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NEVIRAPINE, USED TO PRE-
vent mother-to-child hu-
man immunodeficiency vi-
rus (HIV) transmission,

selects drug-resistant viral mutations
among a large proportion of HIV-
infected infants1,2 and is associated with
reduced viral suppression when non-
nucleoside reverse transcriptase inhibi-
tor (NNRTI)–based antiretroviral
therapy is initiated.3 A trial comparing
nevirapine-based therapy to protease in-
hibitor (PI)–based therapy among
nevirapine-exposed infants was termi-
nated early when reduced viral sup-
pression was observed in the nevira-
pine-based therapy group,4 consistent
with an adult study.5 Current guide-
lines for nevirapine-exposed infants ad-
vise that treatment be initiated with
regimens based on ritonavir-boosted
lopinavir.6

There are many limitations of con-
tinuing to use PI-based regimens in-

definitely in young children. These in-
clude its unpleasant taste, which poses
adherence challenges for children too
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Context Protease inhibitor (PI)–based therapy is recommended for infants infected
with human immunodeficiency virus (HIV) who were exposed to nevirapine for pre-
vention of mother-to-child HIV transmission. However, there are limitations of con-
tinuing PI-based therapy indefinitely and reuse of nevirapine has many advantages.

Objective To test whether nevirapine-exposed infants who initially achieve viral sup-
pression with PI-based therapy can maintain viral suppression when switched to nevira-
pine-based therapy.

Design, Setting, and Patients Randomized trial conducted between April 2005 and
May 2009 at a hospital in Johannesburg, South Africa, among 195 children who achieved
viralsuppressionlessthan400copies/mLfor3ormoremonthsfromacohortof323nevirapine-
exposed children who initiated PI-based therapy before 24 months of age.

Interventions Control group children continued to receive ritonavir-boosted lopi-
navir, stavudine, and lamivudine (n=99). Switch group children substituted nevira-
pine for ritonavir-boosted lopinavir (n=96).

Main Outcome Measures Children were followed up for 52 weeks after random-
ization. Plasma HIV-1 RNA of greater than 50 copies/mL was the primary end point.
Confirmed viremia greater than 1000 copies/mL was used as a criterion to consider
regimen changes for children in either group (safety end point).

Results Plasma viremia greater than 50 copies/mL occurred less frequently in the
switch group (Kaplan-Meier probability, 0.438; 95% CI, 0.334-0.537) than in the con-
trol group (0.576; 95% CI, 0.470-0.668) (P=.02). Confirmed viremia greater than 1000
copies/mL occurred more frequently in the switch group (0.201; 95% CI, 0.125-
0.289) than in the control group (0.022; 95% CI, 0.004-0.069) (P� .001). CD4 cell
response was better in the switch group (median CD4 percentage at 52 weeks, 34.7)
vs the control group (CD4 percentage, 31.3) (P=.004). Older age (relative hazard [RH],
1.71; 95% CI, 1.08-2.72) was associated with viremia greater than 50 copies/mL in
the control group. Inadequate adherence (RH, 4.14; 95% CI, 1.18-14.57) and drug
resistance (RH, 4.04; 95% CI, 1.40-11.65) before treatment were associated with con-
firmed viremia greater than 1000 copies/mL in the switch group.

Conclusion Among HIV-infected children previously exposed to nevirapine, switch-
ing to nevirapine-based therapy after achieving viral suppression with a ritonavir-
boosted lopinavir regimen resulted in lower rates of viremia greater than 50 cop-
ies/mL than maintaining the primary ritonavir-boosted lopinavir regimen.

Trial Registration clinicaltrials.gov Identifier: NCT00117728
JAMA. 2010;304(10):1082-1090 www.jama.com
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young to be prescribed tablets.7,8 Re-
frigeration is required and dosing has
to be modified for co-treatment for tu-
berculosis.9 Metabolic toxicities are of
concern with long-term use during criti-
cal periods of child development.10-12

Using this PI in first-line regimens lim-
its second-line options. The high cost
of ritonavir-boosted lopinavir is a ma-
jor disincentive to implementing opti-
mal primary therapy recommenda-
tions in several sub-Saharan African
countries.

We conducted a clinical trial to test
the hypothesis that nevirapine-based
therapy would be as effective as rito-
navir-boosted lopinavir in maintain-
ing viral suppression among nevirapine-
exposed children if only initiated once
viral suppression had been achieved
with the initial PI-based regimen.

METHODS
We conducted a randomized, open-
label trial at 1 site in Johannesburg,
South Africa, among 195 children in-
fected with HIV. The children random-
ized were accrued from a cohort of 323
nevirapine-exposed children who met
clinical and immunologic criteria for
treatment when younger than 24 months
and who initiated a PI-based regimen as
their first treatment regimen. Data in-
volving the children in this study popu-
lation were included in prior publica-
tions about immune reconstitution
inflammatory syndrome and initial re-
sponse to PI-based antiretroviral therapy,
respectively.13,14 Those who achieved and
sustained plasma HIV-1 RNA of less than
400 copies/mL for at least 3 months
within the first 12 months of treatment
were eligible for randomization either to
the switch group, who had nevirapine
substituted for ritonavir-boosted lopi-
navir, or to the control group, who con-
tinued with the ritonavir-boosted lopi-
navir–based regimen. Follow-up
continued to 52 weeks after random-
ization. The study received approval by
the institutional review boards of Co-
lumbia University and the University of
the Witwatersrand.

Each child’s guardian provided
signed informed consent. Consent was

obtained for screening for study eligi-
bility with a specific consent form only
for screening. For children found to be
eligible for the study, a second con-
sent was obtained for enrollment in the
trial. At this point, events prior to ran-
domization, eligibility for randomiza-
tion, and events after randomization
(conditional on eligibility) were ex-
plained to the guardians.

Population

Women with HIV-infected children
younger than 24 months of age who re-
ported that nevirapine was used for pre-
vention of mother-to-child transmis-
sion were identified and referred from
inpatient wards and pediatric HIV clin-
ics to 1 research site between April 8,
2005, and July 10, 2007. Children were
evaluated for eligibility for treatment
based on South African guidelines in
place at the time.15 Eligibility criteria for
treatment included World Health Or-
ganization (WHO) stage III or IV dis-
ease, CD4 percentage less than 25 if
younger than 12 months or less than
20 if 12 months or older, or recurrent
(�2 times/year) or prolonged (�4
weeks) hospitalization for HIV-
related complications. Children need-
ing acute treatment for opportunistic
infections (except tuberculosis) or tu-
mors were excluded. These children
would have been considered candi-
dates for initiation of antiretroviral
therapy but were not eligible to enroll
in the trial. In practice, we did not iden-
tify any child during screening for this
study who was excluded on these
grounds.

For most children (n = 254) en-
rolled, treatment was initiated under su-
pervision of the study team. A further
69 children were enrolled after initiat-
ing PI-based therapy elsewhere (other
local pediatric antiretroviral treat-
ment services) but who otherwise met
all study eligibility criteria except that
pretreatment blood samples could not
be stored for resistance testing. The 69
children all initially began receiving
ritonavir-boosted lopinavir, stavu-
dine, and lamivudine, but not admin-
istered by our study team. They all were

nevirapine-exposed and met the same
criteria for starting antiretroviral
therapy as the other children. In-
formed consent for the trial was ob-
tained at enrollment, which for most of
the children (n=254) was soon before
treatment initiation, but for the 69 chil-
dren, consent for the study was ob-
tained when they were already receiv-
ing treatment.

Procedures

Children older than 6 months received
treatment with ritonavir-boosted lopi-
navir (230 mg/m2), stavudine (1 mg/
kg), and lamivudine (4 mg/kg) every 12
hours. Children younger than 6 months
or undergoing treatment for tuberculo-
sis received ritonavir (400-450 mg/
m2), stavudine, and lamivudine every 12
hours. After the children became older
than 6 months of age, or after they com-
pleted tuberculosis treatment, ritona-
vir was changed to ritonavir-boosted
lopinavir. At each visit, drug doses were
adjusted according to growth. All medi-
cations were administered as syrups.

Caregivers were educated about their
child’s treatment. Comprehensive ad-
herence counseling was provided, in-
cluding by peer counselors who con-
ducted home visits if necessary.
Participants were encouraged to con-
sult the study team for all clinical prob-
lems. Information from inpatient rec-
ords was abstracted for children who
were hospitalized, and the clinical cir-
cumstances of all deaths were reviewed.

Blood samples were collected be-
fore treatment began and at 4, 12, 24,
36, and 52 weeks after treatment ini-
tiation and were tested for HIV-1 RNA
quantity, and CD4 percentages were de-
termined. Weight and length were mea-
sured, and concomitant medications
and other clinical conditions were re-
corded at each visit. Weight-for-age and
height-for-age Z scores were calcu-
lated using WHO software.16 Care-
givers were requested to return medi-
cation bottles, which were weighed and
the contents reconciled with the ex-
pected usage of each medication to de-
termine the extent of adherence. Re-
turning more than 20% of the expected
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drug volume for any of the 3 drugs was
defined as nonadherence based on ex-
pectations that more than 95% adher-
ence is not necessarily required for
suppression.17

Children who achieved viral sup-
pression less than 400 copies/mL for at
least 3 months within the first 12
months of treatment were eligible for
randomization. The cut-off of 400 cop-
ies/mL was selected as the criterion for
randomization for pragmatic reasons
because an assay that only quantified
to this threshold was in routine use at
the time the study was designed. Other
criteria for randomization included not
receiving tuberculosis treatment and no
abnormalities in alanine aminotrans-
ferase (ALT) greater than grade 2 (grad-
ing from Division of AIDS guide-
lines). Randomization was done in
cohort blocks of variable size between
8 and 12. Allocations were generated
by the study statistician and were con-
cealed in opaque envelopes opened on
site at the time of randomization. Once
randomization criteria were met, a visit
was scheduled to begin the changed
regimen for the switch group or to start
the postrandomization clock for the
controls.

Children randomized to the switch
group substituted nevirapine for rito-
navir-boosted lopinavir within their
treatment regimen. Nevirapine was in-
troduced at 120 mg/m2 once per day for
the first 2 weeks and thereafter at 200
mg/m2 every 12 hours. Children ran-
domized to the control group contin-
ued to receive ritonavir-boosted lopi-
navir. Both groups received additional
adherence counseling, including spe-
cific instructions concerning the lead-in
schedule and possible adverse effects for
the switch group.

Children in both the switch and con-
trol groups had blood samples col-
lected for HIV-1 RNA quantification in
plasma at 4, 16, 24, 36, and 52 weeks
after randomization and for CD4 cell
determination at 16, 24, 36, and 52
weeks. Measurements of ALT and
neutrophil levels were scheduled to
be taken at 2, 4, 16, 24, 36, and 52
weeks.

Laboratory Methods
Plasma HIV-1 RNA measurements
(Roche Amplicor assay version 1.5;
Roche, Branchburg, New Jersey), CD4
cell determinations, blood cell counts,
and liver function tests were con-
ducted by Clinical Laboratory Services
in Johannesburg and reported directly
to the site for use in clinical manage-
ment. The Roche standard assay (quan-
tification range, 400-750 000 copies/
mL) was used on pretreatment samples
and the ultrasensitive assay (quantifica-
tion range, 50-150 000 copies/mL) for
posttreatment samples. Available pre-
treatment plasma samples were tested in
South Africa for mutations in the re-
verse transcriptase gene using bulk
population sequencing at the end of the
study using methods previously de-
scribed.18 Resistance data have been re-
ported for children who experienced
treatment failure before randomization
(none of whom were randomized) and
for the entire cohort before treatment to
describe resistance after exposure to
nevirapine and compare allele-specific
polymerase chain reaction to sequenc-
ing.19 Samples from children not achiev-
ing viral suppression after randomiza-
tion were also tested by population
sequencing.20 Resistance was defined
using the Stanford algorithm (http:
//hivdb.stanford.edu/pages/algs/HIVdb
.html).

Study End Points

The study protocol defined any vire-
mia greater than 50 copies/mL after ran-
domization as the primary end point
following recommendations that full vi-
ral suppression is the goal of antiret-
roviral treatment.21 This was also the
lowest threshold discernable with the
ultrasensitive assay used during the
trial. In addition, as a safety end point,
all children with 2 or more HIV-1 RNA
measurements greater than 1000 cop-
ies/mL were evaluated as candidates for
regimen change. If poor adherence was
ruled out, children in the switch group
who met this safety end point were re-
turned to the original regimen of rito-
navir-boosted lopinavir, and other po-
tential regimens were considered for

children in the control group. El-
evated ALT levels, neutropenia, CD4
percentage, and growth were com-
pared between the groups as second-
ary end points.

Statistical Analysis

We calculated that 93 children per
group were needed to detect a 20% fail-
ure rate in the switch group vs 5% in
the control group using standard meth-
ods for comparing proportions22 and al-
lowing for a 95% follow-up rate after
randomization and �=.05 and �=0.2.
The slightly larger number random-
ized (n=195) occurred because ran-
domization was contingent on meet-
ing eligibility after enrollment. We
initially planned to enroll 234 chil-
dren but expanded to 341 children
when the proportion meeting eligibil-
ity criteria was lower than expected.

Modified intent-to-treat analyses
were conducted excluding those chil-
dren (n = 3) missing virologic out-
come data. All virologic and clinical data
were included through 52 weeks after
randomization or up to the time of
death or censoring for those who died
or were lost to follow-up. Virologic end
points, mortality, and loss to fol-
low-up were analyzed using Kaplan-
Meier methods and groups compared
using log-rank tests.23 Relative haz-
ards (RHs) were calculated using Cox
proportional hazards models. The pro-
portional hazards assumption was not
violated. Other outcomes were com-
pared across groups using Wilcoxon
and t tests for continuous variables (eg,
CD4 percentage and anthropometric in-
dicators) and �2 or Fisher exact tests for
categorical variables (eg, ALT grades).
Analyses were done using SAS version
9.1.3 (SAS Institute, Cary, North Caro-
lina). All statistical tests were 2-sided
and P� .05 was considered statisti-
cally significant.

RESULTS
Population

Among 323 HIV-infected children who
initiated PI-based therapy during the
prerandomization period, 38 (11.8%)
died, 40 (12.4%) did not remain in fol-
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low-up, and 50 (15.5%) did not meet
criteria for randomization (FIGURE).
Children who met criteria for random-
ization tended to be older at treatment
start, had less severe disease, and were
more likely to have mothers receiving
treatment (eTable, available at http:
//www.jama.com). Children who were
randomized were a median 10 months
of age at treatment start and had a me-
dian CD4 percentage of 18.5 before
treatment, and 55% had greater than
750 000 HIV-1 RNA copies/mL in
plasma. A prior report described pre-
randomization characteristics of the
study population in detail.14 At ran-
domization, a median of 9 months later,
the median CD4 percentage was 29.1.
The switch groups and control groups
were similar in all prerandomization
characteristics (TABLE 1).

Primary End Points After
Randomization

Loss to follow-up and mortality were
low in both groups. Four children died
after randomization. Two children in
the control group died: one from bac-
terial pneumonia and the other from
unknown causes; 2 children in the
switch group died: 1 from fulminant
sepsis and 1 from preexisting renal pa-
thology. None of the deaths was con-
sidered drug-related.

There was better virologic suppres-
sion in the switch group based on the
primary end point of viremia of more
than 50 copies/mL. In the control
group, the Kaplan-Meier probability of
having at least 1 measurement greater
than 50 copies/mL was 0.576 (95% con-
fidence interval [CI], 0.470-0.668),
which was higher than in the switch
group for whom the probability was
0.438 (95% CI, 0.334-0.537) (P=.02)
(TABLE 2).

Secondary End Points

Confirmed viremia of more than 1000
copies/mL, a safety end point, was more
common among children in the switch
group than the control group. In the
control group, the probability of con-
firmed viremia greater than 1000 cop-
ies/mL was 0.022 (95% CI, 0.004-

0.069), whereas in the switch group, the
probability was 0.201 (95% CI, 0.125-
0.289) (P� .001) (TABLE 3). Of 18 chil-
dren in the switch group with con-
firmed viremia greater than 1000
copies/mL, 3 achieved viral suppres-
sion again without regimen change, and
9 achieved it after being switched back
to ritonavir-boosted lopinavir. Three
children discontinued study participa-
tion soon after viral elevations were
noted, and 3 were returned to ritonavir-
boosted lopinavir but discontinued
study participation before the next mea-
surement. In all 6 cases, severe house-
hold disruption affecting adherence, in-
cluding changes in caregivers, maternal

illness, and relocation, were known to
have occurred.

Viral RNA could be sequenced from
15 of 18 children in the switch group
and 2 of 2 children in the control group
with confirmed viremia greater than
1000 copies/mL to determine drug re-
sistance genotype. Major NNRTI resis-
tance could be detected among 13 of 15
children (86.7%) in the switch group
and in neither of the 2 children in the
control group. Y181C was the most
common mutation occurring among 10
of 15 children (66.7%). Five of 6 chil-
dren in the switch group with wild-
type virus before treatment had NNRTI
resistance at time of treatment failure

Figure. Flow Diagram of Study Participants

323 Enrolled in study and receiving
protease inhibitor–based
antiretroviral therapy

195 Randomized

97 Included in analysis
2 Did not have virologic

outcome data

95 Included in analysis
1 Did not have virologic

outcome data

99 Randomized to control group 96 Randomized to switch group

254 Began receiving protease
inhibitor–based antiretroviral
therapy

69 Enrolled in study after beginning
protease inhibitor–based
antiretroviral therapy at other
local services

128 Excluded
38 Died
40 Withdrew or lost to follow-up
50 Did not achieve sustained viral

suppression by 52 wk

272 Enrolled in study

309 Eligible for study

328 Children screened for eligibility

18 Excluded
9 Died
9 Withdrew or lost to follow-up

before starting antiretroviral
therapy

37 Excluded
9 Died

28 Withdrew or lost to follow-up
before enrollment

19 Excluded (did not receive nevirapine
or exposure history unclear)
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(2 had Y181C, 2 had V106A, and 1 had
K101E and G190A). Nucleoside re-
verse transcriptase inhibitor muta-

tions could be detected among 12 of 15
children (80.0%) in the switch group
and 1 of 2 children in the control group.

All were M184V/I except for one
D67N.

Elevated ALT levels were common
in the switch group but tended to be of
low grades. Neutropenia was rare in
either group. CD4 percentage in-
creased at a significantly slower pace in
the control group than in the switch
group. Weight-for-age Z scores were
similar on average, but more children
in the control group than in the switch
group experienced a decline in weight
for age after randomization (Table 3).

Predictors of Viremia

Children who were older at the time of
randomization were more likely to have
viremia greater than 50 copies/mL (RH,
1.71; 95% CI, 1.08-2.72) than younger
children,but this age trendwasonly sig-
nificant in the control group (TABLE 4).
Adherenceascertainedbypharmacyrec-
onciliation was not associated with vire-
mia greater than 50 copies/mL in either
group(Table4).However,inadequatead-
herence was associated with viremia
greaterthan1000copies/mLintheswitch
group (RH, 4.14; 95% CI, 1.18-14.57).

Pretreatment NNRTI resistance mu-
tations were detected among 31 of 143
children (21.7%) tested (25 had Y181C,
4 had K103N, 1 had Y188C, and 1 had
G190A). As expected, there was no as-
sociation between pretreatment NNRTI
resistance mutations and viremia in the
control group. In the switch group, there
was a nonsignificant trend toward an as-
sociation using the end point of greater
than 50 copies/mL. Pretreatment NNRTI
mutations were strongly related to con-
firmed viremia greater than 1000 cop-
ies/mL in the switch group (RH, 4.04;
95% CI, 1.40-11.65). The probability of
confirmed viremia greater than 1000
copies/mL was 0.447 (95% CI, 0.214-
0.657) among those who had NNRTI
mutations before treatment compared
with 0.120 (95% CI, 0.049-0.226)
among those who did not (P=.005). Pre-
treatment NNRTI mutations were more
common among children 12 months or
younger at the time of initiating therapy
(29.0%) than among older children
(8.0%), but this difference did not lead
to worse outcomes in children who were

Table 1. Pretreatment and Prerandomization Characteristics of 195 HIV-Infected Children
Randomized to Maintain a Ritonavir-Boosted Lopinavir–Based Regimen (Control Group) or
Switch to a Nevirapine-Based Regimen (Switch Group)a

Control Group
(n = 99)

Switch Group
(n = 96)

P
Valueb

Male sex, No. (%) 50 (51) 54 (56) .42

Before Treatment
Age at treatment start, No. (%)

�6 mo 28 (28) 26 (27)

6-11 mo 29 (29) 40 (42)
.16

12-17 mo 25 (25) 22 (23)

18-24 mo 17 (17) 8 (8)

Age, median (range), mo 11 (2-24) 9 (2-22) .09

HIV-1 RNA quantity, No. (%)
�100 000 copies/mL 7 (8) 12 (13)

100 000-750 000 copies/mL 29 (35) 29 (33) .56

�750 000 copies/mL 48 (57) 48 (54)

CD4 percentage, No. (%)
�10 16 (17) 10 (11)

10-14.9 16 (17) 21 (23) .36

�15 61 (66) 62 (67)

CD4 percentage, median (range) 19.0 (2.2-41.8) 18.4 (1.5-39.3) .68

WHO stage, No. (%)
I/II 16 (21) 18 (23)

.73
III/IV 61 (79) 60 (77)

Weight-for-age Z score
Mean (SD) −2.23 (1.84) −2.13 (1.48) .71

Score �2 SD below mean, No. (%) 48 (54) 43 (49) .55

Height-for-age Z score
Mean (SD) −3.14 (1.67) −3.10 (1.70) .88

Score �2 SD below mean, No. (%) 70 (80) 62 (73) .31

Time of Randomization
Age at randomization, No. (%)

6-11 mo 6 (6) 9 (9)

12-17 mo 34 (34) 36 (38)
.40

18-23 mo 26 (26) 29 (30)

�24 mo 33 (33) 22 (23)

Age, median (range), mo 20 (10-36) 19 (9-43) .09

CD4 percentage, No. (%)
�10 0 1 (1)

10-14.9 4 (4) 3 (3)
.70

15-19.9 8 (8) 10 (11)

�20 84 (88) 81 (85)

CD4 percentage, median (range) 28.9 (10.9-55.7) 29.5 (7.3-52.3) .81

Weight-for-age Z score
Mean (SD) −0.56 (1.21) −0.59 (1.12) .84

Score �2 SD below mean, No. (%) 9 (9) 9 (9) .95

Height-for-age Z score
Mean (SD) −3.19 (1.49) −3.07 (1.65) .60

Score �2 SD below mean, No. (%) 75 (76) 73 (76) .96

Median time receiving therapy before
randomization (range), mo

9 (4-19) 9 (5-21) .88

Abbreviations: HIV, human immunodeficiency virus; WHO, World Health Organization.
aPercentages may not sum to 100 because of rounding.
bCategorical variables were compared across groups using �2 tests; median age, CD4 percentage, and time receiving

therapy were compared using Wilcoxon tests; and height and weight for age were compared using t tests. Denomina-
tors are as shown.
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younger when starting therapy. Younger
age, whether categorized at the time of
starting treatment or at the time of ran-
domization, was not associated with vi-
remia greater than 1000 copies/mL in the
switch group (Table 4).

COMMENT
A recent trial demonstrated that nevira-
pine-exposed, HIV-infected children
should initiate therapy with a PI-
based regimen,4 but whether this regi-
men needs to be continued indefi-
nitely is unclear. Our data indicate that
children who switch to nevirapine-
based therapy once they have achieved
viral suppression after an average of 9
months of therapy based on ritonavir-
boosted lopinavir are more likely to
achieve viremia less than 50 cop-
ies/mL than children who kept their
original regimen. However, a sizable mi-
nority (20%) experienced break-
through viremia greater than 1000 cop-
ies/mL that required consideration for
therapy change. This outcome was
strongly related to pretreatment NNRTI
mutations and was rare (2%) among
children who maintained their origi-
nal regimen. These seemingly incon-
sistent results highlight the promise and
pitfalls of switching nevirapine-
exposed infants. Switching allows treat-
ment options to be expanded and the
desirable benefits of a nevirapine-
based regimen to be accrued. How-
ever, for about 20% of exposed chil-
dren, the regimen is suboptimal.
Therefore, switching can only be con-
sidered in situations in which ad-
equate virologic monitoring can be con-
ducted, both to identify who is eligible
to switch and to identify as early as pos-
sible children who should be returned
to the ritonavir-boosted lopinavir–
based regimen.

Switching following a suppressive
regimen has not, to our knowledge,
been previously investigated as a strat-
egy to overcome preexisting drug re-
sistance in either adults or children. Sev-
eral trials in adults have evaluated
switching from PI-based therapy to
NNRTI-based therapy for reasons of
toxicity, adherence, and quality of

life.24-31 The overall conclusions are that
switching can be accomplished safely
while maintaining virologic suppres-

sion, improving adherence, and reduc-
ing some toxicities.24-31 Toxicities as-
sociated with PIs may be less common

Table 2. Primary End Points Through 52 Weeks After Randomization Among 99 Children
Who Continued With a Ritonavir-Boosted Lopinavir–Based Regimen (Control Group) and 96
Children Switched to a Nevirapine-Based Regimen (Switch Group)a

Control Group
(n = 99)

Switch Group
(n = 96) P Value

Probability of loss to follow-up by
52 wk (95% CI)

0.031 (0.008-0.080) 0.053 (0.020-0.110) .46

Lost to follow-up before 52 wk, No. 3 5

Probability of mortality by 52 wk
(95% CI)

0.020 (0.004-0.065) 0.021 (0.004-0.068) .97

No. who died 2 2

Probability of HIV-1 RNA
�50 copies/mL (95% CI)b

0.576 (0.470-0.668) 0.438 (0.334-0.537) .02

No. with 1 or more measurement
�50 copies/mLb

55 40

Abbreviation: CI, confidence interval.
aProbabilities were calculated using Kaplan-Meier methods and compared across groups using log-rank tests.
bThree children (2 in the control group and 1 in the switch group) were missing virologic data and were excluded.

Virologic data were included through 52 weeks after randomization or up to the time of death or censoring.

Table 3. Secondary End Points Through 52 Weeks After Randomization Among 99 Children
Who Continued With a Ritonavir-Boosted Lopinavir–Based Regimen (Control Group) and 96
Children Switched to a Nevirapine-Based Regimen (Switch Group)

Control Group
(n = 99)

Switch Group
(n = 96) P Value

Confirmed viremia �1000 copies/mL,
No. (probability) [95% CI]a

2 (0.022)
[0.004 to 0.069]

18 (0.201)
[0.125 to 0.289]

�.001

Highest ALT measurement, No. (%)b,c

Grade 1 20 (20) 35 (36)

Grade 2 2 (2) 11 (11) �.001

Grade 3/4 4 (4) 7 (7)

Lowest neutropenia, No. (%)b,c

Grade 1 8 (8) 15 (16)

Grade 2 5 (5) 8 (8) .18

Grade 3/4 3 (3) 5 (5)

CD4 percentage, median (IQR)d
Week 16 30.3 (26.2 to 35.3) 34.6 (27.6 to 39.5) .005

Week 24 30.0 (24.3 to 34.2) 33.9 (28.9 to 41.1) �.001

Week 36 31.8 (26.4 to 35.9) 33.2 (27.3 to 39.6) .08

Week 52 31.3 (26.5 to 37.4) 34.7 (29.6 to 40.8) .004

CD4 percentage declined by 10%
by 52 wk, No. (%) [95% CI]c

14 (15)
[8.87 to 24.56]

3 (3)
[0.84 to 9.81]

.005

Weight-for-age Z score, mean (SD)d
Week 16 −0.39 (1.10) −0.30 (1.04) .59

Week 24 −0.40 (1.15) −0.30 (1.08) .56

Week 36 −0.43 (1.23) −0.35 (1.07) .63

Week 52 −0.38 (1.19) −0.44 (1.09) .69

Weight-for-age Z score declined by
1 Z score by 52 wk, No. (%) [95% CI]c

13 (13)
[7.45 to 21.76]

4 (4)
[1.36 to 11.04]

.03

Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; IQR, interquartile range.
aThree children (2 in the control group and 1 in the switch group) were missing virologic data and were excluded.

Virologic data were included through 52 weeks after randomization or up to the time of death or censoring. Prob-
abilities were calculated using Kaplan-Meier methods and compared across group using log-rank tests.

b Grading was based on Division of AIDS guidelines, available at http://rsc.tech-res.com/Document
/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf.

cProportions were compared across groups using �2 tests. No children were missing ALT data, 1 child in the switch
group was missing data on neutropenia, 7 children in the control group and 3 children in the switch group were
missing data on CD4 percentage, and 1 child in the switch group was missing data on weight.

dGroups were compared using Wilcoxon tests for CD4 percentage and t tests for weight for age.
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in children, particularly prior to pu-
berty, but are of concern as therapy is
being given during developmentally
critical periods and long-term conse-
quences may be serious.10-12 There are
2 nonrandomized reports of children
switched from PI-based regimens to
NNRTI-based regimens.32,33 Both re-
ported sustained viral suppression and
improved lipid profiles.32,33

NNRTI resistance mutations de-
tected by standard population sequenc-
ing before treatment were strongly re-
lated to confirmed viremia greater than
1000 copies/mL in the switch group.
Among those without pretreatment re-
sistance, 88% did not reach this safety
end point after the switch (Table 4).
These data suggest that screening for mu-
tations before treatment would be clini-
cally useful if the switching strategy
were used. However, in practice, drug-
resistance testing is likely to be difficult

to accomplish in low-resource settings.
Nevertheless, strategies to use targeted
drug-resistance testing should be con-
sideredbecause thecostof resistance test-
ing could be justified based on the po-
tential for cost savings from the less
expensive nevirapine-based regimen.

It was unexpected that younger age
at treatment initiation was not associ-
ated with virologic response in the
switch group. Among nevirapine-
exposed women, the proportion who
have detectable mutations declines with
time after exposure and response to first-
line NNRTI-based therapy is generally
better with longer time after expo-
sure.3,34-36 Child response to exposure
may be different from adult response to
exposure, or the ritonavir-boosted lopi-
navir–based induction regimen may
have modified the relationship.

Older age was strongly related to
intermittent and low-level viremia in

the control group. Low-level viremia
occurred among more than half of all
children (55%) and more than three-
quarters of children (76.4%) older
than 24 months at randomization in
the control group. Few prior studies
have included large numbers of chil-
dren of this age treated with ritonavir-
boosted lopinavir or described viral
response in such detail. Ritonavir-
boosted lopinavir syrup poses sub-
stantial adherence challenges among
young children, given its unpleasant
taste.7 , 8 As children become old
enough and strong enough to resist
their caregivers, the taste of this drug
may play a larger role in adherence.
Potency could be compromised if
children do not consume adequate
volumes. More palatable formulations
in pediatric doses are urgently
needed. A limitation of our study is
that blinding was not possible. Thus,

Table 4. Predictors of the Primary End Point (Viremia �50 copies/mL) and the Safety End Point (Confirmed Viremia �1000 copies/mL) in the
Control Group and Switch Group Separatelya

Control Group Switch Group

No.
Children With Viremia, No.

(Probability) [95% CI] P Value No.
Children With Viremia,

No. (Probability) [95% CI] P Value

Primary end point: viremia �50 copies/mL
No. 99 55 96 40

Age at randomization, mo
6-11 6 2 (0.333) [0.046-0.676] 9 3 (0.375) [0.087-0.674]

12-17 34 13 (0.408) [0.239-0.570]
.01

36 15 (0.457) [0.280-0.618]
.12

18-23 26 15 (0.605) [0.386-0.767] 29 9 (0.323) [0.161-0.496]

�24 33 25 (0.764) [0.577-0.877] 22 13 (0.591) [0.361-0.762]

Drug resistance results
Major NNRTI mutations 11 7 (0.659) [0.298-0.866]

.60
20 11 (0.605) [0.342-0.791]

.16
No major NNRTI mutations 61 33 (0.570) [0.433-0.686] 51 20 (0.406) [0.269-0.539]

Adherent 89 52 (0.595) [0.483-0.689]
.45

79 33 (0.436) [0.322-0.544]
.41

Inadequate adherenceb 3 4 (0.667) [0.009-0.774] 6 3 (0.600) [0.126-0.882)]

Safety end point: confirmed viremia �1000 copies/mL
No. 99 97 96 78

Age at treatment start, mo
�6 28 0 26 2 (0.087) [0.015-0.243]

6-11 29 2 (0.074) [0.013-0.211]
.18

40 10 (0.271) [0.140-0.419]
.13

12-17 25 0 22 6 (0.273) [0.111-0.464]

18-24 17 0 8 0

Drug resistance results
Major NNRTI mutations 11 0

.55
20 8 (0.447) [0.214-0.657]

.005
No major NNRTI mutations 61 2 (0.036) [0.007-0.109] 51 6 (0.120) [0.049-0.226]

Adherent 82 2 (0.026) [0.005-0.082]
.66

79 13 (0.172) [0.097-0.265]
.02

Inadequate adherenceb 8 0 6 3 (0.600) [0.126-0.882]
Abbreviations: CI, confidence interval; NNRTI, nonnucleoside reverse transcriptase inhibitor.
aThree children (2 in the control group and 1 in the switch group) were missing virologic data and were excluded. Virologic data were included through 52 weeks after randomization

or up to the time of death or censoring. Probabilities were calculated using Kaplan-Meier methods and compared across groups using log-rank tests. The results presented are
from univariate models.

b Inadequate adherence was defined as returning more than 20% of the expected drug volume for any of the 3 drugs based on pharmacy reconciliation at the time of the outcome.
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we cannot distinguish pharmacologic
and virologic differences between the
regimens from behavioral changes
that may result from poor palatability.
We used standard recommended
doses of ritonavir-boosted lopinavir
based on body surface area, although
some have questioned whether these
doses are sufficient.37 Because higher
doses are thought to be necessary for
younger children, inadequate dosing
would not explain the observed age
gradients.

CD4 cell response was weaker in the
control group. Although CD4 percent-
ages were mostly in the normal range
and increased over time in both groups,
the increase was larger in the switch
group. Mean weight-for-age Z scores
were similar between the groups, but
a larger proportion of children in the
control group dropped a Z score at some
point after randomization. One pos-
sible explanation may be appetite sup-
pression related to the poor palatabil-
ity of ritonavir-boosted lopinavir.
Similar differences have been noted in
some other studies.4

Guidelines now recommend start-
ing treatment among all HIV-infected
infants as soon as possible after diag-
nosis following a trial demonstrating
better outcomes if treatment is initi-
ated immediately rather than waiting
until standard prognostic indicators are
reached.38 Thus, large numbers of HIV-
infected infants should be initiating rito-
navir-boosted lopinavir–based treat-
ment, but the high cost of this regimen
poses a barrier in many low-resource
settings. Our results suggest that a ma-
jority of nevirapine-exposed children
who are successfully treated with ini-
tial regimens based on ritonavir-
boosted lopinavir and achieve viral sup-
pression could benefit from the switch
strategy, which would allow reduc-
tions in costs of pediatric treatment pro-
grams. However, switching should only
be undertaken with adequate viro-
logic monitoring. Although the value
of virologic monitoring in HIV treat-
ment is strongly emphasized in well-
resourced settings,21,39 most programs
in low-resource settings do not in-

clude it as part of routine services be-
cause of cost. Simple algorithms could
be developed for targeted virologic
testing to safely implement the switch
strategy.
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1. Arrivé E, Newell ML, Ekouevi DK, et al; Ghent Group
on HIV in Women and Children. Prevalence of resis-
tance to nevirapine in mothers and children after single-
dose exposure to prevent vertical transmission of HIV-1:
a meta-analysis. Int J Epidemiol. 2007;36(5):1009-
1021.
2. Martinson NA, Morris L, Gray G, et al. Selection
and persistence of viral resistance in HIV-infected chil-
dren after exposure to single-dose nevirapine. J Ac-
quir Immune Defic Syndr. 2007;44(2):148-153.
3. Lockman S, Shapiro RL, Smeaton LM, et al. Re-
sponse to antiretroviral therapy after a single, peri-
partum dose of nevirapine. N Engl J Med. 2007;
356(2):135-147.
4. Palumbo P, Violari A, Lindsey J, et al. Nevirapine
(NVP) vs lopinavir-ritonavir (LPV/r)-based antiretro-
viral therapy (ART) in single dose nevirapine (sdNVP)-
exposed HIV-infected infants: preliminary results from
the IMPAACT P1060 trial. 5th International AIDS So-
ciety Conference on HIV Pathogenesis, Treatment and
Prevention; July 19-22, 2009; Cape Town, South Africa.
5. Lockman S; A5208/OCTANE Study Team. Lopinavir
/ritonavir�tenofovir/emtricitabine is superior to
nevirapine�tenofovir/emtricitabine for women with
prior exposure to single-dose nevirapine. 16th Con-
ference on Retroviruses and Opportunistic Infec-
tions; February 8-11, 2009; Montreal, Canada.
6. Antiretroviral therapy for HIV infection in infants
and children: towards universal access. World Health
Organization. http://www.who.int/hiv/pub/paediatric
/paed-prelim-summary.pdf. Accessed August 3, 2010.
7. Davies MA, Boulle A, Fakir T, Nuttall J, Eley B. Ad-
herence to antiretroviral therapy in young children in
Cape Town, South Africa, measured by medication re-
turn and caregiver self-report: a prospective cohort
study. BMC Pediatr. 2008;8:34.
8. Simoni JM, Montgomery A, Martin E, New M,
Demas PA, Rana S. Adherence to antiretroviral therapy
for pediatric HIV infection: a qualitative systematic re-
view with recommendations for research and clinical
management. Pediatrics. 2007;119(6):e1371-
e1383.
9. Ren Y, Nuttall JJ, Egbers C, et al. Effect of rifam-
picin on lopinavir pharmacokinetics in HIV-infected chil-
dren with tuberculosis. J Acquir Immune Defic Syndr.
2008;47(5):566-569.
10. McComsey GA, Leonard E. Metabolic complica-
tions of HIV therapy in children. AIDS. 2004;18
(13):1753-1768.
11. Bitnun A, Sochett E, Babyn P, et al. Serum lipids,
glucose homeostasis and abdominal adipose tissue dis-
tribution in protease inhibitor-treated and naive HIV-
infected children. AIDS. 2003;17(9):1319-1327.
12. Farley J, Gona P, Crain M, et al; Pediatric AIDS
Clinical Trials Group Study 219C Team. Prevalence of
elevated cholesterol and associated risk factors among
perinatally HIV-infected children (4-19 years old) in
Pediatric AIDS Clinical Trials Group 219C. J Acquir Im-
mune Defic Syndr. 2005;38(4):480-487.
13. Smith K, Kuhn L, Coovadia A, et al. Immune re-
constitution inflammatory syndrome among HIV-
infected South African infants initiating antiretroviral
therapy. AIDS. 2009;23(9):1097-1107.
14. Reitz C, Coovadia A, Ko S, et al. Initial response
to protease-inhibitor-based antiretroviral therapy
among children less than 2 years of age in South Africa:
effect of cotreatment for tuberculosis. J Infect Dis.
2010;201(8):1121-1131.
15. National antiretroviral treatment guidelines (first
edition, 2004): section 2, antiretroviral treatment (ART)
in children. South Africa Department of Health. http:
//www.doh.gov.za/docs/factsheets/guidelines
/artguidelines04/sec2.pdf. Accessed August 12, 2010.
16. Child growth standards and WHO Anthro and
macros. World Health Organization. http://www.who
.int/childgrowth/software/en/. Accessed August 11,
2010.

REUSE OF NEVIRAPINE IN EXPOSED INFANTS

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, September 8, 2010—Vol 304, No. 10 1089

Downloaded From: https://jamanetwork.com/ on 05/22/2023



17. Bangsberg DR. Less than 95% adherence to non-
nucleoside reverse-transcriptase inhibitor therapy can
lead to viral suppression. Clin Infect Dis. 2006;
43(7):939-941.
18. Pillay V, Ledwaba J, Hunt G, et al. Antiretroviral
drug resistance surveillance among drug-naive HIV-
1-infected individuals in Gauteng Province, South Africa
in 2002 and 2004. Antivir Ther. 2008;13(suppl 2):
101-107.
19. Hunt G, Taylor B, Coovadia A, et al. Develop-
ment of drug resistance among a cohort of HIV-
infected infants exposed to nevirapine for preven-
tion of mother-to-child transmission initiating
PI-based ART in South Africa [abstract 957]. 16th Con-
ference on Retroviruses and Opportunistic Infec-
tions; February 8-11, 2009; Montreal, Canada.
20. Moorthy A, Kuhn L, Coovadia A, et al. Plasma fre-
quencies of nevirapine resistance influence virologic
responses to nevirapine maintenance therapy in single-
dose exposed HIV-infected children initially treated with
lopinavir HAART [abstract 159]. 17th Conference on
Retroviruses and Opportunistic Infections; February
16-19, 2010; San Francisco, CA.
21. Hammer SM, Eron JJ Jr, Reiss P, et al; Interna-
tional AIDS Society-USA. Antiretroviral treatment of
adult HIV infection: 2008 recommendations of the In-
ternational AIDS Society-USA panel. JAMA. 2008;
300(5):555-570.
22. Fleiss JL. Statistical Methods for Rates and
Proportions. 2nd ed. New York, NY: Wiley; 1981.
23. Collett D. Modelling Survival Data in Medical
Research. New York, NY: Chapman-Hall; 1994.
24. Bucher HC, Kofler A, Nüesch R, Young J, Battegay
M, Opravil M. Meta-analysis of randomized con-
trolled trials of simplified versus continued protease
inhibitor-based antiretroviral therapy in HIV-1-infected
patients. AIDS. 2003;17(17):2451-2459.

25. Murphy RL, Smith WJ. Switch studies: a review.
HIV Med. 2002;3(2):146-155.
26. Negredo E, Bonjoch A, Clotet B. Benefits and con-
cerns of simplification strategies in HIV-infected
patients. J Antimicrob Chemother. 2006;58(2):
235-242.
27. Ena J, Leach A, Nguyen P. Switching from sup-
pressive protease inhibitor-based regimens to
nevirapine-based regimens: a meta-analysis of ran-
domized controlled trials. HIV Med. 2008;9(9):
747-756.
28. Martı́nez E, Arnaiz JA, Podzamczer D, et al; Nevira-
pine, Efavirenz, and Abacavir (NEFA) Study Team. Sub-
stitution of nevirapine, efavirenz, or abacavir for
protease inhibitors in patients with human immuno-
deficiency virus infection. N Engl J Med. 2003;
349(11):1036-1046.
29. Raffi F, Bonnet B, Ferré V, et al. Substitution of a
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Man lives consciously for himself but unconsciously
he serves as an instrument for the accomplishment of
historical and social ends.

—Leo Tolstoy (1835-1910)
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