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a  b  s  t  r a  c t

Introduction  and objective:  Hepatotoxicity during  tuberculosis  (TB)  treatment  is  frequent  and may  be

related  to the  Arylamine  N-Acetyltransferase  (NAT2) acetylator profile,  in which  allele frequencies  differ

according  to the  population.  The  aim  of this study  was to investigate  functional  polymorphisms  in NAT2

associated  with  the  development  of hepatotoxicity  after  initiating  treatment  for  TB in people  living with

HIV/AIDS  (PLWHA)  in Pernambuco, Northeast Brazil.

Material and  methods:  This was  a prospective  cohort study  that  investigated  seven single nucleotide

polymorphisms  located in the  NAT2 coding region  in 173  PLWHA undergoing  TB  treatment. Hepatotox-

icity  was defined as  elevated aminotransferase  levels  and identified  as  being  three times higher  than

it was  before initiating  TB treatment,  with associated  symptoms  of hepatitis.  A further  80 healthy  sub-

jects,  without  HIV infection  or  TB were  used  as a control  group.  All individuals  were genotyped  by  direct

sequencing.

Results:  The  NAT2*13A  and NAT2*6B variant alleles  were  significantly  associated  with  the  development  of

hepatotoxicity  during  TB  treatment  in PLWHA (p  < 0.05).  Individual comparisons  between the  wild  type

and  each variant genotype revealed  that  PLWHA  with  signatures NAT2*13A/NAT2*13A  (OR  4.4; CI95%

1.1–18.8; p 0.037) and NAT2*13A/NAT2*6B (OR  4.4; CI95%  1.5–12.7;  p 0.005)  significantly  increased the

risk of hepatotoxicity.

Conclusion:  This  study  suggests that NAT2*13A  and  NAT2*6B  variant alleles  are risk factors  for  develop-

ing  hepatotoxicity,  and  PLWHA  with  genotypes  NAT2*13A/NAT2*13A  and  NAT2*13A/NAT2*6B  should  be

targeted  for  specific  care  to  reduce  the  risk of hepatotoxicity during  treatment  for  tuberculosis.

© 2019  Fundación  Clı́nica  Médica  Sur,  A.C. Published  by Elsevier España, S.L.U. This  is an open  access

article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Tuberculosis (TB) remains a  serious public health problem both
in Brazil and throughout the world, and discovering seropositivity
for the human immunodeficiency virus (HIV) during the diagnosis
of TB is common. Data from the World Health Organization (WHO)
estimates that of the 10.4 million people who  developed TB
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worldwide in 2016, 1.1 million (11%) also presented with HIV
infection [1].  In 2017, the Brazilian Northeastern state of Pernam-
buco presented the highest incidence rate of TB  (46/100,000 pop.)
within the region, together with a  TB-HIV coinfection percentage
of 11%. This percentage is higher than the overall national rate
(9.2%) as well as that of the Northeast region (8.2%) [2].

The occurrence of hepatotoxicity during the treatment of TB in
people living with HIV/AIDS (PLWHA), who experience difficulties
inherent to  a combination of the two diseases, may  cause a  negative
effect on the therapeutic regimen and in most cases, lead to the
discontinuation of treatment [3].  In Brazil, the incidence rate of
hepatotoxicity following the use of drugs for TB treatment amongst
those infected with HIV range between 31% and 44% [4,5].

https://doi.org/10.1016/j.aohep.2019.09.008

1665-2681/© 2019 Fundación Clı́nica Médica Sur, A.C. Published by  Elsevier España, S.L.U. This is an open access article under the CC  BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.aohep.2019.09.008
http://www.sciencedirect.com/science/journal/16652681
http://www.elsevier.es/annalsofhepatology
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2019.09.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:carollinedearaujo@gmail.com
https://doi.org/10.1016/j.aohep.2019.09.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


154 C. Araujo-Mariz et al. /  Annals of  Hepatology 19 (2020) 153–160

Isoniazid is one of the major drugs used to treat TB, as rec-
ommended by the Brazilian Health Ministry, and is  a  recognized
cause of liver toxicity [6].  The N-acetiltransferase2 enzyme (NAT2),
encoded by the NAT2 gene, initiates the metabolism mechanism of
isoniazid in the liver by biochemical acetylation, which produces
acetylisoniazid and isonicotinic acid. Curiously, the acetylation rate
of isoniazid varies and depends on the genetic component of each
individual, which may  be classified into rapid and slow acetylators
[7].

There are reports in the literature describing various polymor-
phisms in genes that encode enzymes associated with hepatic
metabolism, such as cytochrome P450 2E1 (CYP2E1), glutathione
S-transferase (GST) and manganese superoxide dismutase (MnSOD,

SOD2), and that are predisposed to hepatotoxicity induced by sev-
eral substances [8].

In effect, NAT2 polymorphism explains the bimodal frequency
distribution after administrating identical doses of isoniazid to  dif-
ferent individuals, i.e. one group of rapid acetylators and another
of slow acetylators [9].

Despite considerable evidence from within several populations
demonstrating that the relationship between developing hepa-
totoxicity and the distribution of NAT2 encoding alleles differs
according to ethnicity, there are few studies that address this issue
in Brazil, and involve in their entirety, PLWHA and the diagnosis of
active tuberculosis [10–13]. The aim of this study was  to  investi-
gate NAT2 functional polymorphisms [NAT2*5D, NAT2*6B, NAT2*7A,

NAT2*11A, NAT2*12A, NAT2*13A and NAT2*14A] associated with the
development of hepatotoxicity after initiating treatment for TB in
PLWHA in the state of Pernambuco, Northeast Brazil.

2. Materials and methods

2.1. Design, site and study population

This was a prospective cohort study with 173 PLWHA diagnosed
with active tuberculosis, of both sexes, aged between 20 and 67
years, treated at the Hospital Correia Picanç o, in a  specialized ser-
vice for PLWHA in the state of Pernambuco, Northeast Brazil. In
addition, a further 80 healthy individuals without HIV infection or
tuberculosis were used as a  control group.

2.2. Ethical aspects

This study was approved by  the Research Ethics Committee at
the Universidade Federal de Pernambuco, Brazil, under protocol
No. 254/05. All participants in the study signed an Informed Con-
sent Form, as required by the statement on ethics contained in
Resolution N◦466/12 of the Brazilian National Health Council.

2.3. Biological samples

Peripheral vein blood samples (10 mL)  were obtained from all
studied patients at baseline and at the end of the first and second
months on the follow-up visits to the health service, irrespective of
whether or not they presented symptoms of hepatitis, to measure
the aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) enzymes.

Healthy individuals, enrolled on the National Register of Bone
Marrow Voluntary Donors, were randomly selected. This group was
composed of consanguineously unrelated individuals, matched
by geographic region, so as to demonstrate that NAT2 allele and
genotype frequencies are present irrespective of HIV infection,
tuberculosis or hepatotoxicity.

2.4. Defining the study variables

Hepatotoxicity was defined as elevated aminotransferase levels
and identified as being three times higher than before initiating
TB treatment, with associated symptoms of hepatitis. Symptoms
were considered as the occurrence of jaundice, nausea, vomiting,
dyspepsia and asthenia [14].  The reference values adopted were
AST – 36 UI/mL and ALT – 32 UI/mL, according to  the manufacturer’s
instructions (Targa 3000

®
).

The biological variables potentially related to  hepato-
toxicity were analyzed, such as: gender, age, skin color
(self-reported) as a proxy variable for ethnicity and body mass
index (BMI) categorized as malnourished (BMI <  18.5 kg/m2),
eutrophic (18.5 ≤ BMI  ≥ 24.9 kg/m2) and overweight/obese
(BMI ≥ 25.0 kg/m2).

The treatments for TB, according to the Brazilian Ministry of
Health, were categorized as the RIP regimen (consisting of three
drugs: rifampicin, isoniazid and pyrazinamide), and the newly rec-
ommended RIPE regimen (consisting of four drugs: rifampicin,
isoniazid, pyrazinamide and ethambutol) and others [14].

The use of antiretroviral drugs at the time  of initiating TB treat-
ment was  confirmed through medical records and categorized as:
not using HAART, initiated HAART before TB  treatment and initi-
ated HAART during the first two months of TB treatment. For  the
analysis, we considered a  CD4 count measured in  the six months
prior to initiating TB  treatment, and the variable was categorized
as <200 cells/mm3 and ≥200 cells/mm3.

Patients were considered HIV-seropositive when they tested
positive in  two  sequential tests, in accordance with the recommen-
dations of the Ministry of Health in  Brazil. The results of all the
346 tests for HIV antibodies conducted on the 173 PLWHA patients
included in  this study were positive.

All patients who  had initiated TB  treatment due to  clinical diag-
nosis or after a  bacteriological test confirmation were said to have
TB infection.

2.5. Laboratory procedures

The serological test used for the detection of HIV infection was
the Rapid-check HIV1 & 2 (NDI-Núcleo de Doenç as Infecciosas,
Vitória, ES, Brasil) and the rapid test – HIV-1/2 Bio-Manguinhos
(Fundaç ão Oswaldo Cruz/Biomanguinhos, Rio de Janeiro, Brasil).

The CD4 + T  lymphocyte count was  performed by flow cytometry
using anti-CD4 antibodies labeled with fluorescent dyes through
the BD FACSCaliburTM system.

2.6. NAT2 polymorphism analysis

NAT2 genotypes were defined by direct sequencing, comprising
two loci.  Genomic DNA isolation was  performed using the Biopur
Extraction Kit – Mini Cent (Biometrix

®
, Brazil) according to the

manufacturer’s specifications. After extraction, DNA samples were
stored at −20 ◦C until use.

PCRs were performed with two independent reactions,
as follows: 36.5 �l  H2O,  5 �l  10×  PCR buffer, 2 �l  MgCl2
50 mM,  1 �l  10 mM dNTP, 2 �l  of each 10 mM primer,
1 �l DNA, and also 0.5 �l Taq (5  U/�l)  to 50 �l  final vol-
ume. The single nucleotide polymorphisms (SNPs) G191A
(NAT2*14A), C282T (NAT2*13A) and T341C (NAT2*5D) were
evaluated using the 5′-CCTTACAGGGTTCTGAGACTAC-3′ and
5′-GGTGCCTTGCATTTTCTGCT-3′ pair primers and the following
cycling parameters: initial denaturation (94 ◦C/3 min), 35 cycles
(94 ◦C/1 min, 50 ◦C/1 min, and 72 ◦C/1 min), and final extension
at 72 ◦C/5 min. On the other hand, the SNPs C481T (NAT2*11A),
G590A (NAT2*6B), A803G (NAT2*12A) and G857A (NAT2*7A)
were evaluated using 5’-CATTGTCGATGCTGGGTCTG-3 and 5’-
TCATCCATAAAAATGTCAGCATTT-3′ primers with the same cycling
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parameters listed above, except for the annealing temperature
(55 ◦C).

The 667 bp and 665 bp amplicons were amplified respectively
and analyzed by  electrophoresis in  1% agarose gel. Direct sequenc-
ing was performed using the ABI PRISM BigDye Terminator v.3.1
Sequencing Kit (PE Applied Biosystems). Genotyping and sequence
analysis were performed using the ApE-A-plasmid-Editor v2.0.45
with the GenBank accession n◦ AY331807 sequence as a  refer-
ence (<www.ncbi.nlm.nih.gov/nuccore/AY331807>), following the
International Committee for Gene Nomenclature NAT2 (<http://
nat.mbg.duth.gr>).

From amongst the 7 SNPs commonly found in the human popu-
lation, for predicting genotypes and phenotypes, four SNPs, which
result in amino acid substitution and the consequent decrease in
the acetylation capacity, were analyzed. Individuals who  presented
at least two variant alleles in  any of the SNPs at positions 191A
(NAT2*14A), 341C (NAT2*5D), 590A (NAT2*6B) and 857A (NAT2*7A)
were classified as slow acetylators [15].

The reference SNPs (rs) for the alleles NAT2 studied were, respec-
tively: rs1801280 (NAT2*5D), rs1799930 (NAT2*6B), rs1799931
(NAT2*7A), rs1799929 (NAT2*11A), rs1208 (NAT2*12A),  rs1041983
(NAT2*13A) and rs1801279 (NAT2*14A).

2.7. Statistical analysis

Data were stored in  a  database created for this research.
All data were double entered (validated in  EPI-INFO 6.04), and

were subsequently compared to identify any possible typing
errors.

The analysis was performed using STATA 12.0 (Statistical Soft-
ware for Professionals, StataCorp LP, UK). To check the statistical
significance of differences in the frequency distribution of vari-
ables and the Hardy–Weinberg equilibrium, the chi-square test was
used, or when necessary, the Fisher exact test. The bivariate logis-
tic regression analysis was  performed and the magnitude of  the
associations was expressed by the odds ratio (OR) as an estimate of
relative risk, with a  confidence interval of 95% regression and a  sig-
nificance level of 5%  (p < 0.05). Estimation for haplotypes frequency
was based on the maximum likelihood method using Arlequin 3.5.

3. Results

Amongst the 173 patients enrolled in  this study, 53 (30.6%)
presented symptoms consistent with hepatitis and high amino-
transferase levels, three times higher than those recorded before
initiating TB  treatment. These were the cases of hepatotoxicity.

Table 1 demonstrates the frequency distribution of  biological
and clinical variables of PLWHA with tuberculosis. This cohort was
predominantly male (67%), just over half (52%) were aged under
40, with a greater proportion of eutrophic (61%) and non-white
(79%) individuals. It  was found that the most commonly used ther-
apeutic regimen for TB (61%) was that of three drugs (i.e.,  RIP –
Rifampicin, Isoniazid and Pyrazinamide), and HAART (Highly active
antiretroviral therapy) was  being used by 78.6%, the majority of

Table 1

Clinical and biological variables of PLWHA with tuberculosis. Recife, Pernambuco, Brazil.

Hepatotoxicity Total

Variables Yes No

N  % N  %  N  %  p-Valuec

Sex

Male 32  60.4 84  70.0 116 67.1

Female 21  39.6 36  30.0 57 32.9 0.216

Age

<40  years 30 56.6 59  49.1 89 51.5

≥40  years 23  43.4 61  50.8 84 48.5 0.368

BMI

Eutrophic 25  51.0 80 68.4 105 60.7

Malnourished 22  44.9 22  18.8 44 25.4 0.002a

Overweight/obese 2 4.1 15  12.8 17 9.8 0.279b

Skin color

White 14  26.4 22  18.3 36 20.8

Non-white 39  73.5 98  81.6 137 79.2 0.230

TB  regimen

RIP 35  66.0 71  59.2 106 61.3

RIPE  18  33.9 47  39.1 65 37.6 0.465

Other  0  00.0 2  1.6 2 1.2

HAART

Not  using HAART 11  20.7 19  16.8 37 21.4

Initiated HAART before TB treatment 24  45.3 61  53.9 85 49.1 0.584

Initiated HAART during the first two months of TB treatment 18  33.9 33  29.2 51 29.5 0.867

Classes  of ARV combination

Not using ARV 11  20.7 26  23.4 37 21.4

2NRTI  + 1NNRTI 31  58.5 73  65.7 104 60.1 0.993

2NRTI  + 1PI/r 9 16.9 15  12.5 24 13.9 0.528

Others 2 3.7 6  5.0  8 4.6 0.728b

CD4

≥200 cells/mm3 12  26.6 52  46.8 64 41.1

<200  cells/mm3 33 73.3 59  53.1 92 58.9 0.022a

PLWHA (People living with HIV/AIDS), BMI  (Body mass index), NAT2 (Arylamine N-Acetyltransferase), TB (Tuberculosis), RIP (Rifampicin, Isoniazid, Pyrazinamide), RIPE

(Rifampicin, Isoniazid, Pyrazinamide, ethambutol), HAART (Highly active antiretroviral therapy), ARV (Antiretroviral therapy), NRTI (nucleoside reverse transcriptase

inhibitor), NNRTI (Non-nucleoside reverse transcriptase inhibitor), PI/r (Protease inhibitor/ritonavir).
a Statistically significant (p <  0.05).
b Fisher’s exact test.
c Pearson chi-square test.

http://www.ncbi.nlm.nih.gov/nuccore/AY331807
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http://www.ncbi.nlm.nih.gov/nuccore/AY331807
http://www.ncbi.nlm.nih.gov/nuccore/AY331807
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
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whom had initiated HAART before treatment for TB  (49%). The
antiretroviral regimen containing two NRTIs (nucleoside reverse
transcriptase inhibitors) and one NNRTI (non-nucleoside reverse
transcriptase inhibitor) was the most commonly used by  HAART
users (60%). Slightly more than half (59%) the population presented
a CD4 level of less than 200 cells/mm3 and this was  statistically
significant (p = 0.022) (Table 1).

Seven different SNPs, previously known to be determinants of
the acetylator phenotype were identified using NAT2 sequencing in
the study population and control group (healthy individuals).

Table 2 describes the frequencies of these seven main muta-
tions and their respective alleles related to the NAT2 acetylator
phenotype profile.

Thirteen alleles derived from these 7 common SNPs were veri-
fied, the majority of which (7/13) were classified phenotypically as
slow acetylators. The others (5/13) were classified as rapid acety-
lators. There was  no statistically significant difference between the
groups studied. The most frequent allele observed with rapid acety-
lation was NAT2*4 (86%), followed by NAT2*11A (7%). With regard
to slow acetylation, the most frequent allele was NAT2*5B (38%),
followed by NAT2*5D (25%) and NAT2*6A (21%). The NAT2 allele fre-
quencies of both the healthy control subjects and PLWHA/TB were
very similar and were in  Hardy-Weinberg equilibrium (Table 2).

In the NAT2*14A,  an absence was observed of the AA  genotype
variant, both in the studied population and the control popula-
tion. Within this locus, the most frequent genotype was GG (89.6%).

For  the NAT2*13A,  the frequency of genotypes CC (43.3%) and CT
(46.3%) was similar between the healthy and control groups. In
the NAT2*6B, there was a  genotypic frequency of 58.4% GG, GA
35.3% and 6.3% AA. Amongst the 173 individuals analyzed, only one
individual presented the AA genotype variant in  the NAT2*7A.

The frequencies of the variant NAT2 allele amongst individuals
from different Brazilian regions are summarized in Table 3.  In this
cohort, the allele frequencies of the study population were different
to  those encountered in  the Pará and Bahia populations. The main
difference in  the Pará population was in variant allele NAT2*6B. The
frequency of this allele in the present study was  24%, while in the
Pará population the frequency of the same allele was  3.2%. Another
allele, NAT2*5D, was more frequent in  the Pará population (52%)
when compared to the frequency of same allele in  our population
(40%), with a  statistically significant difference (p =  0.020). The fre-
quency of the variant allele NAT2*12A in the Bahia population was
lower (21.6%) than that observed in this population (41.1%), also
with a  statistically significant difference (p =  0.003).

The hypothesis that PLWHA and TB patients encoding NAT2 vari-
ant alleles would be  more likely to  develop hepatotoxicity during
TB treatment was tested. In order to  perform such an analysis,
the PLWHA and TB  group was stratified taking into account the
clinical outcomes of hepatotoxicity and the potential correlation
was observed between the seven SNPs and the clinical outcome. It
was found that the presence of the variant allele of both NAT2*13A

(OR =  1.98, 95%CI (1.0–3.9), p =  0.048) and NAT2*6B (OR =  1.93, 95%CI

Table 2

Frequencies of NAT2 alleles in PLWHA with tuberculosis and control group. Recife, Pernambuco, Brazil.

Hepatotoxicity Control Group p-Valuea

NAT2 alleles Yes No

Rapid acetylator phenotype N  =  34 %  N =  86  % N = 60 %

NAT2 * 4 27 79.4 75 87.2 53 88.3 0.373

NAT2  * 11A 0 0  1 1.2 0 0

NAT2  * 12A 1 2.9 3 3.5 0 0

NAT2  * 12C 3 8.8 3 3.5 1 1.7

NAT2  * 13A 3 8.8 4 4.6 6 10.0

Slow  acetylator phenotype N  =  19 %  N =  34  % N = 20 %

NAT2 * 5A 1 5.3 1 2.9 1 5.0 0.976

NAT2  * 5B 7 36.8 14 41.2 7 35.0

NAT2  * 5C 1 5.3 3 8.8 1 5.0

NAT2  * 5D 5 26.3 9 26.5 4 20.0

NAT2  * 5J 0 0  1 2.9 0 0

NAT2  * 6A 5 26.3 4 11.7 6 30.0

NAT2  * 6B 0 0  1 2.9 1 5.0

NAT2  * 7B 0 0  1 2.9 0 0

NAT2 (Arylamine N-Acetyltransferase), PLWHA (People living with HIV/AIDS).
a Fisher’s exact test.

Table 3

Frequencies of the NAT2 alleles in individuals from different Brazilian regions.

NAT2 alleles Phenotype Pernambuco Bahiac p-Value+ Parád p-Value+ Goiáse p-Valueb Rio de Janeiroc p-Valueb

N  % N  %  N % N  % N  %

NAT2*11A Rapid 138 39.9 141 38.7 0.837 205 37.9 0.709 67  32.0 0.272 217 36.0 0.459

NAT2*12A Rapid 142 41.1 79  21.6 0.003a 194 35.9 0.332 77  36.0 0.460 245 41.0 0.984

NAT2*13A Rapid 116 33.5 – –  – 153 28.3 0.359 72  34.0 0.943 226 38.0 0.412

NAT2*5D Slow 139 40.2 – –  – 282 52.2 0.020a 70 33.0 0.311 236 40.0 0.969

NAT2*6B  Slow 83  24 115 31.4 0.254 17 3.2 0.052a 60 28.0 0.589 155 26.0 0.735

NAT2*7A Slow 23  6.6 57  15.6 0.278 51 9.4 0.689 9  4.2 0.796 27 4.5 0.744

NAT2*14A Slow 18  5.2 28  7.6 0.750 – – – 5  2.0 0.760 28 5.0  0.975

NAT2 (Arylamine N-Acetyltransferase).
a Statistically significant (p <  0.05).
b Pearson chi-square test.
c Talbot et al. (2010).28

d Santos et al. (2013).29

e Teixeira et al. (2011).11
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Table  4

Association of NAT2 genotypes with hepatotoxicity in  PLWHA with tuberculosis. Recife, Pernambuco, Brazil.

Hepatotoxicity Total

NAT2 haplotypes Phenotype Yes No OR CI(95%) p-Valueb p-Valuec

N  % N %  N  %

NAT2*11A Rapid

CC 22  41.5 43  35.8 65  37.6 1 –

(CT  + TT) 31  58.5 77  64.2 108 62.4 0.78 (0.4–1.5) 0.477 0.477

NAT2*12A Rapid

AA 19  35.8 47  39.2 66  38.2 1 –

(AG  + GG) 34  64.2 73  60.8 107 61.8 1.15 (0.6–2.2) 0.679 0.679

NAT2*13A Rapid

CC 17  32.1 58  48.3 75  43.4 1 –

(CT  + TT) 36  67.9 62  51.7 98  56.6 1.98 (1.0–3.9) 0.048a 0.047

NAT2*5D Slow

TT 22  41.5 54  45.0 76  43.9 1 –

(TC  + CC) 31  58.5 66  55.0 97  56.1 1.15 (0.6–2.2) 0.670 0.670

NAT2*6B Slow

GG 25  47.2 76  63.3 101 58.4 1 –

(GA  + AA) 28 52.8 44  36.7 72  41.6 1.93 (1.0–3.7) 0.048a 0.047

NAT2*7A Slow

GG 45  84.9 106 88.3 151 87.3 1 –

(GA  + AA) 8  15.1 14  11.7 22  12.7 1.34 (0.5–3.4) 0.534 0.533

NAT2*14A Slow

GG 45  84.9 110 91.7 155 89.6 1 –

(AG  + AA) 8  15.1 10 8.3 18  10.4 1.95 (0.7–5.3) 0.185 0.179

NAT2 (Arylamine N-Acetyltransferase). OR (Odds ratio). CI (95%): confidence interval. PLWHA (People living with HIV/AIDS).
a Statistically significant (p <  0.05).
b Pearson chi-square test (OR).
c Pearson chi-square test (Hardy–Weinberg equilibrium).

(1.0–3.7), p = 0.048) constituted isolated risk factors for developing
hepatotoxicity during TB  treatment in PLWHA (Table 4).

In the population studied, it was possible to  define four
haplotypes, [NAT2*4 (GC), NAT2*13A (GT), NAT2*6B (AC),
NAT2*6A (AT)], with 8 genotype variants, [NAT2*4/NAT2*13A

(GC/GT), NAT2*4/NAT2*6B (GC/AC), NAT2*13A/NAT2*13A (GT/GT),
NAT2*13A/NAT2*6A (GT/AT), NAT2*13A/NAT2*6B (GT/AC),
NAT2*6B/NAT2*6B (AC/AC), NAT2*6B/NAT2*6A (AC/AT) and
NAT2*6A/NAT2*6A (AT/AT)], and one wild type [NAT2*4/NAT2*4

(GC/GC)] (Table 4).
In turn, the individual comparison between the wild type and

each genotype containing allele variants indicated that the risk
of developing hepatotoxicity during TB  treatment in individuals
with HIV/AIDS and signatures NAT2*13A/NAT2*13A (GT/GT) and
NAT2*13A/NAT2*6B (GT/AC) was 4.4 times greater, and was statisti-
cally significant [p =  0.037; (95% CI 1.1–18.8) and p =  0.005; (95% CI
1.5–12.7), respectively]. A borderline association of a  risk for devel-
oping hepatotoxicity was demonstrated in the analysis between
combined haplotypes involving the variant group and the wild type
(OR = 2.3 (95% CI 1.0–5.4), p =  0.052) (Table 5).

4. Discussion

The metabolic pathway of isoniazid has been the basis for most
of the recent studies seeking to explain the pathogenic mechanism
of liver damage induced by  the use of antituberculosis drugs, and
the NAT2 slow acetylator phenotype has been documented as a
strong risk factor for the occurrence of such liver damage [16,17].
In effect, although some studies have indicated different opinions,
i.e., that rapid acetylators would be  more vulnerable to liver damage
induced by antituberculosis drugs due to the increased production
of hepatotoxins, resulting from the rapid NAT2 enzyme activity, and
that there is no relationship between the acetylation profile and
the  hepatotoxicity induced by these drugs [18,19],  it is nonetheless
believed that individuals phenotypically classified as slow acetyla-
tors accumulate more acetyl hydrazine, since it competes with the
toxic metabolite of isoniazid by acetylation [20].

The NAT2 is  located on chromosome 8, region 8p22, where seven
SNPs are commonly identified in  its coding region, in  different
world populations (<http://nat.mbg.duth.gr>).

The distribution and frequency of the alleles that encode the
NAT2 may  vary considerably between different ethnic groups. The
NAT2*14A is more common in  native African populations and
African Americans. However, it is virtually absent in the East. The
frequencies of the NAT2*13A and NAT2*6B are similar in  most pop-
ulations studied throughout the world. In the case of  NAT2*5D

and NAT2*7A, there was  a  greater frequency amongst Moroccans,
Amerindians and Asians. NAT2*11A and NAT2*12A are rare in  most
populations [8,13,21–24].

The Brazilian population is made up of an extensive mix of three
different ancestral roots: Amerindians, Europeans and Africans,
which makes it one of the most heterogeneous populations in the
world [25,26].  The first Brazilian studies describing the genotypic
profile of NAT2 were conducted in the states of Rio  de Janeiro and
Goiás where degrees of variation in  the genotypic profile of NAT2

were demonstrated [11–27]. The allele frequencies observed in our
cohort were similar to those found in  the populations of Rio de
Janeiro and Goiás, although they were different from the popula-
tions of the states of Pará and Bahia [27–29].  These data reinforce
the need for further studies in order to address this issue through-
out the different regions of the country so that the genotypic profile
of the NAT2 in Brazil may be better explained. In  other Brazilian
studies the data were restricted to reporting the acetylation phe-
notypic profile and therefore, the allele and genotype frequencies
were not presented [4,5,30,31].  In this present approach, for all
the studied SNPs, were observed that  the allele and genotype fre-
quencies of the healthy control population were similar to those
observed in the test population (PLWHA). Thus, we  may  affirm the
good representation of the cohort for the state of Pernambuco.

The presence of the variant allele in the NAT2*13A (282T)
and NAT2*6B (590A) loci was  an independent factor associated
with elevated aminotransferase levels after initiating antituber-
culosis drugs in  PLWHA [(OR = 1.98, 95%CI 1.0–3.9, p =  0.048) and
(OR = 1.93, 95%CI 1.0–3.7, p =  0.048), respectively]. The NAT2*6B is a

http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
http://nat.mbg.duth.gr/
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Table  5

Association of NAT2 haplotypes with hepatotoxicity in PLWHA with tuberculosis. Recife, Pernambuco, Brazil.

Hepatotoxicity Total

Variables Phenotype Yes No OR CI(95%) p-Valuee

N  % N % N  %

Individual comparison

NAT2*13A/NAT2*4 Rapid 12 60.0 37 51.4 20 31.7 1.4 (0.5–3.8) 0.494

NAT2*4/NAT2*4 8 40.0 35 48.6 43  68.3

NAT2*13A/NAT2*13A Rapid 5 38.5 5 12.5 10 18.8 4.4 (1.1–18.8) 0.037a,b

NAT2*4/NAT2*4 8 61.5 35 87.5 43  81.2

NAT2*6B/NAT2*4 Slow 6 42.8 19 35.2 25  36.7 1.4 (0.4–4.6) 0.596

NAT2*4/NAT2*4 8 57.1 35 72.9 43  63.3

NAT2*6B/NAT2*6B Slow 3 27.3 4 10.3 7  14.0 3.3 (0.6–17.6) 0.169b

NAT2*4/NAT2*4 8 72.7 35 89.7 43  86.0

NAT2*13/NAT2*6A Slow 3 27.3 4 10.3 7  14.0 3.3 (0.6–17.6) 0.169b

NAT2*4/NAT2*4 8 72.7 35 89.7 43  86.0

NAT2*6B/NAT2*13A Slow 14 63.6 14 28.6 28  39.4 4.4 (1.5–12.7) 0.005a

NAT2*4/NAT2*4 8 36.4 35 71.4 43  60.6

NAT2*6B/NAT2*6A Slow 2 20.0 1 2.7 3  6.5 8.7 (0.7–108.8) 0.115b

NAT2*4/NAT2*4 8 80.0 35 97.2 43  93.5

NAT2*6A/NAT2*6A Slow 0 0.0 1 2.7 1  2.27 – – –

NAT2*4/NAT2*4 8 100.0 35 97.2 43  97.7

Combined haplotypesc Mixedd 45 84.9 85 70.8 130 75.2 2.3 (1.0–5.4) 0.052

NAT2*4/NAT2*4  8 15.1 35 29.1 43  24.8

OR (Odds ratio), CI (95%): confidence interval, PLWHA (People living with HIV/AIDS).
a Statistically significant (p <  0.05).
b Fisher’s exact test.
c NAT2*13A/NAT2*4; NAT2*6B/NAT2*4; NAT2*13A/NAT2*13A; NAT2*6B/NAT2*6B; NAT2*13/NAT2*6A; NAT2*6B/NAT2*13A; NAT2*6B/NAT2*6A; NAT2*6A/NAT2*6A.
d Rapid + slow.
e Pearson chi-square test (OR).

non-synonymous polymorphism that involves the replacement of
amino acid residue 197 Arg-Gln (arginine-glutamine) with a  con-
sequent decrease in  the acetylation capacity, due to a  change in the
catalytic site, and which therefore justifies our findings [32].  Poor
individual metabolizers present low enzymatic efficiency of NAT

acetyltransferase 2,  and thereby allow more time for the drug to
circulate in the body. As a  result, the toxicity produced by the drug
also becomes higher [33]. In contrast to this, the NAT2*13A is  a  syn-
onymous polymorphism, i.e., its presence alone does not prompt a
change in the peptide composition, and is also unable to change the
slow/rapid molecular phenotype acetylator in  patients [34],  diverg-
ing from the risk association for hepatotoxicity associated with the
NAT2*13A in PLWHA, as observed in the present study. One recent
publication on genetic context, could  be a key element in explain-
ing the phenotype definition in  genetically influenced diseases and
the contradictory effects of individual genetic markers (SNPs) that
have been observed in different populations [35].

The special conditions concerning two different coinfecting
pathogens, with concomitant treatment against HIV and TB, and
the potential interaction between them, represent important con-
founding factors for the outcome of hepatotoxicity. Indeed, it has
recently been described that  the properties of using fluconazole,
being malnourished and the presence of a  NAT2 slow acetylator pro-
file were each isolated risk factors for developing hepatotoxicity. It
is suspected that hepatitis B and C viruses and alcohol consump-
tion may  be associated with increased hepatotoxicity in PLWHA
during tuberculosis therapy, although in this previous study this
association was not  observed [4].

In the present study, it has been verified that the BMI  (p =  0.002)
and CD4 (p = 0.022) were statistically associated with hepato-
toxicity, suggesting that these two variables were likely to  be
confounding factors. Thus, the analysis was undertaken of these
two variables with the SNPs and it was verified that  they presented
no statistically significant difference. This fact interferes with the
definition of confounding factor. It is  therefore our belief that these
two variables should not be used to  adjust the model in logistic

regression analysis. It  is a fact that  drug interactions modify the
response to pharmacotherapy and are also a  risk for drug toxicity.
While on the one hand, the use of HAART is associated with a higher
risk of hepatotoxicity, because it potentiates the hepatotoxic effect
of the antituberculosis drugs, on  the other, we also believe that the
interaction between anti-HIV and antituberculosis drugs probably
has no influence over the association between NAT2 variants and
hepatotoxicity. Although most of the study population (78.6%) used
HAART, of whom 33.9% presented with hepatotoxicity during the
first 60 days of TB treatment, no statistically significant difference
was observed between the use of HAART and the occurrence of hep-
atotoxicity. We  chose to analyze the combination of ARV classes
due to the wide variation in the antiretroviral drugs used by  the
population studied. Certainly, if we had analyzed the association of
each drug with the outcome, the power of the study would have
been limited.

Finally, the present study has the limitations of an observa-
tional study with PLWHA attending a routine medical care setting.
The exposures related to  drugs registered by the attending physi-
cian were studied. We did not investigate the concomitant use of
medicinal herbs in  this population.

The findings of this study have demonstrated that providing
greater support for PLWHA undergoing treatment for tuberculo-
sis may  well contribute to greater control in managing the drugs
used by this population, especially those patients with genotypes
NAT2*13A/NAT2*13A and NAT2*13A/NAT2*6B.

In  conclusion, this study suggests that  NAT2*13A and NAT2*6B

variant alleles are  risk factors for developing hepatotoxic-
ity, and that PLWHA with genotypes NAT2*13A/NAT2*13A and
NAT2*13A/NAT2*6B present a  higher chance of developing hepa-
totoxicity during tuberculosis treatment. We  believe that in the
near future, the treatment of tuberculosis should become individu-
alized, namely, drugs and dosages should be adapted according to
the NAT2 phenotypic profile of each patient. Further studies with
different populations and larger sample sizes are required to verify
the universality of our findings.
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Abbreviations

AIDS acquired immunodeficiency syndrome
ALT alanine aminotransferase
Arg-Gln arginine glutamine
ARV antiretroviral therapy
AST aspartate aminotransferase
BMI  body mass index
bp base pairs
CD4 lymphocyte cell with cell membrane surface protein 4
CI confidence interval
CYP2E1 cytochrome P450 2E1
DNA deoxyribonucleic acid
dNTP deoxynucleotides
GST glutathione S-transferase
HAART highly active antiretroviral therapy
HIV human immunodeficiency virus
H2O water
MgCl2 magnesium chloride
MnSOD, SOD2 manganese superoxide dismutase
NAT2 arylamine N-acetyltransferase
NNRTI non-nucleoside reverse transcriptase inhibitor
NRTI nucleoside reverse transcriptase inhibitor
OR odds ratio
PCR polymerase chain reaction
PLWHA people living with HIV/AIDS
PI/r protease inhibitor/ritonavir
RIP rifampicin, isoniazid, pyrazinamide
RIPE rifampicin, isoniazid, pyrazinamide, ethambutol
SNP single nucleotide polymorphisms
Taq polymerase thermus aquaticus polymerase
TB tuberculosis
WHO  World Health Organization

Author contribution

All authors contributed equally to this article and all authors
reviewed and approved the manuscript prior to submission.

Financial support

This study received financial support from the Brazilian Health
Ministry/DST/AIDS/UNESCO (CSV Project 182/06) and the Min-
istry of Science and Technology CNPq/MSSCTIE-DECIT (Case
N◦10567/2006-0). The following authors received partial support
from CNPq: RAAX – Productivity Grant 308311/2009-4; MFPMA
– Productivity Grant 301779/2009-0; and HRL – Study Grant
310911/2009-5.

Ethical aspects

This study was approved by the Research Ethics Committee at
the  Universidade Federal de Pernambuco, Brazil, under protocol
No. 254/05. All  participants in the study signed an Informed Con-
sent Form, as required by the statement on ethics contained in
Resolution N◦466/12 of the Brazilian National Health Council.

Conflict of interest

The authors have no conflicts of interest to declare.

References

[1] World Health Organization. Global Tuberculosis Report 2017. Geneva: World
Health Organization; 2017.

[2] Brasil. Boletim epidemiológico – Coinfecç ão TB-HIV no  Brasil: panorama epi-
demiológico e atividades colaborativas. Brasília: Ministério da Saúde; 2017.

[3]  Havlir DV, Kendall MA, Ive P, Kumwenda J, Swindells S, Qasba SS, et al. Timing
of antiretroviral therapy for HIV-1 infection and tuberculosis. N Engl  J  Med
2011;365:1482–91.

[4] Araújo-Mariz C,  Lopes EP,  Acioli-Santos B, Maruza M,  Montarroyos UR, Ximenes
RAA, et al. Hepatotoxicity during treatment for tuberculosis in people living
with HIV/AIDS. PLOS ONE 2016;11:e0157725.

[5] Zaverucha-do-Valle C, Monteiro SP,  El-Jaick KB, Rosadas LA, Costa MJ, Quintana
MS,  et al. The  role of cigarette smoking and liver enzymes polymorphisms in
anti-tuberculosis drug-induced hepatotoxicity in Brazilian patients. Tubercu-
losis (Edinb) 2014;94:299–305.

[6] Arbex MA,  Varella MCL, Siqueira HR, Mello FA. Antituberculosis drugs: drug
interactions, adverse effects, and use in special situations – Part  1: First-line
drugs. J Bras Pneumol 2010;36:626–40.

[7] McDonagh EM, Boukouvala S, Aklillu E, Hein DW,  Altman RB, Klein TE.
PharmGKB summary: very important pharmacogene information for N acetyl-
transferase 2. Pharmacogenet Genomics 2014;24:409–25.

[8] Huang YS. Recent progress in genetic variation and risk of antituberculosis drug
induced liver injury. J Chin Med  Assoc 2014;77:169–73.

[9] Du H, Chen X,  Fang Y, Yan O,  Xu H, Li L, et  al. Slow N acetyltransferase 2 genotype
contributes to  anti-tuberculosis drug-induced hepatotoxicity: a  meta-analysis.
Mol  Biol Rep 2013;40:3591–6.

[10] Lee SW,  Chung LS, Huang HH, Chuang TY, Liou YH, Wu LS. NAT2 and CYP 2E1
polymorphisms and susceptibility to first-line anti-tuberculosis drug-induced
hepatitis. Int J  Tuberc Lung Dis 2010;14:622–6.

[11] Teixeira RLF, Morato RG, Cabello PH, Muniz LMK, Moreira ASR, Kritski AL, et al.
Genetic polymorphisms of NAT2 CYP2E1 and GST enzymes and the occurrence
of antituberculosis drug-induced hepatitis in Brazilian TB patients. Mem  Inst
Oswaldo Cruz 2011;106:716–24.

[12] An HR, Wu XQ, Wang ZY, Zhang JX, Liang Y. NAT2 and CYP2E1 poly-
morphisms associated with antituberculosis drug-induced hepatotoxicity in
Chinese patients. Clin Exp Pharmacol Physiol 2012;39:535–43.

[13] Ben Mahmoud L, Ghozzi H, Kamoun A, Hakim A, Hachicha H, Hammami S, et al.
Polymorphism of the N-acetyltransferase 2 gene as a  susceptibility risk factor
for antituberculosis drug-induced hepatotoxicity 364 in Tunisian patients with
tuberculosis. Pathol Biol (Paris) 2012;60:324–30.

[14] Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de
Vigilância Epidemiológica. Manual de recomendaç ões para o  controle da tuber-
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