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ABSTRACT
Background: Liver related deaths are becoming common amongst HIV-infected individual with
longer survival on antiretroviral therapy. This study was undertaken to document derangement in
liver function tests with associated risk factors in HIV infected children and adolescents on highly
active antiretroviral therapy overtime in our health facility, for guide for intervention, and baseline
information.
Methods: A cross sectional hospital based study was conducted among HIV-infected children and
adolescents aged 6 months-18 years on antiretroviral therapy in our health institution from
February to May 2016 for the above objectives.
Results: Of the total of 161 patients studied with a mean age of 10.13Â±4.5 years, 103(64.0%)
were males, and 137 (85.1%) on 1st line HAART. Hepatotoxicity was seen in 37(22.9%) of
_____________________________________________________________________________________________________
*Corresponding author: E-mail: nebokest@yahoo.com;

Okechukwu et al.; JAMMR, 22(12): 1-11, 2017; Article no.JAMMR.34659

patients, with grade 3 and 4 toxicity (alanine aminotransaminase of 5.0 - >10.0 x ULN) being
recorded in 3.4% of those on antiretroviral therapy for <10 years and 13.3% of those >10 years.
Grade 3 and 4 hepatotoxicity was also found to be commoner in patients on zidovudine +
lamivudine + nevirapine (5.7%), zidovudine + lamivudine + lopinavir-ritonavir (18.2%), and
tenofovir + emtricitabine + lopinavir-ritonavir (100%). Risk factors for hepatotoxicity were 2nd line
medication [OR of 0.26 (CI 0.81-0.97), p value = 0.013, and co-administration with
trimethoprim/sulfamethoxazole [OR 0.18, (CI 0.55-9.59), p value =0.026)].
Conclusion: HAART was well tolerated by most children and adolescents in this study, however,
those on 2nd line medication and co-administration with trimethoprim/sulfamethoxazole need more
regular monitoring for hepatotoxicity.

Keywords: Alanine transaminase; antiretroviral therapy; aspartate aminotransferase hepatotoxicity;
HIV infection.
monocyte/macrophages and dendritic cells;
however a wide range of non-haemapoietic cells,
including liver cells can also be infected by the
virus. HIV can directly infect hepatocytes,
hepatocyte cell lines, sinusoidal cells, hepatic
stellate cells (HSCs) and Kupffer cells (KCs) [12].
An indirect effect of HIV on the liver is via the
gastrointestinal tract (GIT). HIV infection of GIT
associated CD4+ T-cells leads to increased
permeability to bacterial endotoxins such as
lipopolysaccharide (LPS) which can stimulate
hepatocytes, KCs and HSCs to produce proinflammatory cytokines and chemokines that
attracts activated lymphocytes and monocytes to
the liver thus further inducing fibrosis [13,14].
Increased systemic levels of LPS are
hypothesized to contribute to chronic immune
activation in HIV-infected patients via activation
of monocytes [13,14]. Kupffer cells are the main
cell type in the liver that responds to LPS. When
stimulated through ligation of the LPS receptor,
toll like receptor (TLR)-4, KCs produce proinflammatory cytokines [15].

1. INTRODUCTION
Over thirty-five million of the world population is
estimated to be living with the Human
Immunodeficiency Virus (HIV), and sub-Sahara
Africa alone is accounting for more than 71% of
this infection [1,2]. Nigeria which ranks second in
the global burden has 3.3 million of his
population living with the virus out of which
360,000 are children below 15 years [3].
Following increasing survival of infected patients
with highly antiretroviral therapy (HAART), liver
disease is an emerging clinical problem among
these groups of individuals [4]. Liver diseases
which ranges from abnormal liver function tests,
to liver decompensation, non-alcoholic liver
disease (NALD), non-alcoholic steatohepatitis
(NASH) and hepatocellular cancer (HCC) are
becoming common events among infected on
HAART [5-7]. Abnormal liver function test defined
as either aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) ≥1.25 times the
upper limit of normal, and low serum albumin
level of <3.5 gm/dl are measures of chronic liver
disease [8]. This was documented in 16% of
cases in a Swiss cohort study of 2,365 HIVinfected individuals who were not co-infected
with either hepatitis B or C virus by [8]. Risk
factors associated with elevated ALT were high
HIV RNA, prolonged use of antiretroviral therapy
(ART), high body mass index (BMI), alcohol
abuse and increasing age [8-10]. Ocama et al.
[11] in their 2010 cohort study of 546 HIV
infected individuals in Kampala also documented
1.5% grade 3 AST elevations after 36 months of
ART.

Hepatotoxicity from use of HAART may be
related to different classes of ART combinations.
These include nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs) and protease
inhibitors (PI) [16-18]. The severity of
hepatotoxicity may range from transient
elevations in transaminase levels to hepatic
failure and death, via a variety of mechanisms.
NNRTI such as nevirapine and efavirenz may
cause hypersensitivity [19]. NRTI, primarily
diadanosine may cause direct mitochondrial
toxicity leading to abnormal liver function [20].
Other mechanisms by which ART causes liverrelated toxicity include direct cell stress and
disturbances in lipid/sugar metabolism and
steatosis, as seen with PI [18]. The PI such as

Affectation of the liver can result from HIV
infection itself, from use of ART, from
co-morbidities, and alcohol use. HIV is known
to
infect
predominantly
CD4+
T-cells,
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ritonavir, tipranavir and darunavir has all been
associated with elevations in ALT [18]. Mild liver
toxicity was observed in 19.7% of the HIVinfected children and adolescents on ART by
[19]. Drugs commonly used in combination
with
HAART in infected patients are
trimethoprim/sulfamethoxazole (TMP-SMX) for
prevention of opportunistic infections, and antituberculous drugs (isoniazid and rifampicin) in
TB/HIV co-infection can induce cholestatic or
hepatocellular hepatotoxicity [20-22]. A metaanalysis by Steele et al. [23] also showed that
when rifampicin and isoniazid were coadministered with ART might lead to synergistic
hepatotoxicity. The mean incidences of drugrelated toxic hepatitis were found to be 1.6%
(isoniazid), 1.1% (rifampicin) and 2.6% (isoniazid
+ rifampicin) [23].

neighbouring states. Is one of the first centers in
the country to start offering free HIV/AIDS
services through the President Emergency Plan
for AIDs Relief (PEPFAR) since 2005.
The subjects were paediatric HIV infected
patients aged 6 months to 18 years and on
HAART. Consecutive eligible children attending
the POSTC were recruited and enrolled into the
study after caregivers has provided written
informed consent and children 7 years and
above provide written inform assent. All the
enrolled children were evaluated clinically in
POSTC. Weight, length/height were measured
using electronic Seca beam weighing scale
accurate to the nearest 0.01 kg, and Roche
standiometer /infantometer accurate to 0.1 cm,
and body mass index (BMI) calculated. Blood
pressure (B/P) was measured using (Accosson
Sphygomanometer, Accoson Works, Parkway,
CM19 5QP England) with appropriate cuff for
age, together with CD4 cell count, using
automated Partec Cyflow easy count kit (Partec
code no. 05-8401 Western Germany) for those
who has not done their CD4 cell count for more
than 4 weeks prior to the study, and viral load
(VL) measurement with (Roche Smp /prep /cobs
Taqman 96, USA) for those who have not done
their VL measurement in the last 6 months prior
to the study.

Most information relating to therapeutic toxicity of
HAART among HIV infected children and
adolescents are coming from developed nations,
with little or no information from the developing
countries where HIV is very common.
Management of HIV associated hepatoxicity is
usually very difficult because of the intricacies
involved in pathogenic mechanisms of liver
functioning. We therefore conducted this study
to document the markers of hepatocellular
damage [AST, ALT and alkaline phosphatase
(ALP)], liver synthetic functions [total protein
albumin, bilirubin] and liver/splenic sizes and
their risk factors among HIV infected children
and adolescents on HARRT overtime in our
health facility for timely intervention and
provision of baseline information in our
environment.

Plasma total protein and albumin were estimated
using Biuret and Bromocresol Green methods,
while serum ALT, AST and ALP were determined
by using Reflotron® Plus at 37°C (Roche
Diagnostics, Mannheim, Germany). Titers were
expressed in IU/l. Bilirubin estimation was done
using spectrophotometric Malloy and Evelyne
method. Hepatic toxic effects were graded
according to the toxicity tables of the Division of
AIDS (DAIDS) Table for Grading the Severity of
Adult and Pediatric Adverse events as follows:
Grade 1 [mild] (1.2 - 2.5 x upper limits of
normality [ULN]), grade 2 [moderate] (2.5 - < 5.0
x ULN), grade 3 [severe] (5.0 - <10.0 x ULN),
and grade 4 [potential life threatening] (>10.0 x
ULN) for ALT,AST, and ALK [24]. Hepatotoxicity
was considered to be present when ALT and
AST levels rose above the ULN. Normality was
considered to be the values defined by
Fischbach & Zawta [25]. ALT levels up to 60
IU/L, AST levels up to 40 IU/L, protein up to >5.7
g/dl, albumin >3.2 g/dl, and total bilirubin <1.0
mg/dl are defined as normal. Sonographic
assessment of liver and spleen sizes was done
using high-resolution real-time sonographic
scanners with 3.5-MHz convex transducers.

2. METHODS
A cross sectional survey of HIV infected children
and adolescents on HAART and being monitored
and followed up at the paediatric out-patient
special treatment clinic (POSTC) of the university
of Abuja teaching hospital (UATH) was carried
over a 4 months period of February to May 2016.
POSTC is an out-patient clinic service area of the
health institution where HIV infected children and
exposed babies were followed up for treatment
and monitoring. It has consulting rooms for the
doctors, nurses, and adherence counselors.
Record clerks, pharmacists, and nutritionists and
home base-care providers are also at their
disposal on week days (Monday-Friday, from
7.30 am to 4 pm.). UATH is a 350 bed capacity
referral hospital, sub-serving the people of
Federal Capital Territory (FCT) Abuja and five
3
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Ethics clearance was obtained from the ethics
committee of the health institution before the
commencement of the study. Data analysis was
computed using SPSS version 16.0 computer
software packages. Tests of significance were
the Chi-square or Fisher exact test (whenever
the expected frequency in one of the cells was
less than 5), or analysis of variance or Student's
t-test for continuous variables. Associations
between dependent and independent variables
were initially assessed using univariate analysis,
and Odds ratios (OR) calculated. Variables
that showed significant associations with
hepatotoxicity risk were then assessed by
multivariate logistic regression. Differences
between groups were considered significant at
p<0.05.

3. RESULTS
Table 1 showed the characteristics of the study
population. Of the total of 161 patients studied,
103(64.0%) were males, 137 (85.1%) were on 1st
line HAART, and 110 (68.3%) were Christians.
Their mean weight, length/height, BMI, CD4 cell
count, VL, and duration on HAART were 30.62
±12.3 kg, 136.06 ±17.8 cm, 16.01±3.0 kg/m2,
958.57 ±37.8 cells/μl, 9,717.38±47.2 copies/ml
and 7.90 ±3.2 years respectively. While their
mean systolic and diastolic blood pressures
th
remain below the 95 centile for their age and
sex, their mean serum bilirubin, protein, albumin,
liver, and splenic sizes were all also within
normal limit. However, there was slight elevation
in their mean
AST (49.50±5.1 IU/ml),

Table 1. Characteristics of the study population on first and second line antiretroviral therapy
Characteristics
Study population
Age (years)
Sex
Male
Female
Religion
Christianity
Islam
Anthropometry
Weight (kg)
Length/Height (cm)
BMI (kg/m2)
ARV duration (years)
Blood pressure (mmHg)
Systolic BP
Diastolic BP
Liver function tests
Total bilirubin (mg/dl)
Serum protein (gm/dl)
Serum albumin (gm/dl)
AST (IU/mL))
ALT (IU/mL)
ALP (IU/mL))
Liver & splenic sizes
Liver size (cm)
Splenic size (cm)
CD4 & viral load
CD4 (cells/μl)
Viral load (copies/ml)

1st line ARV (%)
137(85.1)
9.6±4.4

2nd line ARV (%)
24(14.9)
11±3.0

Total (%)
161 (100.0)
10.13±4.5

P value
0.004
0.386

90 (64.7)
49 (35.3)

13(59.1)
9(40.9)

103(64.0)
58(36.0)

0.003
0.042

96 (69.1)
43 (30.9)

14(63.6)
8(36.4)

110(68.3)
51(36.7)

0.038
0.027

29.30±1.0
133.13±1.66
16.37±0.69
9.40 ± 0.56

34.64±3.0
143.48±3.7
15.92±0.6
6.41±0.28

30.62±12.3
136.06±17.8
16.01±3.0
7.91±3.2

0.058
0.021
0.821
0.035

93.04±1.82
57.04±0.78

94.91±±2.2
55.46±2.3

93.50±9.9
56.43±10.3

0.405
0.463

2.85±1.3
17.39±2.6
4.6±0.6
45.99±3.9
80.39±18.30
347.14±22.65

4.0± 0.6
10.49±5.6
3.1 ±1.4
71.68 ±15.0
94.27±16.6
450.09 ±36.1

3.0±1.8
11.4±3.4
3.3±2.5
49.50±5.1
92.64±22.37
436.06±57.73

0.008
0.310
0.007
0.028
0.759
0.022

11.28±0.13
7.03±0.10

11.99 ±0.35
7.90±0.18

8.08±1.2
7.79±1.2

0.954
0.874

963.80±40.40
15,702.73±79.4

925.10.9 ±10.9
3,732.03±15.82

944.49±25.7
9,717.38±47.2

0.027
0.003

ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: Alkaline phosphatase, BMI: Body mass index
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Table 2. Age in years of study population and liver function test
Parameter
Wt (kg)
Lt/Ht (cm)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Serum protein (gm/dl)
Serum albumin (gm/dl)
Serum bilirubin (mg/dl)
AST (IU/mL)
ALT (IU/mL)
ALK (IU/mL)
Liver size (cm)
Splenic size (cm)
CD4 cell count (cells/μl)
Viral Load (copies/ml)

0.25 – 5
(n=24)
17.03±0.58
110.42±1.85
14.97±0.29
85.04±1.69
53.62±1.77
7.27±0.36
2.96±0.17
2.44±0.24
36.21±3.9
54.04±8.84
466.58±63.3
11.48±0.21
7.55±0.14
1202.9±10.9
2869.1±596.6

6 – 10
(n=73)
25.52±0.85
130.97±1.39
16.89±0.40
90.33±0.96
54.92±1.04
15.08±5.2
3.53±0.43
3.25±0.24
62.34±7.44
129.92±34.3
415.02±18.2
12.41±0.22
8.29±9.28
933.62±57.0
9561.9±883.5

11 – 15
(n=53)
37.28±1.40
145.03±2.65
17.92±3.77
98.79±1.05
60.43±1.35
7.63±0.36
3.11±0.11
2.83±0.18
38.25±4.9
63.60±9.5
477.28±45.2
12.17±0.18
7.83±0.14
937.81±59.2
4980.5±582.9

>16 yrs
(n=12)
51.00±3.03
157.92±4.50
18.70±1.18
103.33±2.24
58.82±0.73
13.86±5.39
3.11±0.11
3.39±0.80
48.77±16.20
74.33±23.4
319.17±76.58
12.69±0.03
7.92±9.29
711.33±10.7
57.5±12.4

P
value
0.000
0.000
0.821
0.013
0.175
0.621
0.773
0.867
0.130
0.225
0.020
0.702
0.024
0.063
0.002

ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: Alkaline phosphatase, BMI: Body mass index

ALT (92.64±22.37 IU/ml), and ALP (436.06
±57.73 IU/ml) levels respectively. Statistical
significant difference was seen in the mean total
values for serum bilirubin, albumin, AST, ALP,
st
CD4 cell count, and VL among those on 1 and
nd
2 line HAART, (p values were 0.008, 0.007,
0.028, 0.022, 0.027, and 0.003 respectively).

593.14±56.0 IU/ml for AST, ALT and ALP, and
abacavir (ABC)+3TC+LP/r 2nd line medication:
68.09±24.1
IU/ml,
197.2±74.1
IU/ml,
458.14±54.0 IU/ml for AST, ALT and ALP. While
146 (90.7%) were on HAART for less than 10
years, only 15 (9.3%) were on the drugs for
greater than 10 years (table not shown). All LFT
parameters studied except for ALP were all
statistically non-significant for < and > 10 years
(table also not shown).

Table 2 showed LFTs for different age groupings.
While liver synthetic function such as serum
albumin level was non significantly lower in 0.5-5
years (2.96 ±0.17 gm/dl) than in the others,
marker for hepatocellular damage, the AST, ALT,
ALK were also non significantly higher in 6-10
years than in the others, 62.34±7.44 IU/ml,
129.92±34.3 IU/ml, 415.02±18.2 IU/ml, for AST,
ALT, and ALP respectively. There was no
significant difference in the liver sizes for different
age ranges despite their age differences,
(p=0.702), however significant difference was
noted in splenic sizes for age range 6-10 years
and the other age ranges, (p=0.024).

Fig. 1 and Table 4 depicts grades of
hepatotoxicity Vs duration and types of HAART.
Hepatotoxicity was documented in 37(22.9%) of
the patients reviewed using ALT level of 1.2 to
>10 ULN, while no toxicity was seen in
124(77.1%). Greater than 70.0% of the patients
also had normal liver and splenic sizes, however,
while 3.4% of those on ARV for <10 years had 3
and 4 grade of hepatotoxicity (ALT of 5.0 - >10.0
x ULN), 13.3% of those on ART >10 years had
same grade of hepatotoxicity. Grade 3 and 4
hepatotoxicity was also found in patients on
AZT+3TC+NVP combination (5.7%) for 1st line
HAARTs, and TDF+ FTC+ LP/r (100%), and
AZT+3TC+LP/r (18.2%) for 2nd line combinations.

LFT and types of 1st and 2nd Line HAART was
st
shown in Table 3. For the different types of 1
nd
and 2 HAART, VL was the only study variable
that showed statistical significant difference for
the different line of HAART (p= 0.008 for 1st line,
nd
and 0.032 for 2 line). AST, ALT, and ALP was
higher for those zidovudine (AZT) + lamivudine
(3TC) + nevirapine (NVP) 1st line: 69.27±4.3
IU/ml, 192.69±16.5 IU/ml, 410.18±13.2 IU/ml for
AST, ALT and ALP, and those on tenofovir
(TDF)+ emtricitabine (FTC)+ lopinavir-ritonavir
(LP/r): 161.3±21.3I U/ml, 295.5±54.5 IU/ml,

Table 5 showed multiple logistic regression and
risk factor for hepatotoxicity using ALT levels.
nd
Use of 2 line HAART, and co-administration
with TMP-SMX were the only study variable
found have risk factors for hepatotoxicity in this
study, [OR of 0.26 (CI 0.81-2.97), p value
nd
=0.013] for 2 line, and [OR 0.18,(CI 0.55-4.89),
p value =0.026)] for TMP-SMX.
5
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Table 3. Liver function tests and type of 1 and 2
LFT
AZT+3TC+
NVP (n= 88)
7.54±1.7
3.14±0.8
2.97±0.2
69.27±4.3
192.69±16.5
410.18±13.2
11.93±1.6
7.78±1.16
889.47±36.3
6699.4±34.2

Protein (gm/dl)
Albumin (gm/dl)
Bilirubin (gm/dl)
AST (IU/mL)
ALT (IU/mL)
ALP (IU/mL)
Liver size (cm)
Splenic size (cm)
CD4 +(ul/ml)
VL (copies/ml)

1ST Line HAART
ABC+3TC+
D4T+3TC+
NVP(n= 45)
EFV (n= 4)
8.03±0.7
7.26±2.30
3.01±0.9
2.84±0.5
4.60±0.7
2.80±0.3
43.01±6.3
54.6±13.3
90.75±33.1
82.2±44.643
398.14±34.0
435.14±56.5
11.90±1.83
11.26±0.64
8.83±2.17
7.76±0.96
869.5±211.6
1185.51±6.1
281.67±22.8
59.0±2.1

P
value
0.99
0.97
0.39
0.71
0.84
0.06
0.75
0.30
0.79
0.008

nd

Line Haart

AZT+3TC+
LP/r(n= 11)
7.55±2.37
2.97±0.7
3.75±0.6
99.28±15.1
159.0±23.5
458.14±54.0
11.70±2.1
8.21±1.44
892.7±35.9
2994±35.6

2ND Line HAART
ABC+3TC+LP/r( TDF+3TC+
n= 6)
LP/r(n= 4)
7.54±1.55
8.74±2.63
3.12±0.7
2.91±0.45
3.68±1.0
1.98±0.44
68.09±24.1
25.86±7.3
197.2±74.1
54.0±17.7
418.37±45.0
388.14±64.3
12.11±1.5
11.28±1.42
7.35±0.83
8.70±1.63
901.7±13.3
1183.7±12.8
481.1±15.8
54.7±2.8

TDF+FTC+
LP/r(n=3)
8.38±1.47
3.08±0.53
3.35±1.24
161.3±21.3
295.5±54.5
593.14±56.0
12.12±1.92
8.67±1.95
938.5±14.5
20.0±0.0

Table 4. Grades of hepatotoxicity vs duration and types of Haart

LFT

HAART Duration
< 10 yrs
[n=146]
(%)

Normal Value
Grade 1 AST: 1.2 < 2.5 x ULN
Grade 2 AST: 2 < 5.0 x ULN
Grade 3 AST: 5.0 <10.0 x ULN
Grade 4 AST: >10.0 x ULN
Normal Value
Grade 1 ALT: 1.2 < 2.5 x ULN
Grade 2 ALT: 2 < 5.0 x ULN
Grade 3 ALT: 5.0 <10.0 x ULN
Grade 4 ALT: >10.0 x ULN

93(63.7)
35(24.0)
15(10.3)
3(2.1)
0(0.0)
111(76.0)
11(7.5)
19 (13.0)
2 (1.4)
3(2.1)

st

> 10 yrs
[n= 15]
(%)

14(93.3)
1(6.7)
0(0.0)
0(0.0)
0(0.0)
13(92.9)
0(0.0)
0(0.0)
1(7.1)
1(7.1)

Types of ART (1 Line)
AZT+
ABC+
D4T+
3TC+
3TC+
3TC +
NVP
NVP
EFV
[n= 88] (%) [n= 45]
[n= 4]
(%)
(%)
60(68.2)
35(77.8)
2(50.0)
18(20.5)
9(20.0)
1(25.9)
7(8.0)
0(0.0)
1(25.0)
3(3.3)
1(2.2)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
64(72.7)
42(93.3)
3(75.0
7(8.0)
2(4.4)
1(25.0)
12(13.6)
1(2.2)
0(0.0)
2(2.3)
0(0.0)
0(0.0)
3(3.4)
0(0.0)
0(0.0)

6

ND

AZT +
3TC+
LP/r
[n= 11]
(%)
10(90.9)
0(0.0)
1(9.1)
0(0,0)
0(0.0)
10(90.9)
0(0.0)
0(0.0)
0(0.0)
1(9.1)

Type of ART (2 Line)
ABC+
TDF+
TDF+
3TC+
3TC+
FTC+
LP/r
LP/r
LP/r
[n= 6]
[n= 4]
[n=3]
(%)
(%)
(%)
3(50.0)
2(50.0)
0(0.0)
1(16.7)
2(50.0)
0(0.0)
2(33.3)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
2(66.7)
0(0.0)
0(0.0)
1(33.3)
3(50.0)
2(50.0)
0(0.0)
2(33.3)
0(0.0)
0(0.0)
1(16.7)
2(50.0)
0(0.0)
0(0.0)
0(0.0)
1(33.3)
0(0.0)
0(0.0)
2(66.7)
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Fig. 1. Hepatotoxicity and liver function test
Table 5. Multiple logistic regression and risk factor for hepatotoxicity using alanine
transaminase
Variables (n)
Duration of HAART
<10 years (146)
>10 years (15)
Type of 1st line HAART
D4T+3TC+EFV (4)
ABC+3TC+NVP (45)
AZT+3TC+NVP (88)
nd
Type of 2 line HAART
TDF+EMT+LP/r (3)
ABC+3TC+LP/r (6)
TDF+3TC+LP/r (4)
AZT+3TC+LP/r (11)
Co administration with co-trimozaxol
No (64)
Yes (97)

Hepatotoxicity
Yes (%)
No (%)
35(24.0)
111(76.0)
2(13.3)
13(86.7)

OR (95% CI)

P value

7.53(1.72-10.68)

0.342

1(25.0)
3(6.6)
24(27.3)

3(75.0)
42(93.3)
64(72.7)

1.00
1.13 (0.01- 3.46)
1.25 (0.02-4.73)

0.257

3(100.0)
3(50.0)
2(50.0)
1 (9.1)

0(0.0)
3(50.0)
2(50.0)
10 (90.1)

1.00
0.26 (0.81-2.97)
0.47 (0.14-3.88)
1.59 (0.85-5.31)

0.013

0.18 (0.55-4.89)

0.026

12(18.8)
65 (67.0)

52(81.3)
34 (35.0)

from Brazil, and Switzerland among adult
population. It was however much higher than
2.7% [31] earlier reported in children from the
United State of America. These observed
differences both in adult and children might not
be unconnected to the geographical differences
of the study areas, study population, study

4. DISCUSSION AND CONCLUSION
Hepatotoxicity was seen in 22.9% of HIV infected
children and adolescents on HAART in this
study. This finding was comparable to 27.0%
from India [26], 26.5% from Myanmar [27], 19.7%
[19] 16.0% [8], 16.0% [28], and 18%-20% [29,30]
7
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design, hepatitis B and C virus co-infection, other
co-morbidities, and wide variability in the criteria
to categorize the severity of hepatotoxicity
among different studies.

also asymptomatic. They were however closely
monitored for deterioration in liver functions and
co-existing of hepatitis B and C virus. Three (3)
nd
requiring substitution to another type of 2 line
regimen because of high level of liver enzymes.

Liver diseases are primarily classified into three
broad categories namely: hepatocellular implying
injury to the hepatocytes, cholestatic being injury
is to the bile ducts, and infiltrative where
hepatocytes are invaded or replaced by nonhepatic substances. ALT and AST are two of the
most useful measures of liver cell injury, although
the AST is less liver specific than ALT. The three
enzymes AST, ALT, and ALP tests are also most
useful markers in making distinction between
hepatocellular and cholestatic disease. The vast
majority of this study population (77.1%) showed
no indication of hepatotoxicity, and >70.0% had
normal liver and splenic sizes while on HAART,
however the mean plasma levels for their AST
(49.50±5.1 IU/ml), ALT (92.64±22.37 IU/ml), and
ALP (436.06±57.73 IU/ml) were all slightly
elevated indicating mild degree of hepatocellular
and cholestatic dysfunction which however
remained asymptomatic. This result further
suggests that the larger number of the study
population tolerated HAART well, probably
because there was no much risk factors to the
development of severe liver injury as in adults.
Such risk factors include: older age, high alcohol
intake and use of illicit drugs [8-10]. Well
tolerability of HAART in children was also
reported by Wai et al. [27] from Myammar where
18/68 (73.5%) of their children on HAART had no
hepatic injury.

Several risk factors for hepatoxicity in HIV
positive patients on HAART have been well
documented in both children and adults [8-10,
21,23,27,30-32]. Established risk factor was a
2.7 to 5 fold risk of severe increase in ALT while
on HAART with hepatitis C virus co-infection [8].
Chronic hepatitis B virus co-infection has also
been documented to have a 9.2 hazard risk of
grade 4 liver enzyme elevations [8]. Underlying
liver inflammation as reflected by elevated ALT at
baseline has also been well established as a risk
factor for HAART liver toxicity [27,33]. Older age,
female
sex,
thrombocytopenia,
renal
insufficiency, high VL, increased BMI, and nonblack ethnicity, are all well-established bio and
demographic markers of hepatotoxicity in
positive children and adults on HAART in various
studies [8-10]. Individual or classes of ART have
been independently associated with HAART
hepatotoxicity. They include ARVs such as NVP,
PIs, high doses of ritonavir and prolonged AZT or
D4T [7,15,30-32]. HAART is a combination
therapy of several ARVs that can cause
hepatotoxic drug interactions by itself. Of
particular, importance is the NNRTIs and PIs
interact with cytochrome P450 which will
mutually alter their individual serum half-lives.
There are conflicting results of studies that have
evaluated the risk for liver toxicity associated with
the use of individual ARVs. The use of several
ARVs combined makes it difficult to ascribe the
elevation of transaminases to single drugs. In the
present study combinations of ARVs were used,
and were identified to be risk factor for
development of severe hepatotoxicity (grade 3
and 4). This was obvious to be more with use of
nd
2 line ARVs, and co-administration with TMPSMX. Grade 3 and 4 hepatotoxicity was seen
with administration of AZT+3TC+NVP (5.7%),
TDF+ FTC+ LP/r (100%), and AZT+3TC+LP/r
(18.2%). This finding was not surprising
considering that several studies have implicated
ARVs notably NVP, PIs, high doses of ritonavir
and prolonged AZT or D4T [7,15,30-32], as one
of the causes of hepatotoxicity in positive
patients on HAART. Use of combination of
nd
emtricitabine (FTC) and tenofovir (TDF) in 2
line regimen with LP/r for three (3) adolescents
that showed grade 3 and 4 hepatotoxity was a
source of concern that warrant substitution to
nd
alternative 2 line regime. Patients on such ARV

Severity of hepatotoxicity ranges from being
asymptomatic to liver insufficiency and outcomes
also ranges from spontaneous resolution to liver
failure and death. Regarding the severity of
hepatotoxicity among the study populace, of the
37 (22.9%) that had hepatotoxicity in this study,
greater majority 30 (81.1%) had mild to moderate
hepatotoxicity, while 7 (18.9%) showed grade 3
and 4 liver dysfunction. Similar observation was
also made by Wai et al. [27] and [19] both
indicating that most of their study population had
mild hepatotoxicity. Infact in Wai et al. [27] study,
two of his patients that had severe hepatotoxicity
(grade 3 and grade 4 respectively) remained
asymptomatic, they however continued them on
HAART with close monitoring. Their liver
enzymes normalized after 4 weeks of initiation of
ART. The severity according to them needed no
dose adjustment or cessation of ARTs. In the
present study, most of our patients with severe
grade 3 and 4 liver enzyme dysfunction were
8
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combination requires close monitoring of their
liver enzymes. The risk factor for ARV toxicity in
nd
this study was use of 2 line ARV, and coadministration of TMP-SMX[OR of 0.26 (CI 0.812.97), p value =0.013] for 2nd line, and [OR
0.18,(CI 0.55-4.89), p value -=0.026)] for TMPSMX. Drugs commonly used in addition to
HAART in HIV-infected patients for control of
opportunistic and TB which can induce liver
injury are TMP-SMX (cholestatic) and isoniazid
(hepatocellular) patterns [20]. Over half of the
patients (60.2%) in this study were on TMP-SMX
prophylaxis for opportunistic infection, and non
on anti TB therapy. Montes Gil et al. [19] in their
study analysis noted hepatotoxicity to be
associated with the use of sulfonamides, a
component of TMP-SMX (aOR: 3.58; 95%
confidence interval, CI: 1.44 – 8.85). Similar
finding was also recorded in this study and
buttress the support for closer monitoring of liver
enzymes of patients on co-administration with
TMP-SMX for prevention of opportunistic
infections. This is particularly important
especially those from resource constrain
environment where resources may be lacking for
close monitoring.
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