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ABSTRACT
Although there have been great gains in the prevention of pediatric HIV infection
and provision of antiretroviral therapy for children with HIV infection in resource-
rich countries, many barriers remain to scaling up HIV prevention and treatment
for children in resource-limited areas of the world. Appropriate testing technolo-
gies need to be made more widely available to identify HIV infection in infants.
Training of practitioners in the skills required to care for children with HIV
infection is required to increase the number of children receiving antiretroviral
therapy. Lack of availability of appropriate antiretroviral drug formulations that
are easily usable and inexpensive is a major impediment to optimal care for
children with HIV. The time and energy spent trying to develop liquid antiretro-
viral formulations might be better used in the manufacture of smaller pill sizes or
crushable tablets, which are easier to dispense, transport, store, and administer to
children.

INTRODUCTION

Background

It is estimated that 540 000 (420 000-670 000) children younger than 15 years
were infected with HIV in 2006, mostly through mother-to-child transmission
during pregnancy, delivery, or breastfeeding. Effective prevention services, includ-
ing prenatal HIV testing, perinatal antiretroviral (ARV) prophylaxis, and safe
alternatives to breastfeeding, are offered to fewer than 10% of pregnant women
worldwide. Because of this global failure in prevention of HIV in children, by the
end of 2005 an estimated 2.3 million (1.7-3.5 million) children were living with
HIV infection globally; of these children, 2.0 million reside in sub-Saharan Africa.!

In the absence of treatment, most infants and children younger than 5 years
with perinatally acquired HIV infection experience rapid progression to severe
symptomatic disease and death, particularly in resource-limited countries. In a
study of almost 3500 children enrolled in 7 perinatal trials in Africa, 35% of
infected children had died by 1 year of age, and 53% had died by 2 years of age.>
In older African children with perinatally acquired HIV infection, most already
suffer severe symptoms at the time of diagnosis, including profound growth
retardation, and few live to reach adulthood.?

In sharp contrast, most children with perinatally acquired HIV infection in
resource-rich countries are treated early with highly active ARV therapy (ART).*5
Such ART, consisting of a combination of 3 or more potent ARV drugs, has been
shown to dramatically modify the course of HIV infection in children, reducing
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mortality by fivefold or more and resulting in high sur-
vival rates (>90%) into adulthood.*8

There are now intensive efforts by governments as
well as multilateral and nongovernmental organizations
to increase the number of people being treated with ART
in resource-limited parts of the world (eg, the Global
Fund, the US government-sponsored President’s Emer-
gency Plan for AIDS Relief [PEPFAR], the World Health
Organization [WHO]- and United Nations-led “3 by 5
Initiative” and Universal Access, the Clinton Founda-
tion). It is estimated that children accounted for approx-
imately 15% of the 5 million new HIV infections that
occurred globally in 2005. The rapid progression to
death disproportionately decreases the number of chil-
dren living with HIV to approximately 6% of the total
infected population. In 2005, it was estimated that at
least 660 000 children were in need of ART.! Of those,
90% live in sub-Saharan Africa. However, fewer than
5% of those who receive ART through the WHO 3 by 5
Initiative are children,' and through March 2005 only an
estimated 9500 children living in PEPFAR “focus coun-
tries” were treated under PEPFAR funding.

Initial WHO guidelines on ART in 2002 (updated in
2003) included only one chapter on ARV management
for HIV-infected children.® These guidelines have been
updated as a pediatric-dedicated guideline document,'?
driven by the recognition that children have lagged se-
verely behind adults in receiving ART and that there are
numerous barriers to delivery of ART to children in
resource-limited settings.!!!

Providing all pregnant women with the most effec-
tive prevention services possible within local settings,
including prenatal care, HIV diagnosis, ARV prophylaxis,
and appropriate feeding options, is important for mini-
mizing the risk of HIV infection for their child. For
children infected with HIV, overcoming barriers that
limit access to ART is critical, and the enormous scale of
the problem makes this an issue of worldwide concern.
These issues have been addressed by organizations that
are actively involved in prevention of mother-to-child
transmission of HIV, deliver ART to children world-
wide, and train practitioners in the appropriate use of
ART. These organizations include the WHO, the Baylor
International Pediatric AIDS Initiative,'? the Elizabeth
Glaser Pediatric AIDS Foundation (see “What About Us”
at www.pedaids.org/News/Publications/Other/Children_s
%?20Battle %20t0%20Access%20AlLaspx), Medecins Sans
Frontieres, the Children’s HIV Association of UK and
Ireland, the Forum for Collaborative HIV Research (www.
hivforum.org/projects/Pediatric%20Formulations.htm),
and the Clinton Foundation.

This statement lists these barriers and potential ways to
overcome them and provides strong support for the critical
and urgent need for provision of ART to HIV-infected chil-
dren globally. Multiple pediatric organizations throughout

the world have endorsed this statement (see “Organiza-
tions That Endorsed This Statement”).

Barrier 1: HIV Diagnostic Testing

Barriers to testing infants and children for HIV infection
lead to a delay in diagnosis, and many infants and young
children die before HIV is diagnosed or therapy can be
given. Most pediatric HIV infections worldwide are at-
tributable to mother-to-child transmission, with trans-
mission occurring during pregnancy, around the time of
birth, or through breastfeeding. Special tests are needed
to diagnose HIV infection in infants and young children.

For adults and children older than 18 months, diag-
nosis of HIV infection is made by identification of anti-
bodies to HIV in serum. However, because of the passive
transplacental transfer of maternal HIV antibodies to the
infant, newborn infants and children younger than 18
months will often test positive for the presence of anti-
HIV antibodies even in the absence of true infection.
Therefore, definitive diagnosis of HIV infection among
infants and children younger than 18 months often re-
quires the use of HIV-specific RNA or DNA nucleic acid
tests to detect the virus itself,'? instead of the inexpensive
and readily available serologic assays that can be used in
adults and children older than 18 months. These HIV-
specific RNA or DNA assays are more expensive and
more complex to perform and are not available in many
areas of the world in which the risk of HIV infection in
infancy is highest. In such settings, HIV antibody testing
may be used to exclude HIV infection in nonbreastfed
infants older than 9 to 12 months, because loss of pas-
sively transmitted maternal HIV antibody (serorever-
sion) occurs by 12 months of age in 95% of HIV-exposed
but uninfected infants.'*

Appropriate use of these nucleic acid tests requires
that exposure of the infant or young child to HIV be
identified by determination of maternal HIV-infection
status. Ideally, this would occur before or during preg-
nancy. However, communication of maternal HIV-
infection status from the mother’s health care profes-
sional to the child’s health care professional often does
not occur. The linking of infant exposure to maternal
infection will require system changes to optimize infant
testing. The lack of appropriate testing in the youngest
age group with the highest risk of HIV-related death
prevents ART from being used in the very infants and
young children who could potentially benefit the most
from treatment with ARV drugs. To allow for early iden-
tification of HIV-infected infants and young children
younger than 18 months, appropriate virologic testing
technologies must be made available in resource-limited
settings.

Psychological barriers to testing infants also may lead
to a delay in diagnosis. The social stigma of the diagnosis
for mother and child'® and lack of treatment availability!'¢
may keep women from testing themselves to learn their
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own HIV status and testing their children for HIV. Com-
munity-wide fear of discussing HIV infection in children
may compound the effect of this barrier.

Barrier 2: Clinicians to Provide Care for Children With HIV

Even where appropriate HIV diagnostic testing is avail-
able and drugs for treatment of HIV infection and pro-
phylaxis for HIV-associated infections are accessible, lack
of personnel trained in treatment of children with HIV
severely limits access to treatment for large numbers of
children. In many areas of the world, medical care is
provided by physicians, nurses, and other clinicians
with training and experience in the management of
adult, but not pediatric, patients. Even the best programs
for training health care professionals in the principles
of HIV care for children offer little practical exposure to
treating pediatric patients, which is time- and resource-
intensive. Some programs send health care professionals
from resource-rich areas of the world to resource-limited
areas to train local practitioners (eg, Medecins Sans
Frontieres, the Baylor Pediatric AIDS Corps, the Clinton
Foundation, the Children’s HIV Association of UK and
Ireland, UK/Kwazulu-Natal, the South Africa Collabora-
tion). Additional efforts are needed to expand the avail-
ability of clinicians who are skilled in pediatric HIV care
in resource-limited areas of the world,'” including inte-
grating pediatric HIV care into existing comprehensive
child health programs, expanding local networks of ex-
perienced health care professionals, and linking local
clinicians with local, regional, and international experts.

Barrier 3: ARV-Drug Formulations
Assuming that appropriate HIV diagnostic testing is
available and the necessary clinical personnel are avail-
able to provide care and treatment to HIV-infected
children, appropriate formulations of ARV agents for
children are also necessary. Lack of availability of appro-
priate ARV formulations that are inexpensive and easily
usable is a major impediment to access to economical
health care for children with HIV. As of September 2005,
21 ARV agents were approved by the US Food and Drug
Administration (FDA) for use in HIV-infected adults and
adolescents older than 16 to 18 years in the United
States, but only 13 were approved for children and ad-
olescents younger than 16 to 18 years, and only 11 have
pediatric formulations available* (see www.aidsinfo.nih.
gov/other/cbrochure/english/13_en.pdf for a complete
listing of HIV medications available in oral [liquid, cap-
sule, and tablet] and intravenous formulations).
Because of the lack of appropriate pediatric formula-
tions for certain drugs, caregivers of pediatric HIV pa-
tients may break or crush tablets meant for an adult
patient in an attempt to produce child-size doses. With
tablets that are asymmetric or not scored, this may lead
to administration of erratic and inappropriate doses.
Even with symmetrical tablets scored in the middle, the
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large quantity of medication in pills meant for adult use
could mean that accurately breaking a scored tablet in
half might not allow administration of a dosage small
enough for an infant or young child, nor will it allow the
incremental increases in doses required as the child
grows. This problem can be addressed by developing
products that contain smaller drug amounts per tablet or
tablets that are scored to allow division accurately into
halves or quarters. For regulatory purposes, bioequiva-
lence studies may need to be performed by using the
divided pills. Drug companies that are currently devel-
oping such drug formulations are to be commended.

Even when liquid formulations are available, special
requirements and characteristics of such formulations
may preclude their widespread use. For example, liquid
drug formulations often require special storage such as
refrigeration. The large volume of liquid formulations
dispensed to allow ART to continue uninterrupted be-
tween clinic visits may make use of such drugs difficult
in settings where transportation and storage are a chal-
lenge. For example, a 10-kg child who is being treated
with standard doses of stavudine, lamivudine, and ne-
virapine, for whom a 3-month supply of drugs is dis-
pensed at a clinic visit, would require 18 bottles of liquid
that weigh almost half as much as the child (4.3 kg). For
a rural family who may have walked a long distance to
reach the clinical center, this is a significant issue. One
commonly used ARV agent (zidovudine) requires high
volumes of liquid and storage in brown glass bottles,
which adds difficulty to treatment efforts.

Another problem with liquid formulations is the
taste. When liquid formulations are developed, the taste
is often so unpleasant that they may be practically un-
usable. Bad-tasting drugs are a well-recognized factor in
treatment failures in children and lead practitioners to
try many approaches to improve palatability of ARV
drugs for children. When these attempts fail, some prac-
titioners in resource-rich countries sometimes resort to
insertion of gastrostomy tubes for medication adminis-
tration.'8-20

Finally, liquid formulations may contain excipients
(additives to maintain the drug in solution) that could be
harmful to children. For example, the oral solution of
amprenavir has a high content of propylene glycol and
vitamin E and should not be used in children younger
than 4 years; other liquid formulations may contain high
amounts of alcohol. Liquid formulations may contain
high concentrations of sugar, which can be detrimental
to dental health—a particular problem for children with
HIV, many of whom have severely decayed teeth.

Although pharmaceutical companies may spend time
and resources attempting to formulate different ARV
medications into liquid formulations, this approach may
not enable widespread, global access to ART for children.
Such time and resources might be better used in the
development of formulations that are more acceptable to
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children and families than some of the liquid formula-
tions that are currently available. Specifically, in addi-
tion to production of appropriate liquid formulations,
development of the following should be strongly consid-
ered: (1) smaller tablets; (2) tablets in which active drug
is uniformly distributed and in shapes that can be easily
and accurately divided into halves or quarters to admin-
ister smaller doses; (3) capsule sprinkle formulations
that can be opened and mixed with food; or (4) tablets
that can be crushed, dissolved in water, or chewed.

Barrier 4: Appropriate Dosing of ARV Drugs in Children

Even when appropriate formulations of ARV agents are
available for children, pharmacokinetic data may be in-
sufficient to appropriately guide drug dosing, especially
in the youngest children, who metabolize these drugs
differently,?' but also in adolescents, who may need higher
than the “maximum adult dose” for adequate drug expo-
sure.22 For many available drugs, dosage recommenda-
tions made by European or US guideline-writing groups
on the basis of pharmacokinetic and clinical studies in
children may differ from doses approved by the FDA and
European Medicines Agency.*> The variability of drug ex-
posure achieved by administration of “standard doses” of
ARV drugs to children results in wide differences in plasma
concentrations for many drugs, and some suggest the need
for monitoring drug plasma concentrations in children to
improve therapeutic outcomes®; this is clearly not practical
in resource-limited settings.

Completion of the appropriate studies of new ARV
agents for use in children younger than 13 years lags
behind those in adults. Although it may be appropriate
to perform initial phase 1 or 2 studies in adults for initial
determination of drug safety, pharmacokinetic studies in
children need to follow along quickly to ensure that
when the drugs are approved and available for use in
adults, information is already available to define appro-
priate use in children. When new formulations are de-
veloped to allow once-daily dosing in adults, these for-
mulations need to be appropriately tested in children,
and regulatory approval needs to be gained through the
FDA or European Medicines Agency to ensure that the
advantages of once-daily dosing become more widely
available to children and younger adolescents 13 to 18
years of age. This is particularly critical for life-threaten-
ing diseases such as HIV. Government regulations need
to be tightened to enforce this approach to pediatric drug
development and approval. International cooperation is
crucial for successful completion of pharmacokinetic
studies of ARV medications in children.

Earlier evaluation of ARV-drug safety and pharmaco-
kinetics in children is needed so that when new ARV
formulations are approved for use in adults, there are
also preparations available for children; enough infor-
mation about drug pharmacokinetics in children is avail-
able to allow rational dosing recommendations.

Appropriate dosing of drugs in pediatric patients re-
quires measurement of weight and height and the com-
plex calculation of body surface area. The requirement
for different doses according to age, weight, and body
surface area may put accurate prescribing and safe dis-
pensing of ART and other drugs to pediatric patients
beyond the reach of many of the front-line health care
professionals who manage children with HIV. Dosing by
weight band (recommending a specific dose for an all-
inclusive range of weights, so that complex dosing cal-
culations are not needed) has been recommended (see
http://bayloraids.org/resources/DosingGuide.pdf), and
studies of this approach have shown safety and efficacy
for patients as well as acceptability to practitioners.2425
Additional work on this approach is needed, including
educating practitioners in its safety and effectiveness. Sim-
plified dosing guides have been developed by the WHO
and are readily available to clinicians who care for children
and adolescents with HIV infection in resource-limited
settings (see www.who.int/hiv/paediatric/en/index.html).
These guides will increase the accuracy of dosing and dis-
pensing ARV medications to these patients.

Barrier 5: Other Issues Related to ARV Drugs for Infants,
Children, and Adolescents With HIV Infection

Many drugs are now being coformulated into tablets that
contain 2 or 3 different ARV agents. These fixed-dose
combinations (FDCs)2¢-28 are easier to prescribe and dis-
pense, which minimizes errors. A lower pill burden may
enhance patient adherence to therapy. Many FDCs have
been developed as generic drugs and are offered in re-
source-constrained settings at reduced prices, thus im-
proving availability of ARV medications for adults in
many areas of the world.

FDCs for adults cannot just be cut or directly scaled
down for children without appropriate pharmacokinetic
studies,?® because the component medications may be
required in different proportions for children than
adults. Moreover, if the tablets are not formulated in
equal layers, breaking the tablet may result in unequal
doses being administered. FDCs are not currently avail-
able for children. Developing FDCs that are appropri-
ately formulated for children should be a high priority
for pharmaceutical companies.!’ In addition, develop-
ment of pediatric FDCs as generic drugs, which are more
affordable, will enhance availability of FDCs for use in
children as it has in adults. However, with generic for-
mulations being manufactured in many countries, for-
mulations need to be standardized to minimize prescrib-
ing errors that might occur if pills are supplied in
nonstandard sizes.

Drug administration to children is more complex than
it is to adults. Finding the best way to get liquids out of
a bottle and measured appropriately while avoiding
spillage and fully using all of the medication in a bottle is
not necessarily straightforward. Syringes enhance dos-
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ing accuracy, but without the use of special bottle tops,
there may be wastage of liquid left in the bottom of a
bottle or spillage when trying to get to the liquid at the
bottom. Dividing or crushing tablets takes time and may
diminish adherence if it is too difficult. These issues of
ease and accuracy of drug administration need to be con-
sidered in the effort to increase access to ART for children.

SUMMARY AND RECOMMENDATIONS

To increase the availability and appropriateness of the use
of ARV medications for children, the following are sug-
gested ways of overcoming the aforementioned barriers.

Barrier 1: HIV Diagnostic Testing

e Enhance early identification of infants with HIV infec-
tion by making appropriate virologic testing technol-
ogies available throughout the world.

e Support political, religious, and other community
leaders in their endorsement of the value of HIV test-
ing linked to treatment and prevention. Cultural lead-
ers need to demonstrate acceptance and community
support of HIV-infected individuals.

Barrier 2: Clinicians to Provide Care for Children With HIV
Infection

e Work to expand education of practitioners in the care
of children with HIV and expand the number of such
practitioners in resource-limited areas of the world.

e Integrate pediatric HIV care into comprehensive child
health programs.

e Facilitate collaboration among experts to build capac-
ity and expand expertise in areas of need.

Barrier 3: ARV-Drug Formulations

e Produce pill formulations in smaller

amounts and smaller pill sizes.

milligram

e Configure tablets so they can be divided easily. This
requires that thought be given to production of scored
tablets of symmetrical shape with uniform dispersal of
active drugs within the tablet, which can be divided
accurately and then easily crushed or dissolved.

e In addition to production of liquid formulations, con-
sider production of other formulations for pediatric
use, including tablets for dispersal, chewable tablets,
or sprinkle formulations.

e Consider best-possible attributes of liquid formula-
tions, including taste, color, consistency, and the high-
est concentration possible, but recognize that the extra
time and expense needed to develop a liquid formu-
lation may be at too high of a cost if it delays avail-
ability of medications that are appropriately formu-
lated for infants and children.
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e Expedite the availability of new drugs for use in chil-
dren by requiring that pediatric formulations (liquids
and/or appropriate tablet dosage forms and sizes) be
available at the time of country approval of the use of
the drug in adults unless there is a biological impera-
tive not to develop the drug for use in children.

e Develop formulations and perform necessary studies
to allow once-daily dosing in children at the same time
as planned for adults.

Barrier 4: Appropriate Dosing of ARV Drugs in Children

e Require studies of drug pharmacokinetics in infants,
children, and adolescents at the time that phase 2 and
3 studies are being conducted in adults so that when
drugs are approved for use in adults, there is adequate
information to allow their appropriate dosing in each
of those specific age groups.

e Provide dosing tables for pediatric formulations, pref-
erably weight-band-based tables, to increase the ac-
curacy of dosing and dispensing ART to children.

Barrier 5: Other Issues Related to ARV Agents for HIV-Infected
Infants, Children, and Adolescents

e Increase the availability of FDCs for pediatric use.

e Make pediatric formulations affordable in the manner
that adult formulations have been made more afford-
able in many countries.

e Provide drug-administration devices and tools with
medications (eg, syringes, bottle tops for use with
syringes, medicine spoons, tablet cutters, tablet crush-
ers) and devices to aid adherence, including pill boxes
that can accommodate a month’s worth of pills or
calendars with medications attached.
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