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Abstract

Background: Studies relating to long-term virological outcomes among children on first-line antiretroviral therapy
(ART) from low and middle-income countries are limited.

Methods: Perinatally HIV infected, ART-naive children, between 2 and 12 years of age, initiating NNRTI-based ART
during 2010-2015, with at least 12 months of follow-up, were included in the analysis. CD4 cell counts and plasma
HIV-1 RNA were measured every 24 weeks post-ART initiation. Immunologic failure was defined as a decrease in the
CD4 count to pre-therapy levels or below and virologic failure as HIV-RNA of > 1000 copies/ml at 48 weeks after ART
initiation. Genotypic resistance testing was performed for children with virologic failure. Logistic regression analysis
was done to identify predictors of virologic failure.

Results: Three hundred and ninety-three ART-naive children living with HIV [mean (SD) age: 7.6 (3) years; mean

(SD) CD4%: 16% (8); median (IQR) HIV-RNA: 5.1 (3.5-5.7) log, , copies/ml] were enrolled into the study. At 48 weeks,
significant improvement occurred in weight-for-age and height-for-age z-scores from baseline (all p<0.001). The
immunologic response was good; almost 90% of children showing an increase in their absolute CD4™ T cell count to
more than 350 cells/mm3. Immunological failure was noted among 11% (28/261) and virologic failure in 29% (94/328)
of children. Of the 94 children with virologic failure at 12 months, 36 children showed immunologic failure while the
rest had good immunologic improvement. There was no demonstrable correlation between virologic and immuno-
logic failure. 62% had reported >90% adherence to ART. At the time of virologic failure, multiple NNRTI-associated
mutations were observed: 80%—K103N and Y181C being the major NNRTI mutations—observed. Sensitivity (95% Cl)
of immunologic failure to detect virologic failure was 7% (2—12), specificity 97% (92.4-98.9), PPV 44% (13.7-78.8) and
NPV was 72% (65-77.9). There were no statistically significant predictors to detect children who will develop virologic
failure on treatment.

Conclusions: Considerable immunological improvement is seen in children with ART initiation, but may not be an
effective tool to monitor treatment response in the long-term. There is a lack of correlation between immunologic
and virologic response while on ART, which may lead to a delay in identifying treatment failures. Periodic viral load
monitoring is, therefore, a priority.
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Background

Of the estimated 36.7 million people living with HIV
worldwide in 2016, 6% (2.1 million) were children
under 15 years of age [1]. An estimated 1.8 million indi-
viduals worldwide became newly infected with HIV in
2016 which includes 160,000 children under 15 years
[2]. Children <1 year of age are among the most vul-
nerable to HIV. As early initiation of antiretroviral
therapy (ART) has shown benefits, the World Health
Organization (WHO) has recommended initiation of
ART for all children (< 10 years of age) and adolescents
(10-19 years) living with HIV, regardless of WHO clini-
cal stage or CD4 cell count [3]. Based on this recom-
mendation, ART coverage in children living with HIV
has increased in many countries resulting in a decrease
in morbidity and mortality due to HIV infection [4].

Efficacy of ART is monitored by both clinical and lab-
oratory measures, including estimation of HIV-1 viral
load and CD4 cell count, while on treatment. WHO
recommends viral load estimation as the preferred
monitoring approach to diagnose and confirm treat-
ment failure [5]. The 90-90-90 treatment targets call
for 90% of those living with HIV to know their status,
90% of those who know their status to be on treatment,
and 90% of those on treatment to be virally suppressed
[6]. However, in low and middle-income countries,
such monitoring has proved difficult given the inade-
quate laboratory facilities, shortage of trained staff and
expensive reagents. The success of ART depends on
the maintenance of long-term virological suppression,
which is particularly challenging in children living with
HIV. Varied response to different first-line regimens
has been reported from pediatric observational cohorts
from different regions of the world [7, 8, 9]. Despite the
reduction in morbidity and mortality, a considerable
proportion of patients fail to achieve a sustained viro-
logic response to therapy [10, 11]. Thus treatment fail-
ure is an increasing concern.

Long-term data across all age groups of children are
required to compare the effectiveness of ART regimens
in resource-constrained settings. This will help us to
identify the groups at high risk for virological failure
while on ART and strategically plan interventions to
overcome this hurdle and successfully manage children
living with HIV. In India, till September 2016, approxi-
mately 56,000 children living with HIV were receiving
free ART under the National Paediatric HIV/AIDS Ini-
tiative of the National AIDS Control Programme [12].
We evaluated the long-term outcome of children ini-
tiating first-line ART in India and assessed the factors
associated with virological suppression or virological
failure after 12-months of ART.
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Methods

Children initiating first-line ART in the “HIV-Associated
Lipodystrophy Syndrome” (HALS) study, details are given
elsewhere [13], and with at least 12 months of follow-up
were included in this report. In brief, HALS study is a pro-
spective study to determine the incidence of dyslipidemia
and lipodystrophy among HIV-infected ART-naive chil-
dren aged 2-12 years, initiating first-line ART as per the
national guidelines and on follow-up during the period
2010-2016 at the National Institute for Research in Tuber-
culosis, Chennai, and St. John’s Hospital, Bangalore, India.
The ART regimen consisted of two nucleoside reverse
transcriptase inhibitors (NRTIs—lamivudine, and stavu-
dine or zidovudine, based on the hemoglobin levels) and
a non-nucleoside reverse transcription inhibitor (NNRTI,
either nevirapine or efavirenz in children > 3 years). Drug
dosages were based on the body weight of the child and
were given as tablets or syrups. Children were reviewed
every 3 months after ART initiation.

Data collection

During every review, the child’s well-being, adherence to
ART and anthropometry were recorded. Adherence to
ART was assessed by self-reporting by the caregiver, pill
count and on-time hospital attendance by the child or his/
her caregiver. Blood was drawn for complete blood count,
CD4 percentage, absolute CD4™" T cell counts, and HIV-1
viral load, once every 6 months. CD4" T cell percentage
and CD4" T cell counts were measured using the FACS-
Count flow cytometer (Beckton Dickinson Biosciences,
San Jose, CA) and plasma viral load was estimated using
the Roche COBAS AmpliPrep/Cobas TagMan HIV-1 Test,
v2.0. Stored plasma samples from children with at least
12 months of follow-up and proven virologic failure were
analyzed for HIV drug resistance mutations (DRM) by
HIV-1 RNA using the QIA amp viral RNA extraction kit
(Qiagen, Valencia, CA) and sequencing the relevant por-
tion of the HIV pol gene by adopting previously published
HIV drug resistance testing protocol [14]. The sequences
were assembled and analyzed using Segscape software
V2.6 (Applied Biosystems). HIV DRMs were defined using
the Stanford University HIV drug resistance database.

Outcome definition

Patient retention-rate was defined by the proportion
of children who were still receiving care at the study
sites. Attrition consisted mainly of mortality and loss to
follow-up. If a child missed less than 4 doses of ART in
a month, he/she was considered as >95% adherent to
ART. Similarly, if the child missed 5-12 doses of ART in
a month they were considered only 80-95% adherent to
ART, while missing more than 12 doses of ART in the last
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1 month, put their adherence to <80%. Loss to follow-up
was defined as children not attending the scheduled fol-
low-up visits for three consecutive visits, and all attempts
to retrieve the patient for follow-up failed. The child also
had not made any unscheduled visits during this period.
The WHO Global Database on Child Growth and Mal-
nutrition recommends a cut-off z-score of <—2 stand-
ard deviation (SD) to classify low weight-for-age (WAZ)
(underweight), low height-for-age (HAZ) (stunting), and
low weight-for-height (WHZ) (wasting) as moderate,
and a Z-score of <—3 SD to define severe undernutri-
tion [15]. Immunologic Failure (IF) was defined as either
fall of CD4 count to pre-therapy baseline or below (2)
>30% fall of absolute CD4 count from the on-treatment
peak value or (3) persistent CD4 levels below 100 cells/
mm?; while immunologic recovery (IR) was defined as an
increase in CD4" T cell count of >25% from pre-therapy
baseline levels [16, 17]. Virologic suppression was defined
as plasma HIV-1 RNA <400 copies/ml after 12 months of
ART while virologic failure (VF) was defined as HIV-RNA
over 1000 copies/ml after 12 months of ART in patients
who had achieved initial virologic suppression [10, 18].

Statistical analysis

The primary endpoints were virologic and immunologic
failure at 12 months after initiation of first-line ART. The
first analysis was done for all children who were on regular
follow-up and completed 12 months of ART. Subsequently,
a second analysis was done for those who went on to com-
plete 24-months of ART. Data analysis was performed
using SPSS software, version 19.0. We also calculated the
changes in weight, height, and few laboratory parameters
from baseline to weeks 48 and 96. We compared the con-
tinuous normally distributed data using Student t-test
and proportions by Chi square test or McNemear test, as
appropriate, to determine the change in anthropometry,
immunology and virological parameters between pre-ther-
apy baseline versus 12 months and pre-therapy baseline
versus 24 months. We considered p<0.0025 for statisti-
cal significance for comparing variables like stunting and
underweight, moving from worst to better or normal cat-
egory. This was done to avoid multiple comparisons for
different time points. We performed a multivariate logistic
regression analysis for all variables using enter method (all
variables entered at the same time regardless of their sig-
nificance level in univariate analysis), to identify independ-
ent predictors of virological failure at year 1. We considered
age, gender, height and weight-for-age z scores, TB status,
viral load, and CD4" T cell count at the time of ART initia-
tion, type of ART (nevirapine vs efavirenz), poor adherence
(<80% drug intake) to treatment, not having a parent as the
primary caregiver, living in residential institutions as poten-
tial predictors of virological failure by entering all variable.
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The study was approved by the Institutional Ethics
Committee at both the institutions and informed writ-
ten consent was obtained from the parent/guardian and
assent from the child, wherever applicable.

Results

During 2010-2015, 393 ART-naive HIV infected chil-
dren were initiated on first-line ART at the study sites
and included in the present analysis. The majority (97%)
of them had acquired the infection perinatally; 49% were
girls. Pre-exposure to single-dose nevirapine or other
ART as part of prevention of mother to child transmis-
sion regimen could not be excluded for all children as
some were either orphans staying at residential homes
or with grandparents or distant relatives. Mean (SD)
age of children at baseline was 7.6 (3) years, and median
(IQR) HIV-1 RNA was 5.1 log,, copies/ml, (range: 3.5—
5.7 log;, copies/ml). Undernutrition and poor immu-
nological status were common among children before
treatment initiation (Table 1).

Table 1 Baseline characteristics of 393 ART-naive HIV
infected children enrolled in the study

Characteristics of children Values
Number of boys (%) 200 (51)
Mean age in years (SD) 76(3.1)
Median WAZ score (IQR) —221(=27,—-15)
Median HAZ score (IQR) —21(—=28,—13)
Median WHZ score (IQR) —12(=19,-05)
Median CD4 cell count (cells/mm?) (IQR) 388 (269-653)
Median HIV RNA viral load (copies/ml) (IQR) 141,000 (25,876-436,000)
Mean CD4% (SD) 16.55 (8.82)
WHO clinical stage

1 42

2 98

3 150

4 65
CD4 cell count (cells/mm?) n (%)

<200 63 (16%)

200-349 102 (26%)

350-499 79 (20%)

>500 147 (37%)
Viral load (copies/ml) n (%)

<400 10 (3%)

400-999 18 (5%)

>1000 361 (92%)
Number of children on

Efavirenz-based ART regimen 96 (24%)

Nevirapine-based ART regimen 289 (74%)

Other regimens (3NRTIs) 8 (2%)

WAZ weight for age, HAZ height for age, WHZ weight for height
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Patient in care cascade and adherence to ART

Of the 393 children initiated on ART, 74% of children
were started on nevirapine-based first-line ART while
24% on efavirenz-based first-line ART along with lamivu-
dine and stavudine or zidovudine, (based on their hemo-
globin levels >or <6 gm/dl). The remaining 2% were on
abacavir with lamivudine and stavudine or zidovudine.
378 children came for regular study-related follow-
ups and further investigations. At the end of 12 months
of ART, 328 of 393 children (83%) were still on follow-
up with an overall retention rate of 87%. Self-reported
adherence to ART at 12 months was >90% drug intake
in 83% (276/331) of children, 80-90% in 7% and < 80% in
10% of children on ART. There were—lost to follow-ups
and missed visits during the follow-up period. By the end
of 18 and 24 months of ART, there were 268 and 234 chil-
dren on follow-up respectively. Figure 1 shows the study
population along with reasons for the decrease in num-
bers during follow-up (care cascade).

Clinical and immunologic follow-up

After 12 months of ART, significant improvement was
noticed in the weight-for-age and height-for-age z-scores
from baseline (all p<0.001). Though a significant number
of children had moved from the worse stunting category
to better and normal category, 21% of children remained
stunted (HAZ score <—2) and 22% undernourished for
their age (WAZ score <—2) (Table 2). The immunologic
response was good; among children >5 years of age, 90%
[245/273] at 6 months, 91% [238/261] at 12 months, and
91% [176/193] at 24 months had an increase in their
absolute CD4" T cell count to more than 350 cells/mm?
when their baseline CD4 count was below 350 cells/
mm?®, A similar trend of increasing proportion of children
showing a favorable response in CD4% with duration was
seen as shown in Fig. 2. Immunologic failure was seen
in 11% [28/261] and 9% [17/193] of children at 12 and
24 months respectively.

Virological status at 12 and 24 months
Viral load data were available for 348 children at the end
of 6 months, for 328 children at the end of 12 months
and 218 children at the end of 24 months of ART. All
the children (except 28) had a high viral load in the pre-
ART period and showed a good clinical response after
initiation of ART. 78% of children achieved undetectable
viral load (<400 copies/l as detected by our viral load
machine) by 6 months of ART. This proportion decreased
with increasing duration of ART—67% at 12 months and
69% at 24 months had undetectable plasma viral loads.
(Table 2).

After 12 months of ART, a quarter of the children in
this cohort (94/328) showed virological failure. Majority
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CLHIV initiated on
ART n=393

Death 12, LFU 8,
Tr out 13 & Missed visit 12

—— 6t month - 348 on follow-up

Death 3, LFU 12,
Missed visit 5

= 12th month- 328 on follow-up

Death 18, LFU 22,

Tr out 4 & Missed
visit 16

' 18th month- 268 on follow up

Death 18, LFU 12, &
Missed visit 4

i 24th month- 234 on follow up

Fig. 1 Schema showing the care cascade of children on ART in HALS
study. CLHIV children living with HIV, ART antiretroviral therapy, LFU
lost to follow-up, Trout transfer out

of failure (62/94) were seen in the age group of 7-12 years
and in children receiving nevirapine-based ART (74/94,
79%) as compared to efavirenz-based ART (17/94, 18%)
and other groups (3/94, 3%) (p=0.192). The proportion
of virologic failures remained similar at 24 months of
ART too. 62% of children with VF reported >90% adher-
ence to ART.

Drug resistance mutations
Of the 94 children with virological failure after 12 months
of ART, drug resistance mutation (DRM) results were
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Table 2 Clinical and immunological outcome of children on ART during 24 months of follow-up
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Laboratory parameters

Baseline (n=393)

6 months (n=340)

12 months (n=323)

24 months (n=234)

Mean (SD) hemoglobin (g/dl) 10.60 (1.64)
Mean (SD) CD4% 16.24 (7.93)
Anthropometry n (%) n=393
WAZ score < —2 225 (57)
HAZ score < —2 205 (52)
WHZ score < —2 68(17)
CD4% n (%) =345
<25% 278 (81)
>25% 67 (19
CD4 cell count (>5 years of age) n (%) =304
>350 cells/mm? 152 (50)
<350 cells/mm? 152 (50)
Viral load (copies/ml) n (%) =389
<400 1(3)
400-1000 17(4)
> 1000 361 (93)

11.33 (1.46) 1163 (1.44) 118(13)
26,67 (9.54) 29.31(947) 35.38 (36)°
n=340 n=323 n=218
119 (35) 71 (22)% 16 (7)°

112 (33) 69 (21)* 17 (8)°
35(10) 27 (8)* 23(11)°

n (%) =284 n (%) =243 n(%)=135
117 (41) 75 31)* 33 (24)°
170 (60) 168 (69)* 102 (76)°
n=273 n=261 n=193
245 (90) 238 (91)* 176 (91)°
28 (10) 28 (11)* 17 9)°

n (%) =348 n (%) =328 n (%) =218
273 (78) 221 (67)* 150 (69)°
10(3) 13 (4) 5(2)

70 (20) 94 (29)* 63 (29)°

WAZ weight for age, HAZ height for age, WHZ weight for height
* p<0.05 between baseline and 12 months

$

p <0.05 between baseline and 24 months by Mcnemar’s test

1004

804

60+

BL

BL

a CD4% over time

Trend of CD4

B8 CD4<25%
E3 CD4>25%

6M 12M 24M
Months

b viral load over time

Trend of Viral load

B3 VL<=1000

B3 VL>1000

6M 12 M 24 M
Months

Fig. 2 Stacked graph of the proportion of children on ART showing
changes in a CD4% over time. b Viral load over time

available for 65 children. At the time of virologic failure,
20% (13/65) of children had no DRM while 80% (52/65) of
the children had multiple NNRTI-associated mutations.

Among the children with DRMs, 85% (44/52) had
both NRTI and NNRTI DRMs while 15% (8/52) had
only major NNRTI DRMs. M184V/I was present in
79% (41/52) of the children, and 27% (14/52) had Thy-
midine analog mutations (TAMs). K103N (48%), Y181C
(37%), G190A/S (25%), Y188C/L (10%), VI06M/A (8%),
K65R (8%) and L100I (4%) were the major NNRTI DRMs
observed in these 52 children (Fig. 3). A retrospective
DRM testing showed that only 6.4% (5/78) of the children
had K103N as the major DRM at baseline (pre-ART).
DRM results were available for 3 of these children at 12th
month and they had either M184V or M184I mutation in
addition to K103N at this time point.

Virological-immunological discordance

Of the 94 children with virologic failure at 12 months,
only 36 children showed immunologic failure. Corre-
lation between virologic and immunologic failure was
absent even at 24 months of ART (VF in 63 children
versus IF in 39 children). Sensitivity (95% CI) of immu-
nologic failure to detect virologic failure was only 7%
(2.0-12.0), specificity 97% (92.4-98.9), PPV 44% (13.7-
78.8) and NPV was 72% (65.0-77.9), highlighting the fact
that immunologic failure cannot detect virologic failure
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B NRTI

Number of Children with DRMs

L1001

K103N
G190A/S
Y181C
V106A/M
Y188C/L

Drug Resistance Mutation
Fig. 3 Major drug resistant mutations in HIV-1 isolates from the children at the time of virological failure

T215Y/F
K219E
D67N

M184V/IIV

accurately and hence cannot be a good tool to assess the
treatment response in children on ART.

At the time of virologic failure, none of the children
were switched to second-line ART but continued on first
line regimen as their CD4™ T cell counts were high and
they did not fit into the criteria for switching to second-
line ART as per the national guidelines [19].

Predictors of virologic failure

In univariate analysis, the type of ART regimen showed
a trend towards positive correlation with virologic fail-
ure. But in multivariate analysis, there were no iden-
tifiable predictors to detect children who will develop
virologic failure while on treatment (Table 3).

Discussion

In summary, the study revealed improvement in clini-
cal, immunological and virological outcomes among
HIV infected children after 96-weeks of NNRTI-based
ART. However, a quarter of them had developed viro-
logic failure by the end of 1-year of ART, which did not
reflect in their immunological parameters, i.e., CD4 cell
counts. Monitoring of individuals on ART is important

to ensure treatment efficacy and improved health out-
comes. Hence periodic monitoring of viral load at least
once in 6 months after initiation of NNRTI-based ART,
will allow early identification of virologic failures and
regimen change, thus avoiding accumulation of resist-
ant strains and treatment failures. WHO recommends
routine viral load testing at 6 and 12 months after ART
initiation and every 12 months thereafter as the pre-
ferred monitoring timelines to diagnose and confirm
treatment failure [20].

After 12-24 months of NNRTI-based ART, significant
improvement was observed in the height and weight-
z-scores, CD4% and CD4 cell counts of HIV-infected
Indian children, similar to that observed in the Thai and
Kenyan cohorts [21, 22]. However, in our cohort, a sub-
stantial number of children remained stunted even after
1-year of ART. The reasons for this could be either their
perinatal exposure to HIV and subsequent suppression of
growth potential or continued to be immunosuppressed
or the late initiation of ART with an advanced stage of
the disease [23, 24].

In our cohort, 90% of children above 5 years and about
70% of younger children (<5 years) showed immune
recovery by 48 weeks. Thai cohort also noticed such
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Table 3 Factors associated with virologic failure in children on antiretroviral therapy

Variable Univariate analysis

Multivariate analysis

Odds ratio (95% Cl)

p value 0Odds ratio (95% Cl) p value

Age (years)
<5
>5 1.19(0.50-1.74)
Gender
Girls
Boys 1.07 (0.57-2.01)
ART regimen
Nevirapine
Efavirenz 2.15(0.88-5.38)
Primary caregiver
Yes
No 042 (0.15-1.13)
Staying in a residential institution
Yes
No 1.15(0.49-2.68)
TB status
No
Yes
CD4 at baseline
<350 cells/mm?
>350
Viral load at baseline (copies/ml)
<400
>400
WAZ score
>—2.00
<-200
HAZ score
>—200
<-200

0.50(0.20-1.21)

1.53(0.80-2.91)

248 (0.0-92.47)

0.69 (0.36-1.38)

0.82 (0.43-1.55)

0.63 0.97

1.02 (0.45-2.26)
0.81 0.62
0.85 (0.45-1.59)
0.06 048
1.77 (0.36-8.67)
0.06 0.26
0.58 (0.21-1.52)
0.71 0.46
1.36 (0.58-3.19)
0.09 0.95
0.95(0.19-4.73)

0.18
1.56 (0.80-3.00)
0.51 0.24
349 (0.42-28.8)
0.23 0.25
0.62 (0.28-1.39)
0.51 0.78
0.89(0.42-1.91)

WAZ weight for age z-score, HAZ height-for-age z-score

high rates of immune recovery [21]. The lower rates of
immune recovery in the younger age group could be due
to under-dosing of ART as proper child-friendly formula-
tions of ART were not available in the programme then.
At the end of 48 weeks, 67% of children in our cohort had
undetectable plasma HIV-1 RNA. This was slightly lower
than previous reports of 70-75% [21, 25]. Non-response
to treatment due to initiation of ART at an older age sec-
ondary to a delayed diagnosis of the disease or advanced
stage of the disease as evidenced by low CD4 cell counts
could attribute to a lesser proportion of children showing
virological suppression. An additional 4% showed a viral
load between 400 and 1000 copies/ml at the 48th week;
who showed virological suppression at a subsequent visit,
probably delayed converters.

Literature reports varying rates of VF; 20-33% in
Thai paediatric-HIV cohorts [18, 21], 38% in a South
African cohort [10], and 33% among children in Mali
>1-month post-NNRTI-based ART initiation [26]. In
our cohort, at the end of 48 weeks of ART, 29% of chil-
dren (94 children) experienced VE. Majority of the VF
occurred between 6 and 12 months of ART and most
of them occurred in children on Nevirapine-based
ART, raising the issue of sub-therapeutic concentra-
tion of nevirapine during the lead-in period of treat-
ment [27]. Failure to detect VF early and continuation
on the failing regimen may result in accumulation of
resistant viruses leading to clinical deterioration and
death. Hence monitoring of viral load, at least once in
6 months after initiation of NNRTI-based ART, will
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allow early identification of VF and regimen change if
warranted. Also, viral load monitoring can be instru-
mental in identifying those in need of additional adher-
ence support and preserving treatment options.

Unlike other studies, our cohort had a low rate (6%)
of pre-treatment NNRTI resistance mutation. Crowell
et al. reported 38% baseline NNRTI resistance among
120 treatment-naive HIV-infected children in Mali, while
Kityo et al. reported 17% pre-treatment drug resistance
among 278 children with HIV [26, 28]. Though mother-
to-child transmission was the commonest mode of
transmission of HIV infection to the child, the low rate
of pre-treatment NNRTI mutation could be due to the
poor uptake of single-dose nevirapine by pregnant moth-
ers as the majority of them had deliveries at home and
approached the health care system only after delivery.
Among those who developed VF, M184V, K103N, and
Y181C were the most common DRMs observed as in
South Africa [29].

Of the 94 children with VE only ten showed concur-
rent IF. The sensitivity of IF to detect treatment failure was
low in our study, similar to other studies where it varied
between 3 and 4% [21, 30]. Gunda et al. [17] also reported
low sensitivity and PPV of WHO immunological criteria
to detect treatment failure. There is a time lag of approxi-
mately 6-12 months between the onset of VF and IF and
subsequent clinical failure. The poor sensitivity of IF in
detecting treatment failure may cause physicians to miss
early detection of treatment failure and drug resistance.
Unfortunately, in many low- and middle-income settings,
routine HIV-1-RNA monitoring is still unavailable and they
rely on CD4 counts for monitoring treatment response.
Countries have to make available periodic viral load testing
for children living with HIV if they have to achieve 90-90-
90 target of UNAIDS. Also, if expertise for pediatric veni-
puncture is not available, the techniques to use dried blood
spot specimens, cheaper in-house techniques to estimate
viral loads should be made available [31].

Various predictors of VF have been identified and
reported in the literature, which include younger age
[30], low CD4% at the time of ART initiation [30], type
of ART [26, 30], baseline NNRTI resistance [26, 28],
etc. Father as the main caregiver of the child and lack
of access to tap water; have also been identified as risk
factors for VF [32]. Njom et al. [33] reported that being
motherless children (motherless orphanhood) was asso-
ciated with VF (aOR: 2.9, 95% CI 1.3-6.1). However,
in our cohort, we were not able to identify any specific
predictors for virologic failures, though we noticed a
trend among children with low CD4 cell counts at the
time of ART initiation, for developing virological failure
(OR=0.999, 95% CI 0.98-1.00, p=0.02).
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Emotional and developmental issues particular to
elder children may also pose difficulties in the daily
administration of ART, affecting adherence and viro-
logical suppression. Unfortunately, the ART adherence
recorded by self-reporting during the monthly visits of
children to the clinic, fail to capture these missed doses.
Hence, adherence to ART should be emphasized dur-
ing every clinic visit to both the children as well as their
caregivers.

The strength of this study is the long-term virological
outcome data of children living with HIV initiated on
first-line ART in a resource-constrained setting. Limi-
tation of this cohort was that a repeat viral load testing
after 1 month could not be done in all children with a
viral load of 400—1000 copies while on ART. Also, not all
children followed up to 24 months post ART initiation
had their viral load measurements done either because
they were lost to follow-up or due to a shortage of viral
load kits. Our findings highlight the need for the health-
care system to strengthen its infrastructure and supply
management if routine viral load monitoring services
are to be made available in the national pediatric ART
programmes.

Conclusions

CD4 criteria to detect treatment failures perform poorly
as they fail to detect virological failures early—on dur-
ing treatment. Using CD4 criteria to monitor treatment
response to ART in low and middle-income countries
may result in misclassification, and delay in treatment
switches. Plasma HIV-1 RNA detection along with
adherence counseling should be done periodically as a
priority, to ensure proper monitoring of children receiv-
ing ART. This will not only improve treatment outcome
but also reduce the development of drug resistance in
children on ART.
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