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Long-acting antiretroviral products have the potential to transform human immunodeficiency virus (HIV) prevention and
treatment approaches in pediatric populations. Broadly neutralizing antibodies and/or long-acting antiretroviral formulations
by injection could dramatically improve provision of HIV prophylaxis and/or early treatment to newborns and infants at risk of
HIV infection. Challenges in daily oral antiretroviral administration to toddlers and school age children living with HIV may be
relieved by use of long-acting formulations, but the pharmacokinetics and safety of these products in children must be studied
before they can enter routine clinical use. Although some initial studies of broadly neutralizing antibodies and injectable long-
acting agents in infants and young children are underway, more studies of these and other long-acting products are needed. For
many adolescents, compliance with daily medication administration is especially challenging. Long-acting products hold
particular promise for adolescents living with HIV as well as those at high risk of HIV acquisition, and adolescents can usually
be included in the drug development pipeline simultaneously with adults. Long-acting products have the potential to provide
alternatives to lifelong daily oral drug administration across the pediatric age spectrum, leading to more effective prevention

and treatment of HIV infection in infants, children, and adolescents.
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Despite major scientific advances in the prevention and treat-
ment of pediatric human immunodeficiency virus (HIV) infec-
tion, HIV continues to cause substantial pediatric morbidity
and mortality, particularly in sub-Saharan Africa. In 2021 there
were an estimated 160 000 new pediatric HIV infections and
98 000 child deaths attributed to HIV [1]. Of the estimated
1.7 million children <15 years of age living with HIV infection
globally, only just over half (52%) are receiving antiretroviral
treatment (ART), and rates of viral suppression have been sub-
optimal and substantially lower than those reported in adults
[1]. In 2020, in 21 focus countries with a high burden of pedi-
atric HIV infection, 40% of children living with HIV infection
and 75% of those on ART were virally suppressed [2].
Although multiple factors have contributed to these poor
outcomes, the lack of potent agents and regimens in
age-appropriate formulations has been a substantial barrier to
successful treatment. Pediatric treatment has historically
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entailed caregivers administering multiple poorly tasting liquid
formulations or pills once or twice daily [3, 4]. Current guide-
lines recommend that infants born to mothers living with HIV
receive postnatal HIV prophylaxis with long courses of daily
doses of either nevirapine (NVP) oral suspension or zidovudine
(ZDV) syrup, both of which are antiquated agents no longer
recommended for use in adults [5]. The adherence challenges
associated with providing these regimens to infants and chil-
dren have been well described [6]. Caregivers struggle to give
their infants and children daily medications, particularly poorly
tasting agents and those requiring special preparation [7, 8].
Toddlers, school age children, and adolescents struggle to
take medications daily for a variety of reasons including poor
taste, forgetfulness, emerging independence, and the daily re-
minder that they are living with HIV infection. The recent in-
troduction of once daily dolutegravir promises to address some
barriers to adherence, but daily oral medications continue to
raise issues of privacy and stigma [9, 10].

Childhood is a period of rapid change, characterized by
physical growth and development, organ system maturation,
and neuropsychological development, resulting in large phar-
macologic changes as children grow from neonates to adoles-
cents. All aspects of drug disposition will be affected. Drug
absorption will be impacted by changes in diet and feeding pat-
tern as children grow and mature. Newborns and young
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children are unable to swallow pills, so special formulations
that may have distinct absorption characteristics, such as lig-
uids or dispersible tablets, are needed for them to take oral
medications. Drug disposition will be affected by dramatic
changes in body size and composition, requiring evaluation
of appropriate dose sizes over the course of childhood. Drug
metabolism and elimination change during childhood with
changes in the activity of drug metabolizing enzymes and mat-
uration of hepatic and renal function. Drug taking behavior is
particularly challenging across the pediatric age spectrum, with
different issues arising as children grow from infancy through
childhood and into adolescence.

Historically it has taken as long as a decade from the time
that a new antiretroviral drug (ARV) is introduced for use in
adults until it becomes available for children. This includes
many of the innovations that have led to measurable improve-
ment in adherence in adults including once daily fixed-dose
combination regimens and long-acting injectable agents. New
agents need to be tailored to and tested in pediatric popula-
tions. Changes across these domains have a direct effect on
drug dosing and safety as well as feasibility, acceptability, and
adherence of any new agent. It is through this lens that we ad-
dress the potential of long-acting products to transform HIV
treatment and prevention in the pediatric population, focusing
the discussion on special considerations for neonates and in-
fants, children, and adolescents.

NEONATES AND INFANTS

HIV treatment and prevention in newborns and young infants
using existing daily oral formulations is challenging and could
benefit greatly from the features of broadly neutralizing anti-
bodies (bANbs) and long-acting ARV formulations. Given
the potential for rapid diagnosis at birth and the recognition
of short- and long-term benefits from rapid virologic suppres-
sion, there is increased interest in developing highly potent and
well-tolerated regimens for neonates [11, 12]. Similarly, there is
a longstanding need to optimize approaches to postnatal pro-
phylaxis to reduce the risk of vertical transmission of HIV
[13, 14]. An estimated 1-1.5 million newborns and infants re-
quire ARVs each year, given from birth through the first
months, to reduce the risk of perinatal and postnatal vertical
transmission [2]. However, providing prophylaxis or early
treatment within the first month of life coincides with a period
of dynamic growth and development resulting in dramatic
pharmacokinetic (PK) changes in drug absorption, metabolism
and excretion, and protein binding. Potential risks of ARV tox-
icity are also a particular concern during the first month of life
when increased drug sensitivity and difficulties in recognition
of drug toxicities add to the complexity of ARV use in this pop-
ulation. Premature birth is associated with an increased risk of
HIV acquisition, but dosing for preterm infants is especially

challenging given the effects of immaturity of gastrointestinal
(GI) tract function on drug absorption and of metabolic and re-
nal pathways on drug elimination. There are limited available
oral ARVs with suitable infant formulations and established
dosing during the first month of life. This list is even shorter
for preterm infants where PK and dosing information are
only available for 2 ARVs, ZDV and NVP. Challenges in
ARV preparation and administration can lead to incomplete
dosing, low adherence, and compromised efficacy.

Although safety, PK, and dosing studies in newborn infants
are intrinsically difficult to conduct, some features of the phar-
macology of bNAbs and long-acting formulations are well suit-
ed to this population. The dose volumes of bNabs required to
treat infants are small, often 1-2 mL, making single injection ad-
ministration possible, whereas multiple injections are required
for older, heavier populations. Although infant absorption fol-
lowing intramuscular (IM) and subcutaneous (SC) administra-
tion is not identical to that in adults, it is easier to extrapolate the
extent (bioavailablity) and rate of absorption in infants from
adults than it is following oral administration. In newborns,
unique oral formations are typically needed, which may have
different absorption characteristics than in adults. Neonatal
gut physiology and function along with diet and food effects
can result in altered oral absorption rates and bioavailability
in infants [15]. The SC absorption of monoclonal antibodies
(mAbs) targeting respiratory syncytial virus is more rapid in
infants than adults, but after the first few days the overall shape
of the concentration profile is similar [16]. Rapid SC absorption
of bNADbs in newborns and infants is a desirable feature as it
results in prompt achievement of therapeutic concentrations.
Extrapolation from adult data also suggests that the absorption
rate of cabotegravir/rilpivirine (CAB/RPV) IM will be faster in
infants due to size, but this will require future evaluation [17].

The absorption, distribution, metabolism, and elimination of
mADbs differ greatly from small molecules. Many factors influ-
encing mAb PK have complex effects and change from infancy
into adulthood as shown in Figure 1. Differences in body com-
position, capillary architecture, lymphatic flow and protein me-
tabolism, can lead to differences in bioavailability following SC
administration between infants and adults. However, cross-
study comparisons between infants and adults are confounded
by the higher mg/kg doses studied in infants. However, bioa-
vailability differences due to age appear to be modest for
bNAbs including VRCO01, VRCO1ILS, and VRC07-53LS [18-
22]. Infant concentration profiles are below those seen in adults
following IV administration of similar doses suggesting presys-
temic degradation.

The elimination of mAbs is primarily due to unspecific pro-
teolytic catabolism, which is relatively mature at birth with
modest increases during childhood [15, 23]. There are addi-
tional possible mAB elimination pathways through immune
mediated elimination.

complex formation and target
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Although there may be dramatic increases and high variability
of typical ARV drug metabolizing enzymes (cytochrome P450,
glucuronyl transferases, etc) over the first few weeks of life,
large increases are not seen for mAb metabolism. In additional,
any very early changes in mAb metabolism do not have a large
impact on the shape of concentration profiles for bNAD, be-
cause their slow elimination smooths the impact of early chan-
ge over the first weeks of life.

Certain features of bNAbs and long-acting ARVs could also
make their study in infants easier to perform and more infor-
mative. Single dose bNab PK studies are very informative and
thus multiple dose studies and the risk for accumulation to ex-
cessive concentrations avoided. The slow decay of concentra-
tions means that intensive PK collections on a single day are
not needed, and PK can be determined by infrequent single col-
lections performed days or weeks apart. However, some fea-
tures of infancy will make study of bNAbs and long-acting
ARVs more challenging. Given the slow elimination of long-
acting products, the degree of growth over the first months of
life between doses can be significant. This means that the ob-
served decline in plasma concentrations becomes a function
of both metabolism and infant growth. Long-acting bNAbs

with modified Fc regions can have half-lives approaching
8-12 weeks in adults [21, 22], and weight gain will contribute
substantially within a single half-life interval. During the first
12 weeks of life, newborns nearly double in weight creating a
dilution effect on bNAb concentrations. Thus, a 10 mg/kg
bNAb dose given at birth only represents ~5 mg/kg of bNAb
based on weight at 3 months of age.

Although there is overlap in the utility of long-acting ARVs
and bNAbs, there are also important differences in their PK
properties. Both long-acting ARVs and bNADbs can cross the
placenta and result in fetal exposure. After birth, the long-
acting ARV concentration in newborns will decline rapidly
like a non-long-acting product because there is no intramuscu-
lar depot in the newborn. This decline will be slower than seen
with oral administration in adults due to immature metabo-
lism, but because absorption from the maternal long-acting de-
pot ends at delivery, newborn ARV concentrations will
disappear over the course of the first few days of life.
However, bNAbs administered to the mother during pregnan-
cy that cross the placenta into the fetus will have a continued
slow rate of decline in the newborn after birth that will mirror
the decline seen following direct infant administration.
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There is interest in quickly generating safety and PK data for
bANDbs and long-acting antiretrovirals in infants. Due to their
favorable safety profile in adults, studies of bNAbs have opened
in newborns soon after their safety and PK were established in
adults. The IMPAACT P1112 study recently completed evalu-
ations of VRCO01, VRCOILS, and VRC07-523LS after SC ad-
ministration in HIV-exposed infants [24]. Overall, infants
maintained target troughs with every 4 week (VRCO1) or every
12 week (VRCO1L AND VRC07-523LS) administration [19, 20,
25]. The IMPAACT 2008 study recently evaluated VRCO1 in
infants with HIV infection [26]. There are neonatal bNAb stud-
ies being designed for newer, more potent, longer acting bNAbs
for use in combination in infants [27]. Table 1 is a snapshot of
current and planned trials with long-acting agents for infants,
children, and adolescents.

The developmental timelines for LA CAB and RPV in infants
are following a more deliberate path. They are being evaluated
in the classical step down through pediatric age groups in
IMPAACT 2017/ MOCHA [28] and IMPAACT 2036/
CRAYON [29] studies. In addition, a study, IMPAACT 2040/
CREATE, is being designed to evaluate LA CAB/RPV PK and
safety in mothers during pregnancy and of infant washout
PK after birth [30].

TODDLER/SCHOOL AGE CHILDREN

Experience with use of long-acting formulations for other con-
ditions in toddlers and young children is very limited. A recent
systematic review of the medical literature for articles published
between 1980 and 2018 describing the safety and efficacy of
long-acting formulations in children, adolescents, and preg-
nant women found only 46 articles in infants and children
[31]. Of these articles, 36 (78%) were for hormone therapies,
generally for treatment of precocious puberty, leaving only 10
for other conditions.

Use of long-acting formulations holds promise for infants
and young children living with HIV. Children living with
HIV who are unable to swallow pills or capsules generally re-
ceive ARV as liquid formulations, although recently several
granule and dispersible tablet products have become available.
Liquid formulations are bulky, difficult to store, often have
poor palatability and pose supply chain difficulties particularly
in low- and middle-income environments. Normal growth may
require frequent dose adjustments, and large volumes may be
required to dose older children with a liquid formulation.
Long-acting formulations offer an attractive alternative for
treatment of toddlers and young children that would allow chil-
dren and their care providers relief from the challenges of daily
oral medication administration.

Studies evaluating the dosing, efficacy, and tolerability of
long-acting formulations in young children are needed before
such formulations

can become part of clinical care.

Maintenance of adequate circulating ARV concentrations after
injection of intramuscular depot formulations is dependent on
the rate of release from the depot, which may be different in the
muscles and subcutaneous tissues of children than in those of
adults. The need for dosing adjustment of such products to ac-
count for normal growth and development must be deter-
mined, as well as the need to tailor dose size to children with
comorbidities, concomitant drugs, and poor or excessive
growth. Pharmacokinetic modeling and simulations may play
an important role in streamlining and facilitating dose-finding
for long acting formulations in children [32] Current long-
acting intramuscular depot formulations, such as long-acting
CAB/RPYV, cannot be removed once they have been adminis-
tered, so their toxicity profile in children must be well described
before they can be routinely used. Provision of repeated intra-
venous infusions or SC injections in young children poses chal-
lenges, and the practicality and tolerability of repeated
infusions and/or injections must be evaluated to ensure that
children who begin HIV treatment with such products will
be willing and able to continue to receive them indefinitely.

Current and planned studies of long-acting antiretroviral for-
mulations in toddlers and young children are limited. The
Tatelo study is now underway studying monthly intravenous in-
fusions of dual bNAb treatment using VRC01Ls and 10-1074 in
children living with HIV aged 2-5 years who are fully suppressed
onstandard ART [33]. In a preliminary report, 11 of 25 (44%) chil-
dren maintained viral suppression over 24 weeks after cessation of
their ART regimen while receiving treatment with these bNABs
alone. The CRAYON study (IMPAACT 2036) currently under
development will be a phase I/II study of long-acting injections
of CAB and RPV in virologically suppressed children living
with HIV ages 2-12 years [29]. The IMPAACT 1115 study of early
intensive treatment of HIV-infected infants includes an arm in-
corporating monthly treatment with the bNAb VRCO1 [34].
The EPIICAL Project is developing a protocol that will involve
treatment of infants and children living with HIV with combined
administration of 3 bNABs [35]. Other studies of currently avail-
able long-acting formulations, including long-acting CAB/RPV
and bNADbs, as well as innovative long-acting products and/or al-
ternative delivery methods, are necessary before such products
can live up to their promise of improving antiretroviral therapy
in young children.

ADOLESCENTS

Long-acting drug and delivery platforms hold particular prom-
ise for adolescents living with HIV. Adolescents bear a large
burden of the HIV epidemic, especially young women and girls.
In 2020, 1.75 million adolescents (10-19 years old) were living
with HIV globally [36]; in sub-Saharan Africa, 6 of 7 new HIV
infections among adolescents (15-19 years old) were among
girls [1]. Adolescents with HIV often have poor treatment

Long-Acting Antiretrovirals for Children « CID 2022:75 (Suppl 4) « S565



Table 1. Trials of Long-Acting Agents in Newborns, Infants, Children, and Adolescents®

Agent Study Indication Objectives Population Sample Size Status
Broadly neutralizing antibodies (bNABs)
SC VRCO01, SC IMPAACT 1112 Prevention Phase | study to determine safety and HIV-exposed infants 79 Complete
VRCO1LS, and Pharmacokinetics (PK) of each agent
VRC07-523LS Treatment administered SC in infancy
SC VRC07-523LS+  PedMAB Prevention Phase I/ll study, dose finding, PK and safey HIV-exposed newborns Enrolling
CAP256V2LS
SC VRC07-523LS SAMBUELA Prevention Phase Il PK and safety in breastfed infants ~ HIV-exposed, 128 In development
unexposed, and
infected newborns
SC VRCO1LS EDCTP Neo bnAb  Prevention 4 doses from birth to 36 w HIV-exposed newborns 2000 In development
Trial
SC VRCO1 IMPAACT 2008 Cure Phase I/l RCT of VRCO1 with ART to <12 w, living with HIV 61 Complete
promote clearance of HIV-infected cells in
infants with HIV
IV VRCO1LS and Dual bNAb Treatment Safety, PK, dosing, and antiviral efficacy of  2-5v, living with HIV 30 Ongoing
10-1074 Treatment in maintenance VRCO1LS and 10-1074
Children: Tatelo immunotherapy on viral suppression in
Study early treated children
CAP256-V2LS, ENABLE Treatment Safety, PK, reduction in viral load and 28-180d, 2-7 vy 20 In development

VRC07-523LS and
PGT121.414LS

reservoir size, increase in HIV-specific
immune response
Antiretroviral Agents
Actively

Phase I/l study of safety, acceptability, 12<18y, youth living 155

IM CAB/RPV IMPAACT 2017/  HIV
MOCHA Treatment tolerability, and PK of CAB/RPV in with HIV enrolling
virologically suppressed children and
adolescents
IM CAB/RPV IMPAACT 2036/ HIV Phase I/Il study of safety, tolerability, PK, and >2<12y and weighing TBD In development
CRAYON Treatment antiviral activity of CAB/RPV in virologically ~ >10 kg and <50 kg,
suppressed children children living with
HIV
IM CAB/RPV LATA HIV Open label, non-inferiority study of 12-19'y, youth living 230/arm: Open to
Treatment virologically suppressed participants on with HIV CAB/RPV enrollment,
first-line ART; primary endpoint: proportion vs DTG/ fall 2022
with confirmed virological rebound, 3TC/TDF
HIV-RBA >50 copies/mL
IM CAB/RPV IMPAACT 2040/  HIV Phase I/l PK and safety of IM CAB/RPV in  Pregnant people and 45 mother/ In development
CREATE Treatment pregnancy and postpartum; wash-out PK their newborns baby
in exposed neonates through pairs

Abbreviations: ART, antiretroviral therapy; CAB/RPV, cabotegravir/rilpivirine; CRAYON, Cabotegravir and Rilpivirine Long-Acting Injections in Young Children; CREATE, Cabotegravir &
Rilpivirine Antiretroviral Therapy in Pregnancy; EDCTP, European and Developing Countries Clinical Trials Partnership; ENABLE, Early Neutralizing Antibodies children in Earth cohort; HIV,
human immunodeficiency virus; IMPAACT, International Maternal Pediatric Adolescent AIDS Clinical Trials Network; LATA, Long Acting Treatment for Adolescents; MOCHA, More
Options for Children and Adolescents; PK, pharmacokinetic; RCT, randomly controlled trial; RPV, Rilpivirine.

aGiven the dynamic scientific landscape, emerging studies may not be included in this table.

outcomes. Estimates of virologic non-suppression among ado-
lescents vary by geography and methodology but range from
11% to as high as 73% [37]. In a recent report from South
Africa 11% of pregnant adolescent females and 20% of adoles-
cent males experienced non-suppression over 24 months of
follow-up [38]. In the United States, only 54% of adolescents
who initiate treatment are estimated to achieve HIV viral sup-
pression [39]. Other studies estimate that poor adherence to the
oral treatments is common among adolescents and youth with
HIV, estimated at 26% in Africa, 38% Europe, and 47% in
North America [40]. A recent systematic review found no pa-
tient level interventions that significantly improved adherence
or virologic suppression rates in adolescents with HIV [41].

Well-tolerated long-acting treatments hold the potential to ad-
dress many of the key barriers to adherence for adolescents,
which include stigma, drug side-effects, and forgetfulness [42].

This most efficient mechanism for adolescents to gain access
to long-acting agents and platforms will be to include them in
the development pipeline simultaneously with adults. The
pharmacokinetics of most medications in adolescents are sim-
ilar to adults; although there can be some changes with growth
spurts during adolescence, the most dramatic age-related
changes in drug metabolism and clearance occur over the first
few years life [43, 44]. Accordingly, most of the currently ap-
proved antiretrovirals are recommended at the same doses
for adolescents as adults, in the United States [45] and by the
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World Health Organization (WHO) [46]. A strategy to include
adolescents in the primary regulatory trials with adults is en-
dorsed by the Pediatric Antiretroviral Working Group of the
WHO [47] and the Food and Drug Administration (FDA)
[48]. Based on this approach, adolescents were included simul-
taneously with adults in the primary approval for IM CAB for
use as pre-exposure prophylaxis by the FDA in 2021 [49] and
the agent is approved using weight (>35 kg) rather than age
(traditionally >18 years) to define dose.

Research on long-acting platforms must navigate the ethics
and often country-specific legal guidelines around the inclusion
of adolescents in research. Consent from a parent or guardian
plus “assent” from the adolescent is often required for partici-
pation in research. Strict parental consent requirements can de-
crease adolescent participation in research, especially from key
populations that would benefit the most from inclusion [50]. In
Brazil, for example, a 15-year-old girl would not be permitted
to participate without explicit parental permission, whereas
in Kenya, she could become emancipated from this require-
ment through marriage or childbirth [51, 52]. Ethical bench-
marks for including adolescents in research have been
published [53], and other reviews provide guidance about
how to enroll adolescents efficiently and safely in research
[54]. Other challenges for including adolescents in research in-
clude high rates of unplanned pregnancies in some populations
of young women and historically greater challenges with up-
take and adherence to chronic medications.

The only published research to date about long-acting treat-
ments in adolescents has been for CAB and RPV. The data sup-
porting FDA approval of injectable cabotegravir for
pre-exposure prophylaxis was based on efficacy data from trials
(HPTN 083 [55] and HPTN 084 [56]) of adults (>18 years of
age) but included safety and PK data from 54 adolescents [57].
The ongoing MOCHA study is a phase I/II study of long-acting
CAB/RPV for the treatment of virologically suppressed adoles-
cents ages 12 to <18 years (NCT03497676) [28, 58]. Preliminary
results suggest that injectable CAB/RPV given every 4-8 weeks
is acceptable to youth and parents [59] and achieved target drug
levels comparable to adults. The LATA study, an open label,
non-inferiority study comparing CAB/RPV to dolutegravir/
lamivudine/tenofovir among virologically suppressed youth,
ages 12-19 years, with a primary outcome of virological re-
bound, is expected to open in late 2022 (NCT05154747).

SPECIAL CONSIDERATIONS FOR LONG-ACTING
PRODUCTS FOR INFANTS, CHILDREN, AND
ADOLESCENTS

There is great enthusiasm for the potential of long-acting prod-
ucts to overcome many of the challenges that have been en-
countered in bringing new antiretroviral products to
children. Historically, the delayed development of specific

formulations for children, particularly for infants, have pre-
vented them from having early access to several potent agents
[47], whereas the development of inadequate pediatric formu-
lations (poorly tasting, difficult to administer) has had pro-
found impact on adherence and retention in care. Notably
this holds true not only for HIV but for other highly prevalent
conditions including tuberculosis and hepatitis. Long-acting
injectable formulations and alternative delivery platforms
could accelerate the study of and access to many of the new
agents discussed above for children as well as new products
for treatment of tuberculosis and hepatitis. Nonetheless, the
optimal approach to delivering specific agents will vary across
the age spectrum from birth through adolescence.
Recognizing this variation by age, participants at the WHO
Pediatric AIDS Drug Optimization-HIV (PADO) 5 meeting
discussed and described the advantages and disadvantages of
new drug delivery technologies for different pediatric popula-
tions, demonstrating preferences for each technology by age
[60]. Several of the key findings are reiterated here.

Chronic intramuscular injections of CAB and RPV for HIV
treatment have been reported as highly acceptable in adults,
and preliminary findings suggest a similar experience for ado-
lescents receiving monthly dosing [58, 61]. Whether the expe-
rience changes over time among adolescents (injection fatigue)
will need to be evaluated, as will the response of younger chil-
dren who may be more averse to needles and injections and less
well poised to balance the challenges of daily oral medication
versus regular injections. Furthermore, intramuscular injec-
tions may not be suitable for infants and neonates depending
on the injection volume and resulting pain. In many settings,
medication injections are highly acceptable and often preferred
to oral agents, viewed as more potent and tolerable. Similarly,
depot medroxyprogesterone acetate injections given quarterly
are the most common form of contraception in adolescents
and young women in many countries. In contrast, programs
administering monthly intramuscular penicillin G benzathine
for secondary prophylaxis to children and adolescents with
rheumatic heart disease have reported sub-optimal retention
in care and adherence to treatment citing multiple barriers in-
cluding poor access to health care where injections are admin-
istered, travel costs, negative staff interactions, injection site
pain and health beliefs of patients, families, and providers [62].

Subcutaneous injections are generally preferable to intra-
muscular injections, as they may be less painful and easier to
administer. They are also more feasible to consider across the
pediatric spectrum including neonates and infants. Several of
the bNAbs that have been studied in infants are administered
subcutaneously, making them attractive candidates for preven-
tion of postnatal HIV transmission. Assuming the availability
of a potent, long-acting combination bNAD regimen, repeated
subcutaneous injections to breastfeeding infants of mothers liv-
ing with HIV could possibly be delivered within existing
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immunization programs. This would be a strategic way to inte-
grate HIV prevention with other routine childhood services but
would need to be evaluated for feasibility, cost, and
effectiveness.

Other delivery platforms may hold particular promise for pe-
diatric populations. Microarray patches have generated interest
and are currently being developed using CAB and RPV as a
model for use in children [63]. An approach that avoids daily
oral administration as well as the pain of and logistical chal-
lenge of injections could lead to significant improvements in
quality of life for children with chronic diseases. Several long-
acting oral products with less frequent dosing are also in devel-
opment for prevention and treatment of HIV infection, tuber-
culosis, and hepatitis in adults. Early attention to the
development of pediatric formulations is indicated for prod-
ucts of high interest.

CONCLUSIONS

The history of antiretroviral development is punctuated with
multiple failed efforts to bring potent, child-friendly agents to
the pediatric population, resulting in generations of children
using suboptimal regimens leading to suboptimal outcomes.
Although better, more potent medications are increasingly
available, the challenge of taking medication each day for
the remainder of one’s life remains daunting. Long-acting
formulations, those discussed above as well as others in de-
velopment, have the potential to decrease the adherence bur-
den on children and families, and improve quality of life and
rates of sustained viral suppression among children and ado-
lescents living with HIV. The introduction of potent, safe
long-acting products like injectable CAB or an efficacious
bNADb combination regimen for postnatal prevention would
leapfrog efforts to end the pediatric epidemic. The recent ac-
celerated development and introduction of a pediatric dolu-
tegravir oral formulation provides a roadmap for how to
more rapidly develop, test, and scale-up a product for chil-
dren [9, 10, 15, 64]. It will be critical to follow this roadmap
and to routinely include infants, children, and adolescents in
the new long-acting product pipeline for HIV and other high-
ly prevalent diseases including tuberculosis and hepatitis, to
ensure that the full transformative potential of these products
is achieved.
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