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Background

Indonesia ranks third globally in leprosy, with the eastern part of the country, particularly Ambon, still reporting high prevalence rates. In Ambon, the capital city of Maluku Province, the prevalence is 8.27 per 10.000 persons, exceeding the national rate of 0.61. While multidrug therapy (MDT) including Dapsone remains the standard treatment for leprosy, it carries the risk of a severe adverse reaction known as Dapsone Hypersensitivity Syndrome (DHS). DHS has been reported in eastern Indonesia, sometimes with fatal outcomes, including in Ambon. Recent research suggests a link between the HLA-B 13*01allele and DHS. Therefore, this study aims to investigate the association between HLA-B*13:01 and DHS within Ambon and surrounding regions.





Methods

This case-control study included leprosy patients undergoing or having completed MDT therapy in Maluku. Cases were included if they met two or more Richardus and Smith’s criteria and were recruited from several hospital in Ambon and Tual Cities. Controls were leprosy patients with >8 weeks of Dapsone exposure without DHS symptoms. Peripheral blood samples were collected, and DNA was extracted from lymphocytes using the QIAGEN QIAmp kit with a modified 2-hour incubation. HLA-B*13:01 genotyping was performed using PCR with specific primers, followed by gel electrophoresis and Sanger sequencing. Statistical analysis was performed using SPSS. Associations between categorical variables were assessed using the Chi-square test, with Fisher’s exact test used when expected cell counts were <5. Significance was set at p<0.05.





Results

A total of 8 cases and 53 controls were included. The HLA-B*13:01 was present in 100% of DHS cases and 6% of controls. Statistical analysis using Fisher’s exact test revealed a significant association between HLA-B*13:01 and DHS (p < 0.001).





Conclusions

This study demonstrates a significant association between HLA-B 13*01 and DHS in Ambon’s leprosy patients. These findings support the potential use of HLA-B*13:01 as a screening tool to identify individuals at high DHS risk before dapsone initiation, potentially improve patient safety by preventing fatal adverse events, optimizing treatment outcomes for leprosy patients by avoiding delayed treatment, and ultimately reducing leprosy transmission rates in Ambon, its surrounding regions, and other high-prevalence areas.
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1 Introduction

Leprosy remains a significant public health issue in Indonesia, which ranks third globally in the number of leprosy cases, following India and Brazil (1). According to data from the Ministry of Health, Republic of Indonesia, in 2023, Maluku was identified as one of 12 provinces where leprosy remains endemic, with a prevalence rate of 2.5 per 10.000 population, considerably higher than the national prevalence rate of 0.61 per 10.000 population in Indonesia (2). In contrast, Ambon and Tual cities continue to struggle with high prevalence rates of 8.27 and 4.14 per 10.000 population, respectively (2). The high prevalences in these areas highlights the importance of implementing safe treatment approaches, especially considering risks such as Dapsone Hypersensitivity Syndrome.

The national leprosy elimination strategy prioritizes early detection- before disability manifests, and complete treatment using globally standardized multidrug therapy (MDT), which is provided free of charge at public health centers (2). MDT, which includes rifampicin, clofazimine dan dapsone (3), has proven highly effective in controlling the disease. However, despite its efficacy, one of the key concerns is the potential for severe adverse reactions, particularly Dapsone Hypersensitivity Syndrome (DHS). Dapsone, first introduced as a leprosy treatment in 1945, functions by inhibiting bacterial folic acid synthesis (4). Nevertheless, it has been associated with DHS, a serious complication first reported in Nigeria in 1949 as “glandular fever”. DHS is characterized by at least two of following symptoms: fever, lymphadenopathy, generalized rash, and hepatitis, typically appearing 5–6 weeks after dapsone initiation (5). The global prevalence of DHS is approximately 1.4% with a case-fatality rate of 9.9% (6).

Previous study in China showed that alelle HLA-B*13:01 significantly found in leprosy patients with DHS (7). It was demonstrated that individuals carrying this allele have a 34-fold increased risk of developing DHS compared to those without it (7). A study on DHS in leprosy patients in Indonesia has already been conducted in another eastern region of the country, namely Papua. The study found that HLA-B*13:01 was the most significant allele with a notable prevalence. The HLA-B*13:01 gene is present in 50% of the cases and 1.9% of the controls, and the difference between the two populations is statistically significant. Additionally, this research has validated HLA-B*13:01 as a genetic biomarker for DHS in the local population (8). The genetic landscape across Indonesia is diverse, including eastern populations, making it essential to investigate whether findings from Papua can be replicated in Ambon to ensure the biomarker’s broader relevance.

Given Ambon’s status as a leprosy-endemic region and the risks associated with dapsone treatment, this study aims to investigate the relationship between the HLA-B*13:01 allele and the occurrence of DHS among leprosy patients in Ambon and Tual. While both cities were included as study sites due to their high disease burden, the majority of samples were collected in Ambon. Whereas in Tual, being a remote area with limited healthcare resources and no permanent dermatologist, could only be accessed by researchers once a week, resulting in fewer available samples. Furthermore, although the global DHS fatality rate is estimated at 9.9% (6), local epidemiological data in Indonesia are limited, with most existing reports coming from Ambon (9, 10). These factors highlight the relevance of focusing research efforts in this region, where findings may contribute to evidence-based policies for leprosy management in high-risk populations.




2 Materials and methods



2.1 Study design

This study is a case-control study aimed at examining the association between the HLA-B*13:01 allele and the occurrence of dapsone hypersensitivity syndrome (DHS) in Ambon. The case group consists of DHS patients who were treated by dermatology and venereology specialists in five hospitals spread across Ambon and Tual. Meanwhile, the control group consists of leprosy patients who are either undergoing multidrug therapy (MDT) or have completed MDT for six months without experiencing DHS symptoms at community health centers in Ambon. The study protocol was reviewed and approved by the Ethics Committee of the Faculty of Medicine, Universitas Indonesia – Dr. Cipto Mangunkusumo Hospital (Komite Etik Penelitian Kesehatan Fakultas Kedokteran Universitas Indonesia – RSUPN Dr. Cipto Mangunkusumo). The approval date was June 6, 2024, valid for one year from the date of approval. The protocol number assigned to this study is KET- KET-818/UN2.F1/ETIK/PPM.00.02/2024.




2.2 Participants

The control patients were recruited from two community health centers in Ambon, namely Benteng and Rumahtiga, while case patients were enrolled during follow-up visits after DHS hospitalization across five hospitals in Ambon and Tual. In this study, we addressed equity in access to genetic screening by requesting control participants to visit the same clinic, regardless of their geographic origin.

An informed consent form was explained and provided to patients, which included details on data confidentiality, research objectives, inclusion criteria, as well as the risks and benefits of the study.

All leprosy patients diagnosed with DHS during the study period and within the study locations (Ambon and Tual) were selected for the case group using a total sampling method, given the rarity of the condition and the limited number of eligible subjects. The control group consisted of leprosy patients without DHS, drawn from the same population and time frame. Due to the small number of cases available in the population, no formal sample size calculation was conducted. Instead, the analysis was based on the entire accessible population of cases to explore potential risk factors associated with DHS.

The inclusion and exclusion criteria are described in Figure 1. The inclusion criteria for case patients were: (1) diagnosed with leprosy and had a history of DHS according to the Richardus Smith criteria (11), which requires at least two of the following symptoms: fever, erythematous rash, lymphadenopathy, liver abnormalities (hepatomegaly, hepatitis, jaundice, or abnormal liver function test results). The DHS-related symptoms must have appeared 2–8 weeks after the first administration of dapsone and resolved after discontinuation of the drug. The symptoms must not be associated with other suspected drugs taken concurrently or be a manifestation of leprosy reaction. Additionally, the symptoms must not be linked to other diseases. (2) patients had provided consent to participate in the study.




Figure 1 | Participant selection.



The exclusion criteria for case patients were patients suffering from severe mental disorders or having communication difficulties, as assessed by the research team.

The inclusion criteria for control patients were: (1) patients in good health who had taken dapsone for more than 8 weeks without experiencing symptoms related to dapsone hypersensitivity syndrome, (2) patients had provided consent to participate in the study.

The exclusion criteria for control patients were: (1) patients suffering from severe mental disorders or having communication difficulties, as assessed by the research team, (2) patients who had taken dapsone and had experienced (or were currently experiencing) dapsone hypersensitivity syndrome, (3) patients who had a direct blood relationship with someone diagnosed with (or previously diagnosed with) dapsone hypersensitivity syndrome, as verified through the family registration card. The blood relationship were verified through family registration card and pedigree charts developed during the study.

The 8-week threshold was chosen based on the typical onset time of DHS, which most commonly develops within the first 2 to 8 weeks after the initiation of dapsone therapy (11). This timeframe allows for sufficient exposure to the drug while minimizing the inclusion of individuals with possible subclinical or evolving DHS. Therefore, controls were selected from patients who had received dapsone for at least 8 weeks without showing clinical features consistent with DHS, ensuring that they had passed the critical window of risk for the syndrome.




2.3 Data collection

A 10 ml blood sample was collected from peripheral blood vessels and stored in two ethylenediaminetetraacetic acid (EDTA) tubes for DNA extraction. The samples were homogenized and kept at room temperature, ensuring they were not exposed to direct sunlight. The specimens were then sent to the Department of Biology, Faculty of Medicine, Universitas Indonesia (FKUI) in Jakarta, within a maximum of five days after collection. The shipment of the samples was facilitated through Prodia laboratorium.

We extracted DNA from lymphocytes using the standard procedure of the QIAGEN QIAamp DNA Blood Maxi KIT (Catalog No. 51194). The incubation period was extended to two hours, following modifications from the study by Krismawati et al. (8) The extracted DNA was then quantified and subjected to PCR using specific primers to detect the presence of the HLA-B*13:01 allele. The PCR products were analyzed via gel electrophoresis, targeting a DNA band of 193 base pairs. Samples that passed quality control (QC) through electrophoresis proceeded to the next stage, Sanger sequencing. The sequencing output in FASTA format was trimmed using FincTV software. This trimming step was necessary because the initial base positions often appeared disordered or contained noise, as is common in Sanger sequencing results. Trimming was performed to remove these unreliable base calls, allowing for accurate alignment across all samples. Subsequently, nucleotide alignment was performed using BioEdit by comparing the sequences with the reference allele obtained from the IPD-IMGT database.




2.4 Data analysis

Data entry was conducted using Microsoft Excel Version 16.89.1, and statistical analysis was performed using SPSS Statistics 26 (IBM Corp, Armonk, NY, USA). Spatial data was visualized using Google My Maps (Google LLC, Mountain View, CA, USA). The Chi-Square test was used to evaluate the association between two categorical parameters, with a significance level of p < 0.05. If any dataset contained a nominal value of 0, Fisher’s Exact Test was applied for statistical analysis.





3 Result



3.1 Sociodemographic characteristic

The study included 61 leprosy patients: 53 controls (asymptomatic after ≥8 weeks of MDT) and 8 cases (DHS based on Richardus Smith (11) criteria). Baseline characteristics are detailed in Table 1.


Table 1 | Baseline characteristics of the participants.



Comparison of baseline characteristics showed no significant differences in age (p = 0.681), gender distribution (p = 0.239), ethnicity (p = 0.585) and leprosy type (p = 0.193). But it did differ significantly in region (p <0.005). Due to perfect separation observed in the data, multivariable logistic regression adjustment was not feasible. Therefore, we performed Fisher’s exact test to evaluate the association between HLA-B*13:01 and DHS.




3.2 Clinical signs of dapsone hypersensitivity syndrome cases

Clinical signs observed in dapsone hypersensitivity syndrome cases are summarized in Table 2. The most common cutaneous manifestation was generalized rash (87.5%), accompanied by pruritus and skin exfoliation (each 37.5%). Systemic symptoms such as fever (75%) and hepatic abnormalities, including elevated SGPT (100%) and jaundice (87.5%), were also frequently reported. Other adverse events included fatigue, headache, and gastrointestinal symptoms in a smaller proportion of cases.


Table 2 | Clinical signs of dapsone hypersensitivity syndrome cases.






3.3 HLA-B*13:01 is associated with DHS in Ambonese people

All cases (100%) carried the HLA-B*13:01 allele, whereas only 3 controls (6%) were positive (Figure 2). Both in cases and controls carried homozygous HLA-B*13:01 allele. Statistical analysis using Fisher’s Exact Test yielded a p-value of < 0.001, indicating a significant association between the HLA-B*13:01 allele and the occurrence of dapsone hypersensitivity syndrome in people in Ambon.




Figure 2 | HLA-B*13:01 positivity in DHS cases vs. controls among leprosy patients.



Three individuals in control group who carried the HLA_B*13:01 allele consisted of two females (66.7%) and one male (33.3%). All participants (100%) were multibacillary leprosy (MB) and originated from Ambon. Ages ranged from 31 to 36 years, with a median age of 35 years.





4 Discussion

Our study confirms a robust association between the HLA-B*13:01 allele and Dapsone Hypersensitivity Syndrome (DHS) in leprosy patients in Ambon, Indonesia (100% of cases vs. 6% of controls, p < 0.001). The complete penetrance (100% vs. 6%) suggests HLA-B13:01 may be a near-necessary factor for DHS in this population, though environmental cofactors likely contribute. Due to the absence of DHS cases among HLA-B*13:01 negative individuals, the odds ratio could not be calculated, and the association appears infinite. However, the Fisher’s exact test showed a highly significant association (p < 0.001), supporting a strong link between HLA-B13:01 positivity and DHS occurrence. This finding aligns with growing evidence of a strong genetic predisposition to DHS, particularly linked to the HLA-B*13:01 allele, which markedly increases susceptibility upon dapsone exposure (12).

DHS is associated with a significant risk of morbidity and mortality if not treated promptly (13). The role of HLA-B*13:01 in DHS pathogenesis is thought to involve altered antigen presentation, leading to aberrant immune responses against drug-modified self-peptides (14). While the association between HLA-B*13:01 and DHS has been explored, studies focusing on leprosy populations remain limited. Most existing research originated from China (7), while in Indonesia, investigations have only been conducted in Papua (8).

The highly significant association (p < 0.001) between HLA-B*13:01 and DHS in our Ambon population strongly supports previous findings linking this allele to an increased risk of DHS from China (7), Korea (15), Thailand (16), and Papua, Indonesia (8) (Figure 3). This clearly suggests that individuals carrying the HLA-B*13:01 allele have a substantially higher genetic predisposition to developing DHS when treated with dapsone. Our findings in Ambon, where 100% of DHS cases carried the HLA-B13:01 allele, suggest a potentially higher penetrance compared to other region in Eastern Indonesia (Papua, 50% in cases) (8). The higher prevalence of the allele in cases compared to controls reinforces the clinical implications of this finding, suggesting the potential for screening and approaches to minimize the risk of this severe adverse reaction.




Figure 3 | HLA-B*13:01 frequencies in global studies.



The significant association detected in our study may be attributed to the unique peptide-binding residues of the HLA-B*13:01 allele, found predominantly in Asian populations, while being absent in Caucasian and African populations (17). This population specificity aligns with the distribution of DHS risk in Asian population, specifically Ambonese population. HLA-B*13:01, a member of the HLA class I heavy-chain paralogs, presents peptides from the endoplasmic reticulum lumen (7). Its distinct residues at amino acid positions 94, 95, and 145 within the binding groove are critical for peptide binding specificity, with polymorphisms at residue 95 potentially altering the recognition of dapsone-related or drug-modified-self peptides (7). Furthermore, computational docking study suggested that dapsone binds to a specific sub-pocket within the HLA-B*13:01 molecule, called “pocket F”, inducing structural changes in antigen-recognition site. This may trigger aberrant T-cell responses and clinically manifested as dapsone hypersensitivity syndrome (14). This mechanism resembling the ‘altered peptide theory’ described for abacavir-induced hypersensitivity reactions associated with HLA-B*57:01 (18, 19).

Our findings align with global reports on Dapsone Hypersensitivity Syndrome (DHS), as described in the literature. The high incidence of jaundice (87.5%), fever (75%), rash (50%), and elevated liver enzymes (100% for SGPT, 75% for SGOT) among our patients reflects the well-documented triad of dermatitis, hepatitis, and systemic symptoms commonly associated with DHS (20). Previous studies have highlighted similar patterns of hepatic dysfunction, characterized by elevated bilirubin and transaminases, as well as severe dermatological reactions, including erythema, exfoliative dermatitis, and pruritus (21, 22). These findings strengthen the need for early recognition and prompt discontinuation of dapsone in suspected DHS cases to prevent life-threatening complications.

While 87.5% of DHS patients in our study were male, statistical analysis revealed no significant association between gender and the occurrence of DHS (p = 0.239). Similar findings were reported in previous studies ([Papua, Eastern Indonesia]), Thailand, China] investigating HLA-B*13:01 and DHS, which also did not find gender to be a significant risk factor (2, 7, 8, 16). However, the predominance of male patients may reflect the generally higher prevalence of leprosy among men, as documented in numerous epidemiological studies regardless of DHS status (2, 8).

This study has several strengths, including the use of genetic sequencing for accurate HLA typing and the well-defined case and control groups, all contributing to the reliability of our findings. Furthermore, our study focuses on a population in the Ambon region, which is an area with a high prevalence of leprosy in Indonesia and where DHS has been reported.

Our findings have important implications for clinical practice and public health policy in leprosy-endemic regions. The strong association between HLA-B*13:01 and DHS suggests that screening for this allele before dapsone administration could be a valuable strategy to identify individuals at high risk and prevent severe adverse reactions. This is particularly relevant in settings like Ambon, where leprosy prevalence remains high. Implementing HLA-B*13:01 screening could lead to more personalized treatment approaches, potentially reducing morbidity and mortality associated with DHS.



4.1 Future directions

Given the high prevalence of leprosy in Ambon and other endemic regions, particularly among multibacillary (MB) cases with a high bacterial load, exploring expanded treatment options beyond the standard multi-drug therapy (MDT) is crucial. As an alternative therapy to traditional MDT regimen containing dapsone, researches have indicated that alternative regimens such as ROM (rifampicin, ofloxacin, and minocycline) showed high cure rates (23, 24). Among the three drugs in the ROM regimen, ofloxacin is the most accessible and available. Further research is needed to evaluate the effectiveness of a two-drug regimen (MDT without dapsone), particularly in MB patients from endemic areas. A study conducted in Jakarta, Indonesia found that adding ofloxacin into the MDT regimen was effective (25).

Future research should focus on validating our findings in larger, multi-center studies encompassing diverse populations. Investigating other genetic markers and non-genetic risk factors for DHS is also crucial to develop a comprehensive risk prediction model. Furthermore, cost-effectiveness analyses of HLA-B*13:01 screening programs are needed to guide policy decisions regarding implementation.




4.2 Limitation

This study has several limitations. First, the case and control participants were recruited primarily from hospitals and community health centers in Ambon and Tual, which may introduce selection bias. Second, the small number of DHS cases (n = 8) may lead to an overestimation of the association between HLA-B*13:01 and DHS. Third, while our study was conducted in Ambon, the study population included individuals from multiple ethnic backgrounds, including Butonese, Tanimbar, Kei, Javanese, and Helong origins. These groups may differ in allele frequency and genetic susceptibility to DHS, but our sample size was not powered to detect inter-ethnic differences, and ethnicity data were primarily self-reported. Fourth, a significant difference in geographical region between cases and controls was observed. Although we attempted to adjust for confounding factors, the presence of perfect separation in the data prevented reliable multivariable analysis, and residual confounding by geographical region cannot be excluded.





5 Conclusion

In conclusion, our study provides strong evidence for a significant association between the HLA-B*13:01 allele and Dapsone Hypersensitivity Syndrome in leprosy patients in Ambon, Indonesia (p < 0.001). This finding highlights that HLA-B*13:01 screening before dapsone therapy could avert life-threatening DHS in Ambon’s leprosy patients. Future work should validate these findings in larger cohorts, assess cost-effectiveness, and evaluate alternative regimens (e.g., ROM) for carriers.
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Clinical Signs

Amount of Cases N (%)

Total Number of Cases 8
Cutaneous Event
Generalized Rash 7 (87.5%)
Pruritus 3 (37.5%)
Skin Exfoliation 3 (37.5%)
Systemic Involvement
Fever 6 (75%)
Hepatic abnormalities
Jaundice 7 (87.5%)
Elevated SGPT level 8 (100%)
Elevated SGOT level 6 (75%)
Elevated Bilirubin 6 (75%)
Vomiting 3 (37.5%)
Other adverse events
Fatigue 2 (25%)
Headache 1 (12.5%)
Joint pain 1 (12.5%)
Dark tea-colored urine 1 (12.5%)
Blisters 1 (12.5%)
Decreased appetite 1 (12.5%)
History of prior drug allergies 0
Family history of similar symptoms 0
Comorbidity: Diabetes Mellitus 1 (12.5%)
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Inclusion Criteria for Cases

» Diagnosed with leprosy and had DHS per
Richardus Smith criteria (22 of: fever,
erythematous rash, lymphadenopathy, liver
abnormalities)

* DHS symptoms appeared 2—-8 weeks after
dapsone initiation and resolved after
discontinuation, not due to other drugs,
leprosy reactions, or diseases

* Provided consent

Inclusion Criteria for Control

» Leprosy patients in good health on
dapsone for >8 weeks without symptoms
of hypersensitivity syndrome.

* Provided consent.

Exclusion Criteria for Controls

» Severe mental disorder or communication . o
Exclusion Criteria for Cases

dlfﬁcultles I * Have severe mental disorders
» History/current dapsone hypersensitivity . Have communication difficulties
syndrome

* Direct blood relation to someone with dapsone (assessed by resaarch iaam)

hypersensitivity syndrome (verified by family
card)

Control eligible for the study (n=53) Cases eligible for the study (n=8)
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Characteristics Cases Controls

(n=8) (n = 53)

Age (mean + SD) 31 +13.1 29.6 £ 16.3
Gender (n, %)
Male 7 (11.48%) 32 (52.46%) 39
Female ‘ 1 (1.64%) 21 (34.43%) 2
Region (n; %)
Ambon City 3 (4.91%) 51 (83.6%) 54
Tual City 2 (3.27%) 0 2
Southwest 1 (1.64%) 0 1
Maluku Regency
West Seram Regency 1 (1.64%) 0 1
Namlea Regency 1 (1.64%) 0 1
Saumlaki City 0 1 (1.64%) 1
Central Maluku Regency 0 1 (1.64%) 1
Ethnicity
Ambon 6 (9.83%) 41 (67.2%) 47
Buton 2 (3.27%) 9 (14.75%) 11
Kei 0 2 (3.27%) 2
Tanimbar 0 5 (8.19%) 5
Jawa 0 1 (1.63%) 1
Helong 0 1 (1.63%) 1
Leprosy Type
Paucibacillary (PB) 1 (1.64%) 1 (1.64%) 2
Multibacillary (MB) 7 (11.48%) 46 (75.4%) 53
Unknown' 0 6 (9.83%) 6

'Unclassified due to missing data.





