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OPERATIONAL DEFINITIONS

Allele One of two or more possible forms of a gene that arise by mutation and are found at the

same place on a chromosome.

Baseline characteristics Important Attributes of the participants when enrolled at the start of a
study.

Covariates Variables that are likely to determine the outcome of a study.

Gene The basic physical and functional unit of heredity which is passed from parent to offspring.
Genotype The set ofgenes in the DNA that is responsible for a particular trait.

Genotyping The process of determining the genetic variants in an individual.

Mutation The permanent alteration in the nucleotide sequences in the genome of an organism.

MTB/RIif test MTB/RIF is a cartridge based nucleic acid amplification test (NAAT), automated
diagnostic test that can identify Mycobacterium tuberculosis (MTB) DNA and resistance to
rifampicin (RIF).

Pharmacodynamics A branch of pharmacology concerned with the effects of drugs and their

mechanism of action.

Pharmacokinetics Branch of Pharmacology concerned with absorption, bioavailability,
distribution metabolism and excretion of drugs.

Pharmacogenetics The branch of Pharmacology which examines the relation of genetic factors

to variations in response to drugs.

Phenotype The set of observable characteristics of an individual resulting from the interaction
of its genotype with the environment.

Polymorphism Natural variation in a gene, DNA sequence or chromosomes that have no

adverse reactions on the individual and occur with high frequency in the general population.

Single Nucleotide Polymorphism (SNP): Variation at one position on the DNA sequence in at

least 1% of individuals in a population.
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ABSTRACT

BACKGROUND

Isoniazid preventive therapy (IPT) is an important intervention to prevent activation of latent
tuberculosis (TB) infection. Genetic variations associated with N-acetyl transferase (NAT2) are
closely associated with isoniazid-induced hepatotoxicity in IPT. This occurs as a result of the

patient's unique acetylation phenotype, which can affect clinical outcomes of patients on IPT

therapy.

OBJECTIVES

The main objective was to characterize the distribution of selected single nucleotide
polymorphisms (SNPs) of NAT2 in patients on IPT at the Comprehensive Care Centre (CCC) of
Kenyatta National Hospital (KNH) and to investigate for a relationship between acetylator status
and isoniazid induced hepatotoxicity as indicated by elevated alanine amino transferase (ALT)

levels.

METHODS

This was a cross-sectional study of human immunodeficiency virus (HIV) patients on IPT at
KNH CCC. Convenient sampling was employed during routine patient visits at the CCC,
following which inclusion and exclusion criteria were applied to recruit patients. Data was
extracted from patient records using a data collection form. Blood samples were taken from
patients. The QlAamp ® DNA Mini-Kit was used at the University of Nairobi's Institute of
Tropical Infectious Diseases (UNITID) for DNA extraction and purification of genomic DNA,
followed by DNA sequencing. Data analysis included both descriptive and inferential statistical

methods which were used to summarize the data, this was done in SPSS version 25.

RESULTS

Output data were summarized as follows: Mean, BMI (basal metabolic index) and age were 25.75
kg/m? and 46.7 years, respectively. As a proxy indicator for hepatotoxicity, the cut-off for ALT
levels was 40 UI/L (units per liter). The median ALT level was 22 UI/L and the mean CD4 level
was 492 cellssmm?. The prevalence of the homozygous NAT2 genotype was 19% and that of the
heterozygous genotype was 50%. The proportion of the population with slow acetylator alleles
was 56% and the proportion of fast acetylator alleles was 44%. Fisher's exact test showed no
significant association between ALT levels and NAT2 genotype (P = 0.330). Similarly, NAT2

genotype and ethnolinguistic group (P = 1.0), alcohol consumption (P = 0.577), smoking status
Xiv



(P = 0.751), comorbidities (P = 0.127), and gender (P = 0.346). NAT2*5 and NAT2*6 alleles
were more frequent in this population compared to NAT2*7 and NAT2*14. On multivariate
regression analysis, the independent predictors. Smoking status, alcohol status, comorbidities,
and gender were not significant in predicting elevated ALT levels (P > 0.05).

CONCLUSION

The study found no significant association between NAT2 genotypes and ALT levels (P = 0.33).
However it found that there was a high frequency of NAT2*5 and NAT2*6 alleles compared to
NAT2*7 and NAT2*14 alleles among the 41 genotyped sequences in this study population. In
addition, the study also found that, there was no significant differences in the distribution of
NAT2 genotypes and the Ethno-linguistic groups (P = 1.00). Similarly, there was no association
between ALT levels and factors such as age, BMI, smoking status, alcohol status, gender and
comorbidities. More studies on the effect of NAT2 genotypes on Anti-tuberculosis drug induced

hepatoxicity in the Kenyan population with a larger sample size is recommended.

XV



CHAPTER 1: INTRODUCTION

1.1 Background

Tuberculosis (TB) is an infectious disease caused by bacilli of the genus Mycobacterium and
species Mycobacterium tuberculosis (MTB) complex (Mwangi, 2016). In 2020 alone, there were
5.8 million TB related deaths worldwide (World Health Organization, 2022). In Kenya,
according to the Global list for high burden TB, TB/HIV and MDR/RR-TB
(multidrug/rifampicin-resistant TB) report published in 2021, Kenya was listed as a Multi-drug
resistant TB (MDR-TB) high burden country (WHO, 2022). Estimates show that as of 2017, TB
incidences occurred at a rate of 319 per 100,000 population, while TB mortality was estimated at
50 per 100,000 (Gichuki & Mategula, 2021).

TB is the most common presenting illness among people living with Human Immunodeficiency
Virus (PLHIV), including those on Anti-Retroviral Therapy (ART) treatment (WHO, 2015a). As
an opportunistic infection, it is the leading cause of death among PLHIV and accounted for
370,000 deaths with Africa contributing to 86% of the deaths in 2016 (WHO, 2017a). In
addition, PLHIV are 21 times more likely to fall ill with TB than those without HIV, and face the
highest risk of drug resistant TB (WHO, 2017a). In Kenya, about 1.6 million people were living
with HIV infection at the end of 2016 (UNAIDS, 2017).

To prevent TB in PLHIV, World Health Organization (WHO), recommends Isoniazid Preventive
Therapy (IPT). According to WHO, IPT for a span of three years is prescribed in settings with a
high transmission of TB (World Health Organization, 2015). According to guidelines on the
treatment of TB and leprosy in Kenya, a 6 month course of Isoniazid , 5mg/kg bodyweight daily,
prevents the development of Active TB in HIV infected people (Guidelines for Management of
Tuberculosis and Leprosy in kenya, 2013). To corroborate this, a recent study on the benefits of
IPT in ART in Ethiopia, found that IPT was effective in reducing TB incidence independently
and with concomitant ART (Anti-Retro-viral Therapy) (Yirdaw et al., 2014).

Unfortunately, isoniazid which is essential in Isoniazid Preventive Therapy, has been associated
with hepatotoxicity (Chan et al., 2017) Since its introduction in 1952, cases of isoniazid-induced
hepatotoxicity have been reported (Kabbara et al, 2016). Notwithstanding.the beneficial effects
of isoniazid, severe adverse effects especially peripheral neuropathy and hepatotoxicity have
been linked to therapy (Wang et al., 2016).



Around 10-20% of patients on isoniazid have a transient elevation of serum alanine
aminotransferase (ALT) levels. Most of the patients can adapt to it and their serum ALT levels
come back to normal without discontinuation, while a few patients (1- 3%) develop severe liver
injury and even liver failure(wang et al., 2016). An Eritrean study reported a high incidence rate
of INH-related hepatotoxicity than what was reported in patients who were enrolled on IPT
(Russom et al., 2019). In another study, hepatotoxicity was reported as a risk factor in Taiwanese
patients on Isoniazid preventive therapy for 9 months, in the same study hepatotoxicity was

exacerbated by Rheumatoid arthritis and ankylosing spondylitis (Lai et al., 2021)

Genetic factors have been reported as a risk factor for isoniazid induced hepatotoxicity; they are
ascribed to genetic variability in arylamine N-acetyltransferase 2 (NAT2 gene), a cytosolic phase
Il conjugation enzyme essentially responsible for the metabolic deactivation of isoniazid.
Furthermore the variability in different enzymes like amidase, CYP2E1, glutathione S-transferase
(GST), manganese superoxide dismutase (MNSOD, SOD2), UDP glucuronosyl transferase
(UGT), immunogenetic factors and host factors also play a role (Ramappa and Aithal, 2013;
wang et al., 2016).

The presence of different polymorphism determines the distinctive degrees of activity for NATSs
and an individual acetylation profile. The human population can be isolated into slow,
intermediate and fast acetylators. The fast acetylators of isoniazid rapidly decrease the
concentration of active drug and this influences the success of treatment. In slow acetylators the
risk of adverse reactions due to the toxicity of high concentration of isoniazid metabolites could

occur leading to hepatotoxic effects (Matei, 2015).

1.2 Problem statement

Despite many years of utilization and large numbers of patients exposed to Anti-TB drugs
around the world, the pathogenesis underlying isoniazid-induced hepatotoxicity is poorly
comprehended (Ramappa and Aithal, 2013). Coupled to this, there is limited pharmacogenetic
data with regards to the distribution of NAT2 single nucleotide polymorphism (SNPs) and
association with isoniazid toxicity in Kenyan populations (Oluka, 2012).

Among hospitalized patients, hepatotoxicity due to first line Anti-TB drugs is reported to be
common (Shu et al., 2013). The incidence of Anti-TB induced hepatotoxicity during standard
multi drug TB therapy ranges from 1-36% (Guaoua et al., 2014) to 2-28%.(Ramachandran and
Swaminathan, 2012) This incidence however depends on the investigators’ definition of
hepatotoxicity as well as the population being studied (Isa et al., 2016).
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According to Metushi (2016), Isoniazid’s high efficacy, undoubtedly makes it the preferred drug
of choice for treatment of latent tuberculosis (TB) notwithstanding the fact that it can cause liver
failure (Metushi et al, , 2016). Four substantial population based observations, showed that the
incidence of isoniazid hepatotoxicity when utilized as a monotherapy in the treatment of latent
infection, lies in the range of 0.1-0.56% (Ramappa and Aithal, 2013).

The use of isoniazid has also been associated with hepatotoxicity (Chan et al., 2017). A review
premised on data from the US Food and Drug administration (FDA), estimated 24 per 100,000
people die as a result of hepatotoxicity when receiving isoniazid based prophylactic therapy
(Ramappa and Aithal, 2013). Furthermore, in a meta-analysis, it was observed that isoniazid in
combination with rifampicin is associated with a higher rate of hepatotoxicity than when

isoniazid is given alone (odds ratio = 2.6). (Steele, et al, 1991).

Several studies have identified the slow acetylator genotype as a predisposing factor for isoniazid
induced hepatotoxicity (Santos et al., 2013; Ng et al., 2014; Shi et al., 2015; Chan et al., 2017).
In Kenyan populations the genotype frequency for the NAT2 slow acetylator genotype has been
reported as NAT2*5/*5 (13-18%) and NAT2*5/*6 (11-19%) as the more prevalent genotypes
(Oluka et al., 2014).

In Kenya, clinical pharmacogenetic evaluation before treatment initiation with IPT is
recommended but is not conducted (unpublished data). Furthermore, even when cases of
hepatotoxicity do occur clinicians do not routinely investigate the underlying host genetic
factors. As a consequence, the prevalence of Anti-TB drug related genetic polymorphisms that

are associated with hepatotoxicity is unknown.

1.3 Research questions

1. What is the prevalence of the various NAT2 variant alleles among patients who are on IPT?

2. What is the distribution of NAT2 genotypes in patients on isoniazid preventive therapy at the
Kenyatta National Hospital Comprehensive Care Center?

3. Do patients who are on IPT and who have experienced ALT elevation have a higher
prevalence of the NAT2*5, NAT2*6, NAT2*7 and NAT2*14 allelic variants, alcohol
consumption, smoking, comorbidities or gender compared to those who do not have ALT

elevation?



1.4 Study objectives
1.4.1 Broad objective

To investigate the relationship between acetylator status and isoniazid induced hepatotoxicity (as
indicated by elevated ALT levels) in patients on isoniazid preventive therapy (IPT) at the
Comprehensive Care Centre (CCC) between February and August 2019.

1.4.2 Specific objectives

1. To determine the distribution of NAT2 allelic variants (NAT 2*5, NAT2*6, NAT2*7 and
NAT2*14) in patients on isoniazid preventive therapy at the Kenyatta National Hospital
Comprehensive Care Centre.

2. To describe the distribution of NAT2 genotypes in patients on isoniazid preventive therapy at
the Kenyatta National Hospital Comprehensive Care Center

3. To determine the genotypic and other predictors of elevated alanine aminotransferase levels in
patients on isoniazid preventive therapy at the Kenyatta National Hospital Comprehensive
Care Center

1.5 Study justification

Many studies have demonstrated the benefit of IPT among PLHIV. However, there are
challenges associated with therapy. A qualitative study in Ethiopia, identified hepatotoxicity as
one of the major challenges in IPT implementation (Teklay et al., 2016). Similarly a recent
Randomized control trial (RCT) showed a high incidence of hepatotoxicity during IPT and ART
(Ngongondo et al., 2018).

Patients possessing the slow acetylation NAT2 genotypes have been reported to have a fourfold
risk of developing isoniazid induced hepatotoxicity (Ramappa and Aithal, 2013). however
different studies have demonstrated modest or no critical contrasts in the rate of isoniazid
induced hepatotoxicity between various acetylator status (X Lv et al., 2012; Sharma et al., 2016).
Therefore, the effect of NAT2 acetylator status is not well characterized. This study is expected
to provide data as to whether selected NAT2 genotypes are predictive of hepatotoxicity in HIV

Kenyan patients on IPT.

Pharmacogenomics plays an important role in the metabolism of isoniazid. In an RCT, NAT2
genotype guided regimens reduced incidences of isoniazid- drug induced liver injury (DILI) and
early treatment failure compared to the conventional standardized regimen (Azuma et al., 2013).



The findings of this study may be important in making a case for the importance of

pharmacogenomics testing prior to IPT initiation.

According to published data, a longer duration of TB preventive therapy appears to have
correlations with hepatotoxic outcomes while shorter durations may provide a lower effect for
the outcome. Preventive therapy is currently practiced for 6-9 months. Premised on data on the
3-HP adverse monitoring schedule (UNITAID, 2019), 3-HP is a short course TB preventive
treatment (TPT) regimen, taken once weekly for 12 weeks. According to the schedule, when 3-
HP regimens are compared to TPT regimens, 6-9 months of 3-HP is associated with lower
hepatotoxicity outcomes and higher rates of treatment completion. In one study, 31 study
participants developed hepatotoxicity following a 24 week (IPT and ART) regimen (Ngongondo
et al., 2018). As such in order to obtain an ideal representative sample, this study sought to
recruit patients on IPT for at least 12 weeks, so as not to miss likely cases of hepatotoxicity as
identified by patients on TB therapy.

The findings of the study, will be useful not only to the National AIDS and STI control program
(NASCOP), but also the National Tuberculosis, Leprosy and Lung Disease program with regards
to possibly refining guidelines on the use of IPT, thereby ensuring maximum effectiveness with
minimum toxicity. The findings from this study may also support the call that clinical
pharmacogenomics testing in Kenya, should be done to identify patients at risk of isoniazid
induced hepatotoxicity. In addition, the study findings will possibly also increase awareness for

the importance of genotyping enzymes involved in the metabolism of hepatotoxic drugs.



1.6 Conceptual framework
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CHAPTER 2: LITERATURE REVIEW

2.1 Background of Tuberculosis

The Global Tuberculosis Report, 2021 by WHO, estimated that there were 1.3 million TB related
deaths among HIV negative people and an additional 214,000 deaths among HIV positive
people. An estimated 5.8 million people acquired TB in 2020 (World Health Organization,
2022)

There are currently 30 TB high burden countries in Africa; Kenya is ranked 9™ (World Health
Organization, 2021). In Kenya, a recent TB prevalence survey reported (558 cases per 100,000)
people; in addition, there were higher frequencies among men (809 cases per 100,000) compared
to women (359 per 100,000). The prevalence was highest among people aged (25-34) years at
(716 per 100,000) people and also high among women over the age of 65. Surprisingly, 83% of
TB cases were HIV negative compared to 17% in PLHIV (National Tuberculosis Leprosy and

Lung Disease Program, 2016).

In 2021, a total of 187,000 PLHIV died due to TB (WHO, 2022). Taking isoniazid, is a simple
and cost-effective measure that prevents the TB bacteria from becoming active if present. This is
known as isoniazid Preventive Therapy (IPT) (Ross et al., 2021). IPT prevents TB in persons
with HIV in general and in Tuberculin skin test (TST) positive individuals in particular (Ross et
al., 2021).

WHO does recommend providing at the very minimum 6 months of IPT for PLHIV without
active TB together with those who have successfully completed TB treatment, and conditionally
recommends providing isoniazid for 36 months for PLHIV who are living in settings with high
TB prevalence (Briggs et al.,, 2015). Pursuant to the Kenyan guidelines, IPT should be
administered at a dose of 10mg/kg/day (maximum dose 300mg) for at least 6 months (NASCOP,
2016). In clinical settings isoniazid is given in line with the above mentioned NASCOP
guidelines, in combination with pyridoxine at 1 to 2mg/kg/day to a maximum of 50mg daily for
6 months. IPT is contraindicated in patients with active TB and in patients with pre-existing
active hepatitis. In addition, most guidelines recommend avoiding IPT in patients with existing
signs and symptoms of peripheral neuropathy, this is because peripheral neuropathy is observed
in 10-20% of patients. given dosages greater than 5mg/kg/day of isoniazid even though it is
reversed with pyridoxine. IPT should also be differed in patients with poor adherence to Co-

trimoxazole preventive therapy. and active substance abuse (Mwangi, 2016).



2.2 Indications for isoniazid preventive therapy

WHO recommends that grown-ups and young people living with HIV (PLHIV) with unknown or
positive TST status and who are probably not going to have active TB ought to get no less than a
half a year of IPT as part of a comprehensive package of HIV care. IPT should be given to such
people regardless of the level of immunosuppression, in addition to those on ART, pregnant
women and individuals who have already been treated for TB. However it also states that TST is
not a requirement for initiating IPT in PLHIV (University of Cape Town, 2018). According to
the operational guidelines for isoniazid preventive therapy, patients eligible for IPT are evaluated
based on the standard intensive case finding tool (ICF) (National AIDS & STI Control Program,
2018)

2.3 Patient monitoring and clinical follow up for isoniazid preventive therapy.

During initiation of therapy to PLHIV, a clinical evaluation of haemoglobin levels, plasma lipid
profiles, protein, glucose, creatinine and ALT levels are recommended. In addition the
pregnancy status of women under reproductive age, should also be determined (National AIDS
& STI Control Program, 2018)

Clinic appointments for IPT review should be harmonized with regular HIV care. Patients on
IPT are reviewed after every 28 days, and are screened for TB utilizing the standard ICF tool.
They are assessed to exclude hepatitis and peripheral neuropathy or some other ailment. They are

likewise assessed for adherence to IPT.

2.4 Treatment failure during isoniazid preventive therapy

Treatment failure can occur during patient monitoring, in which case, patients who test positive
for TB based on the ICF tool, are no longer eligible for IPT. These patients are classified as
presumptive TB cases and must undergo additional testing. In all possible TB cases, the “Xpert
MTBY/RIf test” is the prescribed first test of TB and rifampicin (National AIDS & STI Control
Program, 2018)

Failure can also occur due to underlying host genetic factors such as NAT2 polymorphism, in
which case, affected patients are susceptible to INH induced hepatotoxicity. NATZ2 is an enzymes
involved in the metabolism of isoniazid (Jaramillo-Valverde et al., 2022). Several studies have
shown NAT2 polymorphisms as a predisposing risk factor for INH hepatotoxicity (Chan et al.,
2017; Khan et al., 2019; wang et al., 2016; Wattanapokayakit et al., 2016)



2.5 Dose and duration of isoniazid preventive therapy

The guidelines for the application of IPT in Kenya are formulated by the National AIDS and STI
control program (NASCOP). These guidelines are adapted from WHO guidelines and guide the
dosage and duration of IPT. IPT dosage is based on weight. IPT should be administered at a dose
of 10mg/kg/day (maximum dose 300 mg) for no less than a half year as a part of an exhaustive

package of HIV care. Table 2.1 gives weight-based dosing of isoniazid.

Table 2.1: Dose of isoniazid for Isoniazid Preventive Therapy (NASCOP, 2016)

Weight (kg) | Dose in mg Number of 100mg INH tablets
<5 50 Y, tablet
5.1-99 100 1 tablet
10-13.9 150 1 % tablet (or ¥z adult 300mg tablet)
14-19.9 200 2 tablets
20-24.9 250 2 Y2 tablets
>25 300 3 tablets ( or 1 adult 300mg tablet)

In spite of the fact that a 6 month INH regimen gives significant assurance against developing
TB, it is less protective than a 9 month regimen (Hsieh et al., 2021). A 9 month regimen is the
optimal INH treatment for latent TB infection (centers for disease control., 2013). The CDC
guidelines recommend treating HIV positive individuals in low to medium income settings with
a 9 month course of isoniazid with no option for a 6 month course (Little et al., 2018). However,
treatment for LTBI for a half year instead of 9 months is more financially savvy and results in
more noteworthy adherence by patients; therefore local programs may want to actualize the half

year as opposed to the 9 month regimen (centers for disease control., 2013).



2.6 Bio-markers for Liver injury

When evaluating liver function tests, the most profound biomarker’s include alanine
aminotransferase, alkaline phosphatase, aspartate aminotransferase (AST), gamma-glutamyl
transferase, bilirubin, prothrombin time, lactate dehydrogenase, international normalized ratios,
total protein albumin and globulin. AST and ALT, are markers for hepatic injury (Lala et al.,
2022). These enzymes are involved in gluconeogenesis by catalyzing the transfer of amino
groups from aspartic acid or alanine to ketoglutaric acid to produce oxaloacetic acid and pyruvic
acid, respectively. AST is found in the liver, skeletal muscle, cardiac muscles, kidneys, brain,
pancreas, lungs, white and red blood cells (Lala et al., 2022). It is present as a cytosolic and
mitochondrial iso-enzyme. AST, is not as specific or sensitive for the liver as ALT, and AST
elevations may be seen as arising from non hepatic causes. Elevations of ALT and AST, subject
to out of proportion levels of ALP and bilirubin is indicative of hepatic injury (liver function
tests visvi lala). A borderline AST and/or ALT elevation is defined as <2X ULN. A mild AST
and/or ALT elevation is as <2-5X ULN, moderate AST and/or ALT elevation as <5-15X ULN,
severe AST and/or ALT elevation as <15X ULN and massive AST and/or ALT elevation as
>10000X IU/L (Lala et al., 2022)

2.7 Chemistry of isoniazid

Figure 2.1 Chemical structure of Isoniazid (Jena et al., 2014)

Isoniazid contains 2 essential components required for the high activity against Mycobacterium
tuberculosis, a pyridine ring and a hydrazine group (Saxena et al., 2019). Isoniazid is
metabolized to hydrazine and acetyl hydrazine which have been both implicated in the toxicity of
isoniazid (Brewer et al., 2019). Hundreds of INH derivatives have been synthesized since its
original discovery but none improved on the activity of INH (Marriner et al., 2011).

In addition to emerging multi drug resistance (MDR) and extensively drug resistant (XDR)

strains of tuberculosis, there has been a renewed interest in developing anti-TB drugs with

minimum side effects and efficacy against MDR-TB and in patients co-infected with HIV (Asif,

2013). For instance, aconiazide is a pro drug of isoniazid which was designed to be less toxic
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than the parent drug. Aconiazide is converted to isoniazid and 2-formylphenoxyacetic acid. The
acid binds to isoniazid metabolites and as a result lowers toxicity. Compared to isoniazid the
drug is less toxic and lacks carcinogenicity. In healthy patients It was found to produce lower

levels of isoniazid than the parent molecule itself (Saxena et al., 2019).

2.8 Pharmacodynamics of isoniazid

Isoniazid is a pro-drug that enters the mycobacterial envelope through passive diffusion. It is
activated by MnCL; and the catalase-peroxidase KatG, to form isonicotinoyl anions and radicals,
which is able to inhibit the inhA enzyme by binding covalently to NADH, within the active site
of the protein (Vogeli et al., 2018). InhA usually, catalyzes the NADH-dependent reduction of
enoyl- acyl carrier protein (ACP) reductase, in the biosynthesis of fatty and mycolic acids, which
are long chain B-unsaturated fatty acids that contribute to impermeability of the mycobacterial
cell envelope (Unissa et al., 2016). As a result of the covalent attachment of isonicotinoyl anions
and radicals to NADH at the active site of inhA, inhibition of inhA enzyme occurs (Vogeli et al.,
2018). As a consequence, mycolic acids which are essential for survival, virulence and Anti-TB
resistance are inhibited (Unissa et al., 2016). Some of the adverse effects of Isoniazid include
hepatitis, peripheral neuropathy, psychiatric disorders, arthralgia, cutaneous, immunological and
hematological ADRs. A few cases have also reported isoniazid-induced gynecomastia among
patients treated with anti-TB drugs (Chiriac et al., 2015; Singh et al., 2015).

2.9 Pharmacokinetics of isoniazid

Isoniazid is promptly assimilated from the gastrointestinal tract and muscles following
intramuscular injection. Peak concentrations of around 3 to 8ug for every milliliter of blood
occur 1 to 2 hours after a fasting oral dose of 300mg. When isoniazid is given with nourishment
lower peak concentrations are obtained. Isoniazid is not thought to be bound apparently to
plasma proteins and diffuses into all body tissues and fluids, including the cerebrospinal fluid. It
also appears in foetal blood if given during pregnancy and is also present in the milk of nursing
mothers (Martindale & Sweetman, 2020)

The plasma half-life of isoniazid varies from around 1 to 6 hours; fast acetylator individuals have
shorter half-lives. The essential metabolic course is the acetylation of isoniazid to acetylisoniazid
by N-acetyltransferases found in the liver and small intestine. Acetylisoniazid is subsequently
hydrolyzed to isonicotinic acid and monoacetylhydrazine. Isonicotinic acid is conjugated with

glycine to isonicotinyl glycine (isonicotinuric acid) and monoacetylhydrazine is additionally
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acetylated to diacetylhydrazine. Some unmetabolized isoniazid is conjugated to hydrazones. The
metabolites of isoniazid do not have any tuberculostatic action and excluding presumably
monoacetylhydrazine, they are additionally less toxic. The rate of acetylation of isoniazid and
monoacetylhydrazine is genetically determined and there is a bimodal distribution of persons
who acetylate them either slowly or rapidly. Eskimos, Japanese and Chinese are predominantly
rapid acetylators whereas Caucasians, Africans and Indians, have similar proportions of slow and
rapid acetylators. In patients with normal renal function, over 75% of a dose appears in the urine
in 24 hours, mainly as metabolites. Small amounts of the drug are also excreted in the faeces
(Martindale & Sweetman, 2020)

2.10 Pharmacogenetics of isoniazid

There are inter-individual genetic differences in the metabolism of isoniazid which are associated
with individual responses to isoniazid in terms of therapeutic effects and adverse effects. An
increasing number of studies suggest that genetic polymorphisms in NAT2, CYP2E1, and GST
genes are associated with susceptibility to drug induced hepatotoxicity during TB treatment
(Teixeira et al., 2013). In addition, genetic variations in the CES gene have been linked to INH

induced hepatotoxicity(wang et al., 2016).

Isoniazid is metabolized by N-acetyl transferase 2 to form acetyl isoniazid, which is then
hydrolyzed to acetyl hydrazine (Cojutti et al., 2016). Acetylation of acetyl hydrazine to non-
toxic diacetyl hydrazine is also a NAT2 dependent mechanism. Slow acetylator status results in
accumulation of parent compound and monoacetyl hydrazine (Ramappa and Aithal, 2013),

which are hepatotoxic.

The NAT2 diplotypes (2 haplotypes) are interpreted as acetylator phenotypes (slow,
intermediate, and fast). Fast acetylators are homozygotes or heterozygotes of high activity
enzymatic haplotypes (NAT2*4, NAT2*12A, and NAT2*13A), while slow acetylators are
homozygotes or heterozygotes of low activity enzymatic haplotypes (NAT2*5B, NAT2*6A, and
NAT2*7B). Intermediate acetylators are determined by heterozygotes of high and low enzymatic
activity haplotypes.. Patients possessing the slow acetylation NAT2 genotypes, had a fourfold
risk of developing isoniazid induced hepatotoxicity (Ramappa and Aithal, 2013). However
different investigations have demonstrated modest or no distinction in the frequency of isoniazid
induced hepatotoxicity between various acetylator status (X Lv et al., 2012; Sharma et al., 2016)
Therefore, the effect of NAT2 acetylator status in relation to isoniazid induced hepatotoxicity is

not well characterized.
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The CYP2EL cl/cl genotype has been associated with increased risk of isoniazid induced
hepatotoxicity. CYP2E1 oxidizes acetylhydrazine a product of isoniazid metabolism by NAT2 to
form hepatotoxic intermediates which are able to destroy hepatocytes (wang et al., 2016).
Patients with the homozygous wild genotype CYP2E1l cl/cl are predisposed to isoniazid
hepatotoxicity (Richardson et al., 2017). Genotyping of CYP2E1 polymorphism may be useful in
the prediction of isoniazid induced hepatotoxicity (wang et al., 2016). However, a lack of
correlation has been described between CYP2E1 genotypes and Anti-TB drug induced liver

injury (Xiang et al., 2014).

Glutathione S-transferase (GSTs) detoxify the reactive metabolites created by the oxidation of
acetylhydrazine and hydrazine (Boelsterli and Lee, 2014). GSTM1 and GSTT1, have extensively
been studied. These genotypes play a role in the susceptibility of isoniazid induced liver injury
(Brito et al., 2014; wang et al., 2016); However, there exists a modest to a lack of association
between GST polymorphism and Anti-TB induced liver injury (Cai et al., 2012; Xiang et al.,
2014).

Amidase is an enzyme that hydrolyzes the amide bond of isoniazid to produce isonicotinic acid
and hydrazine (Fan, 2014). Hydrazine is a hepatoxic metabolite of isoniazid (Perwitasari,
Atthobari and Wilffert, 2015). As a consequence higher levels of amidase activity can result in

higher incidences of INH hepatotoxicity (wang et al., 2016).

Carboxylesterases can also hydrolyze amides. since they share similar catalytic mechanisms and
substrates with amidases (wang et al., 2016), however the role of carboxylesterase in isoniazid
remains controversial. Tests for association in a larger sample set are necessary to determine if

genetic variation in CES1 has a role in INH induced hepatotoxicity (wang et al., 2016).

2.11 Structure of N-acetyl Transferase 2

The secondary and tertiary structures of NATs are profoundly conserved from eukaryotes to
prokaryotes (Zhou et al., 2013). The NAT fold is generally depicted in terms of 3 domains (Zhou
et al., 2013). The human N-acetyl transferase 2 enzyme, has an N-terminal domain which
comprises of 5 helices; alphal — 5 (a1-5), and a short beta strand (B) between helices 02 and 3.

The second domain comprises of 10 3 strands (B2-11) and two short helices a6 and a7

The two domains interface with the third domain, which has 4 anti-parallel B-strands (f12-15)
and helix all. The helix all precedes a stretch of residues that lead across the proteins

molecules surface into a buried C-terminus (Zhou et al., 2013).
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Human NAT2

Figure 2.2 Ribbon diagram showing the structure of human NAT2 in complex with COA,
amino and carboxyl termini labeled as NT and CT respectively(Wu et al., 2007)

2.12 Effect of N-Acetyl Transferase 2 on drug pharmacokinetics

NAT2 is a phase 2 enzyme that participates in the metabolism of numerous primary arylamines
hydrazine drugs and carcinogens (wang et al., 2016). In addition to their N-acetylation catalytic
activity, NAT enzymes have also O-acetylation activity towards arylhydroxylamines (Sim,
Abuhammad and Ryan, 2014).

NAT?2 acetylator status, affects the plasma levels of isoniazid and acetyl-hydrazine (Adithan and
Subathra, 2016; wang et al., 2016). In an Asian cohort; the NAT2 metabolic status contributed
72% of isoniazid pharmacokinetic variability in the subjects (Seng et al., 2015). The acetylation
rate of isoniazid and acetyl-hydrazine is slow in slow acetylators (wang et al., 2016);
Furthermore, the clearance rate of INH is additionally slow in slow acetylators compared to fast
acetylators, (Seng et al., 2015) which contributes to the build-up of isoniazid in slow acetylators
(wang et al., 2016).

The NAT2 slow acetylator genotype affects sulfamethoxazole (SMX) plasma concentration
(Kagaya et al., 2012). In renal transplant patients, the SMX area under curve (AUC) for NAT2
slow acetylator genotypes was significantly greater than the AUC for the rapid acetylators
(Kagaya et al., 2012).

After oral dose, rapid acetylators, show lower hydralazine concentrations and area beneath the

concentration time curve in distinction to slow acetylators (McDonagh et al., 2014). Patients with
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a slow acetylator genotype showed significant reductions in blood pressure (Bp) measurements
at 24 hours prior to and after hydralazine whereas significant effects were not observed in rapid

and intermediate acetylators (Spinasse et al., 2014).

2.13 Genetic polymorphisms of N-Acetyl Transferase 2

Three NAT genes have been so far characterized in humans, specifically NAT1, NAT2, and
NATP. These genes are located on human chromosome 8 (McDonagh et al., 2014), in the region
of 8p22 (Guaoua et al., 2014). The NAT2 gene has one non-coding exon around 8.6 kilo base
pairs (Kb) and encodes proteins of 290 amino acids (McDonagh et al., 2014).

NAT2 phenotypes are assigned based on co-dominant expression of rapid and slow acetylator
NAT2 genotypes. Individuals homozygous for high activity NAT2 alleles such as NAT2*4*4 are
assigned as rapid acetylators. Individuals homozygous for slow activity NAT2 alleles such as
NAT2*5*5 are slow acetylators and individuals possessing one high and one low activity NAT2

alleles such as NAT2*4*5 are intermediate acetylators (Matejcic, 2013).

NAT2 is polymorphic and about 108 NAT2 alleles have been listed by Arylamine N-acetyl
transferase gene Nomenclature Committee (Adithan and Subathra, 2016). Most SNPs are found
inside the 873 base pair (bp) intronless coding region of NAT2 gene factor (Guaoua et al.,
2014).

Among the seven most common SNPs, four lead to amino acid changes resulting in a big
reduction in acetylation capacity and are related to the slow acetylator phenotype rs1801280:
(c.341.T>C; NAT2*5), rs1799930 (c.590G>A; NAT2*6), rs1799931 (c.857G>A; NAT2*7) and
rs1801279 (c.191G>A; NAT2*14) (Guaoua et al., 2014).

The three others, rs1041983 (c.282C>T; NAT2*13A), rs1799929 (c.481C>T; NAT2*11A), and
rs1208 (c.803A>G; NAT2*12A), are similar SNPs and do not change the phenotype (Guaoua et
al., 2014), Table 2.2 presents the common human NAT?2 alleles.

NAT2*4 is viewed as the wild type allele, and is linked with the rapid acetylator phenotype
(Matejcic, 2013). A heterozygous compound genotype (NAT2*4/*5 or NAT2*4/*6 or
NAT2*4/*7) is regarded as intermediate acetylator (Guaoua et al., 2014).
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Table 2.2 Common human NAT? alleles (Hein, 2006)

Common human NAT2 Alleles

Alleles Nucleotide change(s)” Amino acid change(s)®  Catalytic activity®
NAT2*4 None None High
NAT2*5A 341T>C; 481C>T 1114T Low
NAT2*5B 341T>C 341T>C;481C>T;803A>G  1114T; K268R Low
NAT2*5C 341T>C, 803A>G 1114T; K268R Low
NAT2*6A 282C>T; 590G>A AR197Q Low
NAT2*6B 500G>A R197Q Low
NAT2*7A 857G>A G286E Low
NAT2*7B 282C>T; 857G>A G286E Low
NAT2*11 481C>T L161L" High
NAT2*12A 803G>A K268R High
NAT2*12B 282C>T; 803A>G K268R High
NAT2*12C 481C>T; 803A>G K268R High
NAT2*13 282C>T None High
NAT2*14A 191G>A R64Q Low
NAT2*14C 191G>A,; 282C>T R64Q Low

4Common human NAT2 alleles associated with low catalytic activity and slow acetylator are bolded.
Individuals homozygous for these alleles are slow acetylators.

® Signature SNP for each allele cluster is bolded

¢ Amino acid substitution that confer reduced NAT?2 activities are underlined

In addition human NAT2*11, *12, and *13 alleles confer acetylation reactions at levels
comparable to the wild type allele whereas NAT2*10 and NAT2*17 are associated with slow
acetylation (Matejcic, 2013). The slow acetylator status is associated with an increased risk of
hepatotoxicity among patients receiving isoniazid; in Japanese tuberculosis patients there was a
significant association between NAT2 slow acetylators and anti-TB drug induced liver injury
(DILI) OR 4.32 C.1 1.93-9.66 (Mushiroda et al., 2016). It has been recommended that the dose
of isoniazid should be adjusted based on genotype and phenotype of the patient with a specific

end goal of preventing hepatotoxicity (Azuma et al., 2013).

2.14 Ethnic and population distribution of N-Acetyl Transferase 2 polymorphism

The frequency of occurrence of fast and slow acetylation genotypes and phenotypes differs
between populations (Werely, 2012; Lakkakula et al., 2014). The distribution of NAT2 alleles

has been analyzed in 3 Kenyan populations Bantus, Eastern, and Western nilotes. The prevalence
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of NAT2*5 (30-42%), NAT*6 (20-27%), NAT*7 (3-6%) and NAT*14 (8-14%) was similar in the
3 populations (Oluka et al., 2014).

The prevalence of NAT2 variant alleles was similar in Kenyans and other African populations but
was variable between Kenyans, Caucasians and Asians, NAT2*5 was comparable in Kenyans
(33-42%) and Caucasians (51%) but much lower in Asians (5%). NAT2*7 was higher in Asians
(12%) compared to Kenyans (3-6%) and Caucasians (1.3%). NAT2*14 has not been reported in
Caucasians and Asians and is said to be an African specific Allele (Oluka, 2012). Table 2.3

shows the interethnic comparison of NAT2 in three Kenyan populations.

In the three Kenyan populations, NAT2*4/*5 was the most abundant rapid acetylator genotype
with a frequency of 18-20%, whereas the slow acetylator genotype of NAT2*5/*5 (13-18%) and
NAT2*5/*6 (11-19%) was the most prevalent (Oluka et al., 2014). The prevalence of the slow
acetylator status is highly variable across African populations (Werely, 2012). Africans show
more noteworthy allelic diversity and may contain unique variants not already elaborated in
peoples of European or Asian descent (Matejcic, 2013).

NAT2*5 is more prevalent in Caucasians and Africans (40-60%) (Oluka, 2012; Werely, 2012).
However the overall prevalence of NAT2*5 (29%) in Nigerian populations is lower compared to
the 40% reported for Caucasians (Ebeshi et al, 2011). Based on the Kenyan perspective NAT2*5
(30-42%) and NAT2*6 (20-27%) were the most common alleles reported (Oluka et al., 2014).

NAT2*7 is more common in Asians (Guaoua et al., 2014). The NAT2*14 allele is notable in
African Americans and native Africans but is almost non-existent in Caucasian and Asian
populations. The NAT2*14 alleles occur at a frequency of (3.9%) in the Xhosa population in
South Africa (Werely, 2012), and at a frequency of (8-14%) in Bantus, Eastern, and Western
nilotes (Oluka et al., 2014).
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Table 2.3 Inter-ethnic comparison of NAT2 alleles and genotypes in three ethnic populations of

Kenya (Oluka, 2012).

Bantu Eastern Western
Nilotes Nilotes
Genotypes
NAT?2 Rapid Acetylator Genotypes
*4/*4 8.2 4.4 8.7
NAT2 Intermediate Acetylator Genotypes
*4/*5 18.4 20.4 19.6
*4/*6 5.1 7.3 10.9
*4/*7 2.0 0.7 1.1
*4/*14 2.0 15 5.
NAT2 Slow Acetylator Genotypes
*5/*5 15.3 17.5 13.0
*5/*6 16.3 19.0 11.9
*5/*7 2.0 1.5 1.1
*5/*14 9.2 7.3 6.5
*6/*6 9.2 10.9 8.7
*6/*7 2.0 0.7 1.1
*6/*14 4.1 4.4 4.3
*TI*7 1.0 15 11
*7/*14 4.1 15 11
*14/*14 1.0 1.5 5.4
n 98 137 92
Alleles
NAT?2
*4 21.9 19.3 27.2
*5 38.3 41.6 32.6
*6 22.9 26.6 22.8
*7 6.1 3.7 3,3
*14 10.7 8.8 14.1
n 196 274 184

Prevalence (%)

X

2.09

0.2
2.28
0.83

3.51

0.85
2.0

0.29
0.52
0.37
0.83
0.01
0.11
2.55
4.84

3.92
3.78
1.21
2.45
3.29

0.35

0.93
0.32
0.66
0.17

0.66
0.37

0.86
0.77
0.83
0.66
0.99
0.95
0.28
0.09

0.1411
0.1508
0.5458
0.2943
0.1933

mean

6.70

19.60
7.60
1.20
2.80

15.60
16.20

1.50
7.60
9.80
1.20
4.30
1.20
2.10
2.40

22.3
38.1
24.5

4.3
10.9

95% ClI

(4.59- 98)

(15.6-24.2)
(5.2-11.0)
(0.48-3.1)
(1.5-5.2)

(12.1-19.9)
(12.6-20.6)
(0.7-3.5)
(5.2-11.0)
(7.0-13.5)
(0.48-3.1)
(2.6-7.1)
(0.48-3.1)
(1.0-4.4)
(1.2-4.8)

(19.3-25.7)
(34.4-41.9)
(21.3-27.9)
(3.0-6.1)
(8.7-13.5)

The mechanism of isoniazid induced liver injury remains poorly understood (metushi et al.,

2014). However it is for the most part not thought to be immune mediated and has been termed

to as metabolic idiosyncrasy (metushi et al., 2014).

One reason behind this view, is that as opposed to the liver injury caused by a few different

medications, such as, halothane, most clinical investigations of isoniazid induced liver injury did

not distinguish anti isoniazid-antibodies (Metushi et al., 2014). 79% of patients, n= 20, had

antibodies against INH, CYP3A4, 2E1 and 2C9 and most patients had antibodies to a few native
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or isoniazid modified proteins (Metushi et al. 2014). Mild isoniazid induced liver injury, could
involve an immune mediated mechanism involving Th17 cells and induction of IL-10 (Metushi,
Uetrecht and Phillips, 2016).

Extreme instances of liver injury on the other hand are associated with the IgG3 antibody which is
involved with complement activation and might cause hepatocyte damage (Metushi et al., 2016).
Though Anti-TB therapy with rifampicin, isoniazid, pyrazinamide and ethambutol/streptomycin is
very effective, the first three drugs are hepatotoxic (Sharma et al., 2002). In an Indian study The
Human leukocyte antigen (HLA), was evaluated; patients without the HLADQA1*0102 allele had
a 4-fold risk of Anti-TB drug induced liver injury (ATDILI). Hence the presence of
HLADQA1*0102 is protective whereas patients with the HLADQB1*0201 allele had a 2 fold risk
of developing ATDILI (Sharma et al., 2002) owing to HLA variations in various ethnic populaces.

The relationship amongst HLA and ATDILI warrants additional investigations (Huang, 2014).

TNF-a is a pro-inflammatory cytokine involved in the innate immune response (Olmos and
Llado, 2014). There was a significant association between anti-TB drug induced hepatotoxicity
and polymorphisms in the minor variant allele A (AG or AA) genotype of the TNF-a gene
(TNF-0-308 G>A) (Kimetal., 2012)

2.15 Other genetic factors that may be associated with isoniazid induced hepatotoxicity

Genetic factors could contribute fundamentally to the development of hepatotoxicity (Ramappa
and Aithal, 2013). Manganese superoxide dismutase (MnSOD, SOD2) is a crucial phase 2
enzyme with antioxidative activity. A thymine (T)-to-cytosine (c) substitution at position 47 in
the human MnSOD has been discovered (Huang, 2014). This entity has been linked to an
increased risk of numerous cancers and alcoholic liver disease (Huang, 2014); subjects with the
manganese superoxide dismutase (MnSOD) variant C allele had a 2.5 fold risk of Anti-TB drug
induced liver injury (Ramappa and Aithal, 2013).

UDP glucuronosyl transferase (UGT) is an imperative phase 2 enzyme which is linked to
conjugation and detoxification of many drugs, xenobiotics and bilirubin (Huang, 2014),
individuals with the UGT1A1 variant *27 and *28 allele had a high odds for ATDILI, however in
view of the small sample size, the outcomes were not definitive. A large sample size with various
ethnic populaces is likely to elucidate the significance of UGT genetic variations in the risk of
ATDILI (Huang, 2014).
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The antioxidation pathway is significant to detoxifification of numerous free radicals and
harmful chemicals (Huang, 2014). This pathway requires the involvement of many enzymes and
transcription factors to regulate the antioxidative process (Huang, 2014): the significant anti-
oxidant and transcription factors are Nitric oxide synthase (NOS), broad complex tramtrack and
brick a brac (BTB) and cap’n’collar (CNC) homology 1 (BTACH) and musculo aponeurotic
fibrosarcoma (MAF) basic leucine zipper protein (MAFK), which are Involved in this pathway
(Huang, 2014). A C/C genotype at rs11080344 in NOS2A, a C/C genotype at rs2070401 in
BACHL1 and a G/A or A/A genotype at rs4720833 in MAFK, independently conferred ATDILI
susceptibility (Huang, 2014).

2.16 Non-genetic factors that may be associated with Isoniazid induced hepatotoxicity

Age has been correlated to an increased risk of hepatotoxicity (Ramappa and Aithal, 2013); It
was observed that anti-Th drug induced hepatotoxicity was lower among younger age groups
compared to elderly patients (Gaude et al., 2015). In a meta-analysis, a higher frequency of
clinical hepatitis (6.9%) was observed in children receiving isoniazid and rifampicin in

comparison to 2.7% in adults (Ramappa and Aithal, 2013).

Men and women might have differences in susceptibility to drug induced liver injury (Chalasani
and Bjornsson, 2011). Women are more susceptible to liver injury associated with halothane,
flucloxacillin, isoniazid, nitrofurantoin, chlorpromazine or erythromycin (Chalasani and
Bjornsson, 2011). In addition pregnant women, have increased incidence of isoniazid
hepatotoxicity especially In the third trimester and initial three months post-partum (Ramappa
and Aithal, 2013).

High alcohol intake increases the risk of Anti-Tb drug induced liver injury; in a tuberculosis
cohort 42.2% of the cases composed mostly of alcoholics developed ATDILI (Gaude et al.,
2015). Sufficient consumption of nutrients, is crucial for the integrity of liver metabolism and
detoxification of TB drugs (Ramappa and Aithal, 2013). A poor nutritional status may increase
the frequency of anti TB drug induced hepatotoxicity; a weight loss of at least 2kg developing
within 4 weeks during TB treatment is a notable risk factor for Anti-TB drug induced liver injury
(Ramappa and Aithal, 2013).

Drug interactions can also increase isoniazid induced hepatotoxicity. In Moroccan patients, it
was observed that the combined use of isoniazid and rifampicin was associated with an increased
risk of Anti-Tb drug induced liver injury. Rifampicin induces isoniazid hydrolase, increasing
hydrazine production (El Bouazzi et al., 2016).
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Hepatitis B or C might also be risk factors for hepatotoxicity of anti-TB agents; in hepatitis C
patients it was observed that there was a higher incidence of ATDILI (Kim et al., 2016).
Similarly in a meta-analysis chronic hepatitis B was seen to increase the risk of hepatotoxicity (
(Wang et al., 2016).

2.17 Identified Gaps in Literature

As seen from, section 2.16 and 2.15, it is evident that, other factors are likely to attribute to
ATDILI, as such these gaps exist in the context of the Kenyan population. In the Kenyan
population, there is need to identify the prevalence of HLADQA1*0102 and its constituent risk
to confer ATDILI, similarly there is need to comprehensively evaluate the pro-inflammatory
cytokine TNF-o and, to evaluate the TNF-a-308 G>A gene’s role in ATDILI. In addition, the
other factors CYP2E1, MNSOD, UGT, NOS2A, BACH1, MAFK and there corresponding
ATDILI related genes, also need to be evaluated in the context of the Kenyan population, so as
to give a more intricate evaluation for Anti TB drug induced liver injury. In terms of biomarkers
for liver injury, there is need to develop diagnostic tools that can be used for early detection of
liver injury, this is because ALT and AST are more specific for identification of hepatic injury

that occurs after long term TB treatment.
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CHAPTER THREE METHODS

3.1 Study design

The study conducted was a cross sectional study targeting adult HIV positive patients on IPT
attending the CCC at KNH. The study entailed collection of patient demographic data and
blood sample collection, which was later used for genotyping.

3.2 Study site

The study was conducted at the Comprehensive Care Centre (CCC) of KNH. The KNH is the
largest hospital in East and Central Africa. It was established in 1901 as the Native Civil
hospital. It has an Accident and Emergency department, 24 theatres (16 specialized), 22
outpatient clinics and 50 wards. The KNH CCC is an outpatient clinic within the hospital that
offers specialized care and treatment to HIV infected patients. It has over 5000 patients enrolled
on care who usually visit the clinic for routine medical follow up and prescription refills. Other
services also include viral load testing, CD4 cell count monitoring, liver function tests and renal

function tests.

3.3 Study Population

The study population was made up of patients above 18 years of age on IPT at the CCC seen

between February and August 2019.

3.4 Inclusion and Exclusion Criteria

Participants included in the study were HIV patients on Isoniazid Preventive Therapy for at least
12 weeks, of either gender, who gave written informed consent and were above 18 years of age.
Participants who were excluded were those who declined to give consent, had hepatic
dysfunction (ALT > 200 ULN), had renal dysfunction (GFR <60ml/min/1.73m?) at the time of,
had acute viral hepatitis, were pregnant and aged below 18 years at initiation of isoniazid

preventive therapy.

3.6 Sample size

The method described in Kelsey et al (1996), for estimation of sample size in a cross-sectional
study was used. Consequently, the StatCalc utility of the data management and analysis software

Epiinfo™ version 7.2 was used to calculate the target sample size using the Kelsey method.
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For this calculation the following inputs were used; Two-sided confidence level was set at the
conventional 95%, minimum statistical power was set at the conventional 80%, expected ratio of
unexposed (fast acetylators) to exposed (slow acetylators) was set as 0.6 (38% fast acetylators vs
62% slow acetylators) (Oluka,2012), estimated prevalence of elevated ALT in unexposed (fast
acetylators) was set as 10%, estimated odds ratio was set at 4.5 based on the association between
NAT2 slow acetylators and anti-TB drug induced liver injury reported by (Mushiroda et al.,

2016). The target sample size calculated based on the above assumptions and inputs was 110.

3.7 Sampling and Participant Recruitment

Sampling and participant recruitment was done at the CCC, convenient sampling was employed
whereby a contracted health officer, recruited all potential and available participants eligible for
the study, based on the inclusion and exclusion criteria. This involved recruiting patients on
subsequent follow up visits and on prescription refills, following which patient data was

collected using data collection forms (appendix F).
3.8 Data collection

A data abstraction form was used to obtain patient data, the demographic data collected included,
gender, age, marital status, body weight, height, body mass index, education, ethnicity, alcohol
use, and smoking. Clinical data collected included, ALT levels, first-line ART regimen and
duration, second-line ART regimen and duration, adverse drug reactions, pre-existing diseases,

concomitant medications, and CD4 cell counts (appendix F).
3.9 Blood sample collection and Processing

Blood samples were obtained from participants, who satisfied the inclusion criteria. Blood collection
was done in the bleeding room of the CCC by an experienced phlebotomist. From each patient, 5ml
of blood was obtained from the antecubital vein and was immediately transferred to an EDTA
vacutainer. The blood was centrifuged; 3ml plasma (upper portion) was separated out and stored at -

20°C and approximately 2ml of whole blood was stored at -20°C to be used for genotyping.

3.9.1Genotyping
DNA extraction

This was done at the University of Washington laboratory, situated at the Clinical Chemistry
Department University of Nairobi using the Qiaamp® DNA mini Kit as per manufacturer’s

instructions.
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Equipment

The equipment used included sterile micro centrifuge tubes, pipettes, a heat block, spin columns

and collection tubes (supplied with the Kit), a vortexing machine, a centrifuge and a water bath.

DNA extraction procedure

The Qiaamp® DNA mini Kit was used for DNA extraction in accordance to manufacturer’s
instructions and it was composed of 20 pl Proteinase K, 200 ul PBS (Phosphate buffered saline).
The buffers used were buffer Al (lysis buffer), AW1 and AW2 Buffer (wash Buffers) and AE
Buffer (elution Buffer). DNA extraction was done from thawed whole blood using Qiaamp®

DNA mini Kit described above as per the manufacturer’s protocol.

200uL of thawed whole blood samples were pipetted into sterile micro centrifuge tubes, 20ul of
proteinase K was then added to the whole blood samples. This was followed by adding 200uL of
the lysis buffer (Buffer AL) to the samples to allow lysis of the whole blood samples to take
place. This mixture was then vortexed for 15 seconds followed by incubation at 56°C for 10
minutes. The mixture was centrifuged at 6000RCF for 1 minute, after which 200uL of ethanol

was added to the lysates.

The mixture was centrifuged again at 6000 RCF for 1 minute and the resulting samples were
transferred to spin columns with collection tubes. At 6000RCF, centrifugation was done and the

collection tubes containing the filtrates were discarded.

For the purification step, 500 u. AW1 (wash buffer) was pipetted to the sterile Qiaamp® spin
columns containing the lysates, the contents were then centrifuged at 6000RCF for 1 minute and
resultant filtrates from the collection tubes were discarded. The spin columns were then
transferred to sterile Qiaamp collection tubes and 500 L. AW?2 (wash buffer) was added to the
spin columns. The spin columns were consequently centrifuged at 20,000 RCF for 3 minutes.
The resultant filtrate was discarded and spin columns were transferred into sterile collection
tubes, that were spun at 20,000RCF for 1 minute from which the collection tubes containing the
filtrate were discarded. Finally, 200 puL of AE buffer (elution buffer) was added to the spin
columns which were transferred to 1.5-mL micro centrifuge tubes and spun at 6000RCF for 1
minute. The eluted purified genomic DNA were then transferred into 1.5 ml micro-centrifuge
tubes and spin columns discarded. Following extraction, the DNA purity was verified, using a
nanodrop spectrophotometer at the 260/280 ratio absorbance measurement. The DNA was then

stored in a freezer at -20°C for further processing.
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3.9.2 DNA amplification

DNA amplification was done at University of Washington laboratory, situated at the Clinical
Chemistry Department, University of Nairobi and was achieved on a conventional PCR thermal
cycler (Thermofisher scientific).The reaction mix was composed of nuclease free water 27.7ul,
x10 PCR buffer 5 pl, magnesium chloride 5ul, DNTP mix 5 pl, NAT2 forward and reverse
primer (Ingaba Biotec) 2.5 pl each, taq polymerase 0.3 ul and template DNA 2 ul with a final

reaction volume of 50 ul .as shown in table 3.0 below.

Table 3.0:-Preparation of the reaction mix for PCR reaction.

nuclease free water 27.7 pl,
x10 PCR buffer 5 ul,
magnesium chloride 5 ul,
DNTP mix 5 ul,
NAT2 forward primer

GTTTTTCTTGCTTAGGGGATC 2.5 pl,
NAT2 reverse primer
ATTAGTGAGTTGCGTGATACATA 2,5 pl,
taq polymerase 0.3 ul,
template DNA 2 ul,
Final volume 50 pl,

DNA amplification was achieved under the following conditions: An initial hold cycle for 2
minutes at 95c, followed by 30 cycles of denaturation at 95°c for 30 seconds, annealing at 55°c
for 30 seconds, extension at 72°c for 1 minute and a final hold cycle at 72°c for 10 minutes. After
conventional PCR, PCR products were viewed on 2% agarose gel to confirm amplification.
Figure 4.0 in the results section, shows the results of the gel electrophoresis following PCR

amplification.

3.9.3 DNA sequencing

DNA sequencing was performed at the University of Nairobi Institute of Tropical and Infectious
Diseases (UNITID) and was achieved on Veriti 96 well thermal cycler (Applied Biosystems)
and 3730 DNA analyzer (Thermofisher scientific). For quality control, FASTQC was used to
check the sequence quality. The steps included purification, cycle sequencing, capillary

electrophoresis for DNA analysis and FASTQC Quality Control.
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Purification

For this step 2.5 ul, of PCR product was mixed with 1 ul, of ExoSap (Exonuclease alkaline
Phosphatase), to form a reaction volume of 3.5ul. This was then incubated to degrade excess
primers and nucleotides at 37°C for 15 minutes followed by another incubation step to inactivate
the ExoSap at 80°c for 15 minutes and finally a cooling step at 4’ ¢ for 5 minutes.

Cycle Sequencing

This step included, preparation of the reaction mix, PCR amplification and purification of the
sequencing reaction using BigDye XTerminator. This step was achieved on the Veriti 96 well
thermal cycler (Applied Biosystems). In the preparation step for the reaction mix, the reaction
mix consisted of big dye terminator 1 pl, big dye terminator sequencing buffer 2 ul, forward
primer 1 pl, molecular grade water 2.5 pl, and template DNA 3.5 pl with a final reaction volume
of 10 ul, as shown in table 3.1.

Table 3.1: Preparation of the reaction mix for cycle sequencing

COMPONENTS 96 well plate 10 pl,
reaction

Big dye terminator 1 pl,

Big dye terminator sequencing 2 ul,

buffer

Forward primer

GTTTTTCTTGCTTAGGGGATC 1 pl,

Molecular grade water 2.5 ul,
Template DNA 3.5 ul,
Final volume 10 pl,

The PCR amplification step for cycle sequencing was achieved under the following conditions,
incubation at 96°C for 1 minute followed by 25 cycles of denaturation at 96°C for 10 seconds,
annealing at 50°C for 5 seconds, extension at 60°C for 4 minutes and a final hold at 4°C.

The reaction mix from the PCR cycle sequencing step underwent clean-up using the BigDye
XTerminator. The reaction mix for the big dye termination consisted of 10 ul BigDye
XTerminator bead solution and 45 pl SAM solution. In this step, 55 ul of bead mix (BigDye
XTerminator and SAM solution) was dispensed in each well of the 96 well reaction plates. The
plates were then sealed with transparent adhesive films followed by vortexing for 20 minutes at
1800RPM and centrifugation at 1000g for 2 minutes, finally the plates were stored at -20°C prior

to capillary electrophoresis.
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Capillary electrophoresis

Capillary electrophoresis was used for the separation and identification of the fragments of
fluorescently labeled DNA following cycle sequencing; this was achieved on the 3730 DNA
analyzer (Thermo fisher scientific). The detected sequences were viewed on the Seqgscape
software and Snapgene viewer as shown in figure 4.0. Consequently, the sequences were
checked and assessed for quality using FastQc as shown in figure 4.1, in the result section.

Homology similarity search

In order to identify alleles in this study population, A homology search was initially performed
on a total of 80 sequences which were obtained following cycle sequencing. The online
nucleotide Basic local alignment search tool (BLASTn) which is available at

https://blast.ncbi.nIm.nih.gov/Blast.cgi and the bioinformatics software tool Unipro UGENE

version 36 (Okonechnikov et al., 2012), were used. Each sequence was uploaded to the online
BLASTn database and queried for homology against similar or related sequences in the
nucleotide BLASTn database, so as to determine the relationship between the available NAT2
sequences in the database and the obtained nucleotide sequences. This evaluation is shown in

chapter 4.

Sequence alignment and SNP detection

Pairwise sequence alignment was done using the Unipro UGENE version 36 software
(Okonechnikov et al., 2012). For sequence alignment, the exon of the NAT2 reference sequence
from human chromosome 8 GRCh38.p13 was obtained from the NCBI website found at

https://www.ncbi.nlm.nih.gov/nuccore/CM000670.2?report. To identify SNPs (single nucleotide

polymorphism), the exon regions of the identified alleles were aligned by pairwise alignment to
the exon of the NAT2 reference sequence, this allowed the subsequent identification of SNP

positions.

3.9.4 Variables and Definitions

Observed genotypes were categorized into 2 categories, fast and slow acetylator genotypes, with
the genotypes associated with the fast acetylation phenotype labeled as fast while genotypes
associated with the slow acetylation phenotype labeled as slow. According to McDonagh et al,
NAT2 genotypes are classified into three phenotypes: slow acetylator (two slow alleles),
intermediate acetylator (one slow and one rapid allele), and rapid acetylator (two rapid alleles,

sometimes referred to as ‘fast’) (McDonagh et al., 2014).
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ALT levels were transformed into a binary variable that consisted of 2 categories, ALT levels
>40IU/L and ALT levels < 40IU/L Serum ALT levels >40IU/L were considered an indication of
elevated ALT levels while levels < 40IU/L were considered as normal levels based on Kenyatta
National hospital reference values (Olago-Rakuomi, 2013). The independent predictor variables
were gender, alcohol status, smoking status, comorbidities and genotypic status.

3.9.5 Data management

Data was entered in a Microsoft Excel (2007) spreadsheet and the data transferred to SPSS
version 25. The data was double checked by the investigator during data entry. This was also
done for data generated following DNA sample processing. Any document linking the collected
data to the patient files including the raw data was kept under lock and key and only accessible

by the researcher.

3.9.6 Data Analysis

All continuous variables were tested for normal distribution using the Shapiro-wilk test. Standard
deviation and mean were used to give a summary of variables that were normally distributed and
those that were not normally distributed were expressed as the median and inter-quartile range.
To investigate for associations, the chi-square test was used to assess the relationship between
categorical variables so as to determine the factors associated with elevated ALT levels. In the
event where sample sizes were small as outlined in the contingency table fisher’s exact test was
employed.

Statistical significance was accepted at P < 0.05. In addition the spearman correlation test was
used to investigate correlations for non categorical variables which were not normally distributed
as informed by the Shapiro-wilk test. Similarly Statistical significance was accepted at P < 0.05.
The Hardy Weinberg equation for estimating proportions in genotypes was used to determine the
prevalence of the genotypes and phenotypes in this population. The Hardy-Weinberg principle
states that in a large population where there is no genetic drift, and in the absence of selection,
migration and mutation, the allelic frequencies remain constant from generation to generation. If
mating is random, the genotypic frequencies are related to the allelic frequencies by the square
expansion of allelic frequencies (Neal et al., 2018). whereby, the frequency of genotypes in a
population can be predicted from the frequency of alleles as a binomial distribution that is, if
there are 2 alleles in a population with frequency P and Q where (P + Q = 1), the homozygotes
will have frequencies P? and Q? and heterozygotes 2pq, in other words the expansion of (P + Q)?
(Flint, 2017). To determine the independent predictors of hepatotoxicity, multivariate logistic

regression analysis was carried out.
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Multivariate regression analysis was carried out using SPSS statistics version 25 (IBM USA).
For the analysis the outcome variable of interest was ALT levels which was used as a proxy
indicator for hepatotoxicity, In this analysis, the variables, gender, age, bmi, comorbidities,
smoking status, and alcohol were analyzed. Categorical variables were transformed into a binary
format of either 1 or 0, in excel 2007. In the analysis, Binary and continuous data served as
inputs for the SPSS tool, whereby a multivariate logistic regression analysis was then carried out.
ALT levels above 401U/L, were considered hepatotoxic and those below this threshold were
considered normal as informed by the current Kenyatta National Hospital ALT levels (Olago-
Rakuomi, 2013) .

3.9.7 Ethical considerations

Permission to do the study was given by Kenyatta National Hospital/University of Nairobi
Research and Ethics committee (Ref: KNH-ERC/A/499). The letter granting ethical approval to
conduct the study is appended at (Appendix A). In addition, as outlined in the Volunteer
information and consent form (Appendix B), informed consent was obtained and patient data that
was collected was kept private and confidential by the use of codes instead of patient

identification information.
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CHAPTER 4:- RESULTS

The results of this study are presented in three different parts. Genomic analysis, Clinical and
socio-demographic characteristics of study participants, prevalence of NAT2 variant alleles and

genotypes, ALT levels of study participants, and factors that influenced ALT levels.

4.0 Genomic Analysis

Figure 4.0: Chromatogram Peak distribution (Snap gene viewer version 5.2.2)
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Figure 4.1:FASTQC Quality Control check.
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Sequence Analysis

Using the Basic Local Alignment tool, nucleotide sequences from the 873 bp amplicons were
obtained and examined using (BLASTN). The results obtained using the tool, showed that 41 out
of the 80 sequences, were closely related to NAT2 genes with a percentage identitiy > 95% as

shown in figure 4.3
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Figure 4.3:- Depiction to display similarity between detected NAT2 genes and deposited
reference genes in the BLAST database.

In the subsequent analysis, Unipro UGENE version 36 (Okonechnikov et al., 2012), was
employed for the detection of SNPS in the obtained sequences. In the preliminary investigation,
the exon of the reference sequence from human chromosome 8, GRCh38.p13 was initially
obtained from the NCBI website https://www.ncbi.nlm.nih.gov/nuccore/CM000670.2?report and

was used to detect and identify the SNPs (single nucleotide polymorphism). A total of 41
sequences were used in the pairwise alignment, 39 sequences could not be comprehensively
resolved in the BLAST database and hence could not be identified; as such, they were not
included in this investigation. In the investigation, the exon regions of the obtained NAT2 query
sequences were aligned using pairwise alignment to the exon of the 873bp NAT2 reference
genome and subsequently the SNPs were identified using Unipro UGENE (Okonechnikov et al.,
2012). Figure 4.4 shows the pairwise alignment for the detection of SNP’s between 1 of the test

sequences used in this analysis.
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Figure 4.4:- Pairwise alignment between test sequence exon and NAT2*5A exon.

At position 341 there is a substitution of the thymine nucleotide in the reference sequence

to cytosine nucleotide in the NAT2*5A exon.

Consensus:
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.GAAGAGAGAGGAATCTGGTAC TGGACCAAATCAGGAGAGAGC
U ol
ACCAAATCA

TOURE_EXON_REFSEQ ARGAGAGA AATCT AGAGAGC
NAT2 5A EXON ARGAGAGAGGAATCT ACCAAATCAGGAGAGAGC

Figure 4.5:- Pairwise alignment between test sequence exon and NAT2*5A exon.

TACCT
TACTT

At position 481 there is a substitution of the cytosine nucleotide in the reference sequence

to a thymine nucleotide in the NAT2*5A exon.

Consensus:

TCACTGAGGAAGAGGTTGAAGAAGTGCTGA-AAATATATTTAA

77376 718 TR0 782 784 TBE 783 790 792 794 796 79E GO0 802 B04 06 B0 B0 B2 815
TOURE_EXON_REFSEQ T3TCACTEAGGAAGAGGTTEAAGAAGTECTEAGAAATATATTITAA
NAT2 54 EXON TTCACTEAGEAAGAGETTEAAGAAGTECTEAAAAATATATTITAA

Figure 4.6:- Pairwise alignment between test sequence exon and NAT2*5A exon.

At position 803 there is a substitution of the guanine nucleotide in the reference sequence

to an Adenine nucleotide in the NAT2*5A exon.

The SNPs identified for this test sequence which was inferred as NAT2*5A based on pairwise
alignment to the reference exon were SNPs 341 C-T, 481 T-C and 803 G-A, which is consistent
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with literature findings. This strategy was as a result employed to analyze all the 41 sequences
and hence identify the type of NAT2 allele present.

The identification of subsequent NAT2 alleles also took into account the reported SNP data found

at https://www.snpedia.com/index.php/NAT2 and the NAT2 gene nomenclature committee found

at http://nat.mbg.duth.gr/ to accurately identify the type of NAT2 allele present based on the

identified SNP positions obtained from pairwise alignment.
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4.1 Socio - Demographic Characteristics of the study participants

These characteristics are summarized in table 4.1. A total of 110 participants took part in this
study of which majority were female 77 (70%). The mean age for this population was 46.7 years
[SD = 10.4] ranging from (19 - 72 yrs). The median body weight was 70 kg [inter-quartile range
(IQR) 62.7-80 kg], with median Body Mass Index of 25.75 kg/m? [IQR 23.15 — 29.26 kg/m?],
the mean height was 163.8 cm, with a [SD = 8.18]. Majority of the participants were Bantus 82
(75%), while 28 (25%) were Nilotes.

Participants with (degree and diploma) college education were 24(22%) and 17(15%)
respectively. Majority of the participants were married 52(48%) whereas 44(40%) reported

alcohol use and only 3(3%) were smokers.

4.2 Clinical Characteristics of the study participants

The clinical characteristics are shown in table 4.2. These characteristics were collected after 12
weeks of IPT, The median ALT levels while on HAART was 22u/L, [IQR 21-31u/L], while the
median CD4 cell count was 492 cells/mm?® [IQR 324 — 680 cellssmm?]. Participants with
comorbidities were 23 (21%) while 87 (79%) had no other illness. Details of ART regimen are
shown in table 4.2. The first line regimens that the participants used included 55 (50%) on
Tenofovir disoproxil (TDF) + Lamivudine (3TC) + Efavirenz (EFV), 40 (36%) on tenofovir
disoproxil (TDF) + Lamivudine (3TC) + Dolutegravir (DTG) and 1 (1%) participant on
Zidovudine (AZT) + Lamivudine (3TC) + Nevirapine (NVP).

The second line regimens included 4 participants (3.6%) on Atazanavir/ritonavir (ATZ/r) +
Zidovudine (AZT) + Lamivudine (3TC) and 5 (4.5%) on Tenofovir disoproxil (TDF) +
Lamivudine (3TC) + Zidovudine (AZT).
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Table 4.1 Socio-Demographic Characteristics of HIV patients on IPT at Kenyatta National
Hospital CCC

Variable Characteristic  n(%) Mean(SD) Median(IQR)
Age (years) 46.7(10.5)
Sex Male 33 (30)

Female 77 (70)
Weight at diagnosis 70 (62-80)
(kg)
Height (cm) 163.8
BMI (kg/m?) 25.7(23.1-29.2)
Ethno linguistic groups

Bantus 82 (75)

Nilotes 28 (25)
Education level

Degree 24 (21)

Diploma 17 (15)

Secondary 42 (38)

Primary 21 (19)

None 7 (6)
Marital status

Married 48 (44)

Single 23 (20)

Divorced 11 (10)

Widowed 15 (13)

Separated 8 (7)

Unknown 5(4)
Smoking

No 97(88)

Yes 3(3)

Unknown 10(9)
Alcohol use

No 53(48)

Yes 47(42)

Unknown 10(9)

In addition to isoniazid for IPT, other concurrent medication used were pyridoxine, nifedipine,
hydrochlorothiazide, co-trimoxazole, fluconazole, metformin, insulin, lorsartan and

carbamazepine. The clinical characteristics are presented in Table 4.2.
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Table 4.2: clinical characteristics of HIV patients on IPT at the CCC of Kenyatta National
Hospital

Variable Characteristic n(%) Mean(SD) Median(IQR)
Alcohol use

No 44(40)

Yes 58(53)

Unknown 8(7)
ALT Levels at IPT 221U/L(21-31)

Normal ( <40 u/l) 103

(94)

Elevated ( >40 u/l) 7 (6)
CD4 cell count
492cells/mm?3(324-680)

<250 cells/mm® 17
(15)
> 250 cells/mm® 85
(77)
Unknown 8(7)
Comorbidities
None 87(79)
Hypertension 14(13)
Diabetes 2(2)
Other conditions 7(6)
Regimens during
HAART
(First line) TDF + 3TC + EFV 55(50)
TDF+3TC +DTG  40(36)
AZT +3TC+NVP  1(1)
(Second line) ATZIr + AZT + 3TC  4(4)
TDF +3TC+AZT  5(5)
Unknown 5(5)
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4.3 Prevalence of NAT2 alleles and genotypes
4.3.10verall prevalence of NAT2 alleles and genotypes

In this study population, 80 samples were sequenced. This was followed up by genotyping which
included a BLAST search and pairwise alignment, of these 80 sequences 41 sequences displayed
good sequence homology, with percentage identities close to or equal to 100%. 39 sequences
could not be resolved, hence could not be identified using the online BLAST tool The frequency
of NAT2 genotypes was thus determined in 41 individuals, and the alleles which were
determined are NAT2*4, NAT2*5A, NAT2*5B, NAT2*5D, NAT2*6B, NAT2*7B, NAT2*12A and
NAT2*14G. The genotypes which were determined are NAT2*4*4, NAT2*5A*5A, NAT2*5B*5B,
NAT2*5D*5D, NAT2*6B*6B, NAT2*6C*6C, NAT2*7B*12A and NAT2*14G*14G. These alleles
and genotypes were identified from DNA sample processing as outlined in section 4.0.

Table 4.3 shows the summary statistics for NAT2 allele frequencies. All the alleles determined in
the study population apart from NAT2*4 and NAT2*7A, NAT2*12A were slow acetylator alleles,
and therefore the number of homozygous recessive genotypes in this population was 36. This
was used to calculate the allelic and genotypic frequencies based on the Hardy Weinberg

principle.

Table 4.3: NAT2 Allele Frequencies in HIV patients on IPT at the CCC of Kenyatta
National Hospital

NAT?2 Allele Frequency Table

NAT?2 haplotypes SNP Frequency(%)

NAT2*4 None 1%
NAT2*5A T341C, C481T 2%
NAT2*5B T341C, C481T, A803G 9%
NAT2*5D T341C 2%
NAT2*6B G590A 6%
NAT2*6C C282T,G590A,G803A 9%
NAT2*7B C282T,G857A 4%
NAT2*12A A803G 4%
NAT2*14G G191A,C282T,A803G 4%

38



4.3.2 NAT2 Genotypes and deduced Phenotypes

Predicted phenotypes were derived from the NAT2 genome nomenclature website found at
http://nat. mbg.duth.gr based on the given diploid haplotype combination. If the combination
consisted of two alleles with reported low activity, it was considered a slow acetylator allele;
similarly, if a diploid combination consisted of two duplicate alleles with reported fast activity or
two alleles with one reported fast and the other reported low activity, it was considered a fast

acetylator allele. Table 4.4 displays the inferred phenotypes.

Table 4.4: NAT2 Genotype Frequencies in HIV patients on IPT at the CCC of Kenyatta
National Hospital

NAT?2 Genotype Frequency Table

Genotype N Frequency(%) Deduced phenotype
NAT2*4*4 1 1% Rapid
NAT2*5A*5A 2 2% Slow
NAT2*5B*5B 10 9% Slow
NAT2*5D*5D 3 2% Slow
NAT2*6B*6B 7 6% Slow
NAT2*6C*6C 10 9% Slow
NAT2*7B*12A 4 4% Rapid
NAT2*14G*14G 4 4% Slow

Based on the Hardy-Weinberg principle, the calculated proportion of the slow acetylator alleles
in this population was 56% and fast acetylator alleles was 44%, which corresponded to 62 and 48
study participants with the slow acetylator alleles and fast acetylator alleles respectively, in this
study sample. The prevalence of homozygous dominant NAT2 genotypes in this population was
(21)19%, heterozygous genotypes were (55)50% while the homozygous recessive genotypes
were (36)31%, these frequencies conformed to Hardy weinberg proportions.
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4.3.3 NAT2 genotypes and allele frequencies in the ethno-linguistic groups

The NAT2 allele and genotype frequencies are presented in Table 4.6 and 4.7 respectively in this
population, there were 2 Kenyan ethno-linguistic groups, Bantus and Nilotes. Bantu participants
with the slow acetylator alleles were 24(22%), while Bantu participants with the fast acetylator
alleles were 3(3%); Nilote participants with the fast acetylator alleles were 2(2%) while Nilote
participants with the slow acetylator alleles were 12(11%). The data presented in table 4.5 shows
the 41 followed-up sequences from the two ethno-linguistic groups that were genotyped and

phenotypes inferred as previously described in section 4.3.2 above.

Table 4.5 NAT2 Genotypes in Ethno-linguistic groups in HIV patients on IPT at the CCC
of Kenyatta National Hospital

NAT2 GENOTYPE FREQUENCY IN ETHNO-LINGUISTIC GROUPS

Genotypes BANTUS NILOTES TOTALS
RA (Rapid Acetylators)
NAT2*4*4 1 0 1
NAT2*7B*12 2 2 4
TOTALS 3 2 5
SA (Slow Acetylators)
NAT2*5A*5A 2 0 2
NAT2*5B*5B 6 4 10
NAT2*5D*5D 2 1 3
NAT2*6B*6B 7 0 7
NAT2*6C*6C 6 4 10
NAT2*14G*14G 1 3 4
TOTALS 24 12 36
SUM TOTAL 27 14 41

In the subsequent analysis, on fisher’s exact test, there was no significant difference in the
distribution of NAT2 genotypes between the ethno-linguistic groups (P = 1.00). Table 4.6 shows

the overall NAT2 allele frequency in the ethno-linguistic groups.
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Table 4.6: Overall NAT2 Allele Frequency in Ethno-Linguistic Groups in HIV patients on
IPT at the CCC of Kenyatta National Hospital

NAT2 ALLELE FREQUENCY IN ETHNO-LINGUISTIC GROUPS

Alleles Alleles in BANTU Alleles in NILOTES TOTAL
(P%) (P%)

NAT2*4 2(2%) 0 2
NAT2*5A 4(4%) 0 4
NAT2*5B 12(11%) 8(7%) 20
NAT2*5D 4(4%) 2(2%) 6
NAT2*6B 14(13%) 0 14
NAT2*6C 12(11%) 8(7%) 20
NAT2*7B 2(2%) 2(2%) 4
NAT2*12A 2(2%) 2(2%) 4

NAT2*14G 2(2%) 6(5%) 8

TOTAL 54 28 82

The deduced phenotypes based on the ethno-linguistic groups were also determined and are

shown in table 4.7.
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Table 4.7: NAT2 Deduced Phenotypes in Ethno-Linguistic Groups in HIV patients on IPT
at the CCC of Kenyatta National Hospital

NAT2 DEDUCED PHENOTYPE IN ETHNO-LINGUISTIC GROUPS

Genotypes BANTUS  NILOTES DEDUCED FREQUENCY (%)
PHENOTYPE
NAT2*4*4 1 0 fast 1%
NAT2*5A*5A 2 0 slow 2%
NAT2*5B*5B 6 4 Slow 9%
NAT2*5D*5D 2 1 Slow 3%
NAT2*6B*6B 7 0 Slow 6%
NAT2*6C*6C 6 4 Slow 9%
NAT2*7B*12A 2 2 Fast 4%
NAT2*14G*14G 1 3 slow 4%

4.3.4 Distribution of NAT2 genotypes and alleles by gender

Among the genotyped study participants, there were 18 males and 18 females with the slow
acetylator alleles, and there were 2 males and 3 females with the fast acetylator alleles. There
was no significant association between gender and NAT2 genotypes (p = 1.00). Table 4.8 shows
the genotypic frequencies based on gender.
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Table 4.8: NAT2 Genotype Frequency based on Gender in HIV patients on IPT at the CCC
of Kenyatta National Hospital

NAT2 GENOTYPE FREQUENCY BASED ON GENDER

Genotypes MALE FEMALE TOTALS
RA (Rapid Acetylators)
NAT2*4*4 0 1 1
NAT2*7B*12 2 2 4
TOTALS 2 3 5
SA (Slow Acetylators)
NAT2*5A*5A 1 1 2
NAT2*5B*5B 4 6 10
NAT2*5D*5D 2 1 3
NAT2*6B*6B 3 4 7
NAT2*6C*6C 6 4 10
NAT2*14G*14G 2 2 4
TOTALS 18 18 36
SUM TOTAL 20 21 41
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Based on Gender the observed Allele frequencies are also outlined as shown in table 4.9.

Table 4.9: NAT2 Allele Frequencies according to Gender in HIV patients on IPT at the
CCC of Kenyatta National Hospital

NAT2 ALLELE FREQUENCY AMONG GENDER

Alleles Alleles in Males Alleles in Females TOTAL
(P%) (P%)

NAT2*4 0 2(2%) 2
NAT2*5A 2(2%) 2(2%) 4
NAT2*5B 8(7%) 12(11%) 20
NAT2*5D 4(4%) 2(2%)

NAT2*6B 6(5%) 8(7%) 14
NAT2*6C 12(11%) 8(7%) 20
NAT2*7B 2(2%) 2(2%) 4
NAT2*12A 2(2%) 2(2%) 4
NAT2*14G 4(4%) 4(4%)
TOTAL 40 42 82
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The deduced phenotypes based on gender were also determined and are shown in table 4.10

Table 4.10: NAT2 Deduced Phenotypes among Gender in HIV patients on IPT at the CCC
of Kenyatta National Hospital

NAT2 DEDUCED PHENOTYPES AMONG GENDER

Genotypes MALES FEMALES DEDUCED  FREQUENCY (%)
PHENOTYPE
NAT2*4*4 0 1 Fast 1(1%)
NAT2*5A*5A 1 1 Slow 2(2%)
NAT2*5B*5B 4 6 Slow 10(9%)
NAT2*5D*5D 2 1 Slow 3(3%)
NAT2*6B*6B 3 4 Slow 7(6%)
NAT2*6C*6C 6 4 Slow 10(9%)
NAT2*7B*12A 2 2 fast 4(4%)
NAT2*14G*14G 2 2 slow 4(4%)
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4.4 Factors influencing ALT levels

4.4.1 Effect of NAT2 phenotypes on ALT levels

Table 4.11: Effect of NAT2 phenotypes on ALT levels in HIV patients on IPT at the CCC
of Kenyatta National Hospital

ALT LEVELS
Genotypes Above 401U/ Below 401U/ TOTALS
RA (Rapid Acetylators)
NAT2*4*4 0 1 1
NAT2*7B*12 1 3 4
TOTALS 1 4 5
SA (Slow Acetylators)
NAT2*5A*5A 1 1 2
NAT2*5B*5B 0 10 10
NAT2*5D*5D 0 3 3
NAT2*6B*6B 1 6 7
NAT2*6C*6C 0 10 10
NAT2*14G*14G 0 4 4
TOTALS 2 34 36
SUM TOTAL 3 38 41

On Fisher’s exact test, it was observed that there was no significant association between ALT
levels and the NAT2 genotypes (P = 0.330).
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Table 4.12: Factors affecting ALT levels in HIV patients on IPT at the CCC of Kenyatta
National Hospital

ALT LEVELS

above 401U/L  below 401U/L Totals
Alcohol intake P value
Alcohol 4 43 47 0.577
No alcohol 5 48 53
Totals 9 91 100
Smoking status
Smoking 0 3 3 0.751
Non-smoking 9 88 97
Totals 9 91 100
Comorbidities
Comorbidities 4 19 23 0.127
No-comorbidities 6 81 87
Totals 10 100 110
Gender
Female 6 71 77 0.346
Male 4 29 33
Totals 10 100 110

4.4.2 Effect of alcohol on ALT levels

On Fisher’s exact test, there was no association between alcohol intake and ALT levels (P =

0.577). A summary of the statistics is shown in Table 4.12.

4.4.3 Effect of Smoking on ALT levels

The smoking status and ALT levels were investigated for association. The Chi-square test of
independence found no association between the smoking status and the ALT levels (P = 0.751);
similarly. The smoking status and ALT levels are presented in Table 4.12.

4.4 4 Effect of comorbidities on ALT levels

It was observed that there was no association between the comorbidities and the patient ALT
levels (P = 0.127), a large majority of the population who had comorbidities had ALT levels
below 401U/L. The summary statistics are presented in Table 4.12.
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4.4.5 Effect of gender on ALT levels

For this analysis, gender was compared to the two categories of ALT levels; ALT levels above
401U/L and ALT levels below 401U/L. On Fisher’s exact test, it was observed that there was no
significant association between gender and ALT levels (P = 0.346), similarly on the correlation

test, The summary statistics are presented in Table 4.12

4.4.6 Effect of age on ALT levels

In this analysis, age was compared to ALT levels. On the spearman rank correlation test it was
observed that there was no significant correlation between age and ALT levels (P = 0.577), The

summary statistics are presented in Table 4.13.

Table 4.13:- Spearman correlation test for factors affecting ALT levels in HIV patients on
IPT at the CCC of Kenyatta National Hospital.

Spearman correlation

Alt level Age BMI

Alt level 1 -0.055 0.149

(sig) 0 0.577 0.119

Age -0.055 1 0.278

(sig) 0.577 0 0.003
BMI 0.149 0.278 1
(sig) 0.119 0.003 0

4.4.7 Effect of BMI on ALT levels

On the spearman rank correlation test it was observed that there was no significant correlation
between BMI and ALT levels (P =0.119), The summary statistics are presented in Table 4.13.
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4.5 Logistic regression analysis

To investigate for the independent predictors of hepatotoxicity as determined by ALT levels, the
variables gender, age, bmi, comorbidities, smoking status, and alcohol, were subjected to
multivariate logistic regression analysis. On the test for multicollinearity, it was observed that
there was no correlation between ALT levels and the independent predictor variables: - gender,
age, bmi, comorbidities, smoking status, and alcohol (P > 0.05). In this analysis, the hosmer-
lemeshow test was significant at (P = 0.908) implying that the logistic regression model was a
good fit for modeling the data (Muchabaiwa, 2013). In the analysis, the NAT2 genotype variable
was not included in the final regression model due to incomparable samples as well as the lack of
a significant association observed between the NAT2 genotypes and ALT levels as seen in

section 4.4 above.

On the logistic regression analysis, it was observed that the independent predictor variables;
gender, age, bmi, comorbidities, smoking status, and alcohol, were not statistically associated
with elevated ALT levels (P > 0.05). The summary of determinants of ALT levels is presented in
Table 4.14.

Table 4.14: Determinants of ALT levels in HIV patients on IPT at the CCC of Kenyatta
National Hospital

Alcohol 1.121 0.881 0.250 5.037
Smoking 0 0.999 0
Comorbidities 2.902 0.185 0.601 14.014
Gender 1.877 0.426 0.399 8.840
Age 0.589 0.575 0.092 3.761
BMI 3.115 0.116 0.754 12.861
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CHAPTER 5 - DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS
5.1 Discussion

This study set to investigate the relationship between Acetylator status and isoniazid induced
hepatotoxicity (as indicated by elevated ALT levels) in patients on isoniazid preventive therapy
at Kenyatta National Hospital between the period of February and August 2019. Among the 110
study participants, 80 samples were sequenced while 30 samples were not sequenced so as to
mitigate the cost around sequencing. Following sequencing, genotyping was performed, which
included a BLAST search and pairwise alignment to the reference NAT2 exon to determine
present alleles and genotypes. The observed genotype data were then used to infer phenotypes
using the NAT2 gene nomenclature committee classification and categorization obtained from
the NAT2 SNPedia websites, as outlined in chapter 4. 41 sequences displayed good sequence
homology with percentage identities close to or equal to 100%. 39 sequences could not be
resolved in the online BLAST tool and hence could not be identified. These sequences were used

to supplement the genotypic frequency data described in Chapter 4.

Among the 41 genotyped sequences, there was a high frequency of the NAT2*5B (9%) and
NAT2*6C (9%) alleles compared to NAT2*7B (4%) and NAT2*14G (4%) alleles in this
population. This observation was comparable to similar studies on NAT2 alleles, for instance a
study done in Kenya reported a high frequency for the NAT2*5 allele and NAT2*6 allele in the
population (Oluka et al., 2014). In South Africa a similar study on NAT2 genotypes reported that
the most frequent allele was NAT2*5 (Mthiyane et al., 2020). A study done in Ethiopia also
reported similar results with NAT2*5 and NAT2*6 having the highest frequencies compared to
NAT2*7 and NAT2*14 (Aklillu et al., 2018).

In this study population, there were 2 ethno-linguistic groups, the Bantus and Nilotes. Among the
41 genotyped sequences, there were more Bantu 28(25%) participants with the slow NAT2
alleles compared to the Nilotes 16(15%). In this study, there was a higher frequency of
NAT2*6(15%) and NAT2*5(13%) alleles in both ethnic groups compared to NAT2*4(1%),
NAT2*7(4%), NAT2*12 (4%) and NAT2*14 (4%) alleles. This was similar in comparison to a
study in Kenya which reported a high prevalence of NAT2*5 and NAT2*6 alleles in Bantus
(38.3%), Eastern Nilotes(41.6%) and Western Nilotes (32.6%). Similarly, the prevalence of
NAT2*6 alleles in the same study was Bantus (22.9%), Eastern Nilotes (26.6%) and Western
Nilotes (22.8%). These were higher compared to the prevalence of NAT2*7 and NAT2*14 in the
same population (Oluka et al., 2014).
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The distribution of NAT2 genotypes in the 41 genotyped sequences from the two populations was
also investigated. It was observed that there was no association between the distribution of NAT2
genotypes and the Ethno-linguistic groups. In the same Kenyan study, it was found that there
were no significant differences in the distribution of NAT2 genotypes between the three Kenyan
populations (Oluka et al., 2014) this was similar by comparison to this study.

This study also investigated the distribution of NAT2 genotypes by gender among the 41
genotyped sequences from the same population. In the subsequent analysis, it was observed that
there were no significant differences in the distribution of NAT2 genotypes and gender. This was
similar to a study done in Pakistan on acetylation status which found the effect of gender on
NAT 2 acetylation status to be non-significant (Akhter et al., 2019).

Similarly, there was no significant association between ALT levels and NAT2 phenotypes (P =
0.330). Some studies however report Slow/intermediate NAT2 acetylators as more likely to
experience hepatotoxicity than rapid acetylators (Richardson et al., 2019). In contrast other
studies report for a lack of a significant association between acetylator status and anti-
tuberculoisis drug induced hepatotoxicity (Xiaozhen Lv et al., 2012). As a result, it is clear that
more research on the effect of NAT2 genotypes on anti-tuberculosis drug-induced hepatotoxicity

is required to better explain associations or lack thereof.

This study showed that there was no significant association between alcohol intake and ALT
levels. In comparison to other studies, alcohol intake was indicated as a significant factor for the
elevation of ALT levels (Wang et al., 2002). Another study also corroborated this, more frequent
and higher amount of alcohol consumption was found to adversely affect the liver physiology
(Gogoi et al., 2017). In this study, the population of participants on alcohol consumption was
moderately larger than the participants on no-alcohol consumption. To investigate the effect of

alcohol consumption on ALT levels more comprehensively there is need for a larger sample size.

On the effect of smoking on ALT levels, this study found no significant association between
smoking and ALT levels, this is likely because the majority of participants in this population
were non-smokers. Some studies have however reported an association between smoking and
elevated ALT levels (C.-S. Wang et al.,, 2002). In a study in Libya for example, cigarette
smoking raised alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), plasma total cholesterol and triglycerides in a smoker group when
compared with a non-smoker group (Alsalhen & Abdalsalam, 2014).

In this study, there was no association between comorbidities and ALT levels, this is likely
because majority of the study population 87(79%) had no comorbidities and of those who had,
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only 4(4%) had elevated ALT levels when compared to the baseline; in contrast to other studies,
comorbidities have been reported to affect the pharmacokinetics of isoniazid which ultimately
affects plasma isoniazid concentration and as a result can be linked to hepatotoxicity. In one such
study, Diabetes Melittus status appeared to influence Pharmacokinetics and pharmacodynamic
relationships for isoniazid and rifampicin (Alfarisi et al., 2018) as such it is also important, that
extensive studies be done on the various comorbidities associated with isoniazid and other anti-

TB related medication such as pyrazinamide, streptomycin and other anti-tubercular medications.

In this study, age, BMI, smoking status, alcohol status, comorbidities and gender were not
significant as independent predictors of elevated ALT levels as an indication of isoniazid
induced hepatotoxicity, this observation was similar from the results obtained in the chi-square
test for independence as outlined in chapter 4. This is in contrast to other studies where pre-
existing liver diseases, taking hepatotoxic drugs and having lower serum albumin were found to
be significant factors associated with the development of anti-tuberculosis drug-induced hepatitis
(Gezahegn et al., 2020). Similarly, extra-pulmonary TB, having a comorbid condition, alcohol
consumption and being geriatric have also been found to have an increased risk of developing
drug induced hepatotoxicity (Molla et al., 2021). As such, other factors that are likely to predict
isoniazid-induced hepatotoxicity in a large population sample should also be collected as part of
the demographic data.

5.2 Conclusion

The study found no significant association between NAT2 phenotypes and ALT levels (P = 0.33).
However it found that there was a high frequency of NAT2*5 and NAT2*6 alleles compared to
NAT2*7 and NAT2*14 alleles among the 41 genotyped sequences in this study population.

The study also found that there was a higher frequency of NAT2*5 and NAT2*6 genotypes in
both ethnic groups compared to NAT2*7 and *14 genotypes among the 41 genotyped sequences
in this study population. There was no association between the distribution of NAT2 genotypes
and the Ethno-linguistic groups (P = 1.00), among the 41 genotyped sequences in this study

population.

It also found that there was no significant association between gender and the distribution of
NAT2 genotypes among the 41 genotyped sequences in this study population (P = 1.00).
Similarly, in this study, there was no association between ALT levels and the factors age, BMI,

smoking status, alcohol status, gender and comorbidities.
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5.3Study Limitations

The small sample size used in the study is a likely contributor to why the independent predictor
variables were found to not be significant for the outcome variable. In addition, due to the high cost
of DNA sequencing, only eighty participants were sequenced and even so there were 41 sequences
that could be comprehensively genotyped. In addition, other polymorphisms of drug metabolizing
enzymes were not considered in this study, and these may affect isoniazid hepatotoxicity. Plasma

Isoniazid concentration was also not considered in this study, this may also affect hepatotoxicity.

Despite the fact that there were more Bantus than Nilotes and females than males in this study
population, it is likely that bantus and females were overrepresented; however, it is also likely
that these two demographics are a true reflection of the Kenyan population, as evidenced by the
2019 Kenyan population (Kenya National Bureau of Statistics, 2019) and housing census and
data obtained from the statista website (“Kenya - total population by gender 2020,” 2021), which
show females to be the majority gender in Kenya. Similarly, according to data obtained from the
world population review website, bantus make up the majority of the population in Kenya,
accounting for 60% of the population (“Kenya population,” 2021).

In addition, there was no routine liver function tests such as ALT or AST tests that were done as part
of Isoniazid preventive therapy at Kenyatta National Hospital. As a result, the ALT levels used in
this study were determined at the start of the study, after patients had completed 12 weeks of IPT
after which, ALT tests were carried out. Information was obtained from data collection forms filled

by study participants. Some sections were unfilled.or missing.
5.4 Recommendations
5.4.1 Recommendations for further research

For a better powered study, a large sample size is recommended. In addition, more studies on the
influence of anti-TB medication such as isoniazid, rifampicin, pyrazinamide and streptomycin on
patient health should be done. This should be conducted through periodic drug monitoring
studies for assessing drug plasma concentration and genetic polymorphism studies with relation
to drug metabolizing enzymes. In addition to these studies, the factors associated with the
adverse effects of anti-TB medication taken over an extended period of time should also be

investigated.
5.4.2 Recommendations for policy practice

In terms of patient care, periodic routine testing for adverse effects of drugs among patients on

anti-TB medication as mentioned above is also recommended, in particular, it is important to
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assess the period/duration in which liver function tests are to be considered effective for a
definitive diagnosis for liver hepatotoxicity, this is because patients at the start of therapy may
show low or high levels of liver enzymes depending on current regimens, duration of previous
treatments, drug pharmacokinetic profile and other factors unique to the individual patient. In
addition, caregivers, stakeholders and patients should also undertake to give or seek information
that relates to the adverse effects of short and long term anti-TB related medication such as

isoniazid, rifampicin etc.
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Appendix D: Volunteer information and consent form

Consenting process

This document is a consent form; it has information about the study and shall be discussed with
you by the investigators. Please study it carefully and feel free to seek any clarification especially
concerning terminologies or procedures that may not be clear to you. Once you understand and
agree to take part, you are requested to sign your name on this form. You should understand the

following general principles which apply to all participants in a medical research.

I. Your agreement to participate in this study is voluntary
Il. You may withdraw from the study anytime without necessarily giving a reason for your
withdrawal
I1l. Refusal to participate in the research will not affect the services that you are entitled to

receive in the clinic

TITLE: GENETIC POLYMORPHISMS OF N-ACETYL TRANSFERASE 2 AND THE RISK
OF HEPATOTOXICITY IN PATIENTS ON ISONIAZID PREVENTIVE THERAPY AT
KENYATTA NATIONAL HOSPITAL

Introduction to the study

Isoniazid is a drug used to treat tuberculosis. It is a key component of HIV therapy, and is used
to manage tuberculosis through isoniazid preventive therapy, since it acts as a first line Anti-TB
drug. However patients may experience hepatotoxicity while on therapy. This is critical since
patients might not only experience treatment failure but can also die due to permanent liver

failure.

Hepatotoxicity may be due to genetic variations in the enzyme N-acetyl transferase 2 (NAT2),
which is an enzyme involved in the metabolism of isoniazid. Genetic variations in the NAT2
enzyme may lead to isoniazid induced hepatotoxicity. I am investigating the comparative
prevalence of N-acetyl transferase 2 in patients on isoniazid preventive therapy with and without
Alanine transaminases (ALT) elevation. Samples may be taken abroad for secondary analysis.

Permission is requested from you to enroll in this medical research study.
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Purpose of the study

The primary objective is to compare the prevalence of SNPs of NAT2 in patients on isoniazid

preventive therapy with and without ALT elevation.

Procedures to be followed

With your permission we will go through your medical records to obtain information on
laboratory investigations which have been conducted since you were initiated on isoniazid
preventive therapy. We will also check if you have suffered any bad reactions to isoniazid. You
will be asked a few questions about your ethnicity, if you are using any other drugs
(prescription/over the counter) or herbal products, level of education, marital status, whether you
drink or smoke, how regularly you take medicine and whether you experienced bad reactions to

drugs that you are taking. We will also collect a blood sample from you.

Selection criteria

You will be selected to take part in this study if you meet the following criteria

I.  You have been on isoniazid preventive therapy for at least 4 weeks
Il.  You are aged above 18 years

I1l.  You have given written informed consent to take part in the study

Risks or and discomfort

There are no risks involved in this study to you

Rights and safety
To safeguard your rights and safety as a participant taking part in this study, the Kenyatta

National Hospital/University of Nairobi Research and Ethics Committee will review the study

protocol and the informed consent process before commencing the research.

Benefits

The study may be of benefit to you and other HIV patients on isoniazid preventive therapy in
that it will be used to enhance treatment outcomes in patients with NAT2 polymorphisms that
may experience hepatotoxicity. It may also inform policy makers on the need to review

guidelines on pharmacogenomics testing.

Confidentiality

All the information that we collect for the purpose of this research will be kept confidential.

Your name will not be used during data handling or in any resulting publications. Codes will be
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used instead. Your medical records will be kept under lock and key and information will be
accessible only to authorized persons only.

Contacts

If you have any questions concerning this study, you may ask them now or contact Reveszt
Akumu on mobile number 0712866492

Principal investigator

Akumu Reveszt Maugo

Department of pharmacology and Pharmacognosy
School of Pharmacy,

University of Nairobi

P.O Box, 35079- Nairobi. Tel: 0712-866492

Supervisors

Dr. Eric M. Guantai, PhD

Department of Pharmacology and Pharmacognosy,

School of Pharmacy, University of Nairobi

Dr. Margaret N. Oluka, PhD
Department of Pharmacology and Pharmacognosy

School of Pharmacy, University of Nairobi

Dr. James Kimotho, PhD

Innovation & Technology Transfer Division

Kenya Medical Research Institute

72



Consent Declaration form

TITLE: GENETIC POLYMORPHISMS OF N-ACETYL TRANSFERASE 2 AND THE RISK
OF HEPATOTOXICITY IN PATIENTS ON ISONIAZID PREVENTIVE THERAPY AT
KENYATTA NATIONAL HOSPITAL

I ( name of participant), being 18 years of

age and more and having full capacity to consent, hereby do consent to voluntarily participate in
the study. The nature of the study has been explained to me by the principal investigator and
have been given the opportunity to ask questions concerning the study which have been
answered to my satisfaction, The benefits and risks have been clearly explained to me and I'm
aware that | am free to withdraw from this study at any point and this will not jeopardize the care

that I receive at the hospital.

| therefore give consent to be interviewed and answer the questionnaire and that information

from my file can also be used having understood the purpose of the study

Pt being the study researcher have adequately
explained to the above named participant on the nature and purpose of the study and has agreed

to voluntary participate in the study
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Appendix E Fomu ya maelezo ya kukubali

Hati hii ni fomu ya ridhaa; ina habari kuhusu utafiti na itajadiliwa na wewe na wachunguzi.
Tafadhali jifunze kwa uangalifu na ujisikie huru kutafuta ufafanuzi wowote hasa kuhusu maneno
na taratibu ambazo haziwezi kuwa wazi kwako. Mara tu unapoelewa na kukubali kushiriki,
unatakiwa kusaini jina lako kwenye fomu hii. Unapaswa kuelewa kanuni zifuatazo kwa

wahusika wote katika utafiti wa matibabu.

I. Mkataba wako wa kushiriki kwa utafiti huu ni kwa hiari
Il. Unaweza kuondoka kutoka kwenye utafiti wakati wowote bila lazima ya kutoa sababu ya
uondoaji wako
I1l. Kukataa kushiriki katika utafiti hautaathiri huduma ambazo una haki ya kupokea katika
Kliniki

Mada ya utafiti: Ulinganisho wa uenezi wa polymorphism ya N-acetyl transferase kati ya
wagonjwa kwenye matibabu ya kuzuia kifua kikuu (TB) kupitia isoniazid wenye upungufu wa
alanine aminotransferase (ALT) na wagonjwa kwenye matibabu hayo wasiokuwa na upunguzi

wa (ALT) katika hospitali ya kitaifa ya Kenyatta

Utangulizi wa utafiti

Isoniazid ni dawa inayotumika kutibu kifua kikuu. Ni sehemu muhimu katika tiba ya virusi vya
ukimwi (VVU), Na hutumiwa kusimamia kifua kikuu kwa njia ya tiba inayoitwa kuzuia kifua
kikuu kwa kutumia dawa ya isoniazid au isoniazid preventive therapy kwa kimombo. Ingawa
Isoniazidhutumika kama dawa ya kwanza ya kupambana na kifua kikuu, wagonjwa wanaweza
kuugua kwa kushindwa kwa ini wakati wa tiba. Hii ni muhimu kwa sababu wagonjwa hawawezi

tu kupata upungufu wa tiba lakini pia wanaweza kufa kutokana na kushindwa kwa ini.

kushindwa kwa ini inaweza kuwa kutokana na tofauti za maumbile katika enzyme N-acetyl
transferase (NAT2) ambayo ni enzyme inayohusika katika kimetaboliki ya isoniazid. Tofauti za
kimaumbile katika enzyme ya NAT2 inaweza kusababisha hepatotoxicity kutokana na matumizi
ya isoniazid. Nafanya utafiti kuhusu ulinganishowa uenezi wa polymorphism ya N-acetyl
transferase (NAT2) katika wagonjwa waliowekwa kwenye matibabu ya isoniazid, ambao wana
uwepo au kutokuwepo wa mwongezeko, wa kiwango cha Alanine aminotranferase (ALT).
Sampuli zina weza kuchukuliwa nje ya nchi kwa ajili ya uchambuzi wa secondari. Ruhusa

inaombwa kwako kwa kujiandikisha katika utafiti huu wa matibabu.
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Lengo la utafiti
Lengo kuu ni kutafuta ulinganisho wa uenezi wa polymorphism ya N-acetyl transferase kati ya
wagonjwa katika matibabu ya isoniazid ambao wana mwongezeko wa Kiwango cha Alanine

aminotransferase na wagonjwa ambao hawana mwongezeko.

Taratibu za kufuatiwa
Kwa ruhusa yako tutapitia kumbukumbu zako za matibabu ili kupata taarifa juu ya uchunguzi wa
maabara uliofanywa tangu ulipoanzishwa matibabu ya kuzuia Kifua kikuu kupitia dawa ya
isoniazid (IPT). Tutaangalia pia ikiwa umeathiriwa na isoniazid. Utaulizwa maswali machache
kuhusu ukabila wako, ikiwa unatumia madawa mengine yoyote au bidhaa za mitishamba,
kiwango cha elimu, hali ya ndoa, ikiwa unakunywa au unavuta sigara, ni mara ngapi unachukua
dawa na ikiwa umeathirika na madawa unayochukua. Pia tutakusanya sampuli ya damu kutoka
kwako
Vigezo vya Uchaguzi
Utachaguliwa kushiriki katika utafiti huu ikiwa unakidhi vigezo vifuatavyo

I. Umekuwa kwenye tiba ya kuzuia kifua kikuu kwa kutumia dawa ya isoniazid kwa angalau

wiki 4

I1. Una miaka angalau 18 na zaidi
[1l. Umetoa idhini iliyoandikwa yenye ujuzi kushiriki katika utafiti
Hatari

Hakuna hatari zinazohusika katika utafiti huu kwako

Haki na usalama

ili kulinda haki zako na usalama kama mshiriki anayejihusisha katika utafiti huu, Kamati ya
Chuo Kikuu cha Utafiti na Maadili ya Nairobi itashughulikia itifaki ya utafiti na mchakato wa
ruhusa kabla ya kuanza utafiti.

Faida

Utafiti huu unaweza kuwa kwa faida kwako na wagonjwa wengine wa VVU kwenye tiba ya
kuzuia kifua kikuu kwa kutumia isoniazid (IPT) kwa kuwa itatumika kuongeza matokeo ya
matibabu kwa wagonjwa wenye polymorphisms ya NAT2 ambao wanaweza Kkupata
hepatotoxicity. Inaweza pia kuwajulisha watunga sera juu ya haja ya kurekebisha miongozo juu

ya upimaji wa pharmacogenomics.
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Hakikisho la Usiri

Taarifa zote tunayokusanya kwa ajili ya utafiti huu zitahifadhiwa kama siri. Jina lako
halitatumiwa wakati wa utunzaji wa data au katika machapisho yoyote yaliyotokana.Nambari za

siri zitatumiwa badala yake. Kumbukumbu zako za matibabu zitahifadhiwa chini ya kufungwa

na ufunguo na habari zitapatikana kwa watu wenye mamlaka tu.

Mawasiliano

Ikiwa una maswali yoyote kuhusu utafiti huu, unaweza kuyauliza sasa au wasiliana na Reveszt

Akumu kwenye simu ya mkononi 0712866492

Mtafiti mkuu

Akumu Reveszt Maugo

Idara ya pharmakolojia na Pharmakognosia
Shule ya Pharmacy,

Chuo Kikuu cha Nairobi

SLP, 35079- Nairobi. Simu: 0712-866492

Wasimamizi
Dr. Eric M, Guantai, PhD

Idara ya pharmacology na Pharmacognosy

Shule ya Pharmacy, Chuo Kikuu cha Nairobi

Dr. Margaret N Oluka, PhD

Idara ya pharmacology na Pharmacognosy
Shule ya Pharmacy, Chuo Kikuu cha Nairobi
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Fomu ya Azimio la Kibali

Mada ya utafiti:-ULINGANISHO WA UENEZI WA POLYMORPHISM YA N-ACETYL
TRANSFERASE2 KATI YA WAGONJWA KWENYE MATIBABU YA KUZUIA KIFUA
KIKUU (TB) KUPITIA ISONIAZID WENYE UPUNGUFU WA (ALT) NA WAGONJWA
KWENYE MATIBABU HAYO WASIOKUWA NA UPUNGUZI WA ALANINE
AMINOTRANSFERASE (ALT) KATIKA HOSPITALI YA KITAIFA YA KENYATTA.

Mimi (jina la mshiriki), nikiwa na umri

wa miaka 18 au zaidi na kuwa na akili timamu ya kushiriki kwenye utafiti huu ninakubali
kushiriki kwa utafiti huu. Hali ya utafiti na yatakayofanyikanimeelezwa kwa ufasaha na mtafiti
mkuu, nimepewa fursa ya kuuliza maswali kuhusu utafiti na nimepata ufafanuzi wa kuridhika.
Faida na hatari zimeelezewa wazi na ninajua kwamba Mimi niko huru kujiondoa kwenye utafiti

huu wakati wowote na hii haiwezi kuharibu huduma ninayopokea katika hospitali.

Kwa hiyo ninaruhusu kuhojiwa na kujibu maswali na kuchukuliwa kwa taarifa za matibabn

yangu Kkatika faili yangu kwa madhumuni ya utafiti huu

MM L e nikiwa mtafiti wa utafiti huu nimeelezea
kwa kutosha kwa mshiriki juu ya asili na madhumuni ya utafiti na amekubali kushiriki kwa hiari
katika utafiti

Sahihi.....oooo i, SIMUL. e

Tarehe. ..oooovee
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Appendix F: data abstraction form

Data Collector

Patient study number

Date of Collection

A) Patient Demographics

Age (years) Weight

Body Mass Index (BMI)

Height

Gender Male Female

Marital status Married Single Divorced
Highest education level Degree Diploma High School
Ethnicity =~ Mother Father

Smoker Yes No

Alcohol use Never Occasionally Regularly
B)Medical history

Date diagnosed with HIV

Date of HAART initiation

Date of IPT initiation

Dose of IPT
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Concurrent medical conditions at the time of data collection

Time last meal was taken (to be collected during sample collection)

Allergies Yes No

If Yes give details

C) Laboratory Parameters at Baseline

Date Value Normal Value

ALT

CDF cell count

Laboratory Parameters during treatment

Date

Parameter 1t 2nd 3 4" 5" 6"

ALT

CDF cell count
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D) Medication History

(Only list the medication that patient has been taking at least 2 weeks before and after sample
collection)

Drug name Dose Frequency

Antiretrovirals

Others

10.

11.

F) Adverse Drug Reactions
List of adverse drug reactions experienced while in treatment

1. S.
2. 6.
3.
4.
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