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  ABSTRACT  
Leprosy dermatology infection  Leprosy is an infectious disease caused by the Mycobacterium leprae 

attacking the skin and nerves leading to deformities of the hands, feet, 

and face. Every year more than 200,000 new cases of leprosy are 

reported globally, with Indonesia as one of the largest contributor. 

Nutritional status, particularly micronutrients, have role in development 

of the disease and nutritional balance could reduce the risk of contracting 

disease. It is also known that decreased levels of antioxidants and 

immune modulating nutrients may contribute to increasing in oxidative 

stress and complications. Thus, further studies considering the action of 

antioxidants and immune-modulatory nutrients in M. leprae infected 

patients should be designed to elucidate the pathogenic mechanism and 

to support dietary supplementation as the treatment of leprosy. 
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1. Introduction 

Leprosy is an infectious disease caused by the Mycobacterium leprae, which attacks the skin and nerves 

leading to deformities of the hands, feet, and face. This disease is still a public health problem in 

underdeveloped areas of the world. Risk factors for M. leprae transmission and the development of leprosy 

is still unknown [1]. 

 

Every year more than 200,000 new cases of leprosy are reported globally. WHO has set a target for global 

distribution of leprosy by 2020. The three most important endemic countries are India, Brazil and 

Indonesia, which together accounted for more than 80% of all newly recorded cases of leprosy [2]. 

 

Current leprosy therapy consists of several high cost antibiotics combination and has long duration, which 

are up to six months and one year for paucibacillary and multibacillary leprosy, respectively. Hence, 

therapy depends on the number of bacilli. Although according to WHO recommendations, these antibiotics 

are available free of charge, they are still out of reach for patients in many rural areas. Nutrient deficiencies 

could affect the ability of the barrier naturally and cause a decrease of the immune response due to certain 

micronutrients which are important for maintaining natural barriers integrity and various components of the 

immune system, such as cellular response and antibody production. In this review, the nutritional aspects of 

the influence of micronutrients and immune responses on leprosy will be discussed. 
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2. EPIDEMIOLOGY 

Approximately 202,189 new cases in 2019 were reported globally with India as the largest contributor 

followed by Brazil (14%) and Indonesia (9%) [3]. Various factors that can cause a higher incidence of 

leprosy in India include increasing age, sanitary and social conditions poor economy, lower education 

levels, and malnutrition [4]. In Indonesia, the prevalence rate of leprosy in 2017 was 0.70 cases/10,000 

population and the new case finding rate was 6.08 cases per 100,000 population [5]. A study in Bangkalan 

Madura, East Java found that poverty is an important risk factor for leprosy, but the mechanism underlying 

this relationship other than malnutrition still need to be identified [6]. 

 

The World Health Organization (WHO) declared leprosy to have been completely eradicated in year 2000. 

Eradication or elimination of infection is defined as a decrease in overall prevalence to less than 1 case per 

10,000 people. Leprosy is usually found in developing countries, with varying prevalence [7]. The data 

obtained for leprosy showed that not all cases were reported. Epidemiological data of leprosy is very 

sensitive to operational factors; almost all data were based on passive case findings. A study using active 

case through house-to-house surveys in Bangladesh recorded nearly five times more cases than was 

believed to be in the area by finding only passive cases [8]. WHO states that the main intervention strategy 

is case identification and multidrug treatment. The global strategy by WHO (2011 to 2015) aims to reduce 

the level of physical disability to 2 [9]. 

 

3. RISK FACTOR AND PATOPHYSIOLOGY 

Risk factors considered to play a role in leprosy are direct contact with leprosy patients greatly increases the 

likelihood of contracting the disease compared to the rest of the population;  Armadillo exposure which 

have proven animal-to-human transfer; Older people which are more susceptible, increasing the risk age of 

5 until 15 and after the age of 30; Genetic factors, especially in PARK2/PACRG gene which a study 

involving more than 1,000 patients with a diagnosis combined of 21,000 contacts showed that genetic 

relationships were important.; Immunosuppression which occurs after organ transplantation, chemotherapy, 

HIV infection, or after administration of agents for rheumatic symptoms [7]. 

 

The transmission of leprosy has not fully understood, but it is believed to spread through respiratory tract. 

Reports suggest that host infection could potentially occur through unintacted skin. M. leprae's affinity 

towards peripheral nerve cells, which specifically attacks Schwann cells (SC), causes nerve demyelination 

and loss of axonal conductance that leads to numbness [7]. 

 

Additional studies with modern technological advances in molecular identification has yet to be carried out 

to identify reservoirs and vectors to assess viability. It is important to note that many people do not contract 

the disease after initial exposure. The growth and development of the disease depends on many factors, 

including immune function and genetic predisposition. The Th1 immune response is strong and associated 

with lower bacterial counts, whereas the Th2 response is weak and results in higher bacterial counts and 

more severe disease [7]. 

 

4. CLASSIFICATION 

 

4.1 Ridley-Jopling Classification 

It is commonly used because it describes the entire spectrum of clinical and pathological features. The 

spectrum of leprosy ranges from forms with an immune response and a low number of organisms 

(tuberculoid or paucibacillary) to forms with a weaker immune response and a greater number of organisms 

(lepromatous or multibacillary). Classification was based on cutaneous, neurologic, and biopsy findings, all 
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of which correlated with the individual's immunologic ability (figure 1). This category also relates to the 

number of acid-fast bacilli present in the dermis [10]; 

i. Tuberculoid (TT) 

ii. Borderline tuberculoid (BT) 

iii. Mid-borderline (BB) 

iv. Borderline lepromatous (BL) 

v. Lepromatous (LL) 

vi. Indeterminate (I) 

Patients with high cellular immunity and delayed hypersensitivity to M. leprae antigen complex will 

experience one to three well-defined lesions with central hypopigmentation and hypoesthesia. 

Histologically, it exhibits granulomatous inflammation and scanty acid-fast bacilli in the tissue referred to 

as tuberculoids [10]. 

 

The majority of patients belong to the borderline group between TT and LL. It is further subdivided into 

borderline lepromatous, mid-borderline, and borderline tuberculoid. Very early lesions may present as a 

relatively nonspecific perineural infiltrate in which slight acid-fast bacilli may be demonstrated. If there are 

no adequate criteria for classification, it is called indeterminate [10]. 

 

 
Figure 1. Clinical classifications of leprosy based on WHO and Ridley-Jopling system. TT: tuberculoid; 

BT: threshold tuberculoid; BB: center line; BL: borderline lepromatous; LL: lepromatous; CMI: cell-

mediated immunity; BTA: acid-fast bacilli; PB: paucibacillary; MB: multibacillary [10]. 

 

4.2 WHO Classification 

This system is classified by number of skin lesions present and designed in situations where there is limited 

clinical expertise or laboratory facilities. Paucibacillary (PB) was defined as five or more skin lesions 
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without bacilli detected on a skin smear. Patients with only one skin lesion were classified separately as 

single-lesion PB. Multibacillary (MB) was defined as six or more lesions and possibly a positive skin smear 

test. Counting skin lesions alone can lead to misclassification in many patients with PB leprosy compared to 

MB leprosy, leading to a lack of treatment in some cases [10]. 

 

5. ASPECTS OF MICRONUTRIENTS ON LEPROSY IMMUNOLOGY RESPONSE 

The immune response is activated when pathogens crossed natural barriers by mechanically, chemically, or 

biologically. The biological barrier consists of the normal bacterial flora, which competes for nutrients and 

epithelial receptors with pathogenic agents and produces microbiocidal substances. Nutrient deficiencies 

could affect the natural barrier’s ability leading to reduced immune responses because certain 

micronutrients are important for maintaining the integrity of natural barriers and proper function of various 

components of the immune system, such as cellular responses and antibody production [9]. 

 

Case-control studies in Indonesia and Bangladesh showed the difference in dietary intake between new 

patients and control subjects was related to immunity [1], [6]. It has been reported that protein deficiency is 

accompanied by insufficient or low intake of vitamins and minerals from various food groups is associated 

with decreased cell-mediated immunity, which puts leprosy patients at risk of decreased immunity.11 In a 

study of fifty-eight leprosy patients conducted in India, nutritional deficiencies were found in various forms 

of leprosy especially in lepromatous type which is the most aggressive clinical form. The study found a 

decrease in serum levels of potential antioxidants, such as retinol (vitamin A), tocopherol (vitamin E), 

ascorbic acid (vitamin C), zinc, magnesium and selenium [12]. 

 

In M. leprae infection, macrophage activation is important for controlling microorganism destruction 

mediated by reactive oxygen species (ROS) and NO. However, these radicals have oxidant activity leading 

to tissue damage, along with other inflammatory substances produced by the immune system. Antioxidants 

suppress oxidative stress effect and reduction of antioxidant leads to complications in treatment and 

worsening of the disease. Micronutrient supplementation is thought to be used as preventive treatment for 

leprosy patients and increases immune response to prevent seroconversion [13]. 

 

5.1 Relationship of Vitamin A and Leprosy 

Vitamin A accompanied by retinoic acid as a precursor and β-carotene is an important antioxidant that 

interacts with free radicals by inhibiting lipid peroxidation, while carotenoids overcome cellular singlet 

oxygen to become less reactive species. β-carotene functions as an antioxidant in low partial oxygen 

pressures, whereas in high oxygen concentrations vitamin E completes this role. Such an increase in 

oxidative stress observed in leprosy patients indicates the need for vitamin A. Vitamin A is required to 

regulate the immune response of innate (cellular) and acquired (humoral) immunity. Thus, vitamin A 

deficiency will decrease phagocytosis, increase macrophage oxidative NK cell population regulation, 

decrease IFN-γ production (Th1 response) and Th2-mediated humoral response. An Indonesian study 

showed that vitamin A deficient children produce less IFN-γ and become susceptible to mycobacterial 

disease because IFN-374 produces Th1 cells that provide protection against intracellular pathogens. 

Moreover, retinoic acid induces the production of IL-10 as an anti-inflammatory response by inhibiting IL-

12 and TNF-α. Because IL-12 helps induce Th1 differentiation, vitamin A supply inhibits Th1 responses, so 

vitamin A deficiency impairs Th2 responses and decreases IgG1 and IgE antibody production. Decreased 

serum vitamin A concentration in lepromatous leprosy (LL) patients can decrease Th1 response and M. 

leprae replication in macrophages [11], [14], [15]. 

 

5.2 Relationship of Vitamin C and Leprosy 
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Vitamin C (ascorbic acid) is an enzymatic co-factor in many metabolic processes, especially in oxidation-

reduction process. It plays an important role in infection prevention, iron absorption and free radical 

inactivation. As a non-enzymatic antioxidant, vitamin C helps control ROS-induced inflammation and kills 

intracellular bacteria such as M. leprae. ROS-induced oxidative stress impairs cell membrane integrity by 

altering membrane permeability and cell-to-cell communication. Supplementation of vitamin C (20 mg/kg 

and 1-3g per day) in food increases the activity of neutrophils and macrophages to kill microbes. It has been 

reported that vitamin C supplementation increases the phagocytic activity of murine macrophages. Thus, 

vitamin C deficiency has a negative impact on leprosy patients, as evidenced by the decrease in serum 

ascorbic acid levels in TB patients [11]. 

 

5.3 Relationship of vitamin D and Leprosy 

A study elucidate the potential mechanisms of vitamin D's benefit in tuberculosis (TB) showed that 

1,25(OH)2D, the active form of vitamin D, potentially suppresses the proliferation of the TB-associated 

infectious pathogen, Mycobacterium tuberculosis (M. tb), in human monocytes. M. leprae and M. tb are 

intracellular bacteria, so the mechanism of immune response against pathogens is similar [16]. Serum 

samples from susceptible individuals with TB showed low levels of 25-hydroxyvitamin D and lower 

efficiency against the cathelicidin peptide. A study on 20 leprosy patients at Medan showed that vitamin D 

levels were lower compared to the control group, this result is also supported by several other studies [16]. 

 

Vitamin D deficiency could be an important factor in leprosy morbidity, given the high prevalence found in 

various studies and with the known role of the vitamin D receptors (VDR) gene in MB predilection 

compared to PB [17]. VDRs are found in many tissues and cells, eliciting various of biological responses 

including immunomodulatory activity by modulating antigen presenting cells and functional T cells. It 

induces antimicrobial peptides production in infected macrophages which kills Mycobacterium (Figure 2). 

These peptides (cathelicidins and defensins) modulate the innate immune response. Cathelicidin peptide 

LL-3 recruits monocytes, T-cells and neutrophils to the site of infection; while LL-37 activates 

macrophages by binding to TLRs to induce M.tb eradication. 
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Figure 2. Vitamin D role in Mycobacterium leprae infection [18] 

 

A comparative study of cathelicidin and vitamin D3 in 29 leprosy patients with 19 healthy people showed 

that the levels of cathelicidin in leprosy patients were lower than healthy people. IFN-γ, which is secreted 

by Th1 cells is known to have a protective role against intracellular pathogens, and can potentiate the effect 

of the 1α-hydroxylase enzyme that converts vitamin D to its active form 1α,25-(OH)2D3, together with 

inhibition of the enzyme that inactivates vitamin D3. On the other hand, vitamin D3 helps propagate M. 

leprae by inducing dendritic cells and T-regulators by inhibiting co-stimulating molecules and inducing 

FOXp3 expression and IL-10 production. Therefore, evaluation of vitamin D deficiency and its 

polymorphism receptor could help predict the clinical improvement in leprosy [11]. 

 

5.4 Relationship of Vitamin E and Leprosy 

Free radicals and lipid peroxidation cause suppression of the immune response. As a fat-soluble antioxidant, 

vitamin E is required to protect lipid membranes against lipid peroxidation. It has been shown in mice that a 

diet rich in vitamin E increases of IL-2 and IFN-γ production induced by lymphocytes. This observation 

implies that an increase in vitamin E consumption above normal can improve the immune response against 

infection. Vitamin E in its most active form, which is α±-tocopherol, reacts with mitochondrial 

phospholipids, plasma membranes and endoplasmic reticulum as the first line of defense against membrane 

phospholipid peroxidation. Tocopherols help neutralizing this reaction by donating phenol hydrogen to 

peroxyl free radicals (Fig. 3) [11]. 

 

 
Figure 3. Role of ROS and Vitamin E in Mycobacterium leprae infection [11] 

 

Inhibition of lipid peroxidation by vitamin E is usually assisted by vitamin C to reduce glutathione and 

nicotinamide adenine dinucleotide phosphate (NADPH), because higher concentrations of vitamin E have a 

pro-oxidant effect. A case-control study of leprosy patients, at the start of treatment, showed increased 

oxidative stress with higher levels of lipid peroxidation due to free radicals formed during immune-
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mediated killing of M. leprae. However, leprosy patients treated with MDT (dapsone, rifampin, and 

clofazim) and 400 IU E daily for 12 months showed normal LPO levels similar to TB. TB patients showed 

decreased levels of vitamins C and E compared to healthy controls, but higher serum malondialdehyde 

levels, whereas pulmonary TB patients who received standard chemotherapy when accompanied by 140 mg 

vitamin E and 200 g selenium for two months showed reduced oxidative stress with improvement of 

antioxidant status compared to TB patients who were only treated with chemotherapy [11], [19]. 

 

5.5 Relationship of zinc and Leprosy 

Zinc is known to play a role in infection prevention, and zinc deficiency could negatively impact the 

immune system due to poor Th1 response with decreased levels of proinflammatory cytokines (IFN-γ, IL-2, 

and TNF-) that help to control intracellular pathogens including M. leprae without affecting IL-4, IL-6, and 

IL-10 levels. Meanwhile, prolonged zinc supplementation increases the production of IL-2 which causes a 

significant reduction in the incidence of respiratory tract infections. The antioxidant role of zinc is related to 

the regulation of metalothionein expression during radiation, drugs and heavy metal exposure. Zinc is a 

structural and catalytic component of superoxide dismutase (SOD), which reduces the oxidative effects of 

ROS, converting superoxide (O2-, +O2-, +2H+) to hydrogen peroxide (H2O2 + O2) to minimize the chain 

reaction during cellular interference presence. The cytoplasmic SOD contains copper-zinc, while the 

mitochondrial form contains manganese. Thus, loss of zinc in cell membranes could affect cell function, 

flow, hydro-osmotic balance, and sodium-calcium transport channels. Furthermore, zinc stabilizes the 

reduced form of sulfhydryl groups, and protect cell membranes from the effects of lipid peroxidation. 

Research shows that Zinc deficiency in HIV-infected men could cause 488 secondary infections leading to 

increase in morbidity and mortality [11], [20]. 

 

5.6 Relationship of Selenium and Leprosy 

The essential micronutrient selenium is closely associated with enzymatic and metabolic complex function 

and its interactions with glutathione peroxides (GPxs). Glutathione catalyzes the reduction of hydrogen 

peroxide and organic hydroperoxides and also protects cell membranes and cellular lipids from oxidative 

disturbance [21]. Selenium affects the chemotactic and microbicidal activities of innate immune 

components and modulates leukotriene synthesis and peroxide regulation in immune cells. Optimal 

selenium doses are required for phagocytosis and lymphocytic activity, however higher doses may act as 

inhibitors. Clinical studies show that patients with TB, asthma, and HIV have selenium deficiency, but its 

effect on leprosy infection is unknown. It has been observed that high doses of any single antioxidant can 

cause the opposite effect. Thus, it is very important to consider the biochemical, clinical and genetic aspects 

during the administration of nutrition, and its dosage for the prevention and treatment of disease [11]. 

 

5.7 Relationship of iron and Leprosy 

Two component systems of active immunity (humoral and cell-mediated immunity) have been investigated 

that are associated with iron deficiency leading to a decrease in neutrophil polymorphic function, decreased 

myeloperoxidase activity and reduction of nitro blue toluene which is reversible with iron therapy; Impaired 

intracellular bactericidal activity; Decreased T lymphocyte count with thymicatrophy; Impaired T 

lymphocyte response that induces proliferation; Natural killer cell activity, IL-2 production by lymphocytes 

is disrupted; Decreased production of factors inhibiting macrophage migration; Delayed reversible 

cutaneous hypersensitivity disorder, including tuberculin reactivity [22]. A study in Indonesia showed that 

leprosy patients were often accompanied by low dietary variants, lack of food supplies, low serum iron, and 

high ferritin levels. However, the incidence of leprosy was not significantly associated with iron deficiency 

(OR, 1.06; 95% CI, 0.10-11.37; p=0.963). This study shows that most leprosy patients consume less red 

meat and eggs, which are high in iron [23]. 
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6. CONCLUSION 

Leprosy remains a major challenge for clinicians and scientists due to various of clinical presentations, 

factors involved in controlling M. leprae infection, and the possibility of complications. There are still 

limitations on leprosy related to various nutritional factors impact. Nutritional status, particularly 

micronutrients, have role in development of the disease and nutritional balance could reduce the risk of 

contracting disease. It is also known that decreased levels of antioxidants and immune modulating nutrients 

may contribute to increasing in oxidative stress and complications. Thus, further studies considering the 

action of antioxidants and immune-modulatory nutrients in M. leprae infected patients should be designed 

to elucidate the pathogenic mechanism. This knowledge is very important to support dietary 

supplementation as the treatment of leprosy. 
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