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Abstract

Characterizing intraregional differences in current pediatric HIV care and treatment in Asia can guide the
development of clinical practice guidelines and improve the understanding of local resource availability. The
Therapeutics Research, Education, and AIDS Training in Asia (TREAT Asia) Pediatric Program is a collaboration
of clinics and referral hospitals studying pediatric HIV outcomes in the region. A Web-based survey to char-
acterize clinical management practices and monitoring resources was developed and distributed to 20 sites in
January 2008. Seventeen (85%) sites from 6 countries responded through April 2008; 14 (82%) were hospital-
based and 16 (94%) were public facilities. Of 4050 HIV-infected children under care, 3606 (89%) were on
antiretroviral treatment; 80% were on their first mono-, dual-, or triple-drug regimen and 74% were on nevir-
apine- or efavirenz-based regimens. Fifteen (88%) sites had consistent access to polymerase chain reaction (PCR)
testing for infant diagnosis. All sites had access to CD4 testing, with 13 (76%) routinely monitoring patients every
3–6 months; 7 (41%) sites monitored viral load at 6- to 12-month intervals. Although there is some variation in
clinical practices, high levels of treatment and monitoring resources were available at these sites. The availability
of PCR for early infant diagnosis positions them to implement recent WHO recommendations to treat HIV-
infected children younger than 1 year of age. This information will be used to develop future research and
programs to support children with HIV in Asia.

Introduction

In 2008, UNAIDS estimated that there were 140,000 chil-
dren less than 15 years of age living with HIV in South and

Southeast Asia.1 The region includes 20 low- to upper middle-
income countries, in varying stages of their pediatric HIV
epidemics. The relative social stability, economic develop-
ment, and availability of health care providers make pre-
vention and control of pediatric HIV in Asia a realistic goal.
Many of these countries report initiating antiretroviral treat-
ment (ART) in an increasing number of HIV-infected patients
over the past few years. However, only a few of these coun-
tries have reported greater than 25% national ART coverage
for either adults or children meeting treatment criteria or for
antiretrovirals to prevent mother-to-child transmission

(PMTCT) of HIV.1,2 Moreover, few countries in Asia have
national pediatric surveillance data or participate in moni-
toring programs that follow HIV-exposed infants from birth
through childhood.

More detailed regional surveillance data and understand-
ing of clinical practices would help guide research and poli-
cies to better serve the needs of children and adolescents
living with HIV and their families. The Therapeutics Re-
search, Education, and AIDS Training in Asia (TREAT Asia)
network was established by amfAR, The Foundation for AIDS
Research, in 2001 to promote safe and effective HIV=AIDS
treatment throughout Asia and the Pacific.3 The TREAT Asia
Pediatric Program was later created in 2005 to provide the
first platform from which pediatric HIV clinical provid-
ers and researchers in Asia could conduct regional-level
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observational research. Pediatric sites were recruited from the
major clinical and research centers in developing countries,
including Cambodia, China, India, Indonesia, Malaysia,
Thailand, and Vietnam (Appendix). In recognition of the di-
versity of experience across the network, a detailed site survey
was conducted to assess clinical resources, laboratory testing
practices, and approaches to ART management.

Methods

In 2008, the TREAT Asia Pediatric Program involved
20 sites, including 15 clinical centers, 2 clinical research pro-
grams, 2 non-governmental organizations providing support
to orphans with HIV, and 1 national program. Most are
tertiary-care referral centers. The group is governed by a
steering committee composed of principle investigators from
each site, and representatives from a data management center
(National Centre in HIV Epidemiology and Clinical Research
[NCHECR], University of New South Wales, Australia) and a
program management team (TREAT Asia).

An internal working group developed the survey in-
strument. It included 79 questions, which were divided into
4 sections: site description (31 questions), PMTCT (10 ques-
tions), clinical care and ART (16 questions), and laboratory
testing (22 questions). The first antiretroviral regimen was
defined as first antiretroviral exposure of any combination of
drugs, and could include mono- or dual-therapy. The survey
was available online or as an electronic soft-copy for sites with
limited internet access. The survey was pilot tested in January
2008 before a final version was distributed. Each site’s data
were current as of the date they completed the survey. In-
stitutional Review Board approval was not obtained, because
this was considered an operational survey and did not involve
accessing individual-level patient data. All sites provided
aggregated information on the patients under their care at the
time of survey submission. Survey data were exported into
Microsoft Excel (Microsoft, Redmond, WA), and then into
Stata 9.0 (StataCorp, College Station, TX) for further analysis
at NCHECR.

Results

Clinical centers

Seventeen (85%) sites from 6 countries responded from
January through April 2008, including Cambodia (1 site),
India (1 site), Indonesia (1 site), Malaysia (4 sites), Thailand
(6 sites), and Vietnam (4 sites). Of the 17 participating sites,
14 (82%) were located in an urban area, 16 (94%) were pub-
lic or governmental facilities, and 7 (41%) were university-
affiliated, hospital-based clinics. Among the 14 (82%) sites
that were hospital-based, the median number of pediatric
beds was 155 (interquartile range [IQR] 120, 311). Sites began
providing HIV-specific care for children between 1990–2004,
and ART between 1994–2006. The median number of outpa-
tient clinic visits and admissions for HIV-related medical care
in 2007 was 115 (IQR 55, 167) and 5 (IQR 1, 8) per month,
respectively.

A total of 4050 HIV-infected children were under care. Of
these, children were less than 5 years (n¼ 920; 23%), 5–9 years
(n¼ 1579; 39%), 10–14 years (n¼ 1218; 30%), and 15–18 years
(n¼ 331; 8%) of age. Each site followed a median of 209 (IQR
106, 264) patients, with a median of 26 (IQR 18, 86) less than

5 years, 85 (IQR 45, 106) 5–9 years, 29 (IQR 10, 113) 10–14
years, and 7 (IQR 1, 21) 15–18 years of age. Almost all sites (16
sites; 94%) provided Bacillus Calmette-Guérin vaccination
after birth and before HIV diagnosis. Six (35%) sites had for-
malized HIV disclosure protocols.

Availability of PMTCT

Sites reported that for HIV-positive pregnant women who
did not meet criteria for ART, the most commonly used ma-
ternal regimen in their local PMTCT programs was zidovu-
dine (AZT) plus single dose-nevirapine (NVP) starting at
28 weeks gestation (7 sites; 41%). Sites reported directly
providing the following interventions at no cost to patients:
infant antiretroviral prophylaxis (13 sites; 76%), formula
powder for replacement feeding (14 sites; 82%), and infant
diagnostic testing (11 sites; 65%). Most of the sites used
polymerase chain reaction (PCR) as a first diagnostic test,
whether or not testing was freely provided (DNA PCR 13
sites, 76%; RNA PCR 2 sites, 12%), and usually performed the
first test within 2 months of life (Table 1). All sites used
enzyme-linked immunosorbent assay (ELISA) to diagnose
HIV-exposed infants over 18 months of age.

ART

Fifteen sites from 4 countries reported that their countries
had their own national pediatric HIV care and treatment
guidelines. The most preferred first-line ART regimen for
children less than 3 years was AZT, lamivudine (3TC), and
NVP (11 sites; 65%); efavirenz (EFV)-based ART was often
preferred in children older than 3 years (10 sites; 59%). At the
time of data collection, 3 (18%) sites were treating all infants
younger than 12 months, with other sites following immu-

Table 1. PMTCT Management in HIV-Exposed Infants

Variable Number of sites (%)

PMTCT program components provided for free by sites
Infant antiretrovirals 13 (76)
Infant formula 14 (82)
HIV-diagnostic testing 11 (65)

Infant antiretroviral regimen
AZT only 6 (35)
AZT plus single-dose NVP 9 (53)
Unknown 2 (12)

Duration of postnatal infant antiretrovirals
1 week 5 (29)
4 weeks 2 (12)
6 weeks 7 (41)
Unknown 3 (18)

Type of infant feeding promoted by site
Formula feeding only 15 (88)
Maternal choice 2 (12)

Diagnostic test for infants <9 months of age
DNA PCR 15 (88)
RNA PCR 2 (12)

Diagnostic test for infants between 9–18 months of age
DNA PCR 10 (59)
RNA PCR 2 (12)
ELISA 5 (29)

PMTCT, prevent mother-to-child transmission; PCR, polymerase
chain reaction; ELISA, enzyme-linked immunosorbent assay.
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nologic and clinical criteria to determine treatment eligibility.
Sites were following different guidelines for initiating treat-
ment in HIV-infected children based on national guidelines
(4 sites; 24%), World Health Organization (WHO) 2003 (2 sites:
12%), WHO 2006 (7 sites; 41%), or Centers for Disease Control
and Prevention (CDC) 2006 (4 sites; 24%) guidelines. Free
ART was provided by 94% of sites and 65% were using fixed-
dose combination (FDC) tablets in their regimens.

A total of 3606 (89%) of all patients had commenced ART
throughout the participating sites; 2882 (80%) of these chil-
dren were on their first antiretroviral regimen. There was a
variety of ART regimens in use with 37% containing stavu-
dine (d4T), and 48% containing NVP; 14% contained protease-
inhibitors (Fig. 1).

Monitoring testing

Sites usually had consistent access to CD4, DNA PCR, and
RNA PCR testing, and 47% had limited or no access to re-
sistance genotyping (Table 2). CD4 was monitored every 3–6
months at 76% of sites, and 59% monitored viral load at least
every 12 months (Table 3). None of the sites performed
genotyping before commencing ART. When available, geno-
typing was done to assess treatment failure and=or for re-
search purposes.

Discussion

Experience with and resources for managing the pediatric
HIV epidemic have lagged behind those for the adult epi-
demic. Problems encountered in expansion of pediatric
HIV=AIDS treatment have included limited access to appro-
priate diagnostic testing for infants and young children, and
the narrow range of available pediatric formulations or
FDCs.2,4 Only the KIDS-ART-LINC group has previously
published an assessment of regional-level ART accessibility
and availability of resources for children in developing
countries.5 The objective of this survey was to learn how
clinical practices varied and what resources were available in
TREAT Asia Pediatric Program sites. Although the sites par-
ticipating in this survey were predominantly in urban settings
and often university-affiliated, hospital-based clinics, these
sites are commonly national referral centers that provide ad-
vice and direction for pediatric HIV care throughout the re-
gion. Consequently, the survey characterizes resources
reflecting the highest levels of HIV care and treatment for
children in many of these Asian countries.

Although sites were generally not involved with prenatal
maternal PMTCT interventions, most provided infant anti-
retrovirals and diagnostic testing with PCR. Almost all sites
responding to the survey promoted formula feeding to
avoid breastfeeding-associated transmission. This is in con-
trast to multiple studies in sub-Saharan Africa that have
demonstrated improved survival with exclusive breast-
feeding.6–8 A number of Asian countries (e.g., Thailand,
Vietnam, Malaysia) have made commitments to support
formula provision, and acceptability among HIV-positive
mothers is high.9–11 Although at the time of the survey few
sites reported starting treatment for all HIV-infected infants,

Table 2. Level of Access to Diagnostic

and Monitoring tests

Number of sites (%)

Test
All the

time
Some of
the time

Rarely or do
not have access

Diagnostic test for HIV infection in children
DNA PCR 13 (76) 2 (12) 2 (12)
ELISA method 15 (88) 2 (12) 0 (0)
Western blot 5 (29) 7 (41) 5 (29)

Laboratory test for monitoring antiretroviral therapy
CD4 number 17 (100) 0 (0) 0 (0)
CD4 percentage 15 (88) 1 (6) 1 (6)
RNA PCR 14 (82) 2 (12) 1 (6)
HIV genotype 8 (47) 1 (6) 8 (47)

PCR, polymerase chain reaction; ELISA, enzyme-linked immuno-
sorbent assay.

FIG. 1. Percentages of commonly used antiretrovirals.
Total N¼ 3606, results are not mutually exclusive. d4T, stavu-
dine; AZT, zidovudine; NVP, nevirapine; EFV, efavirenz; PI,
protease inhibitor.

Table 3. Utilization of Monitoring Tests

Variable Number of sites (%)

Frequency of CD4 testing
Baseline only 1 (6)
Every 3–6 months 13 (76)
Every 6–12 months 3 (18)

Funding for CD4 testing
Site or funder 15 (88)
Both site and patient 2 (12)

Frequency of viral load testing
Every 3–6 months 3 (18)
Every 6–12 months 7 (41)
Every 12–24 months 2 (12)
Assess treatment failure only 2 (12)
Not routinely done 3 (18)

Funding for viral load testing
Site or funder 15 (88)
Patient 2 (12)

Indication for resistance genotyping
Assessment of treatment failure only 9 (53)
For research and assessment

of treatment failure
2 (12)

For research only 1 (6)
Not done 5 (29)

Funding for resistance genotyping
Site or funder 11 (65)
Both site and patient 1 (6)
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the availability of early infant diagnostic testing increases
their ability to follow WHO recommendations, released
after the survey was completed, to initiate ART in all HIV-
infected infants less than 12 months of age whenever fea-
sible.12

Even by early 2008, 89% of all children under care were
already on ART. This is higher than the 73% on ART in the
KIDS-ART-LINC cohort in 2007, but similar to the 91% of
vertically infected children on ART in the NICHD Inter-
national Site Development Initiative (NISDI) regional co-
hort in Latin American and the Caribbean in 2008.5,13

Reports of second-line ART use in sub-Saharan Africa have
also been much lower than the 20% of children on their
second or salvage regimen in the TREAT Asia cohort.13–15

This may be related to the early availability of anti-
retrovirals in some of the surveyed countries that led to the
use of less durable mono- or dual-nucleoside reverse
transcriptase inhibitor regimens.14,16,17 The increasing
numbers of children in Asia developing treatment failure
will require broader access to genotyping and pediatric
protease inhibitors to help construct more complex ART
regimens.17,18 In order to ensure that children with HIV can
live into adulthood, public health programs need to plan
for the procurement and delivery of pediatric second-line
and salvage regimens.

Access to diagnostic and monitoring HIV tests was almost
universal at the sites surveyed and largely supported through
government funding. This allowed sites to more closely
monitor children to determine when to start and when to
switch regimens. The optimal intervals for CD4 and viral load
testing remain unknown, but more frequent monitoring (i.e.,
at least every 6 months) could be beneficial for treatment
failure monitoring. The median viral loads and age of children
at the time of failure in two recent Thai studies were 5.3 log
and 4.1 years in Bangkok, and 4.2 log and 7.6 years in northern
Thailand, respectively.19,20 Delayed ART switching can lead
to greater accumulation of resistance mutations,21 making
access to regular viral load testing for early identification of
virologic failure a priority for ensuring long-term durability of
pediatric ART.

The survey was limited by the level of detail that could be
collected, particularly with regards to the ART histories of
children in the cohort. The level of clinical resources and
laboratory capacity seen in this cohort also may not be gen-
eralizable to other clinical centers within each country re-
presented. However, HIV care is centralized in some
countries in the region because of the smaller numbers of
children needing care and having fewer clinicians with pe-
diatric HIV expertise. Participating sites also play an impor-
tant leadership role in driving and developing the pediatric
HIV care agenda in Asia.

This site survey provides the first assessment of the state of
resource provision and pediatric HIV management practices
at a number of tertiary-level pediatric sites providing HIV
care in Asia. The results emphasize the importance of identi-
fying optimal second-line regimens, and expanding pediatric
antiretroviral and FDC options. Moreover, that 38% of chil-
dren in this survey were 10–18 years old underscores the
importance of preparing for managing social and treatment
issues in adolescents. Future research through this regional
cohort will explore ART outcomes and optimal monitoring
strategies.
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