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Abstract
Children and adolescents living with Hiv (CALHiv) in sub-Saharan Africa experience significant morbidity and alarmingly 
high mortality rates due to critical gaps in the Hiv care cascade, including late diagnosis and initiation of treatment, as 
well as poor retention in care and adherence to treatment. interventions to strengthen the adult Hiv care cascade may 
not be as effective in improving the cascade for CALHiv, for whom specific strategies are needed. Particular attention 
needs to be paid to the contexts of sub-Saharan Africa, where more than 85% of the world’s CALHiv live. implementing 
the ‘treat all’ strategy in sub-Saharan Africa requires dedicated efforts to address the unique diagnosis and care needs 
of CALHiv, in order to improve paediatric and adolescent outcomes, prevent viral resistance and reduce the number of 
new Hiv infections. we consider the UNAiDS 90-90-90 targets from the perspective of infants, children and adolescents, 
and discuss the key challenges, knowledge gaps and urgent research priorities for CALHiv in implementation of the 
‘treat all’ strategy in sub-Saharan Africa.
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Introduction
The ambitious UNAiDS 90-90-90 targets intend that, by 2020, 
90% of people living with Hiv are diagnosed, 90% of those who 
are diagnosed are on antiretroviral therapy (ART), and 90% of 
those on ART are virally suppressed [1]. Central to these targets 
is achieving them for all people living with Hiv, which requires 
particular attention to vulnerable groups who remain furthest 
from reaching them [2]. Children and adolescents living with Hiv 
(CALHiv) continue to experience alarmingly high mortality and 
poorer outcomes in the Hiv care cascade compared to adults 
[2]. CALHiv have much to gain from the ‘treat all’ strategy, and 
they also have specific needs that must be addressed to ensure 
its successful implementation [3–6]. Here, we consider the 90-90-
90 targets from a paediatric perspective, and discuss the key 
challenges, knowledge gaps and urgent research priorities in 
implementing the ‘treat all’ strategy in sub-Saharan Africa. This 
review is informed by systematic activities to set global Hiv research 
priorities undertaken by both the Collaborative initiative for Pae-
diatric Hiv education and Research (CiPHeR), and the international 
epidemiology Databases to evaluate AiDS (ieDeA), with adapta-
tion to incorporate current paediatric evidence and the input of 
stakeholders from sub-Saharan Africa [7].

Challenges throughout the HIV care cascade for 
infants, children and adolescents
UNAiDS estimates that there were approximately 1.8 million 
children living with Hiv (CLHiv, ages 0–14), and 1.8 million 
adolescents living with Hiv (ALHiv, ages 10–19) globally in 2017, 
of whom more than 85% lived in sub-Saharan Africa (Table 1) 

[8]. CALHiv experience complex challenges accessing Hiv testing 
and care and adhering to ART, resulting in late diagnoses, poor 
viral suppression and high mortality [2]. while deaths have declined 
substantially among CLHiv, there were 110,000 deaths in this 
group in 2017 [8]. Meanwhile, ALHiv have been the only age 
group with increasing deaths in recent years, despite a massive 
scale-up in the availability of ART [8].

The epidemic among infants and children

Although vertical transmission of Hiv has significantly decreased 
in recent years, global ART coverage for prevention of vertical 
transmission is currently at 80%, and in 2017 there were 180,000 
new paediatric infections [8]. infants under 12 months and later 
24 months of age were the first to have a recommendation for 
universal treatment in 2008 and 2010, respectively, and they 
have the most dramatic benefit from immediate treatment [9]. 
in this context, current gaps in infant diagnosis and treatment 
are particularly concerning, and contribute to high early Hiv-
related mortality before the age of 2 years [10]. Paediatric diag-
nosis is frequently delayed, with the majority of CLHiv in low- and 
middle-income countries initiating ART at a stage of advanced 
immunodeficiency [11–13]. Late perinatal diagnosis sets the stage 
for advanced illness and medical vulnerability, inadequate immune 
recovery once ART is initiated, development of opportunistic 
infections, and neurological and inflammatory consequences of 
uncontrolled Hiv [14]. Beyond diagnosis, significant proportions 
of CLHiv are not accessing ART or achieving viral suppression 
[2].

The epidemic among adolescents

Hiv is a leading cause of death among adolescents in sub-Saharan 
Africa [15]. The number of ALHiv has been steadily increasing, 
composed of both adolescents who acquired Hiv vertically with 
long-standing infections and those with recently acquired Hiv 
[16–19]. it is estimated that ALHiv with vertically acquired 
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Table 1. UNAiDS estimates of children (ages 0–14) and adolescents (ages 10–19) living with Hiv in sub-Saharan Africa and globally, in 2017*

a. Children living with HIV

Number Percentage 
of global 
total (%)

Number 
of new 

infections 
(%)

Percentage 
of global 
total (%)

Number of 
AIDS 

deaths (%)

Percentage 
of global 
total (%)

Percentage 
of children 
with HIV on 

ART (%)

Percentage coverage 
of pregnant women 
receiving ART for 

PMTCT (%)

Sub-Saharan Africa 1,700,000 94.4 159,000 88.3 97,000 88.2 49.3 81.2

 east and Southern Africa 1,200,000 66.7 92,000 51.1 52,000 47.3 59.0 93.0

 west and Central Africa 500,000 27.8 67,000 37.2 45,000 40.9 26.0 48.0

Global 1,800,000 180,000 110,000 52.0 80.0

b. Adolescents living with HIV

Number Percentage 
of global 
total (%)

Number of 
new infections

Percentage of 
global total (%)

Percentage of new 
infections among 

females (%)

Number 
of AIDS 
deaths

Percentage of 
global total 

(%)

Sub-Saharan Africa 1,540,000 85.6 189,000 75.6 75.1 35,000 92.1

 east and Southern Africa 1,100,000 61.1 120,000 48.0 80.0 22,000 57.9

 west and Central Africa 440,000 24.4 69,000 27.6 66.7 13,000 34.2

Global 1,800,000 250,000 68.0 38,000

*Source: UNAiDS estimates – 2018. Available at: aidsinfo.unaids.org (accessed 24 July 2018).

infection make up a majority of this age group; however, there 
are limited available data disaggregated by mode of infection 
[19–21]. Among adolescents who recently acquired Hiv, two-
thirds are girls, as a result of factors including gender-based 
inequity and violence, lower Hiv education, age-disparate rela-
tionships and poverty [22,23]. Adolescence encompasses rapid 
physiological, developmental, familial and social changes, such 
that adolescents have specific, evolving needs and capacities 
(such as the ability to manage one’s own appointments, or to 
adhere to medications, or to make independent decisions about 
one’s own care) over these years that extend into young adult-
hood (ages 20–24)[24]. Adolescents have unique challenges in 
their Hiv care, including those related to access to testing and 
care, parental consent policies, adolescent disclosure, a shift from 
dependence on caregivers to independence in care, and transition 
to adult Hiv services [25–27]. Adolescent Hiv care is complicated 
by stigma, fear of Hiv status disclosure, mental health needs, 
and challenges experienced in family, school and clinic environ-
ments [27–30]. These factors are exacerbated by the settings of 
poverty and marginalisation in which many ALHiv live [31]. 
improvements to the ALHiv care cascade are urgently needed, 
not only to improve adolescent outcomes, but also to end the 
AiDS epidemic, via reduction of vertical and horizontal Hiv trans-
mission and prevention of viral resistance.

Target: 90% of people living with  
HIV diagnosed

Missed opportunities to diagnose infants and children

while perinatal Hiv infection is associated with high mortality in 
infancy [10], there is a cohort of survivors of untreated perinatal 
Hiv infection who are not diagnosed until reaching advanced 
illness, even into their second decade of life [16–18]. Current 
models estimate that two-thirds of infants acquire Hiv in utero 
or at delivery, and experience rapid progression of illness, with 
a median survival of 1 year; the remaining infants acquire Hiv 
during breastfeeding and are projected to experience slower disease 
progression, with a median survival to age 14 without treatment 
[32–34]. Many perinatally infected children are not identified, 
due to missed maternal Hiv diagnoses, gaps in coverage of early 

infant diagnosis, and failures to diagnose children outside pre-
vention of vertical transmission programmes [11,35]. wHO 
recommends testing all Hiv-exposed infants at 4–6 weeks of 
age, but early infant diagnosis coverage remains a challenge, 
with huge geographical heterogeneity in sub-Saharan Africa [36]. 
in 2015, only 49% of Hiv-exposed infants globally had a viro-
logical Hiv diagnosis within the first 2 months of life [2]. An 
analysis of Hiv programmes in six African countries and Haiti 
found that the proportion of Hiv-exposed infants tested for Hiv 
within 6 weeks of birth surpassed 50% only in South Africa and 
Zambia, and mean result turnaround times ranged from 22 to 
38 days [37]. Moreover, there are missed opportunities to diag-
nose children seen in other healthcare settings, and a high potential 
yield for identifying children with previously undiagnosed Hiv, 
particularly in inpatient and nutrition centres [16,35,38]. A study 
of primary school students found a significant burden of undi-
agnosed Hiv, and important barriers to testing, including parental 
fears of ‘unmasking’ their own status and of the child experiencing 
stigma [39]. There is an urgent need to scale up and optimise 
provider-initiated Hiv testing adapted to age, integrated with 
prevention programmes, Hiv, and maternal and child health pro-
grammes, and paired with timely treatment initiation.

Most ALHiv have not been diagnosed

inadequate testing currently presents a significant gap in the 
adolescent care cascade, and it precludes the subsequent steps 
of engagement in care and successful treatment. Demographic 
and health survey data from Congo (Brazzaville), Mozambique, 
Nigeria and Uganda, including 23,367 respondents aged 15–24 
years, showed that 36.5% overall – and only 26.5% of 15–19-year-
olds – had ever tested for Hiv [22]. As a result of low testing 
uptake, it is estimated that a majority of ALHiv have not been 
diagnosed [2]. Population-based Hiv impact Assessments (PHiA) 
conducted in Malawi, Zambia and Zimbabwe found that only 
46% of youths living with Hiv (YLHiv, ages 15–24) were aware 
of their Hiv status, compared to 65% of 25–34-year-olds, and 
78% of 35–59-year-olds [2,40–42]. Among participants in the 
SeARCH study in Kenya and Uganda, only 50% of YLHiv were 
aware of their status at baseline, compared to 67% of older 
adults [43]. while there are few data on testing in the younger, 
10–14-year-old adolescents, a study from Zimbabwe found that 
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they were less likely to be offered testing than children aged <7 
years, despite the burden of undiagnosed perinatal infection in 
this group [18,44]. in a study from Botswana, in comparison to 
older age groups, 10–14-year-olds diagnosed with TB were least 
likely to have an Hiv test; however, of those tested, 52% were 
Hiv-infected [45].

important barriers to adolescent Hiv testing include low perceived 
risk of infection, fear of stigma, financial costs and gender inequal-
ity [46]. These may be particularly significant for younger ado-
lescents. in a mixed-methods study from Zimbabwe, a major 
reason for providers not offering Hiv tests to children aged 6–15 
was concern about the suitability of the accompanying caregiver 
to provide consent [44]. This is a significant challenge in countries 
of sub-Saharan Africa with generalised Hiv epidemics, where a 
high proportion of children are AiDS orphans, adult migration 
for work is common, children are cared for by multiple relatives, 
legal documentation of guardianship is unusual, and policies 
around consent for Hiv testing are varied, without clear guidance 
on who may give consent [44].

Target: 90% of diagnosed people living with 
HIV on sustained ART

The treatment gap for infants and children

ART is lifesaving for CALHiv. Highlighting the urgency of early 
infant diagnosis, linkage to care and prompt treatment, initiation 
of ART before 3 months of age potentially reduces child Hiv-
associated mortality by 75% [9,47]. Current estimates are that 
only 52% of CLHiv globally are receiving ART; 59% in eastern 
and southern Africa, and 26% in western and central Africa [8]. 
in an analysis of ieDeA global cohort data, including 135,479 
CALHiv aged 0–19 (over 95% from sub-Saharan Africa), during 
2004–2015, 20% were lost to follow-up (LTFU) prior to ART 
initiation, possibly representing undocumented mortality [48]. 
infants had 66% cumulative incidence of ART initiation at 24 
months (95% confidence interval [Ci] 66–67%); and infants and 
ALHiv ages 15–19 had the lowest ART initiation of all age groups 
[48]. ART initiation was lowest in sub-Saharan Africa [48]. Bar-
riers to high ART coverage among CLHiv include delayed diagnosis, 
limited health worker capacity and poor supply chain for paediatric 
Hiv commodities [3].

The challenge of retention among adolescents

Data from across sub-Saharan Africa have demonstrated poor 
ART initiation and retention among ALHiv [43,48–51]. in the 
SeARCH study, only 64% of previously diagnosed YLHiv were 
on ART at baseline, compared to 81% of older adults [43]. in 
the analysis of ieDeA paediatric cohorts, the cumulative incidence 
of ART initiation was lowest among ALHiv ages 15–19 years, 
with 62% initiating ART by 24 months (95% Ci 62–63%) [48]. 
Older adolescents were most likely to be LTFU, as has also been 
reported in studies across sub-Saharan Africa [48,49,52–54]. 
This finding might reflect that the 15–19-year-old group included 
those with more recent infection, as ART eligibility at enrolment 
was correlated with cumulative ART initiation [48]. Adopting the 
‘treat all’ strategy could improve retention among ALHiv who 
were previously not ART-eligible; however, age- and context-
specific strategies for improving retention are urgently needed 
to reach 90-90-90 targets [43,48,55].

Complex barriers to retention for CALHiv

CALHiv experience significant barriers to retention. A cohort 
study from South Africa found that only 66% of CLHiv were 
retained in care, with greater attrition in recent years and in 

infants [56]. A case–control study of paediatric patients in Bot-
swana found that factors associated with LTFU included: age <5 
years, advanced Hiv disease, greater immunosuppression and 
not receiving ART [57]. Nearly half of the LTFU patients had 
dropped out of care after just one clinic visit [57]. early attrition 
from care has been reported in other studies of CALHiv, high-
lighting the need to engage patients on their initial presentation 
to Hiv care [48,50,57,58]. Barriers cited by parents of LTFU 
CLHiv included beliefs that the child was well, fear of stigma 
and disclosure issues [57]. Barriers to retention for ALHiv include 
stigma, illness or death of family members, mental health chal-
lenges, substance abuse, poverty, and factors of clinic and school 
environments [27,30,38,59–61]. Facilitators to retention for 
CALHiv include social and family support, as well as future ori-
entation and self-sufficiency of adolescents [27,29,60–62].

Target: 90% of people receiving ART with 
suppressed viral load

Gaps in viral suppression among infants and children

CALHiv have lower viral suppression compared to adults[52,63–
66]. viral suppression is critical to achieving optimal treatment 
outcomes, including neurocognitive and growth outcomes [63]. 
Meanwhile, there is a need for expanded access to routine viral 
load testing. At present, population-based estimates for paediatric 
viral suppression are lacking, as are data to identify factors associ-
ated with virological failure. A South African study found that 
only half of retained children achieved viral suppression [56].

emerging data highlight reduced efficacy of specific ART regimens 
in CALHiv. A South African study demonstrated lower viral sup-
pression for CLHiv when abacavir was used as part of a first-line 
ART regimen, compared to older, stavudine-based regimens [67]. 
with shifts in ART regimens, potential impacts on efficacy and 
adherence should be considered [67]. A lack of appropriate pae-
diatric formulations remains a critical barrier [68]. There are also 
significant challenges identifying virological failure and Hiv resist-
ance in CLHiv, and providing second- or third-line regimens for 
lifelong ART [7].

Challenges for viral suppression among adolescents

Among YLHiv on ART, the PHiA surveys found that only 79% 
were virally suppressed, compared to 90% of adults. Given gaps 
earlier in the cascade, this translated to only 30% of all YLHiv 
with viral suppression; far below the target of 73% [2]. Similarly, 
in the SeARCH study, only 26% of all YLHiv had viral suppres-
sion at baseline [43]. in a study of adolescents who acquired Hiv 
perinatally in global cohorts, 65% of African ALHiv experienced 
viral suppression at last visit, where viral load was available [20].

Adolescents have significant, complex challenges adhering to 
ART. A meta-analysis estimated that 62% of ALHiv and YLHiv 
globally are >95% adherent to ART, with higher adherence in 
Africa and Asia, although there was variability in measures of 
adherence used [69]. A study of Tanzanian ALHiv found an asso-
ciation between mental health difficulties with both stigma and 
decreased adherence [70]. Among ALHiv in Malawi, barriers 
independently associated with missed doses in the past week 
included alcohol use, missed clinic appointments, violence in the 
home and poor treatment self-efficacy [71].

Research gaps and priorities for CALHIV
Achieving the 90-90-90 targets for CALHiv will require signifi-
cant improvements along the Hiv care cascade, tailored to the 
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specific needs of CALHiv. CALHiv may be the furthest behind in 
reaching the 90-90-90 targets, yet the successful implementation 
of the ‘treat all’ strategy will have immense potential benefits 
for this population [63]. earlier diagnosis, initiation of ART and 
improved quality of care to achieve viral suppression will be life-
saving for CALHiv. improvements to the adolescent care cascade 
will not only reduce their mortality, but also: reduce transmission 
to partners, reduce vertical transmission, and foster a healthy 
productive adulthood, as well as improving maternal and child 
health outcomes. Linkage of testing to prevention services could 
have the additional benefit of promoting uptake of prevention 
measures, including pre-exposure prophylaxis (PreP) [4]. improved 
estimates of the CALHiv epidemic are needed to guide the global 
response and tailor services to this group. Research is urgently 
needed to identify cost-effective interventions at each stage of 
the care cascade and to learn how to implement these at scale. 
interesting and informative examples of work in these areas are 
highlighted.

The need for improved estimates for the paediatric and 
adolescent epidemics

Despite the burden of Hiv among children and adolescents glob-
ally, there are significant gaps in the empirical data that guide 
the response to the epidemic. There is a critical need for accurate 
estimates for CALHiv, regarding: the number and proportion 
undiagnosed; timeliness in achieving care cascade stages; treat-
ment outcomes, including Hiv drug resistance and outcomes 
after LTFU and transfer-out; and definitive data on mortality. 
There is a need for disaggregation of data by 5-year age groups, 
sex and mode of infection. There is also a need for behavioural 
surveys to be designed for use among adolescents and disag-
gregated by age, particularly to address ALHiv from key popula-
tions [72].

importantly, it is not currently known what proportion of ALHiv 
experienced vertical or horizontal routes of infection, and these 
groups may have different needs and require different responses 
for successful diagnosis and treatment [20,21,72]. To describe 
outcomes among likely perinatally infected adolescents, a recent 
analysis of 12 global paediatric cohorts evaluated ALHiv who 
enrolled in care before age 10 years and were not known to have 
horizontally acquired Hiv [20]. Rates of LTFU and transfer-out 
were significantly higher among African ALHiv compared to other 
regions, and were likely to include unascertained mortality [20]. 
Given increasing Hiv-associated mortality among adolescents, 
understanding the causes of ALHiv mortality is critically important.

Adapting Hiv diagnosis and linkages to care for  
paediatric populations

Addressing gaps in paediatric and adolescent diagnosis and linkage 
to care will require an evaluation of appropriate context-specific 
interventions, their effectiveness, and their implementation within 
healthcare systems and service delivery models, including integra-
tion of Hiv care with prevention of vertical transmisson, maternal 
child health programmes, and paediatric and adolescent healthcare 
services. Testing innovations, including rapid point-of-care Hiv 
testing for infant diagnosis and expansion of paediatric testing 
at other entry points to the health system, may enhance timely 
diagnosis of Hiv in CALHiv and decrease the time to ART initia-
tion [73]. Modelling studies evaluating routine Hiv testing at 
birth (to diagnose in utero infection requiring urgent ART), in 
addition to currently recommended testing at 6 weeks, demon-
strate improved outcomes, including ART initiation before 3 months 
and decreased infant mortality, and cost-effectiveness [74,75]. 
A study in Botswana showed promise for targeted neonatal testing 
to diagnose in utero transmission in high-risk infants [76]. There 

is potential for community-based interventions to enhance uptake 
of testing and linkage to care. A nested cohort study in Nigeria 
evaluated a church congregation-based intervention designed to 
increase uptake of Hiv testing among pregnant women, and 
found that early infant diagnosis was higher and Hiv vertical 
transmission was lower among participants compared to baseline 
[77]. The SeARCH trial of a community-based testing and treat-
ment programme achieved an increase from 50.3% to 86.5% of 
YLHiv being aware of their status; although viral suppression 
remained suboptimal due to reported difficulties with stigma and 
care logistics while at boarding school [43].

The wHO has developed guidelines for adolescent Hiv testing 
and care directed at policymakers and programme managers, 
including recommendations to revisit policies around age of consent 
for Hiv testing and facilitating access to care for ALHiv, particu-
larly those from key populations [78]. There is a need to study 
service delivery interventions and care models to improve access 
to testing (and repeat testing), linkage to care, and ART initiation 
with attention to the needs of ALHiv [7]. in South Africa, imple-
mentation of an integrated Youth Centre incentivising utilisation 
of services resulted in greater numbers of young adolescents 
(ages 12–15 years), particularly males, testing for Hiv; among 
older adolescents, more individuals tested at the community clinic 
[79]. A systematic review found that provider-initiated inpatient 
Hiv testing and home-based Hiv testing of children and ado-
lescents appear to have high acceptability [80]. Home-based 
testing in the PopART trial was accepted by 80% of adolescents 
aged 15–19, and the number of adolescents who knew their 
status increased from 28% to 89% [81]. Self-testing strategies 
for adolescents have demonstrated high uptake [82], acceptability 
[83] and cost-effectiveness [84]. Targeted strategies are urgently 
needed for adolescents from key populations for increased and 
repeated testing, enhanced linkage to Hiv care for all testing 
positive, and prevention services for those testing negative, includ-
ing PreP [85,86].

integrating tailored support into service delivery

More research around interventions and service delivery models 
to improve CALHiv outcomes in the care cascade, including linkage 
to care and retention on ART, would guide service delivery 
[3,5,7,27,87]. This should specifically include models to integrate 
Hiv care into other health systems, including maternal child health 
clinics and general paediatric and adolescent health services. 
Psychosocial support strategies, such as family support and inter-
ventions, disclosure support, and stigma reduction in clinical, 
school and community settings, should be pursued7. integrating 
interventions for mental health issues and substance use disorders 
into Hiv care would mitigate the significant mental health barriers 
CALHiv face in accessing and continuing in care [28,70].

Though a recent systematic review found that few interventions 
have been studied to improve retention of ALHiv, promising 
potential strategies include education and counselling, peer inter-
ventions, financial interventions, clinic accessibility and specific 
adolescent-friendly services [87]. There is a need for rigorous, 
larger studies to evaluate these potential areas of intervention 
[87]. A few observational studies have evaluated the impact of 
adolescent-friendly services on retention in care, with mixed results 
[27,50,58,88,89]. Potential reasons for this are that adolescent-
friendly services may be insufficient to mitigate the complex 
challenges to retention for many ALHiv, or that ALHiv become 
LTFU before engaging effectively with these interventions [27]. 
Differentiated care models have shown promise in improving adult 
engagement with Hiv services, but it is less clear how effective this 
approach will be for ALHiv [87]. in Zimbabwe, CALHiv managed 
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within a decentralised Hiv care model experienced encouraging 
retention in care, though only 64% achieved viral suppression 
[64]. importantly, strategies are needed to specifically address 
sexual and reproductive health outcomes of ALHiv, pregnant 
ALHiv and ALHiv from key populations, and there are few studies 
in these areas [85,86,90,91]. More data on strategies to support 
ALHiv to successfully transition to adult Hiv services are criti-
cally needed to reduce attrition from care at this stage [92,93].

improving viral suppression and treatment outcomes  
for CALHiv

There is a very small evidence base for interventions to improve 
paediatric and adolescent adherence to ART, and consequently, 
viral suppression [85,86,91,94]. A systematic review of ART 
adherence interventions for ALHiv ages 13–24 found that, out 
of a few studies meeting inclusion criteria, most were small, 
unreplicated pilot studies conducted in the USA [94]. evidence 
was found for a phone-based adherence monitor intervention, 
and for individual and family counselling, to improve viral sup-
pression [94]. The BReATHeR trial demonstrated that a ‘weekends-
off’ efavirenz-based ART regimen in participants aged 8–24 on 
first-line ART was non-inferior to a continuous regimen, and had 
a better safety profile, presenting a treatment option aiming to 
lessen treatment fatigue, meet lifestyle needs and facilitate adher-
ence [95]. while the introduction of dolutegravir offers promise 
for ALHiv, given its once-daily dosing, a high genetic barrier for 
resistance, and lack of cross-resistance to first-generation integrase 
inhibitors, recent data indicating possible elevated risk of neural 
tube defects in infants following exposure during conception 
may impact how it is used in adolescents [96]. investigational 
long-acting injectable formulations of ART may have potential 
future use to facilitate adherence to treatment [97].

Other priority research areas include evaluating the impacts of 
Hiv infection and of ART on paediatric and adolescent clinical 
outcomes, including virological outcomes, the potential for func-
tional cure with very early ART in infancy, and development of 
opportunistic infections and non-communicable diseases [7]. 
efforts to improve prevention, diagnosis and clinical management 
of TB and other co-infections will also be critical to improving 
outcomes.

Conclusions
Dedicated efforts are needed to meet the context- and age-
specific needs of CALHiv, including a focus on critical research 
priorities. Targeted research to strengthen the child and adolescent 
Hiv care cascades in the implementation of ‘treat all’ will translate 
to improved outcomes for these children and adolescents, fol-
lowed by transitions to healthy adulthoods.

Acknowledgments
we acknowledge and thank the infants, children, adolescents and 
families who participated in the reviewed research. Their contribu-
tions have been essential to the global fight against Hiv and AiDS. 
we thank the NiH-funded international epidemiology Databases 
to evaluate AiDS Consortium (ieDeA) and the ieDeA Pediatric 
working Group for providing a platform for this collaboration.

Declaration of interests

The authors declare no conflicts of interest.

Funding

Research reported in this publication was supported by the eunice 
Kennedy Shriver National institute of Child Health and Human 

Development of the National institutes of Health under Award 
Number K23HD095778. The international epidemiology Databases 
to evaluate AiDS (ieDeA) Consortium is supported by the National 
institute of Allergy and infectious Diseases, the eunice Kennedy 
Shriver National institute of Child Health and Human Develop-
ment, the National institute on Drug Abuse, the National Cancer 
institute and the National institute of Mental Health, in accord-
ance with the regulatory requirements of the National institutes 
of Health under Award Numbers U01 Ai069911 (east Africa), 
U01 Ai069919 (west Africa), U01 Ai096299 (Central Africa), 
U01 Ai069924 (Southern Africa), and U01 Ai069907 (Asia 
Pacific). The content of this manuscript is solely the responsibility 
of the authors and does not necessarily represent the official 
views of the National institutes of Health.

References
1. UNAiDS. 90-90-90: an ambitious treatment target to help end the AiDS epidemic. 

2014; 1–40.
2. UNAiDS. ending AiDS: progress towards the 90-90-90 targets. 2017. Available 

at: www.unaids.org/en/resources/documents/2017/20170720_Global_AiDS_
update_2017 (accessed

3. Abrams eJ, Strasser S. 90-90-90 – Charting a steady course to end the paediatric 
Hiv epidemic. J Int AIDS Soc 2015; 18: 1–7.

4. Bekker L-G, Johnson L, wallace M, Hosek S. Building our youth for the future. J 
Int AIDS Soc 2015; 18: 1–7.

5. Davies M-A, Pinto J, Bras M. Getting to 90-90-90 in paediatric Hiv: what is 
needed? J Int AIDS Soc 2015; 18: 20770.

6. world Health Organization. Guideline on when to start antiretroviral therapy and 
on pre-exposure prophylaxis for HIV. 2015. Available at: www.who.int/hiv/pub/
guidelines/earlyrelease-arv/en (accessed September 2018).

7. CiPHeR. Global research agendas for paediatric and adolescent HIV. Geneva: 
international AiDS Society, world Health Organization; Available at: www.iasociety.
org/Hiv-Programmes/Programmes/Paediatrics-CiPHeR/Setting-global-research-
priorities-for-children-and-adolescents-living-with-Hiv (accessed September  
2018).

8. UNAiDS. UNAiDS estimates. 2018. Available at: aidsinfo.unaids.org/ (accessed
9. violari A, Cotton MF, Gibb DM et al. early antiretroviral therapy and mortality 

among Hiv-infected infants. N Engl J Med 2008; 359: 2233–2244.
10. Newell M-L, Coovadia H, Cortina-Borja M et al. Mortality of infected and uninfected 

infants born to Hiv-infected mothers in Africa: a pooled analysis. Lancet 2004; 
364: 1236–1243.

11. Koller M, Patel K, Chi BH et al. immunodeficiency in children starting antiretroviral 
therapy in low-, middle-, and high-income countries. J Acquir Immune Defic Syndr 
2015; 68: 62–72.

12. Leroy v, Malateste K, Rabie H et al. Outcomes of antiretroviral therapy in children 
in Asia and Africa: a comparative analysis of the ieDeA pediatric multiregional 
collaboration. J Acquir Immune Defic Syndr 2013; 62: 208–219.

13. wools-Kaloustian K, Marete i, Ayaya S et al. Time to first-line ART failure and time 
to second-line ART switch in the ieDeA Pediatric Cohort. J Acquir Immune Defic 
Syndr 2018; 78: 221–230.

14. Lowenthal eD, Bakeera-Kitaka S, Goldrath K. Perinatally acquired Hiv infection 
in adolescents from sub-Saharan Africa: a review of emerging challenges. Lancet 
Infect Dis 2014; 14: 627–639.

15. wHO. Health for the world’s adolescents: a second chance in the second decade. 
2014. Available at: www.who.int/maternal_child_adolescent/documents/second-
decade/en (accessed

16. Ferrand RA, Corbett eL, wood R et al. AiDS among older children and adolescents 
in Southern Africa: projecting the time course and magnitude of the epidemic. 
AIDS 2009; 23: 2039–2046.

17. Ferrand RA, Luethy R, Bwakura F et al. Hiv infection presenting in older children 
and adolescents: a case series from Harare, Zimbabwe. Clin Infect Dis 2007; 44: 
874–878.

18. Ferrand RA, Munaiwa L, Matsekete J et al. Undiagnosed Hiv infection among 
adolescents seeking primary health care in Zimbabwe. Clin Infect Dis 2010; 51: 
844–851.

19. Slogrove AL, Mahy M, Armstrong A, Davies M-A. Living and dying to be counted: 
what we know about the epidemiology of the global adolescent Hiv epidemic. J 
Int AIDS Soc 2017; 20: 474–412.

20. Collaborative initiative for Paediatric Hiv education and Research (CiPHeR) Global 
Cohort Collaboration, Slogrove AL, Schomaker M et al. The epidemiology of ado-
lescents living with perinatally acquired Hiv: a cross-region global cohort analysis. 
PLoS Med 2018; 15: e1002514–1002521.

21. Sohn AH, Hazra R. The changing epidemiology of the global paediatric Hiv epidemic: 
keeping track of perinatally Hiv-infected adolescents. J Int AIDS Soc 2013; 16: 
18555–18558.

22. Asaolu iO, Gunn JK, Center Ke et al. Predictors of Hiv testing among youth in sub-
Saharan Africa: a cross-sectional study. PLoS One 2016; 11: e0164052–0164012.

23. UNiCeF. Towards an AIDS-free generation: children and AIDS stocktaking report 2013. 
2013. Available at: data.unicef.org/resources/towards-an-aids-free-generation-
and-aids-stocktaking-reprot-2013/ (accessed September 2018).

24. Sawyer SM, Afifi RA, Bearinger LH et al. Adolescence: a foundation for future 
health. Lancet 2012; 379: 1630–1640.

25. Dahourou D, Raynaud J-P, Leroy v. The challenges of timely and safe Hiv disclosure 
among perinatally Hiv-infected adolescents in sub-Saharan Africa. Curr Opin HIV 
AIDS 2018; 13: 220–229.



ReviewJournal of Virus Eradication 2018; 4 (Supplement 2): 40–46

‘Treat all’ priorities for paediatric and adolescent Hiv 45

26. Dahourou DL, Gautier-Lafaye C, Teasdale CA et al. Transition from paediatric to 
adult care of adolescents living with Hiv in sub-Saharan Africa: challenges, youth-
friendly models, and outcomes. J Int AIDS Soc 2017; 20: 21528.

27. enane LA, vreeman RC, Foster C. Retention and adherence: global challenges for 
the long-term care of adolescents and young adults living with Hiv. Curr Opin HIV 
AIDS 2018; 13: 212–219.

28. vreeman RC, McCoy BM, Lee S. Mental health challenges among adolescents 
living with Hiv. J Int AIDS Soc 2017; 20: 1–10.

29. williams S, Renju J, Ghilardi L, wringe A. Scaling a waterfall: a meta-ethnography 
of adolescent progression through the stages of Hiv care in sub-Saharan Africa. 
J Int AIDS Soc 2017; 20: 1–17.

30. wolf HT, Halpern-Felsher BL, Bukusi eA et al. ‘it is all about the fear of being 
discriminated [against]…the person suffering from Hiv will not be accepted’: a 
qualitative study exploring the reasons for loss to follow-up among Hiv-positive 
youth in Kisumu, Kenya. BMC Public Health 2014; 14: 1565–1511.

31. Cluver LD, Hodes RJ, Sherr L et al. Social protection: potential for improving Hiv 
outcomes among adolescents. J Int AIDS Soc 2015; 18: 1–7.

32. Becquet R, Marston M, Dabis F et al. Children who acquire Hiv infection perinatally 
are at higher risk of early death than those acquiring infection through breastmilk: 
a meta-analysis. PLoS One 2012; 7: e28510–28518.

33. Marston M, Becquet R, Zaba B et al. Net survival of perinatally and postnatally 
Hiv-infected children: a pooled analysis of individual data from sub-Saharan Africa. 
Int J Epidemiol 2011; 40: 385–396.

34. Stover J. Projecting the demographic impact of AiDS and the number of people 
in need of treatment: updates to the Spectrum projection package. Sex Transm 
Infect 2006; 82: iii45–iii50.

35. Cohn J, whitehouse K, Tuttle J et al. Paediatric Hiv testing beyond the context of 
prevention of mother-to-child transmission: a systematic review and meta-analysis. 
Lancet HIV 2016; 3: e473–481.

36. wHO. Consolidated guidelines on the use of antiretroviral drugs for treating and 
preventing HIV infection: recommendations for a public health approach – 2nd 
edition. Geneva: world Health Organization; 2016. Available at: www.who.int/
hiv/pub/arv/arv-2016/en/ (accessed September 2018).

37. Diallo K, Kim AA, Lecher S et al. early diagnosis of Hiv infection in infants – one 
Caribbean and six sub-Saharan African countries, 2011–2015. MMWR 2016; 65: 
1285–1290.

38. enane LA, Mokete K, Joel D et al. ‘we did not know what was wrong’ –barriers 
along the care cascade among hospitalized adolescents with Hiv in Gaborone, 
Botswana. PLoS One 2018; 13: e0195372.

39. Bandason T, Langhaug LF, Makamba M et al. Burden of Hiv among primary school 
children and feasibility of primary school-linked Hiv testing in Harare, Zimbabwe: 
A mixed methods study. AIDS Care 2014; 25: 1520–1526.

40. Ministry of Health and Child Care MOHCC Z. Zimbabwe population-based HIV impact 
assessment (ZIMPHIA) 2015–16: first report. Harare: MOHCC; 2017. Available at: 
stacks.cdc.gov/view/cdc/42892 (accessed September 2018).

41. Ministry of Health M. Malawi population-based HIV impact assessment (MPHIA) 
2015–16: first report. Lilongwe: Ministry of Health; 2017. Available at: stacks.
cdc.gov/view/cdc/50015 (accessed September 2018).

42. Ministry of Health Z. Zambia population-based HIV impact assessment (ZAMPHIA) 
2015–16: first report. Lusaka: Ministry of Health; 2017. Available at: stacks.cdc.
gov/view/cdc/50016 (accessed September 2018).

43. Petersen M, Balzer L, Kwarsiima D et al. Association of implementation of a universal 
testing and treatment intervention with Hiv diagnosis, receipt of antiretroviral 
therapy, and viral suppression in east Africa. JAMA 2017; 317: 2196–2206.

44. Kranzer K, Meghji J, Bandason T et al. Barriers to provider-initiated testing and 
counselling for children in a high Hiv prevalence setting: a mixed methods study. 
PLoS Med 2014; 11: e1001649–1001649.

45. enane LA, Lowenthal eD, Arscott-Mills T et al. Loss to follow-up among adoles-
cents with tuberculosis in Gaborone, Botswana. Int J Tuberc Lung Dis 2016; 20: 
1320–1325.

46. Musheke M, Ntalasha H, Gari S et al. A systematic review of qualitative findings 
on factors enabling and deterring uptake of Hiv testing in Sub-Saharan Africa. 
BMC Public Health 2013; 13: 1–1.

47. Davies M-A, Gibb D, Turkova A. Survival of Hiv-1 vertically infected children. Curr 
Opin HIV AIDS 2016; 11: 455–464.

48. Desmonde S, Tanser F, vreeman R et al. Access to antiretroviral therapy in Hiv-
infected children aged 0–19 years in the international epidemiology Databases 
to evaluate AiDS (ieDeA) Global Cohort Consortium, 2004–2015: A prospective 
cohort study. PLoS Med 2018; 15: e1002565–1002520.

49. Koech e, Teasdale CA, wang C et al. Characteristics and outcomes of Hiv-infected 
youth and young adolescents enrolled in Hiv care in Kenya. AIDS 2014; 28: 
2729–2738.

50. Lamb MR, Fayorsey R, Nuwagaba-Biribonwoha H et al. High attrition before and 
after ART initiation among youth (15–24 years of age) enrolled in Hiv care. AIDS 
2014; 28: 559–568.

51. McNairy ML, Lamb MR, Abrams eJ et al. Use of a comprehensive Hiv care cascade 
for evaluating hiv program performance. J Acquir Immune Defic Syndr 2015; 70: 
e44–e51.

52. evans D, Menezes C, Mahomed K et al. Treatment outcomes of Hiv-infected 
adolescents attending public-sector hiv clinics across Gauteng and Mpumalanga, 
South Africa. AIDS Res Human Retrovir 2013; 29: 892–900.

53. Fwemba i, Musonda P. Modelling adverse treatment outcomes of Hiv-infected 
adolescents attending public-sector Hiv clinics in Lusaka. Public Health 2017; 
147: 8–14.

54. Okoboi S, Ssali L, i Yansaneh A et al. Factors associated with long-term antiretroviral 
therapy attrition among adolescents in rural Uganda: a retrospective study. J Int 
AIDS Soc 2016; 19: 1–7.

55. Bor J, Fox MP, Rosen S et al. Treatment eligibility and retention in clinical Hiv 
care: a regression discontinuity study in South Africa. PLoS Med 2017; 14: 
e1002463–1002420.

56. Lilian RR, Mutasa B, Railton J et al. A 10-year cohort analysis of routine paediatric 
ART data in a rural South African setting. Epidemiol Infect 2017; 145: 170–180.

57. Machine eM, Gillespie SL, Homedes N et al. Lost to follow-up: failure to engage 
children in care in the first three months of diagnosis. AIDS Care 2016; 1–9.

58. Ojwang vO, Penner J, Blat C et al. Loss to follow-up among youth accessing 
outpatient Hiv care and treatment services in Kisumu, Kenya. AIDS Care 2015; 
28: 500–507.

59. Busza J, Dauya e, Bandason T et al. ‘i don’t want financial support but verbal 
support.’ How do caregivers manage children’s access to and retention in Hiv care 
in urban Zimbabwe? J Int AIDS Soc 2014; 17: 1–9.

60. Mburu G, Ram M, Oxenham D et al. Responding to adolescents living with 
Hiv in Zambia: A social–ecological approach. Child Youth Serv Rev 2014; 45:  
9–17.

61. Petersen i, Bhana A, Myeza N et al. Psychosocial challenges and protective influ-
ences for socio-emotional coping of Hiv+ adolescents in South Africa: a qualitative 
investigation. AIDS Care 2010; 22: 970–978.

62. Midtbø v, Shirima v, Skovdal M, Daniel M. How disclosure and antiretroviral therapy 
help Hiv-infected adolescents in sub-Saharan Africa cope with stigma. Afr J AIDS 
Res 2012; 11: 261–271.

63. Davies M-A, Pinto J. Targeting 90–90–90 – don‘t leave children and adolescents 
behind. J Int AIDS Soc 2015; 18: 1–6.

64. McHugh G, Simms v, Dauya e et al. Clinical outcomes in children and adolescents 
initiating antiretroviral therapy in decentralized healthcare settings in Zimbabwe. 
J Int AIDS Soc 2017; 20: 21843–21849.

65. Nachega JB, Hislop M, Nguyen H et al. Antiretroviral therapy adherence, virologic 
and immunologic outcomes in adolescents compared with adults in southern Africa. 
J Acquir Immune Defic Syndr 2009; 51: 65–71.

66. Zanoni BC, Archary M, Buchan S et al. Systematic review and meta-analysis of the 
adolescent Hiv continuum of care in South Africa: the Cresting wave. BMJ Global 
Health 2016; 1: e000004–000009.

67. Technau K-G, Schomaker M, Kuhn L et al. virologic response in children treated 
with abacavir-compared with stavudine-based antiretroviral treatment. Pediatr Infect 
Dis J 2014; 33: 617–622.

68. vreeman RC, wiehe Se, Pearce eC, Nyandiko wM. A systematic review of pediatric 
adherence to antiretroviral therapy in low- and middle-income countries. Pediatr 
Infect Dis J 2008; 27: 686–691.

69. Kim S-H, Gerver SM, Fidler S, ward H. Adherence to antiretroviral therapy in 
adolescents living with Hiv: systematic review and meta-analysis. AIDS 2014; 28: 
1945–1956.

70. Dow De, Turner eL, Shayo AM et al. evaluating mental health difficulties and 
associated outcomes among Hiv-positive adolescents in Tanzania. AIDS Care 2016; 
28: 825–833.

71. Kim MH, Mazenga AC, Yu X et al. High self-reported non-adherence to antiretroviral 
therapy amongst adolescents living with Hiv in Malawi: barriers and associated 
factors. J Int AIDS Soc 2017; 20: 1–12.

72. idele P, Gillespie A, Porth T et al. epidemiology of Hiv and AiDS among adolescents: 
current status, inequities, and data gaps. J Acquir Immune Defic Syndr 2014; 66 
Suppl 2: S144–153.

73. essajee S, vojnov L, Penazzato M et al. Reducing mortality in Hiv-infected infants 
and achieving the 90–90–90 target through innovative diagnosis approaches. J 
Int AIDS Soc 2015; 18: 1236–1235.

74. Chiu A, Modi S, Rivadeneira eD, Koumans eH. Optimizing infant Hiv diagnosis in 
resource-limited settings: modeling the impact of Hiv DNA PCR testing at birth. 
J Acquir Immune Defic Syndr 2016; 73: 454–462.

75. Francke JA, Penazzato M, Hou T et al. Clinical impact and cost-effectiveness of 
diagnosing Hiv infection during early infancy in South Africa: test timing and 
frequency. J Infect Dis 2016; 214: 1319–1328.

76. ibrahim M, Maswabi K, Ajibola G et al. Targeted Hiv testing at birth supported 
by low and predictable mother-to-child transmission risk in Botswana. J Int AIDS 
Soc 2018; 21: e25111.

77. Pharr JR, Obiefune MC, ezeanolue CO et al. Linkage to care, early infant diagnosis, 
and perinatal transmission among infants born to Hiv-infected Nigerian mothers: 
evidence from the Healthy Beginning initiative. J Acquir Immune Defic Syndr 2016; 
72 Suppl 2: S154–160.

78. Organization wH. HIV and adolescents: guidance for HIV testing and counselling 
and care for adolescents living with HIV. Geneva: world Health Organization; 
2013. Available at: apps.who.int/iris/handle/10665/94334 (accessed September  
2018).

79. Black S, wallace M, Middelkoop K et al. improving Hiv testing amongst adolescents 
through an integrated youth centre rewards program: insights from South Africa. 
Child Youth Serv Rev 2014; 45: 98–105.

80. Govindasamy D, Ferrand RA, wilmore SM et al. Uptake and yield of Hiv testing 
and counselling among children and adolescents in sub-Saharan Africa: a systematic 
review. J Int AIDS Soc 2015; 18: 20182–20189.

81. Shanaube K, Schaap A, Chaila MJ et al. Community intervention improves knowledge 
of Hiv status of adolescents in Zambia. AIDS 2017; 31: S221–S232.

82. Choko AT, MacPherson P, webb eL et al. Uptake, accuracy, safety, and linkage into 
care over two years of promoting annual self-testing for Hiv in Blantyre, Malawi: a 
community-based prospective study. PLoS Med 2015; 12: e1001873–1001821.

83. indravudh PP, Sibanda eL, d’elbée M et al. ‘i will choose when to test, where i 
want to test’. AIDS 2017; 31: S203–S212.

84. Cambiano v, Ford D, Mabugu T et al. Assessment of the potential impact and 
cost-effectiveness of self-testing for Hiv in low-income countries. J Infect Dis 
2015; 212: 570–577.

85. Busza J, Mtetwa S, Mapfumo R et al. Underage and underserved: reaching young 
women who sell sex in Zimbabwe. AIDS Care 2016; 28: 14–20.

86. Delany-Moretlwe S, Cowan FM, Busza J et al. Providing comprehensive health 
services for young key populations: needs, barriers and gaps. J Int AIDS Soc 2015; 
18: 538–512.

87. MacPherson P, Munthali C, Ferguson J et al. Service delivery interventions to 
improve adolescents’ linkage, retention and adherence to antiretroviral therapy 
and Hiv care. Trop Med Int Health 2015; 20: 1015–1032.

88. Ruria eC, Masaba R, Kose J et al. Optimizing linkage to care and initiation and 
retention on treatment of adolescents with newly diagnosed Hiv infection. AIDS 
2017; 31 Suppl 3: S253–S260.

89. Teasdale CA, Alwar T, Chege D et al. impact of youth and adolescent friendly 
services on retention of 10–24-year-olds in Hiv care and treatment programs in 
Nyanza, Kenya. J Acquir Immune Defic Syndr 2016; 71: e56–e59.



Review Journal of Virus Eradication 2018; 4 (Supplement 2): 40–46

46 LA enane et al.

90. Lall P, Lim SH, Khairuddin N, Kamarulzaman A. Review: an urgent need for research 
on factors impacting adherence to and retention in care among Hiv-positive youth 
and adolescents from key populations. J Int AIDS Soc 2015; 18: 1–13.

91. Ronen K, McGrath CJ, Langat AC et al. Gaps in adolescent engagement in antenatal 
care and prevention of mother-to-child Hiv transmission services in Kenya. J Acquir 
Immune Defic Syndr 2017; 74: 30–37.

92. Davies M-A, Tsondai P, Tiffin N et al. where do Hiv-infected adolescents go after 
transfer? Tracking transition/transfer of Hiv-infected adolescents using linkage 
of cohort data to a health information system platform. J Int AIDS Soc 2017; 20: 
1–9.

93. Sohn AH, vreeman RC, Judd A. Tracking the transition of adolescents into adult 
Hiv care: a global assessment. J Int AIDS Soc 2017; 20: 1–3.

94. Shaw S, Amico KR. Antiretroviral Therapy adherence enhancing interventions for 
adolescents and young adults 13–24 years of age: a review of the evidence base. 
J Acquir Immune Defic Syndr 2016; 72: 387–399.

95. Turkova A, Moore CL, Butler K et al. weekends-off efavirenz-based antiretrovi-
ral therapy in Hiv-infected children, adolescents and young adults (BReATHeR): 
extended follow-up results of a randomised, open-label, non-inferiority trial. PLoS 
One 2018; 13: e0196239–0196217.

96. Hill A, Clayden P, Thorne C et al. Safety and pharmacokinetics of dolutegravir 
in Hiv-positive pregnant women: a systematic review. J Virus Erad 2018; 4:  
66–71.

97. Spreen wR, Margolis DA, Pottage Jr. JC. Long-acting injectable antiretrovirals for 
Hiv treatment and prevention. Curr Opin HIV AIDS 2013; 8: 565–571.

View publication statsView publication stats

https://www.researchgate.net/publication/335455425

