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Abstract
Purpose of Review To provide an update on the patterns of HIV drug resistance in children, including pretreatment drug
resistance (PDR) and acquired drug resistance (ADR), focusing on children in low- and middle-income countries (LMICs) for
whom empiric first-line (FL) and second-line (SL) antiretroviral regimens are usually recommended.
Recent Findings High levels of PDR, particularly to non-nucleoside reverse transcriptase inhibitors (NNRTIs), and poor treat-
ment outcomes on NNRTI-based FL antiretroviral therapy (ART) have been widely reported among infants and young children.
There is a paucity of recent data on the use of protease inhibitor (PI)-based FL and SL regimens in children, but studies have
reported poor tolerability, adherence problems and the development of PI resistance. Limited access to virological monitoring and
HIV drug resistance testing contributes to delays in identifying treatment failure due to ADR and delays in switching to SL
regimens in children.
Summary Implementation of FLART regimens that have a higher barrier to developing resistance and are safe and well tolerated
is required in order to attain global treatment targets. Although PI-based regimens may be effective as FL or SL treatment in
children, lack of appropriate formulations leading to poor tolerability, drug-drug interactions, and cost considerations have
negatively impacted their use among children in LMICs. There is hope that dolutegravir-based regimens recommended for
children by the World Health Organization will be widely implemented once child-friendly formulations are available, and
dosing and safety studies currently underway are completed, and that this will significantly improve treatment outcomes.
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Introduction

Antimicrobial resistance (AMR) is an inevitable consequence of
the exposure of microorganisms to antimicrobials. In the context
of HIV infection, resistance to antiretroviral (ARV) drugs im-
pacts individual patients by reducing the available number of
effective treatment options and threatens the success of both
prevention and treatment programmes. Minimising HIV drug
resistance by achieving high rates of viral suppression among

people on treatment is critical to reaching UNAIDS 90-90-90
global treatment targets which aim to diagnose at least 90% of all
people with HIV infection, provide antiretroviral therapy (ART)
to at least 90% of those diagnosed and ensure that at least 90% of
people on ART achieve virological suppression [1].

HIV drug resistance incorporates three main categories of
resistance. Acquired HIV drug resistance (ADR) develops
when HIV mutations emerge due to viral replication in indi-
viduals receiving ARV drugs. Transmitted HIV drug resis-
tance (TDR) is detected in ARV drug-naïve individuals with
no history of ARV drug exposure and occurs when previously
uninfected individuals become infected with virus that has
drug resistance mutations (DRMs). Pretreatment HIV drug
resistance (PDR) is detected in ARV drug-naïve individuals
initiating ART or individuals with prior ARV drug exposure
who are initiating or reinitiating first-line ART. PDR may be
either transmitted or acquired drug resistance or both [2••].

The purpose of this review is to provide an update on the
patterns of HIV drug resistance in children, focusing on chil-
dren in developing countries for whom empiric FL and SL
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ART regimens are usually recommended in the context of
large-scale treatment programmes. The review focuses mainly
on research studies published within the past 5 years.

HIV Drug Resistance and Children

UNAIDS estimates that in 2016 there were 2.1 million chil-
dren < 15 years of age living with HIV infection globally and
160,000 new HIV infections in this age group, almost all as a
result of mother to child transmission (MTCT). The estimated
coverage of ARV drugs provided to pregnant women to pre-
vent MTCT was 76% in 2016, and since 2010 the estimated
numbers of new paediatric HIV infections have decreased by
47% and children dying from AIDS-related illnesses have
decreased by 42% [3].

Although widespread implementation of prevention of
mother to child transmission (PMTCT) interventions and
ART for HIV-infected children has significantly reduced
MTCT rates and paediatric HIV-associated mortality rates,
increasing rates of PDR and ADR, particularly non-
nucleoside reverse transcriptase inhibitor (NNRTI) resistance
and also acquired protease inhibitor (PI) resistance, have been
reported in children during the last 5 years [4•, 5••, 6–8].
Children may develop ADR as a result of failure of viral
suppression on ART, TDR as a result of transmission of resis-
tant HIV from their mother or sexual partner in adolescents,
and PDR as a result of TDR and/or prior ARV exposure
through HIV transmission prevention interventions, particu-
larly PMTCT programmes, or prior ART. Increasing rates of
NNRTI resistance among HIV-infected adults, including preg-
nant women, contribute to the TDR component of PDR
among newly diagnosed HIV-infected infants and children.
A recently published systematic review and meta-regression
analysis representing 56,044 adults in 63 low- and middle-
income countries (LMICs) found prevalence estimates of
NNRTI PDR during 2016 to be 11.0% (95% confidence in-
terval (CI) 7.5–15.9) in Southern Africa, 10.1% (95% CI 5.1–
19.4) in Eastern Africa, 7.2% (95% CI 2.9–16.5) in Western
and Central Africa, and 9.4% (95% CI 6.6–13.2) in Latin
America and the Caribbean. The highest annual increases in
NNRTI PDRwere in Southern Africa (23%, 95%CI 16–29%)
[9]. Increasing rates of HIV drug resistance in both adults and
children have important implications for selection of effective
infant ARV prophylaxis for HIV-exposed infants in PMTCT
programmes and selection of effective ART regimens for HIV-
infected infants and children.

Table 1 indicates the position and amino acid substitution or
insertions of mutations conferring resistance to commonly used
PIs, NNRTIs, and nucleoside/nucleotide reverse transcriptase
inhibitors (Ns/tRTIs) in children highlighting which substitu-
tions confer high-level resistance to specific ARV drugs [10].
Whereas commonly occurring NNRTI DRMs typically confer

intermediate-high-level resistance to multiple drugs in the
NNRTI class, intermediate-high-level Ns/tRTI and PI resistance
commonly occurs as a result of the cumulative acquisition of
multiple DRMs including non-polymorphic accessory resis-
tance mutations which individually are unlikely to cause signif-
icant resistance. The purpose of identifying DRMs at an indi-
vidual or surveillance level is to ascertain which ARV drugs the
predominant viral subtypes present are likely to be susceptible to
and which ARV drugs should be avoided in ART regimens.

First-Line Antiretroviral Therapy

Pretreatment HIV Drug Resistance

In well-resourced settings, HIV drug resistance testing of in-
dividual patients prior to starting ART may be feasible and
allow for individually tailored ART regimens. However, in
resource-limited settings with large-scale treatment
programmes, standardised empiric ART regimens (with the
possibility of substitution of a few specific drugs for specific
contraindications) are generally recommended for both adults
and children. Surveillance of the prevalence and extent of
PDR is critically important in determining whether changes
to empiric first-line ART regimens are required. The World
Health Organization (WHO) considers a national PDR prev-
alence of > 10% to an ARV drug or drug class as an indication
to transition to a different empiric first-line ART regimen. This
is based on modelling which predicts that ongoing use of a
such a drug or drug class beyond this threshold will prevent
attainment of global targets to end AIDS as a public health
threat by 2030 [11]. The presence of PDR has been shown to
be a strong predictor of treatment failure on first-line ART in
children [12].

Single-site studies, national surveys and multi-country sys-
tematic reviews of PDR prevalence in children newly diag-
nosed with HIV infection have been reported during the last
5 years [4•, 5••, 12–15, 16••, 17, 18]. Standardised methodolo-
gy for nationally representative annual surveys of the preva-
lence of HIV drug resistance among children < 18 months of
age using remnant dried blood spot (DBS) specimens collected
as part of routine early infant diagnosis (EID) testing in PMTCT
programmes has been developed by theWHO [19]. This meth-
odology is relevant to settings where large numbers of infants
are exposed to or acquire HIV infection. Before 2014, the
Democratic Republic of Congo, Mozambique, Swaziland,
Togo, Uganda and Zimbabwe completed surveys in young
children, and Nigeria, South Africa, Ethiopia, Kenya and
Malawi have subsequently implemented surveillance [2••].

The WHO completed a systematic review of studies pub-
lished between 1 January 2014 and 30 April 2017 on PDR in
children starting ART in LMICs [2••]. Seven studies were
included providing data on 1128 HIV-infected children aged
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4–114 months (median 20 months). None of the studies in-
cluded data on young adolescents aged 13–15 years. Of the
1128 children, 354 (31.3%) had detectable DRMs, the median
prevalence of NNRTI resistancewas 49.3% (range 7.5–100%)
and 4/7 studies found > 50% of PMTCT-exposed children had
NNRTI DRMs. Heterogeneity of age, PMTCT exposure sta-
tus and mutation reporting practices across studies precluded
performing a more detailed analysis of pooled data [2••].

A study from South Africa, published in 2014 based on
data collected in 2011, reported that in the era of more effec-
tive PMTCT regimens including combination ART (cART)

for pregnant women and infant ARV prophylaxis with a min-
imum of 6 weeks of nevirapine (NVP), 122/230 (53%) chil-
dren < 2 years of age who were newly diagnosed with HIV
infection through EID had DRMs. Two-thirds of HIV-infected
children had been exposed to maternal and/or infant PMTCT
ofwhom 56.8%, 14.8% and 1.3% had NNRTI, Ns/tRTI and PI
mutations respectively. NNRTI mutations occurred more
commonly among younger children. Alarmingly, among the
children with no reported or recorded PMTCT exposure, re-
sistance to NNRTIs, Ns/tRTIs and PIs was present in 24%,
10.7% and 1.3% respectively. An important conclusion

Table 1 Position and amino acid substitutions or insertions of mutations conferring resistance to commonly used protease inhibitors (PIs), nucleoside/
nucleotide reverse transcriptase inhibitors (Ns/tRTIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) in children

PI muta�ons

30 32 33 46 47 48 50 54 76 82 84 88 90
Consensus
(wild-type)

D V L M I G I I L V I N L

ATV/r I F IL V VM L VTALM ATFS V S M
DRV/r I F VA V LM V F V
LPV/r I F IL VA VM V VTALM V AFTS V M

Ns/tRTI muta�ons

Non-thymidine analogue 
muta�ons

Thymidine analogue 
muta�ons

Mul�drug 
resistance 
muta�ons

184 65 70 74 115 41 67 70 210 215 219 61 151
Consensus
(wild-type)

M K K L Y M D K L T K T Q

3TC VI R Ins M
FTC VI R Ins M
ABC VI R E VI F L W FY Ins M
TDF R E F L R W FY Ins M
ZDV L N R W FY QE Ins M

NNRTI muta�ons

100 101 103 106 138 181 188 190 230
Consensus
(wild-type)

L K K V E Y   Y G M

EFV I EP NS AM CIV LCH ASE L
ETR I EP AGKQ CIV L ASE L
NVP I EP NS AM CIV LCH ASE L
RPV I EP AGKQ CIV L ASE L

Amino acids substitutions marked in red confer high-level resistance

Amino acids: A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M,
methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine; Ins, insertion

Antiretroviral drugs: ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r, lopinavir/ritonavir; 3TC, lamivudine; FTC, emtricitabine; ABC,
abacavir; TDF, tenofovir; ZDV, zidovudine; EFV, efavirenz; ETR, etravirine; NVP, nevirapine; RPV, rilpivirine
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reached by the authors was that a lack of reported or recorded
PMTCT exposure does not exclude PDR [13].

Similar findings were reported in a Ugandan study in chil-
dren < 12 years of age prior to starting ARTwhich found HIV
DRMs in 10% of all the children, 15.2% of children < 3 years
of age, 35% of children exposed to PMTCT, 15.6% of chil-
dren with unknown PMTCTexposure and 7.7% in ARV-naïve
children [15]. A recently published Nigerian study assessed
the national PDR prevalence in HIV-infected children <
18 months of age using the WHO surveillance protocol and
EID remnant DBSmethodology. DRMswere detected in 205/
430 (48%) infants conferring resistance to NNRTIs in 45%,
Ns/tRTIs in 22% and dual class Ns/tRTIs/NNRTIs in 20%.
Resistance to PIs was 2%. As in other similar studies,
NNRTI and dual class Ns/tRTI/NNRTI DRMs were detected
in 54% and 29% respectively of 204 PMTCT-exposed chil-
dren but DRMs were also detected in 34% of 132 PMTCT-
unexposed children [16••].

The findings of these national studies concur with a recent-
ly published systematic literature reviewwithmeta-analysis of
PDR in children in sub-Saharan African (SSA) countries [4•].
Boerma et al. pooled data on 2617 children with a median age
of ≤ 12 years in 19 studies from 13 countries and found a
statistically significant difference in PDR prevalence of
42.7% (95% CI 26.2–59.1%) in PMTCT-exposed children
compared to 12.7% (95% CI 6.7–18.7%) in PMTCT-
unexposed children. NNRTI DRMs were detected in 32.4%
(95% CI 18.7–46.1%) of PMTCT-exposed and in 9.7% (95%
CI 4.6–14.8%) of PMTCT-unexposed children [4•]. The ob-
served increase in PDR prevalence in PMTCT-unexposed
children from 0% in 2004 to 26.8% in 2013 is likely to be a
reflection of increasing rates of NNRTI TDR from HIV-
infected pregnant and/or breastfeeding women to their chil-
dren although difficulties with verification of PMTCT expo-
sure may be a contributory factor [9, 13, 16••].

An analysis of HIV drug resistance in infants and young
children < 18 months of age from Mozambique, Swaziland,
South Africa, Uganda and Zimbabwe who were newly diag-
nosed with HIV infection between 2011 and 2014 provided
data on different levels of resistance and the various mutations
to different ARV drugs across the different countries [5••].
Overall, the commonest NNRTI DRMs were at positions
181 (29.7%) and 103 (19.2%). In South Africa, the K103N
mutation occurred more frequently than mutations at position
181. This is likely to be a reflection of the more prevalent use
of efavirenz (EFV)-based ART regimens (as opposed to NVP-
based ART) in adults including pregnant and breastfeeding
women and earlier adoption of WHO Option B+ in the
PMTCT programmewith lifelong cART initiation for all preg-
nant and breastfeeding women regardless of HIV clinical
stage and CD4 cell count criteria. Cross-resistance rates of
20–60% to one or both of the second-generation NNRTIs,
etravirine and rilpivirine, which are not yet approved for use

in young children preclude their usefulness as potential future
treatment options either in first-line or subsequent ART regi-
mens among children with NNRTI PDR. Ns/tRTI resistance,
the prevalence of which was considerably lower than NNRTI
resistance (8.9% compared to 53.0%), was driven mostly by
stavudine (D4T) and lamivudine (3TC)/emtricitabine (FTC)
resistance reflecting the D4T/3TC NRTI backbone most com-
monly used in these countries at the time. Overall, the preva-
lence of Ns/tRTI mutations at position 65, associated with
resistance to tenofovir (TDF), was low (< 5%), and in South
Africa and Zimbabwe, position 65 mutations were more com-
mon than in other countries which may be a reflection of
greater TDF use in maternal regimens in these two countries
at the time of the study. Although TDF is not commonly used
in first-line ART regimens for young children as a result of a
lack of availability of paediatric formulations and toxicity
concerns, TDF is a potentially important component of
second- and third-line ART regimens in older children and
adults [5••].

Protease inhibitor PDR in infants and young children new-
ly diagnosed with HIV infection in SSA countries has been
found to be very uncommon with prevalence rates of < 3%
reported [4•, 5••, 13, 16••, 18, 20]. This is most likely a reflec-
tion of low rates of maternal PI-based ART regimens, usually
used as second-line treatment in adults, being used during
pregnancy and/or breastfeeding at the time of data collection
in these studies and the higher barrier of boosted PI regimens
to the development of significant PI resistance.

The integrase strand transfer inhibitor (INSTI), raltegravir
(RAL), was included as an alternative component of second-
line ART regimens in children failing PI-based ART regimens
and as a component of third-line ART regimens in adults in-
cluding pregnant and breastfeeding women in a 2015 WHO
guidelines policy brief [21]. Subsequently, dolutegravir
(DTG) has been included initially as an alternative and then
as the preferred component of first-line and second-line ART
regimens in WHO 2016 and 2018 guidance respectively [22,
23••]. INSTI PDR in infants or young children newly diag-
nosed with HIV infection (as a result of TDR from the mother)
or in children with previous INSTI exposure (ADR) may have
occurred but has not been reported from LMICs. A study in-
vestigating the prevalence and patterns of major and accessory
resistance mutations resulting in primary resistance to INSTIs
in various HIV-1 subtypes sequenced from 425 INSTI-naive
HIV-infected adults found these naturally occurring mutations
to be rare and occurring at low-level detection thresholds. This
suggests that INSTI-based ART regimens are likely to be effec-
tive across the different HIV-1 subtypes prevalent in SSA [24].

Acquired HIV Drug Resistance

The WHO recommendations on first-line ART regimens for
ch i ldren have evolved based on avai lab i l i ty of
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pharmacokinetic, safety and efficacy data in paediatric popu-
lations as well as of ARV formulations suitable for infants and
young children. Regimens comprising an NNRTI (NVP in
children < 3 years of age, and NVP or EFV in children ≥
3 years of age) in combination with 2 Ns/tRTIs were initially
recommended [25]. The development of PIs and subsequently
boosted PIs, and the early recognition that the use of NVP for
PMTCT could result in NNRTI-resistant virus in children who
became HIV-infected despite PMTCT led to the incorporation
of ritonavir (RTV) followed lopinavir/ritonavir (LPV/r) into
first-line ART regimens for NVP-exposed infants and young
children [26, 27]. In 2013, the WHO-recommended PI-based
ART with LPV/r in all children < 3 years of age starting ART
regardless of previous NNRTI exposure during PMTCT [28].
This recommendation was based on clinical trials showing su-
perior efficacy of LPV/r-based compared to NVP-based first-
line ART in children < 3 years of age together with data show-
ing increasing rates of NNRTI PDR in infants and young chil-
dren regardless of PMTCT exposure [13, 29, 30].

The WHO undertook a systematic literature review of ADR
in children between 2014 and 2017 that included 10 published
studies reflecting data collected between 2009 and 2013 in
Central African Republic, Rwanda, South Africa, United
Republic of Tanzania, Zimbabwe and Indonesia/Thailand/
Vietnam [2••]. The studies included children on first-line
NNRTI-based ART [31–36], first-line PI-based ART [6, 7,
32] and second-line PI-based ART [36, 37••]. Among 2579
children on ART (median age 8.84 years (range 1–12.2) and
median 50.8% males), 988 (38%) had DRMs. In children with
DRMs, NNRTI resistance was reported in a median 69.4%
(range 12–95%), and K103N and M184V were the most com-
monly detected reverse transcriptase (RT) mutations, detected
in 39.8% and 76.6% of children respectively [2••].

A study from the United Republic of Tanzania, published in
2017 and included in the WHO systematic literature review,
illustrates the high rate of virological failure and extent of ARV
drug resistance in children failing first-line NNRTI-based ART
[31]. In this study, 25.4% of 213 children on ART for a median
of 4.3 years (84%onNNRTI-basedARTat the time of the study)
had virological failure and 90% of children with virological fail-
ure had DRMs. Among children with DRMs, resistance to Ns/
tRTIs andNNRTIs was found in 80.8% (95%CI 70.1–91.5) and
90.2% (95% CI 82.0–98.4), respectively, conferring major drug
resistance against both drug classes in 79% (95%CI 67.7–89.9).
No major PI DRMs were found. Pretreatment genotype data
showed that more than 85% of these children were likely to have
acquired DRMs while on ART [31]. In a cohort study of 198
HIV-infected children (17 years of age) in the Central African
Republic on first-line ART regimens, 55% on treatment for a
median of 3.4 years had virological failure. Greater than 50%
of children with virological failure in whom genotyping results
were available were resistant to first-generation NNRTIs and
24% had major PI DRMs [36]. A key issue highlighted by the

authors of both of these studies is the need for routine virological
monitoring in children on ART. In the Tanzanian study, < 5% of
the children fulfilled WHO criteria for immunological failure at
the time that they were diagnosed with virological failure and as
a result would not have been identified as requiring a switch to a
second-line ART regimen [31]. Accumulation of RT DRMs in
children and adults from SSAwith continued virological failure
on first-line NNRTI-based ARTas a result of limited availability
of virological monitoring and associated delay in switching to
second-line ART has been reported. NewDRMs accumulated at
an average rate of 1.45 (standard deviation (SD) 2.07) DRMs per
year, 0.62 (SD 1.11) NNRTI DRMs and 0.84 (SD 1.38) NRTI
DRMs per year, respectively, and the predicted susceptibility
declined significantly after continued virological failure for all
RT inhibitors [38].

In a meta-analysis of 51,347 children < 18 years of age in-
cluded in 72 studies whowere receiving first-line ART during 3
time periods (2000–2005, 2006–2009, 2010–2015), 64.7%
(95% CI 57.5–71.8) in the early, 74.2% (95% CI 70.2–78.2)
in the intermediate and 72.7% (95%CI 62.6–82.8) in the recent
time period achieved viral suppression after 12months onART.
Rates were similar after 6 and 24 months on ART but were
substantially lower (< 65% in all 3 time periods) using an
intention-to-treat analysis. The authors expressed concern that
viral suppression rates among children in LMICs were lower
than those of adults in LMICs and lower than those of children
in high-income countries and the lack of progress during the 3
time periods threatened the attainment of the UNAIDS 90-90-
90 global treatment targets [20]. As highlighted in the WHO
systematic literature review, there is a relative paucity of data
focusing on ADR in adolescent populations despite this age
group having been identified as being at high risk for poor
adherence and lower rates of virological suppression [2••].

The very high levels of ADR due to NNRTIDRMs, frequent-
ly occurring in combination with Ns/tRTI DRMs, call into ques-
tion the future role of NNRTI-based ART regimens in children.

More durable first-line ART regimens, including
boosted PI-based or dolutegravir (DTG)-based regimens,
for which there are currently very low levels of PDR and
which have higher barriers to developing resistance, have
been recommended by WHO since 2010 (LPV/r) and 2017
(DTG) [21, 22, 23••, 27, 39]. However, widespread imple-
mentation of first-line LPV/r-based ART in young children
has been hampered by unavailability of heat-stable, palat-
able paediatric formulations, lack of fixed-dose combina-
tion formulations incorporating Ns/tRTIs and cost consid-
erations. Only 14% of 748,638 children < 15 years of age
were receiving boosted PI-based first-line ART in a 2015
WHO global survey on ARV drug use in 66 LMICs [2••].

South African studies investigating DRMs in children
failing treatment on a PI-based first-line ART regimen report
variable rates of major PI mutations. Pillay et al. (2014)
found only 1 child with a major PI DRM (V82A) among
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16 children (median age 5 years (2.7–7.5)) failing a LPV/r
first-line regimen and the most common pattern for children
failing LPV/r was the M184V mutation alone [32]. Meyers
et al. (2015) reported that 8/75 (10.7%) children failing
LPV/r-based first-line ART had significant PI DRMs includ-
ing 2 with intermediate resistance to darunavir (DRV) [6].
Rossouw et al. (2015) found major PI DRMs in 32/65
(49%) children (median age 16.8 months (7.8–23.3) initiated
on LPV/r-based first-line ART. Advanced clinical disease,
severe malnutrition, high baseline viral loads and high rates
of tuberculosis coinfection were present at the time of ART
initiation in this cohort. Duration of PI treatment and previ-
ous use of ritonavir (RTV) as a single unboosted PI were
found to be risk factors for development of PI DRMs [7].
Drug-drug interactions between LPV/r and rifampicin are
known to reduce plasma concentrations of LPV/r which
may lead to virological failure and development of PI
DRMs [40, 41]. Although super-boosting of LPV/r with
the addition of RTV oral solution in young children with
HIV/TB coinfection has been investigated and shown to be
effective in overcoming this interaction, implementation of
this strategy is limited by non-availability, short expiry time
and very poor palatability of RTV oral solution [40, 42].

Approval of paediatric dosing forDTG in children > 6 years
of age and weighing > 30 kg (United States Food and Drug
Administration) and > 15 kg (European Medicines Agency)
has been obtained. Studies investigating dosing of DTG for
children < 6 years of age are ongoing. Data on patterns of
ARV resistance in children treated with DTG-based first-line
ART regimens outside clinical trials is not yet available.

Second-Line Antiretroviral Therapy

In children, second-line ARTmay be required following treat-
ment failure on an NNRTI-based or PI-based first-line treat-
ment regimen. Data on second-line ART following failure on
INSTI-based first-line ART is not yet available.

Following NNRTI-Based First-Line Antiretroviral
Therapy

Following NNRTI-based first-line ART treatment failure, a
boosted PI-based second-line regimen has been recommended
by WHO for both adults and children. Recently, WHO has
recommended a second-line regimen comprising DTG plus 2
Ns/tRTIs in children for whom approved DTG dosing and
formulations are available, and LPV/r plus 2 Ns/tRTIs in chil-
dren at an age or weight at which approved DTG dosing is not
available. Atazanavir in combination with ritonavir (ATV/r) is
an alternative to LPV/r but its use is constrained by lack of
suitable formulations for children < 6 years of age and < 15-kg

body weight and the lack of a fixed-dose combination formu-
lation with Ns/tRTIs or coformulation with RTV [23••].

As a result of poor access to or implementation of virolog-
ical monitoring of children on first-line ART and delays in
switching children to second-line ART in LMICs, reliable data
on the risk factors, need for, and effectiveness of second-line
ART regimens in children and adolescents is very limited.

In a study involving 277 children from Indonesia, Thailand
and Vietnamwith a median age of 7.5 years (interquartile range
(IQR) 5.3–10.3) at the time of switching to second-line ART
(containing 3TC (90%), TDF (43%), zidovudine (AZT) or
abacavir (ABC) (30%), LPV/r (91%), ATV/r (7%)), virological
failure on second-line ART occurred in 73/277 (27%).
Genotyping at the time of second-line treatment failure was
available in 50/73 (68%) children. The following spectrum of
DRMs was reported: M184V in 56%, ≥ 1 thymidine analogue
mutation (TAM) in 40%, > 4 TAMs in 10%, Q151M in 4%,
any major LPVmutations in 8%, > 6 LPVmutations in 2% and
any major ATV mutations in 4% [37••].

A recent multicentre analysis of cohorts of children and
adolescents treated with second-line ART in LMICs was per-
formed to estimate cumulative rates and predictors of virolog-
ical failure defined as 2 consecutive viral load measurements
> 1000 copies/ml after ≥ 6 months on second-line treatment.
Among 928 children from 12 treatment cohorts in 14 coun-
tries in Asia and SSA who were receiving PI-based second-
line ART, the virological failure rate after 24 months on the
second-line regimen was 16.4% (95% CI 13.9–19.4).
Adolescents (10–18 years of age) had a significantly higher
treatment failure rate than younger children (3–9 years of age),
14.5 (95% CI 11.9–17.6) compared to 4.5 (95% CI 3.4–5.8)
per 100 person-years. Adolescence and a shorter duration on
first-line ART before switching to second-line treatment (<
24 months) were identified as significant risk factors for treat-
ment failure [43•]. Although the virological failure rates re-
ported in this study are lower than those for children on first-
line ART regimens, particularly NNRTI-based regimens, and
comparable to outcomes of second-line ART in adult cohorts
in LMICs, the high rates among adolescents are likely to con-
tribute to higher mortality rates and HIV transmission rates in
this age group. In addition, genotyping that would allow the
differentiation of PI resistance from poor adherence to the PI-
based second-line regimen is not widely available, and avail-
ability of DRVand DTG is currently limited in many LMICs.

Following PI-Based First-Line Antiretroviral Therapy

Following LPV/r-based first-line ART treatment failure,
WHO 2016 guidelines recommended RAL plus 2 Ns/tRTIs
for children younger than 3 years of age and either EFV or
RAL plus 2 Ns/tRTIs for children 3 years of age or older. If
RAL is unavailable,WHO recommends continuing on LPV/r-
based treatment unless there is progression of clinical disease
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or adherence is compromised by poor palatability of the liquid
LPV/r formulation in which case switching to a NVP-based
regimen may be considered [22].

Updated interim guidance from WHO (July 2018) recom-
mends a DTG-based second-line regimen following LPV/r-
based first-line treatment failure in children of an age and
weight for which DTG is approved and if DTG is available
[23••]. Prospective data supporting the effectiveness and du-
rability of these approaches to second-line ART following
failure of LPV/r-based first-line ART in children is lacking.

Third-Line Antiretroviral Therapy

There is currently no standardised third-line ART regimen rec-
ommended for all children with treatment failure on second-line
ARTalthough interim guidance fromWHO recommends DRV/r
(not recommended < 3 years of age and dosed twice daily in PI-
experienced patients) plus DTG (dosed twice daily in INSTI-
experienced patients) plus 1–2 Ns/tRTIs optimised if possible
using information from genotyping [23••]. There are very few
studies on the safety and efficacy of third-line ART regimens in
children and adolescents. One study investigated outcomes
among 54 Thai adolescents from 8 study sites with a median
age of 14.3 years (IQR 12.4-15.4) at the time of switching to
third-line ART who were treated with third-line regimens con-
taining DRV/r, ETR, tipranavir/ritonavir or RAL and followed
for 48 weeks. The indication for switching was treatment failure
in 44 children and toxicity due to LPV/r-associated hyperlipid-
aemia in 10 children. In the children with treatment failure,
genotyping done prior to switching showed that 50% had
triple-class resistance (NRTI, NNRTI and major PI DRMs) and
the remainder had similar mutations documented during previ-
ous testing. The 10 adolescents switched for toxicity were virally
suppressed and did not undergo genotyping. The third-line reg-
imens in all 54 adolescents comprised a median of 4 (range 4–6)
ARVs. One child died from a non-ARV-associated cause and 2
were lost to follow-up. Six adverse events that may have been
related to third-line ARVs included headache, gastrointestinal
symptoms, rash, lipoatrophy and elevated triglycerides. A statis-
tically significant improvement in median cholesterol and tri-
glycerides among the 10 adolescents with hyperlipidaemia was
reported. The median CD4 count in 47 adolescents with avail-
able data increased significantly from 16 to 21% and 410 to
607 cells/mm3 after 48 weeks, and 72% and 66% of 50 adoles-
cents with available data had HIV-1 RNA < 400 and <
50 copies/ml respectively after 48 weeks. Ninety percent of the
adolescents who switched for toxicity remained virally sup-
pressed after 48 weeks. Among 17 (31%) adolescents with
HIV-1 RNA ≥ 1000 copies/ml, genotyping showed an ETR
DRM score ≥ 4 in 2 (15%) and ≥ 1 major DRV DRM in 7
(54%) [44••].

A study from South Africa described 35 children with a
median age of 8.8 years (IQR 5.5–11) who had received var-
ious first-line and second-line ART regimens for a median of
6.9 years (IQR 5–9.9) and subsequently started a DRV/r-,
RAL- or ETR-containing ART regimen. At the time of the
study, DTG was not available in South Africa [45•]. The main
eligibility criterion for treatment with a DRV/r-, RAL- or
ETR-containing regimen was the presence of PI resistance
on genotyping (LPV/r or ATV/r mutation score of ≥ 15 using
the Stanford genotypic resistance interpretation algorithm
[10]). An important finding was that 12 of the 35 children
(34.3%) had received only a PI-based first-line ART regimen
(all RTVor LPV/r-based first-line ART but including single-
drug substitutions from RTV to LPV/r, a single NRTI switch
or temporary 3TC monotherapy) prior to the development of
PI DRMs and switch to an expert committee-guided, individ-
ually tailored DRV/r-, RAL- or ETR-containing regimen. This
was in keeping with HIV treatment guidelines in the Western
Cape province of South Africa which makes provision for
genotyping children with virological failure on PI-based
first-line ART before deciding on second-line treatment [46].
In addition, 18 children (54%) had mutations conferring low-
(n = 17, 48.6%) or intermediate-level (n = 1, 2.9%) resistance
to DRV/r, and 16 children had mutations conferring low (n =
6, 17.1%), intermediate (n = 8, 22.9%) or high (n = 2, 5.7%)
resistance to ETR prior to starting a DRV/r-, RAL- or ETR-
containing regimen. After a median of 2 years (IQR 1.3–4) on
treatment, 29/30 (96.7%) and 23/30 (76.7%) subjects with
available results had HIV-1 RNA levels of < 400 and <
50 copies/ml, respectively [45•].

The limited available data suggests that treatment regimens
containing 1 or more of DRV/r, an INSTI or ETR may be effec-
tive in children and adolescents failing treatment on first-line or
second-line PI-based ART. Children and adolescents frequently
have high rates of virological failure on PI-based ART regimens
that may occur as a result of poor treatment adherence, poor
tolerance or side-effects of medication, or PI resistance.
Genotyping is needed to confirm or exclude PI resistance and
guide the combination of ARVs used in a third-line regimen until
new standardised regimens have been formulated.

Conclusion

This review highlights the multiple ways in which antiretro-
viral resistance impacts infants and young children. These
include transmitted drug resistance from a pregnant or
breastfeedingmother to her child, pretreatment drug resistance
occurring as a result of transmitted drug resistance or acquired
following exposure to ARVs used as part of PMTCT
programmes and acquired drug resistance in children with
treatment failure on first-, second- or third-line ART regimens.
High levels of pretreatment drug resistance to NNRTIs among
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infants and young children identified through national surveil-
lance programmes and large studies necessitate the need for
urgent and widespread implementation of PI-based or DTG-
based first-line ART regimens for children. Access to virolog-
ical monitoring in all children onARTand genotype resistance
testing in children with treatment failure on PI-based regimens
is needed to improve treatment outcomes.
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