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ABSTRACT

Objective: Tuberculosis (TB) remains a global health problem, with medications having adverse effects
including drug-induced hepatotoxicity. We determined the prevalence of anti-tuberculosis drug-
induced hepatotoxicity and associated risk factors.

Methods: Retrospective cross-sectional study in Botswana including TB patients admitted from
1 June 2017 to 30 June 2018. Anti-TB drug-induced hepatotoxicity was categorized according to
WHO criteria whereas causality assessment was made according to the updated Roussel Uclaf
Causality Assessment Method (RUCAM) scale. The association between hepatotoxicity and included
variables was undertaken by binary logistic regression.

Results: Out of 112 patient files, 15 (13.4%) developed hepatotoxicity after an average of 20.4 days
from the start of treatment. Grade 3 and 4 hepatotoxicity was found in 66.7% of the cases. According to
the updated RUCAM tool, 86.7% of patients were categorized as having possible anti-TB-associated
hepatotoxicity. Patients with elevated baseline alanine transaminase (ALT) were more likely to develop
hepatotoxicity (OR = 3.484, 95% Cl = 1.02-11.90). Patients with normal hemoglobin (Hb = 12 g/dl) were
also more likely to develop hepatotoxicity (OR = 4.413, 95% Cl = 1.160-14.8).

Conclusion: Overall, normal hemoglobin and elevated baseline ALT levels were significantly associated
with anti-TB drug-induced hepatotoxicity. Additional research is needed to explore this association
further.
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Significant strides have been made between 2000 and 2018
to reduce TB mortality worldwide as seen by a 27% decrease
in TB mortality among HIV negative patients, and a 60%
reduction among HIV co-infected patients, during this period
[1]. This is important in Sub-Saharan African countries such as
Botswana with a high burden of TB-HIV co-infection versus
other countries with just a high TB burden [1]. This high
burden is exacerbated by high prevalence rates of patients
with HIV within Botswana, with treatment of these patients
helped by free anti-retroviral treatment (ART) as part of uni-
versal access to health care in Botswana [9-12].

Botswana, like many Sub-Saharan African countries, cur-
rently has a high incidence and mortality from TB; however,
the downward trend observed in the global incidence has also
been noted in Botswana [2]. The notification rate was high at
506 per 100,000 people in 1975 decreasing to 199 cases per
100,000 people in 1989 due to successful TB control efforts [9].
However, this decline was reversed with 623 new cases per
100,000 people in 2002, one of the highest in the world [9].
This increase was likely driven by the increase in the number
of people infected with HIV at the time resulting in the twin
epidemics of TB and HIV [9,13]. After 2002, there was typically
a downward trend with 361 cases per 100,000 in 2010 and 272
cases per 100,000 in 2016 [2,13,14]. It is believed that the

1. Introduction

Tuberculosis (TB), is a communicable disease caused by
Mycobacterium tuberculosis, and remains an important public
health problem affecting millions of people worldwide [1].
Despite the fact that the incidence of TB has been declining at an
average rate of 1.6% per year between 2000 and 2018, and 2.0%
between 2017 and 2018, globally an estimated 10.0 million people
fell ill with TB in 2018 [1]. Two-thirds of these cases were found in
eight of the 30 TB high burden countries including Nigeria and
South Africa among Sub-Saharan African countries [1]. People
living with human immunodeficiency virus (PLWH) accounted for
8.6% of these cases; however, the proportion of TB cases co-
infected with human immunodeficiency virus (HIV) was highest
in the WHO African Region, exceeding 50% or more in parts of
Southern Africa [1,2]. This reflects the fact that patients with HIV are
at a far greater risk of developing TB in view of their weakened
immune systems and difficulties responding to harmful immune
responses [3-6]. Of the current 37.9 million people worldwide
living with HIV, 25.7million are living in Africa especially Eastern
and Southern Africa [7,8]. An appreciable proportion of patients
with TB also currently live in Sub-Saharan Africa [1]. This is
a concern as TB remains the leading cause of death among HIV
patients, accounting for a third of all AIDS-related deaths [7].
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Article highlights

e Tuberculosis (TB) remains an important public health problem affect-
ing millions of people worldwide.

e Botswana, like many Sub-Saharan African countries, currently has
a high incidence and mortality from TB.

¢ Adherence to anti-tuberculosis treatment (ATT) is crucial in getting
good TB treatment outcomes. Side effects from ATT including hepa-
totoxicity results to poor treatment compliance.

¢ Anti-tuberculosis-associated hepatotoxicity occurred in 13.4% of the
study participants.

o Elevated baseline alanine transaminase (ALT) and normal hemoglobin
(= 12 g/dl) were the only factors associated with occurrence of ATT
hepatoxicity in this study

combined concerted efforts of the Botswana national TB and
HIV programs facilitated this appreciable reduction [2,9].

The current treatment regimen for drug-sensitive TB in
Botswana includes an initial phase for 2 months with a fixed-
dose combination (FDC) containing Rifampicin (RIF), Isoniazid
(INH), Pyrazinamide (PZA) and Ethambutol (EMB) - HREZ, which
is similar to other countries [15-17], and a continuation phase with
a FDC containing HRE [13]. Adherence to anti-tuberculosis treat-
ment (ATT) is crucial in obtaining good TB treatment outcomes.
Several factors can lead to poor adherence to treatment, with one
of the key factors being the side effects from ATT [18-22]. Other
factors include a lack of a support network, long waiting times to
see healthcare professionals as well as HIV co-infection [19,20,23].
In addition, long distances to the hospital with associated costs
especially if patients use public transport, lack of repeated sputum
spears during follow-up, being transferred to a different facility
after the intensive phase and poor knowledge about TB treatment
[19,21,24]. The adverse effects from ATT range from minor to more
severe effects, and can negatively impact on treatment outcomes
[25,26]. Rates of adverse effects from ATT can be as high as 16.6%
and 4.46% among HIV infected and uninfected patients, respec-
tively [27], with published studies also reporting high rates of
adverse effects in patients treated with both ATT and anti-
retroviral treatments (ART) [28,29]. The most frequently reported
adverse effects from ATT include gastrointestinal tract side-effects
and drug-induced hepatitis [17,30,31]. Other common side-effects
include anorexia and abdominal pain followed by peripheral neu-
ropathy [27,30,32]. In their study, Gholami et al. [32] found that
hepatobiliary side-effects accounting for 37% of the reported side-
effects of patients prescribed ATT (25% hepatitis, 11.2% increased
liver transaminases).

Despite the fact that hepatotoxicity is frequently encoun-
tered in patients prescribed ATT, its prevalence is currently
unknown in Botswana. This is a concern given high rates of
HIV and TB in Botswana, high rates of co-morbidity and
patients with combined HIV and TB having an increased risk
of adverse events. Consequently, we sought to address this by
investigating the prevalence of ATT-induced hepatotoxicity,
and eliciting associated factors, among hospitalized patients
in Gaborone, Botswana. We believe this is important alongside
initiatives to improve the Tuberculosis Register Data Quality in
Botswana, address concerns with undetected TB among hos-
pitalized patients in Botswana, increase the number of
patients with TB with known HIV being started on ART and

ongoing policies generally to improve the management of
patients with both HIV and TB in Botswana [6,45-48]. The
findings can be used to help guide future management stra-
tegies in Botswana for patients with TB including those
with HIV.

2. Methods
2.1. Study design, setting and participants

A retrospective cross-sectional study was undertaken at
Princess Marina Hospital (PMH), a tertiary level care hospital
in Gaborone, the capital city of Botswana, treating patients
with HIV and TB [35]. All the medical and specific TB registries
for patients who were admitted onto the medical wards from
1 June 2017 to 30 June 2018 were reviewed to identify
patients meeting the inclusion criteria for the study popula-
tion. The inclusion criteria included patients with confirmed or
presumed TB on anti-tuberculosis treatment for 7 or more
days on the day of admission, and exclusion criteria included
patients with confirmed multi-drug resistant (MDR) and exten-
sively drug-resistant (XDR) TB drug-resistant TB as well as
those patients being treated with second-line TB drugs. The
principal reasons for these inclusion/exclusion criteria were
firstly to provide a platform for comparison with previous
similar studies [27,36,37]. Secondly, patients fitting the exclu-
sion criteria are typically followed up at a specialized facility in
Botswana other than the site for this study.

2.2. Sample size calculations

Based on the prevalence of anti-tuberculosis drug hepatotoxi-
city of 5.7% and 1.3% among HIV infected and uninfected
patients, respectively, in a study in Kenya [27], the sample
size was calculated using a previous formula for prevalence
in a cross-sectional study [38], i.e. N = (Z a/2? pq)/d® where
N is the sample size, Z is the statistic corresponding to the
level of confidence, p is expected prevalence, and d is degree
of freedom. Based on a prevalence of 57%, p = 0.057,
g = 1p = 0943, d = 5%, Z o/2 = Z 0.025 = 1.96.
N = ((1.96)* x (0.057) (0.943/(0.05)* = 82.59 = 83. With inten-
tion to recruit a minimal sample size of 83 patients; given the
patients’ charts assessed, we ended up with 112 patients as
depicted in Figure 1

2.3. Data collection procedures

Data were collected by means of a structured case report form
by the first author (BK). Staff from the medical records depart-
ment assisted with tracing the files. The first step in data
collection was to identify the study population, which was
performed by preparing a list after revisiting the admission
registers and the TB registers in the medical wards.
Information not available from the files such as laboratory
results was sought from the hospital’s Integrated Patient
Management System (IPMS).

Files of patients meeting the inclusion criteria were identi-
fied to obtain the denominator when calculating prevalence
rates. Patients meeting the case definition were identified. The
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Number of patients labelled as TB =
360

Excluded =113

e no medical record

v

number=24
e no files found=89

Total Tb patient files retrieved
=247

Excluded = 119
e <7 days on treatment=36

e Other diagnosis=78
e Liver friendly regimen=2
e Missing notes=3

v

Total patients meeting criteria
=128

A

Excluded =16
> e Missing liver enzyme
results

Included in final analysis = 112

Figure 1. Flowchart of retrieved participants.

flowchart of patients is shown in the results section (Figure 1).
Efforts were made to go through the patients admission notes
to identify other independent variables including age, gender,
whether pulmonary or disseminated TB, duration of TB treat-
ment, previous history of TB, preexisting liver disease, HIV
status (CD4 count when applicable), co-morbid conditions,
concomitant drugs prescribed, and any work up undertaken
such as hepatitis serology and autoimmune screening.

2.4. Operation definitions

A case of anti-tuberculosis drug-induced hepatotoxicity was
defined as ‘An increase in transaminases of >3 times upper limit
of normal (ULN) with any symptoms of nausea, vomiting, anor-
exia, abdominal pain, and jaundice OR increase in transami-
nases >5 times ULN [39]. The reference ranges for
transaminases, alanine transaminase (ALT), and aspartate
transaminase (AST), to determine ULN were adopted from
specific reference ranges of PMH chemistry laboratory and
are quoted in the results section. Results of transaminases
considered in this study were those performed on the day of
admission and initial bloods on TB treatment initiation if avail-
able on patients’ charts or the hospital’s IPMS. Hepatotoxicity

severity based on ALT was graded according to World Health
Organization (WHO) scoring system [40] as shown in Table 1.

2.5. Causality assessment

Proving that a certain medicine is the cause of drug-induced
hepatotoxicity is challenging and as a result, there are several
causality assessment methods that have been developed to
assess the probability of a medicine being responsible for
hepatotoxicity [41,42]. For the purpose of this study, a liver-
specific probability scale called the Roussel Uclaf Causality
Assessment Method (RUCAM) (updated) was used. RUCAM,
which is also known as the Council of International
Organization on Medical Science (CIOMS) scale, was intro-
duced in 1993. RUCAM assigns points to important features

Table 1. Definition of hepatotoxicity according to the WHO adverse drug reac-

tion terminology.
Grade 1 (mild)
Grade 2 (mild)
Grade 3 (moderate)
Grade 4 (severe)

<2.5 times ULN* (ALT 51-125 U/L)

2.5-5 times ULN (ALT 126-250 U/L)
5-10 times ULN (ALT 251-500 U/L)
>10 times ULN (ALT > 500 U/L)

NB: *ULN refers to upper limit of normal; ALT = alanine transaminase.
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of liver injury, with a resultant overall assessment score gen-
erated that reflects the likelihood that hepatic injury is due to
the medication(s) in question [41,43,44]. The overall grading
leads to causality assessment categorized as highly probable
(score of 9 or more), probable (6-8), possible (3-5), unlikely
(1-2) or excluded for scores of 0 [44], with RUCAM remaining
the most widely used method for prospective and retrospec-
tive studies worldwide [41]. Improvements in RUCAM lead to
the development of the updated RUCAM, which was used to
categorize patients with hepatotoxicity in this study. The
updated RUCAM has separate scales that takes into considera-
tion the classification of liver injury into hepatocellular injury,
cholestatic, and mixed liver injury [44].

2.6. Data analysis and statistics

All analyzes were conducted using Stata v.13 (Stata Statistical
Software: Release 13. StataCorp). Since the study was evaluat-
ing the prevalence of anti-TB drug-induced hepatotoxicity, the
prevalence was calculated as a ratio of the number of patients
who had anti-TB drug-induced hepatotoxicity divided by the
total number of patients on TB treatment during the study
period. The results were presented as means (standard devia-
tion), median (interquartile range), or frequencies of given
characteristics. Chi-square test or Fisher’s exact test whenever
appropriate were used to compare patients with and without
hepatotoxicity. Bivariate logistic regression was performed on
all socio-demographic, clinical, co-morbid, and laboratory
parameters to determine associations for hepatotoxicity.
However, since the bivariate analysis computed several vari-
ables with Odds ratios of almost zero, it was not possible to
perform a multivariate logistic regression. A p-value of <0.05
was considered statistically significant.

2.7. Ethics approval

Ethical approval for research was sought and obtained from
the Ministry of Health Botswana, Princess Marina Hospital and
University of Botswana Institutional Review Boards. The waiver
of patient consent was obtained as this was a retrospective
study, with patient confidentiality waivered throughout.

3. Results

In this study, 360 patients were labeled as having a diagnosis of
TB disease in either the nursing or TB registers in medical wards
during the study period. Out of patients with a diagnosis of TB,
247/360 (68.6%) files were retrieved from medical records. The
missing files either had old identifiers (PM numbers) and had
been moved away from the hospital for storage (89 files) or their
identifier numbers (PM) were not recorded (24 files). From 247
files that were retrieved, 78 patients had other diagnoses (were
never on TB treatment) and 128 met the inclusion criteria.
Sixteen (16) files among the patients meeting inclusion criteria
were further excluded as they had missing results of liver
enzymes (transaminases). Hence, the final analysis comprised
data extracted from 112 files (Figure 1).

3.1. Socio-demographic, clinical characteristics and
co-morbidity conditions of study participants

The median age (interquartile range) of study participants was 41
(IQR = 29-46) years with the majority of patients being female, 72/
112 (64.3%). Diagnosis of TB was made either by symptoms or
symptoms and radiological evidence combined in 64/112 (57.1%)
and 33/112 (29.5%) of patients, respectively. Disseminated and
extrapulmonary TB put together accounted for 59/112 (52.7%)
cases, with the majority of patients on the initiation phase of TB
treatment, 100/112 (89.3%). Of note, 49/112 (43.8%) and 21/112
(18.8%) of patients had been on TB treatment for less or equal to
15 days and more or equal to 45 days, respectively. The majority of
study participants were HIV positive, comprising 91/112 (81.2%);
and over half of them (53.9%) had a CD4 count of less or equal to
200 umol/l. Among patients on ART, 40/57 (70.2%) were on
a dolutegravir-based regimen. None of the patients had a history
of liver disease; however, 14/112 (12.5%) of the patients had
a history of renal disease and 20/112 (18.2%) had other chronic
medical conditions. The remaining of sociodemographic, clinical,
and co-morbid characteristics is summarized in Tables 2 and 3.

3.2. Prevalence of TB-associated hepatotoxicity

Hepatotoxicity occurred in 15/112 (13.4%) of the study
patients (Table 3 and Figure 2). According to the updated
RUCAM tool, 13/15 (86.7%) of the patients were categorized
as having possible anti-TB-associated hepatotoxicity while 2/
15 (13.3%) were categorized as probably due to ATT asso-
ciated hepatotoxicity.

3.3. Laboratory parameters of study participants

Overall, 89 (76.4%) and 83 (74.1%) of the patients had
a documented baseline ALT and AST, respectively. There
were 21 (23.6%) patients with an abnormal baseline ALT and
41(49.4%) with an abnormal baseline AST. Alkaline phospha-
tase (ALP) was abnormal at baseline in 38 (48.1%) and GGT in
43 (55.8%) of the patients with available results, respectively.
Of the 80 patients with a documented baseline albumin, 69
(86.3%) had hypoalbuminemia. On the other hand, 52 (61.9%)
and 47(56.6%) of patients had a normal baseline white cell
count and platelet count, respectively, whereas a majority of
the patients were anemic, 64/84 (76.2%) (Table 4).

3.4. Grading of hepatotoxicity

Using the WHO grading system for degree of severity, Grade 2,
3, and 4 hepatotoxicity accounted for 5/15 (33.3%), 2/15
(40.0%), and 4/15 (26.7%) of patients, respectively.

3.5. Association between hepatotoxicity and hepatitis
serology/Autoimmune screen

Only 2/15 (13.3%) patients with hepatotoxicity had serology
results for HbsAg; the results being negative in both cases.
Hepatitis C serology was not performed for any of the patients
with hepatotoxicity; this was also true for autoimmune
screening.



Table 2. Sociodemographic and clinical characteristics of study participants

(N =112).
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Table 3. Clinical characteristics of study participants (N = 112).

Percentage

Variable Frequency Percentage(%) Variable Frequency (%)

Age in years (Median, IQR) 41, (IQR = 29-46) CD4 count in umol/l (For HIV Positive)
<20 6 5.4 <50 20 220
20-35 42 375 51-100 14 15.4
36-50 46 411 101-200 15 16.5
51-65 13 11.6 >200 27 29.7
>65 5 45 Unknown 15 16.5

Gender HAART treatment status
Male 40 357 Yes 58 63.7
Female 72 64.3 No 33 36.3

Marital status HAART regimen
Single 80 714 Efavirenz based 14 246
Married 16 14.3 Nevirapine based 3 53
Widowed 2 1.8 Dolutegravir based 40 70.2
Divorced 1 0.9 Duration on HAART (months)

Cohabiting 5 45 <6 17 425
Unknown 8 7.2 6-12 5 125

Level of education 13-24 5 12.5
No formal/primay education 1 15.9 >24 13 325
Secondary education 45 65.2 Viral Load*

Tertiary education 13 18.8 Suppressed 16 55.2

Occupation Not supressed 13 44.8
Government/Non-Government 32 29.1 History of liver disease
Student 8 73 Yes 0 0
unemployed 60 54.5 No 112 100.0
Retired 5 45 History of renal disease
Unknown 5 4.5 Yes 14 125

Mode of TB diagnosis** No 98 875
Symptoms 64 57.1 Other chronic medical conditions*

Radiological 7 6.3 Yes 20 18.2
Smear 2 1.8 No 90 81.8
Genexpert 3 2.7 Alcohol history*

Symptoms and Radiological 33 29.5 Previous drinker 32 42.1
Symptoms and Smear 2 1.8 Current drinker 1 14.5
Symptoms and Geneexpert 1 0.9 Never had alcohol 33 434

Site of TB Duration of alcohol intake overall (months)

Pulmonary 53 473 <12 1 3.2
Extrapulmonary 38 339 12-24 2 6.5
Disseminated 21 18.8 25-60 3 9.7

Treatment regimen >60 25 80.6
HRZE 100 89.3 Concomitant hepatotoxic drugs (number of
HRE 12 10.7 patients)*

Symptoms on presentation : Yes 94 84.7

Anorexia 6 5.4 No 7 15.3
Nausea 3 2.7 Concomitant drugs in use (n = 112)**
Vomiting 4 36 Antibiotics 89 79.5
Abdominal pain 7 6.3 Antiepileptics 3 2.7
Jaundice 1 0.9 Paracetamol 44 39.3
Vomiting and abdominal pain 1 0.9 Cotrimoxazole 65 58.0
Anorexia and abdominal pain 14 12.5 Fluconazole 21 19.8
No symptoms 76 67.9 Traditional medicine 0 0

Duration of TB treatment Others 74 66.1
Less than 15 days 49 438 Hepatotoxicity
15-29 days 28 25.0 Yes 15 134
30-44 days 14 12.5 No 97 86.6
45, days or more 21 188 NB: *Lack of documented information in patients’ medical records; **Some patients

Previous TB diagnosis were on multiple drugs explaining the overlap and numbers exceeding 112.
Yes 22 19.6
No 90 80.4

Duration since previous TB diagnosis®
Less than 6 months 1 83
6-12 months 1 8.3 . . . L. . . L.

More than 12 months 10 833 3.6. Bivariate logistic regression of association between

HIV status hepatotoxicity and socio-demographic, clinical and
Positive 91 81.2 comorbid conditions
Negative 21 18.8

NB: Lack of documented information in patients’ medical records; **Majority of Patients who developed hepatotoxicity had a median age
participants were sputum smear-negative documented in the TB treatment of 36 (IQR = 27-38) years, which was lower compared to
card; hence were diagnosed by other modalities such as radiology and symp- those who did not develop hepatotoxicity who had a

toms; HIV = human immunodeficiency virus; HRZE- = Rifampicin (RIF), Isoniazid )
(INH), Pyrazinamide (PZA) and Ethambutol (EMB); TB = Tuberculosis. median age of 41 years (IQR = 30-47) years; however,



6 e B. KESENOGILE ET AL.

hepatotoxicity
o _
[co}
o _|
©
4
C
[0}
S o
<
[a
o _|
AN
o p—
Yes No
Figure 2. Prevalence of anti-TB hepatotoxicity among the study participants.
Table 4. Laboratory characteristics of study participants.
Variable Frequency Percentage (%)
Alanine aminotransaminase (ALT) in U/L at TB treatment initiation
Normal(11-41) 68 76.4
Elevated (< 3X)** 21 23.6
Aspartate aminotransaminase (AST) in U/L at TB treatment initiation
Normal (10-34) 29 349
Elevated (< 3X)** 41 49.4
Alkaline Phosphatase (ALP) in IU/L at initiation
Normal (35-110) 41 51.9
Elevated (> 110) 38 48.1
Gamma glutamyl transpeptidase (GGT) in U/L at initiation
Normal (11-50) 34 442
Elevated (> 50) 43 55.8
Albumin in g/I
Normal (35-55) 1 13.8
Hypoalbuminemia (< 35) 69 86.3
White cell count
Normal (4-11) x 10°/L 52 61.9
Abnormal (<4 and >11) x 10°/L 32 38.1
Hemoglobin in g/dl
Normal (>12) 20 238
Anemia (< 12) 64 76.2
Platelet count in U/L
Normal (150-400) 47 56.6
Thrombocytopenia (< 150) 21 253
Thrombocytosis (> 400) 15 18.1

NB: **Refers to < Upper limit of normal range quoted in Table 1 above.
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Table 5. Association between hepatotoxicity and socio-demographic, and clinical characteristics.

Number with Number without

Variable Hepatotoxicty N (%) Hepatotoxicty N (%) Unadjusted OR (95%Cl) p-value

Age in years (Median, IQR)
<35 36, (IQR = 27-38) 41, (IQR = 30-47) 1.033 (0.985-1.083) 0.177
36-50 7 (14.6) 41 (85.4) 0.345 (0.039-3.018) 0.336
>50 7 (15.2) 39 (84.8) 0.328 (0.037-2.874) 0.314

1 (5.6) 17 (94.4) Reference

Gender
Female 4 (10.0) 36(90.0) 0.616(0.183-2.079) 0.435
Male 11 (15.3) 61(84.7) Reference

Marital status
Single 13 (16.3) 67 (83.8) 1.718 (0.166-17.831) 0.650
Married 0 (0.0 16 (100.0) - 0.998
Widowed 0 (0.0) 2 (100.0) - 0.999
Divorced 0 (0.0) 1 (100.0) - 1.000
Cohabiting 0 (0.0 5 (100.0) - 0.999
Unknown 1 (25.0) 3 (75.0) Reference

Level of education
Primary or less 1(9.1) 10 (90.9) 0.833 (0.046-15.086) 0.902
Secondary 6 (13.3) 39 (86.7) 0.542 (0.059-4.956) 0.587
Tertiary 1(7.7) 12 (92.3) Reference

Occupation
Employed 4 (12.5) 28 (87.5) >1000 0.999
Student 0 (0.0) 8 (100.0) 0.810 (0.229-2.868) 0.743
unemployed 9 (15.0) 51 (85.0) 0.571 (0.050-6.483) 0.652
Retired 1 (20.0) 4 (80.0) >1000 0.999
Unknown 0 (0.0) 5 (100.0) Reference

Mode of TB diagnosis 9 (14.1) 5 (85.9) >1000 0.999
Symptoms 0 (0.0) (100 0) >1000 0.999
Radiological 0 (0.0 2 (100.0) >1000 0.999
Smear 0 (0.0) 3 (100.0) 0.736 (0.238-2.282) 0.596
Genexpert 6 (18.2) 27 (81.8) >1000 0.999
Symtoms and radiological Symptoms and Smear 0 (0.0) 2 (100.0) >1000 1.000
Symptoms and Geneexpert 0 (0.0) 1 (100.0) Reference

Site of TB
Pulmonary 3(5.7) 50 (94.3) 2.778 (0.513-15.032) 0.236
Extrapulmonary 9(23.7) 29 (76.3) 0.537 (0.128-2.251) 0.395
Disseminated 3 (14.3) 18 (85.7) Reference

Treatment regimen
HRZE 15 (15.0) 85 (85.0) >1000 0.999
HRE 0(0.0) 12 (100.0) Reference

the difference was not statistically significant. Male statistically significant (p-value = 0.046; OR = 3.484, 95%

patients had higher rates of hepatotoxicity (15.3%) com-
pared to female patients (10.0%); however again, the dif-
ference was not statistically significant (p-value = 0.435).
Other analyzed variables including the mode of diagnosis,
site of TB, history of previous TB, duration of TB treatment,
HIV status, CD4 count for HIV positive patients, history of
other co-morbid conditions, alcohol consumption, and the
use of concomitant hepatotoxic drugs were not signifi-
cantly associated with anti-TB drug-induced hepatotoxi-
city. Of note is the fact that the antiretroviral regimen
type was also not associated with the occurrence of anti-
TB-associated hepatotoxicity (Tables 5-7).

3.7. Bivariate logistic regression of association between
hepatotoxicity and laboratory parameters

Patients who had elevated baseline ALT, 6/21 (28.6%) were
more likely to develop hepatotoxicity compared to those with
normal baseline ALT, 7/61 (10.3%). The association was

Cl = 1.020-11.900).

As regards hemoglobin levels, patients categorized as
having normal hemoglobin (Hb =12 g/dl) were more likely
to develop hepatotoxicity compared to patients with ane-
mia (Hb <12 g/dl) at baseline (30.0% versus 9.4%). The
association was statistically significant (p-value = 0.029;
OR = 4413, 95% Cl = 1.160-14.8). The rest of studied
laboratory parameters was not associated with hepatotoxi-
city (Table 8).

4. Discussion

We believe this is the first study to investigate the pre-
valence of ATT-induced hepatotoxicity, and associated fac-
tors, among patients with TB in Botswana. The prevalence
of hepatotoxicity among patients on ATT in this study was
13.4%, similar to the findings from studies undertaken
outside of Africa where the prevalence ranged from 2%
to 28% [39,45-48]. The prevalence of hepatotoxicity in this
study also compares with studies performed in Ethiopia
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Table 6. Association between hepatotoxicity and clinical characteristics.

Variable Number with Hepatotoxicty N (%) Number without Hepatotoxicty N (%) Unadjusted OR (95%Cl) p-value

Symptoms on presentation
Anorexia 2 (33.3) 4 (66.7) 0.303 (0.049-1.876) 0.199
Nausea 1(33.3) 2 (66.7) 0.303 (0.025-3.658) 0.348
Vomiting 0 (0.0) 4 (100.0) >1000 0.999
Abdominal pain 0 (0.0) 7 (100.0) >1000 0.999
Jaundice 0 (0.0) 1 (100.0) >1000 1.000
Vomiting and abdominal pain 0 (0.0) 1 (100.0) >1000 1.000
Anorexia and abdominal pain 2 (14.3) 12 (85.7) 0.909 (0.177-4.677) 0.909
Anorexia, nausea, vomiting and abdominal pain 10 (13.2) 66 (86.8) Reference

Duration of TB treatment in days
Less than 15 6(12.2) 43 (87.8) 0.512 (0.148-1.773) 0.291
15-29 6 (21.4) 22 (78.6) 0.512 (0.110-2.377) 0.392
30-44 3 (21.4) 11 (78.6) Reference 1.000
45 or more 0 (0.0) 21 (100.0) >1000

Previous TB diagnosis
Yes 2 (9.1) 20 (90.9) 0.592 (0.123-2.841 0.395
No 13 (14.4) 77 (85.6) Reference

Duration since last TB diagnosis (months)
<6 1 (100) 0 1 (100) 8 (80) Reference
6-12 0 >1000
>12 2(20) >1000

HIV status
Positive 12 (13.2) 79 (86.8) 0.911 (0.233-3.568) 0.894
Negative 3 (14.3) 18 (85.7 Reference

CD4 count in umol/L (For HIV Positive)
<50 2 (10.0) 18 (90.0) 0.407 (0.059-2.835) 0.364
51-100 3 (21.4) 11 (78.6) 0.444 (0.064-3.070) 0.411
101-200 3 (20.0) 12 (80.0) 1.389(0.179-10.805) 0.754
>200 2 (7.4) 25 (92.6) 0.722 (0.090-5.814) 0.760
Unknown 2 (13.3) 13 (86.7) Reference

HAART status
Yes 6 (10.3) 52 (89.7) Reference
No 6 (18.2) 27 (81.8) 0.519 (0.153-1.765) 0.2940
Not applicable 0 (0.0) 3 (100.0) >1000 0.999

and South Africa [49-51]; however, our prevalence rates
were lower than a study conducted in Morocco which
found the prevalence of ATT hepatotoxicity at 24.6%
[52]. The reason for these differences could be differences
in phenotype and genotype among the populations as
well as case definitions. In addition, a previous study has
shown discrepancies among the different causality scales
in assessing drug-induced liver injury which could also
explain differences in the findings [53].

4.1. Causality assessment

The majority of study participants (86.7%) scored as possible
ATT using the updated RUCAM. The lower scores in the
RUCAM scale leading to this categorization can be
explained by several underlying factors. These include the
fact that almost all of the studied patients had missing
serology results for hepatitis B and C and other causes of
viral hepatitis in the files and the IPMS.

While autoimmune hepatitis has been implicated to con-
tribute to ATT associated hepatotoxicity especially in
women, none of the participants in this study had results
of autoimmune screening. The other big confounder is the
concomitant use of other known hepatotoxic drugs such as
cotrimoxazole, which is usually started concurrently with
ATT in all HIV positive patients. With the majority of study
participants, 90 (81.2%), in this study being HIV positive it is

not surprising that two-thirds of those with hepatotoxicity
10/15 (66.7%) were on concurrent treatment with
cotrimoxazole.

4.2. Association between hepatotoxicity and
socio-demographic, clinical and co-morbid conditions

As mentioned, the variables studied included age, gender, mode
of TB diagnosis, site/extent of disease, duration of TB treatment,
and previous history of TB and HIV status. All these variables were
found not to be associated with the occurrence of hepatotoxi-
city, with similar findings found in other studies [51,54-56].

Previous studies have shown that patients with the habit of
heavy alcohol consumption tend to be significantly associated
with ATT hepatotoxicity [50,57,58]. However, alcohol con-
sumption was not associated with hepatotoxicity in our
study. This could be due to the retrospective nature of our
study where it was not possible to quantify alcohol intake at
the individual level. It should however be noted that the lack
of association between alcohol consumption and hepatotoxi-
city has been documented in other previous studies
[52,56,59,60].

A previous study in area with high burden of liver disease
showed that preexisting liver disease is a risk factor of anti-TB
-associated hepatotoxicity [58]. There was though no docu-
mented preexisting liver disease in this study. However, this
is unlikely to be the case in reality underlining the limitations
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Table 7. Association between hepatotoxicity and clinical characteristics/co-morbidity conditions.

Variable Number with Hepatotoxicty N (%) Number without Hepatotoxicty N (%) Unadjusted OR (95%Cl) p-value

HAART regimen
Efavirenz based 2(14.3) 12(85.7) 0.667(0.108-4.110) 0.662
Nevirapine based 0(0.0) 3(100.0) >1000 0.999
Dolutegravir based 4(10.0) 36(90.0) Reference

Duration on HAART (months)
<6 2(8.3) 22(91.7) 0.455(0.034-6.055) 0.551
6-12 1(16.7) 5(83.3) >1000 0.999
13-24 0(0.0) 5(100.0) Reference

Viral Load
Suppressed 0 (0.0) 16 (100.0) <0.001 0.999
Not suppressed 1(7.7) 12 (92.3) Reference

History of renal disease
Yes 3(21.4) 11(78.6) 1.955(0.476-8.024) 0.352
No 12(12.2) 86(87.8) Reference

Other chronic medical conditions
Yes 0(0.0) 20(100.0) <0.001 0.998
No 15(16.7) 75(83.3) Reference

Alcohol history
Previous drinker 2(6.1) 31(93.9) 2.466(0.480-12.678) 0.280
Current drinker 3(15.0) 17(85.0) 0.902(0.209-3.896) 0.890
Never had alcohol 7(13.7) 44(86.3) Reference

Duration of alcohol intake in months)
<12 1(50.0) 1(50.0) >1000 0.999
12-24 0(0.0) 2(100.0) >1000 0.999
25-60 0(0.0) 3(100.0) 9.333(0.457-190.626) 0.147
>60 3(9.7) 28(90.3) Reference

Concomitant hepatotoxic drugs
Yes 13(13.8) 81(86.2) <0.001 0.998
No 1(14.3) 6(85.7) Reference

Concomitant drugs
Antibiotics
Yes 12(13.5) 77(86.5) Reference
No 3(13.0) 20(87.0) 1.039(0.267-4.038) 0.956
Antiepileptics
Yes 0(0.0) 3(100.0) <0.001 0.999
No 15(13.8) 94(86.2) Reference
Paracetamol
Yes 3(6.8) 41(93.2) 0.341(0.091-1.288) 0.113
No 12(17.6) 6(82.4) Reference
Cotrimoxazole
Yes 9(13.8) (86.2) 1.098(0.362-3.328) 0.868
No 6(12.8) 41(87.2) Reference
Fluconazole
Yes 2(9.5) 19(90.5) 0.632(0.131-3.038) 0.566
No 13(14.3) 8(85.7) Reference
Traditional medicine
Yes 0(0.0) 0(0.0) 1.258(0.146-10.845) 0.834
No 15(13.4) 97(86.6) Reference

of retrospective studies and the fact that patients were not
thoroughly worked up for possible underlying chronic liver
diseases such as viral hepatitis and autoimmune diseases at
the time of admission onto the wards.

A history of chronic medical conditions such as chronic
pulmonary disease and chronic kidney disease (CKD) is also
associated with higher rates of ATT-associated hepatotoxi-
city [50,55,61]. However, chronic medical conditions
grouped together and individually were not associated
with hepatotoxicity in this study. This may be explained in
different ways; firstly, a small sample size not primed to pick
up this difference. However, as noted 12/15 (80%) of
patients in this study had no history of CKD. Secondly,
since this was a retrospective study, objective ways of eval-
uating for CKD such as creatinine clearance, proteinuria, and
radiology were not utilized. This is again a weakness of
retrospective studies.

Malnutrition as indicated by either hypoalbuminemia or
low BMI has been found to be associated to anti-TB drug-
induced hepatotoxicity [50,54,57,58]. Given the nature of
this study, it was not possible to calculate the BMI
because weight and height of the patients are not routi-
nely measured in medical wards in Botswana and calcula-
tion of the BMI requires these two variables. For patients
with available serum albumin results, 9/10 (90%) of
patients with hepatotoxicity had hypoalbuminemia com-
pared to 60/70 (85.7%) of patients without hepatotoxicity
who had hypoalbuminemia. The difference was not statis-
tically significantly similar to previous studies [51,56]. The
lack of association can also possibly be explained by the
fact that the majority of patients in this study, 69/80
(86.3%), had hypoalbuminemia and low serum albumin
as a negative reactive protein is not unexpected in
patients with tuberculosis [62].
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Table 8. Association between hepatotoxicity and laboratory parameters.

Number with Number without
Variable Hepatotoxicty N(%) Hepatotoxicty N(%) Unadjusted OR (95% Cl) p-value
Alanine aminotransaminase (ALT) in U/L at TB treatment initiation
Normal(11-41) 7(10.3) 61(89.7) Reference
Elevated (< 3X)** 6(28.6) 15(71.4) 3.484 (1.02-11.90) 0.046*
Aspartate aminotransaminase (AST) in U/L at TB treatment initiation
Normal (10-34) 5(13.2) 33(86.8) Reference 0.767
Elevated (< 3X)** 8(15.4) 44(84.6) 1.20 (0.359-4.000)
Alkaline Phosphatase (ALP) in IU/L
Normal (35-110) 3(7.3) 38(92.7) 0.350 (0.083-1.466) 0.151
Elevated (> 110) 7(18.4) 31(81.6) Reference
Gamma glutamyl transpeptidase (GGT) in U/L
Normal (11-50) 3(8.8) 31 Reference 0.233
Elevated (> 50) 8(18.6) 35 2.364 (0.575-9.709)
Albumin in g/l
Normal (35-55) 1(9.1) 10(90.9) Reference 0.714
Hypoalbuminemia (< 35) 9(13.0) 0(87.0) 1.499 (0.171-13.158)
White cell count x 10%/L
Normal (4-11) 9(17.3) 43(82.7) Reference 0.320
Abnormal (<4 and >11) 3(9.4) 29(90.6) 0.494(0.123-1.984)
Hemoglobin in g/dl
Normal (>12) 6(30.0) 14(70.0) 4.143(1.160-14.800) 0.029*
Anemia (< 12) 6(9.4) 8(90.6) Reference
Platelet count in U/L
Normal (150-400) 9(19.1) 38(80.9) 0.305(0.032-2.0620 0.276
Thrombocytopenia (< 150) 3(14.3) 18(85.7) 0.429 (0.040-4.578) 0.483
Thrombocytosis (> 400) 1(6.7) 14(93.3) Reference

NB: *Significant p-values are in bold; **Refers to < Upper limit of normal range quoted in Table 1 above.

4.3. Association between hepatotoxicity and laboratory
parameters

Among the liver enzymes parameters studied, baseline ele-
vated ALT was significantly associated with the occurrence of
ATT hepatotoxicity. This is similar to the findings from pre-
vious studies [37,58]. However, the lack of association
between baseline ALP and AST in this study contrasts with
findings from previous studies [37,57,58]. The possible reason
for the lack of association is that 28.6% of patients had miss-
ing ALP results. The presence of normal hemoglobin
appeared to be more associated with the occurrence of ATT
hepatotoxicity in our study, which contrasts with the findings
of a study in Peru that found anemia to be a risk for hepato-
toxicity [63]. However, the protective role of anemia has not
been reported elsewhere. The possible explanations for this
are that patients with hepatotoxicity might be adherent to TB
treatment with resulting clinical improvement unlike those
without hepatotoxicity who could have been admitted for
other conditions such as opportunistic infections that cause
anemia. In addition, studies undertaken in Ethiopia and Iran
have also revealed that patients’ hemoglobin levels have
improved as result of ATT [64,65]. Consequently, it is possible
that significantly better hemoglobin levels in patients with
hepatotoxicity in this study further indicates better adher-
ence to treatment as well as improvement of TB disease
status. In view of these findings, there is a need to conduct
prospective studies in the future to help understand the
possible role of hemoglobin levels as a risk factor for ATT
associated hepatotoxicity, and we will be following this up.

4.4. ART and hepatotoxicity

TB/HIV co-infection rate in Botswana is as high as 59.2%
[13]. The different classes of ARTs have the potential to

cause hepatotoxicity; however, this is more commonly
associated with non-nucleoside reverse transcriptase inhi-
bitors (NNRTIs). Botswana has now moved away from an
NNRTI-based regimen to a dolutegravir (DTG) first-line regi-
men [66]. The majority of HIV positive patients on ART in
this study (70.2%) were on a DTG-based regimen that is
rarely associated with hepatotoxicity [67,68]. The different
types of ART regimen were not significantly associated
with hepatotoxicity in our study, which may be partly
due to a small sample size that was not powered to
show any difference. On the other hand, the switch of
guidelines to replace NNRTIs such as efavirenz, which has
a high propensity to cause hepatotoxicity as compared to
DTG, might also have played a part.

4.5. Limitations

We are aware that there were several limitations noted in our
study. Firstly, the retrospective study design. As a result, there
were some important information that was missing, which
included socio-demographic, clinical, and comorbid aspects.
BMIs were also not routinely documented in patient’s files;
consequently, it was not possible to determine its role in
hepatotoxicity. Due to the retrospective nature of our study,
it was also difficult to elicit causality other than by use of
scores. Missing serology results for other causes of hepatitis
also occurred as most of these investigations are not routinely
undertaken at Princess Marina Hospital. This meant that we
had to rely on scores in our analysis. Prospectively, it would
have been possible to stop the treatment and assess
responses and possibly re-challenge and observe further asso-
ciations. Furthermore, this was a single-center study with
a small sample size, which means it is likely to be under-
powered to determine the significance of some variables.



In addition, this study being hospital based in a tertiary
setting is bound to have selection bias; hence, our findings
may not be representative of all patients starting TB treat-
ment in Botswana. Despite the limitations, this is the first
study of its kind in Botswana, a country with a high TB and
HIV burden. Future studies will aid our understanding in
Botswana and other similar settings in sub-Saharan Africa.

5. Conclusion

This study showed that the prevalence of ATT-associated
hepatotoxicity in this tertiary hospital in Botswana was
13.4%. Hepatotoxicity severity was categorized as grade 2 or
worse. Elevated baseline ALT and normal hemoglobin at
baseline were significantly associated with ATT hepatotoxi-
city. There is a need to undertake prospective studies with
a large sample size to foster greater understanding on this
topic in Botswana given its high rates of patients with both TB
as well as TB with HIV co-morbidity, and we will be under-
taking these in the future to help guide the improved man-
agement of these patients.
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