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Abstract

We sought to determine the pattern of resistance-associated mutations (RAMs) among HIV-1-infected children
failing first-line antiretroviral therapy (ART) and ascertain their response to second-line regimens in 48 weeks of
follow-up. The design involved a cohort study within an HIV care program. We studied records of 142 children
on ART with virological failure to first-line ART and switched to second-line ART with prior genotypic resis-
tance testing. The pattern of RAMs was determined in frequency runs and the factors associated with accu-
mulation of ‡ 3 thymidine analogue mutations (TAMs) and K103N were determined using multivariate logistic
models. Changes in weight, height, CD4, and viral load at weeks 24 and 48 after switch to second-line therapy
were determined using descriptive statistics. The children were mean age 10.9 – 4.6 years and 55.6% were male.
The commonest nucleoside reverse transcriptase inhibitor (NRTI) RAM was M184V in 129/142 (90.8%) children.
TAMs, ‡ 3 TAMs, 69 insertion complex, K65R/N, and Q151M were observed in 43.0%, 10.6%, 18.3%, 2.8%, and
2.1% of the children, respectively. The commonest nonnucleoside reverse transcriptase inhibitor (NNRTI) RAM
was K103N in 72/142 (50.7%) children. The starting ART regimen was associated with accumulation of both ‡ 3
TAMs ( p = 0.046) and K103N ( p < 0.0001), while a history of poor adherence was associated with K103N accu-
mulation ( p = 0.0388). After 24 weeks and 48 weeks of follow-up on lopinavir-ritonavir based second-line ART,
86/108 (79.6%) and 84.5% (87/103) of the children had viral loads < 400 copies/ml, respectively. The mean CD4
absolute count increased by 173 cells/ll and 267cells/ll at weeks 24 and 48, respectively. Increments were also
observed in mean weight (1.6 kg and 4.3 kg) and height (1.8 cm and 5.8 cm) at weeks 24 and 48, respectively.
Multiple RAMs were observed among HIV-1-infected children with virological failure on first-line ART with
M184V and K103N most frequent. The children responded favorably to boosted PI-based second-line ART.

Introduction

The emergence of viral resistance to antiretroviral
drugs (ARVs) among HIV-infected individuals is a major

obstacle toward the effectiveness of antiretroviral therapy
(ART). It is of greater concern among children who need to
receive therapy for several years into and throughout adult-
hood life. The concern is even more pronounced among
children in sub-Saharan Africa, where resources and hence
drug options are limited, and yet where the majority of the
HIV-infected children live.1

Many countries in sub-Saharan Africa have rolled out ART
to HIV-infected adults and children, with Uganda being
among the pioneering countries.1,2 In March 2011, 22,798

Ugandan children were reported to be on ART.3 Many of these
children are at risk of developing antiretroviral drug resistance.
Studies in ART-naive children are limited, but reports from
adult studies indicate that primary viral resistance to ARVs is
becoming a major problem in Uganda and other sub-Saharan
countries.4,5 Among ART-experienced HIV-infected children
studies have reported the emergence of resistance-associated
mutations to nucleoside reverse transcriptase inhibitors (NRTIs),
nonnucleoside reverse transcriptase inhibitors (NNRTIs), and
protease inhibitors (PIs).6–12

In the absence of individual viral resistance information,
the World Health Organization (WHO) guidelines are what
most national programs in sub-Saharan Africa follow to ini-
tiate and switch ART in HIV-infected children.13 These
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guidelines recommend NRTI and NNRTI combination first-
line ART and boosted PI-based second-line therapy when the
first-line regimens fail. There are limited data on resistance-
associated mutations among HIV-infected children failing
such first-line ART and response to the second-line regimens
in sub-Saharan Africa.

We set out to determine the pattern of antiretroviral drug
resistance-associated mutations (RAMs) among HIV-1-infected
Uganda children failing first-line therapy and investigate how
these mutations would relate to the WHO recommended sec-
ond-line ART regimens. We also followed up the children on
second-line regimens for 48 weeks to ascertain the clinical, im-
munological, and virological response to the therapy.

Materials and Methods

We conducted a chart and database review of children who
ever received ART at the Joint Clinical Research Centre ( JCRC),
Kampala from January 2004 to December 2010 under the gen-
eral access treatment program supported by the President’s
Emergency Plan For AIDS Relief (PEPFAR) and Clinton Health
Access Initiative (CHAI). We selected 142 children who had
been switched to second-line ART after development of viro-
logical failure to their first-line regimens and had switched after
genotypic resistance testing. We assessed the resistance profiles
of these children at switch to second-line therapy, as well as the
immunological and virological response to the second-line
regimens at weeks 24 and 48 postswitch. Figure 1 shows how
these children were selected.

Study setting

The study was carried out at JCRC Kampala, which houses
the headquarters of this HIV care and research institution
with both adult and pediatric populations. Children regis-
tered under the PEPFAR and CHAI-supported general access

program received free services, such as ART, opportunistic
infections prophylactic medication, adherence counseling,
routine laboratory monitoring tests, and nutritional supple-
ments. The criteria for ART initiation and switching were by
the WHO guidelines for ART initiation in infants and chil-
dren.13 When results of resistance testing were available, they
would be taken into consideration at the time of switching to
second-line therapy. Among the routine laboratory monitor-
ing tests performed were CD4 cell count and CD4 percentages
every 6 months, plasma HIV-1 (RNA) viral load annually, and
genotypic resistance testing when needed.

Genotypic resistance profiles

Genotypic resistance testing was done where the attending
physician suspected ART failure, usually for patients with
viral loads > 2000 copies/ml, as this was the threshold beyond
which mutations could be detected in the laboratory. The
genotypic resistance sequencing was done using in house
primers. The sequences were edited using Bio-Edit Sequence
Alignment Editor (Version 7.0.5) and analyzed using the HIV
drug resistance database of Stanford University.14 Drug re-
sistance mutations were assessed using the 2011 updated In-
ternational AIDS Society (IAS)–USA list of the drug resistance
mutations in HIV-1.15 The drug classes evaluated included
NRTIs, NNRTIs, and PIs. Drug susceptibility for each patient
was categorized as susceptible, potential low-level resistance,
low-level resistance, intermediate resistance, or high-level
resistance using the Stanford algorithm.14

Statistical analysis

We extracted the children’s demographic and treatment
information from their medical records at the clinic using a
standard tool. This information included their gender, age at
time of assessment, duration on first-line antiretroviral med-
ication, their initial treatment regimen, history of poor ad-
herence, and whether they were exposed to the use of
prevention of mother-to-child transmission of HIV (PMTCT)
medications. Also extracted were the weight, height, CD4
count and percentage, and viral load at baseline, week 24, and
week 48 after switch to second-line ART. Using the same tool,
the genotypic resistance profiles were reviewed to ascertain
the HIV subtype and the drug resistance-associated muta-
tions. The overall aim of this investigation was to describe the
RAMs in children failing first-line ART and ascertain the
short-term response to second-line regimens. We achieved
this by constructing frequency runs of the most commonly
identified NRTI and NNRTI RAMs. For continuous variables
that followed a normal distribution, we generated and present
their descriptive statistics. In secondary analyses, we investi-
gated the factors associated with the accumulation of three or
more thymidine analogue mutations (TAMs) and K103N
mutations among the children. Included among TAMs were
the following NRTI RAMs: M41L, D67N, K70R, L210W,
T215Y/F, and K219Q/E. We achieved this in univariable lo-
gistic models with the demographic and treatment charac-
teristics as the independent variables. We also constructed a
multivariable model to explain the joint demographic and
treatment factors associated with detecting the K103N mu-
tation using the backward elimination algorithm. All factors
that had achieved a statistical p-value cut-off of 0.2 were
considered eligible to be included in the model.

FIG. 1. Flow chart showing how the study participants
were selected.
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The weight, height, CD4, and viral load changes from
baseline to weeks 24 and 48 were determined using descrip-
tive statistics. Univariable logistic models were used to in-
vestigate the factors associated with achieving a viral load
of < 400 copies per ml at week 24.

All statistical analyses were performed using the Stata 11/
IC (Stata Inc., Texas) software, all statistical inferential
framework was based on the 5% error level, and all presented
p-values were based on two-tailed tests.

Results

Of 2,570 children who were cumulatively provided with
ART at JCRC Kampala on the general access treatment pro-
gram between January 2004 and December 2010, 210 (8.2%)
failed first-line ART and were switched to second-line ART,
and of these 142 (67%) had genotypic testing results. These
were included in this investigation (Fig. 1). The mean age of
the 142 children at the time of the investigation was 10.9 – 4.6
years; all had been on treatment for the past 5.9 – 2.0 years; 79
(55.6%) were male; 49/103 (47.6%) and 45/103 (43.7%) had

HIV-1 subtype D and A, respectively; 82 (57.8%) and 51
(35.9%) started on nevirapine (NVP) and efavirenz (EFV)-
based ART regimens respectively (Table 1); 70/138 (50.7%),
64/138 (46.4%), and 4/138 (2.9%) were initiated on stavudine
(d4T), zidovudine (AZT), and abacavir (ABC)-containing
regimens, respectively; and all had lamivudine (3TC) in their
initial regimen.

NRTI resistance-associated mutations

Table 2 contains a list of all NRTI and NNRTI mutations
detected among the participating children. Only 5/142 (3.5%)
of the children who failed first-line ART and had resistance
testing done did not have any NRTI RAMs. The commonest
NRTI RAM was M184V, which was detected among 129/142
(90.8%) children, and in 41/142 (28.9%) children it was the
only identified NRTI RAM.

Other commonly observed NRTI RAMs were the TAMs:
T215Y/F (n = 61; 43.0%), K219Q/E (n = 35; 24.6%), D67N
(n = 32; 22.5%), and K70R (n = 30; 21.1%) (Table 2). Three or
more TAMs were observed among 15/142 (10.6%) of the
children (Table 1).

The K65R/N mutation was observed in only 4/142 (2.8%)
children while the Q151M was identified in only 3/142 (2.1%)
children. On the other hand 69 insertion complex (T69N/D)
was frequently observed (26/142; 18.3%).

Children initiated on d4T-containing regimens were 70% less
likely to accumulate ‡ 3 TAMs than those initiated on ZDV-
containing regimens, OR: 0.30, 95% CI: 0.09 to 0.98, p = 0.046.

We also observed a borderline significant association be-
tween age of the child and accumulating ‡ 3 TAMs, where
each additional year was associated with an 11% reduction
[odds ratio (OR): 0.89, 95% confidence interval (CI): 0.79 to
1.01] in the odds of accumulating ‡ 3 TAMs ( p = 0.0558). No
other demographic and treatment factor was significantly
associated with accumulation of ‡ 3 TAMs (Table 3).

NNRTI resistance-associated mutations

Among the children who had resistance testing done, only
2/142 (1.4%) did not have any NNRTI RAM. The most com-
monly observed NNRTI RAM was K103N in 72/142 (50.7%)
of the children and in 15/142 (10.6%) children it was the only
identified NNRTI RAM. G109A/S and Y181C were also
commonly observed in 45/142 (31.7%) and 33/142 (23.2%)
children, respectively. Other commonly observed NNRTI
RAMs were K101E/H/P (n = 29; 20.4%) and P225H (n = 20;
14.1%) (Table 2).

The starting first-line ART regimen ( p < 0.0001) and history
of poor adherence ( p = 0.0388) were independently signifi-
cantly associated with accumulation of K103N, whereas age
( p = 0.0552) and prior exposure to drugs for prevention of
mother-to-child transmission of HIV (PMTCT) ( p = 0.0632)
had a borderline significant association with K103N accu-
mulation (Table 3). When adjusted for history of poor ad-
herence, age, and prior exposure to drugs for PMTCT,
children initiated on EFV-based regimens were almost six
times more likely (adjusted OR: 5.56, 95% CI: 2.28 to 13.60),
p = 0.0002) to accumulate K103N when compared to those
initiated on NVP-based regimens (Table 3). On the contrary,
the Y181C mutation was observed in 26/29 (89.7%) children
whose initial regimen was nevirapine based, and not at all

Table 1. Demographic and Treatment

Characteristics of the Participating

Children at the Time of Investigation

Characteristic Value Count (%)

Gender (n = 142) Female 63 (44.4%)
Male 79 (55.6%)

Age in years (n = 141) 2–4 years 13 (9.2%)
5–11 years 51 (36.2%)
12–19 years 77 (54.6%)
Mean – SD 10.9 – 4.6

Duration (years) on
antiretroviral therapy
(n = 138)

1–4 years 28 (20.3%)
5–8 years 96 (69.6%)
9–12 years 14 (10.1%)
Mean – SD 5.9 – 2.0

Any history of PMTCT
exposure (n = 142)

No 111 (78.2%)
Yes 21 (14.8%)
Not known 10 (7.0%)

Any history of poor
adherence to medication
(n = 140)

No 51 (36.4%)
Yes 89 (63.6%)

Initial antiretroviral
therapy regimen
(n = 142)

NVP containing 82 (57.8%)
EFV containing 51 (35.9%)
Triple NRTI 9 (6.3%)

HIV subtype (n = 103) A 45 (43.7%)
C 4 (3.9%)
D 49 (47.6%)
AE 5 (4.9%)

Detected any thymidine
analogue mutations
(n = 142)

No 81 (57.0%)
Yes 61 (43.0%)

Detected any three
thymidine analogue
mutations (n = 142)

No 127 (89.4%)
Yes 15 (10.6%)

Detected the K103N
mutation (n = 142)

No 70 (49.3%)
Yes 72 (50.7%)

PMTCT, prevention of mother-to-child transmission; NVP,
neviripine; EFV, efavirenz; NRTI, nucleoside reverse transcriptase
inhibitor.
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among children whose initial regimen was efavirenz based
( p < 0.0001). Of note there was no significant difference ob-
served between the proportions of children with a history of
poor adherence among children initiated on EFV-based ver-
sus NVP-based regimens ( p = 0.878).

PI resistance-associated mutations

Twelve children had resistance testing done for PIs and of
these two had PI resistance-associated mutations. One child
had a single L23I, which is an accessory mutation.14 The other
child had D30N, M46I, I54V, V82A, and N88D, as well as
multiple NRTI RAMs including several TAMs. She had been
referred to the JCRC with a history of multiple ARV drug
exposure over a 10-year period and poor adherence.

Response to second-line antiretroviral regimens

All second-line regimens were boosted PI based (lopinavir-
ritonavir; LPVr), with the most frequently chosen regimens
being AZT/3TC/DDI/LPVr (n = 42), ABC/DDI/LPVr
(n = 31), AZT/3TC/LPVr (n = 15), and AZT/3TC/TDF/LPVr
(n = 13). Of 129 children with the M184V mutation, 80 (62.0%)
had 3TC maintained in their second-line regimens and an-
other 10 (7.8%) were put on emtricitabine (FTC)-containing
regimens. Four children (2.8%) were lost to follow-up and 6
(4.2%) were transferred out to other treatment centers; no
child is known to have died in the 48 weeks of follow-up. The
remaining children responded well to the second-line regi-
mens as shown by the favorable mean weight, height, CD4
count (%), and viral load at weeks 24 and 48 (Table 4). The

Table 2. Number (%) of Children in Whom Nucleoside Reverse Transcriptase Inhibitor

and Nonnucleoside Reverse Transcriptase Inhibitor Mutations Were Observed

Nucleoside reverse transcriptase inhibitor (NRTI) mutations Nonnucleoside reverse transcriptase inhibitor (NNRTI) mutations

Mutation Count (%) Mutation Count (%) Mutation Count (%) Mutation Count (%)

M184V 129 (90.8%) F116Y 5 (3.5%) K103N 76 (53.5%) V179L/T 6 (4.2%)
T215Y/F 61 (43.0%) Y115F 4 (2.8%) G190A/S 45 (31.7%) L100I 5 (3.5%)
K219Q/E 35 (24.6%) K65R 4 (2.8%) Y181C 33 (23.2%) V106A/M 5 (3.5%)
D67N 32 (22.5%) M41L 4 (2.8%) K101E/H/P 29 (20.4%) F227C 5 (3.5%)
K70R 30 (21.1%) Q151M 3 (2.1%) P225H 20 (14.1%) P236L 3 (2.1%)
T69N/D 26 (18.3%) L74I 3 (2.1%) E138A/G/K/Q 17 (12.0%) V90I 2 (1.4%)
V75I 21 (14.7%) A62V 2 (1.4%) K238T/N/Q 15 (10.6%) V1081 2 (1.4%)
L210W 17 (12%) F77L 1 (0.7%) A98G 11 (7.8%) H221Y 2 (1.4%)
V118I 11 (7.7%) Y188C/L/H 11 (7.8%) L234I 2 (1.4%)
E44D 7 (4.9%) M230L 8 (5.6%)

Table 3. Association Between the Presence of Any Three or More Thymidine Analogue Mutations

and the K103N Mutation with the Children’s Demographic and Treatment Characteristics

Three or more thymidine analogue mutations (TAMs)
(n = 15) K103N (n = 76)

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Gender
Female [ref] 0.8498 [ref] 0.9848
Male 0.90 (0.31, 2.64) 0.99 (0.51, 1.93)

Age in years 0.89 (0.79, 1.01) 0.0558 1.07 (1.00, 1.16) 0.0552
Duration (years) on antiretroviral therapy 1.01 (0.77, 1.33) 0.9383 1.04 (0.88, 1.23) 0.6560
Any history of PMTCT exposure

No [ref] 0.2558 [ref] 0.0632
Yes 2.14 (0.61, 7.50) 0.40 (0.15, 1.05)
Not known [Omitted] 0.34 (0.08, 1.38)

Any history of poor adherence to medication
No [ref] 0.7623 [ref] 0.0388
Yes 0.84 (0.28, 2.52) 2.08 (1.03, 4.20)

Initial antiretroviral therapy regimen
NVP containing [ref] 0.2691 [ref] < 0.0001
EFV containing 0.45 (0.12, 1.72) 5.98 (2.68, 13.35)
Triple NRTI 2.06 (0.37, 11.32) 0.21 (0.02, 1.72)

HIV subtype
A [ref] 0.8022 [ref] 0.7257
C 2.17 (0.19, 24.39) 0.42 (0.04, 4.32)
D 0.91 (0.27, 3.05) 1.02 (0.45, 2.30)
AE [Omitted] [Omitted]
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mean CD4 absolute count increments were 173 cells/ll and
267cells/ll at weeks 24 and 48, respectively (Table 4). After 24
weeks and 48 weeks of follow-up, the proportions of children
with viral loads < 400 copies/ml were 86/108 (79.6%) and 87/
103 (84.5%), respectively.

A marginally significant difference was observed between
the proportion of children in whom 3TC/FTC was main-
tained in the second-line regimens with a viral load of < 400
copies/ml at week 48 [57/71 (80.3%)] compared to 31/33
(93.9%) among those in whom 3TC/FTC was not maintained,
p = 0.072. At week 24, the difference was less significant where
76.3% (58/76) of children in whom 3TC/FTC was maintained
in second-line regimens had viral loads < 400 copies/ml
compared to 85.3% (29/34) of children in whom 3TC/FTC
was not maintained with viral loads < 400 copies/ml,
p = 0.285. Furthermore, there was no statistical difference be-
tween the proportions of children with the M184V mutant
virus versus those with the wild-type 184 virus, with viral
loads < 400 copies/ml at week 24 [83/105 (79.1%) versus 5/6
(83.3%), p = 0.801] or at week 48 [81/97 (83.5%) versus 8/8
(100%), p = 0.212].

Children with a history of poor adherence were 97% less
likely to achieve a viral load of < 400 copies per ml when
compared to those whose adherence was optimal, OR = 0.03,
95% CI: 0.007, 0.111, p < 0.0001. No other demographic and
treatment factor was significantly associated with failure to
achieve a viral load of < 400 copies per ml (data not shown).

Discussion

Viral resistance to ARVs in the setting of limited drug op-
tions such as sub-Saharan Africa warrants an insight into the
pattern of RAMs among children failing first-line ART to
guide second-line ART choices. In this study, we found that
98.6% of HIV-1-infected children with virological failure to
first-line ART had at least one RAM, with M184V and K103N
being the most commonly observed NRTI and NNRTI RAM,
respectively; TAMs and the 69 insertion complex were ob-
served in 43.0% and 18% of the children, respectively, but the
K65R/N and Q151M were rare. As expected, the children
responded well to PI-based second-line ART regimens.

This pattern of RAMs among children with virological failure
on reverse transcriptase-based therapy is consistent with pre-
vious findings in Central African Republic, Tanzania, Brazil,
China, Thailand, and earlier in Uganda.7,10, 16–19 However, we
observed a much higher frequency of the 69 insertion complex,
which is associated with resistance to all NRTIs currently ap-
proved by the US FDA20 when present with one or more TAMs

at codons 41, 210, or 215.15 This together with the observed high
rate of accumulation of TAMs is of particular concern regarding
the role of the NRTI backbone in second-line regimens, still
recommended by WHO.13 On a positive note, the K65R muta-
tion, which is associated with reduced susceptibility to abacavir
(ABC) and tenofovir (TDF) as well as didanosine (DDI) and
d4T,15 was rare, contrary to what was observed earlier in Ni-
geria21 and South Africa.22 Over 95% of the children in our
study started with AZT or d4T and since WHO recommends
ABC or TDF as part of second-line ART for these children,13 it is
expected that such ABC/TDF-containing regimens would be
efficacious. Furthermore, the multi-NRTI resistance Q151M14,15

was also rarely observed in our study.
The M184V mutation, which is associated with resistance to

3TC and FTC, when present with TAMs increases ABC re-
sistance15,23 further compromising the usefulness of ABC in
second-line regimens, but it appears to delay or prevent the
emergence of TAMs.15, 24 This explains why 3TC was main-
tained in most of the second-line regimens of the children in
our study. However, in the 48 weeks of follow-up, we did not
observe an added benefit in terms of viral suppression of
maintaining 3TC in the second-line regimens. On the con-
trary, though marginally significant, at week 48 a greater
proportion of children in whom 3TC was not maintained
(94%) had viral loads < 400 copies/ml when compared to
those in whom 3TC was maintained (80%).

The K103N mutation that confers high level resistance to
NVP and EFV is not associated with resistance to etravirine
(ETR) or rilpivirine (RPV) if occurring singly. However, the
clinical utility of these two drugs is reduced by the occurrence
of mutations that were significantly observed in our study
including L100I, K101P, E138A/G/K/Q, V179L, Y181C/I/V,
H221Y, and M230L, especially if occurring in combination.15

Therefore before considering using ETR or RPV in ART-
experienced children with virological failure and prior expo-
sure to NVP or EFV, a resistance profile should be obtained.

The accumulation of three or more TAMs, which increases
the chances of high level resistance to d4T and AZT as well as
contributing resistance to many of the other NRTIs,14 and of
K103N was observed to be associated with the first-line ART
regimen the child started with. A history of poor adherence
was associated with an accumulation of K103N and poor vi-
rological response to second-line regimens. The effect of a
history of poor adherence on the accumulation of mutations is
not surprising given that it has been widely observed.25–27

Studies comparing EFV and NVP have either found EFV-
based regimens to be more efficacious28,29 or have shown
similar immunological and virological outcomes30–32; K103N
has been identified more among efavirenz-based regimens
and Y181C with nevirapine-based regimens.28 A recent study
in Botswana found children on EFV-based regimens to be less
adherent to their regimens when compared to those on NVP-
based regimens,33 although this was not observed in our
study. We found that the children whose starting ART regi-
men was EFV based were six times more likely to develop
K103N and 55% less likely to have three or more TAMs when
compared to those who started on an NVP-based regimen,
and that the Y181C was identified only in children with prior
NVP exposure and not at all among the children with prior
EFV exposure. This reaffirms that both EFV- and NVP-based
regimens should continue to be provided as NNRTI options
for first-line ART in national programs.

Table 4. Mean Changes in Weight, Height, CD4,
and Viral Load at Week 24 and 48

on Second-Line Antiretroviral Therapy

Week 0 Week 24 Week 48

Weight (kg)a 25.7 (10.8) 27.3 (11.4) 30.0 (15.9)
Height (cm)a 123.3 (22.7) 125.1 (22.7) 129.1 (21.8)
CD4 (cells/ll)a 635.7 (549.7) 809.0 (609.3) 902.8 (518.8)
CD4%a 21.0 (10.9) 24.0 (10.2) 25.8 (9.5)
Log10 viral loada 4.6 (0.9) 1.1 (1.6) 1.0 (1.5)

aMean (standard deviation).
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After 24 weeks and 48 weeks of follow-up of the children on
boosted PI (LPVr)-based second-line regimens, 80% and 85%
of the children had viral loads < 400 copies/ml, respectively.
This is very favorable response and reassuring given the high
level of TAMs that were observed. However, it should be
noted that these children were switched with knowledge of
their individual resistance profiles. Similar results were ob-
tained in a Chinese study.34

Although this was an observational study and the study
population was not chosen at random, it provides an insight
into the RAMS expected among HIV-1-infected children fail-
ing WHO-recommended first-line ART regimens and the
short-term response to boosted PI-based therapy. Another
limitation of the study is that the threshold for performance of
resistance testing, which is 2000 copies, was rather high. This
could have led to a greater accumulation of RAMs.

In conclusion, we observed multiple NRTI and NNRTI
mutations among HIV-1-infected children failing first-line
ART, with a potential to limit the usefulness of the NRTI class
of drugs for second-line ART as recommended by WHO.
Fortunately boosted PI-containing second-line regimens re-
main effective during this short-term follow-up. Virological
monitoring needs to be promoted in resource-limited settings
to identify treatment failure early and switch therapy before
several mutations are accumulated, thereby preserving sub-
sequent treatment options. Furthermore, care should be taken
when choosing between AZT and d4T or between EFV and
NVP to constitute a first-line ART regimen and optimal ad-
herence to ART should be ensured to prevent the accumula-
tion of RAMS.

Acknowledgments

The authors would like to thank the management and staff
of JCRC, Kampala for their support of this operational research,
and in particular the following staff of the pediatric and labo-
ratory departments: Eva Natukunda, Rosette Keishanyu, Phi-
lip Apugulu, Ruth Nandugwa, Ruth Sendi, Wilfred Opilo,
Annet Nandudu, Judith Byaruhanga, Sam Ssenyonjo, Charity
Musiime, Priscilla Kyobutungi, Asia Namusoke, Paul Oronon,
Immaculate Kyosaba, Peter Erimu, James Nkalubo, John
Okiror, Fred Kyeyune, Hannah Nanyonjo, Leonard Bagenda,
Stanley Bulime, Godfrey Pimundu, Lydia Nakiire, Jonathan
Mwesigwa, Martin Katuramu, Lincoln Mugarura, and Peter
Awio. We also thank the Case Western Reserve University for
their support of the resistance testing laboratory. Drugs and
laboratory tests were provided to children with funding from
USAID with support from PEPFAR as well as CHAI.

Author Disclosure Statement

No competing financial interests exist.

References

1. UNAIDS: Global report: UNAIDS report on the global AIDS
epidemic, 2010.

2. WHO: Uganda leads the way in innovative AIDS treatment.
www.who.int/bulletin/volumes/83/4/infocus 0405/en. Ac-
cessed December 15, 2005.

3. MOH-Uganda: ART scale up—where we stand: Lessons
learned and challenges. In: 3rd National HIV update meet-
ing, Kampala, Uganda, 7–9 September 2011.

4. Hamers RL, Wallis CL, Kityo C, et al.: HIV-1 drug resistance
in antiretroviral-naive individuals in sub-Saharan Africa af-
ter rollout of antiretroviral therapy: A multicentre observa-
tional study. Lancet Infect Dis 2011;11(10):750–759.

5. Ndembi N, Hamers RL, Sigaloff KC, et al.: Transmitted an-
tiretroviral drug resistance among newly HIV-1 diagnosed
young individuals in Kampala. AIDS 2011;25(7):905–910.

6. Barth RE, Tempelman HA, Smelt E, Wensing AM, Hoepel-
man AI, and Geelen SP: Long-term outcome of children re-
ceiving antiretroviral treatment in rural South Africa:
Substantial virologic failure on first-line treatment. Pediatr
Infect Dis J 2011;30(1):52–56.

7. Charpentier C, Gody JC, Mbitikon O, et al.: Virological
response and resistance profiles after 18 to 30 months of
first- or second-/third-line antiretroviral treatment: A cross-
sectional evaluation in HIV Type 1-infected children living
in the Central African Republic. AIDS Res Hum Retroviruses
2012;28(1):87–94.

8. Gupta RK, Ford D, Mulenga V, et al.: Drug resistance in
human immunodeficiency virus type-1 infected Zambian
children using adult fixed dose combination stavudine, lami-
vudine, and nevirapine. Pediatr Infect Dis J 2010;29(8):e57–62.

9. Musiime V, Ssali F, Kayiwa J, et al.: Response to non-
nucleoside reverse transcriptase inhibitor-based therapy in
HIV-infected children with perinatal exposure to single-dose
nevirapine. AIDS Res Hum Retroviruses 2009;25:989–996.

10. Ruel TD, Kamya MR, Li P, et al.: Early virologic failure and
the development of antiretroviral drug resistance mutations
in HIV-infected Ugandan children. J Acquir Immune Defic
Syndr 2011;56:44–50.

11. Sigaloff KC, Calis JC, Geelen SP, van Vugt M, and de Wit TF:
HIV-1-resistance-associated mutations after failure of first-
line antiretroviral treatment among children in resource-
poor regions: A systematic review. Lancet Infect Dis 2011;
11(10):769–779.

12. Zhang F, Haberer J, Wei H, et al.: Drug resistance in the
Chinese National Pediatric Highly Active Antiretroviral
Therapy Cohort: Implications for paediatric treatment in the
developing world. Int J STD AIDS 2009;20:406–409.

13. WHO: Antiretroviral therapy for HIV infection in infants
and children: Towards universal access; recommendations
for a public health approach—2010 revision. WHO, Geneva,
Switzerland, 2010.

14. Stanford University: HIV Drug resistance database. In.
hivdb.stanford.edu. Accessed September 30, 2011.

15. Johnson VA, Calvez V, Gunthard HF, Paredes R, et al.: 2011
update of the drug resistance mutations in HIV-1. Top An-
tivir Med 2011;19(4):156–164.

16. Bratholm C, Johannessen A, Naman E, et al.: Drug resistance
is widespread among children who receive long-term anti-
retroviral treatment at a rural Tanzanian hospital. J Anti-
microb Chemother 2010;65:1996–2000.

17. Figueiredo Saad F, Kaminami Morimoto H, Wiechmann SL,
Bonametti AM, et al.: Frequency and diversity of human
immunodeficiency virus type 1 mutations associated with
antiretroviral resistance among patients from Southern
Brazil failing highly active antiretroviral therapy (HAART).
Int J Mol Med 2010;26(4):585–593.

18. Mohamad S, Deris ZZ, Yusoff NK, Ariffin TA, and Shueb RH:
Assessing subtypes and drug resistance mutations among
HIV-1 infected children who failed antiretroviral therapy in
Kelantan, Malaysia. Braz J Infect Dis 2012;16(3):284–288.

19. Puthanakit T, Jourdain G, Hongsiriwon S, et al.: HIV-1 drug
resistance mutations in children after failure of first-line

454 MUSIIME ET AL.



nonnucleoside reverse transcriptase inhibitor-based anti-
retroviral therapy. HIV Med 2010;11:565–557.

20. AIDS-Info: FDA-Approved Anti-HIV Medications. In:
www.aidsinfo.nih.gov/contentfiles/ApprovedMedstoTreat
HIV_FS_en.pdf. Accessed August 24, 2012.

21. Hawkins CA, Chaplin B, Idoko J, Ekong E, et al.: Clinical and
genotypic findings in HIV-infected patients with the K65R
mutation failing first-line antiretroviral therapy in Nigeria.
J Acquir Immune Defic Syndr 2009;52(2):228–234.

22. Wallis CL, Mellors JW, Venter WDF, Sanne I, and Stevens
W: Varied patterns of HIV-1 drug resistance on failing first-
line antiretroviral therapy in South Africa. J Acquir Immune
Defic Syndr 2010;53(4):480–484.

23. Harrigan PR, Stone C, Griffin P, Najera I, et al.: Resistance
profile of the human immunodeficiency virus type 1 reverse
transcriptase inhibitor abacavir (1592U89) after mono-
therapy and combination therapy. CNA2001 Investigative
Group. J Infect Dis 2000;181(3):912–920.

24. Kuritzkes DR: Clinical significance of drug resistance in
HIV-1 infection. AIDS 1996;10(Suppl 5):527–531.

25. Nachega JB, Hislop M, Dowdy DW, Chaisson RE, Regens-
berg L, and Maartens G: Adherence to nonnucleoside re-
verse transcriptase inhibitor-based HIV therapy and
virologic outcomes. Ann Intern Med 2007;146:564–573.

26. Nachega JB, Hislop M, Nguyen H, et al.: Antiretroviral
therapy adherence, virologic and immunologic outcomes in
adolescents compared with adults in southern Africa. J Ac-
quir Immune Defic Syndr 2009;51:65–71.

27. Nolan S, Milloy MJ, Zhang R, et al.: Adherence and plasma
HIV RNA response to antiretroviral therapy among HIV-
seropositive injection drug users in a Canadian setting. AIDS
Care 2011;23:980–987.

28. Bannister WP, Ruiz L, Cozzi-Lepri A, et al.: Comparison of
genotypic resistance profiles and virological response
between patients starting nevirapine and efavirenz in
EuroSIDA. AIDS 2008;22:367–376.

29. Manfredi R, Calza L, and Chiodo F: Efavirenz versus ne-
virapine in current clinical practice: A prospective, open-
label observational study. J Acquir Immune Defic Syndr
2004;35:492–502.

30. Lapphra K, Vanprapar N, Chearskul S, et al.: Efficacy and
tolerability of nevirapine- versus efavirenz-containing regi-
mens in HIV-infected Thai children. Int J Infect Dis 2008;
12:e33–38.

31. Manosuthi W, Sungkanuparph S, Vibhagool A, Rattanasiri
S, and Thakkinstian A: Nevirapine- versus efavirenz-based
highly active antiretroviral therapy regimens in anti-
retroviral-naive patients with advanced HIV infection. HIV
Med 2004;5:105–109.

32. Patel AK, Pujari S, Patel K, et al.: Nevirapine versus efavir-
enz based antiretroviral treatment in naive Indian patients:
Comparison of effectiveness in clinical cohort. J Assoc Phy-
sicians India 2006;54:915–918.

33. Marape M: Regimen-specific adherence to antiretroviral
therapy among HIV-infected adolescents at a paediatric HIV
treatment centre in Gaborone, Botswana. In: 4th Interna-
tional Workshop on HIV Pediatrics, Washington, DC, 2012.

34. Zhao Y, Mu W, Harwell J, et al.: Drug resistance profiles
among HIV-1-infected children experiencing delayed switch
and 12-month efficacy after using second-line antiretroviral
therapy: An observational cohort study in rural China. J
Acquir Immune Defic Syndr 2011;58:47–53.

Address correspondence to:
Victor Musiime

Joint Clinical Research Centre ( JCRC)
P. O. Box 10005

Kampala
Uganda

E-mail: musiimev@yahoo.co.uk

DRUG RESISTANCE IN PEDIATRIC HIV 455




