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The role of immunoglobulin M anti-phenolic glycolipid-1
and matrix metalloproteinase-9 levels in blood serum in
peripheral nerve damage of multibacillary leprosy
Fitriyanti1*, Yanwirasti1, Jamsari2, Raden Pamudji3
ABSTRACT
Background: Schwann cells can also induce upregulation of matrix metalloproteinase (MMP)-9 productions, which
is thought to be one of the cellular mediators of nerve damage from leprosy, especially in paucibacillary (PB) leprosy.
Objective: This study aimed to analyze the roles of immunoglobulin M (IgM) anti-phenolic-glycolipid 1 (PGL-1) and MMP9 in peripheral nerve damage in multibacillary (MB) leprosy. Methods: The levels of IgM anti-PGL-1 and MMP-9 were
examined by ELISA technique, while laboratory examination of the skin incision was done to determine the bacterial index
(BI) and the morphological index (MI) after Ziehl–Neelsen staining. Results: Serum IgM anti-PGL-1 and MMP-9 levels
were significantly different between leprosy patients and household contacts (P < 0.005). There was a significant difference
in serum IgM anti-PGL-1 levels between leprosy patients with BI values <3 and ≥3 (P < 0.005), but no significant difference
was found in serum MMP-9 levels between leprosy patients with BI scores of <3 and ≥3. IgM anti-PGL-1 (P = 0.006) was
statistically significant as a variable that was more responsible for peripheral nerve damage in MB leprosy than MMP-9
(P = 0.042). Conclusion: IgM PGL-1 was more important than MMP-9 in causing peripheral nerve damage in MB leprosy.
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INTRODUCTION
Leprosy is a chronic granulomatous infectious
disease caused by an intracellular obligate bacilli
Mycobacterium leprae, primarily affecting the skin
and peripheral nerves, causing disability, and physical
damage.[1,2] Leprosy remains a public health problem
in many countries. This microbial infection is endemic
in more than 15 countries, and about 250,000 new
leprosy cases are reported each year from around the
world.[1,3] In 2015, 17,202 new cases of leprosy were
reported, with 84.5% of cases the MB type. In 2015,
the rate of those with a disability. Grade 2 amounted to
6.60 per 1 million population.[4]
The diagnostic criteria of leprosy according to
The World Health Organization (WHO) are based
on three cardinal symptoms: macular erythema or
hypopigmentation with numbness, peripheral nerve
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thickening, and a smear of acid-tolerant bacillus or
positive skin biopsy. The WHO classified the clinical
condition of leprosy as either MB leprosy, which is
characterized by more than five skin lesions, and
PB leprosy, with less than five skin lesions.[1] Early
identification of leprosy cases remains a top priority
in controlling the disease and as a strategy to break
the chain of transmission and prevent physical
disability.[3,5] M. leprae cannot be cultured in vitro;
therefore, the identification of acid-resistant bacillus
with a microscope is a standard diagnostic technique.[6]
However, the techniques require at least 104 organisms
per gram of tissue to be detected.[7]
Phenolic Glycolipid-1 is known to be an important
virulence factor. The biosynthesis of PGL involves
the addition of three primary sugars: rhamnose,
rhamnose, and glucose, which are catalyzed by the
methyltransferase enzyme.[8] PGL-1 can modulate
the initial immune response of hosts mediated by
trisaccharide domains through mechanisms which are
not yet fully known.[9] The presence of PGL-1 antigens
will stimulate the formation of the anti-PGL-1 IgM
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antibody, and the antibody will react with the newly
formed PGL-1 antigen. IgM anti-PGL-1 is associated
with a large number of M. leprae bacteria found in
patients and may be useful as a determinant of leprosy
diagnosis.[10]
Peripheral nerve damage is a typical sign of progression
of M. leprae infection and can be found in all clinical
forms of leprosy. The primary factor determining
neuronal damage is the ability of M. leprae to bind
and infect Schwann cells. PGL-1 interacts with
laminin-2 receptors in the Schwann cell membrane
and mediates the entry of M. leprae into intercellular
Schwann cells.[11] Furthermore, in vitro data show that
due to interaction with M. leprae, Schwann cells (with
or without Tumor necrosis factor-α [TNF-α]) may
induce the upregulation of MMP-9 production, which
is thought to be one of the cellular mediators of nerve
damage in leprosy, especially in PB leprosy.[12]
MMP-9 is produced by keratinocyte, monocyte, and
macrophage and serve as a marker of functioning
macrophage, epitheloid granuloma formations, and
potential damage in peripheral nerve of tuberculoid
leprosy.[13,14] Initially, the enzyme is known as the
primary enzyme to degrade extracellular matrix,
but now it is well known for its immunomodulating
properties.[15] MMP-9 is responsible for human
neurological damage by degrading the neurovascular
barrier and facilitate the immune cells migration and
demielinasi.[12,13] MMP-9 expression is also linked
to the TNF gene expression in pure neural leprosy
patient biopsy, suggesting the involvement of the
same enzyme to the pathogenesis of neural damage
in leprosy patients.[12] Based on the above arguments,
this study aimed to analyze the association of IgM
anti-PGL-1 with levels of MMP-9 and peripheral
nerve damage in MB leprosy.

METHODS
Research Subject
The study was conducted at Dr. Rivai Abdullah Leper
Hospital and Sukajadi Health Center of Banyuasin
Regency of South Sumatra Province for 4 months
(December 2017–March 2018). Samples were taken
from the venous blood of MB leprosy patients and
household contacts who had lived in the same house
as a patient for more than 5 years. Patients whose
blood was drawn met the diagnosis of leprosy patients
according to the WHO criteria, and family members
who had lived at least 5 years with the patient were
the comparison. Patients aged 18–60 years and
willing to be followed in the study signed an informed
consent document after being explained the research
procedure. Patients were not severely ill, especially
related to inflammation disease or infection, not
pregnant or breastfeeding, and had no history of
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asthma, tuberculosis, chronic obstructive pulmonary
disease, lupus erythematosus, or diabetes mellitus. The
cohort of 64 patients was analyzed. In this study, we
enrolled 32 subjects with MB leprosy and 32 subjects
who had household contact with the patient. A total of
17 MB leprosy subjects were obtained from Dr. Rivai
Abdullah Leper Hospital and 15 subjects from the
Sukajadi Health Center of Banyuasin regency, as well
as the subject of household contact.
Nerve Damage Assessment
The nerve damage assessment was based on the WHOs
criteria for the leprosy severity level: (1) disability
grade 0: no observable nerve damage; (2) Disability
grade : lost of sensation or anesthetic in hands or feets;
(3) disability grade 2: nerve damage signs are clearly
visible, such as clawing hand, saddle nose, and ulcus
plantaris.[16]
Blood Sample Collection
The blood sampling technique followed the operational
standards of applicable hospital laboratory procedures.
Examination of MMP-9 levels was performed using
the Human MMP 9 ELISA kit produced by Bioassay
Technology Laboratory. The anti-PGL-1, IgM antibody
kit was made by the Leprosy Tropical Disease Institute
of Airlangga University. Laboratory analysis of the
skin incision was required to examine the presence of
acid-resistant bacteria to diagnose leprosy based on
the WHO criteria. The examination was performed
on two sites in leprosy patients, skin lesions, and ear
lobes, and then the average numbers of bacteria were
used. In the household contact, the sample was drawn
from venous blood. The excised tissue was examined
to determine the BI and MI through Ziehl–Neelsen
staining. BI was calculated semi-quantitatively to
assess the density of acid-tolerant bacteria without
differentiating solid or non-solid bacteria formed on
the specimen with 0–6 values according to the Ridley
scale. The assessment, according to Ridley’s logarithm
scale is shown in Table 1.
The MI is a presentation of live bacteria, characterized
by a solid form compared to the total number of
bacteria in both solid and split forms. MI is useful for
determining the transmission of bacteria, the potential
for transmission, and helps to determine drug resistance.
Table 1: Bacterial index according to the Ridley’s
logarithm scale
n Scale Meaning
1
0
No acid tolerant bacteria in 100 view field
2
1+ 1–10 acid tolerant bacteria in 100 view field
3
2+ 1–10 acid tolerant bacteria in 10 view field
4
3+ 1–10 acid tolerant bacteria in 1 view field
5
4+ 11–100 acid tolerant bacteria in 1 view field
6
5+ 101–1000 acid tolerant bacteria in 1 view field
7
6+ >1000 acid tolerant bacteria in 1 view field
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Table 2: Research subject Characteristic
Subject characteristic
Age
<20
21‑30
31‑40
41‑50
>50
Marital status
Married
Single
Gender
Male
Female
Education level
Primary
Junior high
Senior high
Occupation
No occupation
Housewife
Laborer
Farmer
Private sector
Student
Contact status
Husband/wife
Parent/child
Other

Household contact f(%)

Disability grade 1 f(%)

Disability grade 2 f(%)

Total f(%)

1 (3.1)
7 (21.9)
8 (25.0)
9 (28.1)
7 (21.9)

3 (16.7)
4 (22.2)
5 (27.8)
5 (27.8)
1 (5.6)

2 (14.3)
5 (35.7)
5 (35.7)
1 (7.1)
1 (7.1)

6 (9.4)
16 (25.0)
18 (28.1)
15 (23.4)
9 (14.1)

28 (87.5)
4 (12.5)

9 (50.0)
9 (50.0)

7 (50.0)
7 (50.0)

44 (68.8)
20 (31.2)

10 (31.3)
22 (68.8)

16 (88.9)
2 (11.1)

11 (78.6)
3 (21.4)

37 (57.8)
27 (42.2)

25 (78.1)
1 (3.1)
6 (18.8)

8 (44.4)
6 (33.3)
4 (28.6)

8 (57.1)
2 (22.2)
4 (28.6)

41 (64.1)
9 (14.0)
14 (21.9)

1 (3.1)
14 (43.8)
3 (9.4)
9 (28.1)
4 (12.5)
1 (3.1)

2 (11.1)
0 (0.0)
7 (38.9)
5 (27.8)
3 (16.7)
1 (5.6)

2 (14.3)
1 (7.1)
2 (14.3)
6 (42.9)
3 (21.4)
0 (0.0)

5 (7.8)
15 (23.4)
12 (18.8)
20 (31.3)
10 (15.6)
2 (3.1)

14 (43.8)
5 (15.6)
13 (40.6)

0 (0.0)
4 (22.2)
14 (77.8)

0 (0.0)
3 (21.4)
11 (78.6)

14 (21.9)
12 (18.6)
38 (59.5)

Table 3: Bactericidal index characteristics of research subject
BI
0
<3
≥3
Total

Severity
Household contact (%)
32 (100.0)
0 (0.0)
0 (0.0)
32 (50.0)

Total

Disability grade 1 (%)
0 (0.0)
10 (55.6)
8 (44.4)
18 (28.1)

Disability grade 2 (%)
0 (0.0)
4 (28.6)
10 (55.6)
14 (21.9)

32 (100.0)
14 (43.8)
18 (56.2)
64 (100.0)

BI: Bacterial index

Data Analysis
Statistical analysis was conducted using SPSS
version 23. Data that were not normal were
transformed using Log 10. The results of standard
data were analyzed with a parametric test, while nonnormal data were analyzed using a non-parametric test.
Bivariate analysis was conducted by an independent
t-test, while multivariate analysis was done by a
logistic regression test.

RESULTS
Characteristics of Multibacillary Leprosy Patients
and Household Contacts based on Anamnesis
The subjects of the study were partially distributed
normally (P > 0.05), and some were not normally
distributed (P < 0.005). The subjects of this research
were 32 MB leprosy patients and 32 household contacts
who were divided into several characteristics to include
age, gender, education level, and occupation. The most
common age of leprosy patients was between 31 and
40 years (31.3%). Married status was mostly found in the
household contact group, with 28 people (87.5%). Male
2454

gender was more common in the patient group, 26 people
(81.3%); while in the group of household contacts females
was more common, 22 persons (68.8%) [Table 2].
Subjects with primary/elementary education were
common in both groups, 25 (78.1%) and 16 (50.0%), in
leprosy patients and household contacts, respectively.
In the patient group, 11 people (34.4%) worked as
farmers, whereas in the household contact group,
the most common occupation was a housewife, at 14
people (43.8%). The most common type of household
contact was either a husband or wife of the patient, at
14 people (43.8%). Other types of contacts included
13 people (40.6%) [Table 2].
Characteristics based on Examination
In this study, characterization of the BI was conducted
on both the household contact and the MB leprosy
patients. The characteristics of respondents appear in
Table 3. Fourteen patients (43.8%) had a BI score of
<3, and 18 people (56.2%) had level ≤ 3. Most of the
patients with BI score >3 had level 2 leprosy. None of
the household contacts had leprosy, indicated by 0 BI
score [Table 3].
Drug Invention Today | Vol 11 • Issue 10 • 2019
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The normality Test of the Variables Studied
Before testing the influence of independent variables
on the dependent variable, it is necessary to conduct a
normality test to determine the distribution normality
of the data. Based on the normality test in Table 3,
P values of IgM anti-PGL-1 and MMP-9 were <0.05;
thus, the distribution was not normal, so both data
were transformed. After data were transformed,
IgM anti-PGL-1 data had normal distributions, with
P > 0.05, while the MMP-9 data were still not normal.
Therefore, a non-parametric test was used without any
post hoc test.
The Differences In Immunoglobulin MAnti-PhenolicGlycolipid-1 and Matrix Metalloproteinase-9 Levels
between Leprosy Patients and Household Contacts
Leprosy patients had mean levels of IgM antiPGL-1 (8,209.31 ± 18,941.00 μ/ml) that were
significantly higher than those of household contacts
(249.03 ± 295.26 μ/mL) (P < 0.05). The high IgM
level was corresponding to the severity of leprosy,
which level 2 leprosy was significantly higher IgM
level than level 1 (P < 0.05). The MMP-9 level in
leprosy patient was observed to be significantly
lower than the household contact (P < 0.05). Level 1
leprosy patients had mean levels of MMP-9 (2060.62
± 775.39 μ/mL), while level 2 had 2.180,64 +
1.015,46 μ/mL compared to those of household
contacts (2744.34 ± 1092.83 μ/mL) [Table 4].
The Difference of Immunoglobulin M Anti-PhenolicGlycolipid-1 and Matrix Metalloproteinase-9 Levels
Among Leprosy Patients with Bacterial Index
Values <3 and ≥3
Leprosy patients with BI values < 3 had mean IgM
anti PGL-1 values (1482.82 ± 1,641.91 μg/dL)
significantly lower than leprosy patients with BI
values ≥3 (15832 ± 25963 μg/dl) (P < 0.05). Leprosy
patients with BI values less than 3 had mean MMP-9
levels (2240.52 ± 946.52 μg/dL) insignificantly higher
than leprosy patients with BI ≥3, which was 1856.73 ±
472.80 μg/dL (P = 0.062; P > 0.05) [Table 5].
The Role Of Immunoglobulin M Anti-PhenolicGlycolipid-1 with Matrix Metalloproteinase-9 on
peripheral Nerve Damage in MB Leprosy
The results obtained from the logistic regression test
as shown in Table 6 revealed P values of IgM anti
PGL-1 = 0.006 (P < 0.005) and MMP-9 = 0.042
(P < 0.05), showing that IgM anti PGL-1 plays the
most important role in MB leprosy peripheral nerve
damage compared to MMP-9 with Exp (B) value >1.

DISCUSSION
The patient group consisted of 27 males (84,4%) and 5
females (15,6%) while the household contact consisted
of 10 males (31,3%) and 22 females (68,8%). The result
Drug Invention Today | Vol 11 • Issue 10 • 2019

Table 4: Differences in immunoglobulin G
anti‑phenolic‑glycolipid 1 levels and matrix
metalloproteinase‑9 between leprosy patients and
household contacts
Variable
IgM
anti‑PGL‑1
(μ/mL)

MMP‑9
(μ/mL)

Group
Household
contact
Level 1
leprosy
Level 2
leprosy
Household
contact
Level 1
leprosy
Level 2
leprosy

n
32

Mean±SD
249.03±295.26

18

8209.31±18941.00

p
0.000

14 17.42678±26.28808
32

2744.34±1092.83

18

2060.62±775.39

14

2.18064±1.01546

0.016

PGL‑1: Phenolic‑glycolipid 1, MMP‑9: Matrix metalloproteinase‑9,
IgM: Immunoglobulin M, SD: Standard deviation

Table 5: Differences in immunoglobulin
M anti‑phenolic‑glycolipid 1 and matrix
metalloproteinase‑9 levels between leprosy patients
with bacterial index values <3 and ≥3
Variable
IgM anti‑PGL‑1
(µg/dL)
MMP‑9 (µg/dL)

Group
Mean±SD
p
BI <3
1482.82±1641.91
0.000
BI ≥3 15,832.67±25,963.66
BI <3
2240.52±946.53
0.062
BI ≥3
1856.73±472.80

PGL‑1: Phenolic‑glycolipid 1, MMP‑9: Matrix metalloproteinase‑9,
IgM: Immunoglobulin M, SD: Standard deviation, BI: Bacterial index

Table 6: Logistic regression test result
Variable
IgM anti‑(PGL‑1)
MMP‑9

p
0.006
0.042

Exponentiation of B
coefficient (Exp (B))
1.004
0.999

PGL‑1: Phenolic‑glycolipid 1, MMP‑9: Matrix metalloproteinase‑9,
IgM: Immunoglobulin M

of this study is similar to a study in Brazil, where the
distribution of male gender in MB leprosy was 51.28%,
and the female was 48.71%. As for the household contact
group, the female distribution was 83.3%, much higher
compared to men 16.7%.[17] This is mainly due to social
stigma, the low dependence of economic and socialculture, personal stigma, and gender insensitivity.[18]
The MB leprosy cases were found mostly in the age
range of 31–40 years with 10 people (31.3%) and
41–50 years with 9 people (28.1%). Alison et al. also
reported similar results, in which the new leprosy
patients had an average age of 40 years, with a
range of 15–44 years, as many as 51.28% and 44.4%
household contact.[17]
Few results were correspond with other studies. The
educational level of most patients and a household
contact group was in elementary school. This result
is consistent with those obtained in other studies,
where leprosy is suffered primarily by poor people
2455
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with low education and socioeconomic status.[10,19]
The heavy work and high mobility of farmers lead to
a depressed immunity system. Consequently, they are
easily affected by leprosy type MB.[10] Other studies
in Brazil have also reported that close contacts with
MB leprosy patients have the highest prevalence of
seropositive results due to high-exposure intensity in
patients with a high bacillary load.[20]
PGL-1 suppresses the host immune response by direct
inhibition of Toll-like receptor or binding to the lectin
receptor (CR-3) to facilitate the entry of mycobacteria
into host cells and inhibition of TNF-α secretion
by macrophages.[9] The adaptive immune response
will be active when there is an M. leprae antigen in
lymphocytes Th CD4+. In MB leprosy, Th2 CD4+
will secrete interleukin (IL)-4 and IL-10, which then
activates B lymphocytes. The activated B lymphocytes
proliferate and produce IgM or IgG Ig. The binding of
IgM against anti-PGL-1 indicates that the patient has an
acute immune response or is suffering from leprosy.[10]
This suggests that MB leprosy arises in patients with
low cellular immune responses to M. leprae, and
thus, having a high bacillary load, become a source
of infection.[8] The smear of skin test results gave a
positive result according to the number of bacilli
accompanied by elevated levels of specific IgM
antibodies M. leprae.[21]
M. leprae is an intracellular obligate pathogen with
specialized tropism to Schwann cells in the peripheral
nervous system and macrophage. The specify of
M. leprae to Schwann cells is closely related to the
Laminin-2 expression, specific to this type of cell.[22]
PGL-1 in M. leprae can infect the Schwann cells if
the PGL-1 binds to laminin-2 and the complex then
interact with α-dystroglycan, a laminin-2 receptor
in Schwann cells. M. leprae infected macrophage
can phase through the blood-brain barrier, enter the
endoneurial space, and then inflict axonal damage.
In MB type leprosy, the peripheral nervous is filled
with M. leprae-engulfed macrophage and increase
the deposit of collagen in between neuron, leading to
nervous hardening. In tissue level, immune cells and
interstitial fluid influx inside a hard neuron membrane
can lead to nervous damage due to compression and
ischemia. In the cellular level, the immunological
damage is considered as the main mechanism of
nervous system damage.[22,23]
In multibacillary type of leprosy, the cellular immunity
system is not functioning properly; thus, the immune
response by Th-2 cell is upregulated. Th-2 will secrete
IL-4 and IL-10 which then activate the B lymphocyte
activated B lymphocyte will produce Ig. As the
excessive bacillar capacity due to M. leprae infection,
the IgM and IgG level will soar but will not enough in
eliminating the pathogen and opens the possibilities
2456

for other infection.[24] High IgM level to PGL-1 is the
symptom to the acute immune response in leprosy.[10]
In the skin, MMP-9 is produced by keratinocytes,
monocytes, and macrophages. In a healthy immune
response to infection, successful eradication of
infection by the host requires effector cells, elimination
of pathogens, inflammatory resolution, and ultimately
matrix remodeling. The process of migrating
dendritic cells and T-cells is known to be dependent
on MMP-9.[25] MMP-9 secretion is an overview of
mycobacterial infections and high MMP-9 levels in
serum may be an indicator of disease activity.[25] In
accordance with other study, low serum MMP-9 levels
in MB leprosy patients may be attributed to multiple
diffusion of basil-filled macrophage infiltrates and no
specific cellular immune response to M. leprae.[21]
The results of this study were similar to those of
Teles et al., who reported that serum MMP-9 levels
in lepromatous leprosy were lower than in healthy
controls and tuberculoid leprosy, which was 169 ±
29.3 ng/ml in lepromatous leprosy; 205 ± 29 ng/ml
in tuberculoid leprosy; and 389 ± 84 ng/ml in healthy
control.[25] These findings indicate that MMP-9 is a
marker for many functioning macrophages, epitheloid
granuloma formation, and potential destructive effects
of peripheral nerves in tuberculoid type (PB) patients.[14]
In this research, leprosy patients with BI values <3
had a mean of IgM anti-PGL-1 lower than leprosy
patients. The results of this study were similar to
another study, which suggested that there was a
positive correlation between antibody titers with
leprosy BI.[21] Seropositive levels increased compared
to BI-negative patients.
PGL-1 interacts with the laminin-2 receptor in the
Schwann cell membrane and mediated the infection
of M. leprae.[11] In vitro, data showed that the result of
the interaction of M. leprae with Schwann cell (with
or without TNF α) can upregulates the production of
MMP-9, which is known as one of cellular mediator of
nerve damage in leprosy.[12] MMP-9 activity, which is
inducted by TNF α, can damage the blood nerve barrier
and pull the macrophage into the endoneurium.[16]
This MMP-9’s activity is cannot be detected in normal
condition but can escalate quickly in the first stages of
nerve damage.[13]
Interestingly, low serum MMP-9 levels in MB
leprosy patients may be attributed to the diffusion
of multiple macrophages infiltrates which are filled
with basil and have no specific cellular immune
response to M. leprae.[21] Furthermore, the increased
MMP-9 expression has been observed in functioning
macrophage, epithelial cells polar leprosy tuberculoid
and immunoreactivity will decrease toward polar
lepromatosa (MB) characterized by damage
Drug Invention Today | Vol 11 • Issue 10 • 2019
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functioning of foamy histiocytes.[25] Lower IB values
show fewer bacilli, so the titer of IgM PGL-1 antibody
is also low. However, serum levels of MMP-9 will
increase as it demonstrates a better cellular immune
system, and vice versa.
This research has shown that the higher the value of
BI accompanied by elevated IgM anti-PGL-I levels
and decreased levels of MMP-9, reflects the severity
of clinical leprosy. However, this study has some
limitations, such as a limited number of MB leprosy
patients, and no PB leprosy patients, who tend to avoid
treatment because they think the disease is not vital.

CONCLUSION
In this study, serum IgM anti-PGL-1 levels were
higher in leprosy patients compared with household
contacts, while serum MMP-9 levels of leprosy
patients were lower than those of household contacts.
Leprosy patients with BI values <3 had lower serum
IgM anti-PGL-1 levels than leprosy patients with BI
scores ≥3; whereas leprosy subjects with BI scores <3
had higher serum MMP-9 levels than leprosy patients
with BI scores ≥3. The more important variable in the
occurrence of peripheral nerve damage in MB leprosy
disease is IgM PGL-1.
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