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Background: As pediatric tuberculosis (TB) globally is still reported challenging in diag-
nosis, to date, a lot of efforts have been established to eliminate the disease including proper 
treatment regimen using anti-TB drugs. However, antituberculosis drug-induced hepatotoxi-
city (ADIH) is known to interfere the success of the prescribed therapy. ADIH was found to 
be correlated with polymorphisms of NAT2 gene, that is responsible to transcript the NAT2 
enzyme, a metabolizer of isoniazid (INH). The most common NAT2 gene polymorphisms in 
Asian population associated with ADIH are rs1041983, rs1799929, rs1799930 and 
rs1799931. The study aimed to investigate the 4 single nucleotide polymorphisms (SNPs) 
in pediatric TB that experienced ADIH.
Methods: We conducted a case–control study comparing 31 each of pediatric TB experience 
with and without ADIH. All pediatric TB was selected from 451 pediatric TB Registry of 
Respirology Division, Department of Child Health Faculty of Medicine Universitas 
Padjadjaran/Dr Hasan Sadikin Hospital during January 2016 to July 2018. Genomic DNA 
PCR and sequencing to identify polymorphisms of rs1041983, rs1799929, rs1799930 and 
rs1799931 were performed in both groups. Data analysis was performed using the Epi info 
Ver. 7 software.
Results: Thirty-one pediatric TB experiences with and without ADIH were enrolled in this 
study. SNP rs1041983 significantly affected the occurrence of ADIH (OR 2.39, CI 95% 
(1.15–4.96), p=0.019). The rs1799929, rs1799930 and rs1799931 did not significantly affect 
the occurrence of ADIH (p=0.133, p=0.150 and p=0.659, respectively).
Conclusion: Polymorphism SNP rs1041983 had association with the occurrence of ADIH.
Keywords: NAT2 polymorphism, ADIH, children

Introduction
Tuberculosis (TB) remains a major public health problem in the world.1–3 There are 
approximately 10 million cases of TB every year, of which pediatric TB accounted 
for 7.1% of the global cases.3 Administration of anti-TB treatment may cause 
antituberculosis drug-induced hepatitis (ADIH) that is known as the most common 
adverse event.4–6 ADIH is caused by INH metabolism impairment as a consequence 
of NAT2 gene polymorphisms. NAT2 gene encodes arylamine N-acetyltransferase 
enzyme that consists of 254 to 332 amino acid variation that creates different 
phenotypes of isoniazid metabolizing capacity.7,8 Rapid NAT2 acetylators will be 
at risk of treatment failure due to rapid metabolism of INH, however slow NAT2 
acetylators may develop ADIH as a result of highly circulated INH.(Figure 1)8
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Several countries have conducted studies regarding 
NAT2 enzyme activities; however, these studies were lim-
ited to adult TB patients.1,9–13 A study in Thailand 
reported alterations in rs1041983, rs1799929, rs1799930 
and rs1799931 in TB patients with ADIH.1 Other study 
discovered polymorphisms in rs1041983, rs1208, 
rs1801280 in 1–15 year old TB patients with ADIH.8 

Some studies found that rs1041983, rs1799929, 
rs1799930, rs1799931 were the most common single 
nucleotide polymorphisms (SNPs) among Asian 
population.1,11,12,14 A study in Indonesia reported that 
22.9% and 77.1% of adult TB patients were found to be 
rapid and slow acetylators of NAT2 gene, respectively.9 

Previous retrospective study in pediatric TB patients in 
Hasan Sadikin Hospital, Indonesia found that 3.5% of 
pediatric TB developed ADIH.15 The study aimed to 
investigate the 4 single nucleotide polymorphisms 
(SNPs) in pediatric TB that experienced ADIH in 
Bandung, Indonesia.

Methods
Study Design
This is an observational case control study exploring the 
case of ADIH in pediatric TB patients documented in the 
TB Registry of Respirology Division, Department of Child 

Health, Universitas Padjadjaran/Hasan Sadikin Hospital, 
Bandung from January 2016 to July 2018.

Study Subjects
Pediatric pulmonary or extrapulmonary TB confirmed by 
clinical, laboratory, microbiology and molecular rapid test, 
and treated using pediatric anti-TB regiment between 2016 
to 2018 were included in the study. Pediatric pulmonary 
TB is TB infection location in the lung. Extrapulmonary 
TB is TB within a location in the body other than lungs. 
Pediatric TB developing ADIH during treatment period 
were grouped into the case group, while non-ADIH pedia-
tric TB were classified as the control group. However, 
Pediatric TB who showed evidence of acute viral hepatitis 
and its carriers, hepatic cirrhosis, drug induced hepatitis 
caused by other drugs, sepsis, elevated liver enzyme or 
total bilirubin serum level prior to anti-TB administration 
were excluded from the study.

Confirmed cases of pediatric pulmonary and extrapul-
monary TB were treated according to the International 
Standards for Tuberculosis Care, Edition 3.2 Treatment 
of pediatric pulmonary TB were divided into two conse-
cutive phases, namely initial and continuation phases. The 
initial phase lasted for two months, consisted of isoniazid 
10 (7–15) mg/kgBW; rifampicin 15 (10–20) mg/kgBW; 
and pyrazinamide 35 (30–40) mg/kgBW given on a daily 

Figure 1 Pediatric TB inclusion process.
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basis. Pediatric TB with positive evidence of 
Mycobacterium tuberculosis, destroyed lung TB, extrapul-
monary TB, miliary TB, and meningitis TB received an 
additional drug regimen of ethambutol 20 (15–25) mg/ 
kgBW for the initial phase. The continuation phase con-
sisted of isoniazid 10 (7–15) mg/kgBW and rifampicin 15 
(10–20) mg/kgBW for 4 months. The continuation phase 
for tuberculous osteomyelitis, miliary TB, and meningitis 
TB lasted for 10 months.2

Diagnosis of ADIH was established based on clinical 
and laboratory presentations, including the presence of 
jaundice and/or raised serum total bilirubin level (> 1.5 
mg/dL) and/or 3-5-fold rise of serum alanine aminotrans-
ferase (ALT) above normal levels in patients receiving 
anti-TB treatment. In order to achieve the minimum clini-
cally significant result, at least 31 subjects must be 
enrolled in both ADIH and non-ADIH groups.

All subjects underwent blood collection for DNA 
extraction and genotyping test. The study protocol was 
approved by the Medical Ethics Committee of Hasan 
Sadikin Hospital number LB.04.01/A05/EC/158/V/2018. 
Prior to the study, all parents of the study subjects were 
given adequate information about the study and asked for 
the consent to participate in the study.

DNA Extraction and Genotyping
Five mL of venous blood was extracted in EDTA tube and 
stored in 4°C refrigerator for 4 days. Extracted DNA was 
analyzed and quantitatively determined according to the 
manufacturer’s protocol (Davis RW, 1980; Buffone GS, 
1985. Pharmacia DNA genomic kit). Isolated DNA was 
amplified using the forward primer 5ʹ – GGG ATC ATG 
GAC ATT GAA GC – 3ʹ and reverse primer 5ʹ – GGG 
TGA TAC ATA CAC AAG GGT TTA – 3ʹ.16 One sample 
of polymerase chain reaction (PCR) consists of premixed 
solution containing 21 µL master mix solution (produsen, 
cat no.8), 19 µL deiodination water, 1 µL forward primer, 1 
µL reverse primer and 2 µL DNA from the patients. PCR 
process was done in the following sequence: denaturation 
(94°C, 3 minutes), denaturation (94°C, 3 minutes per cycle), 
annealing (58°C, 30 seconds per cycle), extension (72°C 30 
seconds per cycle) and final extension (72°C, 7 minutes). 
Denaturation, annealing and extension phase were repeated 
for 35 cycles. PCR products were then embedded in 1% 
agarose 1% gel with 90V power for 30 minutes for electro-
phoresis reaction. Amplified NAT2 gene samples were 
further sequenced (First Base, Singapore).

Identification of 4 SNPs of NAT2 namely rs1041983, 
rs1799929, rs1799930 and rs1799931 was based on the 
Arylamine-acetyltransferase Gene Nomenclature 
Committee (http/asia.ensembl.org/Homo_sapiens/Gene/ 
Sequence?db=core;g=ENSG00000156006;r=8:18391245– 
18401218) accessed in August 2018. NAT2 gene sequence 
was analyzed using BioEdit sequence alignment editor.

Data Analysis
Data analysis was performed using Epi Info™ 7 (Epi 
Info™, Division of Health Informatics & Surveillance 
(DHIS), Center for Surveillance, Epidemiology & 
Laboratory Services (CSELS)). Aspartate aminotransfer-
ase (AST), ALT, bilirubin total and direct were calculated 
as median (range). Characteristics of data was presented as 
percentage ± standard deviation. Each of the SNPs allele 
and genotype in both groups were analyzed for Hardy- 
Weinberg equilibrium (HWE) using chi-square test.

Results
Study Population Characteristics
There were 451 pediatric TB registered in the 
Respiratory Division, Department of Child Health, 
Universitas Padjadjaran/Hasan Sadikin Hospital during 
January 2016 to July 2018. There were 384 cases of 
pulmonary TB and 67 cases of extrapulmonary TB 
cases. Diagnosis was established on the basis of clinical 
presentations and at least one of the supporting diagnos-
tics tools, including radiology/imaging test (419 cases), 
gastric lavage culture (22 cases), and molecular diag-
nostics test (10 cases).

Among all registered pediatric TB, there were 100 
subjects developing ADIH during the treatment period. 
However, 69 pediatric TB ADIH were excluded due to 
incomplete data, death, and refusal to participate in the 
study (Figure 1). Pediatric TB without ADIH were ran-
domly selected from the same registry and categorized as 
the control group. Demographic presentations of all sub-
jects are shown in Table 1. All pediatric TB with or with-
out ADIH were of Sundanese population.

Most cases of ADIH and non-ADIH were found to 
be extrapulmonary TB which accounted of 58% and 
68% of pediatric TB in Hasan Sadikin Hospital, respec-
tively. Liver enzymes increased as high as 50-fold in 
some ADIH pediatric TB with respect to the non-ADIH 
group.
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Association Analysis of Each Allele and 
Genotype
Allele distribution of the SNPs studied and their asso-
ciation on the NAT2 gene are shown in Table 2. SNP 
rs1799929 C>T was not significantly associated with the 
occurrence of ADIH (OR 2.24 95% CI (0.78–6.41), 
p=0.133). Both SNPs rs1799930 and rs1799931 have 
risk allele A, however they were not significantly 

associated with ADIH (OR 1.69 95% CI (0.83–3.45), 
p=0.150; and OR 1.22 95% CI (0.51–2.89), p=0.659, 
respectively). The SNP rs1041983 C>T was significantly 
associated with ADIH (OR 2.39 95% CI (1.15–4.96), 
p=0.019).

Table 3 shows that the genotype C/T and T/T on 
rs1041983 were significantly associated with ADIH, p= 
0.093. SNPs rs1799929, rs1799930 and rs1799931 were 

Table 2 Allelic Frequency Allele of ADIH and without ADIH

SNP ID Allele Risk Allele* ADIH n (%) Without ADIH  
n (%)

OR (95% CI) p-value

rs1041983 0.019

T T 42 (67.7) 29 (46.8) 2.39 (1.15–4.96)

C 20 (32.3) 33 (53.2)

rs1799929 0.133
T T 12 (19.4) 6 (9.7) 2.24 (0.78–6.41)

C 50 (80.6) 56 (90.3)

rs1799930 0.150
A A 38 (61.3) 30 (48.4) 1.69 (0.83–3.45)

G 24 (38.7) 32 (51.6)

rs1799931 0.659

A A 14 (22.6) 12 (19.4) 1.22 (0.51–2.89)

G 48 (77.4) 50 (80.6)

Note: *Defines with allele in higher frequency in individual with ADIH than in without ADIH (treatment tolerant control). 
Abbreviations: SNP, single nucleotide polymorphism; ADIH, acute drug induced hepatotoxicity; without ADIH, without acute drug induced hepatotoxicity (treatment 
tolerant control); OR, odds ratio; CI, confident interval; T, allele T; C, allele C; A, allele A; G, allele G.

Table 1 Characteristic of ADIH and without ADIH Pediatrics TB

ADIH Without ADIH

Sex, n
Male 11 (35%) 17 (55%)

Female 20 (65%) 14 (45%)

Age, Mean (SD) 8.6 (5) years 8.2 (6) years

TB Diagnosis (%)

Pulmonary TB 13 (42%) 10 (32%)

Extrapulmonary TB 18 (58%) 21 (68%)

Enzyme level, median (range)

AST 178 (43–2952) IU/L 51 (33–65) IU/L
ALT 144 (39–2135) IU/L 43 (21–55) IU/L

Bilirubin total 2.36 (0.30–27) mg/dL 0.54 (0–1) mg/dL

Bilirubin direct 1.8 (0.10–22) mg/dL 0.32 (0.01–0.61) mg/dL

Abbreviations: SD, standard deviation; ADIH, acute drug induced hepatotoxicity; without ADIH, without acute drug induced hepatotoxicity (treatment tolerant control), 
TB, tuberculosis; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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not associated with ADIH in both groups (p=0.203, 
p=0.311, p=0.866, respectively).

Discussions
This study linked the genetic polymorphisms of NAT2 
gene to the occurrence of ADIH in pediatric TB patients 
in Bandung, West Java, Indonesia. We conducted a case– 
control study involving 31 ADIH and 31 non-ADIH 
Sundanese pediatric TB.

Our study is in line with a study in Argentina which 
reported that 40% of adult female TB patients developed 
anti-tuberculosis drug hepatotoxicity (ATDH).17 54.5% of 
adult Brazilian TB patients developing ADIH were found 
to have comorbid factors such as tobacco smoking, alcohol 
abuse, HIV and other medication that impairs liver 
functions.18 Both studies marked the limitation of our 
study did not register comorbid factors of ADIH.

Unfortunately, the occurrence of ADIH in hospitalized 
TB pediatric patients in tertiary care hospital did not show 
significant different among genders.1,12,15,19 Our study 
showed that 65% subjects in ADIH group were female. 
Several studies revealed that ADIH occurred in adult pul-
monary TB patient in Argentina and Singapore which 
were accounted for 70% and 70.8%, respectively.11,17 

Our study showed that ADIH mostly occurred in pediatric 
extrapulmonary TB.

NAT2 gene is responsible for INH metabolism. The 
impairment of NAT2 enzyme activity affects the detoxifi-
cation process of INH.20 Alterations of NAT2 enzyme 
activity exhibited polymorphism.4 The most common 
SNPs associated with ADIH in Asian population were 
rs1041983, rs1799929, rs1799930 and rs1799931.1,11,13,14 

Our study found that SNP rs1041983 C>T was strongly 
associated with ADIH (OR 2.39, 95% CI (1.15–4.96), 
p=0.019, as shown in Table 2). This is in line with Gupta 
et al who found that rs1041983 of NAT2 gene had a higher 
risk in developing ATDH.19 In Caucasian population, 
rs1041983 significantly increased risk of ADIH.13

Our study mentioned that the other SNPs rs1799929, 
rs1799930 and rs1799931 were not significantly associated 
with ADIH. We successfully confirmed the NAT2 poly-
morphisms study in Chinese population reporting that 
rs1799929, rs1799930 and rs1799931 were not signifi-
cantly associated to ADIH.12 Taiwanese genotyping for 
NAT2 showed that rs1495741 was the most numerous 
heterozygote mutation among the 8 SNPs examined.21Ta
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Analysis of SNP based genotype association in both 
groups revealed that the genotype TT in rs1041983 was 
significantly associated with ADIH (p=0.093, as shown in 
Table 3). Our result is consistently similar with previous 
studies in Singapore, Vietnam, Thailand and Japan in adult 
TB population.1,11,13,22,23 It was known that rs1041983 
was associated with increased risk of hepatotoxicity.24

Limitation of Study
Our study did not stratify risks other than NAT2 gene poly-
morphisms, such as smoking, alcohol abuse, etc. into the 
analysis. Liver function tests were limited for ALT, AST, and 
bilirubin as the regular protocol for hepatotoxicity in our 
hospital. Alkaline phosphatase was not examined due to lim-
ited funds. We strongly recommend to continue this study by 
conducting genetic function study to reveal the exact mechan-
ism and interaction between NAT2 gene, its polymorphisms, 
and ADIH in TB patients.

Conclusion
Rs1041983 was associated with ADIH in pediatric TB 
treated with anti-TB drug regimen.
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