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Abstract

Background—Without virologic testing, HIV-infected African children starting antiretroviral
(ARV)-therapy are at risk for undetected virological failure and the development of ARV-
resistance. We sought to determine the prevalence of early virologic failure (EVF), to characterize
the evolution of ARV-resistance mutations, and to predict the impact on second-line therapy.

Methods—The prevalence of EVF (HIV-RNA >400 copies/mL on sequential visits after 6
months of therapy) was identified among 120 HIV-infected Ugandan children starting ARV-
therapy. ARV-mutations were identified by population sequencing of HIV-1 pol in sequential
archived specimens. Composite discrete genotypic susceptibility scores (dGSS) were determined
for second-line ARV-regimens.

Results—EVF occurred in 16 (13%) children and persisted throughout a median (IQR) 938
(760-1066) days of follow-up. M184V and non-nucleoside-reverse-transcriptase-inhibitor-
associated mutations emerged within 6 months of EVF; thymidine-analog-mutations arose after 12
months. Worse dGSS scores correlated with increasing duration of failure (Spearman R = —0.47,
p=0.001). Only 1 child met World Health Organization CD4 criteria for ARV-failure at the time of
EVF or during the follow-up period.

Conclusions—A significant portion of HIV-infected African children experience EVF that
would be undetected using CD4/clinical monitoring and resulted in the accumulation of ARV-
mutations that could compromise second line therapy options.
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Introduction

Methods

There are over two million children living with HIV, 90% of whom are in Sub-Saharan
Africa.1 While the number of children receiving antiretroviral (ARV) therapy continues to
increase, 2 access to optimal laboratory monitoring with viral load testing remains limited.
As a result, most African providers must make decisions about ARV therapy based on
World Health Organization (WHO) immunologic and clinical guidelines,375 leaving HIV-
infected children at risk for “unrecognized” virologic failure and the subsequent
development of antiretroviral resistance. Cross sectional studies have demonstrated ARV
resistance mutations in African children with virologic failure,6: 7 but data on evolution of
ARV resistance— which resistance mutations arise first and after how much time with
virologic failure — are limited. Such information is needed to evaluate the impact of
unrecognized virologic failure and to inform optimal ARV management in this population.

Using archived specimens and data from a cohort of HIV-infected Ugandan children, our
aims were to determine: 1) the prevalence of “early virological failure’ (EVF) defined as
sustained HIV viremia beginning after six to nine months of ARV therapy, 2) the prevalence
of ARV-resistance mutations after different durations of virologic failure and the discrete
genotypic susceptibility scores (dGSS) of these isolates and 3) if cases of EVF would be
identified using the 2010 WHO immunologic criteria for treatment failure.5

Study participants

We evaluated virologic responses in a cohort of HIV-infected Ugandan children in Kampala,
Uganda.8 Children received acute and routine monthly care at the study clinic using
standardized diagnostic protocols that assigned WHO stage. Plasma HIV RNA levels (range
of detection 400 to 750,000 copies/mL, Roche Amplicor Version 1.5, Pleasanton, CA, USA)
and CD4 cell counts and percentages were measured at 12 week intervals (FACS Calibur,
Becton Dickinson, San Jose, CA) at a College of American Pathologists—certified
laboratory; excess plasma was archived when available. Among the 300 children in the
cohort, 35 were already receiving ARV therapy at the time of enrollment. ARV therapy was
initiated in 114 additional children during cohort follow-up, using the CD4 and clinical
criteria of the Ugandan national and World Health Organization 2006 guidelines3 (with
addendum in 20084). For the present study, we included all children who were receiving
ARV-therapy, had at least two plasma HIV RNA values, and had the first value in the 6-9
month period following ARV therapy initiation. History of perinatal nevirapine use by
mother and/or infant was obtained by parental interview. A visual analog scale in which
parents or guardians estimated adherence was determined at monthly visits9; the mean
adherence over the first 6 months of therapy was estimated for each child.

Early Virologic Failure

EVF was defined as having plasma HIVV RNA levels of >400 copies/ml on two successive
visits, with the first occurring in the six to nine month period after ARV initiation.

ARV Resistance Mutation Testing

ARV resistance mutations were investigated using available banked plasma specimens. The
duration of failure that preceded each specimen was estimated using three months from
ARYV initiation as the starting time point. A reverse transcriptase PCR-based population
sequencing protocol8' 10 was adapted for use with non-subtype B virus using outer primers:
ClIPol Fin ( 5-GGAAGAAATHTGTTGACTCAGATTGG-3') and OutRT Bin(5'-
CATTGCTCTCCAATTRCTGTGATA-3'); and inner primers ClPol Fin, 3RT Bin: 5'-
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CCCATCCAAAGRAATGGAGGTTCTTC-3' in a hemi-nested format. PCR products were
purified using the Qiagen Qiaquick PCR cleanup kit. Bi-directional cycle sequencing was
performed on PCR products without additional cloning using ABI PRISM dye terminator
chemistries and resolved on an ABI Automated Genetic Analyzer. The default ABI base
caller was employed that typically identifies minority populations of 20 to 30% but the
sequence data were additionally aligned and manually edited using Sequencher 4.9
(Genecodes, Ann Arbor MI) with HXB2 as the reference sequence. Genotypic resistance
mutations were defined using the 2009 International AIDS Society-USA drug-resistance
mutation guidelines and Stanford HIVdb (http://hivdb.stanford.edu).11714 Mixtures were
designated with standard ambiguity codes when detected in both forward and reverse
directions at approximately 20% or greater minor variant.

Prediction of ARV susceptibility

To generate discrete genotypic susceptibility scores (dGSS) scores we utilized the
HIVdb(http://hivdb.stanford.edu), which predicts the activity of individual and combinations
of ARV medications for a given isolate by evaluating specific mutations with a database of
genotypic-phenotypic and genotypic-clinical correlations.11°13 Because the data underlying
dGSS assignments are disproportionately influenced by observations made on subtype B
virus we opted to use a more conservative dichotomous designation of fully susceptible (1)
or not fully susceptible (0) and omitted the category of “intermediate” susceptibility in this
analysis. Three-drug regimens could yield combined scores of 0 (no fully susceptible drugs)
to 3 (three fully susceptible drugs). dGSS scores were calculated for each subject according
to : 1) current regimen and 2) the standard Ugandan second-line regimen of didianosine
(DDI), abacavir (ABC), and ritonavir boosted lopinavir (LPVTr).

WHO Clinical and Immunologic Criteria

Statistics

Results

Per the 2010 WHO guidelines, the immunologic definition of treatment failure is
“characterized by a drop in the CD4 to values at or below the age-dependent values,” or “a
failure of the CD4 count to rise above these threshold values,” which are “CD4 count of
<200 cellsymm3 or %CD4+ <10% for a child more than 2 years to less than 5 years of age
and CD4 count of <100 cells/mma3 for a child 5 years of age or more.”5 CD4 data from all
visits for each child starting at the time of EVF and ending on the date of the last available
archived plasma sample were evaluated to determine WHO ARV-switch eligibility.

Median demographic and laboratory measures were compared between EVF and non-EVF
children using the non-parametric Kruskall-Wallis Test. Susceptibility scores were tested for
a correlation with increasing time of virologic failure using the Spearman rank correlation
test.

A total of 120 HIV-infected children with a median (IQR) age of 5.4 (3.2 to 8.0) years had
initiated ARV therapy and were included in this study. The children received nevirapine
(NVP) or efavirenz (EFV), plus a combination of lamivudine (3TC) with either zidovudine
(ZDV) or stavudine (D4T) as follows: 19 (16%) on NVP/3TC/ZDV, 17 (14%) on NVP/
3TC/DAT, 73 (61%) on EFV/3TC/ZDV, and 7(6%) on EFV/3TC/ZDV:; four (3%) children
initially received ABC/ZDV/3TC because of concurrent anti-tuberculosis therapy and then
changed to NVP/ZDV/3TC after 154-237 days of ARV therapy.
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Early Virologic Failure

EVF occurred in 16 (13%) children. Children with EVF were younger than those without
EVF, with median (IQR) age of 2.5 (2.2-3.0) years compared to 6.2 (3.7-8.2) years,
respectively (p<0.001). At the time of EVF, the median (IQR) plasma HIV RNA level (IQR)
was 4.9 (4.2-5.1) logo (copies/ml). Most (15 of 16) children with EVF had sustained
viremia throughout the follow-up period (median 938 days, IQR: 760-1066 days) with
plasma HIV RNA levels > 400 ¢/ml [median: 4.7 log10(c/ml), IQR:4.3-5.0 log10(c/ml)].
One child developed undetectable plasma HIVV RNA by day 349. Of note, there were six
additional children that had a single plasma HIV RNA level of > 400 (c/ml) in the six to
nine month period after ARV-initiation, but because subsequent levels were < 400 (c/ml)
they did not meet the definition of EVF. Baseline (pre-ARV) CD4 and HIV RNA measures
were only available for the subset of children who had initiated ARV therapy after joining
the cohort, including children with (7/14) and without (89/106) EVF; among them, children
with EVF had higher median CD4 count (623 vs 235, p=0.04) and plasma HIV RNA level
(5.4 vs 5.1 logyg(copies/ml), p<0.01) but similar CD4 percentages (6.5 vs. 9.0, p=0.21).
Monthly adherence data was available from at least 2 visits for 13 children with EVF and
102 without; the mean reported adherence was greater than 99% in both groups.

ARV-Resistance Mutations

Genotypic analysis was successful in 40 samples from 14 of 16 children with EVF (Tables
la and 1b). M184V mutations were detected as early as 1.5 months of failure and at nearly
every time point (39 of 40) tested. Thymidine-analog-mutations (TAMS) were not detected
until after 12 months of failure and were frequently present as mixtures of wild-type and
mutant variants. Mutations conferring resistance to NVP and EFV were present in the
majority of children starting as early as after one to six months of failure. Mutations
predicted to confer resistance to etravirine (EL38A, Y181C, G190A) were present in five of
the nine children with samples available in the first six months of failure; two of the seven
children with samples in the seven to 12 month range had two etravirine associated
mutations. Of note, the mothers of subjects 3 and 4 had a history of single dose nevirapine
use for perinatal transmission prevention, but whether either child received nevirapine
around birth was unknown. No history of ARV use by either mother or child was reported
for the other subjects.

Discrete genotypic susceptibility scores (dGSS)

Predicted resistance to the current regimens increased significantly with duration of failure
(Spearman R = —0.50, p=0.001) (Figure 1a). Predicted resistance to what would be the
standard second-line ARV regimen (ABC/DDI/LPVr) also increased significantly over
duration of failure (Spearman R = —0.47, p=0.001). Notably, nine of 14 children (64%) had
only one active second line drug predicted by the third tertile of failure (19-28 months).

CD4 Outcomes and WHO Criteria

CD4 count and percentages in the six to nine month period after ARV therapy initiation
were similar between those with and without EVF, respectively: median (IQR) 926
(730-1024) vs. 746 (472-1102) (p=0.10) cells/ul and 23(16-28) vs. 24(20-30) (p=0.30).
During the median 903 days (range: 382-1254 days) of follow-up, only 1 of 16 child
(Subject 1, Tables 1a and 1b) met the 2010 WHO CD4 criteria for treatment failure
developing CD4% below age specific cutoffs after initial recovery (at 266 days of ART). In
the other 15 children, CD4 counts and/or percentages remained above WHO defined
thresholds.
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Discussion

We found that 13% of HIV-infected Uganda children starting ARV therapy experienced
persistent virological failure after only 6 months. While this rate is lower than that reported
in clinical programs of South Africa (16%),15 Thailand (16%)16, Kenya (33%)17 and Mali
(44%),7 it underscores the fact that even with the exceptional access to care and adherence
counseling provided by our research study, a significant number of HIV-infected children
will experience virological failure at this early time point. It should also be noted that we
utilized a stringent definition that required two consecutive detectable plasma HIV RNA
levels in order to distinguish persistent failure from transient blips or delayed response to
therapy, unlike studies which define virological failure by detectable viremia at a single
time-point.

With early and persistent viremia, children with EVF would be predicted to be at high risk
for the rapid development of ARV resistance mutations. In fact, we found that all children
with EVF had at least one reverse transcriptase mutation at the first time point tested,
including all nine children who had banked samples available within the first six months of
failure. Clinical programs in Mali, Cotes d’lvoire, and Mozambique have reported slightly
lower prevalence, with resistance mutations found in 22/30 (73%),7 27/38 (71%)18 and
77/84 (93%)19 failing children, respectively. Studies of Thai children have reported RT
mutation prevalence as high as 97% and 98% among failing children.16: 20

As expected, M184V was the most common NRTI-associated mutation, emerging as early
as after 1.5 months of failure and persisting at nearly every time point tested (38 of 40).
M184V has been shown to emerge in high prevalence among children and adults failing on
3TC-containing regimens in developed countries21; cross-sectional studies have likewise
reported a high prevalence of M18V among African (63-69%)6’ 7 and Thai (84-85%)16: 20
children. In contrast to M184V, TAMs generally arise after long periods of virological
failure 22. A recent study of Ugandan adults found no TAMs after a median 320 days of
virological failure.23 Our data, although limited by small numbers, suggests the same for
Ugandan children, with no TAMs detected until after 12 months of failure. Germanaud et al
also found a low prevalence of TAMs, with only 3 of 30 HIV-infected Malian children
demonstrating a single TAM after 6 months of ARV therapy. 7 Taken together, these data
suggest that early detection of virologic failure could prevent the development of multiple
TAMs and thereby preserve the activity of thymidine analog ARVs for use in second line
regimens.

We found a high rate of NNRTI-associated mutations, with six of nine patients
demonstrating at least one NNRTI-associated mutation within six months of failure,
comparable to what was reported (70%) in Mozambique.7 Notably, we isolated mutations
that would confer resistance to etravirine as early as after six months of virologic failure.
Etravirine was designed for use in patients who had failed first generation NNRTI’s,
retaining activity in the context of K103N 24°26. When used with darunanavir as in the
DUET trial,27: 28 etravirine can serve to spare newer classes of ARVs such as integrase
inhibitors. However, because etravirine loses activity in the presence of multiple mutations,
29 persistent failure in the context of nevirapine or efavirenz can compromise its future use,
as we document here.

While there have been several cross sectional studies demonstrating ARV-mutations in
African children failing therapy6' 7> 19, we used longitudinal specimens to show that
mutations threatening the efficacy and reliability of second line regimens increase over time
in individual patients. A limitation our study is that we used HIVVdb modeling, which is
based primarily on data from HIV-subtype B viruses. However, our findings underscore the
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need for controlled clinical studies of second line ARV regimens in African children,
particularly where access to virologic monitoring will remain limited. Data from Ugandan
adults suggest protease-inhibitor-based second line regimens can result in good outcomes30
even in the context of NRTI-associated resistance mutations, but there are no such data for
African children.

Perhaps our most concerning finding was that the WHO immunologic criteria for treatment
failure detected virologic failure in only 1 of 16 children (6%). The WHO criteria are
understandably conservative in order to prevent the premature switch of ARV therapy in
settings where access to second line regimens is limited but this comes at the potential
expenses of delaying ARV therapy changes for patients who need it. In adults, the WHO
criteria for immunologic failure have been shown to be insensitive measures for virologic
outcomes 31735 and a high prevalence of ARV resistance mutations has been documented in
HIV-infected adults by the time they progress to meet the WHO criteria for ARV therapy
switch 36. A recent report showed that similarly, pediatric WHO guidelines offer an
insensitive measure of virologic failure.37 We confirm that finding in this study, and
additionally show that the HIV-infected African children with ongoing “undetected”
virologic failure develop ARV-mutations that could compromise future therapeutic options.

It is noteworthy that the majority of children with EVF had good immunologic outcomes.
Indeed, the reason that 15 of the 16 children did not meet WHO immunologic criteria for
treatment failure was because they maintained high CD4 counts and percentages. The
development of drug resistance mutations can result in alterations in viral fitness38°40. Such
effects on viral fitness have been credited with preservation of immunologic benefits of
therapy despite the emergence of resistance and fitness changes may explain, in part, long
durations of virologic failure without CD4 cell losses.41°44 Additionally, interactions
between mutations may affect the net susceptibility of resistant virus to drugs. For HIV
subtype B, the M184V, L74V and Y181C mutations partially re-sensitize TAM containing
viruses to thymidine analogues 45 46. It is possible that these mutational interactions are
responsible for preservation of partial inhibitory activity in the context of HIV subtype A
and D infections as well. On the other hand, if compensatory mutations that restore viral
fitness and virulence accumulate over time or mutations conferring multidrug resistance
emerge, it is likely that the salutary effects of the first line drugs will abate for most if not all
patients over time. Of note, children who developed EVF had higher pre-treatment CD4
counts; we believe this was a result of their younger median age because CD4 counts peak
in infancy and naturally decline with age.47: 48 For this reason, and in accordance with
World Health Organization Guidelines, we used the mores age-stable measure of CD4% to
determine treatment eligibility and outcomes in children under age 5 years.

There are several possible explanations for the virologic failure in these children. While the
adherence reported by visual analogue scale was extremely high, studies have shown that
measures relying on caretaker report can overestimate adherence in children.47.
Furthermore, even slight alterations in adherence can lead to virological failure and the
development of resistance;49 that we identified no wild type virus indeed suggests that
children with EVF were partially adherent. Because of small numbers and limited access to
pre-ARV data and specimens we were not able to evaluate risk factors for EVF or the
development of resistance.

However, children with EVF were younger than those without and young age is associated
with greater risk of ARV failure37. Two of four children receiving a triple-NRTI regimen
because of concurrent anti-tuberculosis treatment developed failure which may reflect the
limited potency of this regimen or reduced adherence among children treated simultaneously
for tuberculosis and HIV. Some children may have carried viruses with pre-existing
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resistance mutations from unreported prior treatment. Isolates from one child demonstrated
an NNRTI-associated mutation despite receiving a triple-NRTI regimen, strongly suggesting
prior unreported exposure to an NNRTI. Two mothers reported ARV-use in a mother-to-
child prevention regimen, but others may have declined to report it. Children could also
have received unreported treatment from another clinic prior to enrollment in the cohort.

While our study was small, we found early virologic failure occurred in 13% of HIV-
infected Ugandan children receiving ARV therapy and went undetected by WHO CD4
based monitoring in 15 of 16 children. The accumulation of ARV-resistance mutations in
these children not only jeopardizes second-line therapy options for individual patients but
could also contribute to the reservoir of circulating drug resistant virus. Our observations
add to growing evidence from adults36 underscoring the urgent need to integrate affordable
virologic monitoring into HIV-treatment programs in Africa.
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Figure 1a. Composite Genotype Sensitivity Scores (dGSS) for Current Regimen by Duration of

Failure

Figure 1a Caption. Results were divided into tertiles by duration of failure ((9.4 months);
dGSS scores indicate the number of fully active drugs predicted using detected mutations
and the child’s current regimen. (http://hivdb.stanford.edu);11 bars are means +/— standard

errors.
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dGSS for Second Regimen by Duration of Failure
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Figure 1b. Composite Genotype Sensitivity Scores (dGSS) for Second Regimen by Duration of
Failure

Figure 1a Caption. Results were divided into tertiles of duration of failure (9.4 months);
dGSS scores indicate the number of fully active drugs predicted using detected mutations
and the standard second line regimen (didanosine, abacavir, and ritonavir boosted lopinavir).
(http://hivdb.stanford.edu); 11 bars are means +/— standard errors.
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