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Abstract 
 
Background: Leprosy is a chronic infectious disease caused by Mycobacterium leprae. Current therapeutic 
regimen, like the multidrug therapy (MDT), are effective in treating most cases, but new cases continue to 
emerge in Indonesia every year. While multidrug therapy alone is adequate for treating leprosy, there is a need 
for adjuvant treatment options to boost the host’s immune system to prevent the worsening of leprosy and 
reduce the activation of M. leprae, such as immunomodulators.  
Discussion: Immunomodulators are drugs that can stimulate the body’s natural and adaptive defense 
mechanisms, acting as either immunosuppressants or immunostimulants. To understand how 
immunomodulatory drugs (IMiDs) work, it is important to understand the role of immunity. This article reviews 
the role of immunity in leprosy and discusses various immunomodulators that have been developed or 
investigated to enhance the host’s immune system. Substances like levamisole, thalidomide, zinc, selenium, 
as well as vitamins A, D, E, and C have been clinically tried in various combinations and durations, showing 
promise as immunomodulating agents.  
Conclusion: Studies have suggested that immunomodulating agents may be considered as adjuncts to MDT 
to enhance the elimination and clearance of bacteria, making them potential recommendations for leprosy 
treatment.  

 
Keywords: immunomodulators, immunotherapy, leprosy, Morbus Hansen 

 
 
 
Background 
 
Morbus Hansen, or leprosy, is a chronic illness 
caused by an infection with Mycobacterium 
leprae.1 Although treatment with multidrug therapy 
(MDT) has been proven to be effective, new cases 
of leprosy continue to emerge every year. 
According to the World Health Organization 
(WHO), in 2019 there were 202,256 new cases of 
leprosy reported worldwide, spanning 161 
countries across six WHO regions.2 The 
Indonesian Ministry of Health's data and 
information center reported 17,202 new leprosy 
cases in 2018, making Indonesia the third-highest 
ranked country in terms of leprosy cases, following 
India and Brazil.3  

 
Multidrug therapy is needed to prevent nerve 
damage and control the growth of bacteria; 
however, at times, the treatment is inadequate. To 
achieve successful treatment for infectious 

diseases, it is important to understand more about 
the human immune response in fighting 
pathogens. Immune-based treatments are 
beneficial for both malignant and infectious 
diseases.4 A 2020 systematic review of in vitro and 
in vivo studies concluded that there is a parallel 
connection between pathogenic diseases and the 
host's immune response. Therefore, treatment 
options that can enhance the host's immune 
system are needed to improve tolerance to 
leprosy.5 Additionally, these treatments are also 
expected to reduce the risk of Mycobacterium 
leprae reactivation. To achieve these goals, 
effective prophylactic and therapeutic treatment 
options are necessary. Immunomodulators, which 
include drugs, vitamins, and vaccines, have been 
studied and found to be effective in killing and 
eliminating bacteria in the bodies of leprosy 
patients.6,7 Vaccines, unlike drugs, are used for 
prophylaxis and are administered early in life to 
stimulate the immune system and produce 
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antibodies to fight M. leprae.8 In this review, we will 
focus on various types of immunomodulator drugs 
and their roles in leprosy.  
 

Discussion 
 
Role of immunity in leprosy 
 
M. leprae is a cellular obligate bacterium; therefore, 
the body’s immunity plays an important role in the 
course of leprosy. A 2011 systematic review stated 
that the clinical manifestations of M. leprae 
infection vary depending on the condition of the 
host’ cellular immunity.9 M. leprae enters through 
the respiratory tract, passes through the body’s 
immune system, where macrophages and 
neutrophils try to destroy the bacteria in the early 
phase. However, if the immune system is weak, the 
bacteria cannot be destroyed by the body’s 
immune system, and subsequently enter the 
bloodstream along with monocytes, and grow 
within the body’s cells (Trojan Horse 
phenomenon).9 The body’s immune response to M. 
leprae can be divided into two categories: Innate 
immune response and adaptive/acquired immune 
response. The adaptive immune response works 
more slowly than the innate immune response. The 

innate immune response is the body’s first line of 
defense against external and internal attacks. This 
immune response is activated immediately when 
infection occurs to eliminate M. leprae.10,11 The 
innate immune response to M. leprae is activated 
by pattern recognition receptors (PRR), which are 
a combination of toll-like receptors (TLR) and 
nucleotides-binding oligomerization domain 
(NOD)-like receptors (NLR). Pattern recognition 
receptors can recognize endogenous molecules in 
cells damaged by M. leprae, known as damage-
associated molecular patterns (DAMPs). 
 
The formation of DAMPs can cause chronic 
inflammation.11 Toll-like receptors are receptors 
that protect the body from infection. M. leprae has 
the potential to bind to TLRs, particularly TLR-2. M. 
leprae damages Schwann cells and causes 
neuritis in patients because it can activate TLR-1 
and TLR-2 in Schwann cells.12-14 The activation of 
TLR-1 and TLR-2 caused by M. leprae is related to 
types 1 and 2 leprosy reactions (Figure 1).14 At the 
same time, NLRs function as receptors that can 
identify pathogens in the cytoplasm. Humans have 
23 different types of NLRs, including nucleotide-
binding oligomerization domain (NOD) and 
leucine-rich repeats (LRRs). 

 
Figure 1. Immune Response in Types of Leprosy.  

A. In patients with tuberculoid leprosy (TT), the innate immune response is activated by DAMPs through toll-
like receptors (TLR1 and TLR2). Interleukin (IL)-15 stimulates; VDR program in macrophages. These events 

stimulate CD4 T helper cells and promote Th1 T cell response and Th17 response. B. In patients with 
lepromatous leprosy (LL), immune complexes trigger the production of IL-10 and increase phagocytosis of 

DAMPs, then induce Th2 immune profile with the production of anti-inflammatory cytokines IL-4, IL-10, IL-13, 
and IL-6. 

CD4: clusters of differentiation 4; DAMPs: damage-associated molecular patterns; IL: interleukin; LILRA2: 
leukocyte immunoglobulin-like receptor subfamily A member 2; TLR: toll-like receptors; Th: T helper;  

TNF: tumor necrosis factor; VDR: vitamin D receptor 
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M. leprae is an intracellular bacterium with the 
ability to enter the cytoplasm and interact with the 
NLRs. The NLRs will then activate caspase-1 
through Apoptosis Associated Speck-like protein 
(ASC), which plays a role in activating pro-IL-1β 
and pro-IL-18 proinflammatory cytokines into 
active IL-1β and IL-18, which can induce cell death 
or apoptosis (Figure 2).15,16 Nucleotide-binding 
oligomerization domain-2 (NOD-2), a component 
of NLRs, plays a crucial role in the course of 
leprosy.  It can be activated through nuclear factor 

Kappa B (NF-B), mitogen-activated protein kinase 
(MAPK), and interferon regulatory factor (IRF). 
NOD-2 is believed to be associated with type 1 and 
2 leprosy reactions and can exacerbate the course 
of leprosy.11-13  
 
In tuberculoid leprosy, the innate immune response 
will be activated through the activation of toll-like 
receptors (TLR1 and TLR2) by DAMPs, the 
expression of which will promote the activation of 

IL-18 and NF-B. Cytokines such as IL-12 and IL-
15 are produced initially on the innate immune 
response to regulate macrophage function. IL-15 
then induced the activation of vitamin D receptor 
(VDR), which plays a crucial role in gene 
expression. These events will promote the 

activation of Th1 response (interferon [IFN]-, IL-2, 

tumor necrosis factor [TNF]-) and Th17 response 

(IL-22, IL-17, and IL-21). In patients with 
lepromatous leprosy, the expression of leukocyte 
immunoglobulin-like receptor subfamily A member 
2 (LILRA2) plays a significant role. The expression 
of LILRA2 inhibits TLR1 and TLR2 expression but 
triggers the macrophages to produce IL-10 and 
inhibit IL-12, which impairs the macrophage’s 
phagocytic ability. This event leads to the 
accumulation of DAMPs inside the cell, which 
results in the accumulation of lipid droplets or 
“foamy macrophages” and decreased apoptosis 
ability due to lack of IL-1β and IL-18 (Figure 1).15  
 
A 2016 cross-sectional study in 19 leprosy patients 
reported that the expression of caspase-1 was 
found in cell lesions of all types of leprosy. 
Correspondingly, the expression of the IL-18 gene 
was observed in tuberculoid-type leprosy skin 
lesions and showed a decrease in lepromatous 
type of leprosy. This variation may be attributed to 
the body’s immunity against M. leprae, as the 
amount of IL-18 expression is contingent upon this. 
Consequently, the study concluded that a 
significant positive correlation exists between the 
expression of caspase-1 and IL-18 in the skin 
lesions of leprosy patients. Furthermore, IL-18 

interacts with IL-12 and IL-2 to form IFN- and TNF-

, both of which play crucial roles in the course of 
leprosy (Figure 1).17  

 

 
 

Figure 2. Caspase Pathway.  
TLR and NLR activation in macrophages will promote NLR (NLRP3) expression. This, in turn, activates pro 

caspase-1 into caspase-1 through ASC protein that turns pro IL-1β into its active form (IL-1β).  
ASC: apoptosis-associated speck-like protein; IFN: interferon; IL: interleukin; NLRP3: nucleotides-binding 

oligomerization domain (NOD)-like receptors pyrin domain containing 3; NLR: nucleotides-binding 
oligomerization domain (NOD)-like receptors; TLR: toll-like receptor; Th: T helper 
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The role of immunomodulator in 
leprosy 
 
Immunomodulators are drugs that can stimulate 
the body’s natural and adaptive defense 
mechanisms, allowing the immune response to 
function properly. They can act as 
immunosuppressants or immunostimulants. Our 
discussion focuses on immunomodulatory drugs 
that help enhance the body’s ability to fight 
infection and leprosy.8 Leprosy presents as a 
spectrum of tuberculoid and lepromatous forms. In 
tuberculoid leprosy (TT), a polarization of Th1 
occurs, which results from the activation of 
cytotoxic T cells (CD8+), macrophages, and 
bactericidal mechanisms that control the growth of 

M. leprae through IFN-. On the other hand, 
lepromatous leprosy (LL) occurs due to impaired 
specific cellular immunity.4 

 
Immune checkpoint molecules (ICPs) play a crucial 
role in T-cell activation and determine the function 
of T-cells in decreasing the proliferation and 
secretion of inflammatory cytokines, such as IL-2, 

IFN-, and TNF-. These molecules also influence 
the maturation of dendritic cells and the function of 
macrophages. ICP molecules, particularly PD-
1/PD-L1 and CTLA-4, have been extensively 
investigated as therapeutic molecular targets in 
adjunct antimicrobial therapy for human 
immunodeficiency virus (HIV), hepatitis C virus 
(HCV), and tuberculosis (Figure 1).4 
 
The immune checkpoint (ICP) mechanism starts 
from the first signal, which occurs when the antigen 
attaches to major histocompatibility complex 
(MHC) II carried by antigen-presenting cells 
(APCs) and interacts with the T-cell receptor (TCR) 
of naïve T-cells. A second signal occurs when B7 
binds to the CD28 receptor on these cells. When 
both signals are active, T-cells, such as T-helper 
(Th) cells and cytotoxic T-cell lymphocytes, release 

cytokines (IL-6, IL-2, IFN-, IL-12, and TNF-) and 
cytotoxic compounds. However, the presence of 
chronic immune stimulation, resulting from 
continuous exposure to antigens, disrupts cellular-
specific immunity. The expression of other 
molecules, such as PD-1, TIGIT, lymphocyte-
activation gene 3 (LAG-3), and T lymphocyte-
associated cytotoxic protein 4 (CTLA-4), on 
lymphocytes and their respective partners on the 
APC surface (PD-L1, CD122/155, MHC class II, 
and B7), induces specific T-cells, which cause the 
disease to spread more rapidly. ICP inhibitors, 
such as PD-1, CTLA-4, LAG-3, and TIGIT, can be 
a strategy for controlling leprosy, especially in LL 
patients.4 Immunomodulatory drugs contain 

components that can block the ICP molecule. 
These drugs can modulate the immune system in 
patients with latent or active leprosy infection, 
helping to control the replication of M. leprae 
better.4,18 
 

Types of immunomodulators and their 
use in leprosy  
 
a. Levamisole 
There are different types of immunomodulators 
used in leprosy treatment, with one example being 
levamisole. Derived from imidazothiazole, 
levamisole is an anti-helminthic drug. Levamisole 
has been shown to have an activity as an 
immunomodulator for several skin diseases, 
including leprosy. Levamisole works as a nicotinic 
acetylcholine receptor agonist, targeting the 
activity of macrophages and T-cells. It strengthens 
phagocytic activity and chemotaxis; and slows 
down skin hypersensitivity process.18 Levamisole 
plays a role in decreasing the activation and 
proliferation of human T helper cells (CD4+) and 
CD8+ in vitro.  
 
Levamisole also shows a significant reduction in IL-
10. In addition to its inhibitory proliferation effects, 
levamisole upregulates the secretion of T-cell-
associated pro-inflammatory cytokines such as IL-

2, IL-4, IL-13, IFN-, and TNF-.19 Two in vitro and 
in vivo testing concluded that levamisole directly 
suppresses T-cell proliferation and stimulates the 
production of Th1 by rapidly increasing the 

secretion of IFN- and Th2 pathways (IL-4, IL-10, 

IL-12, IL-13, TNF-, and IL-1) (Table 1).19,20 
 
In leprosy, levamisole can be used as a therapeutic 
option to reduce the activity of M. leprae. 
Levamisole can be used as an adjuvant drug 
alongside MDT.18 A 2016 comparative randomized 
clinical trial in India concluded that levamisole can 
shorten the length of leprosy treatment when 
combined with MDT. It can also control the spread 
of the disease. This study compared the 
administration of MDT monotherapy, MDT plus 150 
mg levamisole twice a week, and MDT plus 400 mg 
albendazole once a week for one month, for a total 
of three months. The analysis revealed that MDT 
combined with levamisole showed a significant 
reduction in Bacterial Index (BI) compared to other 
groups.21,22  
 
According to a case-non-case study in 2021, 
levamisole has several adverse reactions as an 
immunomodulator, such as convulsions, 
thrombocytopenia, neuropathy, severe skin 
disorders (Stevens-Johnson syndrome or toxic 
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epidermal necrolysis and acute generalized 
exanthematous pustulosis), vertigo, 
arthralgia/myalgia, neutropenia, and tachycardia. 
More serious adverse reactions, such as nervous 
system disorders, gastrointestinal disorders, 
musculoskeletal tissue disorders, and vascular 
disorders, were also reported in some patients.23  
 
b. Thalidomide 
Thalidomide is a drug derived from synthetic 
glutamic acid and can act as an anti-inflammatory, 
immunomodulatory, and anti-angiogenic agent due 
to its inhibition of vascular endothelial growth factor 
(VEGF). Thalidomide is an immunomodulatory 
drug that can be used for dermatological diseases, 
such as psoriasis, prurigo nodularis, senile 
pruritus, dermatitis, pyoderma gangrenosum, and 
type 2 leprosy reaction or erythema nodosum 
leprosum (ENL).7  
 
A case study of patient with leprosy reaction in 
2016 reported that thalidomide is effective in 
providing a 90% cure for patients with ENL. 

Thalidomide has an inhibitory effect on TNF-, 
which is produced by monocytes. High levels of 

serum TNF- have been observed in ENL patients. 
Therefore, with the administration of thalidomide, 

patients’ serum levels of TNF- could be 
significantly reduced, resulting in clinical 
improvement.24 Recent in vitro immunology studies 
on 24 rats (2021) and human cancer cells (2023) 
support that as an immunomodulatory agent, 
thalidomide and its analogs significantly suppress 

pro-inflammatory IL-1β, IL-6, TNF-, VEGF, and 

NF-B gene expressions (p < 0.05), as shown in 
Table 1.25,26  
 
A 5-year retrospective cohort study on leprosy 
patients in India reported that thalidomide is 
effective in the treatment of ENL. Thalidomide has 
been proven to be useful as a steroid-sparing agent 
for controlling leprosy reactions due to its anti-
inflammatory and immunomodulatory properties. 
This study, conducted on 102 patients with ENL 
who were given thalidomide, reported that 68 
patients (66.7%) showed improvement with a 
significant decrease in BI. However, the use of 
thalidomide should be closely monitored with dose 
limitations, especially in pregnant women, due to 
its teratogenic and neurotoxic effects.27,28  
 
A 2016 randomized comparative study compared 
4 treatment regimens of ENL; prednisolone 
monotherapy and thalidomide monotherapy for the 
treatment of the first episode of ENL, and 
prednisolone plus thalidomide and prednisolone 
plus clofazimine for the treatment of recurrent ENL. 
The study concluded that thalidomide 

monotherapy had an efficacy of 93.75% for the first 
episode of ENL, compared to the 58.8% of 
prednisolone monotherapy (p < 0.05). As for 
recurrent patients, the efficacy of prednisolone plus 
thalidomide was 82.35%, compared to the 62.5% 
of prednisolone plus clofazimine (p <0.05). This 
shows that thalidomide provides better outcomes 
for the treatment of ENL.29 Similar and recent 
clinical trial from, which compared the efficacy of 
prednisolone plus thalidomide (group A) and 
prednisolone plus clofazimine (group B) on 30 
patients with ENL, concluded that group A had 
better reduction of reaction severity score (RSS), 
visual analog scale (VAS), and recurrence of ENL 
compared to group B (p <0.05).30  
 
The dosage and duration of thalidomide 
administration in leprosy have been fields of 
uncertainty. The recommended dosage of 
thalidomide proven to control ENL is 300 mg daily 
for the first month, followed by 200 mg daily in the 
second month, and 100 mg daily in the third month, 
followed by 50 mg daily until complete recovery.27 

A prospective non-randomized clinical trial 
conducted on 42 patients with ENL concluded that 
100 mg of thalidomide daily for 6 months was 
effective as preventive therapy of ENL with no side 
effects.31  
 
A case study from Surabaya, Indonesia reported 
the usage of 50 mg thalidomide twice daily (day 1-
22) as a sparing agent of methylprednisolone (MP) 
and immunomodulator. The dose was 
subsequently changed to 100 mg daily on day 23. 
After 1 month, 50 mg thalidomide daily was 
continued as MP was discontinued. This approach 
successfully controls ENL in this patient with no 
serious adverse event except for pain in the legs 
and cramps in the hands during treatment.24 Six 
serial case studies on immunosuppressed patients 
reported a variety of side effects of thalidomide as 
an immunomodulator, including central 
neurotoxicity (short-term memory, dementia-like 
amnesia, expressive aphasia, dysarthria, lethargy, 
and coma). All symptoms were reversible and 
resolved after discontinuation of thalidomide.32 
Other side effects reported include nausea, 
vomiting, drowsiness, constipation, pedal edema, 
and dry mouth.27 Overall, thalidomide has shown 
promise as an effective treatment for ENL. 
However, careful monitoring and adherence to 
dosage guidelines are necessary to minimize 
potential side effects, especially in pregnant 
women.  
 

c. Zinc (Zn) 
Zinc is a micronutrient that is very important for 
maintaining the balance of the body’s innate 
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immune system. Zinc deficiency can inhibit the 
body’s immune response to eliminate bacteria that 
enter the body and increase the production of NF-

B, which causes the body to become more 
resistant to infection.33 Zinc deficiency can also 
reduce the activity of Th1 responses and other 
cytokines. In leprosy patients, zinc deficiency can 
reduce the response of inflammatory cytokines, 

such as IFN- and IL-2, which play an important 
role in controlling M. leprae infection. Zinc can 
stimulate the production of IL-2 and control 
bacterial activity and growth within the body (Table 
1).34,35  
 
A clinical controlled trial on 63 patients with leprosy 
showed a significant correlation between BI and 
total zinc level. This study concluded that there was 
a gradual reduction in serum zinc level as the BI 
level got higher, which resulted in a more severe 
form of leprosy (p<0.001).36 Another cross-
sectional study on 100 patients with leprosy found 
that serum level of zinc was significantly lower in 
PB leprosy compared to the healthy controls 
(p<0.001), while there was no significant difference 
between PB and MB.37 
 
Administration of zinc as an adjunct to MDT has 
been shown to significantly improve the patient’s 
clinical condition. Zinc given as an adjuvant to 
dapsone in LL patients induces rapid conversion of 
lepromin compared to a control group without zinc 
administration.36,38-40 Daily oral zinc with a dose of 
200-400 mg for 3-8 months as a therapeutic agent 
has successfully improved the incidence of leprosy 
reaction compared to the control group.36 

 
d. Vitamins A, D, and E 
Vitamin A is an important component that plays a 
vital role in the immune system as it regulates 
several aspects of the immune response. Leprosy 
patients are reported to have low levels of vitamin 
A. Vitamin A deficiency has been associated with 
reduced phagocytic activity in macrophages and 
decreased natural killer (NK) cell activity.41 A cross-
sectional study on 34 leprosy patients that 
compared vitamin A levels between paucibacillary 
(PB) and multibacillary (MB) types of leprosy 
showed lower levels of vitamin A in MB type, 
especially in LL patients (p=0.001).42 Vitamin A 
intake promotes the production of IL-10 and 
induces an anti-inflammatory response, inhibiting 

the production of IL-12 and TNF-, which are 
implicated in the progression of leprosy. Vitamin A 
can be obtained from food sources, such as 
chicken liver, eggs, milk, red or orange fruits, and 
vegetables, as well as through oral 
supplementation (Table 1).34,40-42 Like vitamin A, 
vitamin D can modulate the immune system to 

combat various pathogens, including M. leprae. 
Vitamin D enhances phagocytic activity and 
stimulates the production of antimicrobial peptides 
in infected macrophages and neutrophils. These 
peptides possess immunomodulatory properties 
for the innate immune system and act as 
immunomodulators through Vitamin D Receptor 
(VDR) inside macrophages. Vitamin D has been 
shown to activate macrophages by binding to Toll-
like receptors (TLR), thereby aiding in the 
elimination of Mycobacterium, resulting in inhibition 

of Th1 activity (reduction of IL-12, IFN-, IL-6, IL-8, 

TNF-, and IL-9).  
 
In contrast, vitamin D upregulates the activation of 
Th2 (IL-4, IL-5, and IL-10), as described in Table 1. 
Although studies on vitamin D deficiency in leprosy 
remain limited, one recent cross-sectional study 
involving 20 leprosy patients concluded that there 
is a significant depletion in serum vitamin D levels 
in patients with leprosy (p<0.001).43 The main 
sources of vitamin D are diet, UVB exposure, and 
supplements. Vitamin D is available in two forms, 
namely ergocalciferol (vitamin D2) and 
cholecalciferol (vitamin D3). Vitamin D3 is mainly 
provided by sunlight. It is recommended to get 
direct sunlight exposure for 10-15 minutes twice a 
week without sunscreen to get an optimal level of 
vitamin D3. Meanwhile, dietary sources and 
multivitamins mainly contain vitamin D2. Food 
sources rich in Vitamin D include sea fish, fish oil, 
egg yolks, butter, cheese, meat, or oral 
supplementation.34,40,43 

 
Vitamin E or alpha tocopherol has a protective 
effect against oxidative stress in leprosy. 
Tocopherol, the active compound in vitamin E, 
exhibits an affinity for phospholipids in 
mitochondria, endoplasmic reticulum, and plasma 
membrane, safeguarding the fatty acids contained 
in this phospholipid membrane from oxidation. M. 
leprae has been found to damage fatty acids within 
the membrane. Adequate consumption of vitamin 
E allows tocopherol to neutralize this reaction, 
inhibiting the escalation of free radical formation 
during M. leprae infection. A cross-sectional study 
from East Sumatera on 24 leprosy subjects 
concluded that there was no significant correlation 
between vitamin E levels in PB and MB leprosy; 
however, MB leprosy has lower vitamin E levels 
than PB leprosy.43 In a study where leprosy 
patients were treated with dapsone, rifampicin, and 
clofazimine in combination with an additional 400 
IU of vitamin E for 12 months, a significant 
reduction in oxidative stress from lipid peroxidation 
(LPO) was observed, as described in Table 1.43 
Vitamin E can easily be obtained from vegetable 
oil, olive oil, nuts, and avocados.34,43,44 
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e. Vitamin C 
The body’s immune system needs an adequate 
and diverse diet consisting of protein, vitamins, and 
minerals to effectively combat infections.  Vitamin 
C, as a powerful antioxidant, has a significant role 
in enhancing human immune system.44,45 Vitamin 
C has the potential ability to reduce oxidative stress 
and affect the phagocytic ability of macrophages, 
interferon production, inhibit replication of DAMPs, 
as well as enhance the maturation of T-
lymphocytes.45  
 
A recent cross-sectional study on 100 patients with 
a new course of leprosy showed that leprosy 
patients have a lower level of vitamin C compared 
to healthy individuals (p=0.078).39 This finding 
might be related to increased oxidative stress due 
to leprosy infection. A case-control study on 52 
leprosy subjects and 100 controls in leprosy 
endemic area of Bangladesh also proved that most 
leprosy patients suffer from undernutrition, as it 
may be a contributing factor to low levels of serum 
vitamin C.44 
 
f. Selenium 
As an immunomodulator, selenium has an anti-
proliferative and immune-enhancing property by 

way of boosting the body’s innate and adaptive 
immune defense. Selenium has been proven to 
increase the activation of NK cells, CD4+ T cells, 

and the expression of IFN-.46  
 
A 2018 cross-sectional study on 30 leprosy 
patients showed that serum selenium in patients 
with leprosy, especially MB type, was significantly 
lower than in PB leprosy patients (p=0.005), and 
patients with high BI correlated with low selenium 
levels.47 On the other hand, a 2021 case control 
study in Egypt on 100 leprotic patients (50 MB and 
50 PB) and 100 controls suggested that selenium 
level has no impact on patients with leprosy and 
healthy controls.37 Although still under debate, a 
strong 2021 experimental study on 60 
immunosuppressed mice showed that 80 mg/kg 
selenium supplementation as an 
immunomodulator can reduce the secretion of 

nitric oxide, IL-2, and IFN-.48 The recommended 
dietary intake of selenium as an immunomodulator 
in humans as recommended by a randomized 
controlled trial in children and adolescents ranges 
from 15 µg/day for children aged 1–3 years to 70 
µg/day for adolescents.49

 
Table 1. Summary of Immunomodulator Drugs in Leprosy 
 

Immunomodulator 
Drugs 

Effects References 

Levamisole 

• Decreases CD4+ and CD8+ proliferation 

• Reduces IL-10 

• Upregulates IL-2, IL-4, IL-13, IFN-, TNF-, IL-1 

19, 20 

Thalidomide 
• Inhibits TNF- and VEGF 

• Reduces IL-1, IL-6 
7, 24, 25, 26 

Zinc 
• Increases production of NF-B 

• Upregulates Th1 activity, which increases IFN- and IL-2 
33, 34, 35 

Vitamin A 
• Increases production of NF-B, IFN-, IL-10 

• Inhibits production of IL-12 and TNF- 
33, 40, 41 

Vitamin D 

• Activates macrophages by binding to TLR 

• Reduces Th1 activation 

• Upregulates Th2 activity 

33, 40 42 

Vitamin C 

• Reduces oxidative stress 

• Enhances macrophage’s phagocytic ability and interferon 
production, inhibits replication of DAMPs, enhances 
maturation of T-lymphocytes 

45 

Vitamin E 
• Reduces oxidative stress resulting from macrophages’ 

phagocytic activity 
43 

Selenium 
• Increases activation of NK cells, CD4+ T cells 

• Increases expression of IFN 
46 

CD: cluster of differentiation; DAMPs: damage-associated molecular patterns; IFN: interferon; IL: interleukin; 

NF-B: nuclear factor kappa B; NK: natural killer; TNF: tumor necrosis factor; TLR: toll-like receptor; VEGF: 
vascular endothelial growth factor 
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Conclusion  
 
There are various choices of immunomodulators, 
in the form of drugs and vitamins, that can be used 
as an adjunct to MDT in leprosy. Some have been 
studied and shown to have a positive impact on the 
treatment and course of leprosy. However, proper 
dosage monitoring is necessary during 
administration to minimize the occurrence of 
various side effects associated with 
immunomodulatory drugs. 
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