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Abstract 
Background: Higher mortality rates were reported 
in developing countries during early months of 
HAART initiation than in developed countries. The 
study aimed at assessing the cffcct of Highly Active 
Antirctroviral Therapy (HAART) on liver function 
of under-fives. 
Method: Two hundred and thirty-eight undcr-flvcs 
children were enrolled from five hospitals in 
Southern Nigeria. Ethical permission and written 
consent were obtained. Group A involved 91 
scropositivc-childrcn on HAART regimen while 
Group B1 involved 24 scroncgativc-infants who 
received nevirapinc from birth till age 6-wcck. Group 
132 (18) and B3 (48) involved scroncgativc-childrcn 
who received co-trimoxazolc and were 6-month and 
18-month old respectively. Group C involved 11 
scropositivc-childrcn who rcccivcd co-trimoxazolc 
only. Group D involved 46 scroncgativc-childrcn 
who served as the control group. A2ml blood sample 
was obtained from each participant during first phase 
of the s tudy and was analysed for a lan ine 
a m i n o t r a n s f e r a s e (ALT) and a s p a r t a t e 
aminotransferase (AST) using kits manufactured by 
Randox". Group A children returned for second and 
third phases of the study after 3-month and 6-month 
respectively. Data were analysed by using ANOVA. 
Results'. The results showed that ALT was highest in 
group A (12.8±11 .OIU/L) suggesting hcpatotoxicity 
while AST was highest in group 132 (35.4±53.1 IU/ 
L). Second phase, ALT and AST of group A were 
significantly reduced by 39.3% (p<0.()5), 29.9% 
(p<0 .05 ) respec t ive ly sugges t ing resolved 
hcpatotoxicity. Third phase, ALT and AST were 
signif icantly reduced by 50 .6% (p<0.05) and 
32.2%(p<0.05) respectively suggesting resolved 
hcpatotoxicity. 
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Resume , , 
Contexte: Dcs taux plus eleves dc mortalitc ont etc 
signalcs dans les pays en voie dc dcvcloppcment au 
cours dcs premiers mois d'initiation a P HAART que 
dans les pays dcvcloppcs. L'etude visait a cvaluer 
l'cffct dc la thcrapic antirctroviralc hautement active 
(HAART) sur la fonction hepatique dcs enfants 
moins dc cinq ans. 
Methode: Deux cent trcntc-huit enfants, moins de 
cinq ans, ctaicnt cnrolcs provenant de cinq hopitaux 
dans lc sud du Nigeria. Permission ethiquc ct 
conscntcmcnt ccrits ont etc obtenus. Groupc A 
compris 91 enfants scroposit ifs sur- t rai tcmcnt 
HAART tandis que lc groupc B1 compris 24 enfants 
scroncgatifs qui ont rcgu la nevirapinc dcs la 
naissancc jusqu'a Page dc 6 scmaincs. Lc groupc 
B2 (18) ct B3 (48) compris d'enfants scroncgatifs 
qui ont rc<?u lc co-trimoxazolc ct ctaicnt dc 6 mois ct 
dc 18 mois rcspcctivcmcnt. Groupc C compris 11 
enfants scropositifs qui ont rc^u lc co-trimoxazolc 
sculcmcnt. Groupc D compris 46 enfants scroncgatifs 
qui ont scrvi dc groupc tcmoin. Un cchantillon dc 2 
ml dc sang a etc obtcnu provenant dc chaque 
participant lors dc la premiere phase dc Vetude ct a 
ctc analyse pour Palaninc amino-transferase (ALT) 
ct aspartate amino-transferase (AST) en utilisant dcs 
kits fabriqucs par Randox®. Les enfants du groupc 
A sc sont rctourncs pour la dcuxicmc ct la troisicmc 
phase dc Pctudc, aprcs 3 mois ct 6 mois 
rcspcctivcmcnt. Les donnccs ont etc analysccs en 
utilisant ANOVA. 
Resultats: Les rcsultats ont montrc que ALT eta it lc 
plus eleve dans lc groupc A (12,8 ± 11.0IU / L) 
suggcrant Thcpato-toxicite tandis que AST ctait lc 
plus eleve dans lc groupc B2 (35,4 ± 53.1 IU / L). 
Dcuxicmc phase, ALT ct AST du groupc A ont ctc 
significativcmcnt rcduitcs dc 39,3% (p <0,05), 29,9% 
(p <0,05) suggcrant rcspcctivcmcnt hcpato-toxicitc 
rcsolu. Troisicmc phase, ALT ct AST ont ctc 
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significativcmcnt reduitcs dc 50,6% (p <0,05) ct 
32,2% (p <0,05) suggcrant rcspcctivcmcnt licpnto-
toxicitc rcsolu. 
Conclusion: Hcpato-toxicitc observe chcz les enfants 
infcctcs par Ic VIH sous PHAARTa etc rcsolu aprcs 
6 mois dc suivi. 

Mots-clcs: Enfants VIHmo ins dc cinq cms, ALT, AST, 
hcpalo-toxicitc rcsolu, HA ART 

Introduction 
There were 570,000 AIDS-rclatcd deaths among 
children aged less than 15 years in sub-Saharan 
Africa in 2005. HIV disease progressed rapidly in 
children and AIDS-rclatcd mortality among infants 
was exceptionally high. Approximately more than 
3 3 % of untreated HIV- infected infants in the 
developing world died during the first year of life 
and greater than 50% died by the age of 2 years [ 1 ]. 
Sub-Saharan Africa was the worst-afTcctcd region, 
with an estimated 22.5 million people living with 
HI V-infcction which was 67% of the global estimate. 
In sub-Saharan Africa, 1.3 million deaths occurred 
which was 72% of the global death. New HIV-
infcction was estimated at 1.8 million in sub-Saharan 
Africa [2]. Success o f H A A R T in treatment of HIV 
infection resulted in prolonged lifespan and reduced 
mortality associated with HIV infection thereby 
requiring continuous use of IIAART [3]. 

WHO commissioned systematic reviews on 
an t i r e t rov i r a l d r u g t o x i c i t i e s and l a b o r a t o r y 
monitoring strategics. The reviews highlighted some 
evidence gaps in the potential increased risk of 
t ox ic i ty a s s o c i a t e d wi th l o n g - t e r m use of 
antiretroviral drugs. The use of antiretroviral drugs 
in pregnant women, breastfeeding mothers, children 
and adolcsccnts should be monitored for toxicity. 
Hcncc, it was important to moni tor the use of 
antiretroviral drugs in developing countries where 
toxici t ies might present a d i f f e ren t pa t te rn in 
associat ion with envi ronmenta l or behavioura l 
factors. Surveillance of antiretroviral drug toxicity 
would help to unders tand the long-term risk of 
antiretroviral drug toxicity. Increased risk of toxicity 
associated with long term use of antiretroviral drugs, 
renal and bone toxicity should necessitate further 
research most especially in developing countries |4J. 

Lack of clinical trials in children due to 
specific challenges in conducting clinical trials in 
children resulted in inadequate data on pacdiatric 
safety and efficacy of many pharmaceutical products 
leading to risks of adverse events [5, 6]. It was 
reported in a study conducted among 20 III V-infcctcd 
mothe r s on H A A R T and their s e r o n e g a t i v e 
breastfeeding infants on prophylactic zidovudine in 
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Botswana, that maternal median breast-milk 
c o n c e n t r a t i 0 1 1 ° r Ncvirapinc, lamivudinc and 
z i d o v u d i n e w e r e 0.67^ 3 .34 and 3.21 times, 
respectively, those jn n i a t c r n a i scrum. The median 
s e r o n e g a t i v e b r e a s t f e e d i n g infant scrum 
concentration of ncvirapinc was 40 times the 50% 
inhibitory concentration of ncvirapinc which might 
expose infants to the risk of drug-related toxicity. 
T h e r e were 3 ser ious episodes of neutropenia 
reported in the study [7], Another study was done in 
France on HIV-infected women on combination of 
zidovudine and lamivudinc and their children were 
followed up from birth to 2ycars. As a result of drug 
toxic i ty , 65 chi ldren had premature treatment 
d i s c o n t i n u a t i o n and s ix of them had liver 
biochemical abnormalities [8]. 

H A A R T - i n d u c c d hepatotoxic i ty was a 
frequent cause of morbidity, mortality and treatment 
d i s c o n t i n u a t i o n in HIV- in fcc t cd persons [9]. 
Approved antiretroviral drugs were associated with 
elevation of liver enzymes, ALT and AST. Major 
mechanisms of HAART-induccd hepatotoxicity were 
metabolic host-mediated toxicity, hypersensitivity 
r eac t i ons , mi tochondr ia l toxici ty and immune 
rcconstitution phenomenon [10]. 

T h e s eve r i t y of HAART-induccd 
hepato toxic i ty could s tar t f rom the abscncc of 
s y m p t o m s to liver decompensa t ion while their 
outcomes could range from spontaneous resolution 
to liver failure and death [11]. Most episodes of 
HAART-induccd hepatotoxicity were asymptomatic 
a n d mos t ALT and A S T e leva t ion resolved 
spontaneously probably due to adaptation [12]. 
However, a few drug-induced hepatotoxicitics could 
be overt and would have fatal conscqucnccs [10]. 

HAART-induccd hepatotoxicity was cither 
p r e d i c t a b l e i nd i ca t i ng high incidence or 
u n p r e d i c t a b l e i n d i c a t i n g low incidcncc. 
Hepatotoxicity would occur through direct toxicity 
of the drug, its metabolites and idiosyncratic response 
in persons with a specific genetic predisposition. 
Predictable hepatotoxicity was dose dependent and 
host independent. Early-onset toxicity was strong 
evidence for direct drug toxicity especially where 
the re w a s no "earlier exposu re . Unpredictable 
hepatotoxicity was host dependent and non-dose 
d e p e n d e n t [13] . Mos t d r u g reac t ions were 
unpredic table and occurred when the drug was 
transformed into an intermediate metabolite which 
was cither toxic (host-mediated metabolism) or 
p r o v o k e d an i m m u n o l o g i c a l response 
(hypersensitivity reaction) [10] 

WHO recommended replacement of NVP + 
AZT + 3TC, which was the preferred first line 
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regimen, in Nigeria and other African countries with 
ABC + 3TC + Efv (or LPv/r) as the preferred first 
line regimen in undcr-iives. The reason indicated was 
due to potential clinical disadvantages of NVP and 
AZT. This recommendat ion w a s yet to be 
implemented in Nigeria. Hence, there was need for 
laboratory monitoring for hcpatotoxicity in under-
live seropositive children on HAART who were born 
to HIV-infected mothers on HAART. In order to 
assess hcpatotoxicity of HAART on under-five HIV-
infected children, it was important that a quantitative 
(observational) study should be conducted [4]. 

This study aimed to assess the effects of 
highly activc antirctroviral drugs on liver of under-
live HIV-infected children in Southern Nigeria. 

Materials and method 
In order to assess clTcct of HAART on liver of undcr-
fives, a quantitative observational approach was 
used. Two hundred and thirty-eight (238) under-fives 
children were enrolled from five hospitals such as 
University College Hospital, Ibadan, University of 
Uyo Teaching Hospital, Federal Medical Centre, 
Umuahia. Emmanuel Hospital, Ekct and St Luke 
Hospital Anua. After ethical permission to commcncc 
the study in the centres, written consent was obtained 
from the care-givers of the participants. This study 
was done in compl iance with the s t andard 
requirements of Ethics Committee of the five centres. 

The study participants were grouped into six such 
as: 
/'. Group A involved 91 seropositive infants and 
children who were receiving Highly Activc Anti-
rctroviral Therapy (HAART). 

Group Bl involved 24 seronegative infants 
born to breastfeeding HIV-mothcrs on HAART. The 
chi ldren were rece iv ing s ingle dai ly dose 
prophylactic nevirapinc for first six weeks of life. 
They were six week old at blood collection time. 
iii. Group B2 involved 18 seronegative infants 
born to breastfeeding HIV-mothcrs on HAART. The 
children were receiving prophylactic co-trimoxazolc 
and were six months old at blood collection time. 
iv. Group B3 involved 48 seronegative infants 
born to breastfeeding HIV-mothcrs on HAART. The 
children were receiving prophylactic co-trimoxazolc 
and were eighteen months old at blood collcction 
time. They had stopped breastfeeding at least six 
months before blood collcction. 
v. Group C involved 11 seropositive children 
born to HIV- mothers on HAART. These children 
were receiving prophylactic co-trimoxazolc bccausc 
of their uncompromiscd immunity. 
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W. Group D involved 46 drug-free seronegative 
children born to seronegative parents. They served 
as the control group. 

This study was focused on under-fives hence 
details of HAART regimen received by mothers of 
participants in group 131 could not be obtained. The 
study protocol did not involve mother 's HAART 
regimen, thus, there was no access to mothers ' 
folders. Mothers of HIV-infected under-fives were 
attending adult HIV clinic which was separated from 
the pacd ia t r i c HIV c l in ic . All H I V - i n f c c t c d 
participants were diagnosed cither with HIV-1 or 
HIV-2 infection. 

A 2ml blood sample was obtained from each 
study participant during first phase of the study and 
was analysed for alanine aminotransferase (ALT) and 
aspar ta te amino t r an s f e r a se (AST) using kits 
manufactured by Randox*. AST/ALT ratio was 
calculated from the obtained AST and ALT values. 
HIV-infcctcd children who were receiving HAART 
were followed up for second and third phase of the 
study after three and six months respectively. Other 
participants such as group Bl , B2, B3, C and D were 
not followed up for the sccond and third phases of the 
study bccausc they were not registered in the HIV clinic 
and the management at the clinics did not allow them 
to participate in sccond and third phases. 

Determination of alanine aminotransferase 
(ALT) was done by using pipette to add 0.5 mL of 
buffer into a test tube without scrum which was 
known as the sample blank tube. Pipette was used to 
add 0.5 mL of buffer and 0.1 mL of serum into 
another test tube which was known as the sample. 
Each of the test tubes was mixed and incubated for 
exactly 30 minutes at 37°C. Pipette was used to add 
0.5 mL of 2, 4-dinitrophcnylhydrazinc and 0.1 mL 
of sample into the sample blank tube. A 0.5 mL of 2, 
4-dinitrophcnylhydrazinc was added into the sample 
tube with the use of pipette. Each of the tubes was 
mixed and allowed to stand for exactly 20 minutes 
at 25°C. Then, 5.0 mL of Sodium Hydroxide (0.4 
mol/L) was added both into the sample blank tube 
and the sample tube. Each tube was mixed and put 
in the Unispcc 23D Spectrophotometer (UNISCOPE) 
made by Surgifr iend Medicals , England. T h e 
absorbancc of the sample was read against the sample 
blank after 5 minutes. The absorbancc was compared 
with established values on the manufac tu re r ' s 
leaflets. 

The same p r o c e d u r e was used for 
determination of AST. ALT buffer kit contained 
phosphate buffer (100 mmol/L), pH 7.4, L-alaninc 
(200 mmol/L) and a-oxoglutaratc (2 mmol/L). AST 
buffer kit contained phosphate buffer (100 mmol/ 
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L), pH 7.4, L-aspar ta le (100 mmol /L) and « -
oxoglutaratc (2 mmol/L). . .. 

Data obtained were stored using ^ 
Office 2008. Data were analyzed using descriptive 
statistics such as frequency tables, pcicentaL.es aiu 
charts to describe the distribution of the participants 
with respect to the measured characteristics. Intcr-
group comparison of data was done in tlic lust phase 
of blood collection while intra-group comparison 
was done for the second and third phases. Further 
analysis was performed on the data by using analysis 
of variances at 5% level of significance. Post hoc 
test such as Dunnett t-test was done to compare group 
A with control groups. Statistical Package for Social 
Scienccs (SPSS) software version 20.0 (SPSS Inc. 
Chicago, III, USA) was used 
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The result of liver function test showed that liver 
enzyme ALT was highest in group A (12.8±11.01U/ 
L). Liver enzyme AST was highest in group 132 
(35 .4*53 .1 IU/L) . AST/ALT ratio was highest in 
group B2 (4.9*4.3). Details were shown in table 3 
T h e s tat is t ical analysis of variance was used to 
compare the means among the groups, the results 
showed that ALT (p<0.05) , AST (p<0.05) were 
significant while AST/ALT ratio (p>0.05) was not 
significant. Effcct ol I IAARI was also shown by 
compar ing biochemical parameters of undcr-fivc 
HIV-infected participants on HAART with those of 
control groups. Details a rc shown in table 4. 

Out of ninety-one (91) HIV-infected children 
aged 0-5 years on HAART that were enrolled for 
the study during the first phase of blood collcction 

Table 1: Characteristics of study participants during first phase in Southern Nigeria 

Characteristics Groups AGE** (months) BMI (kg/nr) 

Total number 238 Mean±SD Mode Median Mcan*SD 
Male 118 (49.5%) A 44.8*20.5 36 44 18.9*10.9 
Female 120 (50.4%) Bl 1.45*0.5 1 1 19.4*9.7 
Mean age (months) 27.5 B2 3.7*0.8 3 3.5 20.2*8.9 
Average Weight (Kg) 13.3*7.5 B3 15.3*6.4 18 15 24.1*9.3 
Mean CD4 (cells/mm-) 945*548.2 C 35.7*24.2 60 25 21.7*7.7 
Stage I D 27.7*24.5 18 18 17.1*2.8 

**Age of participants declared by carc-givcrs was subjective. HA 11=Body mass index, 

Resul ts 
T w o h u n d r e d a n d t h i r t y - e i g h t ( 2 3 8 ) s t u d y 
participants comprising one hundred and eighteen 
(49.6%) boys and one hundred and twenty (50.4%) 
girls were enrolled for the study in Southern Nigeria 
during the first phase of blood collection. The study 
p a r t i c i p a n t s we re en ro l l ed at a mean age of 
27.5month with mean weight of 13.3kg. Details were 
shown in table 1. 

Table 2: Characteristics of IIIV-infected children on 
IIAART during second and third phase in Southern Nigeria 

Characteristics Second Phase Third Phase 

56 
32 (57.1%) 
24 (42.8%) 
52.9*20.6 
16.8*4.0 
17.1*2.5 
999.2* 551.6 

I 

in Southern Nigeria, fifty-nine (64.8%) children were 
followed up after three months of monitoring. Thirty-
three boys and twenty-six girls receiving HAART 
were followed up. Their mean age was 50.5months 
and mean weight of 17.1kg. Details were shown in 
table 2. The results of biochemical analysis of HIV-
infected children on H A A R T after 3 months ot 
f o l l o w up w e r e A L T ( 7 . 9 * 6 . 0 I U / L ) , AS I 
( 1 7 . 0 * 8 . 8 I U / L ) and A S T / A L T rat io (3.4*3.1). 
Comparing with the first phase, ALT and AST were 
significantly reduced by 39 .3% (p<0.05), 29.9% 
(p<0.05), respectively. Details were shown in table 5. 

Fifty-six (61.5%) study participants were 
followed up after 6 months of monitoring. Thirty-
two (57.1 %) boys and twenty-four (42.8%) girls weu 
fol lowed up. T h e s tudy par t i c ipan ts that were 
followed up had a mean age of 52.9 months and mean 
weight of 16.8kg. Details were shown in table 3. I he 
results of biochemical analysis showed that childien 
on HAART after 6 months of follow up were ALI 
(6.3±4.0IU/L), AST (16.2*8.71U/L) and AST/ALl 
ratio (3.7*3.9). Details were shown in table 5. 

Number of participants 59 
M a l c 33 (55.9%) 
F c m a l c 26 (44.0%) 
Mean age (monlhs) 50.5* 18.6 
Average weight (kg) 17.1*4.8 
I3MI (kg/nr) 18.3*3.7 
Mean CD4 (cclls/mm1) 897.1*503.0 
Qfaitr* i 
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Tabic 3: Impacts of IIAART on liver of study participants in Southern Nigeria during first phase 
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Groups Liver Function Test Death 
Number of participants ALT (IU/L) AST (IU/L) AST/ALT Ratio No. of participants 
Upper limit of normal 12.0 12.0 |.() 

A 91 12.8+11.0 23.9*27.3 3.1*6.1 5 
HI 24 10.9*7.8 22.8*12.8 2.4*1.3 0 
1*2 18 11.7*20.7 35.4*53.1 4.9*4.3 0 
B3 48 11.2*6.9 24.9*15.9 3.0*2.4 0 
C II 6.5*2.6 16.7*7.6 2.7*1.3 0 
I) 46 5.8*3.4 12.4*6.8 2.9*2.6 0 
P-VAUIi(ANOVA) P<0.05 P<0.05 p>0.05 

Table 4: Comparison of HlV-infcctcd under-fives on 
IIAART with control groups in first phase 

ALT AST AST/ALT 
ratio 

Group A v s Group C NS NS NS 
Group A v s Group D p=0.001 p=0.043 NS 

Group A= /lll'-infried participants on IIAART. 
Group C= HlV-infcctcd participants on co-triinoxazolc. 
Group D= seronegative children, ALT= alanine 
aminotransferase. 
AST= aspartate aminotransferase. NS= non significance 

live HIV-infected children on HAART had elevated 
ALT suggesting hepatotoxicity. Previous studies 
indicated that IIAART was responsible for 
hepatotoxicity in adults [14, 15). Puoti ct al., reported 
in their study that liver damage in patients treated 
with HAART was an emerging problem because of 
its increasing frequency and severe adverse clinical 
outcome. Their study focused on incidence of severe 
hepatotoxicity and liver failure. Immune 
rcconstitution against hepatitis virus antigens in liver 
cclls seemed to have a major role in the pathogenesis 
of severe hepatotoxicity of HAART as cvidcnccd 
by the association of the occurrence of severe 

Table 5: Impacts of HAART on liver of HIV-infected children on HAART after follow-up in Southern Nigeria 

Phase Group Liver Function Test 
Number of participants ALT (IU/L) AST (IU/L) RATIO 

First phase A 91 12.8*11.0 23.9*27.3 3.1*6.1 
Second phase A 59 7.8*6.1 16.7*8.6 3.4*3.2 
% increase of -39.3% -29.9% 12.2% 
Group A in phase II (p<0.05) (p<0.05) (p>0.05) 
(Dunnett t-tcst) 
Third Phase A 56 6.3*3.9 16.2*8.7 3.7*3.9 
% increase of Group A -50.6% -32.2 20.3% 
in phase III (p<0.05) (p<0.05) (p>0.05) 
(Dunnett t-test) 

Death casually 
Five (5.4%) of the HlV-infcctcd children who 
received HAART from the centres died. Death was 
not associated with progression of HIV- infection 
and they were known to be adherent to therapy. 
Accesses to folders of deceased were denied by 
authorities at the hospitals after their death. 

Discussion 
Yet, to dale, there were limited reports on evaluation 
of effects of HAART on liver of under-fives. Undcr-

hcpatotoxicity [ 15]. HAART-induccd hepatotoxicity 
was either predictable indicating high incidence or 
unpredictable indicating low incidcncc. 
Hepatotoxicity would occur through dircet toxicity 
of the drug, its metabolites and idiosyncratic response 
in persons with a specific genetic predisposition. 
Predictable hepatotoxicity were dose dependent and 
host independent. Early-onset toxicity was strong 
evidence for direct drug toxicity especially where 
there was no previous exposure. Unpredictable 
hepatotoxicity were host dependent and non-dose 
dependent [13]. Most drug reactions were 
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unpredictable and occurrcd when the drug v v a s 

transformed into an intermediate m e t a b o l i t e vv ue 1 
was either toxic such as host-mediated ineta o ism 
°r provoked an immunological response sue 1 as 
hypersensitivity reaction. 

Elevated liver enzyme AST was more 
pronounced among HIV-cxposcd chiklien on co-
trimoxazolc at six months. The pronounced elevation 
of AST among HIV-cxposcd children at six months 
was suggested to be due to drug interaction between 
co-trimoxazolc ingested by the children and HAART 
that were sccrctcd in the breast milk of HIV-mothcrs 
on HAART. Previous s tudy had shown that 
sulphonamidc and trimctoprim form additive toxicity 
with lamivudinc and zidovudine causing elevated 
transaminases [16]. Lamivudinc was cxcrctcd mainly 
unchanged in the urine by renal clearance and activc 
tubu la r secret ion. Dose reduct ions were 
rccommcndcd in pre-existing renal impairment due 
to concurrcnt administration of nephrotoxic drugs 
such as intravenous cidofovir. In addition other drugs 
which arc actively secreted by the organic cationic 
transport system such as trimethoprim, might inhibit 
the excretion of lamivudinc. Administration of co-
t r imoxazole at doses used for prophylaxis of 
Pneumocystis cariniipneumonia resulted in a 40% 
increase in lamivudinc levels which was caused by 
trimethoprim. However, unless the patient had renal 
impairment, no dosage adjustment of lamivudinc was 
ncccssary. Co-administration of lamivudinc with 
h igh-dose t r imethopr im such as when co-
trimoxazolc, or dapsone and trimethoprim, were used 
to treat P carinii pneumonia should be avoided. Care 
should be taken when lamivudinc would be used with 
o ther myclosupprcss ivc drugs bccausc 
thrombocytopenia, transient elevations in liver 
enzymes, and increases in scrum amylase were 
reported [16]. 

The HAART-naivc HIV-infected children 
and the HIV-cxposcd children aged about eighteen 
months did not have adversely elevated liver 
enzymes probably bccausc they did not have 
exposure to HAART. They were only receiving co-
trimoxazolc and had cessation of breast-feeding at 
least six months earlier. It was a common practicc in 
West Africa that HIV-infcctcd mothers would 
breastfeed their children exclusively for six months 
before introduction of meals while some mothers 
would breastfeed children till one year of age. Parker 
ct a I., indicated that among low-income HIV-infcctcd 
mothers who were living in developing countries, 
exclusive breastfeeding was accepted and feasible 
as demonstrated by the high adherence rate. Early 
breastfeeding cessation was challenging due to 

maternal fears, household food insecurity and social 
stigma. Mothers learned to acccpt early weaning as 

IIIV preven t ion s „ a t e e y wi,|, 
counselling and support. Exclusive brcastfccdiim to 
6 months was widely promoted for optimal feeding 
within the general population of Malawi, regardless 
ol HIV status, and thus carried no stigma. Southern 
Africa had also reported succcss using counselling 
sessions to promote exclusive breastfeeding. Early 
breastfeeding cessation at 4 months significantly 
increased the risk of growth (altering, severe 
morbidity and death [ 17]. 

Less than half of the participants on HAART 
were lost to follow up. Bcrhcto et al. indicated 26.7% 
loss to follow up among patients on HAART in 
Makondc district, Zimbabwe. He also indicated 
38.8% loss to follow up among patients on HAART 
in United Kingdom. In their study, it was observed 
that attrition from care was directly associated with 
length of stay with antirctroviral carc. They reported 
high rate of attrition from carc in first 6 months of 
HAART initiation. The risk of attrition increased 
with longer period of stay on HAART. The high risk 
fac tors respons ib le for a t t r i t i on were poor 
counselling service, refilling and assessment of 
antirctroviral by medical officer [18]. 

Both liver enzymes ALT and AST of the 
HIV-infcctcd children on HAART were reduced after 
monitoring at third and sixth month which probably 
indicated resolution of hcpatotoxicity. This was 
consistent with reports of previous studies in adults 
[10,19]. Nunez and Soriano concluded that the 
contr ibut ion ol each p a r t i c u l a r d rug to the 
development of hcpatotoxicity in a HAART regimen 
is difficult to evaluate. The incidence of liver toxicity 
was not well known for most of the antirctrovirals. 
Although it was most often mild, fatal eases of acute 
hepatitis linked to the use of HAART have been 
reported across all classes of antirctrovirals. Acutc 
hepatitis was related to hypersensitivity reactions in 
the ease of non-nuclcosidcs and to mitochondrial 
toxicity in the case of nucleoside analogues. Nunez 
and Soriano indicated that the management of liver 
toxicity was based mainly on its clinical impact, 
severity and pathogenic mechanism. Although mild 
HAART-relatcd hcpatotoxicity most often would 
spontaneously resolve, severe hcpatotoxicity require 
discontinuation of the antirctrovirals, for example 
when there was liver decompensat ion , 
hypersensitivity reaction or lactic acidosis [19|. 
Nunez reported that antirctrovirals were metabolized 
in the liver through the cytocrome pathways, hence, 
idiosyncratic polymorphisms of the enzymatic 
complexes might lead to significant heterogeneity 
in drug metabolism, predisposing to the development 
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of hepatotoxicity in ccrtain individuals. Sonic drugs 
might potentiate the activation of death receptors or 
intracellular stress pathways. Liver cells promoted 
mechanisms of cvloprotcction against the oxidative 
stress caused hv drug metabolism. Meat-shock 
proteins w ere induced by various forms of stress such 
as drugs might exert cyloproteclive functions to 
prevent potentially damaging toxicants. An increase 
in hea t - shock prote ins in indiv iduals with 
polymorphisms might help the liver adapt to and 
min imize drug toxicity. Anti-oxidat ion s t ress 
m e c h a n i s m s might explain the spon taneous 
normalization in the levels of transaminases despite 
continuity of HAART regimen [9]. The observation 
was that elTcct of HAART on liver enzymes ALT 
and AST were resolved after three and six months 
of follow up respectively. The increasing AST/ALT 
ratio after third and sixth month of follow up was of 
non- significance to the liver function. 

Though the causcs of death of five (5.4%) 
HlV- in fcc t cd chi ldren who rcccivcd HAART 
regimen from the ccntrcs could not be ascertained, 
one of the deceased had confirmed severely enlarged 
liver (hepatomegaly) which probably indicated that 
her death could be due to HAART regimen. This 
s tudy showed prcscncc of death casualty after 
H A A R T ini t ia t ion in chi ldren which was in 
conformity with report in a previous study led by 
Pulhanakit. It was reported that the higher mortality 
rales in poor economy countries during the first few 
months of HAART initiation, compared with those 
in developed countries, could be explained by the 
low C D 4 cell counts, advanced clinical stage, 
prevalence of coexisting infection at the time of 
HAART initiation, occurrcncc of IRS in these 
patients with late-stage HIV infection and adverse 
even t s c a u s e d by an t i re t rov i ra l d rugs were 
responsible for morbidity and mortality [20]. In this 
s tudy all the par t i c ipan ts on HAART were 
a s y m p t o m a t i c and the cause of dea th of 
asymptomatic HIV-infcctcd undcr-fivcs on HAART 
was unknown. 

The limitations of the sludy were lack of 
screening of participants for HCV/ HBV which could 
be confounding factor and access lo folders of 
participants that died before the completion of study. 

Conclusion 
This sludy was able to establish that ihcrc was a 
significant association of HAART willi decreasing 
a lan ine a m i n o t r a n s f e r a s e and a s p a r t a t e 
aminotransferase after initial increase which implied 
resolution of impaired liver function among 0-5 year 
old participants. 

Recommendations 
Regular monitoring of liver for elevated alanine 
aminotransferase and aspartate aminotransferase 
among HIV-infcctcd under-lives on IIAART was 
hereby recommended. 
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