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Abstract
Background: Highly active antiretroviral therapy (HAART) has been associated with liver toxicity. The role of  monitoring
for liver toxicity has not been well studied in resource-limited settings (RLS).
Objectives: To determine the background prevalence and incidence of  liver injury and describe the associated signs and
symptoms of acute hepatitis after initiating HAART; and to determine the role of liver enzyme tests in monitoring
hepatotoxicity.
Methods: In this prospective study, in Mulago Hospital AIDS Clinics, we consecutively enrolled adult patients initiated on
one of three first line HAART regimens [Stavudine (d4T)-Lamivudine (3TC) and nevirapine (NVP); Zidovudine (AZT)-
3TC and Efavirenz (EFV) or d4T-3TC-EFV]. We monitored ALT (alanine aminotransferase) and clinical evidence of  acute
hepatitis at baseline, 2nd, 6th, 10th and 14th week of  therapy.
Results: Two hundred and forty HIV-positive HAART- naïve patients were enrolled in the study. The baseline prevalence
of transaminitis was 1.7% with an incidence of 4.2% at 14 weeks. Grade 3-4 hepatotoxicity was documented in 1.3%.
 Jaundice was seen in grade 2-4 ALT elevations.  Being on concurrent HAART and antituberculous drugs was associated
with grade 2-4 toxicity compared to those who were only on HAART [OR; 16.0 (95% CI; 2.4-104.2)].
Conclusions: Incidence of  severe hepatotoxicity within three months of  first-line antiretroviral therapy was low, suggesting
that routine measurement of transaminases may not be necessary in all patients initiating HAART in RLS. Routine
measurement may be important in following patients on HAART and concurrent TB treatment as well as those with
jaundice to avoid missing hepatotoxicity.
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Introduction
Highly active antiretroviral therapy (HAART) has led
to dramatic improvements in the survival of  HIV-
infected patients on treatment in resource-limited
settings RLS1,2.
 However, antiretroviral drugs have been associated
with both short- and long-term toxicities including
hepatotoxicity, which may be life threatening3. The
extent and risk factors for HAART related liver
disease and the role of liver enzymes in monitoring
this event have not been well studied in RLS. The
current Uganda antiretroviral guidelines recommend
monitoring of  liver function tests (LFTs) every 6-12
months4.

Based on clinical and laboratory findings, we
determined the baseline prevalence and incidence of
transaminitis as well as its related risk factors following
HAART initiation and suggest the possible role of
transaminases in monitoring liver toxicity in RLS.

Methods
Between October 2006 and May 2007,  HAART
naïve patients initiating any  of the three first line
HAART regimens [Stavudine (d4T)-Lamivudine
(3TC) and nevirapine (NVP) prescribed as
Triomune®); Zidovudine (AZT)-3TC and Efavirenz
(EFV) or d4T-3TC-EFV] were recruited from two
specialized out-patient HIV clinics[Mulago AIDS
Clinic and the Infectious Disease Clinic (IDC) ]  at
the  School of Medicine, Makerere University College
of Health Sciences, Mulago National Referral
Hospital in Kampala, Uganda.
Patients were included in the study if they were:  18
years, had documented HIV-1 infection, HAART
naïve, willing to be followed up for at least 3 months
and provided written informed consent.
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We obtained information on the demographic
characteristics; history of use of alcohol; prophylaxis
for opportunistic infections; concomitant use of
other drugs within 4 weeks prior to enrolment;
history of pre-existing liver disease; previous
infection with viral hepatitis B or C; and use of herbal
medicines.

A clinical exam with particular emphasis on
features of  liver disease (e.g. jaundice and enlarged
tender liver) was carried out and WHO HIV/AIDS
stage was determined. Baseline laboratory evaluation
including complete blood counts (Beckmann coulter
counter), ALT (Biochemical analyzer Roche Integra
c111), CD4 counts (Flow Cytometer), Hepatitis B
surface antigen (HBsAg) and Hepatitis C antibody
test [using the Cypress® Diagnostics;
Langdorpsesteenweg 160 3201 Langdorp, Belgium
HBsAg and HCVAb dipstick test kits respectively]
were done.

Hepatotoxicity as measured by the levels of
ALT elevations was graded according to the AIDS
Clinical Trial Group criteria (ACTG, 1996). Significant
hepatotoxicity was defined as an ALT elevation of
grade 2-4 in patients who had normal liver enzymes
at baseline (using 40 IU of  ALT as the upper limit
of  normal).  During the follow-up period acute
hepatitis was defined as development of one or more
of the following signs and symptoms; right upper
quadrant abdominal pain, jaundice and/or
hepatomegaly not explained by any other cause in
the presence of elevated transaminase. Patients found
to have grade 2-4 transaminitis at baseline were
excluded from further follow up.
Patients were followed up on the, 2nd, 6th, 10th and
14th weeks after starting HAART as part of the
routine care provided by the two clinics. On each
of these visits a repeat clinical evaluation and blood
for transaminase measurements was obtained. In
addition assessment for adherence to HAART using
self-report and pill counts was done. Patients who
missed an appointment were contacted by phone if
available and all efforts were undertaken to find out
the reason as to why they missed. For the patients
without phones who missed their visits; direct visits
to their homes were made using the information
provided in the first interview. A patient was
considered lost to follow up if they missed two or
more of their scheduled clinic follow-up
appointments.

The study was approved by the Faculty of
Medicine Research and Ethics Committee of the
School of Medicine, Makerere University College

of Health Sciences and the Uganda National Council
for Science and Technology.

Statistical analysis
We double entered data into EPI-Data version 3.1
and exported it to SPSS version 12.0 for analysis.
Baseline and time dependent variables were assessed
for all patients enrolled in the study and categorized
based upon whether patients did or did not, complete
the study.
The incidence of hepatotoxicity within 3 months of
HAART was determined as the number of  new
cases who developed new grade 2-4 ALT elevation
at least once within three months after starting
HAART.

Time to hepatotoxicity was assessed by the
Kaplan-Meier (KM) method and presented as
person-months of follow-up for patients on
different HAART regimens. We used the log rank
test with p-value less than 0.05 as the level of
significance to assess differences between the KM
curves.

A sub-analysis of the patients who developed
hepatotoxicity was done to identify the proportion
that developed symptomatic hepatotoxicity defined as
the development of  grade 2-4 ALT elevations with
one or more of the following signs and symptoms;
right upper quadrant abdominal pain, jaundice and/
or hepatomegaly6.

Bivariate analysis was done using odds ratios
with 95% confidence intervals to compare factors
in patients with hepatotoxicity to those without
hepatotoxicity. We employed the Pearson Chi-
squared tests or Fisher’s Exact tests for categorical
variables. Multivariate analysis of  risk factors for
hepatotoxicity in patients with transaminitis was done
using Cox-regression analysis.

Results
Patient Enrolment
Three hundred and sixteen patients were screened
for the study. Of  these, 240 (160 patients from
Mulago AIDS Clinic and 80 patients from the
Infectious Disease Clinic (IDC) met the inclusion
criteria and were enrolled into the study. Two-
hundred and two (84%) of those who started
HAART completed the follow up period of 14
weeks.

Baseline characteristics of the study
participants enrolled to start ART
Two hundred and forty (240) patients were enrolled
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to start HAART. The majority were on Septrin
(Cotrimoxazole) prophylaxis and 66% were women
(table 1).

Table 1: Baseline characteristics of  study
participants
Characteristic                      N=240
Females, number (%)                           160 (66.7)
Mean age in years, + SD                          35+ 9.3
Weight, Kg, mean + SD                      54.9+ 10.7
Mean BMI, Kg/m2, + SD                    23.7+ 6.1
Herbal medicine use, number (%)             30(12.5)
Receiving Cotrimoxazole, number (%)   238 (99.2)
Receiving TB treatment, number (%)          13(5.4)
Karnofsky score, mean, + SD               87.0+12.7
Mean baseline CD4 cells/mm3                      107.7+ 72.3
Definitions: SD-standard deviation, BMI-Body
mass index, TB- Tuberculosis.

Thirty-eight patients did not complete the 14 weeks
follow-up period of  the study. The reasons for this
included death, withdrawal of consent, transfer to
other treatment centres and loss to follow up.
However, there were no significant differences in
patients who completed and those who did not
complete the follow up period (table 2). None of
the patients died from liver related problems during
the study period.

Table 2: Baseline characteristics of  patients who completed 14 weeks of  follow-up and those who
did not

Characteristic                 Patients who                     Patients who did not          P-value
                                               completed study (N= 202)     complete the study (N=38)
Females, number (%)             135(67.0) 25(65.7)      0.753
Mean age in years + SD             36 +9.1 36(13.8)      0.626
Use of alcohol, number (%)    65(32.2) 10(26.6)      0.269
WHO stage, number (%)
    Stage 1             23(11.4) 2(5.2)
    Stage 2                      72(35.6) 11(28.9)
    Stage 3    78(38.6) 17(44.7)     0.364
    Stage 4               9(14.3)           7 (18.4)
Initial ART regimen, number (%)
    D4T-3TC-NVP (Triomune®)    95(47.0) 18(47.4)
    AZT-3TC-EFV                        54(26.7) 10(26.3)     0.441
    D4T-3TC-EFV                        53(26.3) 10(26.3)
On TB treatment, number (%)       8(4.0)   2(5.2)     0.304
Karnofsky score, mean, + SD         87+6.1 83+8.1     0.058
Haemoglobin (g/dl), mean, + SD    11.3+2.3 11.4+2.1     0.797
Hepatitis B positive, number (%)       7(3.5)   2(5.2)     0.623
Hepatitis C positive, number (%)       6(3.0)   2(5.2)     0.271
Mean baseline ALT, U/L               25.6+25.2 30.2+22.8     0.100
Mean baseline CD4 cells/mm3                 107+72 97+78     0.201
Definitions: SD-standard deviation, WHO-World Health Organisation, ART- antiretroviral therapy, D4T-
stavudine, 3TC-lamivudine, NVP-nevirapine, AZT-zidovudine, EFV-efavirenz, ALT-alanine aminotransferase.

The baseline prevalence and incidence of
transaminitis after 3 months of HAART
The majority of patients (98.3%; 236/240) had no
significant transaminitis at baseline. Of those with
transaminitis at baseline; 4.6% (11/240) had grade 1
and 1.7% (4/240) had grade 2 elevations of  ALT.

Significant ALT transaminase elevations occurred in
4.2% (10/236) of the patients by 14 weeks on
HAART with an incidence rate of 5.2 per 10,000
person months. Most of  the patients had moderate
grade 2 transaminitis (3.0%; 7/236). Grade 4
transaminitis occurred in only one patient (0.4%) who
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was taking Triomune®, in addition to anti-
tuberculous therapy with isoniazid and ethambutol.
The exact time of occurrence of transaminitis was
unpredictable.

All other grades of  transaminitis were observed at
nearly the same rate for each of the subsequent
follow up weeks (figure 1).

Figure 1: Time of occurrence of new transaminitis among patients
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HIV/HBV and HIV/HCV co-infection was found
in 7(3.3%) patients and 6(2.8%) patients respectively.
Four of  56 (7.1%) patients with grade 1 transaminitis
had hepatitis B while 3(5.3%) had hepatitis C. None
of the patients who developed significant grade 2-4
transaminitis had co-infection with either HBV or
HCV.

Patients on nevirapine-based regimens developed
grade 1-4 transaminitis at an earlier time than those
on efavirenz-based regimen (Log Rank test = 12.1,
p< 0.001) but there was no significant differences in
the incidence of toxicity between the two regimens
(figure 2). There was also no significant difference
between the AZT and D4T based backbone
therapies.

Figure 2: Analysis of time to development of hepatotoxicity using the Kaplan Meier method:
Nevirapine-based vs. Efavirenz-based regimens
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Proportion of patients with new transaminitis
who developed symptoms and signs of clinical
hepatotoxicity
A total of  66 patients developed new transaminitis.
The most frequently observed sign and/or symptom
was nausea 26(39.4%) followed by vomiting
22(33.3%), right upper quadrant pain 13(19.7%),
hepatomegaly 11(16.7%), and jaundice 5 [(7.6%)
average total bilirubin of 5.6 mg/dl with an upper
limit of  normal being at 1.5 mg/dl].
Jaundice was the main differentiating physical sign
between patients with no transaminitis in comparison
to those with moderate to severe transaminitis.
Patients with grade 2-4 transaminitis were 15.5(95%
CI: 5.3-35.1) times more likely to present with
jaundice compared to those with no transaminitis.
Other symptoms and signs were not significantly
different between the two groups.

Characteristics of patients who developed
Grade 2-4 transaminitis
Ten patients presented with grade 2-4 transaminitis
with a median age of  33.0(IQR; 30-40.2) years. Eight
(80%) were females. The median CD4 count was
80.5 (IQR-16.7-127.7) cells/mm3 with 4 (40%)
patients having CD4 counts less than 50cells/mm3.
The majority of the patients 7(70%) were in WHO
stage III and IV. The mean BMI of  the patients was
21.9 (SD-4.0) with 2 (20%) of them having a BMI
of less than 18Kg/m2.
Three of ten patients (30%) developed severe
transaminitis of grade 3-4, with two of grade 3 and
one with grade 4. The patient who developed grade
4 transaminitis was a female who was on Triomune®,
isoniazid and ethambutol for the continuation phase
of  TB treatment with baseline ALT of  68 U/L and
a cd4 count of 68cells/mm3. There was no death
directly attributed to HAART –associated
hepatotoxicity.

Table 3: Comparison of  characteristics of  patients who developed grade 2-4 transaminitis with
those who did not among patients followed up for 14 weeks

Variable Total(%)               Grade 2-4 transaminitis
Absent (n=192)                      Present (n =10)     P-value

Gender
Female n (%) 135(67)        127(62.9)                                  8(4.1)                 0.502
Age groups
18-29 48(23.8)         47 (23.3)                                 1(0.5)
30-39 94(46.5)         88 (43.6)                                 6(2.9)                   .681
40-49 47(23.3)                   45(22.3)                                 2(1.0)
50+ 13(6.4)          12 (5.9)                                  1(0.5)
Alcohol Consumption
Yes n (%) 65(32.2)          62(30.7)                                  3(1.5)                  1.000
Hepatitis B Positive n (%) 7 (3.5)              7(3.5)                                  0(0.0)                  1.000
Hepatitis C Positive n (%) 6 (3.0)              6(3.0)                                   0(0.0)                 1.000
Herbal medicine use
Yes n (%) 25(12.4)          24(11.9)                                 1(0.5)                   1.000
Current TB Rx status
Intensive phase 3(1.5)              1(0.5)                                2(1.0)
Continuation phase 5(2.5)              4(2.0)                                1(0.5)                   <0.001
Not on TB treatment (Rx) 194(96.0)               187(92.3)                                7(3.4))
BMI (Kg/m2)
<18 37(18.3)         35 (17.3)                                2(1.0)
18-24 137(67.8)               131(64.8)                                6(2.9)
25-29 19(9.4)                       18(8.9)                                1(0.5)                   0.328
30-39 4(2.0)                          3 (1.5)                                1(0.5)
WHO Stage
Stage 1 23(11.4)          22(10.9)                               1(0.5)
Stage 2 72(35.6)                   70(34.6)                               2(1.0)
Stage 3 78(38.6)                   74(36.6)                               4(2.0)                     0.468
Stage 4 29(14.3)          26(12.9)                                3(1.4)
CD4 Count
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Continuation of table 3
Variable Total(%)               Grade 2-4 transaminitis

Absent (n=192)                      Present (n =10)     P-value

CD4 Count
<50 58(28.7)          54(26.7)                                  4(2.0)
50-99 26(12.9)                 25(112.4)                                   1(0.5)               0.713
100-199 102(50.5)                 97(48.0)                                   5(2.5)
200+ 16(7.9)           16(7.9)                                    0(0.0)
ART-Regimen
D4T-3TC-NVP (Triomune®)  95(47.0)                 91(45.0)                                   4(2.0)
AZT-3TC-EFV   54(26.7)                 50(24.7)                                   4(2.0)                 0.619
D4T-3TC-EFV   53(26.2)          51(25.2)                                   2(1.0)
Abbreviations: AZT-Zidovudine, BMI-body mass index, D4T-Stavudine, EFV-Efavirenz, 3TC-Lamuvudine, Rx-
Treatment and TB- Tuberculosis.

Trend of  ALT among patients with grade 2-4
transaminitis
The median ALT elevation in the 10 patients reached
a peak at 6 weeks of HAART and later returned to
normal. The median peak level ALT was 77 IU/L
(IQR, 69-104). The median time to reduction of ALT
levels to grade 1 or less was 2.9 weeks (IQR, 1.23.8).
Two patients with grade 3 and one with grade 4
transaminitis discontinued antiretroviral therapy as
recommended by the ACTG guidelines. The
remaining 7 patients with grade 2 elevations continued
with HAART and their liver enzymes returned to
normal during the follow up period.

Comparison of characteristics of patients who
developed grade 2-4 transaminitis with those
who did not
The baseline characteristics among the patients
followed up for 14 weeks categorized by whether
they did or did not develop grade 2-4 transaminitis.
Anti –tuberculosis treatment was the only significant
differentiating characteristic between these two
groups. Patients on concurrent HAART and
antituberculous drugs were 16.0 (95% CI; 2.4-104.2,
P<0.01) times more likely to have grade 2-4
transamintis.

Discussion
Background prevalence of transaminitis
In this study the background prevalence of significant
transaminitis (grade 2-4) among patients initiating
HAART was low (1.7%). This differs from a similar
study that reported baseline grade 2-4 transaminitis
of up to 23% in a South African cohort6. The
difference could be due to the lower prevalence of
risk factors for liver disease like hepatitis B and C in
our patients. In addition, most of  our patients were

receiving cotrimoxazole prophylaxis and prompt
treatment for opportunistic infections; these
infections may cause transaminitis if not well
managed7. Several studies8,9 have described baseline
liver enzyme elevations as a risk factor for severe
hepatotoxicity in patients on HAART but few
patients had baseline transaminitis in our study.
However, the patient with grade 4 LEE had some
elevation of  ALT at baseline.

The incidence of transaminitis within 3 months
of HAART
 The incidence of significant (grade 2-4) transaminitis
among the patients on HAART was low (4.2%). This
low incidence is similar to that in a cohort of 97
patients who were initiated on a nevirapine-based
regimen in Kampala (2.2%)(10) and in a 5-year cohort
study in Botswana(1.1%)11. A recent study by Ocama
et al has shown the similar findings with grade 3
LEE of 1.46% in 546 HIV positive patients attending
the IDI Clinic12. The low incidence in our study could
be due to the low prevalence of other risk factors
for hepatotoxicity in our study population. In contrast,
a randomised trial in South Africa found a high
incidence of transaminitis (17%) among patients on
a nevirapine-based regimen3. This difference might
be accounted for by differences in baseline CD4
levels which were lower in our study. In addition
53% of our patients were on efavirenz-based
regimens while the patients in South Africa  were
mainly on  nevirapine-based regimens, which have
been shown to cause early hepatotoxicity13,14  with
increased frequency at higher baseline CD4 counts.
Our study showed that the exact time of occurrence
of significant transaminitis was unpredictable.
Routine transaminases are unlikely to predict
development of hepatotoxicity under these
circumstances.
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None of the 10 patients with significant transaminitis
in our cohort had chronic hepatitis B or C infection.
Several studies9,13,15 have demonstrated that hepatitis
B and C are  risk factors for hepatotoxicity in HIV
co-infected patients on HAART.
In our study we used dipstick test kits for these
viruses, which are less sensitive than EIA (enzyme
immuno-assays) or tests to directly detect the virus.
Seremba et al showed that rapid strip assays (RSAs)
and even EIA may miss a sizeable number of patients
with Hepatitis B or Hepatitis C in Ugandan
patients16,17. Thus we may have underestimated the
prevalence of these viruses in our study population.
However, previous epidemiologic studies have
shown a low prevalence of both HIV/HBV or
HIV/HCV co-infections in Africa18 and Uganda in
particular12. In the afore-mentioned study neither
Hepatitis B surface antigen nor the HAART regimen
influenced the LEE.

Proportion of patients with new transaminitis
who developed symptoms and signs of clinical
hepatotoxicity
The only sign that was statistically significantly related
to transaminitis was jaundice. This occurred 15 times
more in patients with grade 2-4 compared to those
without transaminitis.
This observation suggests that clinicians in resource-
limited settings should routinely look for jaundice as
a marker of significant transaminitis in patients on
HAART. Once jaundice is detected, the measurement
of transaminases should be done to assess the severity
of  hepatotoxicity. This is supported by studies that
have  found jaundice to be  a good predictor of
severity of liver disease19 and is in line with the current
WHO recommendations20. This is also in line with
the good evidence from the recently concluded
DART (Development of  anti-retroviral therapy in
Africa (DART) trial; which showed comparable
outcomes between clinically and laboratory
monitored patients on HAART21,22.
The main risk factor that differentiated patients with
significant transaminitis (grade 2-4) from those
without it was concurrent treatment for tuberculosis.
A study from South Africa(6) showed that concurrent
tuberculosis treatment with HAART is a great risk
factor for hepatototoxicity with an increased risk of
severe hepatotoxicity of 8.5 fold (95% CI, 2.7-27;
P<0.001) and a study from Ethiopia23 also
demonstrated that anti-tuberculous therapy was a risk
factor for hepatotoxicity in  HIV positive patients.

This observation suggests that clinicians in resource-
limited settings should routinely check for signs and
symptoms of acute hepatitis in patients on
concurrent HAART and anti-TB treatment. If any
suggestive clinical features are noted then liver enzyme
measurements should be done to assess the degree
of  hepatotoxicity.

We found in our study that most of  the transaminase
elevations returned to normal despite continuation
of  HAART. This has also been noted in other
studies10,24,25.
This ‘normalization’ of  initial liver enzyme elevations
despite continued therapy suggests that transaminase
measurements should not be done  frequently
because, in most cases, the additional tests are unlikely
to influence subsequent patient management.
Moreover, indiscriminate use of these tests confers
additional costs to already constrained health systems
in RLS.

Study limitations
The limited period of  follow up, the use of  ALT as
the only transaminitis marker and the small number
of patients recruited in our study may have
underestimated the incidence of possible HAART
–associated hepatotoxicity. The study only provides
data on possible hepatotoxicity within the first
months of  HAART.  In addition, only 10 patients
had grade 2-4 transaminitis which limited our analysis
for risk factors. None of  the patients were on a
protease inhibitor- based regimen so this study cannot
address hepatotoxicity in patients taking those drugs
as part of  HAART. Bigger and longer follow up
studies are needed to verify this finding in RLS.
However, we still believe the information from this
study can guide Clinicians caring for patients on
HAART who develop LEE.

Conclusions
The incidence of severe hepatotoxicity within three
months of  first line antiretroviral therapy was low,
suggesting that frequent measurement of
transaminases in the first three months may not be
necessary in all patients initiating HAART in RLS.
Bigger and longer follow up studies are needed to
verify this finding.
 Frequent measurement of transaminases may be
more important in following patients on HAART
and concurrent TB treatment as well as those with
jaundice to avoid missing hepatotoxicity.
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