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Background. Virologic failure (VF) is highly prevalent in sub-Saharan African children on antiretroviral therapy (ART) and is 
often associated with human immunodeficiency virus drug resistance (DR). Most children still lack access to routine viral load (VL) 
monitoring for early identification of treatment failure, with implications for the efficacy of second-line ART.

Methods. Children aged 1 to 14 years on ART for ≥12 months at 6 public facilities in Maputo, Mozambique were consecutively 
enrolled after informed consent. Chart review and caregiver interviews were conducted. VL testing was performed, and specimens 
with ≥1000 copies/mL were genotyped.

Results. Of the 715 children included, the mean age was 103 months, 85.8% had no immunosuppression, 73.1% were taking 
stavudine/lamivudine/nevirapine, and 20.1% had a history prevention of mother-to-child transmission exposure.  The mean time 
on ART was 60.0 months.  VF was present in 259 patients (36.3%); 248 (95.8%) specimens were genotyped, and DR mutations were 
found in 238 (96.0%). Severe immunosuppression and nutritional decline were associated with DR. M184V and Y181C were the 
most common mutations. In the 238 patients with DR, standard second-line ART would have 0, 1, 2, and 3 effective antiretrovirals 
in 1 (0.4%), 74 (31.1%), 150 (63.0%), and 13 (5.5%) patients, respectively.

Conclusion. This cohort had high rates of VF and DR with frequent compromise of second-line ART. There is urgent need to 
scale-up VL monitoring and heat-stable protease inhibitor formulations or integrase inhibitorsfor a more a durable first-line regimen 
that can feasibly be implemented in developing settings.
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At the end of 2015, an estimated 1.8 million children younger 
than 15  years were infected with human immunodeficiency 
virus (HIV) globally, and only 49% of them were on antiretrovi-
ral therapy (ART). Despite the low ART coverage rate, there has 
been a massive global scale-up of pediatric treatment, including 
an increase from 354 000 children on ART at the end of 2009 to 
872 524 at the end of 2015 [1]. An estimated 82.7% of children 
on ART live in sub-Saharan Africa (SSA), where most countries 
have not yet been able to pivot from clinical and immunologic 

monitoring to virologic monitoring of ART response because of 
financial, technical, and logistic constraints [2].

This situation is problematic in light of the large body of 
evidence for the superiority of virologic over clinical and 
immunologic monitoring in diagnosing ART failure in children 
and adults [3, 4]. Virologic failure (VF) invariably precedes 
clinical and immunologic failure, and delayed detection of VF 
has been shown to be associated with the development of drug 
resistance (DR), which progressively worsens with accumulating 
DR mutations (DRMs) over time without an appropriate switch 
in ART regimens [5, 6]. The issue is even more problematic in 
children who are less likely to achieve virologic suppression 
after ART initiation, have unique barriers to ART adherence, 
and might also have been exposed to antiretroviral drugs 
(ARVs) as part of prevention of mother-to-child transmission 
(PMTCT) in HIV programs [7–10]. Many countries with a 
high HIV burden, including Mozambique, have not been able 
to implement a protease inhibitor (PI)-based first-line regimen 
for children younger than 3 years, which is recommended by 
the World Health Organization (WHO) on the basis of evidence 
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of its increased efficacy and durability compared to those of 
non–nucleoside reverse transcriptase inhibitor (NNRTI)-based 
therapy [11, 12].

Pediatric HIV treatment outcomes in SSA have indicated 
that VF is alarmingly prevalent. One systematic review found 
VF rates in pediatric cohort studies in Africa that ranged from 
13% to 61% [13]. Other regional studies have also reported high 
rates of VF (19.3%–38%) in children on first-line ART [14–16]. 
The factors associated with VF have varied among studies, but 
exposure to PMTCT and poor adherence have been cited fre-
quently [17]. A  study from Mozambique and Uganda found 
advanced clinical stage with tuberculosis and an age between 3 
and 5 years to be risk factors for VF [18].

VF is highly associated with DR in children on ART in 
resource-limited settings. A review of data from Africa, Latin 
America, and Asia found that 90% of children with first-line 
ART failure harbored viruses with DRMs [13], and a retrospec-
tive cohort study in South Africa found DR in 81% of children 
with VF [19]. Also, a pediatric cohort study in Mozambique 
found that after 12  months on ART, 23% of children had VF 
and 10% harbored viruses with DRMs and that exposure to 
PMTCT, baseline DR, and missed medication are risk factors 
for DR [20].

A review of pooled data from pediatric DR in low-resource 
countries found 88%, 80%, and 54% of children with genotypic 
resistance to NNRTIs, nucleoside reverse transcriptase inhibi-
tors (NRTIs), and PIs, respectively [13]. Studies in Africa have 
revealed high rates of NNRTI and NRTI resistance and lesser 
degrees of PI resistance; 1 study from Mozambique found resis-
tance rates of 92%, 88%, and 0.0%, respectively [6, 21–24].

In Mozambique, as the pediatric ART program continues 
to grow and mature, the need to better understand trends in 
VF and emerging DR patterns is critical. Our study aimed to 
describe the prevalence of VF and HIV DR and the impact of 
HIV DRMs on susceptibility to the national recommended 
second-line regimens for children in a cohort of HIV-infected 
Mozambican children on first-line ART.

METHODS

Between August 2013 and March 2014, a cross-sectional study 
was conducted at 6 urban and periurban facilities (1 central 
hospital, 3 general hospitals, and 2 primary care health centers) 
located in Maputo City and Maputo Province. HIV-infected 
children, aged 12  months to 14  years, actively on ART for at 
least 12 months were eligible. Children were recruited consec-
utively from outpatient clinics. After the caregiver(s) provided 
written consent, each child at each site was enrolled accord-
ing to site-specific targets relative to the overall pediatric ART 
patient volume. Each patient was receiving routine care per 
national guidelines with a standard first-line ART regimen of 

a fixed-dose combination tablet containing stavudine (d4T), 
lamivudine (3TC), and nevirapine (NVP) or a fixed-dose com-
bination tablet containing zidovudine, 3TC, and NVP.

Demographic data (including age and sex) and clinical 
data (including clinic name, duration on ART, ART regimen, 
CD4 count, hemoglobin level, weight-for-age z score [WAZ], 
and exposure to PMTCT at the time of data collection) were 
collected through chart reviews and standardized caregiver 
interviews. Blood from each patient was collected in ethylene-
diaminetetraacetic acid (EDTA) tubes and used for viral load 
(VL) and DR testing. All study events occurred within a single 
patient encounter.

Plasma was prepared from venous blood and tested for VL 
using a COBAS AmpliPrep/COBAS TaqMan HIV type 1 (HIV-
1) v2.0 test (Roche Diagnostics, Basel, Switzerland) at Instituto 
Nacional de Saude laboratory in Mozambique. The lower limit 
of detection for the assay was 20 copies/mL. VF was defined as a 
plasma HIV-1 RNA VL of ≥1000 copies/mL according to 2013 
WHO guidelines [2]. All specimens that indicated VF were gen-
otyped for DR by using dried blood spots. Genotyping of the 
protease and reverse transcriptase regions of the HIV-1 pol gene 
was performed using a broadly sensitive in-house genotyping 
assay at the US Centers for Disease Control and Prevention 
(CDC) laboratory in Atlanta, Georgia [25].

Statistical analyses were performed using SAS 9.2 soft-
ware (SAS Institute, Inc, Cary, North Carolina) and Stata 14 
(StataCorp, College Station, Texas). The cohort’s demographic 
and clinical characteristics are summarized using means for 
continuous variables, frequencies for categorical variables, and 
survey-adjusted 95% confidence intervals (CIs) to account for 
survey design. For some covariates, principally current hemo-
globin level and immune status, up to 17% of the data were 
missing (see Table 1); by exploring patterns of missing data and 
the association between missing data and the outcomes of inter-
est, the missing-at-random (MAR) assumption was considered 
plausible [26]. To best manage missing covariate data in regres-
sion models, both complete case analyses and multiple-impu-
tation (MI) approaches were used to better assess sensitivity 
of the regression models to missing data. Results of analyses 
using complete case analyses and those using an MI approach 
were similar. Because MI is generally preferred to complete 
case analysis when missing data are considered missing at ran-
dom [27, 28] because this approach is less likely to yield biased 
parameter estimates, results of the MI approach are presented 
[28]. In the MI approach, the ice [29] procedure in Stata was 
used to create 20 imputed data sets for each outcome (VF and 
DR) separately [30]. For all analyses using imputed data, esti-
mates were combined across imputed data sets according to 
Rubin’s rules [31]. Multivariate logistic regression, in which we 
accounted for survey design, was used to assess predictors of 
VF and DR.
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Most recent CD4 counts, measured no more than 12 months 
before study enrollment, were used to classify the degree of 
current immunosuppression according to standard WHO 
age-based tables, preferentially using CD4 percentage values 
for children aged <5 years and absolute CD4 count values for 
children aged ≥5 years [32]. DRM interpretation and drug sus-
ceptibility were assessed using the Stanford University Drug-
Resistance Database (HIVDB 7.0) (Palo Alto, California).

This study was approved by the institutional review board 
of the Centers for Disease Control and Prevention (protocol 
5448) and the Mozambique National Bioethics Committee (19/
CNBS/13).

RESULTS

In total, 723 children were enrolled, and data were analyzed for 
715 (98.9%) of them. Eight patients were excluded from anal-
ysis because of missing data or having not had a blood sample 
collected. The mean age was 103.0  months (95% CI, 81.2–
124.8 months), the mean age at ART initiation was 35.4 months 
(95% CI, 25.0–45.8 months), and the mean time on ART was 
60.0 months (95% CI, 18.5–102.5 months). Of the patients with a 
recent CD4 count measurement, 85.8% (95% CI, 75.2%–92.3%) 
had no immunosuppression on the basis of WHO classifica-
tions, and only 4.2% (95% CI, 1.8%–9.6%) had severe immu-
nosuppression. The current WAZ was between −2 and −3 in 86 

Table 1. Demographic and Clinical Descriptive Statistics for Cohort

Characteristic

Age Group

Total (N = 715)<5 years (n = 88) 5–9 years (n = 394) 10–14 years (n = 233)

Sex, female (n [%]) (95% CI) 41 (46.6) (27.1–67.2) 187 (47.5) (40.3–54.8) 101 (43.3) (33.0–54.3) 329 (46.0) (39.3–52.8)

Length of time on ART (n [%]) (95% CI)

 12–36 mo 56 (63.6) (45.8–78.4) 53 (13.5) (4.7–32.8) 27 (11.6) (2.9–36.6) 136 (19.0) (6.7–43.3)

 >36 mo 32 (36.4) (21.6–54.2) 341 (86.5) (67.2–95.3) 206 (88.4) (63.4–97.1) 579 (81.0) (56.7–93.3)

Current ART regimen

 d4T/3TC/NVP (n [%]) (95% CI) 80 (90.9) (35.4–99.5) 302 (76.6) (46.4–92.6) 140 (60.3) (30.6–84.0) 522 (73.1) (43.4–90.6)

 AZT/3TC/NVP (n [%]) (95% CI) 5 (5.7) (0–63.1) 75 (19.0) (4.9–51.8) 72 (31.0) (11.6–60.6) 152 (21.3) (6.4–51.5)

 Other (n [%]) (95% CI) 3 (3.4) (0–18.7) 17 (4.3) (2.1–8.7) 20 (8.6) (4.2–16.7) 40 (5.6) (3.0–10.0)

 Missing data (n) 0 0 1 1

Current immunosuppression

 None (n [%]) (95% CI) 38 (88.4) (48.7–98.4) 302 (90.1) (86.7–92.8) 168 (78.5) (53.0–92.2) 508 (85.8) (75.2–92.3)

 Mild (n [%]) (95% CI) 2 (4.7) (1.0–19.2) 19 (5.7) (3.6–8.8) 20 (9.3) (5.1–16.4) 41 (6.9) (4.6–10.3)

 Advanced (n [%]) (95% CI) 1 (2.3) (0.2–21.5) 5 (1.5) (0.7–3.3) 12 (5.6) (1.1–23.5) 18 (3.0) (1.0–8.8)

 Severe (n [%]) (95% CI) 2 (4.7) (0.4–37.3) 9 (2.7) (1.2–5.9) 14 (6.5) (2.0–19.1) 25 (4.2) (1.8–9.6)

 Missing data (n) 45 59 19 123

Current WAZ

 Higher than −2 (n [%]) (95% CI) 71 (87.7) (74.8–94.4) 339 (88.5) (80.8–93.4) 166 (71.2) (58.3–81.4) 576 (82.6) (77.4–86.9)

 −2 to −3 (n [%]) (95% CI) 9 (11.1) (5.4–21.6) 31 (8.1) (5.4–12.0) 46 (19.7) (13.1–28.7) 86 (12.3) (9.6–15.8)

 Less than −3 (n [%]) (95% CI) 1 (1.2) (0.2–6.1) 13 (3.4) (1.3–8.8) 21 (9.0) (4.2–18.2) 35 (5.0) (2.8–8.8)

 Missing data (n) 7 11 0 18

≥1 SD decrease from peak WAZ

 No (n [%]) (95% CI) 58 (71.6); 65.6, 76.9 276 (72.1); 63.6, 79.2 166 (71.2); 65.9, 76.1 500 (71.7) (67.5–75.6)

 Yes (n [%]) (95% CI) 23 (28.4); 23.1, 34.4 107 (27.9); 20.1, 36.4 67 (28.8); 23.9, 34.1 197 (28.3) (24.4–32.5)

 Missing data (n) 7 11 0 18

Current hemoglobin level

 ≥8 g/dL (n [%]) (95% CI) 65 (97.0) (83.5–99.5) 310 (99.7) (96.4–100.0) 187 (98.9) (96.8–99.7) 562 (99.1) (97.5–99.7)

 <8 g/dL (n [%]) (95% CI) 2 (3.0) (0.5–16.5) 1 (0.3) (0–3.6) 2 (1.1) (0.3–3.2) 5 (0.9) (0.3–2.5)

 Missing data (n) 21 83 44 148

VL suppressed (<1000 copies/mL) (n [%]) (95% CI)

 Yes 54 (61.4) (42.0–77.7) 255 (64.7) (55.1–73.3) 147 (63.1) (44.8–78.2) 456 (63.8) (53.5–72.9)

 No 34 (38.6) (22.3–58.0) 139 (35.3) (26.7–44.9) 86 (36.9) (21.8–55.2) 259 (36.2) (27.1–46.5)

Median (IQR) VL (of those with VF) (copies/ml) 42 296 (21 148–287 614) 22 829 (8875–67 617) 28 807 (14 207–74 262) 27 734 (10 755–71 906)

PMTCT history

 No (n [%]) (95% CI) 29 (33.3) (24.9–43.0) 164 (42.1) (20.5–67.2) 117 (52.2) (30.2–73.4) 310 (44.2) (25.4–64.9)

 Yes (n [%]) (95% CI) 45 (51.7) (37.0–66.2) 80 (20.5) (17.2–24.2) 16 (7.1) (1.2–32.5) 141 (20.1) (15.0–26.5)

 Unknown (n [%]) (95% CI) 13 (14.9) (8.1–25.9) 146 (37.4) (16.5–64.4) 91 (40.6) (23.6–60.2) 250 (35.7) (17.6–59.0)

 Missing data (n) 1 4 9 14

Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; AZT, zidovudine; CI, confidence interval; d4T, stavudine; IQR, interquartile range; NVP, nevirapine; PMTCT, prevention of mother-to-child transmission; SD, standard devi-
ation; VF, virologic failure; VL, viral load; WAZ, weight-for-age z score.
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children (12.3% [95% CI, 9.6%–15.8%]) and less than −3 in 35 
children (5.0% [95% CI, 2.8%–8.8%]), and 197 children (X% 
[95% CI, Y%–Z%]) had a ≥1 standard deviation decrease from 
their peak WAZ. The majority of the patients, 73.1% (95% CI, 
43.4%–90.6%), were on d4T/3TC/NVP. PMTCT exposure was 
documented in 20.1% (95% CI, 15.0%–26.5%) of the patients. 
Other age-stratified clinical and demographic characteristics of 
the study cohort are detailed in Table 1.

Among all 715 children included in the analysis, 342 (47.8% 
[95% CI, 32.4%–63.5%]) had a VL of <50 copies/mL, 114 (16.0% 
[95% CI, 9.3%–26.0%]) had a VL of 50 to <1000 copies/ml, and 259 
(36.3% [95% CI, 27.1%–46.6%]) had VF (VL ≥ 1000 copies/ml). 
Among the 259 patients with VF, samples from 248 (95.8%) were 
successfully genotyped, and DRMs were present in 238 (96.0%) 
of them. In both univariate and multivariate analyses, all forms of 

immunosuppression had a statistically significant association with 
VF and DR, whereas a decrease from the peak WAZ was signifi-
cant for only DR. None of the other variables included in the model 
showed statistically significant associations with VF or DR. Full 
details of the regression analysis are provided in Table 2.

In the 238 patients with DRMs, high levels of NRTI and 
NNRTI mutations were observed with M184V (n = 220 [92.4%]) 
and Y181C (n = 69 [29.0%]), which were most common in each 
class, respectively. K65R was found in only 2.9% of the patients 
with DR. Thymidine analog mutations (TAMs) and major PI 
DRMs occurred in 83 (33.5%) and 4 (1.6%) patients, respec-
tively. TAM2 was the main pathway observed (69 [83.1%]), and 
a mixture of both pathways was found in 12 patients (14.5%). 
The most prevalent NRTI and NNRTI mutations observed 
according to age group are detailed in Figure 1.

Table 2. Risk Factors for Virologic Failure and HIV Drug Resistance

Variable

Virologic Failure Drug Resistance

Univariate Regression Multivariate Regression Univariate Regression Multivariate Regression

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age group

 <5 years Reference Reference Reference Reference

 5–9 years 0.86 (0.38–1.98) .65 1.10 (0.35–3.42) .82 0.87 (0.43–1.77) .62 1.05 (0.38–2.94) .89

 10–14 years 0.93 (0.23–3.83) .89 0.91 (0.20–4.08) .86 0.94 (0.28–3.13) .90 0.86 (0.25–2.93) .75

Sex

 Male Reference Reference Reference Reference

 Female 0.86 (0.60–1.23) .30 0.89 (0.62–1.28) .40 0.93 (0.64–1.33) .58 0.98 (0.69–1.39) .89

Time on ART

 12–36 mo Reference Reference Reference Reference

 >36 mo 0.74 (0.39–1.41) .26 0.85 (0.51–1.41) .40 0.79 (0.39–1.59) .39 0.91 (0.49–1.68) .67

Current ART regimen

 d4T/3TC/NVP Reference Reference Reference Reference

 AZT/3TC/NVP 1.17 (0.57–2.42) .57 1.07 (0.64–1.80) .71 1.12 (0.50–2.52) .71 1.02 (0.55–1.90) .93

 Other 0.77 (0.52–1.15) .14 0.48 (0.21–1.10) .07 0.77 (0.42–1.41) .30 0.46 (0.20–1.08) .06

Current immunosuppression

 None Reference Reference Reference Reference

 Mild 4.05 (2.03–8.09) .01a 4.72 (2.28–9.73) .01a 3.51 (1.50–8.23) .02a 4.17 (1.79–9.68) .01a

 Advanced 5.44 (1.86–15.94) .02a 6.16 (2.05–18.50) .02a 6.06 (2.08–17.62) .01a 6.96 (2.54–19.11) .01a

 Severe 8.64 (2.53–29.51) .01a 11.30 (2.71–47.13) .02a 9.36 (2.54–34.46) .02a 12.78 (2.88–56.77) .02a

Current WAZ

 Greater than −2 Reference Reference Reference Reference

 −2 to −3 0.68 (0.37–1.26) .15 1.09 (0.32–3.73) .85 0.66 (0.40–1.09) .08 1.13 (0.44–2.95) .72

 Less than −3 1.16 (0.43–3.10) .69 2.06 (0.41–10.28) .27 1.13 (0.51–2.51) .68 2.10 (0.57–7.76) .18

Decrease from peak WAZ

 No Reference Reference Reference Reference

 Yes 1.26 (0.91–1.75) .11 1.25 (0.84–1.86) .19 1.45 (1.14–1.84) .02a 1.48 (1.07–2.04) .03a

Current hemoglobin level

 ≥8 g/dL Reference Reference Reference Reference

 <8 g/dL 1.93 (0.08–49.25) .53 2.35 (0.08–66.03) .44 1.80 (0.72–45.04) .58 2.22 (0.08–59.93) .47

PMTCT exposure

 No Reference Reference Reference Reference

 Yes 1.18 (0.66–2.11) .46 1.37 (0.83–2.26) .16 1.17 (0.61–2.24) .53 1.34 (0.79–2.27) .19

 Unknown 1.17 (0.76–1.79) .37 1.16 (0.75–1.80) .38 1.20 (0.72–1.99) .38 1.20 (0.72–2.03) .37

Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; AZT, zidovudine; CI, confidence interval; d4T, stavudine; HIV, human immunodeficiency virus; IQR, interquartile range; NVP, nevirapine; OR, odds ratio; PMTCT, prevention 
of mother-to-child transmission; WAZ, weight-for-age z score.
aStatistically significant result.
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Drug susceptibility analysis for patients with DRMs revealed 
high levels of resistance to NNRTIs across the age groups; 96.2% 
had high-level resistance to NVP, and 68.9% had high-level 
resistance and 27.3% intermediate-level resistance to efavirenz. 
In addition, 2 (0.4%) patients harbored intermediate- and high-
level resistance to both lopinavir/ritonavir (LPV-r) and ataza-
navir/ritonavir in the 10- to 14-year-old group. The results of 
susceptibility analysis for the NRTI class according to age group 
are shown in Figure 2.

ARV susceptibility results were then used to assess the efficacy 
of the current standard Mozambique pediatric second-line ART 
regimens of abacavir (ABC)/3TC/LPV-r (for children <35  kg) 
and tenofovir (TDF)/3TC/LPV-r (for children ≥35 kg), assuming 
that patients with susceptibility and those with low-level resis-
tance would still experience drug efficacy. Of the patients with 
DRMs, 5.5%, 63.0%, and 31.1% would have 3, 2, or 1 efficacious 
ARV drug in the second-line regimen, respectively. For 1 patient 
in the 10- to 14-year-old age group, no drugs in the standard 
second-line regimen were effective. Age-stratified results are pre-
sented in Figure 3.

DISCUSSION

To our knowledge, this is the first report to describe the prev-
alence of VF and DR and patterns in DR in a pediatric pop-
ulation enrolled in the Mozambique National ART program. 
VF was present in 36.3% of the children, and that rate could 
be even higher if some of the 114 (16%) children who had a 
VL between 50 and 1000 copies/mL were considered to have 
VF according to a more stringent threshold than that recom-
mended by the WHO [2]. Our data are consistent with results of 
studies from South Africa and Botswana in which the majority 
of sequences in patients with VF (96.0%) carried a DRM [23, 

33]. The resistance patterns observed in our study have criti-
cal implications for currently available second-line regimens in 
Mozambique that rely on reuse of NRTIs.

Any form of immunosuppression was found to be a sig-
nificant risk factor for VF and DR in both univariate and 
multivariate analyses. This result differs from those of other 
pediatric studies in which immunosuppression was found to 
be poorly predictive of VF and DR [4, 14]. Interesting to note 
is that current nutritional status as defined by the WAZ was 
not significantly associated with VF or DR, but a >1 standard 
deviation decrease from previous peak WAZ score was sig-
nificantly associated with DR, and we found a trend toward 
significance for VF. This finding highlights the importance of 
following not only current nutritional status but also nutri-
tional trends over time as part of routine clinical monitoring 
of ART effectiveness.

Moreover, age was not found to be a factor associated with 
VF or DR, but differences in trends in mutation frequencies 
and complexity patterns between age categories were observed, 
as was increased complexity in older patients. K101E, K103N, 
Y181C, and G190A were the most frequent NNRTI mutations 
found, and they were more prevalent in children younger than 
5 years and older than 10 years. Younger patients were far more 
likely to have been exposed to PMTCT regimens (including 
NVP), which is a well-documented risk factor for NNRTI class 
resistance [34]. A  history of known PMTCT exposure had a 
non–statistically significant association with VF and DR across 
all age groups in this study, but many of the older patients had 
an unknown PMTCT history. Also, with respect to age, studies 
in SSA have found lower rates of ART adherence in younger 
children and adolescents [6, 35, 36]. We were not able to include 
retrospective ART adherence data in this cross-sectional study, 

Figure 1. Nucleoside reverse transcriptase inhibitor (NRTI) and non–nucleoside reverse transcriptase inhibitor (NNRTI) mutation frequencies in children 
with any drug resistance mutation according to age group (includes only mutations with at least a 5% frequency in at least 1 age group). Abbreviations: TAM1 
and TAM2, thymidine analog mutations 1 and 2, respectively.
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but if the same trends were present in our cohort, they also 
could account for some of the age-based differences in NNRTI 
DR that we observed.

The M184V mutation was observed with high frequencies 
in all age groups of children with DR and TAMs. These find-
ings were expected, given the standard first-line pediatric ART 
regimens that contain 3TC. TAMs were found in 33.5% of the 
patients with DR, which is within the range of TAM prevalence 
in other studies of children from the region with DR (19%–
64%) [19, 22, 23]. The TDF- and d4T-associated mutation K65R 
was found in only 2.9% of the patients with DR in our study, 

occurring mostly in adolescents. This mutation frequency is 
lower than those reported from pediatric cohorts in Botswana 
(4.4%) and South Africa (14%) and is likely explained by the 
phase-out of d4T from regular use in 2012 and the very limited 
use of TDF in adults and children in Mozambique up to the 
time of this study [23, 33].

Drug-susceptibility results were used to predict the efficacy 
of the current standard second-line ART regimens available in 
Mozambique for children who were initiated on an NNRTI-
based first-line regimen (ABC/3TC/LPV-r for children <35 kg 
and TDF/3TC/LPV-r for children >35  kg). Very few patients 

Figure 3. Effectiveness of standard second-line antiretroviral therapy in patients with human immunodeficiency virus drug resistance according to age 
group. Regimens were abacavir/lamivudine/lopinavir/ritonavir in children <35 kg and tenofovir/lamivudine/lopinavir/ritonavir in children ≥35 kg. Intermediate- 
and high-level resistance was used to define the efficacy of antiretrovirals (ARVs).

Figure 2. Nucleoside reverse transcriptase inhibitor susceptibility/drug resistance according to age group. Abbreviations: 3TC, lamivudine; ABC, abacavir; 
AZT, zidovudine; d4T, stavudine; TDF, tenofovir.
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would have 3 effective drugs (defined as no or low-level resis-
tance) in their second-line regimen, given the very high preva-
lence of the M184V mutation and the inclusion of 3TC in both 
the first- and second-line standard ART regimens. Alarming is 
that 19.3%, 28.1%, and 40.5% of patients aged <5  years, 5 to 
9 years, and 10–14 years, respectively, would be on a second-line 
regimen with only 1 effective drug, LPV-r, given frequent dual-
class NRTI and NNRTI mutations. It should be mentioned 
that adult data from the Europe Africa Research Network for 
Evaluation of Second-line Therapy (EARNEST) study suggest 
that genotypic NRTI DR might not accurately predict which 
patients have actual NRTI activity in PI-based second-line ART, 
but similar studies in children are lacking [37].

These drug-susceptibility findings, along with the results on 
specific DRMs and TAMs, suggest that many children were on 
a failing first-line regimen for some time, which has implica-
tions for the durability of second-line ART [6]. Our findings 
of immunosuppression and falling WAZs being associated with 
VF and DR show that immunologic and clinical failure diagno-
ses were being missed. Virologic monitoring of ART has been 
shown to be superior for timely diagnosis of treatment failure, 
and Mozambique is currently implementing a staged roll-out of 
VL testing, in which children aged 2 to 5 years and all patients 
suspected of treatment failure on the basis of CD4 and clinical 
criteria are being prioritized in the early phases [2].

Our findings also highlight a major operational challenge 
that Mozambique has faced in terms of implementing the 
WHO-recommended PI-based first-line regimen for children 
aged <3  years [2]. The requirements for cold-chain distribu-
tion and refrigerated storage of LPV-r syrup have been a major 
obstacle, and the vast majority of infants in the country have 
been, and continue to be, initiated on first-line ART that con-
tains both NVP and 3TC, 2 drugs with very low genetic barriers 
to resistance. There are plans to introduce the new heat-stable 
LPV-r granules in the country in 2018, which represents a major 
opportunity for improved treatment of HIV-infected infants 
and young children. In addition, new 2018 guidance from the 
WHO calls for the expanded use of integrase inhibitors (IIs), 
specifically dolutegravir (DTG), as part of standard first- and 
second-line ART regimens and raltegravir as an option for neo-
natal treatment [38, 39]. Unanswered questions regarding DTG 
use in women who conceive while on treatment, TB cotreat-
ment, and dosing/safety in younger, lower-weight children 
remain [40, 41]. Mozambique has not yet adopted a policy for 
transition, but II-containing regimens represent another future 
option for more efficacious and durable pediatric ART.

This study had limitations that need to be addressed. First, 
the cross-sectional design with retrospective data collection 
of clinical variables precluded an accurate assessment of the 
impact of ART adherence on VF and DR, and it also was not 
possible to know the duration of VF, because VL testing was 
not performed routinely. Also, the study was only conducted 

at sites within the capital city of Maputo, which might not be 
representative of the rest of the country. The use of dried blood 
spots for DR testing has been validated in children and was not 
considered a limitation in study methodology [42]. However, 
a range of study sites representing different levels of care was 
selected, and this cohort was large and represented approxi-
mately 16% of all children on ART in Mozambique at the time 
of the study [43].

Additional studies in SSA are needed to assess treatment 
outcomes for children on second-line ART. Furthermore, 
national and international policy makers need to use the results 
from this evaluation and other studies of pediatric DR to guide 
the development of new pediatric fixed-dose combination reg-
imens and treatment guidelines that will enable resource-con-
strained countries such as Mozambique to offer HIV-infected 
children more effective and durable first- and second-line ART.

Notes
Author contributions. J. H., P. V., N. B., and I. J. conceived and designed 

the study; L. C., A. S., C. A., and E. M. led study implementation; J. D. and 
C. Y. coordinated the laboratory analyses and supervised VL and DR test-
ing in accordance with good laboratory practice; A. A. and J. S. coordinated 
data management and performed the statistical analysis; C. B., D. B., N. B., 
C. A., K. J., and P. V. contributed to the interpretation of results; C. B. and 
D. B. had primary responsibility for manuscript writing; and all the authors 
reviewed and approved the final version of the manuscript.

Acknowledgments. This article has been supported by the President’s 
Emergency Plan for AIDS Relief (PEPFAR) through the CDC (under 
the terms of grant 3USGGH000080-02W1 and cooperative agree-
ment U2GGH000080-02). We acknowledge contributing staff from the 
Mozambique Instituto Nacional de Saude, Fundaçao Ariel Glaser, and CDC 
Mozambique and Atlanta. The Direcçao Provincial de Saúde of Maputo and 
the Direcçao de Saúde de Cidade de Maputo offered key support. We are 
grateful also to the clinical staff at the participating clinics and the patients 
and caregivers who participated in the study.

Disclaimer. The findings and conclusions in this article are those of the 
authors and do not necessarily represent the official position of the funding 
agencies.

Potential conflicts of interest. All authors: No reported conflicts of 
interest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider relevant to 
the content of the manuscript have been disclosed.

References
1. United Nations Programme on HIV/AIDS. AIDS by the Numbers. Geneva: Joint 

United Nations Programme on HIV/AIDS; 2016.
2. World Health Organization. Consolidated Guidelines on the Use of Antiretroviral 

Drugs for Treating and Preventing HIV Infection: Recommendations for a Public 
Health Approach. Geneva: World Health Organization; 2013.

3. Vallabhaneni S, Chandy S, Heylen E, Ekstrand ML. Evaluation of WHO immuno-
logic criteria for treatment failure: implications for detection of virologic failure, 
evolution of drug resistance and choice of second-line therapy in India. J Int AIDS 
Soc 2013; 16:18449.

4. Westley BP, DeLong AK, Tray CS, et al. Prediction of treatment failure using 2010 
World Health Organization guidelines is associated with high misclassification 
rates and drug resistance among HIV-infected Cambodian children. Clin Infect 
Dis 2012; 55:432–40.

5. Coetzer M, Westley B, Delong A, et al. Extensive drug resistance in HIV-infected 
Cambodian children who are undetected as failing first-line antiretroviral therapy 
by WHO 2010 guidelines. AIDS Res Hum Retroviruses 2013; 29:985–92.

6. Dow DE, Shayo AM, Cunningham CK, Reddy EA. Durability of antiretroviral 
therapy and predictors of virologic failure among perinatally HIV-infected chil-
dren in Tanzania: a four-year follow-up. BMC Infect Dis 2014; 14:567.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/advance-article-abstract/doi/10.1093/jpids/piy102/5144838 by guest on 02 N

ovem
ber 2018



8 • JPIDS 2018:XX (XX XXXX) • Vaz et al

7. Hunt GM, Coovadia A, Abrams EJ, et al. HIV-1 drug resistance at antiretrovi-
ral treatment initiation in children previously exposed to single-dose nevirapine. 
AIDS 2011; 25:1461–9.

8. Kuhn L, Hunt G, Technau KG, et  al. Drug resistance among newly diagnosed 
HIV-infected children in the era of more efficacious antiretroviral prophylaxis. 
AIDS 2014; 28:1673–8.

9. Sabin CA, Smith CJ, d’Arminio Monforte A, et al. Response to combination anti-
retroviral therapy: variation by age. AIDS 2008; 22:1463–73.

10. van Rossum AM, Fraaij PL, de Groot R. Efficacy of highly active antiretroviral 
therapy in HIV-1 infected children. Lancet Infect Dis 2002; 2:93–102.

11. Palumbo P, Lindsey JC, Hughes MD, et al. Antiretroviral treatment for children 
with peripartum nevirapine exposure. N Engl J Med 2010; 363:1510–20.

12. Violari A, Lindsey JC, Hughes MD, et  al. Nevirapine versus ritonavir-boosted 
lopinavir for HIV-infected children. N Engl J Med 2012; 366:2380–9.

13. Sigaloff KC, Calis JC, Geelen SP, et  al. 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; 11:769–79.

14. Barth RE, Tempelman HA, Smelt E, et al. Long-term outcome of children receiv-
ing antiretroviral treatment in rural South Africa: substantial virologic failure on 
first-line treatment. Pediatr Infect Dis J 2011; 30:52–6.

15. Davies MA, Moultrie H, Eley B, et  al; International Epidemiologic Databases 
to Evaluate AIDS Southern Africa (IeDEA-SA) Collaboration. Virologic failure 
and second-line antiretroviral therapy in children in South Africa—the IeDEA 
Southern Africa collaboration. J Acquir Immune Defic Syndr 2011; 56:270–8.

16. Wamalwa DC, Lehman DA, Benki-Nugent S, et al. Long-term virologic response 
and genotypic resistance mutations in HIV-1 infected Kenyan children on com-
bination antiretroviral therapy. J Acquir Immune Defic Syndr 2013; 62:267–74.

17. Jenabian MA, Costiniuk CT, Mboumba Bouassa RS, et  al. Tackling virological 
failure in HIV-infected children living in Africa. Expert Rev Anti Infect Ther 
2015; 13:1213–23.

18. Costenaro P, Penazzato M, Lundin R, et al. Predictors of treatment failure in HIV-
positive children receiving combination antiretroviral therapy: cohort data from 
Mozambique and Uganda. J Pediatric Infect Dis Soc 2015; 4:39–48.

19. Orrell C, Levison J, Ciaranello A, et al. Resistance in pediatric patients experienc-
ing virologic failure with first-line and second-line antiretroviral therapy. Pediatr 
Infect Dis J 2013; 32:644–7.

20. Vaz P, Augusto O, Bila D, et al. Surveillance of HIV drug resistance in children 
receiving antiretroviral therapy: a pilot study of the World Health Organization’s 
generic protocol in Maputo, Mozambique. Clin Infect Dis 2012; 54(Suppl 
4):S369–74.

21. Mutwa PR, Boer KR, Rusine J, et al. Long-term effectiveness of combination anti-
retroviral therapy and prevalence of HIV drug resistance in HIV-1-infected chil-
dren and adolescents in Rwanda. Pediatr Infect Dis J 2014; 33:63–9.

22. Sigaloff KC, Kayiwa J, Musiime V, et al. Short communication: high rates of thymi-
dine analogue mutations and dual-class resistance among HIV-infected Ugandan 
children failing first-line antiretroviral therapy. AIDS Res Hum Retroviruses 
2013; 29:925–30.

23. Tolle M, Howard L, Kirk B, et  al. Reverse transcriptase genotypes in pediatric 
patients failing initial antiretroviral therapy in Gaborone, Botswana. J Int Assoc 
Physicians AIDS Care (Chic) 2012; 11:260–8.

24. Vaz P, Chaix ML, Jani I, et al. Risk of extended viral resistance in human immu-
nodeficiency virus-1-infected Mozambican children after first-line treatment fail-
ure. Pediatr Infect Dis J 2009; 28:e283–7.

25. Zhou Z, Wagar N, DeVos JR, et al. Optimization of a low cost and broadly sensi-
tive genotyping assay for HIV-1 drug resistance surveillance and monitoring in 
resource-limited settings. PLoS One 2011; 6:e28184.

26. Allison PD. Modern methods for missing data. 2012. Available at: https://www.
amstat.org/sections/srms/webinarfiles/ModernMethodWebinarMay2012.pdf. 
Accessed June 7, 2016.

27. Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol 
Methods 2002; 7:147–77.

28. Graham JW. Missing data analysis: making it work in the real world. Annu Rev 
Psychol 2009; 60:549–76.

29. White IR, Royston P. Imputing missing covariate values for the Cox model. Stat 
Med 2009; 28:1982–98.

30. Auld AF, Mbofana F, Shiraishi RW, et al. Four-year treatment outcomes of adult 
patients enrolled in Mozambique’s rapidly expanding antiretroviral therapy pro-
gram. PLoS One 2011; 6:e18453.

31. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: J. Wiley 
& Sons; 1987.

32. World Health Organization. Management of HIV Infection and Antiretroviral 
Therapy in Infants and Children: A  Clinical Manual. Geneva: World Health 
Organization; 2006.

33. Pillay V, Pillay C, Kantor R, et al. HIV type 1 subtype C drug resistance among 
pediatric and adult South African patients failing antiretroviral therapy. AIDS Res 
Hum Retroviruses 2008; 24:1449–54.

34. Boerma RS, Sigaloff KC, Akanmu AS, et al. Alarming increase in pretreatment 
HIV drug resistance in children living in sub-Saharan Africa: a systematic review 
and meta-analysis. J Antimicrob Chemother 2017; 72:365–71.

35. Nachega JB, Hislop M, Nguyen H, et al. Antiretroviral therapy adherence, viro-
logic and immunologic outcomes in adolescents compared with adults in south-
ern Africa. J Acquir Immune Defic Syndr 2009; 51:65–71.

36. Lowenthal ED, Bakeera-Kitaka S, Marukutira T, et al. Perinatally acquired HIV 
infection in adolescents from sub-Saharan Africa: a review of emerging chal-
lenges. Lancet Infect Dis 2014; 14:627–39.

37. Paton NI, Kityo C, Thompson J, et  al; Europe Africa Research Network for 
Evaluation of Second-line Therapy (EARNEST) Trial Team. Nucleoside 
reverse-transcriptase inhibitor cross-resistance and outcomes from second-line 
antiretroviral therapy in the public health approach: an observational analysis 
within the randomised, open-label, EARNEST trial. Lancet HIV 2017; 4:e341–8.

38. World Health Organization. Updated recommendations on first-line and sec-
ond-line antiretroviral regimens and post-exposure prophylaxis and recommenda-
tions on early infant diagnosis of HIV. Geneva: World Health Organization; 2018.

39. Penazzato M, Palladino C, Sugandhi N; Paediatric ARV Drug Optimization 3 
Meeting participants. Prioritizing the most needed formulations to accelerate 
paediatric antiretroviral therapy scale-up. Curr Opin HIV AIDS 2017; 12:369–76.

40. World Health Organization. Policy brief: Transition to New Antiretrovirals in 
HIV Programs. Geneva: World Health Organization; 2017.

41. Dorward J, Lessells R, Drain PK, et  al. Dolutegravir for first-line antiretroviral 
therapy in low-income and middle-income countries: uncertainties and opportu-
nities for implementation and research. Lancet HIV 2018; 5:e400–4.

42. Salimo AT, Ledwaba J, Coovadia A, et al. The use of dried blood spot specimens 
for HIV-1 drug resistance genotyping in young children initiating antiretroviral 
therapy. J Virol Methods 2015; 223:30–2.

43. Moçambique MdSd. Relatório Anual 2013. Maputo, Mozambique: Ministério da 
Saúde de Moçambique; 2013.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/advance-article-abstract/doi/10.1093/jpids/piy102/5144838 by guest on 02 N

ovem
ber 2018

https://www.amstat.org/sections/srms/webinarfiles/ModernMethodWebinarMay2012.pdf
https://www.amstat.org/sections/srms/webinarfiles/ModernMethodWebinarMay2012.pdf

