
The spectrum of clinical manifestations
in leprosy is related to the immunological
status of the host. Paucibacillary (PB) type
leprosy, with few M. leprae seen in tissues
but strong cell-mediated response whereas
multibacillary (MB) type leprosy with
large numbers of M. leprae with strong
but ineffective humoral response. Between
paucibacillary and clinical extremes of
multibacillary leprosy there is a borderline
type. However, individuals can become
infected with M.leprae without developing
clinical signs of disease.This subtle
situation is called subclinical leprosy.10 In
subclinical leprosy patients, the specific
antibody against M. leprae was found
quite high.11 When compared with the
general population, the risk of contracting
leprosy in household contacts is 5-10
times greater.1 Several studies have shown
that people with subclinical leprosy can be
a source of transmission, but this is still
being debated.12
Antibody titers appear to be more
closely associated to the M leprae infection
rate in the wider community, although
antibody detection may indicate current
or past M. leprae infection regardless
of clinical signs. This is because the
distribution of seropositivity in groups of
household contacts or leprosy cases has
not been proven to be higher than noncontacts in highly endemic areas; however,
significant differences exist between
contacts and noncontacts in areas of lower
endemicity.13
A study conducted by Dias et al.
with a total sample 69 who were 4–15
years of age living in the neighborhood
[peridomiciliary (PD) contacts] or inside
an index case’s home [household contacts
(HH)] were included in the study. The
PD contacts were considered to be those
living up to five houses on either side of
the index case’s home. The index cases
diagnosed between 2011 and 2015 were
classified as either are multibacillary or
paucibacillary. This study concluded there
2

was a positive correlation between antiPGL-1 IgM levels among MB contacts and
among PB contacts, and found a stronger
correlation in MB contacts.13
Wardana et al. (2016) conducted a
cross-sectional study which measures
anti-PGL-1 IgM using lateral flow test.
The sample in this study were 73 contacts
and 28 leprosy patients. Lateral flow
examination was found from 73 contact
persons, 11 people were positive (15.06%)
and almost all positive results (27; 96.42%)
for patients with only 1 patient showing
negative results. The conclusion of this
study is that 15.06% of contact persons
suffer from subclinical leprosy and the
lateral flow test is effective for detecting M.
leprae infection.1
A meta-analysis study conducted
by Penna et al. (2016) concluded that
leprosy contact persons are more likely
to suffer from leprosy in the future, but
not everyone infected with M. leprae will
manifest as a clinical disease of leprosy.
The risk of developing leprosy is roughly
3 times higher in those who are positive to
anti PGL1 than in those who are negative.
The sensibility of the PGL-1 test as a
predictor of clinical leprosy development
was below 50% for all studies.14

ANTI PHENOLIC GLYCOLIPID-1
SEROLOGICAL TEST IN LEPROSY
DIAGNOSIS
The diagnosis of leprosy is based on
the cardinal signs of leprosy, According
to WHO recommendations, patients
are considered paucibacillary (PB) are
patients who have a number of lesions
up to 5 lesions and multibacillary (MB)
patients are those who have a number of
lesions more than 6 lesions. About 70%
of people with leprosy can be diagnosed
through the presence of hypoanesthetic
skin lesions. However, 30% of leprosy
patients, including the MB type, do not
show these signs.13 Serological tests have
an important role in helping to establish
the diagnosis of leprosy even though they
have limited capacity. In endemic areas
where other dermatological diseases are
also present, serological tests can be used
to exclude leprosy as a possible cause of
skin lesions.15
First step for leprosy diagnosis is the
Clinical evaluation, which is generally

sufficient for most cases; however, may
not be effective in recognizing early signs
of the disease if done by untrained health
practitioners. A detailed dermatological
and neurological examination can be time
consuming. World Health Organization
(WHO) has already included microscopic
examination of a slit-skin smear in the
case definition; nevertheless, almost 70%
of all leprosy patients are smear negative.
Anti-PGL-1 IgM antibody examination
has a role in establishing the diagnosis of
leprosy. Based on a systematic review and
meta analysis of 78 studies, most of those
evaluating the detection of IgM antibodies
against PGL-1 using ELISA. Sensitivity of
the 39 studies evaluating ELISA was 63.8%
and specificity 91.0%. The lateral flow
test (nine studies) and the agglutination
test (five studies) had a slightly higher
sensitivity and a slightly lower specificity.16
A study conducted by Leturiondo et
al. (2019) used ML flow test (PGL-1 and
NDO-LID) to diagnose leprosy. This study
found that the ML flow PGL-1 in PB type
leprosy had a sensitivity of 32%, specificity
of 75.9%, positive predictive value (PPV)
was 11.1%, and negative predictive value
(NPV) was 92.2%. In patients with MB type
leprosy, the ML flow PGL-1 test sensitivity
was 81.0%, specificity was 75.9%, PPV was
43.4%, and NPV was 94.6%. Serological
test is an effective tool in the diagnosis of
MB leprosy but this test is not efficient for
the diagnosis of PB leprosy.15

CORRELATION BETWEEN ANTI
PHENOLIC GLYCOLIPID-1
ANTIBODY AND MULTIDRUG
THERAPY
A reduction in antibody levels after MDT,
especially for PGL-1, has been reported
in several studies. Most of the MB type
leprosy had a high bacterial index at
diagnosis, although during MDT therapy
there was a decrease in antibody levels,
most patients remained low seropositive
after completing 2 years of treatment.17
A reduction in antibody levels after
MDT, especially for PGL-1, has been
reported in several studies. Most of the MB
leprosy type had a high bacterial index at
diagnosis, although during MDT therapy
there was a decrease in antibody levels,
most patients remained low seropositive
after completing 2 years of treatment.17
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leprosy treatment with MDT has long
duration of 6 months for paucibacillary
(PB) and 12 months for multibacillary
(MB) cases. In addition, treatment is
complicated by episodes of erythema
nodosum leprosum (ENL) and [reversal
reactions (RRs). It is necessary to monitor
therapy to assess the success of therapy, in
addition to assess the side effects that can
occur.18

ANTI PHENOLIC GLYCOLIPID-1
SEROLOGICAL TEST IN LEPROSY
REACTION AND RELAPSE IN
LEPROSY
A high bacterial index has been associated
with high antibody levels and the
development of leprosy reactions and
neuritis. Erythema nodosum leprosum
(ENL) is a type III hypersensitivity
reaction based on the Coombs and Gell
classification or the Arthus phenomenon,
which involves an antigen-antibody and
complement reaction which then causes
inflammation of the skin, nerves and other
organs. At the location of the ENL lesion,
IgG, IgM, and complement (C3) and
M.leprae antigen were identified.19
High levels of anti-PGL-1 antibodies at
diagnosis or after treatment are associated
with a higher risk of developing leprosy
reactions, particularly ENL. Patients with
high concentrations of anti-PGL-1 IgM
antibody at the start of treatment have a
higher risk of developing a reaction, so
identifying patients for early monitoring
and treatment can reduce nerve damage
and disability. In the post-MDT reactions,
patients with positive PGL-1 serology
when completing MDT were 10.4 times
more likely to experience a reaction
compared to serologically negative
patients.19
A longitudinal study conducted by
Devides et al. which includes newly
diagnosed leprosy patients who presented
with or without a leprosy reaction within
the diagnosis period between 2009 and
2010. Patients without reactions were
monitored during and after MDT for the
onset of reaction episodes for five years
starting from the time the diagnosis of
leprosy was established. During five years of
follow-up, among the 151 patients enrolled
in the study with no reaction at the time of
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initial diagnosis, 29 exhibited reactional
episodes during and/or after MDT: 5 (3%)
RR/ENL, 3 (2%) ENL, 21 (14%) RR, and
3(2%) ENL. In this study, it was found that
29 study subjects who experienced leprosy
reactions showed high serological levels
for anti-PGL-1 IgM antibody compared to
the serological results of 122 subjects who
did not experience any reactions. Patients
with ENL showed significantly higher
serologic titers at preliminary diagnosis.
The results obtained in this study indicate
that serological testing contributes to the
early diagnosis of ENL reactions.20
Patients with lepromatous (LL)
leprosy showed a significant increase in
IgM PGL-1 antibody titers during the
relapse period. Tuberculoid leprosy (TT)
/ borderline tuberculoid (BT) cases that
relapse as a borderline lepromatous (BL)
/ lepromatous leprosy (LL) type can also
be detected by measuring anti-PGL-1
antibodies.1,20

AUTHORS CONTRIBUTIONS
Author NLPVK, AAIJ, and DNTU
contributing from the idea to construct
the main topic to manuscript preparation
and publication.

REFERENCES
1.

2.

3.

4.

5.

CONCLUSION
Phenolic glycolipid-1 (PGL-1) is the
specific antigen of M. leprae. The number
of M. leprae has a positive correlation
with anti-PGL-1 IgM antibody titers, so
that the PGL-1 IgM antibody test plays
an important role in detecting subclinical
leprosy and the occurrence of relapse in
leprosy, but the role of serological tests
in diagnosing leprosy still has a limited
capacity, especially in PB type leprosy due
to the small number of M leprae bacteria.
In administering MDT, serological tests
can help the process of monitoring the
success of MDT, shown by decreasing the
PGL-1 IgM antibody titer in accordance
with the decrease in the number of M
leprae. In the ENL leprosy reaction, a
type III hypersensitivity reaction occurs
which involves an antigen-antibody and
complement reaction, resulting in an
increase in IgM anti PGL-1 titer.

CONFLICTS OF INTERESTS

6.

7.

8.

9.
10.
11.
12.

13.

The authors declare that they have no
relevant conflicts of interest.

FUNDING
None.

14.

Wardana M, Swastika M, Rusyati LM.
Subclinical leprosy detection in contact person
of multibacillary leprosy patients. Indones J
Biomed Sci. 2016;10(2):10–4.
OMS. Weekly epidemiological record. Global
leprosy update, 2018: moving towards a leprosy.
Wkly Epidemiol Rec [Internet]. 2019;94(August
2019):389–412. Available from: https://apps.
who.int/iris/bitstream/handle/10665/326775/
WER9435-36-en-fr.pdf
Girdhar B. Chemoprophylaxis in Leprosy.
In: Kumar B, Kar H, editors. IAL Texbook of
Leprosy 2nd ed. New Delhi: Jaypee Brothers
Medical Publishers (P) Ltd; 2017. p. 490–5.
Sampaio D, Lourenc D, Frota C. Detection of
subclinical Mycobacterium leprae infection in
children , contacts of leprosy cases , Fortaleza –
Ceara. Lepr Rev. 2017;88:184–96.
Salgado C, Brito A, Salgado U, Spencer J.
Leprosy. In: Kang S, Amagai M, Bruckner A,
Enk A, Margolis D, McMichael A, et al., editors.
Fitzpatrick’s Dermatology 9th ed. New York:
McGraw-Hill; 2019. p. 2892–924.
Sengupta U. Recent Laboratory Advances
in Diagnostics and Monitoring Response to
Treatment in Leprosy. Indian Dermatol Online
J. 2019;10(2):106–14.
Sengupta U, Katoch V. Serological and
Molecular Diagnosis of Leprosy. In: Kumar B,
Kar H, editors. IAL Texbook of Leprosy 2nd ed.
New Delhi: Jaypee Brothers Medical Publishers
(P) Ltd; 2017. p. 290–7.
Sekar B. Bacteriology of Leprosy. In: Kumar B,
Kar H, editors. IAL Texbook of Leprosy 2nd ed.
New Delhi: Jaypee Brothers Medical Publishers
(P) Ltd; 2017. p. 90–104.
Fischer M. Leprosy – an overview of clinical
features, diagnosis, and treatment. JDDG - J
Ger Soc Dermatology. 2017;15(8):801–27.
Rubini M. The problem of leprosy: Past, present
and future. Edorium J Infect Dis. 2018;4:1–4.
Darmawan H, Rusmawardiana. Sumber
dan cara penularan Mycobacterium leprae.
Tatumanegara Med J. 2020;2(2):390–401.
Hooij A Van, Tjon EM, Fat K, Eeden SJF Van
Den, Wilson L, Batista M, et al. Field-friendly
serological tests for determination of M . lepraespecific antibodies. Sci Rep. 2017;7:1–8.
Tieminagao-dias A, Macedo AC De, Rodrigues
RO. Serum Anti-PGL-1 IgG, IgM, and IgA
in a 3-Year Follow-up Study of 4–15-Yearold Leprosy Contacts. Pediatr Infect Dis J.
2019;38(9):193–8.
Penna MLF, Penna GO, Iglesias PC, Natal
S, Rodrigues LC. Anti-PGL-1 Positivity as a
Risk Marker for the Development of Leprosy
among Contacts of Leprosy Cases: Systematic
Review and Meta-analysis. PLoS Negl Trop Dis.
2016;10(5):1–11.

3

REVIEW

15. Leturiondo AL, Noronha AB, do Nascimento
MOO, Ferreira C de O, Rodrigues F da C,
Moraes MO, et al. Performance of serological
tests PGL1 and NDO-LID in the diagnosis of
leprosy in a reference Center in Brazil. BMC
Infect Dis. 2019;19(1):1–6.
16. Gurung P, Gomes CM, Vernal S, Lee MMG.
Diagnostic accuracy of tests for leprosy : a
systematic review and. Clin Microbiol Infect.
2019;25:1315–27.
17. Hungria EM, Bührer-Sékula S, Oliveira RM,
Aderaldo LC, Pontes MAA, Cruz R, et al.
Mycobacterium Leprae-specific antibodies in
Multibacillary Leprosy Patients decrease during
and after treatment with either the regular 12

4

doses multidrug therapy (MDT) or the uniform
6 doses MDT. Front Immunol. 2018;9(915):1–
11.
18. Duthie MS, Roferos FO, Abellana JF, Taborada
T, Sanchez R, Maghanoy A, et al. Utility and
limitations of serodiagnostic tests in monitoring
the response to treatment of leprosy patients.
Diagnostic Microbiol Infect Dis. 2020;96(4):1–
8.
19. Paula A De, Gomes CM, Vernal S, Frade MAC,
Soares FR, Foss NT, et al. Unexpectedly high
leprosy seroprevalence detected using a random
surveillance strategy in midwestern Brazil : A
comparison of ELISA and a rapid diagnostic
test. PLoS Negl Trop Dis. 2017;44:1–12.

20. Devides AC, Rosa PS, de Faria Fernandes
Belone A, Coelho NMB, Ura S, Silva EA. Can
anti–PGL-1 and anti–NDO-LID-1 antibody
titers be used to predict the risk of reactions in
leprosy patients? Diagn Microbiol Infect Dis.
2018;91(3):260–5.

BDV 2022; 5(1): 1-4 | doi: 10.15562/bdv.v5i1.66

