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Background: Despite progress, 2016 still saw 160,000 new
infections and 120,000 AIDS-related deaths among children.
Evidence gaps on how to best diagnose, treat, and deliver services
to children living with HIV remain. A global research prioritization
exercise was undertaken by WHO and CIPHER to focus research
efforts in the context of diminishing resources.

Methods: The Child Health and Nutrition Research Initiative
methodology was adapted and used, as described by Irvine et al.1

Outcomes were reviewed by an expert group and 5 priority themes
identified for testing, antiretroviral treatment, and service delivery,
accounting for existing policies, published literature and
ongoing research.

Results: A total of 749 questions were submitted by 269
individuals from 62 countries. For HIV testing, priority themes
included strategies and interventions to improve access, uptake and
linkage to care, including with novel diagnostic tools and entry
points beyond antenatal care. For treatment, priorities included
strategies to improve adherence, short- and long-term outcomes
and management of coinfections, optimal drug formulations, and
early ART. For service delivery, priorities included strategies or
interventions to improve access, uptake and retention in care,
including psychosocial and family support and approaches to HIV
disclosure and reduction of stigma and discrimination.

Conclusions: This is the largest Child Health and Nutrition
Research Initiative exercise undertaken in HIV. The results provide
guidance to focus future research in pediatric HIV for impact. Global
commitment to support priority research, adequate investment, and
strong leadership is urgently needed to improve the health and well-
being of children living with and affected by HIV.
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INTRODUCTION
An estimated 2.1 million (1.7–2.6 million) children were

living with HIV globally in 2016, with less than 50% of these
children receiving antiretroviral (ARV) treatment.2 Despite steady
decreases, 2016 still saw 160,000 new infections and 120,000
AIDS-related deaths among children.3 A number of global
initiatives aim at closing the treatment gap for pediatric HIV
and the THREE FREES framework provides the platform to reach
“super-fast track targets” and end the AIDS epidemic among
children by 2020 with ambitious treatment goals by 2018.4,5

Critical barriers to scaling up pediatric HIV treatment
and care remain, including the complexity of existing
approaches to testing and treating children, lack of age-
appropriate formulations to provide the most effective and
tolerable drugs, and lingering difficulties around decentral-
izing and integrating HIV services into the broader
maternal and child health platform.5 Innovative testing,
ARV treatment, and service delivery strategies are needed
to simplify and expand pediatric services, but evidence to
support this is currently lacking. Updated and robust
research is required to accelerate the introduction of
innovations, overcome existing implementation challenges,
and inform the development of normative guidance that
will set the standard of care for children living with HIV
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around the world. To overcome these challenges in the
context of increasing funding constraints, efforts must be
focused on generating targeted evidence that improves HIV
program implementation through a better understanding of
what works for infants and children.

To this end, the World Health Organization (WHO) and
the Collaborative Initiative for Paediatric HIV Education and
Research (CIPHER) of the International AIDS Society (IAS)
undertook a global research prioritization process with broad
engagement of stakeholders. The approach sought input into
3 research themes: testing, ARV treatment, and service
delivery with a view to informing global policy change, and
improving outcomes for infants and children living with and
affected by HIV.

METHODS
The Child Health and Nutrition Research Initiative

(CHNRI) methodology,7,8 a well-established approach for
setting health research priorities, was adapted and used for
this process. For more details on the different steps of the
process, see full methods by Irvine and colleagues.1

In brief, 5 phases were carried out to set research
priorities in pediatric HIV, as follows. First, an expert
working group was convened to define the scope of the
exercise. In phase 2, an online survey was disseminated
widely to collect priority research questions. Respondents
were asked to tag their questions within the relevant research
area (testing, treatment, or service delivery) and the research
domain (descriptive discovery, development, and delivery—
Table 1). Phase 3 consisted of thematic coding, analysis, and
consolidation of the questions submitted to form a collated
list. In phase 4, the collated list was sent in a second survey to
respondents of the first survey for scoring against predefined
criteria (answerability, impact, implementation, and equity).
The total research priority score (RPS) and the Average
Expert Agreement (AEA) scores were calculated to obtain the
final ranking.9 Finally, in phase 5, the outcome of the CHNRI
process was then reviewed by selected pediatric HIV experts
charged to identify the top 5 priority themes among the top 10
ranked research questions in each topic area (testing,
treatment, and service delivery) accounting for existing
policies, systematic reviews, published literature, and planned
and ongoing research. This last phase was a novel addition to
the established CHNRI method to better communicate and
contextualize the final themes within the current
research landscape.

RESULTS
Overall, an average of 2.8 pediatric HIV research

questions per person were submitted (total of 749 research
questions) by 269 individuals from 62 countries, across all
WHO regions. After thematic content analysis, the final
collated lists included 51 questions covering testing, ARV
treatment, or service delivery.

Eighty-three respondents scored a total of 16 HIV
testing research questions. For the top 10 ranked questions the
overall mean RPS was 84 [range 79.8 – 89.4] and the mean
AEA was 70 [range 61 – 79]. Among these, the types of
research that were ranked most frequently among the top 10
were delivery (n = 5) and development (n = 3) questions,
whereas fewer discovery (n = 1) and descriptive (n = 1)
research questions made the top 10.

A total of 21 treatment research questions were scored
by respondents (n = 66). For the top 10 ranked questions, the
overall mean RPS was 83 (78.2–87.6) and the mean AEA was
68 (61–75). Among the top 10 ranked research ideas,
discovery (n = 4) and development (n = 3) were ranked
more highly than descriptive (n = 2) and delivery (n = 1) type
research questions.

For service delivery, a total of 14 research questions
were scored by respondents (n = 62). The mean RPS for the
top 10 questions was 84 (79.8–89.4) and the mean AEA was
70 (61–79). Among the top 10 ranked research ideas,
development (n = 6) was ranked more highly than descriptive
(n = 2) and delivery (n = 2) type research questions with no
discovery featured in the top 10.

Generally, the questions with the greatest level of overall
agreement also achieved higher overall RPSs. The full lists of
questions per research area are provided in Table 1, Supple-
mental Digital Content, http://links.lww.com/QAI/B167. The
top 5 priority themes that were elaborated by the expert group
are shown in Table 2. The final 5 themes identified in each area
by the end of the exercise address the following: for HIV
testing, priority themes included strategies and interventions to
improve access, uptake and linkage to care, optimal placement
and timing of novel diagnostic tools for point-of-care (POC)
use and effective testing strategies at entry points other than
antenatal care (ANC) for identifying undiagnosed HIV-positive
infants and children in different epidemic settings; for ARV
treatment, priorities included strategies to monitor and improve
adherence, prevent and manage coinfections, short- and long-
term outcomes (particularly in the context of very early ART)
and safety, efficacy, acceptability, pharmacokinetics of existing
and new ARV drugs and formulations; for service delivery,
priorities included service delivery models across the cascade,
strategies or interventions to improve access to, uptake of and
retention in care, to reduce stigma and discrimination experi-
enced by children and their caregivers and the provision of
psychosocial and family support, particularly
around disclosure.

DISCUSSION
To our knowledge, this is the largest research prioriti-

zation exercise undertaken in the field of pediatric HIV. The
process reflects the thinking of a broad range of stakeholders

TABLE 1. Research Question Domain Type

Descriptive: Have greater understanding of the HIV burden and risk factors

Discovery: Find new medicines, technologies, vaccines or other preventive
interventions, or new diagnostics

Development: Improve existing interventions, reducing their costs or
optimizing implementation

Delivery: Provide ways to deliver existing interventions with better quality to
more children/adolescents
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and overall highlights the need for more operational research
to be conducted in the field of pediatric HIV. It should be
recognized that the outcome of this process is more likely to
reflect the context in Sub-Saharan Africa, as this is where
80% of the global pediatric HIV burden is, and where most of
the respondents belonged. Below, we reflect on the outcomes
of the exercise for the 3 key areas and on how the prioritized
themes should be seen in the context of our current
knowledge and ongoing research.

HIV Testing
Overall, the ranking of questions for HIV testing

suggests that although valuable tools and strategies are at
our disposal, what is really needed is improved knowledge
on how to combine and target key tools and interventions to
maximize their impact. Uptake of and access to pediatric
HIV testing are highly variable across settings with only
43% of HIV-exposed infants tested by the recommended age
of 2 months.1 There is a lack of evidence for HIV testing and
counseling approaches that work for children, especially

outside the traditional entry points of ANC and maternity
wards.9,10 Overlooked entry points such as malnutrition
units, tuberculosis units, immunization clinics, and inpatient
wards may provide a more efficient way to identify HIV-
infected children and link them to treatment and care.11–13

Community-based testing approaches (ie, home-based, fam-
ily-centered and outreach) for this age group have also
shown promise and acceptability but require further defin-
ing, with data on feasibility and cost-effectiveness before
countries scale-up specific strategies.13 Development of
novel POC tools for infant diagnosis of HIV, including
testing at birth, is underway and 2 POC EID technologies
received WHO prequalification in 2016.14 These technolo-
gies have quicker turnaround times for test results and
increased ART initiation rates compared with conventional
laboratory systems.15–17 However, where and when to use
these diagnostic tools needs to be further defined to optimize
implementation efforts. Evaluating the impact that introduc-
ing POC EID has on key outcomes including ART initiation
rates and mortality reduction will also be important
going forward.

Once tested for HIV, ensuring timely linkage to
treatment and care is critical. Only 43% (30–54) of all
children living with HIV were accessing ARV treatment in
2016.3 Determining what factors ensure that children living
with HIV receive lifesaving treatment in a timely manner
will help guide effective strategies. In 2017, WHO
recommended rapid initiation of ART, based on encourag-
ing results in adult studies with improved program out-
comes, including reduced loss to follow-up in the pre-ART
period.18 The recommendation also applies for children;
although it should be noted that the evidence for rapid
initiation of ART in children is weaker than for adults with
research indicating that for sick children, immediate ART
may not lead to better outcomes than starting ART after
initial stabilization in the hospital.19–21 Although ART
initiation remains a priority for this age group, especially
for children younger than 5 years and children who present
with symptoms, timely provision of appropriate care for
clinical conditions requiring acute management is the
first priority.

There are studies in the pipeline that promise to shine
light on and provide practical solutions to some of the priority
thematic areas discussed above, including: testing at family
planning clinics22; targeted provider-initiated testing and
counselling23; uptake of POC HIV testing24; impact of ARVs
exposure in HIV-exposed infants and young children; and
impact of financial incentives to increase pediatric HIV
testing.25

HIV Treatment
Pediatric HIV treatment has come a long way since

the beginning of the epidemic but the general lack of well-
tolerated age-appropriate formulations remains a key bar-
rier to effective scale-up. ARV options remain limited with
suboptimal regimens still being used in more than half of
children on ARV treatment26 with clear implications on
virological suppression rate and selection of HIV drug

TABLE 2. Top 5 Priority Themes for Pediatric HIV Testing,
Treatment, and Service Delivery

HIV testing for infants and children

Optimal placement and timing of novel diagnostic tools for POC use

Interventions to ensure timely linkage between HIV diagnosis, treatment,
and care

Interventions or strategies to improve access to and uptake of HIV testing
for infants and children, particularly community-based approaches

Factors that enable or hinder linkage to care and timely initiation of ART

Effective, feasible, and acceptable testing strategies (including routine
testing at birth) at entry points other than ANC for identifying
undiagnosed HIV-positive infants and children in different epidemic
settings

HIV treatment for infants and children

Safety, efficacy, acceptability, pharmacokinetics and optimal dosing of
existing and new ARV drugs and formulations, particularly with novel
drug delivery systems

Strategies or interventions to improve adherence and factors that impact
their success

Optimal prevention and clinical management of coinfections, particularly
tuberculosis

Impact of HIV infection and ART on short- and long-term outcomes, in
particular noncommunicable disease

Short- and long-term virologic and immunologic outcomes of starting very
early treatment in infants living with HIV (impact on functional cure)

HIV service delivery for infants and children

Strategies or interventions to improve access to, uptake of and retention in
care, and factors that impact their success

Service delivery models to improve individual and programmatic outcomes
along the HIV cascade, including integration of comprehensive HIV
treatment and care into the maternal and child health platform

Psychosocial and family support strategies or interventions to improve
individual and programmatic outcomes

Strategies or interventions to improve and support parents, caregivers, and
health care providers to facilitate HIV disclosure to children and factors
that impact their success

Strategies or interventions to reduce stigma and discrimination experienced
by children and their caregivers
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resistance.4 This is particularly important in the context of
very early ART for neonates and infants, which holds
promise for achieving functional cure in the future. The
third pediatric conference on ARV drug optimization took
place in 2016 to take stock of progress made and reflect on
remaining challenges.27 The outcomes of this consultation
highlighted the evidence gaps to be addressed to further
advance the pediatric treatment optimization agenda, which
were largely confirmed during this larger research priori-
tization process.28 New child-friendly FDCs of the cur-
rently WHO recommended regimen are still being tested
and while some are in advanced stage of development,
a better understanding of the acceptability and operational
issues related to their introduction and use is still
required.29 New formulations of dolutegravir have recently
received FDA approval and trials are investigating its use
in lower weight bands and ages, but limited data are
available to inform subsequent sequencing once dolute-
gravir has been used.30 Evidence to inform the use of TAF
has been long awaited with approval for use in children
expected for late 2018 or early 2019.31 There are also
promising long-acting drug delivery systems in the pipe-
line, which are attractive in their potential to overcome
poor adherence but problematic when dealing with a grow-
ing body and changing pharmacokinetics.32 It is clear that
further evidence is still needed on the safety, efficacy,
acceptability, pharmacokinetics, and optimal dosing of
existing and new ARV drugs and formulations, particularly
with upcoming novel drugs and delivery systems.

It is increasingly recognized that HIV infection and/or
exposure to ARVs during the critical developmental stage of
early childhood may have a short- and long-term impact on
health with increased risk for a range of noncommunicable
diseases (NCDs). This growing field of research is important
to ensure that children not only survive but also thrive and
transform into healthy adolescents and adults. Identifying the
most common comorbidities, particularly noncommunicable
diseases, to consider for this population with timely and
effective screening and appropriate interventions will be key.
How the timing of ART initiation affects virological sup-
pression and these broader outcomes in the long run deserves
well-planned research that also accounts for the epidemiology
of these diseases in the regions of the world where HIV is
most prevalent.

Infants and children face the longest battle to remain
adherent to ARVs and little evidence exists on the best
approaches to facilitate this across their lifetime. Effective
strategies or interventions that can support and simplify
ARV adherence for children and importantly for their
caregivers are urgently needed. WHO recommends a range
of behavioral and biomedical interventions that have been
shown to be successful including use of peer counselors,
mobile phone text messages, reminder devices, cognitive-
behavioral therapy, behavioral skills training, medication
adherence training, fixed-dose combinations, and once-
daily regimens.18 Ensuring that these or other effective
strategies cater to the needs of caregivers and older children
is critical to ensure improved adherence and improved
clinical outcomes.

In the context of comorbidities where HIV is highly
prevalent, attention should be given to coinfections. AIDS-
related infections (particularly tuberculosis) and bacterial
infections continue to be leading causes of hospital
admission and mortality in adults and children living with
HIV worldwide.33 One million children (0–14 years of age)
fell ill with TB, and 250,000 children (including children
with HIV) died from the disease in 2016. Tuberculosis is
particularly difficult to diagnose in children and more so in
HIV-infected children.34 Efforts to prevent TB remain
unsuccessful in many countries and better strategies to
provide INH preventive therapy, to best use diagnostic
tools available, and to simplify TB-HIV cotreatment with
tolerable regimens in the minimal number of pills are
urgently needed. These needs are not unique to tuberculo-
sis and should be considered for other coinfections such as
hepatitis B or C.

HIV Service Delivery
Under the broad umbrella of service delivery, a number

of areas have emerged as items of critical importance for
future research. These areas reflect a greater attention to the
overall well-being of the child and the family with the goal of
providing comprehensive care that maximizes survival and
improves quality of life.

In this context, there is a need to identify optimal
strategies to integrate multiple services with the goal of
expanding access, increasing uptake, and ensuring reten-
tion in care. Although the notion of integration of HIV
services into the maternal newborn and child health
(MNCH) platform is not new, this has not been widely
implemented because of several competing demands and
lack of human resources to address all needs.35 Compelling
models that improve individual and programmatic out-
comes along the HIV cascade and that are cost-effective
and feasible in different settings need to be investigated to
support advocacy and rational joint programming at
country level. This will entail reflecting on how to best
support task shifting and decentralization with appropriate
capacity building.

Living with HIV brings many challenges that cannot be
managed by biomedical interventions alone. These challenges
have a major impact on the well-being of the child and their
carers. These include, but are not limited to, the complex
matter of disclosing their HIV status to the child, reducing
stigma and discrimination experienced by the child and the
family, and ensuring sufficient psychosocial support to pro-
mote the child’s healthy development and well-being.
Disclosure of HIV status emerged as a strong theme in the
research prioritization exercise and strategies or interventions
to improve and support parents, caregivers, and health care
providers to facilitate HIV disclosure to children was clearly
prioritized. Disclosure decisions are complex because of
stigma, social support concerns, family relations, parenting
skills, and concern about a child’s emotional and cognitive
ability to understand and cope with the nature of the illness.36

Despite these complexities, lack of disclosure ultimately
adversely affects the well-being of the child, including the
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uptake, adherence and retention in pediatric HIV treatment
and care and needs to be addressed through better policies,
appropriate HCW training and innovative strategies to
account for cultural and social background.

Considerations for Implementing the
Research Agenda

As the pediatric community moves toward addressing
some of the priority themes identified, acknowledgement
should be made of a number of considerations that affect the
way we undertake studies and the ability to generalize them
more broadly. Table 3 provides suggested actions to support
the adoption of the research agenda.

Limitations
Many of the limitations within this research prioritiza-

tion exercise are intrinsic to the CHNRI methodology, as
described in greater detail in Irvine et al.1 The identification of
the priority themes in phase 5, which were developed in
consideration of the current pediatric HIV research context,
may have led to the omission of specific nuances of the
research questions. To help address this, the full list of
prioritized research questions is available here as separate
a supplementary table, and the authors encourage accessing
this information when implementing the research agendas
because it provides further granularity and may be helpful in
adapting the questions to different contexts. One main
strength of this particular exercise lies in the contribution of
a large number of research questions from a broad cross-
section of geographically diverse and multidisciplinary stake-
holders. Finally, it is important to note that the exercise was
focused on pediatric HIV and while we recognize the critical
importance of the agenda to prevent new infections, this was
beyond the scope of this work.

CONCLUSIONS
Far too many children are still acquiring HIV and dying

of AIDS-related illnesses. The pediatric HIV response
requires urgent acceleration and a long-term vision with
evidence-based interventions to maximize short- and long-
term outcomes, at both individual and programmatic levels.
The range of research themes provided here is reflective of the
knowledge gaps remaining for infants and children. It is
important that the tremendous efforts and investments that
have been made over the last decades are not wasted by
failing to address the final gaps in the HIV response for these
populations. To ensure that, the outcomes of this process
result in high-quality research with the greatest impact in the
priority thematic areas identified require greater commitment,
collaboration, investment, and leadership. New research
addressing the priorities identified in this process will be
essential for reaching global targets for an AIDS FREE
generation by 2030.
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TABLE 3. Suggested Stakeholder Actions to Support
implementation of the Prioritized Research Agenda

Further disseminate the agenda across global networks and among key
stakeholders.

Encourage funders to use the research agenda to guide funding streams and
request for proposals

Consider the appropriateness of research topics for different settings. Use the
priority list to guide evaluations of the local research landscape in order to
determine which topics/questions are most critical for implementation.

Assess the acceptability of research topic and design by relevant stakeholders
(ie, children and their caregivers, health providers, community member,
and governments).

Improve sharing of research plans and outcomes. Use various available
channels of dissemination to reach different audiences ie, conferences,
social media, webinars.

Establish and incentivise collaborative and multicentered approaches
including supporting the capacity of organizations to analyze, write up, and
disseminate research and/or programmatic data.

Advocate to address the deterrents of international review board
requirements. Developing standards and tools on consent procedures for
those under 18, including support for minimizing harm.
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