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Abstract
Background—HIV-infected children may require the use of combination antiretroviral
treatment (cART) into adulthood. However, regimens are limited to first- and second-line in many
African settings. Therefore, understanding the long-term rate of virologic failure and drug
resistance during prolonged antiretroviral treatment is important for establishing treatment
strategies in African pediatric cohorts.

Methods—Children ages 18 months to 12 years initiated first-line cART and were followed
every 1–3 months, for up to 5.5 years. Treatment was switched to second-line based on clinical
and immunologic criteria according to national guidelines. Virologic failure was determined
retrospectively as defined by ≥2 viral loads >5000 copies/mL. Drug resistance was assessed
during viral failure by population-based sequencing.

Results—Among 100 children on first-line cART followed for a median 49 months, 34%
experienced virologic failure. Twenty-three (68%) of the 34 children with viral failure had
detectable resistance mutations, of whom 14 (61%) had multi-class resistance. Fourteen (14%)
children were switched to second-line regimens and followed for a median of 28 months.
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Retrospective analysis revealed that virologic failure had occurred a median of 12 months prior to
the switch to second-line. During prolonged first-line treatment in the presence of viral failure,
additional resistance mutations accumulated, however, only 1 (7%) of 14 children had persistent
viremia during second-line treatment.

Discussion—Virologic suppression was maintained on first-line cART in two-thirds of HIV-
infected children for up to 5 years. Switch to second-line based on clinical/immunologic criteria
occurred ~1 year after viral failure, but the delay did not consistently compromise second-line
treatment.

BACKGROUND
Combination antiretroviral therapy (cART) has transformed the natural course of pediatric
HIV-1 from a rapidly fatal illness into a chronic disease.1,2 In Africa where the majority of
the world’s 2 million HIV-1 infected children reside, improved access to early infant HIV-1
diagnosis, rapid scale-up of antiretroviral drug programs, and current guidelines that
recommend initiating treatment in all infants irrespective of CD4 count or clinical disease
stage, have all contributed to better survival.3 As children with HIV-1 survive longer on
cART, greater emphasis is being placed on the importance of long-term viral suppression.
Two recent pooled analyses on the effectiveness of ART in resource-constrained settings
found that between 40% and 81% of children have complete virologic suppression by 12
months of treatment.4,5 While there is substantial literature describing outcomes during the
first year of therapy, there is a scarcity of data on longer-term outcomes among cART–
treated African children.6,7 Similarly, data on the frequency and pattern of genotypic
resistance mutations that arise in response to first-line therapy in this population is largely
limited to the first year of treatment.8,9

The standard of care in resource-limited settings does not include virologic monitoring and
instead relies on clinical and immunologic criteria to indicate failing regimens.3 However,
increasing evidence suggests that clinical and immunologic failure may not adequately
detect failing regimens in HIV-1 infected children10,11 and that prolonged treatment on
failing regimens may accelerate the emergence of multi-class resistance.12,13 It is anticipated
that a large number of the children currently on first-line cART will require second-line
therapy in the next few years, and therefore it is important to define the pattern of resistance
mutations that arise in African cohorts where HIV-1 non-subtype B is predominant. We
describe the pattern of virologic failure and genotypic resistance in a cohort of Kenyan
children followed for 3–5 years after treatment initiation.

METHODS
The Pediatric Adherence Study is a prospective cohort established in 2004 to study long-
term outcomes of HIV-1 infected Kenyan children initiating cART as previously
described.14,15 Children were recruited from the Kenyatta National Hospital (KNH)
pediatric wards and HIV Care Clinic and were enrolled after receiving written informed
consent from their legal guardians. Antiretroviral-naïve HIV-1 infected children aged 18
months to 12 years who met clinical (WHO stage 3–4) or immunologic (CD4 <15%)
criteria, which were the WHO recommended criteria for starting cART at the time the study
was conducted, were started on NNRTI-based cART. Thus, initiation of cART and the
follow-up in this cohort was similar to what other Kenyan children received at the time,
except that entry into the study depended on being hospitalized at KNH, and therefore this
cohort represents children that were sick at the time of enrollment. The specific drugs used
in first-line regimens were selected as previously described.14 The decision to switch to a
second-line regimen was based on clinical or immunologic criteria according to the current
Kenyan National Guidelines.16 Children were followed prospectively at the KNH research
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clinic at monthly intervals in the first year, and 3-monthly visits subsequently. At every visit,
clinical assessment was performed and self-reported adherence was obtained from the
caregiver by 3-day and 2-week recall of missed doses. Caregivers were asked to bring the
medication, including empty bottles, to each clinic visit. In all cases, the caregiver was either
a parent or close family member including grandparent, uncle or aunt. Overall adherence
was the average percent adherence for all clinic visits. CD4 counts were determined using
FACSCOUNT® BD Biosciences (Franklin Lakes, NJ) and CD4% determined using a dual
platform for absolute lymphocyte count from the Humalyser® hematology analyzer using
blood collected at enrollment, months 3, 6, 15, and every 6 months thereafter.

Viral Load Testing and Virologic Failure
Plasma samples that were collected every 3-months during the first year and 6-monthly
thereafter were frozen and shipped to Seattle, Washington in liquid nitrogen and stored at
−80°C until use. HIV-1 RNA levels were measured by the Gen-Probe HIV-1 viral load
assay (Gen-Probe, San Diego, CA), which has been validated on the subtypes prevalent in
Kenya.17 We considered a child to have virologic suppression if their viral load dropped and
remained below 5000 copies/mL after treatment initiation based on the current WHO
definition of viral failure in children.3 Virologic failure was classified into two categories:
Incomplete viral suppression in which a child’s viral load failed to drop below 5000 copies/
ml after ≥3 months of therapy, and viral rebound in which a child’s viral load rose above
5000 copies/ml for ≥2 viral load measurements after a period of initial suppression, or if the
last sample available was >5000 copies/ml.3

Genotypic Resistance Testing
For all children who experienced virologic failure, we performed genotypic resistance
testing at baseline (pre-ART) as well as on either the first or second sample that had a viral
load >5000 copies/mL. In children with detectable resistance at the initial point of viral
failure, resistance testing was also performed on the last sample available during first-line
cART (prior to initiating second-line cART or at the end of follow-up in children who were
not switched). To detect mutations known to confer drug resistance, population-based
sequencing was performed on HIV-1 RNA extracted from 140ul of plasma as previously
described18. Briefly, a 645bp region of HIV-1 pol was amplified in duplicate using nested
RT-PCR on RNA normalized to 500 viral copies per reaction. Three sequencing reactions
were performed on each duplicate PCR product. The sequences were analyzed using
Sequencher, Version 4.5 (Gene Codes Co., Ann Arbor, Michigan). To differentiate mixed
peaks from background noise, a line was drawn such that 95% of secondary peaks were
below the line. A site was defined as a “mixed peak” if the secondary peak was above
background in at least 3 of 4 sequences. A consensus sequence was submitted to the
Stanford University HIV Drug Resistance Database (http://hivdb.stanford.edu/) for
interpretation of drug resistance. In replicate reactions of known mixtures of wild-type and
mutant sequences, we reliably detected mutant sequences present at ≥20% of total sequence
with this method (data not shown).

Statistical Methods
We compared baseline characteristics in children who failed cART to those who did not fail
using Pearson Chi Square and Mann-Whitney tests for categorical and continuous variables,
respectively. A linear mixed effects model was performed to model the association of
immunologic response with virologic response. We performed univariate Cox proportional
hazards to model factors associated with virologic failure. The Cox proportional hazard
assumptions were confirmed by comparing slopes of the log-log survival plots for each
variable and by the global test for proportional hazards based on the schoenfeld residuals. In
children who experienced viral failure, univariate logistic regression was performed to
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model the association with resistance mutations. All analyses were performed with Stata
version 9.2 (College Station, Texas, USA).

RESULTS
One hundred forty-nine children were enrolled and initiated cART between August 2004
and December 2006. Of those enrolled, 14 children did not have a baseline viral load sample
available, and 35 children either died or were lost to follow-up before their next scheduled
appointment. The remaining 100 children had viral load results available at baseline as well
as a median of 9 (range: 1–14) viral load results after cART initiation and were included in
the analysis. During follow-up on first-line treatment, 3 of the 100 children died and 16 were
lost to-follow-up, and 1 of 14 children died during second-line treatment. The median
follow-up of the 100 children on cART was 49 months (IQR 35–60 months).

Baseline characteristics of these 100 children are shown in Table 1. At enrollment, the
median age was 4.5 years, and 33 (33%) of the children were <3 years of age. Fifty-three
percent were female and 89% were classified as WHO clinical stage 3–4. The median
baseline CD4% was 6.8 and median viral load was 6.0 log10 copies/mL. None of the
children’s mothers had received antiretroviral drugs to prevent mother-to-child transmission
(PMTCT). In addition, all but one of the children were antiretroviral naïve at cART
initiation, as they were infected before prophylaxis for PMTCT was widely available. The
first-line cART regimen in this cohort consisted of zidovudine (ZDV) plus lamivudine
(3TC) with an NNRTI in 75 (75%) children while stavudine (D4T) plus 3TC in combination
with an NNRTI was used in 25 (25%) children. The NNRTI backbone consisted of
nevirapine (NVP) and efavirenz (EFV) in 57 (57%) and 34 (34%) children, respectively.

Virologic Response
In the majority of the 100 children who initiated treatment, virus levels were successfully
suppressed during first-line cART (Figure 1A). Thirty-four children (34%) had virologic
failure at a median of 9 months from cART initiation (IQR 6–20 months). Twenty (59%) of
the 34 children who experienced virologic failure did so during the first year of cART while
an additional 8 (24%) failed during year 2. Twenty-five (74%) children with virologic
failure initially suppressed their virus and later experienced viral rebound, while the
remaining 9 (26%) never had complete viral suppression.

Immunologic Response Associated with Virologic Outcome
Out of the 100children, CD4 results were available both at baseline and after 6 months of
cART for 81 children, after 15 months of cART for 77 children, and in 59 children by 57
months of first-line cART. In all children with available CD4 results during first-line cART,
the median CD4% rose from 6.9% at baseline to 17% at 6 months, to 21% by 15 months,
and 34% by 57 months (Figure 1B). Based on a linear mixed effects model, children who
experienced viral failure had a trend towards a lower CD4% at baseline (12.7% vs 15.9%,
p=0.08). Over time during first-line, the rate of increase in CD4% was lower in those with
viral failure compared to children who continued to suppress their virus while on first-line
(increase of 2.5% versus 3.3% per year, p=0.016). This suggests that children with virologic
failure experienced a significantly poorer CD4 response.

Predictors of Virologic Failure
Children who experienced virologic failure were younger at enrollment than those with viral
suppression (median age 3.3 versus 4.7 years), but the difference was not statistically
significant (Mann-Whitney: p=0.07, Table 1). When age was dichotomized to above or
below 3 years, children <3 years at cART initiation, had increased likelihood of
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experiencing virologic failure (HR=2.25 (95%CI 1.14, 4.42), p=0.02) using either a
univariate cox proportional hazard model (Table 2) or a chi-squared analysis (data not
shown). None of the other baseline characteristics including sex, WHO clinical stage,
weight-for-height Z-score, log viral load, CD4%, type of NRTI or NNRTI in first-line
regimen, or adherence were predictive of virologic failure (Tables 1 and 2). When
multivariate analysis was done using Cox proportional hazard models, the results were
similar (data not shown).

Genotypic Resistance at Virologic Failure During First-line Treatment
Twenty-three (68%) of the 34 children with virologic failure had mutations associated with
drug resistance at the initial point of virologic failure. This constitutes 23% of the overall
cohort. Of children with initial viral suppression followed by rebound, 72% had detectable
resistance mutations, while only 56% of those whose virus was never suppressed had
resistance (p=0.37). We performed univariate logistic regression to assess potential
predictors of resistance and found no significant associations. However only 34 children
with viral failure were tested for resistance, and therefore, power was quite limited. Overall
adherence was not associated with development of resistance as 11/23 (48%) children with
resistance mutations were less than 100% adherent, while 7/11 (64%) children without
resistance mutations were <100% adherent (p=0.39).

Table 3 provides a list of all 23 children with specific resistance mutations. Overall, 2 (9%)
of the 23 children with resistance had mutations to NRTIs only, 7 (30%) children had
resistance to NNRTIs only, and 14 (61%) had multi-class resistance (Table 3). Multi-class
resistance was prevalent (n=13, 52%) in children that experienced viral rebound, but was
rare (n=1, 11%) in children with incomplete viral suppression (p=0.03, ^ in Table 3). The
most common resistance mutation was M184V present in 15, followed by K103N and
G190A/S in 11 and 7 children, respectively. Four children had thymidine analogue
resistance mutations (TAMS)19, including M41L, D67N, K70R, T215Y, and K219EQ. Only
one child had resistance to the first-line regimen detectable at baseline, with a single
mutation, V179D (data not shown) that confers low-level resistance to NNRTIs.

Accumulation of resistance during extended first-line treatment in the presence of
unrecognized viral failure

The decision to switch to second-line therapy, which included three new drugs according to
Kenyan Ministry of health guidelines, were based on clinical and/or immunologic criteria
because viral load testing was not routinely available in 2004 when this cohort began (and is
still not widely available in many parts of Kenya). Fourteen children (14%) were switched to
second-line regimens (ritonavir-boosted lopinavir) due to clinical and/or immunologic
failure at a median of 30 months (IQR 18–36), 12 of whom experienced viral failure prior to
switch (Supplementary Figure 1A). Using archived samples, we observed that 12 (86%) of
the children that had been switched based on clinical criteria had experienced virologic
failure at a median of 9 months (IQR 8–17), indicating that virologic failure occurred well
before clinical and immunologic deterioration. The delay between viral failure and switch to
2nd-line treatment can be seen in Supplementary Figure 1B. Eleven (92%) of these 12
children (* in Table 3) had resistance detectable at the initial point of viral failure, 10 (91%)
of which had multi-class resistance. The median delay on first-line cART in the presence of
unrecognized virologic failure was 12.5 months (IQR 10–19). In addition, of 34 children
with viral failure, 22 were not switched to second-line but had evidence of viral failure using
retrospective samples. However, only 12 (55%) of these 22 (denoted by # in Table 3) had
detectable resistance mutations at the initial point of viral failure, 4 (33%) of which had
multi-class resistance. After extended first-line treatment in the presence of unrecognized
viral failure, we performed resistance testing on the last sample during first-line treatment in
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23 children with samples available. Eighteen of these 23 children accumulated additional
mutations during the extended time on first-line cART (Table 4). While the majority of
children already had multi-class resistance at the initial point of viral failure (Table 3), 6 of
10 children tested that initially had either no mutations or only single-class resistance,
accumulated multi-class resistance after extended first-line cART.

Virologic Suppression and Resistance After Switch to Second-line treatment
In children who were switched to ritonavir-boosted lopinavir, the median duration of
virologic follow-up on this regimen was 28 months, during which time 5 (38%) children had
at least one viral level above 5000 copies/mL. However during the entire follow-up period
on second-line treatment, only one child had sustained viral levels >5000 copies/mL, while
the remaining 4 had only intermittent viremia. Only one of these 5 children had evidence of
protease resistance during intermittent viremia and at baseline, with a minor mutation (L10I)
which can occur in untreated individuals and is only associated with resistance to protease
inhibitors (PIs) when present with other mutations.

DISCUSSION
In this cohort of HIV-1 infected Kenyan children, we observed a virologic failure rate of
34% during a median of 49 months on first-line NNRTI-based cART. This is comparable to
the viral failure rates seen in other pediatric cohorts in similar settings.7,8,20 The median
time to virologic failure on first-line treatment in our study was 9 months, and it is notable
that 82% of those that experienced virologic failure did so during the first 2 years on cART.
Thus, the rate of failure was low in children who maintained viral suppression at 2 years.
The major strength of our study is the long follow-up, which demonstrates that durable
virologic response is an achievable goal in at least two-thirds of HIV-1 infected children
treated with first-line cART in similar settings. Nevertheless, the proportion of children who
experienced early virologic failure is cause for concern and indicates the need to further
optimize adherence, especially in the initial months of treatment.

In this cohort, younger children had a higher likelihood of virologic failure even after
controlling for baseline viral load, similar to previous findings.21 This could result from sub-
therapeutic drug levels in younger children due to lower adherence or differences in
pharmacokinetics. We did not monitor drug levels and therefore cannot confirm the
possibility of sub-therapeutic treatment. However, younger children are fully dependent on a
caregiver for drug administration and only 36% of our cohort reported disclosure to other
family members, implying that the pool of potential caregivers able to administer medication
in the event of the primary caregiver’s absence was limited. Although we inquired about
missed doses and spitting out of medications, this information was based on self-report and
may not be accurate. A study in the same facility found that self-report overestimates true
adherence when compared to pharmacy records.22 In addition, pharmacokinetic data for
most antiretroviral drugs is poorly defined for young children and under-dosing may occur.
These findings suggest that younger children should be prioritized for virologic testing in
settings where access to viral monitoring is available on a limited basis.

Aside from age, no other baseline characteristics were associated with viral failure, however
our sample size was limited to 100 children total, and only 34 experienced viral failure, thus
power was limited. In contrast to findings from a study in Uganda, we did not find that low
baseline CD4 or type of NRTI backbone predicted virologic failure.8 In the Ugandan cohort
(n=222), with shorter follow-up (12 months), lower baseline CD4 counts, male sex, and use
of D4T-based treatment was associated with virologic failure. The smaller size of our study
and homogeneity of baseline CD4 may explain the lack of detecting a similar association.
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Two-thirds of the children with viral failure had resistance detectable at the point of failure,
the majority of whom had 2 or more clinically relevant mutations resulting in multi-class
resistance. At the point of virologic failure, the two most common mutations found were
M184V, which confers high-level resistance to lamivudine, and K103N, which confers
resistance to all first-generation NNRTIs. This is similar to findings from studies in Uganda,
Central America, and Cote d’Ivoire and is in part due to the low genetic barrier to resistance
for lamivudine and NNRTIs.23–25 The virus that bears the M184V mutation has been found
to be relatively unfit, incapable of rapid replication, and has increased susceptibility to
zidovudine, which may explain why a number of children in our cohort who remained on
ZDV in the presence of virologic failure were clinically stable.26 In fact, in children in our
cohort on ZDV-based cART, viral load was significantly lower at rebound compared to
baseline in children with detectable M184V compared to children whose mutations did not
include M184V (data not shown, P=0.01). The WHO guidelines were recently revised to
retain lamivudine in second-line pediatric regimens due to the high prevalence and poor
replicative capacity of M184V, and our findings confirm the relevance of these guidelines
for Kenya.

TAMs and K65R were found at viral failure in 4 and 1 child, respectively, which was less
frequent than the prevalence of NNRTI-associated mutations in our cohort, but higher than
the prevalence observed in a large cohort in South Africa.27 These mutations limit the
choice of second-line regimens and therefore present a challenge to children failing
thymidine-based first-line.27 The Kenyan national guidelines were revised to give
preference to abacavir over zidovudine in first-line ART to lower the potential for
development of TAMs.16

One-third of children in our cohort who experienced virologic failure had no detectable
resistance at the initial point of viral failure. The most plausible explanation for lack of viral
suppression in these children is poor adherence. In the absence of resistance, it is possible
for children to achieve virologic suppression if adherence is improved. Previous studies
provide evidence that targeted counseling can lead to viral suppression, averting the need for
second-line regimens.28,29 Therefore, as virologic testing becomes increasingly available in
these settings, optimizing adherence should be the first approach to addressing viral failure
when resistance testing is not available.

In our study, 22 children who did not meet the clinical criteria to switch to second-line
cART had evidence of viral failure upon retrospective testing. However, only 12 (55%) of
these children had evidence of antiretroviral resistance at viral failure. Thus, for 10 (45%)
children viral suppression could possibly have been achieved with better adherence. These
findings underscore the importance of resistance assays, which when available, add critical
information to viral load assays to guide treatment.

Switch to 2nd-line treatment was based on clinical or immunologic failure, which lagged
viral failure by an average of 12 months. This extended period on first-line treatment in the
presence of unrecognized viral failure resulted in the accumulation of additional resistance
mutations in 18 of 23 children, and multi-class resistance often developed in children who
had only single-class or no resistance at the onset of viral failure. There is evidence from
other studies that this lag in switching to second-line treatment is associated with increased
mortality rates, particularly when the first-line is NNRTI-based.30 A recent study found viral
loads of >5000 copies/ml was associated with a nearly doubled risk of developing a WHO
stage 3–4 event, independent of CD4 count, hemoglobin level and body mass index,31.
Thus, our study suggests that increased access to virologic testing may be useful for early
detection of treatment failure and could improve treatment outcomes.
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The number of children in our cohort who were switched to PI-ART was relatively small
(n=14). However, a long follow-up (median 28 months after switch) showed that persistent
virologic failure on second-line was rare. This was true although 10 of the 14 children that
switched to PI-ART had detectable resistance to both NRTIs and NNRTIs prior to the
switch, suggesting that PI-monotherapy may be effective in some children as shown in
recent studies.32,33 Despite the lag following virologic failure on first-line, most sustained
viral suppression on PI-therapy well beyond 2 years, and the emergence of detectable
protease resistance was rare. This is reassuring in settings where third-line regimens,
including second-generation boosted PIs or integrase inhibitors, are not feasible due to high
cost.

Limitations of this study include the fact that the cohort was established primarily for
research, which may somewhat limit generalizability. Resistance was assessed by
population-based sequencing, which only detects resistant virus that comprises >20% of the
viral population, and therefore it is possible that we missed resistance mutations present at
lower frequencies in these children. In addition, the cohort was established in the pre-
PEPFAR period, when access to ART was critically limited and therefore may represent
very sick children and self-selected survivors. Baseline CD4% at cART initiation in this
treatment program has progressively risen from 5%, when this cohort was established, to
about 13% currently. Finally, this cohort did not have children with perinatal antiretroviral
exposure and hence the findings may be less relevant to children with prior PMTCT
exposure. Strengths of the study include the long follow-up with serially detailed viral and
resistance data.

In summary, approximately a third of long-term cART-treated children experienced
virologic failure during ~4 year follow-up, the majority of whom had antiretroviral drug
resistance. Viral load assays may decrease the lag to treatment switch, and thus lessen the
accumulation of additional mutations. However, without resistance assays it is not possible
to distinguish failure due to non-adherence from viral rebound due to resistance. Children
had excellent suppression on second-line therapy despite the lag in detection of viral failure.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Viral load and CD4 kinetics during first-line cART
Changes in (A) log10 viral load and (B) CD4 percent during first-line cART in the 100
children included in the study. The horizontal bar at the center of each box plot represents
the median value, the top and bottom of each box are the 75th and 25th percentiles,
respectively. The upper bound and lower bounds of the whiskers are the largest data point ≤
75th percentile + 1.5*IQR and the smallest data point ≥ 25th percentile − 1.5*IQR,
respectively. Observed data points beyond these bounds are plotted as filled circles.
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Table 2

Predictors of virologic failure using univariate Cox hazard models#

Baseline Characteristic N* HR (95% CI) p-value

Age < 3 years 100 2.25 1.14, 4.42 0.02

Sex (female) 100 0.84 0.43, 1.64 0.60

WHO Clinical Stage 3–4 97 0.76 0.29, 1.97 0.57

Weight-for-height z score <−2 92 0.97 0.40, 2.38 0.95

Log10 HIV-1 RNA >6 100 1.76 0.88, 3.51 0.11

CD4 percent <15 % 97 1.01 0.44, 2.33 0.98

Adherence by caregiver report <100 % 100 0.64 0.33, 1.26 0.19

#
Time zero for the Cox hazard models was the time of first-line treatment initiation. Censoring included: viral failure, switch to second-line cART,

loss to follow-up, or last follow-up visit available at the time of analysis.

*
The number of children included in each univariate analysis
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Table 4

Accumulation of resistance mutations during the lag between viral and immunologic failure on first-line cART

ID§ months on
1st line after
viral failure

Resistance following extended 1st line
treatment during viral failure□

Accumulation of new
resistance mutations

PADX1* 9 T69N, Y181C, M184V + Ψ

PADX2* 12 K103N, V108IV, M184V +

PADX9* 8 K101E, M184V, G190A −

PADC1* 13 D67del, T69G, K70R, K101H, M184V, G190S, T215F, K219E +

PADD9* 8 M41L, D67N, K101EK, Y181C,M184V, T215F +

PADF2* 6 D67N, K70R, K103N,M184V, K219E +

PADG5* 17 D67N, K70R, K103S, M184V, T215F, K219E +

PADH3* 40 D67N, T69N, K70R, A98G, M184V, G190A, T215F, K219Q + Ψ

PADK4* 6 L74V, Y115F, Y181C, M184V − Ψ

PADM8* 17 K103N, M184V, T215TF +

PADA1# 27 K103N, M184V +

PADJ6# 23 K101EQ, M184V, G190S +

PADP6# 27 K103KN + Ψ

PADB2# 3 K101EK, K103N, M184V +

PADC9# 7 K101E, M184V, G190A + Ψ

PADG6# 50 L74V, Y115F, M184V +

PADH8# 35 M41L, D67N, V179E, M184V, G190A, L210W, T215Y +

PADL8# 1 K103KN, G190AG −

PADL4#, ^ 23 K103N, M184V +

PADP4#, ^ 26 A98AG, K101EQ, M184V, G190A +

PADA7#, ^ 19 K103N, V108VI, M184V +

PADC6#, ^ 34 none −

PADD1#, ^ 3 none −

§
Some ID numbers present in Table 3 are not included here because some children did not have additional follow-up samples on first-line cART

*
Switched to PI-based cART based on clinical or immunological criteria

#
Remained on first-line cART during follow-up

^
No resistance detected at the initial point of viral failure

□
Mutations in bold were not present at the initial point of viral failure

Ψ
Had a mutation at the initial point of failure that was no longer detectable after extended 1st-line cART (compare to Table 3)
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