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Abstract
Introduction: The success of HIV treatment programmes globally has resulted in children with perinatally acquired HIV reaching
adolescence in large numbers. The number of adolescents living with HIV is growing further due to persisting high HIV incidence
rates among adolescents in low- and middle-income settings, particularly in sub-Saharan Africa. Although expanding access to HIV
viral load monitoring is necessary to achieve the 90-90-90 targets across the HIV care continuum, implementation is incomplete.
We discuss the rationale for prioritizing viral load monitoring among adolescents and the associated challenges.
Discussion: Adolescents with HIV are a complex group to treat successfully due to extensive exposure to antiretroviral ther-
apy for those with perinatally acquired HIV and the challenges in sustained medication adherence in this age group. Given the
high risk of treatment failure among adolescents and the limited drug regimens available in limited resource settings, HIV viral
load monitoring in adolescents could prevent unnecessary and costly switches to second-line therapy in virologically sup-
pressed adolescents. Because adolescents living with HIV may be heavily treatment experienced, have suboptimal treatment
adherence, or may be on second or even third-line therapy, viral load testing would allow clinicians to make informed decisions
about increased counselling and support for adolescents together with the need to maintain or switch therapeutic regimens.
Conclusions: Given scarce resources, prioritization of viral load testing among groups with a high risk of virological failure
may be required. Adolescents have disproportionately high rates of virological failure, and targeting this age group for viral
load monitoring may provide valuable lessons to inform broader scale-up.
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1 | INTRODUCTION

The numbers of adolescents living with HIV has increased
globally by 30% since 2005 [1]. The paediatric HIV epidemic
is maturing, with increasing numbers of children living into
adolescence and young adulthood due to the scale-up of
antiretroviral therapy (ART), and HIV-infected children with
slow disease progression presenting to health services for the
first time in adolescence [2,3]. The persisting high incidence of
HIV among adolescents in low and middle-income settings
(LMICs), particularly among young women and girls, is also a
significant contributor to the increase in numbers of adoles-
cents living with HIV over the past decade. HIV is the second
biggest cause of death among adolescents globally, and
accounts for a substantial proportion of deaths in sub-Saharan
Africa [4]. Notably, HIV-related deaths among adolescents
have risen during a period in which there has been a signifi-
cant decline in HIV-related mortality among other age groups
[5].
HIV viral load (VL) testing allows accurate monitoring of

antiretroviral treatment and detection of virological failure.

Expanding access to VL monitoring is necessary to achieve the
ambitious UNAIDS treatment target that stipulates that 90%
that those on ART should have durable viral suppression.
Universal access to HIV VL testing has yet to be achieved
however. We discuss the rationale for prioritizing VL monitor-
ing among adolescents.

2 | THE STATE OF THE ADOLESCENT
HIV EPIDEMIC

An estimated 1.8 million adolescents between 10 and
19 years old were living with HIV in 2015, an increase of 28
per cent since 2005 [6]. The majority of these adolescents live
in resource-limited settings, 82% in sub-Saharan Africa, and
nearly half of the estimated numbers of adolescents living
with HIV are in five countries, India, Kenya, Nigeria, South
Africa and Tanzania [4,7]. This growing cohort of ado-
lescents comprises of two groups: those with perinatally
acquired infection born before widely available prevention of
mother-to-child transmission (PMTCT) who are surviving into
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adolescence and young adulthood, and those with largely
sexually acquired new infections [8]. The numbers of children
infected with HIV is declining due to the concerted
global effort of PMTCT. The use of antiretroviral therapy as
part of PMTCT programmes has averted 350,000 new paedi-
atric HIV infections, with a remarkable reduction in the annual
number of new infections amongst children by 70% since
2001 [9].
Children with perinatally acquired HIV who would other-

wise have died in infancy and early childhood are now
reaching adolescence in large numbers due to earlier diagno-
sis, treatment initiation and the global scale-up of antiretro-
viral therapy (ART) [10]. At least a third of HIV-infected
infants have slow progressing disease, with a median survival
of at least 16 years [11,12]. Many children infected a dec-
ade or so ago before PMTCT programmes were available
therefore present to health services for the first time in
adolescence [1].
While the rate of new infections among adults has stabilized

in many countries, the decline in the incidence of infection
among adolescents and young people has been slower. A third
of new infections occur in the 15–24 year age group, with an
estimated 670,000 young people in this age group newly
infected with HIV in 2015, representing over 40% of new HIV
infections globally [13]; of these, 250,000 were adolescents
aged 15–19 years old [8].
This growing cohort of adolescents presents a challenge to

resource-limited health services not used to effectively manag-
ing adolescents, a subset of whom have complex treatment
histories and chronic illness [10].

3 | ADOLESCENTS AND TREATMENT
OUTCOMES

Adolescence is a period of physiological and psychological
growth characterized by biological, sexual and identity devel-
opment and increasing social autonomy [14,15]. This stage of
development is a high-risk period in terms of engagement
with healthcare services, as adolescents often experience
destabilizing socio-cultural change coupled with increased risk-
taking behaviour and decreased parental support [16]. Poor
adherence to treatment during adolescence has been
reported for many chronic conditions, including diabetes,
asthma and epilepsy [16]. HIV is no exception, and adolescents
living with HIV are not only less likely to initiate ART than
adults, but those who do start ART are less likely to remain in
care and adhere to treatment [17]. Intermittent medication
adherence increases the risk of treatment failure and subse-
quent development of drug resistance [18,19]. Studies in high-
and low-resource settings have shown that adolescents have
worse virological outcomes than other age groups [20–22].
Those with chronic conditions may be more impacted by the
risk-taking behaviours that characterize adolescence than their
peers without chronic medical problems in terms of impact on
their health and ability to manage their illness [23,24]. Living
with chronic disease can result in considerable psychological
burden, involving social and educational disruption, real or
perceived stigma, and the difficulties of adjusting to adult
healthcare services as they transition from paediatric care
[25]. In addition, particularly those adolescents with perinatally

acquired infection may have lost one or both parents to HIV,
with significant economic, social and psychological conse-
quences and adverse impacts on treatment access and health
outcomes [26].
Both adolescents with perinatally acquired and non-perina-

tally acquired HIV have varied and overlapping risk factors for
treatment failure and subsequent development of drug resis-
tance. Adolescents in both groups face the complexities of liv-
ing with an oft-stigmatized condition throughout adolescence
and into adulthood with the attendant risks on adherence and
retention in care.
Adolescents with perinatally acquired HIV are at high risk

for treatment failure and multiclass drug resistance for several
reasons. Those who have reached adolescence are likely to
have had exposure to ART to prevent perinatal HIV infection
or started ART early in life, and may be heavily treatment
experienced [27,28]. Subtherapeutic drug concentrations
caused by limited paediatric drug formulations, variable phar-
macokinetics and physiological changes may increase the risk
of drug-resistant virus with subsequent virologic failure [29–
31]. Many perinatally infected adolescents today would have
started ART early in life in a time when triple ART regimens
were unavailable [1]. Mono- or dual therapy regimens may
have resulted in incomplete viral suppression and the emer-
gence of drug-resistant virus [32–34]. In a European multicen-
tre paediatric HIV cohort, 25% had triple-class failure after
8 years on ART [34], and in LMICs, multiclass drug resistance
of up to 90% has been demonstrated in perinatally infected
children and adolescents [20,27,35]. In the absence of VL test-
ing, detection of treatment failure may be delayed and
patients may be maintained on inadequate and subtherapeutic
treatment, with subsequent increased risk of development of
drug resistance [36]. The consequences of drug-resistant virus
and treatment failure may have life limiting consequences in
children and adolescents who will require treatment for many
years longer than adults.
Adolescents with recently acquired HIV infection are also at

substantial risk of treatment failure and drug resistance
[37,38]. HIV acquisition in adolescence is often associated
with high-risk sexual behaviour including low rates of condom
use, multiple concurrent partners, transgenerational and trans-
actional sex [39]. In sub-Saharan Africa, adolescent girls have
a four times higher prevalence of HIV than their male coun-
terparts [4]. Adolescents from key populations, including men
who have sex with men (MSM), transgender people, injecting
drug users and commercial sex workers have a particularly
high HIV prevalence [4]. Available data suggest that young
MSM often have a higher risk of acquiring HIV than hetero-
sexual young men or older MSM, with prevalence rates of
between 3% and 24% reported across a diverse range of set-
tings in 10–24 year olds [40]. The risk factors and social con-
ditions that lead to HIV acquisition in adolescence may
subsequently impact on their ability to engage in care, with
the attendant risks of treatment failure [41]. Sexual risk beha-
viours and subsequent HIV risk in adolescents are also subject
to stigmatization [39,42]. HIV-related stigma in youth corre-
lates with factors that threaten ART adherence with an
increased potential for developing drug-resistant virus [43–
45]. Data from the USA reports a high prevalence of geno-
typic and phenotypic drug resistance in newly infected youth
[37,38] and more data is emerging from LMICs on the rising
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prevalence of transmitted drug resistance in newly infected
adolescents and adults [46,47].

4 | THE CASE FOR VIRAL LOAD
MONITORING FOR ADOLESCENTS

Viral load testing is recommended by the WHO as the gold
standard for monitoring HIV treatment and failure in all
patients [48]. In high-income countries, HIV VL testing is rou-
tinely used for monitoring patients on ART, whereas in
resource-limited settings, clinical and immunologic (CD4
count) monitoring is largely used to diagnose treatment failure
[49]. It is recognized that this approach is inadequate for
treatment monitoring as clinical or immunological monitoring
delays recognition of virological failure with potential accumu-
lation of drug resistance mutations and a subsequent reduc-
tion in future treatment options [50]. It may also lead to
unnecessary switching to second-line therapy in those with
suspected poor adherence, for example in those whose CD4
counts have not fully reconstituted since ART initiation or in
those who develop an opportunistic infection but are in fact
virologically suppressed [51,52].
VL monitoring is not available in most resource-limited set-

tings [1,27,50]. While all populations living with HIV would
benefit from the scale-up of VL testing, VL roll-out could ini-
tially be targeted at certain high-risk populations especially
vulnerable to virological failure such as during adolescence, a
period when maintaining sustained adherence to treatment
and engagement with care is particularly challenging [13,53].
Although universal VL monitoring in LMIC may not be cost-
effective while costs of VL testing remain high, selecting key
populations at risk of poor adherence might allow for more
efficient use of resources by identifying those with an unde-
tectable VL for whom less intensive differentiated care
options are more appropriate, and highlighting those individu-
als who need more intensive support [54].
Adolescence is also a period of increased sexual risk taking

with subsequent risk of both HIV acquisition and transmission
and of unplanned pregnancy [55,56]. VL monitoring will allow
those who not virologically suppressed to be identified,
thereby allowing targeted adherence interventions to reduce
onward sexual and vertical transmission. Young people begin
to assert more autonomous control over their decisions dur-
ing adolescence [14]. Chronic illness can engender a feeling of
powerlessness amongst adolescents, who may then choose to
exercise control by not taking medication, or attending
appointments for example [57]. Using VL testing as a defini-
tive marker of treatment outcomes may allow for active ado-
lescent participation in tracking self-progress.
As adolescents with perinatally acquired HIV may be heavily

treatment experienced and on second or even third-line ther-
apy, and both those with perinatally acquired HIV and newly
infected adolescents may have suboptimal treatment adher-
ence, VL testing in this age group would allow clinicians to
make informed decisions about increased counselling and sup-
port for adolescents together with the need to maintain or
switch therapeutic regimens. VL monitoring accompanied by
appropriate regimen change will reduce the time spent on a
failing regimen avoiding the selection of resistant viral muta-
tions [58]. This is of particular importance in adolescents with

perinatally acquired HIV, who often have a history of inade-
quate viral suppression. Even without widespread availability
of genotypic resistance testing, VL monitoring would give clini-
cians an important decision-making tool that will impact an
adolescent’s treatment options for many years.
In low- and middle-income countries where limited VL test-

ing is available, measuring VL six months after treatment initi-
ation gives healthcare professionals the opportunity to
intervene with targeted adherence and support interventions
[52,59]. Risk factors such as poor adherence, female gender,
high baseline VL and non-nucleoside reverse transcriptase
inhibitor (NNRTI) based-regimes have been associated with
virological failure among adolescents [27,34]. Preservation of
ART regimens is important in an adolescent population who
will require ART for longer than adults. Given that adolescents
are at higher risk of treatment failure when compared with
adults, targeting VL testing at certain adolescent subgroups at
high risk of failure may increase the yield of detecting treat-
ment failure and make regime choices more efficient.

5 | OPPORTUNITIES FOR DEVELOPING
VL MONITORING FOR ADOLESCENTS

Adolescents are a mobile group, with migration linked to key
transitions into adulthood, for example from rural to urban
areas for employment or educational opportunities [60].
Engaging and retaining these populations in care using tradi-
tional healthcare facilities is challenging, and innovative and
adolescent-responsive differentiated models of HIV care may
improve outcomes across the HIV care continuum [61]. Point-
of-care (POC) technology may be particularly beneficial in tar-
geting adolescents as part of a hard-to-reach-group [62].
Although cost of POC technology is currently prohibitive for
widespread roll-out in low-resource settings, research and
development for a semiquantitative POC VL assay is in pro-
gress [63]. Near-patient VL testing technology could be incor-
porated into mobile health clinics for example, which use rapid
and near-patient technologies for HIV testing and CD4 count
monitoring to engage hard-to-reach adolescent populations in
care [62]. Flexible methods of VL testing including decentral-
ized and near-patient VL testing with rapid availability of
results will allow clinicians to make prompt decisions about
treatment failure or the need for regime change, and may
obviate need for repeated clinic visits thereby reducing educa-
tional, employment and social disruption. Blood obtained from
a finger prick with results read from a test strip, much like a
POC HIV test, would remove the need for phlebotomists or
centrifugation and may be more acceptable to adolescents
than venesection [64]. One such POC VL system has received
regulatory approval in Malawi, and product approval in
Uganda and Kenya, but has not been validated for paediatric
or adolescent use [63].
Phased implementation of VL testing would allow logistical

and technical capacity-building for universal access in a con-
text where introduction of routine VL monitoring for the gen-
eral population living with HIV is not feasible. Initial
implementation of VL assays in LMICs could prioritize groups
such as adolescents who are at higher risk of treatment fail-
ure and constitute a smaller group compared to adults with
HIV. Initiating VL testing in adolescents as a sub-section of
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the population living with HIV could provide a platform for
investigating the feasibility, cost-effectiveness, and acceptabil-
ity of VL testing in these settings, with the potential to inform
wider scale implementation.

6 | CONCLUSIONS

The impact of global ART programme scale-up has produced
astounding gains in mortality, turning an inevitably fatal condi-
tion into a chronic disease requiring lifelong treatment with
sustained adherence. The Global Plan for the eradication of
vertical transmission of HIV has significantly reduced the num-
ber of children born with HIV. Early diagnosis and treatment
has resulted in most of these children reaching adolescence.
The global community set the goal of ending the HIV epidemic
by 2030, with ambitious targets to get 90% of people with
HIV tested, 90% of those tested on treatment and 90% of
those on treatment virally suppressed. Yet in 2016, we saw
almost 2 million new HIV infections, most of those in adoles-
cents and young people. As universal ‘test-and-treat’ becomes
reality, the numbers initiating ART will rise. One group who
will continue to pose significant treatment challenges are ado-
lescents either graduating from paediatric care or newly
established on ART treatment who may encounter treatment
fatigue with an associated risk of failure. Unlike in the early
days of ART where saving lives was the primary objective, we
are entering a phase where VL testing is essential in order to
successfully maintain people on long-term ART to ensure the
promise of universal treatment scale-up. VL testing scale-up is
critical in all groups, yet, focusing on adolescents for initial
operational research and scale-up will allow targeted investi-
gation into optimum ways of integrating VL monitoring into
differentiated models of care, cost-effectiveness and evaluat-
ing how this cost can be weighed against other HIV preven-
tion and care programme priorities for this vulnerable group.
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Infect Dis J [Internet]. 2005 Dec [cited 2017 Mar 5];24(12):1072–6. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/16371868
33. Zhang F, Haberer J, Wei H, Wang N, Chu A, Zhao Y, et al. Drug resistance
in the Chinese National Pediatric Highly Active Antiretroviral Therapy Cohort:
implications for paediatric treatment in the developing world. Int J STD AIDS
[Internet]. 2009 Jun [cited 2017 Mar 5];20(6):406–9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/19451326
34. Pursuing Later Treatment Options II (PLATO II) project team for the Col-
laboration of Observational HIV Epidemiological Research Europe (COHERE)
TPLTOI (PLATO I project team for the C of OHERE), Castro H, Judd A, Gibb

DM, Butler K, Lodwick RK, et al. Risk of triple-class virological failure in children
with HIV: a retrospective cohort study. Lancet (London, England) [Internet].
Elsevier; 2011 May 7 [cited 2017 Mar 8];377(9777):1580–7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21511330
35. Boerma RS, Sigaloff KCE, Akanmu AS, Inzaule S, van Boele Hensbroek M,
deRinke Wit TF, et al. Alarming increase in pretreatment HIV drug resistance in
children living in sub-Saharan Africa: a systematic review and meta-analysis. J
Antimicrob Chemother [Internet]. Foundation for Retrovirology and Human
Health, Alexandria, VA, USA; 2017 Feb 1 [cited 2017 Jul 14];72(2):365–71.
Available from: https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/
dkw463
36. Gody J-C, Charpentier C, Mbitikon O, Si-Mohamed A, LeGoff J, Gr�esenguet
G, et al. High prevalence of antiretroviral drug resistance mutations in HIV-1
Non-B subtype strains from African children receiving antiretroviral therapy reg-
imen according to the 2006 revised WHO recommendations. JAIDS J Acquir
Immune Defic Syndr [Internet]. 2008 Dec 15 [cited 2017 Mar 5];49(5):566–9.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19202461
37. Viani RM, Peralta L, Aldrovandi G, Kapogiannis BG, Mitchell R, Spector SA,
et al. Prevalence of primary HIV-1 drug resistance among recently infected ado-
lescents: a multicenter adolescent medicine trials network for HIV/AIDS Inter-
ventions Study. J Infect Dis [Internet]. Oxford University Press; 2006 Dec [cited
2017 Mar 5];194(11):1505–9. Available from: https://academic.oup.com/jid/artic
le-lookup/doi/10.1086/508749
38. Agwu AL, Bethel J, Hightow-Weidman LB, W. Sleasman JW, M. Wilson CM,
Rudy B, BGK. Substantial multiclass transmitted drug resistance and drug-rele-
vant polymorphisms among treatment-na€ıve behaviorally HIV-infected youth.
AIDS Patient Care STDS [Internet]. 2012 [cited 2017 Mar 8];26(4):193–6.
Available from: https://online.liebertpub.com/doi/full/10.1089/apc.2011.0420
39. Haydon AA, Herring AH, Halpern CT. Associations between patterns of
emerging sexual behavior and young adult reproductive health. Perspect Sex
Reprod Health [Internet]. 2012 Dec [cited 2017 Mar 13];44(4):218–27. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/23231329
40. HIV AND YOUNG MEN WHO HAVE SEX WITH MEN. [cited 2017 Mar
8]; Available from: http://www.unaids.org/sites/default/files/media_asset/2015_
young_men_sex_with_men_en.pdf
41. Ryscavage PA, Anderson EJ, Sutton SH, Reddy S, Taiwo B. Clinical out-
comes of adolescents and young adults in adult HIV care. JAIDS J Acquir
Immune Defic Syndr [Internet]. 2011 Oct [cited 2017 Mar 6];58(2):193–7.
Available from: http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:la
ndingpage&an=00126334-201110010-00012
42. Campbell C, Foulis CA, Maimane S, Sibiya Z. The impact of social environ-
ments on the effectiveness of youth HIV prevention: a South African case study.
AIDS Care [Internet]. Taylor & Francis Group; 2005 May [cited 2017 Jul 14];17
(4):471–8. Available from: https://www.tandfonline.com/doi/abs/10.1080/
09540120412331319705
43. Martinez J, Harper G, Carleton RA, Hosek S, Bojan K, Clum G, et al. The
impact of stigma on medication adherence among HIV-positive adolescent and
young adult females and the moderating effects of coping and satisfaction with
health care. AIDS Patient Care STDS [Internet]. Mary Ann Liebert, Inc.; 2012
Feb [cited 2017 Mar 8];26(2):108–15. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/22149767
44. McAteer CI, Truong N-AT, Aluoch J, Deathe AR, Nyandiko WM, Marete I,
et al. A systematic review of measures of HIV/AIDS stigma in paediatric HIV-
infected and HIV-affected populations. J Int AIDS Soc [Internet]. The Interna-
tional AIDS Society; 2016 [cited 2017 Jul 14];19(1):21204. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27717409
45. Rao D, Kekwaletswe TC, Hosek S, Martinez J, Rodriguez F. Stigma and
social barriers to medication adherence with urban youth living with HIV. AIDS
Care [Internet]. 2007 Jan 10 [cited 2017 Mar 8];19(1):28–33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17129855
46. Ndembi N, Hamers RL, Sigaloff KC, Lyagoba F, Magambo B, Nanteza B,
et al. Transmitted antiretroviral drug resistance among newly HIV-1 diagnosed
young individuals in Kampala. AIDS [Internet]. 2011 Apr [cited 2017 Jul 14];25
(7):905–10. Available from: http://content.wkhealth.com/linkback/openurl?sid=
WKPTLP:landingpage&an=00002030-201104240-00003
47. Price MA, Wallis CL, Lakhi S, Karita E, Kamali A, Anzala O, et al. Transmit-
ted HIV type 1 drug resistance among individuals with recent HIV infection in
East and Southern Africa. AIDS Res Hum Retroviruses [Internet]. Mary Ann Lie-
bert, Inc.; 2011 Jan [cited 2017 Jul 14];27(1):5–12. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/21091377
48. IMPLEMENTING HIV VIRAL LOAD TESTING. 2014 [cited 2017 Feb 22];
Available from: www.who.int/about/licensing/
49. Roberts T, Cohn J, Bonner K, Hargreaves S. Scale-up of routine viral load
testing in resource-poor settings: current and future implementation challenges.

Marcus R et al. Journal of the International AIDS Society 2017, 20(S7):e25002
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25002/full | https://doi.org/10.1002/jia2.25002

41

http://www.ncbi.nlm.nih.gov/pubmed/21407086
http://www.ncbi.nlm.nih.gov/pubmed/21407086
http://www.ncbi.nlm.nih.gov/pubmed/27125320
http://www.ncbi.nlm.nih.gov/pubmed/27125320
http://www.ncbi.nlm.nih.gov/pubmed/11901656
http://www.ncbi.nlm.nih.gov/pubmed/22951634
http://www.ncbi.nlm.nih.gov/pubmed/22951634
http://www.ncbi.nlm.nih.gov/pubmed/11869922
http://www.ncbi.nlm.nih.gov/pubmed/12093609
http://linkinghub.elsevier.com/retrieve/pii/S0029646504000787
http://linkinghub.elsevier.com/retrieve/pii/S0029646504000787
https://www.nature.com/doifinder/10.1038/474027a
http://www.ncbi.nlm.nih.gov/pubmed/27677163
http://www.ncbi.nlm.nih.gov/pubmed/22860571
http://www.ncbi.nlm.nih.gov/pubmed/21872531
http://www.ncbi.nlm.nih.gov/pubmed/21872531
http://www.ncbi.nlm.nih.gov/pubmed/16709991
http://www.ncbi.nlm.nih.gov/pubmed/16709991
http://www.ncbi.nlm.nih.gov/pubmed/17693883
http://www.ncbi.nlm.nih.gov/pubmed/16371868
http://www.ncbi.nlm.nih.gov/pubmed/19451326
http://www.ncbi.nlm.nih.gov/pubmed/19451326
http://www.ncbi.nlm.nih.gov/pubmed/21511330
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkw463
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkw463
http://www.ncbi.nlm.nih.gov/pubmed/19202461
https://academic.oup.com/jid/article-lookup/doi/10.1086/508749
https://academic.oup.com/jid/article-lookup/doi/10.1086/508749
https://online.liebertpub.com/doi/full/10.1089/apc.2011.0420
http://www.ncbi.nlm.nih.gov/pubmed/23231329
http://www.unaids.org/sites/default/files/media_asset/2015_young_men_sex_with_men_en.pdf
http://www.unaids.org/sites/default/files/media_asset/2015_young_men_sex_with_men_en.pdf
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00126334-201110010-00012
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00126334-201110010-00012
https://www.tandfonline.com/doi/abs/10.1080/09540120412331319705
https://www.tandfonline.com/doi/abs/10.1080/09540120412331319705
http://www.ncbi.nlm.nih.gov/pubmed/22149767
http://www.ncbi.nlm.nih.gov/pubmed/22149767
http://www.ncbi.nlm.nih.gov/pubmed/27717409
http://www.ncbi.nlm.nih.gov/pubmed/17129855
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201104240-00003
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201104240-00003
http://www.ncbi.nlm.nih.gov/pubmed/21091377
http://www.ncbi.nlm.nih.gov/pubmed/21091377
http://www.who.int/about/licensing/
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25002/full
https://doi.org/10.1002/jia2.25002


Clin Infect Dis [Internet]. Oxford University Press; 2016 Apr 15 [cited 2017 Jul
14];62(8):1043–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26743
094
50. Davies M-A, Boulle A, Eley B, Moultrie H, Technau K, Rabie H, et al. Accu-
racy of immunological criteria for identifying virological failure in children on
antiretroviral therapy – the IeDEA Southern Africa Collaboration. Trop Med Int
Health [Internet]. NIH Public Access; 2011 Nov [cited 2017 Feb 26];16
(11):1367–71. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21834797
51. Mocroft A, Furrer HJ, Miro JM, Reiss P, Mussini C, Kirk O, et al. The inci-
dence of AIDS-defining illnesses at a current CD4 count ≥200 cells/lL in the
post–combination antiretroviral therapy era. Clin Infect Dis [Internet]. 2013 Oct
1 [cited 2017 Jul 14];57(7):1038–47. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/23921881
52. of Health M, of HIV D, Prevention A, Antiretroviral Therapy M, All cam-
paign T. Handbook of the Botswana 2016 integrated HIV clinical care guidelines
acknowledgments and foreword. [cited 2017 Jul 16]; Available from: https://
aidsfree.usaid.gov/sites/default/files/botswana_art_2016.pdf
53. Kyaw NTT, Harries AD, Kumar AM V., Oo MM, Kyaw KWY, Win T, et al.
High rate of virological failure and low rate of switching to second-line treat-
ment among adolescents and adults living with HIV on first-line ART in Myan-
mar, 2005–2015. De Socio GV, editor. PLoS One [Internet]. Department of
Health, Ministry of Health Myanmar; 2017 Feb 9 [cited 2017 Jul 14];12(2):
e0171780. Available from: http://dx.plos.org/10.1371/journal.pone.0171780
54. Expanding access to viral load monitoring in resource-limited settings. 2014
[cited 2017 Jul 18]; Available from: https://www.iasociety.org/Web/WebContent/
File/IAS-ILF__INTEREST__VL_in_RLS__Meeting_Report_2014.pdf
55. Houck CD, Lescano CM, Brown LK, Tolou-Shams M, Thompson J, DiCle-
mente R, et al. “Islands of Risk”: subgroups of adolescents at risk for HIV. J
Pediatr Psychol [Internet]. Oxford University Press; 2005 Jul 20 [cited 2017 Jul
18];31(6):619–29. Available from: https://academic.oup.com/jpepsy/article-
lookup/doi/10.1093/jpepsy/jsj067
56. Sedgh G, Finer LB, Bankole A, Eilers MA, Singh S. Adolescent pregnancy,
birth, and abortion rates across countries: levels and recent trends. J Adolesc
Heal [Internet]. 2015 Feb [cited 2017 Jul 18];56(2):223–30. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25620306

57. Taddeo D, Egedy M, Frappier J-Y. Adherence to treatment in adolescents.
Paediatr Child Health [Internet]. Pulsus Group; 2008 Jan [cited 2017 Jul 18];13
(1):19–24. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19119348
58. Ruel TD, Kamya MR, Li P, Pasutti W, Charlebois ED, Liegler T, et al. Early
virologic failure and the development of antiretroviral drug resistance mutations
in HIV-infected Ugandan children. J Acquir Immune Defic Syndr [Internet]. NIH
Public Access; 2011 Jan 1 [cited 2017 Mar 8];56(1):44–50. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21099693
59. National Department of Health SA. National Consolidated Guidelines for
the prevention of mother-to-child transmission of HIV (PMTCT) and manage-
ment of HIV in children, adolescents and adults [Internet]. 2015 [cited 2017 Jul
16]. Available from: http://www.sahivsoc.org/Files/ART Guidelines 15052015.pdf
60. Clark S, Cotton C. Transitions to adulthood in urban Kenya: a focus on ado-
lescent migrants. Demogr Res [Internet]. 2013 [cited 2017 Mar 8];28
(37):1053–92. Available from: http://www.demographic-research.org/Volumes/
Vol28/37/
61. Reif LK, Bertrand R, Benedict C, Lamb MR, Rouzier V, Verdier R, et al.
Impact of a youth-friendly HIV clinic: 10 years of adolescent outcomes in Port-
au-Prince, Haiti. J Int AIDS Soc [Internet]. The International AIDS Society; 2016
[cited 2017 Jul 16];19(1):20859. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27389256
62. Smith P, Wallace M, Bekker L-G. Adolescents’ experience of a rapid HIV
self-testing device in youth-friendly clinic settings in Cape Town South Africa: a
cross-sectional community based usability study. J Int AIDS Soc [Internet]. The
International AIDS Society; 2017 Jan 1 [cited 2017 Jul 14];19(1):1–6. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/28406597
63. Ritchie AV, Ushiro-Lumb I, Edemaga D, Joshi HA, De Ruiter A, Szumilin E,
et al. SAMBA HIV semiquantitative test, a new point-of-care viral-load-monitor-
ing assay for resource-limited settings. J Clin Microbiol [Internet]. American
Society for Microbiology; 2014 Sep [cited 2017 Mar 5];52(9):3377–83. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/25031444
64. Turner SD, Anderson K, Slater M, Quigley L, Dyck M, Guiang CB. Rapid
point-of-care HIV testing in youth: a systematic review. J Adolesc Heal [Inter-
net]. 2013 Dec [cited 2017 Jul 16];53(6):683–91. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/24054913

Marcus R et al. Journal of the International AIDS Society 2017, 20(S7):e25002
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25002/full | https://doi.org/10.1002/jia2.25002

42

http://www.ncbi.nlm.nih.gov/pubmed/26743094
http://www.ncbi.nlm.nih.gov/pubmed/26743094
http://www.ncbi.nlm.nih.gov/pubmed/21834797
http://www.ncbi.nlm.nih.gov/pubmed/23921881
http://www.ncbi.nlm.nih.gov/pubmed/23921881
https://aidsfree.usaid.gov/sites/default/files/botswana_art_2016.pdf
https://aidsfree.usaid.gov/sites/default/files/botswana_art_2016.pdf
http://dx.plos.org/10.1371/journal.pone.0171780
https://www.iasociety.org/Web/WebContent/File/IAS-ILF__INTEREST__VL_in_RLS__Meeting_Report_2014.pdf
https://www.iasociety.org/Web/WebContent/File/IAS-ILF__INTEREST__VL_in_RLS__Meeting_Report_2014.pdf
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsj067
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsj067
http://www.ncbi.nlm.nih.gov/pubmed/25620306
http://www.ncbi.nlm.nih.gov/pubmed/19119348
http://www.ncbi.nlm.nih.gov/pubmed/21099693
http://www.sahivsoc.org/Files/ART
http://www.demographic-research.org/Volumes/Vol28/37/
http://www.demographic-research.org/Volumes/Vol28/37/
http://www.ncbi.nlm.nih.gov/pubmed/27389256
http://www.ncbi.nlm.nih.gov/pubmed/27389256
http://www.ncbi.nlm.nih.gov/pubmed/28406597
http://www.ncbi.nlm.nih.gov/pubmed/25031444
http://www.ncbi.nlm.nih.gov/pubmed/24054913
http://www.ncbi.nlm.nih.gov/pubmed/24054913
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25002/full
https://doi.org/10.1002/jia2.25002

	Outline placeholder
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib32
	bib33
	bib34
	bib35
	bib36
	bib37
	bib38
	bib39
	bib40
	bib41
	bib42
	bib43
	bib44
	bib45
	bib46
	bib47
	bib48
	bib49
	bib50
	bib51
	bib52
	bib53
	bib54
	bib55
	bib56
	bib57
	bib58
	bib59
	bib60
	bib61
	bib62
	bib63
	bib64


