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ABSTRACT
Introduction The mainstay of leprosy treatment is 
multidrug treatment (MDT), which contains rifampicin, 
dapsone and clofazimine. The occurrence of dapsone 
hypersensitivity syndrome (DHS), a sudden, potentially fatal 
and traumatic adverse reaction due to dapsone, may affect 
treatment adherence and may result in fatality if untreated. 
Before MDT administration, screening for HLA- B*13:01 
in patients with leprosy can potentially reduce DHS risk. 
The study aims to assess the effectiveness of using a 
screening test for HLA- B*13:01 in reducing the incidence 
of DHS and to evaluate the feasibility of using the 
quantitative PCR- based screening tool as DHS predictors 
before dapsone administration using individual patient 
testing in a referral centralised- lab model.
Methods and analysis A total of 310 newly diagnosed 
patients with leprosy will be recruited from health centres 
in two highly endemic districts in Indonesia. Dried blood 
will be taken on filter paper as the specimen receptacle 
to collect DNA from the patients and transported at room 
temperature to the leprosy referral laboratory before MDT 
administration. Checking for HLA- B*13:01 from human 
DNA is performed using the Nala PGx 1301 V.1 kit. The 
results will be shared with the leprosy health workers on 
the site via phone call and courier. Patients with a positive 
test result will be treated with MDT without dapsone, 
and patients with a negative result will be treated with 
complete MDT. Physical examination (weight, height, skin, 
muscle and nerve function examination), complete blood 
tests (including renal function test) will be carried out at 
baseline. Follow- up will be performed at the fourth and 
eighth weeks to observe any development of adverse drug 
reactions.
Ethics and dissemination The ethical approval for the 
study was issued by the Ethical Committee of the National 
Institute of Health Research and Development, Ministry of 
Health, Indonesia. Written informed consent will be sought 
from all participants.

INTRODUCTION
Leprosy remains a significant public health 
problem in Indonesia. According to WHO, 
Indonesia contributed 8.6% of the global 
leprosy cases in 2019. It ranked third after 
India and Brazil in terms of an absolute 
number of cases.1 In the same year, the preva-
lence of leprosy in Indonesia was 0.73 per 10 
000 population and the new cases detection 
rate (NCDR) was at 6.04 per 100 000 popula-
tion with >17 000 new cases found annually. 
More than 300 districts in 17 provinces in 
Indonesia are endemic for leprosy.2 Papua 
and West Papua provinces are among the 
highly endemic provinces in Indonesia with 
an NCDR of 45.4 per 100 000 and 132.3 per 
100 000 populations, respectively, higher than 
the national NCDR.3

Strengths and limitations of this study

 ⇒ The study aims to reduce the incidence of dapsone 
hypersensitivity syndrome (DHS), a severe idiosyn-
cratic drug reaction to dapsone, one of the compo-
nents of multidrug therapy (MDT) in leprosy, as well 
as to assess the feasibility and acceptability of a 
genetic screening test.

 ⇒ This is the first study to reduce the incidence of DHS 
using a genetic biomarker, the HLA- B*13:01 allele.

 ⇒ This study will screen the presence of HLA- B*13:01 
using quantitative PCR in patients with leprosy in 
high endemic areas in Indonesia before the ad-
ministration of MDT and patients with positive 
HLA- B*13:01 results will be treated with MDT with-
out dapsone.

 ⇒ There is no control group, therefore the study cannot 
accurately capture the effectiveness of screening 
tests in reducing DHS.
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The current standard treatment for leprosy is a combi-
nation of rifampicin, dapsone and clofazimine, referred 
to as multidrug therapy (MDT).4 Dapsone works by 
inhibiting the bacterial synthesis of dihydrofolic acid by 
competing with para- aminobenzoic acid for the active 
site of dihydropteroate synthase, thus resembling the 
action of sulfonamides. Dapsone is characterised by dual 
function: besides being antimicrobial, dapsone is also 
anti- inflammatory.5

One of the significant barriers to achieving optimum 
drug efficacy and treatment adherence is dapsone hyper-
sensitivity syndrome (DHS), a sudden, potentially fatal 
and traumatic adverse reaction due to dapsone.6 DHS 
is a severe idiosyncratic drug reaction characterised by 
the clinical triad of fever, rash and systemic involvement 
(most commonly of the liver and the haematological 
system), which can cause severe organ dysfunction.7 The 
global estimates of DHS incidence vary from 0.5% to 3.6% 
among the patients treated by dapsone.8 The occurrence 
of DHS requires months to a year of hospital treatment, 
with a fatality rate of at least 10% of those who report to 
a hospital or health centre.9 Due to the potential severe 
and even fatal effects, this syndrome is a burden for the 
patients and their families, and for the health services 
and the leprosy elimination programme. The defini-
tive mechanism for DHS is not fully understood, but it 
is hypothesised that it is mediated by immune activation 
and elaboration of inflammatory cytokines.7

Genetic studies in China have shown that the HLA- 
B*13:01 allele is highly associated with occurrence of 
DHS (OR: 20.53, P: 6.84×10–25).10 Our validation study 
also confirmed this genetic association in the Papuan 
population. We also showed the HLA- B*13:01 association 
with DHS, but with a much larger effect size (OR: 233.64, 
P: 7.11×10−9).11 The Dapsone Hypersensitivity Syndrome 
Prevention Working Group concluded that at least 85% 
of DHS cases could have been prevented if the HLA- 
B*13:01 carrier status would be available prior to dapsone 
administration.2

While a database of HLA for Indonesia does not exist, 
studies have shown that the Papua New Guinea popu-
lation, which shares similar anthropological character-
istics with the Papuan population, have a higher allele 
frequency of HLA- B*13:01.12 Our previous study in Papua 
also found that 20% of all patients with leprosy were 
carrier of the HLA- B*13:01 allele,11 while the surveillance 
report in 2019 showed an incidence of DHS of 11%.13 The 
high frequency of the allele might explain the high inci-
dence of DHS among patients with leprosy in this area.

Testing of HLA- B*13:01 as a highly predictive biomarker 
for DHS could potentially ensure safe administration of 
MDT while keeping its efficacy in leprosy treatment and 
elimination. Until now, dapsone remains part of the stan-
dard MDT, thus this screening allows the health workers 
to plan personalised medication for patients with leprosy 
without having to remove dapsone from the overall treat-
ment regimen for all patients with leprosy. Early identi-
fication of HLA- B*13:01 carriers and treatment regimen 

modification can possibly eliminate the risks of DHS, 
as reported by Liu et al in China.2 In this study, patients 
testing positive for HLA- B*13:01 were excluded from 
receiving dapsone. After 3 months of follow- up among 
1497 patients, the authors found that the number of DHS 
decreased from 1% to zero cases.2

It is estimated that testing for the presence of HLA- 
B*13:01 could reduce the risk of DHS by sevenfold if 
implemented in clinical screening.11 With >200 000 new 
leprosy cases worldwide, theoretically one case of DHS 
could be prevented for at least every 84 patients with 
leprosy tested prior to the administration of dapsone 
within MDT,14 although this estimation depends on 
the allele frequency in the population. For example in 
Papua, theoretically we only need to screen 10 patients 
with leprosy to prevent one case of DHS.11

The primary aim of this study is to assess the effective-
ness of using a screening test for HLA- B*13:01 in reducing 
the incidence of DHS. According to the surveillance data 
of Papua Provincial Health Department in 2019, the inci-
dence of DHS among patients with leprosy is 11% and we 
aim to reduce the incidence to <1%. The secondary aim 
is to evaluate the feasibility and acceptability of quanti-
tative PCR (qPCR)- based screening tool for DHS before 
dapsone administration to assess the risk and reduce its 
incidence by testing in a centralised- lab model in Papua 
and West Papua, Indonesia.

METHODS
Study design
This study will use a quasi- experimental design.

Study setting
The study will be conducted in two endemic districts in 
Indonesia namely Jayapura District in Papua Province 
and Manokwari District in West Papua Province. The 
study will involve 13 primary health centres (PHCs) in 
Jayapura and 6 in Manokwari.

In Indonesia, the leprosy health workers in the PHCs 
are the frontline workers carrying out leprosy control 
activities. They are responsible for screening for leprosy 
signs and symptoms, for diagnosing leprosy and for the 
administration of MDT.

Study population
Patients with leprosy diagnosed between April 2021 and 
December 2022 at the participating PHCs who meet the 
following criteria will be recruited for the study: (1) newly 
diagnosed patients with leprosy, (2) age above 5 years, 
(3) a permanent residence in the study areas, indicated 
by residential ID and (4) willing to give written consent 
to participate in the study. Since patients with glucose- 
6- phosphate dehydrogenase (G6PD) deficiency are not 
eligible for treatment by sulfonamide drug including 
dapsone, we will screen for G6PD deficiency among 
patients in this study.15 Patients with a G6PD deficiency 
will be excluded from the study and administered the 
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standard MDT treatment without dapsone. Patients with 
other severe diseases or complications will be disqualified 
from the study.

Patients and public involvement
No patients have been involved.

Sample size rationale
The frequency of the HLA- B*13:01 allele among patients 
with leprosy found in our earlier study was 20%.16 In order 
to obtain a statistical power of 90% during the targeted 
reduction in the DHS incidence from the current 11% 
to 1% at a statistical significance level of 5%, we need to 
screen at least 58 patients with leprosy in the population. 
Furthermore, we calculate the sample size using Epi Calc 
with the parameters proportion 3%, precision 2% and 
confidence level 95%. The sample size calculation as per 
the above criteria is 279. In addition, to account for 10% 
loss to follow- up, we will recruit a total of 310 subjects.

Outcome measurement
The primary outcome of the study is the occurrence of 
DHS in patients with leprosy that have been screened for 
HLA- B*13:01 before MDT treatment. The diagnosis of 
DHS will be made by a leprosy doctor as per the national 
guidelines.17 The criteria of DHS are as follows: skin 
lesion, maculopapular lesions or skin rash with systemic 
symptoms such as fever, jaundice, malaise, and haemato-
logical abnormalities (leukocytosis, atypic lymphocytosis, 
eosinophilia).16

Study procedure
Recruitment
All patients diagnosed with leprosy at the PHCs during 
the study period will be screened for eligibility. Eligible 
patients will be provided with information on the study 
and asked to give written informed consent. Screened 
patients who are not enrolled will be recorded in the 
screening log with reasons for exclusion, and will receive 
the standard- of- care: MDT including dapsone. All eligible 
and consenting patients will be consecutively enrolled. 
At baseline, a physical examination (including weight, 
height, nerve function and sensory testing), basic labo-
ratory investigation and an interview, using the ques-
tionnaire in online supplemental appendix 1 (including 
sociodemographic data, socioeconomic characteristics 
and household environment) will be carried out.

Specimen collection
Slit skin smear collection will be carried out according to 
The National Guidelines for Leprosy, Ministry of Health 
Republic of Indonesia, to confirm the classification of 
leprosy.17 The material collected by a slit in the skin from 
the earlobe will be divided into two parts, the first will 
be applied on a slide and the second will be placed into 
an Eppendorf tube containing 2% phosphate- buffered 
saline buffer. Five mL of venous blood is collected in an 
EDTA tube for complete blood examination and liver 

function assay. The rest of the blood, about 10–50 μL will 
be dried on 1×1 cm Whatman filter paper for qPCR assay 
of HLA- B*13:01. This will be done using qPCR test devel-
oped by the Genome Institute of Singapore and Nalage-
netics, a company on pharmacogenomics assays that can 
adequately test for the allele in an inexpensive, quick and 
robust manner.14 This kit targets two genes: HLA- B*13:01 
(as the target loci) and GAPDH gene (as an internal 
control).18

All specimens will be taken by leprosy health workers 
at the PHCs from a newly diagnosed patient before the 
drug administration. Once the specimen is collected, 
the Eppendorf tube will be placed in a cool box with a 
temperature of 4°C–8°C. Together with the filter paper 
that is kept at room temperature,19 these specimen will 
be sent to the Papua Health Research and Development 
Center at the end of working hours.

Genotyping of HLA-B*13:01
In this study, genotyping of HLA- B*13:01 is performed 
using the qPCR procedure using commercial kit from 
Nalagenetics.20 Human DNA will be extracted from the 
dried blood spot on the filter paper in the referral labo-
ratory. The paper with dried blood will be cut in 1×1 cm 
pieces, then scribed using a sterile scalpel and placed into 
a 1.5 mL microtube using forceps for DNA extraction. 
Extraction of DNA will be carried out using Monarch 
Genomic DNA Purification Kit (150 Preps) as per the 
the manufacturer’s instructions for tissue specimens with 
slight increase in the incubation time from 15 to 30 min.21 
The DNA sample will be eluted in 50 μL elution buffer 
provided in the kit. This assay will be done using Nala PGx 
1301 V.1 (100 reactions) from Nalagenetics, Singapore. 
Five μL of DNA on concentration 1 ng/μL will be loaded 
to 20 μL master mix that contains primers and probes.20 
PCR amplification will be performed in the CFX 96 qPCR 
machine BioRad as follows: initial heat 95°C for 10 min, 
45 cycles of denaturation (94°C for 10 s and combined 
annealing and extension at 61°C for 30 s). We will also 
run positive and negative controls supplied by Nala PGx 
1301 V.1. The positive result will be identified by ampli-
fication graph of HLA- B*13:01 gene while the graph of 
GAPDH gene will be used as the internal control.

Administration of qPCR DHS predictors and treatment 
intervention
At the first visit, all participants will undergo baseline 
physical examination, blood and slit skin smear tests. 
The patient will be asked to visit the clinic again when 
the qPCR testing results of HLA- B*13:01 are ready. In 
this first visit, all participants will receive MDT without 
dapsone until the PHC worker obtains the result from the 
laboratory. The result of the laboratory assay and HLA- 
B*13:01 qPCR will be sent to the PHC health workers via 
phone and airmail courier in 3–5 days.

At the second visit, the patients will be informed about 
the laboratory result. Complete MDT regimen (for 
Multibacillary (MB) leprosy: dapsone, rifampicin and 
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clofazimine; for Paucibacillary (PB) leprosy: dapsone and 
rifampicin) will be administered to patients with a nega-
tive result for HLA- B*13:01, while MDT without dapsone 
(for MB leprosy: rifampicin and clofazimine; for PB 
leprosy: clofazimine and rifampicin) will be prescribed to 
patients with a positive result for HLA- B:13*01.

Follow-up
After the baseline assessment and treatment meeting, a 
total of two follow- up visits will be conducted on the fourth 
and eighth weeks. During the first follow- up, a blood 
sample will be taken for aspartate transaminase, alanine 
transaminase and white blood cell count. A physical 
examination will be done. The health worker will check 
whether the patient has a reaction or allergy because of 
the therapy using a questionnaire (online supplemental 
appendix 1). The second follow- up is at the eighth week 
with the same procedures as the first follow- up. As DHS 
occurs within a maximum of 8 weeks after the initiation of 
dapsone treatment, no follow- up is planned beyond the 
eighth week. The diagnosis of DHS will be done by a well- 
trained leprosy physician or leprosy doctor and referral 
dermatologist if necessary.

Acceptability and feasibility
Acceptability and feasibility of screening for genetic 
predisposition of DHS will be assessed through in- depth 
interviews with the programme implementers. Partic-
ipants will be purposively selected from patients with 
leprosy, leprosy health workers, head of PHCs and 
programme managers at provincial and district level. This 
interview will assess the perception of the participants 
towards genetic screening. The feasibility of the proposed 
qPCR- based HLA- B*13:01 genetic screening in terms of 
logistics, facilities and manpower as well as the accept-
ability of the genetic screening test as part of the regular 
service in the leprosy programme will also be explored.

Data collection and management
The source document of this study is a standardised data 
collection sheet including baseline and follow- up ques-
tionnaire as the record information for each patient 
enrolled in the study. Information from the laboratory 
sheet as well as the national standard leprosy examination 
form will also be recorded. All data entered on the data 
collection sheet will be hand written. Completed data 
collection sheets will be signed and dated. These forms 
will be secured in the investigator file in a locked office at 
the study site. Information recorded on the data collec-
tion sheet will be inputed in Epidata and located on a 
secure server.

Analysis plan
A two- sided, one sample binomial test will be used to 
compare the rate of DHS in the prospective screening 
population with the historical incidence (11%). We will 
also compare the incidence of DHS in patients treated in 
the participating health centres compared with those that 
have not been included in this study. A p- value of <0.05 will 

be considered as statistically significant. Statistical analysis 
will be performed using SPSS version 25.0.

Ethics and dissemination
The ethical approval for the study was issued by the Ethical 
Committee of National Institute of Health Research and 
Development, Ministry of Health Indonesia LB.02.01/2/
KE.543/2020. The proposal of this study has been 
reviewed by international peer reviewers of the Leprosy 
Research Initiative.

All recruitment and data collection is being managed 
by appropriately trained and experienced PHC leprosy 
health workers, who are also familiar with the local Papua 
community. They are trained in Good Clinical Practice by 
the team from WHO Regional Training Center at Univer-
sitas Gadjah Mada in Indonesia. Written informed consent 
will be requested from all participants prior to enrolment 
in the study. For illiterate participants, finger stamps will 
be asked and informed consent will be explained in the 
presence of a literate witness. Parental consent will be 
asked in children participants.

The principal investigator will ensure the confidentiality 
of participants by assigning coded ID numbers to anony-
mise the patient data. Documents for which anonymity 
cannot be maintained such as signed informed consent 
forms and laboratory sheets will be kept in a strictly confi-
dential file by the principal investigator.

Serious adverse event occurring to a participant will 
be reported within 15 days, or designee becoming aware 
where in the opinion of the principal investigator the 
event was related and unexpected. We will inform the 
patients to report all adverse reactions during their partic-
ipation in this study to the leprosy health worker.

This study result will be published as scientific paper in 
an international and national peer- reviewed journal. To 
disseminate the output of study, we will develop a policy 
brief and recommendation for the health authority at 
the national, province and district level. All publications 
and presentations relating to the study will be autho-
rised by the research team. Authorship will be deter-
mined according to the internationally agreed criteria for 
authorship (www.icmje.org). Our sponsor will review all 
documents prior to publication.

DISCUSSION
Until now, although Indonesia is highly endemic for 
leprosy, limited knowledge exists on the occurrence of 
DHS. Cases are often reported in the eastern part of 
Indonesia such as Papua, West Papua and the Mollucas, 
however, the actual incidence of DHS is not known. 
Studies have suggested that DHS is associated with HLA- 
B*13:01, which is quite prevalent among leprosy- affected 
persons in Papua. This study will have positive implica-
tions for the leprosy control programme because dapsone 
allergy can be prevented by individualising the choice of 
leprosy treatment before it is initiated.
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The strong association between HLA- B*13:01 and DHS 
suggests that HLA- B*13:01 could be a useful biomarker 
to predict the risk of developing DHS in a patient with 
leprosy initiating MDT.11 In this study, we have proposed 
to use an easy and cost- effective qPCR- based assay instead 
of high- cost sequencing- based genotyping technology to 
detect HLA- B*13:01 gene. We will also develop a simple 
referral system for DHS identification. In Indonesia, the 
leprosy programme is implemented at PHC level with 
modest laboratory facilities to support diagnostics. To 
overcome this constraint, reference laboratory with qPCR 
facilities is a necessity.

To our knowledge, this is the first study aiming at 
preventing the occurrence of DHS in highly endemic 
areas in Indonesia using a genetic marker. Until now, 
there has been no detection and prevention of dapsone 
allergy in leprosy treatment. We will use a low cost, sensi-
tive test kit that can be easily used by frontline health 
workers.

The weakness of this study is the limited availability of 
actual data of DHS in Indonesia, especially in Papua, so it 
cannot accurately capture the effectiveness of screening 
tests in reducing the incidence of DHS. We will overcome 
this by collecting annual surveillance data from all PHCs 
in Papua to obtain estimate of the incidence. In addition, 
the study does not employ control group to compare the 
difference in the DHS incidence after the intervention. 
To address this limitation, we will compare the DHS inci-
dence in the same PHCs before and after the intervention.
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