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A B S T R A C T

Introduction: Management of antiretroviral-drug resistance in HIV-infected children is a global health concern.
We compared the long-term virological outcomes of two cohorts of children living in a rural setting of South
Africa. The first cohort initiated treatment before one year and the second after two years of age. The aim of this
study was to describe the long-term consequences of early treatment initiation in terms of viral load and drug-
resistance.
Methods: This retrospective study was conducted at the Edendale Hospital located in a peri-urban area of
KwaZulu-Natal. Children were included during their planned appointment. Drug resistance was assessed gen-
otypically on proviral DNA.
Results: From the 161 children included in this study, 93 samples were successfully genotyped. Both cohorts had
comparable viral loads, but children treated early more often presented NRTI or NNRTI mutations, while there
was no difference for PI mutations rates.
Conclusions: Treatment was highly effective when comparing virological outcomes in both early- and late-
treated cohorts. The persistence of NNRTI mutations could lead to treatment failures in children older than 3
years initiating their therapy with a NNRTI, or for those switching from a PI to NNRTI based regimen. The
accumulation of NRTI mutations may lead to a functional PI monotherapy and consequently to viral escape. To
promote access to HIV genotyping in resource-limited settings is challenging but essential to avoid inappropriate
therapy switches in case of virological failure, and to adapt national treatment guidelines in line with the epi-
demiology of resistance.

1. Introduction

Between 2000 and 2015, the number of children with access to
combined antiretroviral therapy (cART) increased worldwide from
14.900 to 872.500 [1]. cART have transformed pediatric HIV from a
rapidly fatal illness to a chronic disease but children stay at higher risk
to develop treatment failure due to inappropriate drug formulations,
adherence difficulties, antiretroviral toxicity or viral resistance [2–4].

Virological failure (VF) during first line cART occurs in 11 %–19 %
of South African children [5–7]. Before changing to a second line cART,
national guidelines recommend assessing and improve adherence but
effective strategies are not always available in resource limited settings

(RLS) [8–11]. Because they put current cART regimens at risk and drive
up the cost of treatment, HIV drug resistances (HIVDR) testing should
also be proposed. However, providing first-line HIV-1 genotypic re-
sistance testing outside the level of provincial or national laboratories
remains a challenge in most of RLS [8,10,12–14].

A few studies used genotyping to determine the level of HIVDR in
South African children [6,15–22]. The present article aims to describe
the long-term virological outcomes of two cohorts of children living in a
rural setting of SA. The first initiated cART before one year and the
second after two years of age depending on their immunological or
clinical status.
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2. Methods

This retrospective study was conducted in SA between September
and December 2014 at the Edendale Regional Hospital located in a peri-
urban and RLS of KwaZulu-Natal.

Children were included during their planned appointment at the
HIV clinic. All of them were treated with cART and followed by the
local staff. They came from the same area and had the same socio-
economic environment.

Children were divided in two cohorts depending on their age at
treatment initiation: less than 1 year and more than 2 years of age in the
Early Starters Cohort (ESC) and the Late Starters Cohort (LSC) respec-
tively. Children in the ESC were included in a previous study about
effectiveness of early cART initiation in RLS which took place between
2005 and 2008 [23]. They were younger than 1 year of age, had po-
sitive HIV-1 DNA PCR, WHO stage 2–4 and/or CD4+%<30 % at cART
initiation. Children from the LSC initiated cART in function of their
WHO clinical stage, CD4+% or comorbidities following the successive
South African guidelines between 2005 and 2012.

2.1. Study procedures

Parents or caregivers gave a written informed consent prior to any
procedure. Data were collected from the medical files. The study was
approved by the ethical committees «Umgungundlovu Health District
Review Board (UHERB)» and «Comité d’Ethique Hospitalo-Facultaire
Saint Luc – UCLouvain».

2.2. Laboratory procedures

Described in annex 1.

2.3. Statistical analysis

Mean values of patient characteristics were compared with the
Student t-test. Proportions were compared with the exact Fisher test (R
statistic software).

2.4. Definitions used in this study

Undetectable viremia:< 50 copies/mL
Low-level viremia: 50–1000 copies/mL
High-Level viremia:> 1000 copies/mL
Virological failure:> 1000 copies/mL in 2 successive blood samples

taken at least 6 months apart
High-level HIVDR: as defined by the Stanford HIV drug resistance

database (https://hivdb.stanford.edu/hivdb/)

3. Results

In total, 161 blood samples from HIV-infected children were ana-
lyzed in this study; 55 in the ESC and 106 in the LSC.

Children included in the ESC were younger at treatment initiation
and at study implementation in 2014. They had a longer duration of
follow-up. Sex ratio was comparable in both cohorts but the number of
patients treated by their mothers was higher in the ESC (Table 1).

Children from the ESC presented a higher proportion of un-
detectable viral loads in 2014. There was no significant difference for
low or high-level viremia, and both cohorts share comparable rates of
virological failure (Table 2).

From these 161 blood samples, 93 proviral DNAs were successfully
genotyped: 29/55 (52.7 %) in the ESC and 64/106 (47.3 %) in the LSC.
When compared to the whole cohort of 161, those 93 children differ in
the percentage of children not treated by their mothers and for the rate
of undetectable viral loads, but without reaching statistical significance.

Both cohorts were treated with a Nucleoside Reverse Transcriptase

Inhibitor (NRTI) backbone (two drugs) and one Protease Inhibitor (PI)
in the ESC or one Non-Nucleoside Reverse Transcriptase Inhibitor
(NNRTI) for most children in the LSC. Five children (7.8 %) aged be-
tween 2 and 3 years included in the LSC started their treatment with a
PI-based regimen as recommended by the South African guidelines
(Table 3).

A large proportion of children from the ESC and the LSC (100 % vs
57.8 % respectively), replaced Stavudine by another NRTI (Abacavir,
Zidovudine or Tenofovir) due to revisions of the national re-
commendations. Switch to a second line due to VF was not significantly
different between the ESC 3/29 (10.3 %) and the LSC 8/64 (12.5 %) (p
= 1). In both cohorts one child changed therapy due to side effects.
Treatments in 2014 are described in Table 3.

Children from the ESC had a significantly higher rate of high-level
proviral HIVDR but also a lower proportion of children with no proviral
mutations detected (Table 4). They more often presented any NRTI or
NNRTI mutation. There was no difference for PI mutations rate between

Table 1
Cohorts’ characteristics during the follow-up period.

ESC (55) LSC (106) p value

Mean age at treatment initiation
(months)

8.6 (2.2–11.9) 54 (24–91.2)

Mean age in 2014 (years) 8.2 (6.9–10.2) 10.8 (6.0–14.6) <0.001
Mean treatment duration (years) 7.6 (6.5–9.5) 6.0 (2.0–9.5) <0.001
Mother is caregiver 18 (32.7 %) 53 (50.0 %) 0.0045
Females 23 (41.8 %) 48 (45.3 %) 0.86

ESC: Early starters cohort, LSC: Late starters cohort.
The values in parentheses represent the lowest and the highest range for each
parameter.

Table 2
Virological outcomes in the ESC and the LSC in 2014.

ESC (55) LSC (106) p-value

Undetectable VL 48 (87.0 %) 76 (71.7 %) 0.029
Low-level viremia 4 (7.5 %) 13 (12.3 %) 0.42
High-level viremia 0 4 (3.7 %) 0.30
Virological failure 3 (5.5 %) 13 (12.3 %) 0.27

ESC: Early starters cohort, LSC: Late starters cohort, VL: viral load.
All the children with virological failure had a high-level viremia which is not
reported in this table.

Table 3
Treatments at cART initiation and in 2014 in the ESC and the LSC.

PI/NNRTIs NRTIs ESC (29) LSC (64)

Treatments at cART initiation
Lopinavir/ritonavir Stavudine + Lamivudine 27 5
Lopinavir/ritonavir Zidovudine + Lamivudine 2 /
Efavirenz Stavudine + Lamivudine / 44
Efavirenz Abacavir + Lamivudine / 15
Treatments in 2014
Lopinavir/ritonavir Abacavir + Lamivudine 21 6
Lopinavir/ritonavir Zidovudine + Lamivudine 3 5
Lopinavir/ritonavir Tenofovir + Lamivudine 1 1
Lopinavir/ritonavir Abacavir + Zidovudine / 2
Efavirenz Abacavir + Zidovudine 1 /
Efavirenz Abacavir + Lamivudine 2 42
Efavirenz Tenofovir + Lamivudine / 1
Efavirenz Stavudine + Lamivudine / 7
Efavirenz + Lopinavir/

ritonavir
Abacavir + Zidovudine 1 /

NRTI: Nucleoside Reverse Transcriptase Inhibitor, NNRTI: Non-Nucleoside
Reverse Transcriptase Inhibitor, PI: Protease Inhibitor, ESC: Early starters co-
hort, LSC: Late starters cohort.
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both cohorts. Children from the ESC had higher rates of NRTI and
NNRTI high-level HIVDR, but this difference was not significant. Pro-
portion of children with multiclass high-level resistance was compar-
able in both cohorts (Table 5).

In the ESC and the LSC, the most frequent NRTI mutation was M184
V/I and the most frequent NNRTI mutations were Y181C and K103 N
respectively. In the LSC, M46 L was the most frequent PI mutation
(Table 5).

Among the ESC cohort, 13 out of 29 children who initiated a PI-
based regimen had viruses with NNRTI resistance mutations, among
which 9 were fully resistant to NNRTI. Interestingly, only 2/9 (22 %)
were treated with NNRTI in a second line therapy. In the LSC, 9

children had a PI HIVDR and 2 a high-level HIVDR. One of these 2
children was treated with PI.

Among children that switched to a second line therapy due to VF, 1
out of 3 children in the ESC and 6 out of 8 children in the LSC switched
to a second line therapy without any high-level HIVDR.

4. Discussion

Management of HIVDR in adults and children is a global health
concern. Prevention, monitoring and response to HIV drug resistances
are essential to achieve the 2020 UNAIDS targets that include diag-
nosing 90 % of people with HIV infection, providing treatment to 90 %
of those diagnosed and ensuring that 90 % of people on treatment
achieve virological suppression.

In 2010, the WHO recommended an immediate start of cART in all
patients diagnosed with HIV before 2 years of age [24]. This re-
commendation was extended to children younger than 5 years of age in
2013 [25] and to all children and adults in 2015 [26]. Benefits of early
treatment initiation on infant mortality [27,28], neurodevelopmental
outcome [29], growth recovery [30], immunologic restoration and
virological suppression [31,32], have been demonstrated in short term
follow-up studies implemented in RLS.

Knowing the major benefits of an early treatment initiation in in-
fants and the growing efforts to diagnose HIV as early as possible in life,
most of the future HIV infected children should initiate treatment in
infancy.

Our results monitor HIVDR in children living in a RLS of sub-sa-
haran Africa. Children treated before one year of age with a PI-based
regimen, as recommended by the international guidelines, had at least
comparable virological outcomes in terms of undetectable VL, low and
high-level viremia and VF than children treated after two years of age
with a NNRTI based regimen. Despite this favorable outcome, children
from the ESC had surprisingly higher rates of NRTI and NNRTI HIVDR.

Higher NRTI mutations rates in the ESC may be explained by dif-
ferent factors: early treatment initiation complications, longer duration
of cART and transmitted drug resistances. First, children from the ESC
were dependent on their caregiver to take their treatment during a
longer period of time because they initiated cART earlier in life. The
caregiver's biologic relationship to the child was associated with better
adherence in some studies [33,34] and worse adherence in another
[35]. Caregivers who are also on ART may draw from their own ex-
periences to support their child's adherence [36] and non-adherent HIV
infected caregivers have more non-adherent children [37]. Presence of
a unique caregiver [35] and caregiver’s age between 25 and 44 was
associated with better adherence [38]. Treatment initiation early in life
is associated to other risk factors of suboptimal cART administration.
Emesis is a common cause of under-dosing for infants because re-dosing
is not always done [39]. Low-level drug concentration in children’s
blood due to rapid growth [40], drug interaction with rifampicin [41],
inadequate intake due to poor drug palatability or unadapted for-
mulations are involved [42,43]. Finally, transport costs to the medical
center or the need for a refrigerator to store some drugs may also lead to
treatment failures. Second, despite them being younger in 2014, chil-
dren from the ESC had a longer duration of therapy, which is associated
with decreased adherence and increased risk of resistance [44]. More-
over, infants and young children tend to be maintained a longer time
than adults on failing regimens because of difficulties with adherence
and limited treatment options [45]. Finally, the presence of HIVDR,
acquired from the mother during pregnancy, delivery or breastfeeding
may explain the higher rate of NRTI mutations in the ESC.

Higher NNRTI mutation rates in the ESC could only be explained by
the presence of resistant virus, acquired from their mothers or during
prevention of the mother to child transmission (PMTCT) with NVP,
before cART initiation. In case of failure of this prevention, infants are
at high risk to develop NNRTI resistances [46–48], which could lead to
treatment failure of NNRTI based treatment during the next years. Pre-

Table 4
HIV drug resistance in the ESC and the LSC in 2014.

ESC (29) LSC (64) p-value

High-level HIVDR 16 (55.2 %) 14 (21.9 %) 0.032
Low/Intermediate level HIVDR 0 5 (8.9 %) 0.32
No drug resistance mutation 13 (44.8 %) 45 (69.2 %) 0.023

ESC: Early starters cohort, LSC: Late starters cohort, HIVDR: HIV drug re-
sistance.
Some children with high-level HIVDR had also low or intermediate level
HIVDR, which is not reported in this table.

Table 5
Proviral mutations in the ESC and the LSC in 2014.

ESC (29) LSC (64) p-value

Any NRTI mutation 10 (34.5 %) 9 (14.1 %) 0.030
NRTI high-level HIVDR 9 (31.0 %) 9 (14.1 %) 0.087
41 L 1 1
67N 0 1
70R 0 1
74I 1 0
115F 1 0
184I/V 9 9
215Y 0 1
219E/219N 1 1
TAMs 2 4
Any NNRTI mutation 13 (44.8 %) 13 (20.3 %) 0.024
NNRTI high-level HIVDR 9 (31.0 %) 11 (17.2 %) 0.17
98G 0 3
103N 2 8
106M 2 2
108I 0 2
138A 2 0
179D 2 0
181C 5 1
188C/H 1 1
190A 0 2
221Y 0 2
225H 0 3
227L 1 0
230 1 0
Any PI mutation 3 (10.3 %) 9 (14.1 %) 0.75
PI high-level HIVDR 1 (3.4 %) 2 (3.1 %) 1
15V 1 0
30N 1 0
33F 0 1
36I 1 0
46L/I 0 6
50V 0 1
54V 0 1
58E 0 1
69K 1 0
73S 1 1
74S 1 0
82A/T 0 2
83D 1 0
Multiclass high-level HIVDR 3 (10.3 %) 7 (10.9 %) 0.75
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treatment resistances were certainly present in both cohorts. Among the
9 patients with high-level NNRTI HIVDR in the ESC, only 2 (22 %) were
treated with a NNRTI. The 7 others acquired for sure a resistant virus
from their mothers or during the PMTCT. NNRTI pre-drug resistance
(PDR) is dramatically increasing in RLS. A recent meta-analysis about
pretreatment HIVDR in children living in sub-saharan Africa described
a rate of 42.7 % of PDR among PMTCT-exposed children and 12.7 %
among PMTCT-unexposed children [49]. However, some authors stated
that viral resistance selected by prior exposure to single-dose NVP
might wane with time and allow switching to a NNRTI based regimen
[50]. Consequently, some studies have pleaded for a switch to a NNRTI
based regimen in children virologically suppressed under PI based re-
gimen [51,52] due to reduced treatment costs, less metabolic toxicities
and limited second line options. But in our study, switching from a PI to
a NNRTI based regimen could have led to VF for at least 7/29 (24 %)
children included in the ESC, due to presence of persistent primary
NNRTI mutations. Long-lived NNRTI-resistant viruses were also de-
scribed in a prospective South African Study including children who
failed HIV-prophylaxis. NNRTI-resistant HIV persisted in 26/27 (96 %)
of children with a median age of 21 month, which suggests that re-
sistance will likely persist through 36 months of age, when children
qualify for NNRTI-based ART [53]. Our results, added to those of other
studies [52,54], encourage a close monitoring of viral load in all chil-
dren, irrespective of their PMTCT exposition when switching therapy.
The current first-line ART regimen with a NNRTI for children older than
3 years could also be revised due to a prevalence of 24 % of NNRTI PDR
in our ESC. In fact, WHO recommends countries to consider changing
their first-line regimens if levels of PDR reach 10 % [55].

The switch to a second line therapy because of VF occurred in 1/3 of
children from the ESC and 6/8 of children from the LSC without any
HIVDR. This highlights the difficulties to assess adherence of children
despite the presence of experienced counselors. In case of recurrence of
VF, most of these children will not be able to access a third line therapy
due to the unavailability of the newest drugs in RLS. Genotyping allows
assessing the need to switch to another treatment in case of first- or
second-line failure in children with suspected suboptimal adherence.
Decentralized genotypic resistance testing at least at provincial level
and training for clinicians to interpret results of genotyping is an in-
creasing need in RLS [14].

In terms of proviral mutation prevalence, 18/93 (19.4 %) children
harbored the M184 V NRTI mutation, 11/93 (11.8 %) the K103 N NNRTI
mutation and 3/93 (3.2 %) harbored high-level PI HIVDR. Another study
published in 2014, analyzing HIVDR in children at VF in the
KwazuluNatal [22] also described M184 V and K103 N as the most
prevalent NRTI and NNRTI mutations. Only 1 out of 84 (1.2 %) child had
one major PI resistance. This low rate of PI-resistance probably explains
the comparable virological outcomes in the ESC and the LSC despite a
higher rate of NRTI and NNRTI in the ESC. Previous studies demon-
strated the effectiveness of LPV/r in monotherapy to treat HIV infected
people even after firs-line cART failure in RLS [47,48,56,57]. However,
LPV/r monotherapy demonstrates lower rates of virological suppression
when compared with LPV/r based triple-ARV regimen and therefore
should not be considered as a preferred treatment option for widespread
use in antiretroviral-naive patients or for second line-therapies [57,58].

This retrospective study has some limitations. We excluded all rapid
progressor-infants who died before treatment initiation in the LSC. This
could underestimate the rate of HIVDR in the LSC. The real rate of PDR
could be an underestimate, because we couldn’t assess the rate of
NNRTI PDR in children from the LSC who had NNRTI as part of their
cART. We could not determine for sure if cells from the ESC children
more often showed NRTI and NNRTI proviral mutations as a con-
sequence of the early treatment initiation or if children were infected
with a resistant virus transmitted from their mothers, because we had
no pre-treatment viral genotyping available. Due to the high maternal
mortality rate and the lack of maternal medical files, we couldn’t assess
if the mothers benefited of cART during pregnancy or breastfeeding

which could explain a higher rate of HIVDR. One technical limitation of
our nested-PCR protocol prior to the sequencing reaction itself is the
low DNA copy number input. We could speculate that children from the
ESC cohort were treated when the viral diversity was lower compared
to the LSC cohort, therefore enabling an easier detection of resistant
variant proviruses. Finally, we sequenced proviruses because most of
the children had undetectable VL. The proviruses represent all the viral
genomes included in the human cells but not all replicative viruses,
which are better detected with viral RNA. Therefore proviral DNA se-
quencing can pick up some hypermutated defective viruses, introducing
the theoretical bias of detecting mutations at codons involved in drug-
resistance that were introduced due to the APOBEC activity in cells
rather than selected because of incomplete VL suppression under drug
pressure. As the number of substitutions compared to reference strains
was low in our sample set, that effect have few consequences if any on
the global patients’ cohort results. Proviruses HIVDR are thus inter-
esting from an epidemiological point of view to assess the risk of HIVDR
in the general population before VF occurs.

5. Conclusions

The recommendation to treat all HIV-infected children as early as
possible will increase the number of infants under lifelong treatment.
The present study underscored the long-term benefits of cART as both
cohorts were virologically suppressed.

However, it must be emphasized that proviruses sequenced from
children included in the ESC more often harbored NRTI and NNRTI
mutations due to multiple factors as their young age at treatment in-
itiation, longer duration of therapy and pre-existing drug resistances.

The long-term persistence of NNRTI mutation is a risk factor of
treatment failure in case of NNRTI initiation even after 3 years of age.
Guidelines for cART initiation and switch should consider this limit in
RLS and assess the possibility to introduce other classes of antiretroviral
drugs like integrase inhibitors. Moreover, higher rates of NRTI muta-
tions in the ESC could lead to a functional PI-monotherapy, which is a
risk factor for viral escape.

Better access to HIV genotyping in RLS will be essential in the next
years to avoid unnecessary therapy switches in case of VF or to assess
susceptibility to NRTI and NNRTI as part of the cART.
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