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Hepatotoxicity is reported frequently as an adverse reaction during tuberculosis (TB) and HIV
treatment. This study aimed to investigate the incidence of antiretroviral and anti-tuberculosis drug-
induced liver enzymes activities variation in TB and TB-HIV co-infected patients at Jamot Hospital in
Yaoundé-Cameroon. From April 2018 to May 2019, 336 treatment-naive TB patients were enrolled. Liver
enzymes (AST, ALT, ALP) and total bilirubin were evaluated at baseline and 12 weeks after treatment
initiation. Blood was spotted on filter paper for DNA extraction by the chelex method. Standard nested
PCR followed by restriction enzyme analysis with Kpnl, Tagl, and BamHI to detect NAT2 polymorphisms
was performed. TB-HIV co-infection prevalence was 29.46%. There was a significant rise of
transaminases (p < 0.05) at baseline in TB-HIV co-infected patients. At 12 weeks, there was a substantial
rise of transaminases in TB patients;-and total bilirubin in TB-HIV co-infected patients (p < 0.05). The
prevalence of slow and fast acetylators was 85.71 and 14.29%, respectively. NAT2*5/5 and NAT2*5/6
genotypes were most represented. Slow acetylating NAT2 phenotype was significantly associated with
drug hepatotoxicity (p < 0.05). The prevalence of TB-HIV co-infections remains high, and the rise in
transaminases is linked to the slow acetylating NAT2 phenotype.
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INTRODUCTION

Tuberculosis is an infectious and contagious disease
caused by the mycobacteria of the Mycobacterium
tuberculosis complex and the leading cause of morbidity
and mortality in sub-Saharan Africa and worldwide; in
people with HIV/AIDS. In 2018, 10 million people
contracted the disease, and 1.2 million died. In addition,
2.48 million new cases were recorded in Africa, with
397,000 deaths (WHO, 2019). Tuberculosis also
represents one of Cameroon's major threats to public
health and a significant cause of preventable mortality in
the adult population (NTCP, 2019). In 2018, 47,000
cases of tuberculosis were registered, with 7,700 cases
of death (WHO, 2019). In 2019, 82% of tuberculosis
patients were tested for HIV, with a prevalence of TB-HIV
co-infection of 27% (NTCP, 2019).

Anti-tuberculosis therapy has always been an inducing
toxicity factor due to the combination of Isoniazid,
Rifampicin, and Pyrazinamide (NTCP, 2012). Similarly, a
14-fold increased risk of anti-TB hepatotoxicity has been
reported in patients co-infected with HIV (NTCP, 2012).
That implies HIV infection increases the risk of
antiretroviral (ARV)-induced hepatotoxicity (Younossian
et al.,, 2005; Sadaphal et al.,, 2001; Pan et al., 2005).
Efavirenz is the first antiretroviral drug usually given in
combination with rifampicin-based anti-TB treatment
therapy in case of TB/HIV co infection (WHO, 2012).
Though effective, this antiretroviral has been associated
with liver injury (Abrescia et al., 2002) and is metabolized
in the liver by many liver enzymes (Yimer et al., 2011).
Rifampicin, proved as a potent inducer of these enzymes,
is known to reduce plasma efavirenz concentrations.
Therefore overlapping toxicities can complicate multidrug
therapy and cause treatment failure, relapse or drug-
resistance (Tostmann et al., 2008; Saukkonen et al.,
2006; Wares et al.,, 2003). Although rifampicin and
efavirenz are the principal molecules used in the case of
concomitant TB and HIV therapy in low- income
countries, data are still limited in high endemic HIV/AIDS
and TB areas (Desta et al., 2007).

Moreover, N-acetyltransferase2 enzyme (NAT2)
initiates the metabolism of isoniazid in the liver by
biochemical acetylation, with variable rates depending on
the genetic component of each individual (Mc Donagh et
al., 2014). Despite considerable evidence demonstrating
that the relationship between hepatotoxicity induction and
NAT2 gene distribution differs according to ethnicity,
there are few studies involving TB/HIV co-infected
individuals in sub-Saharan Africa countries, as well as in
Cameroon (Lee et al.,, 2010; An et al, 2012; Ben
Mahmoud et al., 2012). This suggests that careful
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monitoring should be carried out in all patients after
initiation of antiretroviral therapy to identify risk factors for
better management of drug-induced hepatotoxicity and
design prevention measures. Hence this study was
undertaken to study seroprevalence of TB-HIV co-
infection and hepatotoxicity during anti-TB treatment in
people living with HIV/AIDS at Jamot Hospital in
Yaoundé-Cameroon.

MATERIALS AND METHODS
Study design and population

This prospective study with descriptive aims was carried out at
Jamot Hospital in Yaoundé from April 2018 to March 2019. The
study population consisted of patients in consultation and
observation in the Pneumatology Unit. A total of 336 pulmonary
tuberculosis patients were enrolled in this study. The serum,
obtained from the collected blood, was directly analyzed or stored
at -20°C.

Inclusion and exclusion criteria

According to the defined inclusion criteria, participants in this study
were aged 15 and more, regardless of gender ethnicity. In addition,
only volunteers who agreed to sign an informed consent form after
being informed on the nature, study procedure, potential benefits,
and foreseeable risks were recruited, excluding patients with forms
of tuberculosis other than pulmonary TB.

Data collection procedure and laboratory analyses

Peripheral venous blood samples (10 mL) were obtained from all
studied patients at baseline and after 12 weeks of anti-TB and
antiretroviral treatment. For confidentiality management, an
anonymous identification code was assigned to each patient for
laboratory analyses, data entry, and data analyses. Sputum
samples were collected successively over three days after
microscopic confirmation of positive cases. In parallel, blood
samples were collected in dry tubes and EDTA tubes, in strict
compliance with the conditions of asepsis. The serum was
separated by centrifugation at 3000 (g) for 5 min, aliquots done,
and stored at -20°C for subsequent analyses. Anti-HIV antibodies
were determined using the whole blood by immuno-
chromatography using ALERE Determine, and all positive cases
were confirmed using Oraquick. An aliquot of the serum was then
used to determine the serum enzymes activities of Alanine
Aminotransferase (ALT), Aspartate Aminotransferase (AST),
Alkaline Phosphatase (ALP) by kinetic method, and the total
bilirubin using colorimetric method. The kinetic method for
determining ALT and AST was based on the recommended
International Federation of Clinical Chemistry (IFCC). Hepatotoxicity
was defined as elevated aminotransferase levels and identified as

three times higher than normal before initiating TB treatment, with
associated symptoms considered jaundice, nausea, vomiting,
dyspepsia, and asthenia. The reference values adopted were AST
37 Ul/mL and ALT 40 Ul/mL, ALP 92 Ul/mL and total bilirubin 1
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mg/dL) according to the manufacturer’s instructions. The biological
variables potentially related to hepatotoxicity were analyzed, and
the use of antiretroviral drugs at the time of initiating TB treatment
was confirmed through medical records. The results of all the 336
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 diagnosis or after a bacteriological test
confirmation were said to have TB infection.

NAT2 polymorphism evaluation

The most common alleles in the African population were
investigated. They contained the following mutations: C481T
(rs1799929, silent mutation, amino acid change L161L), G590A
(rs1799930, amino acid change R197Q), A803G (rs1208, amino
acid change K268R) and G857A (rs1799931, amino acid
change G286E). The primers used to amplify the gene was:
NAT2 (+) 5-GCCTCAGGTGCCTTGCATTT-3' and NAT2 (-) 5-
CGTGAGGGTAGAGAGGATAT-3. The PCR amplification was
carried out using a T3 thermal cycler (Biometra, UK), and
performed in a total volume of 25 ul containing: nuclease-free
water, 10x thermopol buffer, 10 mM dNTPs (200 uM of each
deoxyribonucleotide), 20 pmol primers, 5 U/uL Taq polymerase,
and 3 ng of gDNA. After initial denaturation at 95°C for the 5 min,
30 cycles of amplification was carried out with denaturation at
95°C for the 50 s, annealing at 55°C for the 50 s and extension at
72°C for the 50 s, followed by a final extension at 72°C for the
5 min. To confirm the presence of NAT2 alleles, PCR products
were electrophoresed on a 2% agarose gel and polymorphisms
determined by restriction endonuclease digestion of amplified
gene fragments as previously described (Chen et al., 2007). The
amplicons were digested under conditions stipulated for the
restriction enzymes Kpnl and BamHI (New England Biolabs,
USA), followed by inactivation at 80°C for 20 min, a 2% agarose
gel electrophoresis with Ethidium Bromide, and the analysis of the
migration by UV trans-illumination.

Acetylator genotype classification

NAT2 acetylator genotypes were produced according to previously
published data (Yokogawa et al., 2001). In this procedure,
homozygotes (NAT2*4/NAT2*4) or heterozygotes (NAT2*4/NAT2*5,
NAT2*4/NAT2*6, and NAT2*4/NAT2*7 combinations) for the
dominant NAT2*4 wild type allele were classified as fast
acetylator genotypes, while homozygotes of the mutant alleles
(NAT2*5, NAT2*6 ,and NAT2*7) were classified as slow acetylator
genotypes.

Data preparation and analysis
The sample size was calculated by the formula
n = z22xp(1-p)/m?

With p = 0.5, z = 1.96, m = margin of error (5%).

The data obtained were entered, cleaned, and analyzed using
the statistical software for social sciences (SPSS) version 22.1. The
means, frequencies, and percentages were used to summarize the
descriptive statistics of the data. The chi-square test (x2) was used
to assess the relationships between the qualitative variables,
namely sex, marital status, level of education, occupation. Values of
P < 0.05 were considered to be statistically significant.

Ethical considerations

Ethical approval for this study was obtained from the Regional
Ethics Committee of the Centre Region, Cameroon N°:
2018/01/970/CE/SP. An authorization from the “Jamot Hospital in
Yaoundé” collection site (N°:00001478/L/MINSANTE/SG/DHJY)
was also obtained. All participants were fully informed about the
objectives, procedures, potential risks, benefits, and purpose of the
study. The included study population gave their signed informed
consent form (provided in French and English languages).

RESULTS

Socio-demographic characteristics of the subjects of
study

A total of 336 newly diagnosed pulmonary tuberculosis
patients were recruited prospectively in this study, and
they were followed up to 12 weeks. Baseline
demographic and clinical data, plus laboratory results of
the 336 patients at 12 weeks, were used for analyses.
ALT, AST, PAL, and bilirubin levels were evaluated at
baseline and 12 weeks. Of the total TB patients, 215
(63.98%) were men, while 121 (36.01%) were women,
with a male to female ratio of 1.77:1. The average age of
the patients was (35.16 + 14.04 years), the minimum was
15 years, and the maximum was 94 years. Regarding
marital status and level of education, 222 (66.07%) were
single, 94 (27.97%) were married, 14 (4.16%) were
widowed, and 6 (1.78%) were divorced, while 17 (5.05%)
were out of school, 77 (22.91%) had a primary level, 194
(57.73%) had a secondary level, and 48 (14.28%) had a
university level. Regarding the HIV status of the study
patients, 99 (29.46%) tested positive for HIV. Table 1
presents the various socio-demographic characteristics in
a grouped manner.

Biochemical parameters

Table 2 presents the values of liver enzymes activity in
TB and TB-HIV patients. It appears that in TB-HIV co-
infected patients, there is a significant rise in Alanine
Aminotransferase (ALT: 28.97+2.98) (p = 0.01) and
Aspartate Aminotransferase (AST: 67.98+5.75) (p=
0.008).

To assess the variation in liver enzymes and the impact
of anti-tuberculosis treatment on hepatotoxicity, two
samples were taken on Day 0 before the anti-TB
treatment and three months after initiation. The results of
Table 3 show that in TB mono-infected patients, there is
a significant rise in ALT (32.2 £ 3.56) (p=0.01) and AST
(64.67 + 5.23) (p=0.008), three months after treatment
initiation, compared to the value on Day 0. While in TB-
HIV co-infected patients, there is a significant rise in
Alkaline Phosphatase (ALP) (143.8+8.75; p= 0.001) and
total bilirubin (1.44+0.27; p=0.018), but an insignificant
increase in ALT.



Table 1. Socio-demographic characteristics of the study population.
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Caracteristics Effective Percentage
Sex

Female 121 36.01
Male 215 63.98
Total 366 100
Age in years

<20 28 8.33
21-30 112 33.33
31-40 96 28.57
41-50 49 14.58
51-60 28 8.33
61-70 18 5.35
71 and above 5 1.48
Total 336 100
Marital status

Singles 222 66.07
Married 94 27.97
Divorced 6 1.78
Widowers 14 4.16
Total 336 100
School level

Out of school 17 5.05
Primary 77 22.91
Secondary 194 57.73
University 48 14.28
Total 336 100
Type of infection

B 237 70.53
TB-HIV 99 29.46
Total 336 100

Genetic polymorphism of NAT2 and association with
hepatotoxicity

In this study, a total of 7 genotypes were obtained with

variable proportions NAT2*5/5 (47.61%), NAT2*5/6
(19.04%), NAT2*5/7 (14.28%), NAT2*4/6 (4.76%),
NAT2*4/7 (4.76%), NAT2*4/5 (4.76%), NAT2*6/7

(4.71%), with a predominance of four alleles: NAT2*5
(66.66%), NAT2*6 (14.28%), NAT2*7 (11.98%), and
NAT2*4 (7.14%). And the results of phenotypes,
genotypes and alleles are represented by Figures 1 to 3:
NAT2*5/5 fast phenotype frequency 14.28%, and slow
phenotype frequency 85.71%.

Impact of anti-tuberculosis treatment in tuberculosis
patients and co-infected TB-HIV and variation in liver
enzymes

In Table 4, liver enzyme values after three months of
initiation of anti-tuberculosis treatment show variations in

ALT (from 29.37 to 40.48 Ul), AST (from 35.96 to 43.34
Ul), and total bilirubin (from 0.83 to 1.38).

Association between

polymorphism

hepatotoxicity and NAT2

In this study, 21 patients were genotyped. Among these,
5 were co-infection TB/HIV cases and 16 cases of mono-
infection TB. Unfortunately, no statistically significant
difference was found between acetylation phenotype and
co-infection, as shown in Table 5.

The results of Table 6 have shown a significant
association (p=.026) between the slow acetylators
phenotype and the hepatotoxicity in mono-infected TB
patients and TB/HIV co-infected patients.

DISCUSSION

Hepatotoxicity is reported frequently as an adverse
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Table 2. Serum levels of liver enzymes according to the types of infection.

Infection Total Mean £ SD

ALT (U/L) AST (U/L) ALP (U/L) TBR (mg/dl)
B 237 15.98+1.32 34.89+3.84 141+8.65 1.48+0.28
TB-VIH 99 28.97+2.98 67.984+5.75 71.4345.95 0.65+ 0.19
p values 0.01 0.008 0.001 0.1984

ALT : Alanine Aminotransferase, AST : Aspartate Aminotransferase, ALP : Alkaline phosphatase, TBR : total Bilirubin.

Table 3. Evolution of serum levels of liver enzymes for a period of three months.

Type of infection Sample Mean +SD
yp P ALT Ul AST U/l ALP U/l TBR mg/d
B Day 0 15.98+1.32 34.89+3.84 141+8.65 1.48+0.28
B Day 90 32.2+3.56 64.67 +5.23 98.4 +7.39 0.80 +0.23
P-Values 0.001 0.006 0.0021 0.19
TB-HIV Day 0 28.97+2.98 67.9845.75 71.4345.95 0.65+ 0.19
TB-HIV Day 90 32.11+1.86 53.85+3.2 143.848.75 1.44+0.27
P-values 0.32 0.23 0.001 0.018
50.00 47.61%
45.00 +
40.00 +
35.00 -
° 30.00 -
25.00 -
19.04%
20.00 -
14.28%
15.00
10.00
4.71% 4.76% 476% 4.76%
H B -

NAT2*5/5 NAT2*5/6 NAT2*6/7 NAT2*4/6 NAT2*5/7 NAT2*4/7 NAT2*4/5

Figure 1. Genotypic frequency of NAT2.

reaction during the treatment of tuberculosis. This study
aimed to study the seroprevalence of TB-HIV co-infection
and hepatotoxicity during anti-TB treatment in people
living with HIV/AIDS at Jamot Hospital in Yaoundé-
Cameroon.

This study showed that TB/HIV co-infection prevalence
was high (29.46%) (Table 1). This prevalence is higher
than those reported by Assam-Assam et al. (2011) and
Sidze et al. (2014) in Cameroon, which was 20.77 and
28.5%, respectively, but remains lower than that reported

by Sama et al. (2017), which was 32.8%. This high
prevalence was linked to Cameroon's being classified as
a highly endemic area for TB, with the national
prevalence of TB-HIV co-infection of 27% (NTCP, 2019).
Previous studies have shown that HIV+ patients have an
increased risk of TB infection (Havlir and Barnes, 1999;
Colebunders and Lambert, 2002). The cellular
immunosuppression induced by HIV infection prepares
the entry of Mycobacterium tuberculosis and is a factor of
TB recrudescence (Gollub et al., 1997). TB-HIV co-
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Figure 3. Global phenotypic frequency of NAT2.

Table 4. Impact of treatment on hepatotoxicity.

Biochemical parameters Enzyme values
Day 0 29.37
ALT Day 90 40.48
p-Value 0.05
Day 0 35.96
AST Day 90 43.34
p-Value 0.31
Day 0 154.5
ALP Day 90 153.27
p-Value 0.18
L Day 0 0.83
Total bilirub
otal bilirubin Day 90 138

p-Value 0.018
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Table 5. Correlation between co-infection and N-acetyltransferase 2

phenotype.

Type of phenotype

Type of infection

Co-infected TB/HIV
Mono-infected
p-values

Slow Fast
4 1
14 2
p=0.306 p=0.425

Table 6. Association between the slow acetylators phenotype and

hepatotoxicity.

NAT?2 Acetylators

No
Yes

Hepatotoxicity

Total
p-value

Slow Fast Total
4 3 7
14 0 14
18 3 21

p=0.026

infected subjects are 20 to 30 times more likely to
develop active TB than HIV-negative subjects (WHO,
2018). Also, the obtained prevalence value of TB-HIV co-
infection was slightly high among men (15.18%)
compared to women (14.28%), more common in the 21
to 49 age group, representing 82.82% of co-infected
cases, and also more prevalent among singles and
married people as well, with 88.88% of co-infected cases.
Similar results have been reported by other authors
(Sama et al., 2017) and can be explained that TB is the
main opportunistic disease in HIV-positive people.
Moreover, in the Demographic and Health Survey reports
and Multiple Indicators, Cameroon’'s most sexually active
age group is between 15 and 49 years (Demographic and
Health Survey and Multiple Indicators, 2011).

Analysis of the assay data showed a significant rise in
serum transaminase activity (ALT/AST, p = 0.005) in TB-
HIV coinfected patients. These results agree with the
work of Sama et al. (2017) conducted in a TB-HIV
coinfected population in the West region of Cameroon
and show a rise in the levels of the transaminases. The
high level of ALT and AST transaminases obtained in the
present study could be explained by the percentage of
HIV-positive patients in the study population (29.46%),
already under ARV treatment for most of them at the start
of the study. Indeed, HIV has been shown to directly
attack liver cells (Oluwafemi et al., 2003) and cause cell
death. The release in the environment of cell contents
made of 20% of enzymes (Wild-Up et al., 1990) can be
responsible for the significant increase in liver enzymes in
infected patients confirmed by several studies in ARV-
naive patients. In addition, tuberculosis, which accelerates
morbidity and mortality in HIV-positive people, can lead to
the degeneration of the liver connective tissue (Margulis
et al.,, 1986) and result from hepatobiliary obstruction

occurring in these patients. This high level of
transaminase might also be due to the difficulties in
accessing treatment in developing countries where most
of the population barely visits hospitals for treatment and
use drugs from unknown origin, which can lead to severe
hepatotoxicity and even cirrhosis.

The results of the second sampling from patients
infected by tuberculosis and co-infected with TB-HIV after
three months showed a significant increase in ALP
(143.8+8.75Ul) and total bilirubin (1.44+0.27 mg/dl) in TB-
HIV co-infected patients (Table 4). This high rise in ALP
and total bilirubin could be due to cumulative
hepatotoxicity arising from the combined anti-tuberculosis
(RHEZ) and antiretroviral therapies the patients took
during the three-month treatment period. In addition,
cotrimoxazole (Yang et al., 2014) and Isoniazid (Raghu
and Karthikeyan, 2016) have been shown to induce liver
damages resulting in raised levels of these liver
enzymes. On the other hand, in TB patients, a significant
rise of ALT (32.2 £ 3.56 Ul) and AST (67 + 5.23 Ul)
transaminases was noted after three months of the start
of Anti-TB treatment, confirmed in other published studies
(Van Hest et al, 2004; Schechter et al., 2006). In
addition, anti-tuberculosis therapy in treating tuberculosis
has the problem of hepatotoxicity resulting from the
combination of these anti-tuberculosis drugs (lsoniazid,
Rifampicin, Pyrazinamide) (Schechter et al., 2006).

Indeed, the information gathered on the distribution of
the genetic polymorphism of genes that encode N-
acetyltransferase2 (NAT2) in populations is essential for
understanding the inter-individual differences in drug
metabolism and the risk of developing side effects. In this
study, seven genotypes were identified, and among
them, NAT2*5/5 (47.61%), NAT2*5/6 (19.04%), and
NAT2*5/7 (14.28%) were predominant. These results do



not corroborate those published by Kengne et al. (2016)
in a study in children under ten years of age, having
malaria and receiving antimalarial treatment, in the North-
West and South-West regions of Cameroon. In this
previous study, the following genotypes were described:
fast acetylators: NAT2*4/4; slow acetylators: NAT2*5/5,
NAT2*6/6, NAT2*5/6, NAT2*5/7, NAT2*6/7, and
intermediate acetylators: NAT2*4/5, NAT2*4/6, NAT2*4/7.
The difference observed with the results of our study
could be linked to the disease (malaria instead of TB) and
the small size of the study population. Our findings
indicated 85.71% of slow metabolizers and 14.28% of
fast acetylators, as mentioned in the previous study
(Kegne et al., 2016; Achonduh et al., 2013). Similarly,
previous work done in Africa and around the world on
tuberculosis patients or TB/HIV co-infected individuals
has also reported high frequencies of slow metabolizers
(Soukaina et al., 2014, 2016; Mariz et al., 2020). Indeed,
the main side effects of anti-tuberculosis drugs are ocular
toxicity, hypersensitivity reactions, and liver toxicity.
These are the most severe side effect of the adverse
effects of anti-TB medications due to isoniazid in
particular (Tostmann et al., 2008). Factors that initiated
this hepatotoxicity include metabolizer phenotype, anti-
tuberculosis drug doses, patient's nutritional status, and
disease severity. The relationship between the genetic
factors and hepatotoxicity induced by anti-TB drugs has
been published already (Soukaina et al., 2016; Hyun et
al., 2007; Sun et al., 2008). The TB/HIV co-infected
patients on anti-TB treatment and characterized by a
slow acetylation phenotype were significantly more likely
to develop hepatotoxicity (p <0.05) in a previous study
(Mariz et al., 2020). One of the reasons could be their
capacity to slowly remove drugs from the body that can
lead to drug persistence and liver toxicity. Likewise, some
authors suggested the role of translational or post-
translational defects in the NAT2 enzyme degradation
acceleration (Blum et al., 1991), inducing an accumulation
of toxic metabolites and free radicals generation. Our
results showed that slow acetylators are the most
frequent phenotype among TB patients who have
developed high liver toxicity (p= 0.026). It provides an
existing correlation between slow acetylation and anti-TB
drugs induced hepatotoxicity among the study
participants. These results agree with other researches
carried out by several authors (Khalili et al., 2011; Leiro-
Fernandez et al., 2011; Ben-Fredji et al., 2016). However,
it should be noted that this study has some limitations on
the size of the samples used for this NAT2 genetic
polymorphism evaluation that should be extended in the
future. In addition, assessing the CYP450 enzymes
involved in the biotransformation of drugs might be
essential to draw more valuable conclusions.

Conclusion

Finally, the present study has demonstrated that
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providing more significant support for TB patients living
with  HIV/AIDS undergoing anti-TB treatment and
antiretrovirals may well contribute to more excellent
management and control of the drugs used, especially
those TB patients co-infected or not, with genotypes
NAT2*5/5 (47.61%), NAT2*5/6 (19.04%) and NAT2*5/7
(14.28 %). Thus, we can say that NAT2*5/5 (47.61%) and
NAT2*5/6 (19.04%) variant alleles are the main risk
factors for developing hepatotoxicity. TB patients having
these genotypes present a higher chance of developing
liver toxicity during anti-TB treatment. These findings
demonstrate that the NAT2 phenotype may also be a
good indicator for assessing adverse events due to anti-
TBs drugs or in combination with antiretrovirals. Further
studies with different populations and larger sample sizes
are required to verify the validity of these findings. Values
from control individuals not having TB or HIV might bring
interesting complementary information for a better
understanding and use of liver enzymes activities
variation as indicators of toxicity prevention in these
populations.
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