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Abstract

Introduction: The impact of antiretroviral (ARV) therapy on immunological and growth parameters in HIV-positive children in Pakistan has
not been reported to date.

Methodology: A retrospective chart review of children diagnosed with HIV at the Sindh AIDS Control Proigramme (SACP) and registered at
the Aga Khan University, Karachi, between January 2005 and 2013 was conducted, evaluating clinical and laboratory profiles of HIV+
ARV+ children for ARV impact (serial height and weight CD4 and viral counts).

Results: Twenty-four children were diagnosed and registered as HIV positive over five years, and 20 were started on ARV. Six were
excluded from analysis (ARV duration < 6 months). Nine (64.3%) of 14 fulfilled WHO criteria for treatment failure at a median duration of
25 weeks (IQR 18-32) on ARV and underwent resistance genotyping. All nine had NNRTI resistance, two had high-grade NRTI resistance
(= 4 thymidine analog mutations).

Median age at start of ARV was 71.5 weeks (IQR 37.5-119). Median baseline weight for age (WAZ) and height for age (HAZ) z-scores
changed from -1.94 to 1.69 and -1.99 to -1.59, respectively, after six months of therapy. Median CD4 percentage and viral load at baseline
changed from 13.8 to 17.8, while viral load changed from 285 x 10* copies to zero at six months.

Conclusions: ARV improved absolute CD4 and viral counts. Weight and height did not improve significantly, highlighting the need for

aggressive nutritional rehabilitation. Early development of ARV resistance in these children requires formal assessment.
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Introduction

The advent of antiretroviral therapy in 1996 and
the subsequent global scale-up over the following
years have significantly reduced morbidity and
mortality in HIV-infected children in both developed
[1,2] and developing countries [3,4]. Optimizing
delivery of ARV to HIV-infected children in resource-
limited countries, however, is fraught with challenges
such as poor health care infrastructure, limited
availability of pediatric drug formulations, lack of
monitoring techniques, and competing public health
priorities [5]. The impact of ARV on HIV-positive
children in Pakistan in terms of clinical events
monitoring (weight gain, disease stage, and functional
score) and/or more resource-dependent adherence
monitoring (pill counts versus CD4 and PCR for viral
load) has not been done since its implementation in

2005 [5]. Factors which may influence -clinical
outcomes of ARV include drug resistance and toxicity,
malnutrition, financial independence, and quality of
social support and care (caretakers other than parents).

Known determinants such as age and CD4
percentage at ARV initiation [6] have led to revisions
in ARV initiation criteria from a CD4% threshold of <
15% in 2006 to < 25% in 2010 [7,8]. Age limit for
ARV regardless of CD4% is now recommended for all
children under 24 months rather than under 12 months
as recommended earlier [7,8]. These revisions in
WHO recommendations are based on data showing
better survival, lower morbidity, and improved
laboratory parameters with earlier initiation of ARV in
children [9,10]. Lower morbidity has been studied in
several pediatric antiretroviral clinical trials as using
composite endpoints, such as time to opportunistic
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infection [11], neurologic deterioration [12], and poor
weight growth velocity (three consecutive months with
less than the third percentile for age- and gender-
specific six-month weight growth velocity) on
incremental curves [13] in several pediatric
antiretroviral clinical trials. Though reports from
developing countries show growth impact in terms of
WAZ (by about 1 SD from -2 SD or below at baseline)
[14], HAZ and/or WHZ and BMIZ [15-18], HAZ and
WAZ may be more appropriate because in HIV-
infected children, the disease itself adversely affects
growth in a manner which is symmetrical, with equal
effects on weight and height [19,20]. This is in
contrast to non-HIV malnutrition where WHZ is more
appropriate because the most common pattern of
growth is weight loss relative to height for age,
followed by declines in height for age, and finally
slowed head circumference growth.

Higher baseline CD4 values and use of NNRTI-
based regimens rather than PI-based are two important
predictors of faster immunologic recovery [15,21-23].

Key challenges in management of pediatric HIV in
Pakistan remain lack of personnel capable of taking
care of HIV-infected children, holistic care at one
accessible site, identification and accessibility to HIV-
infected orphans/vulnerable children, access to
laboratory monitoring of therapy at smaller centers,
and insufficient funds for auxiliary services such as
opportunistic infection screening/therapy, nutritional
and occupational rehabilitation for patients, both
children and parents. This paper evaluates impact on
weight (clinical) and immunological and virological
counts (laboratory) in 14 HIV-positive children in
Karachi.

Methodology
Study setting

With an estimated population of 168.79 million by
the end of 2009 and an average annual growth rate of
1.9%, Pakistan ranks as the sixth most populous nation
in the world. Sindh province is second to Punjab in
population and HIV prevalence, housing 4 of 14 HIV
treatment centres (3 in Karachi, 1 in Larkana).

The infectious disease service at the Department of
Pediatrics and Child Health, Aga Khan University
(AKU) provides ARV treatment and ambulatory care
to 24 of 48 children registered with the Sindh AIDS
Control Program (SACP) as of January 2013.
Consultation and ARV are provided free of cost. Care
for the family remains geographically fragmented with
pediatric care (including ARV) both at AKU and Civil
Hospital, parental care at Civil/Indus Hospital, Karachi
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(20 kilometers apart) and laboratory facility at the
SACP-designated  Molecular ~ Diagnostics  and
Immunology Laboratory, Sindh Institute of Urology
and Transplantation (SIUT). Family visits require
coordination of laboratory working hours, physician
availability, and patient feasibility at all sites.
Antiretroviral therapy and prognostic tests such as
CD4 and viral load are provided free of cost by the
National AIDS Control Programme, Ministry of
Health, Pakistan. T-cell counts are quantitated by flow
cytometry procedures (Multiset, Becton-Dickenson).
Plasma HIV RNA quantitation is performed using the
NASBA HIV-1 RNA QT Amplification System
(Organon Teknika Corp, Durham, NC, USA). Viral
load is reported as copies/mL (<50 copies/mL is
reported as undetected). HIV-1 Genotyping for drug
resistance, based on DNA sequencing technology to
analyze the protease and reverse transcriptase genes
for mutations reported to confer resistance to
antiretroviral therapy, is performed for patients with
clinical and immunological or virological failure.

Data collection and analysis

Clinical and laboratory records of patients
fulfilling study criteria (<15 years of age and HIV+
and on ARV > 6 months) during the study period were
retrieved from the Medical Records Department at
AKU. Clinical parameters assessed were age, gender,
height and weight, stage of disease at presentation, and
CD4% and viral load (at diagnosis, at the start of ARV
and at six-month, one-year, two-year and three-year
intervals post-initiation). Medians and frequencies
were analyzed using SPSS wversion 17.0 (SPSS,
Chicago, IL, USA). Weight for age, height for age,
and BMI for age z-scores were calculated using WHO
Anthro and Anthro plus software (version 3.2.2). The
non-parametric Mann-Whitney U test was used to
compare growth and immunological parameters
between two subgroups of patients (those with and
without resistance genes).

Results

Of 14 children included in analysis, at the time of
diagnosis, six (42.9%) had WHO clinical stages 3-4,
eight (77.1%) were ARV-eligible per the 2006
guidelines at time of diagnosis, and thirteen were
ARV-eligible (92.9%) by the 2010 recommendations.
All children had received multiple doses of live viral
polio vaccination during routine (four in the first year
of life) and supplementary immunizations (five to six
rounds per year) and BCG at birth without any adverse
effects. Five patients belonged to cities/towns outside
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Karachi (range of 160-450 kilometers) and had major
difficulties making regular follow-up visits. Half of the
patients (n = 7) had lost one or more parent to the
disease at the time of diagnosis. Vertical transmission
was the primary mode of acquisition (n =12, 85.7%).

Median WAZ and HAZ at baseline are given in
Table 1. Lag between diagnosis and start of ARV
(Table 1) was due to parental reluctance in four
(28.5%) patients.

Median CD4 count/percentage and viral load at
baseline are given in Table 1. All patients were started
on first-line ARV composed of zidovudine,
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lamivudine, and nevirapine. Only one (7.1%) patient
had severe zidovudine-related headache and anemia
requiring replacement of zidovudine with alternate
NRTI tenofovir.

Table 2 shows the changes in WAZ and HAZ over
6 months, 1 year, 18 months, and 3 years of ARV.
There was a statistically significant difference in CD4
count and percentage at 18 months between 10
patients with subsequent resistance and 4 who
remained susceptible until the end of the study period
(U=0,p=0.044).

Table 1. Baseline demographics and WHO clinical stage of HIV at initial registration of 14 HIV-infected patients who

received ART

Baseline characteristics No. Patients (%)
Male 9 (64.3%)
Percentage residing > 70 km away from center of care 5 (35.7%)
WHO stage at time of diagnosis

Stage 1 2 (14.3%)
Stage 2 6 (42.9%)
Stage 3 5 (35.7%)
Stage 4 1(7.1%)

Median age at diagnosis (IQR), months

Median age at ART start (IQR), months

Lag between HIV diagnosis and ART start in months, median (IQR)
Children < 5 years of age at ART start

Weight for age Z-score (WAZ)

Height for age Z-score (HAZ)

BMI Z-score (BAZ)

CD4 at baseline, median (IQR)

CD4 percentage at baseline, median (IQR)

CD4 percentage at baseline

<15%

15-25%

>25%

Percentage of children with viral load performed at baseline

Viral load at baseline, 10" copies, median (IQR)
Percentage of children with vertically acquired disease
Parental status of children with vertically acquired disease
Both alive

One parent dead

Both parents dead

Percentage of children who showed treatment failure
Percentage of children who underwent resistance genotyping, n = 14
Common resistance genotype identified, n =9

NRTI

184V (decreased susceptibility to lamivudine)

> 4 thymidine analogue mutations (TAMs)

Pathway 1 (high zidovudine resistance, high NRTI cross-resistance)
Pathway 2 (more NRTI cross-resistance)

NNRTI (Major)

PI

§

Duration ARV at time of treatment failure in months, median (IQR)

52.5 (27.8-98)
71.5 (37.5-119)
22 (3.8-35.5)

-1.94 (-3.35 to -1.48)
-1.99 (-3.21 to -0.82)
-1.12 (-2.21 to -0.62)
233.5 (178.5-352.7)
13.8 (9.3-19.6)

8 (57.1%)
5(35.7%)
1(7.1%)
8 (57.1%)
285 (18.5-475)
12 (85.7%)

7 (50%)
5(35.7%)
2 (14.3%)
9 (64.3%)
9 (64.3%)

8 (88.9%)
2(22.2%)
4 (44.4%)
3(33.3%)
9 (100%)
1(11.1%)

25 (18-32)

*NRTI (nucleoside reverse transcriptase inhibitor), NNRTI (non- nucleoside reverse transcriptase inhibitor), PI (protease inhibitor)
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Table 2: Impact of antiretroviral therapy on growth, immunological and virological parameters (n = 14)

Characteristic

BL

6 months

1 year

18 months

3 years

n=14

n=12

n=10

n=11

n=6

Growth parameters

WAZ Median (IQR)

HAZ Median (IQR)

BAZ Median (IQR)

% <-2SD WAZ (underweight)
% <-2SD HAZ (stunted)

% <-2SD WHZ (wasted)
CD4, median (IQR)

CD4%, median (IQR)

Proportion of children with CD4%
below 25%
Median viral load before ART start,
10* copies

Proportion with

< 50 copies/mL
<400 copies/mL

> 100000 copies/mL
> 1000 copies/mL

-1.94 (-3.35 to -1.48)
-1.99 (-3.21 to -0.82)
-1.12 (-2.21 to -0.62)

6 of 14 (42.9%)

7 of 14 (50%)

4 of 14 (28.6%)
233.5 (178.5-352.7)

13.8 (9.3-19.6)

13/14

28,500 (1850-47,500)

0of8
0of8
7 of 8
8 of 8

1.69 (-3.05 to -0.89)
-1.59 (-3.07 to -0.63)
-1.45 (-1.88 t0 -0.17)
4 of 12 (28.6%)
6 of 12 (42.9%)
3 0f 12 (21.4%)
407 (317.8- 832.3)
17.8 (12.2- 26.8)

7/10

0 (0- 600)

60f 11
20f11
1of11
2 of 11

-1.36 (-3.4 t0 -0.94)
-1.77 (-3.03 to -0.86)
-1.45 (-1.99 to -0.53)
4 of 14 (28.6%)
6 of 14 (42.9%)
3 of 14 (0.1%)
685 (356.5-1057)
22.6 (18.2- 32.8)

5/9

1,800 (0- 21,250)

30of 10
1 of 10
0of 10
50of 10

-1.525 (-2.82 t0 -0.12)
-1.64 (-2.98 to — 0.73)
-0.89 (-1.78 to + 0.36)
3 0f 12 (21.4%)
5 0f 12 (41.7%)
2 0f 12 (16.7%)
734 (238- 1180)
22.4 (22.4-39.4)

7/9

2,000 (0- 50,000)

3of 11
0of 11
20f11
6of 11

-1.58 (1.6 t0 0.21)
-1.36 (-2.76 to -0.39)
-1.05 )-2.84 t0 -0.93)
0 of 7 (0%)

2 of 7 (28.6%)

2 of 7 (28.6%)
950.8 (478.5-1428.5)

28.3 (24.6- 35.8)

1/6

200 (0- 1,250)

2of6
20of6
0of6
1 of 6
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Nine children showed signs of treatment failure at
a median period of 25 months (18-32) of starting
ARV. Reasons for clinical failure were evident in four
patients (three with gross non-compliance, one
thalassemic with hyperferritinemia and hypersplenism)
alone. All nine were genotyped for ARV resistance
genes; all nine had one major NNRTI resistance
mutation precluding the use of nevirapine (K103N,
GI190A, Y188L, or Y181C). Only two had high-grade
NRTI resistance (> 4 thymidine analogue mutations
[TAMs]); four had pathway 1 TAMs (T215Y/F,
L210W), and three had pathway 2 TAMs (D67G/N,
K70R, K219E/Q) (Table 1). Immunological and
growth parameters improved after adjusting to second-
line ARV (lopinavir/ritonavir) and alternate NRTIs
(tenofovir or didanosine).

Discussion

We found poor nutritional recovery in almost half
of our patients despite appropriate ART and
micronutrient supplementation. The age at time of
diagnosis correlated approximately to parental
diagnosis following sentinel illnesses in the children’s
fathers. The delay in starting ARV could be attributed
mainly to parental reluctance to take up responsibility
for patient compliance at the time of diagnosis despite
clinical indication.

All children showed a 6 log decrease in viral
counts at six months. Successful virological response
has been reported variously, as < 50 [15,23], < 400
[16,21,24] or < 1000 copies/mL [25] in different parts
of the world. Based on these cut-offs, response rates
of 55% (two months) in China [24] , 74% in
Cambodia [16], and 69% (three months) and 70% (two
years) in Thailand have been reported [15].

Bunupuradah et al. [26] defined virological failure
as plasma HIV RNA level > 1000 copies/mL after at
least 24 weeks of treatment. WHO defines > 1000
copies/mL based on two consecutive viral load
measurements after at least six months on ARV, with
adherence support predictive of virological failure and
> 100,000 copies/mL predictive of AIDS-defining
events [7,8]. In Karachi, the proportion of children
with viral suppression (< 50 copies/mL) at 1 year, 18
months, 2 years, and 3 years progressively decreased
after initial suppression at 6 months, indicating
treatment failure at a median of 25 months of ARV.
Imminent resistance at 18 months and beyond on ARV
was suggested by WHO resistance indicators such as
on-time drug pick-up of < 90% and on-time ART
clinic appointment-keeping of < 80% [8]. Adherence
to follow-up visit schedules and clinical monitoring of
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5 of 14 (35.1%) patients residing outside Karachi
remained sub-optimal, with approximate intervals
between visits as far as one to one-and-a-half years
apart in contrast to three to four months between visits
for the remaining nine. Travel expenses per visit could
have been a limiting factor for out-station patients
travelling into Karachi from other areas of Sindh
(USD 50-100 versus USD 2.5-5 for city residents) .
Capacity building in terms of training pediatricians to
supervise pediatric HIV care in Larkana (450
kilometers from Karachi) is now underway.

The CD4 percentages were at a median of 13.8 and
reached values close to 25% in almost 18 months. This
is consistent with data from the pediatric antiretroviral
clinical trials group (PACTG) where only 36% of
1,236 children with CD4% < 15% at baseline achieved
CD4% > 25% after five years of HAART compared
with 59% of children whose baseline CD4% ranged
between 15%-24% [6,27]. Other Asian cohorts have
reported a more significant increase of 12%-27% in
CD4% and viral load suppression in 55%-85% at one
year after ARV [25].

Nachman et al. [28] reported a faster weight gain
in children with higher baseline viral load counts.
Baseline growth parameters in our cohort were worse
than reported from the United States [28,29] and Spain
[30] but similar to those reported from Thailand [10]
and India [31]. Aurbipol et al. report higher entry
WAZ and HAZ, use of nevirapine-based regimen
rather than efavirenz, and larger CD4% gains to week
48 as predictors of growth reversal after initiating
ARV [32]. Our patients, though on nevirapine-based
regimens, had poorer growth recovery at 6 and 18
months compared to patients in other developing
countries [33]. Though lack of an aggressive
nutritional rehabilitation may have played a role, the
possible confounding effect of developing resistance
was accounted for by running the non-parametric
Mann-Whitney U test to compare growth and
immunological parameters between two sub-groups of
patients (4 who remained susceptible until the end of
the study period and 10 with treatment failure). There
was no significant difference in values of WAZ/HAZ
and viral load (VL) at 6, 12, 18, 24, 30, and 36 months
of ARV in both groups. Drug-related anorexia was
another common finding in our patients together with
sub-optimal adherence to micro- and macronutrient
supplementation. Earlier initiation of ARV (at CD4%
< 25), regular follow-up visits for all patients, and
supervised nutritional supplementation could have
been associated with earlier growth and
immunological recovery in our patients. Conversely,
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CD4 counts and percentages were significantly higher
in the group with no resistance at 18 months, after
which it became comparable to those in the resistant
group, probably due to improved clinical response
after initiation of second-line therapy in the resistant
group. Studies now show improved height and weight
recovery with vitamin A supplementation [34], with
B-complex and mineral supplementation [35], and
protease-inhibitor (PI) containing regimens [22].

Financial constraints were a major hurdle in
managing nutritional supplementation and additional
medication needs in our patients during outpatient
visits. A variety of auxiliary services (nutrition, travel,
occupational/vocational training) available for patients
through private sector (NGOs) are not systematically
channeled through the national program platform,
leading to a lack of awareness among caregivers as a
group and therefore under-utilization of available
resources by patients. Liaisons between medical and
paramedical services must be optimized.

All patients tested for resistance on the basis of
virological non-response had received nevirapine-
based ARV. Jittamala et al. reported poor adherence in
the first 48 weeks of ARV and nevirapine-based rather
than efavirenz-based regimens as predictive of
virological failure [36]. Lower weight and height z-
scores at the onset of treatment, age less than three
years, and delay in switching from first- to second-line
therapy have also been reported as predictors of
virological failure [37]. Policy revisions regarding
resistance testing prior to starting ARV and using PI-
based ARV for treatment-naive children instead of
NNRTI-based ARV will have to be based on further
study of the determinants of ARV resistance in our
population.
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