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ABSTRACT

Background

There are limited data on primary human immunodeficiency virus drug resistance 

(HIVDR) in pediatric populations. This study aimed to assess the prevalence of prima-

ry HIVDR and associated risk factors among children initiating first-line antiretroviral 

therapy (ART) in Uganda.

Methods

At three Ugandan clinics, children (age <12 years) requiring ART were recruited be-

tween January 2010 and August 2011. Before starting ART, blood was collected for 

viral load and pol gene sequencing. Drug resistance mutations were determined using 

the 2010 International AIDS Society–USA mutation list. Risk factors for HIVDR were 

assessed with multivariate regression analysis.

Results

Three hundred nineteen HIV-infected children with a median age of 4.9 years were 

enrolled. Sequencing was successful in 279 children (87.5%). HIVDR was present in 

10% of all children and 15.2% of children <3 years. Nucleoside reverse transcriptase 

inhibitors (NRTIs), non-NRTI (NNRTI), and dual-class resistance was present in 5.7%, 

7.5%, and 3.2%, respectively. HIVDR occurred in 35.7% of prevention of mother-

to-child transmission (PMTCT)–exposed children, 15.6% in children with unknown 

PMTCT history, and 7.7% among antiretroviral-naive children. History of PMTCT 

exposure [adjusted odds ratio (AOR): 2.6, 95% CI: 1.3–5.1] or unknown PMTCT status 

(AOR: 3.8, 95% CI: 1.1–13.5), low CD4 (AOR: 2.2, 95% CI: 1.3–3.6), current breastfeed-

ing (AOR: 7.4, 95% CI: 2.6–21), and current maternal ART use (AOR: 6.4, 95% CI: 

3.4–11.9) emerged as risk factors for primary HIVDR in multivariate analysis.

Conclusion

Pretreatment HIVDR is high, especially in children with PMTCT exposure. Protease 

inhibitor (PI)–based regimens are advocated by the World Health Organization, but 

availability in children is limited. Children with (unknown) PMTCT exposure, low 

CD4 count, current breastfeeding, or maternal ART need to be prioritized to receive 

PI-based regimens.
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InTRODuCTIOn

The rapid scale-up of antiretroviral therapy (ART) regimens for human immunodefi-

ciency virus (HIV), including prevention of mother-to-child transmission (PMTCT), in 

resource-limited countries is unprecedented [1–3]. With increased access to PMTCT, 

the total number of children being born with HIV has significantly decreased. How-

ever, those children who do become infected after PMTCT failure are at particular risk 

of HIV drug resistance (HIVDR), as a result of non–nucleoside reverse transcriptase 

inhibitors (NNRTIs) used in maternal or pediatric drug regimens [4,5]. Therefore, the 

World Health Organization (WHO) currently recommends initiating ART with a prote-

ase inhibitor (PI)–based regimen in all children younger than 3 years [6].

In Uganda, it is currently estimated that 200,000 children are HIV infected. Of those, 

70,000 (35%) are on ART, with the remaining number expected to start ART in the 

near future. Ugandan guidelines [7,8] recommend providing ART to all HIV-infected 

children younger than 15 years regardless of CD4 cell count. NNRTI-based regimens 

are used, while for children younger than 2 years with reported PMTCT exposure, 

ritonavir-boosted lopinavir (LPV/r)–based regimens are preferred (in contrast to the 

WHO 2013 consolidated ART guidelines [6]) due to costs and limited availability of 

PIs. At the time of enrolling participants in this study, the national recommended 

choice of ART combinations [9] was two nucleoside reverse transcriptase inhibitors 

(NRTIs) plus one NNRTI, either efavirenz or nevirapine, depending on CD4 count 

and CD4% threshold for different age categories. Efavirenz was only prescribed to 

children older than 3 years. For infants exposed to PMTCT and since August 2010 

for all PMTCT-exposed children up to 24 months of age [10], a PI-based regimen was 

prescribed.

The prevalence and patterns of HIVDR with or without PMTCT exposure history in 

routine programs have not been well described [11]. This is mainly due to the lack 

of laboratory facilities, affordability, and trained personnel for HIVDR testing [12,13]. 

Available data in the sub-Saharan settings indicate that use of single-dose nevirapine 

(sdNVP), male gender, lower baseline immunological profiles, poor adherence, and 

breastfeeding are important predictors of HIVDR among children who have started on 

treatment [12–14]. The data on factors associated with the presence of HIVDR besides 

previous exposure to antiretroviral (ARV) among children before ART initiation are 

sparse [15,16], yet baseline HIVDR is a critical indicator of the future success of ART as 

programs aim for universal access. The aim of this study was to evaluate the prevalence 

of and risk factors for primary HIVDR among newly diagnosed HIV-infected Ugandan 

children younger than 12 years. This was considered of particular importance in light 
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of the relatively longer history of ART in Uganda compared to other African countries 

and the observed high baseline HIVDR prevalence of 13.8% in its adult population 

[17].

MATERIAlS AnD METHODS

Study design and population

Data reported here are based on the baseline assessments of children enrolled into the 

MARCH (Monitoring Antiretroviral Resistance in Children) study in Uganda. The study 

was conducted as a multicenter prospective observational cohort of HIV-1–infected 

children who initiated on ART from early 2010 to August 2011 at the Joint Clinical 

Research Centre (JCRC) study sites based in Kampala (central region), Fort Portal 

(western region), and Mbale (eastern region). The JCRC and its Regional Centers of 

Excellence are the main providers of HIV care and treatment in Uganda, with more 

than 20 years of experience in providing ART, training in HIV care, conducting clinical 

trials, and undertaking nationwide rollout of programs in ART care. Site and cohort 

characteristics have been described elsewhere [18].

Potential participants were informed of the study and screened for eligibility by 

the study staff at each clinic. Children, aged up to 12 years who initiated ART, were 

included. Study participants were patients who attended the clinic as identified HIV-

infected patients from the Early Infant Diagnosis (EID) national program that only 

started in late 2009. The older children were mainly self-referrals brought in by parents 

or guardians, referrals from other healthcare facilities, HIV-infected children from the 

Centers’ diagnostic services, or children proactively sought by the Centers’ community 

outreach programs. This program was intended to identify HIV-infected children who 

were not accessing existing ART programs and link them to treatment.

For those starting first-line regimens, a history of ART (i.e., three-drug regimen or 

mono/duo therapy) was an exclusion criterion. However, children with previous use 

of ARVs for PMTCT were included. Children who were failing on first-line therapy and 

initiating second-line therapy were included in the study, although they are not part of 

this current cross-sectional analysis. The ethical committees of the JCRC, the Uganda 

National Council for Science and Technology, and the Academic Medical Center of 

the University of Amsterdam approved the study protocol. The parent(s)/guardian(s) 

of all eligible children provided written informed consent. Children older than 8 years 

who were aware of their HIV status provided written informed assent as per Ugandan 

research guidelines. Routine sociodemographic, clinical, and laboratory data were 
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collected using electronic case report forms, which were aggregated in a Web-based 

data system. Whenever available, the health status and medication use of the mother 

were also captured.

laboratory procedures

Routine laboratory results, including CD4 cell count and hemoglobin, were obtained 

from local laboratory records and/or clinical notes. Before initiation of ART, an ad-

ditional phlebotomy was performed, and EDTA-anticoagulated plasma specimens 

were stored at −80°C and batch shipped to the JCRC reference laboratory in Kampala 

for determination of reference HIV RNA, as well as genotypic resistance testing on 

all specimens with HIV RNA above 1,000 copies/ml. For HIV RNA determination, the 

COBAS AmpliPrep/COBAS TaqMan HIV-1 test (Roche, Branchburg, NJ) was used. 

For HIV-1 genotyping, an in-house sequencing method encompassing the whole of 

protease and codons 1–300 of reverse transcriptase with a Beckman Coulter CEQ 

8000 Analyzer (Beckman Coulter, Inc., Fullerton, CA) was used [19]. Sequences were 

assembled and manually edited using BioEdit version 7.0. All final sequences were 

submitted to the ViroScore database (Advanced Biological Laboratories SA, France) 

for data storage. Drug resistance mutations (DRMs) were scored according to the 2010 

International AIDS Society–USA list [20]. Subtypes were determined using the SCUEAL 

HIV-1 subtyping tool [21] and additional analysis with the REGA algorithm version 2.0 

[22] once required.

Statistical analysis

Group comparisons for categorical data were performed using the chi-square or Fish-

er’s exact tests and for continuous data using the Wilcoxon rank-sum test. Nutritional 

status was assessed by means of the WHO Child Growth Standards: WHO Anthro 

version 3.2.2 (age 0–5 years) and WHO Reference 2007 for height and weight (age 

5–19 years) [23–25]. Immunodeficiency for age was classified according to the 2010 

WHO guidelines; children were considered immunodeficient if they had a CD4 cell 

percentage <25% for those younger than 5 years and a CD4 cell count <350 cells/mm3 

for the ones older than 5 years [10]. A second immunodeficiency threshold using total 

lymphocyte count (TLC) was based on the 2006 WHO guidelines using the following 

cutoffs: TLC <4,000 cells/mm3 for those younger than 11 months, TLC <3,000 cells/

mm3 for those between 12 and 35 months, TLC <2,500 cells/mm3 for those between 36 

and 59 months, and TLC <2,000 cells/mm3 for those older than 5 years [26].

Univariate and multivariate logistic regression was performed to identify factors as-

sociated with the presence of at least one drug resistance mutation at initiation of first-

line ART. Explanatory variables considered in the analysis were age, sex, previous 
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ARV exposure (ARV naive, PMTCT exposed, or unknown), immunodeficiency for age, 

breastfeeding (past or current), maternal ART usage, maternal previous ARV use, WHO 

clinical stage, weight-for-age, height-for-age z-scores, and HIV RNA load. Explana-

tory variables that were associated with the outcome variables (p < .10) in univariate 

analysis were forwarded to the multivariate model using a step forward procedure. 

Biologically plausible interactions were examined. Results were expressed as ORs 

with 95% confidence intervals (CIs) and p values, with p < .05 regarded statistically 

significant. Analyses were performed using the statistical software package STATA 

version 10 (STATA Corp LP, College Station, TX). All statistical inferential frameworks 

were based on the two-sided p value, and statistical significance was based on the 5% 

error rate.

RESulTS

Between January 2010 and August 2011, 372 children at three JCRC sites were enrolled 

into the study, of which 319 initiated first-line ART regimens. Recruited patients had 

a median age of 4.9 years [interquartile range: 2.3–9.0], and half (49.8%) were female. 

Most children had history of prior breastfeeding (69.9%) or current breastfeeding at 

the time of screening (8.2%). Current ART use was reported by 81 (28.3%) mothers, 

and 17 (6.1%) mothers had received drugs for PMTCT for previous pregnancies and/or 

pregnancy of the child who participated in the MARCH study. Most children (83.5%) 

had no history of PMTCT exposure, and in 11.5% of children, PMTCT exposure was 

unknown. Of the children with unknown PMTCT exposure, 38% had lost both their 

parents. Among children with reported PMTCT history (n = 14, 5%), eight had received 

sdNVP and six had received extended-course prophylaxis. Thirty-seven (13.3%) chil-

dren were orphans, and 156 (55.9%) had mothers as their primary caregivers. Most 

(71.3%) patients had advanced disease (WHO stages 3 and 4) at screening, and CD4% 

or cell count for age was below treatment threshold (24–59 months CD4 < 750/CD4% 

<25% and >5 years CD4 ≤ 350) among 60.6%, according to the WHO 2010 guidelines 

[10].

Eighteen children had a viral load <1,000 copies/ml at baseline. HIV sequencing was 

successfully performed in 279 children (87.5%, Fig. 1). At baseline, the prevalence 

of any DRM was 28/279 (10.0%) among this population and 14/92 (15.2%) among 

children <3 years of age. Baseline characteristics are summarized in Table 1, stratified 

by the presence of any DRMs. Most (53.8%) patients had HIV-1 subtype A, 29.4% 

had HIV-1 subtype D, and 3.6% had HIV-1 subtype C or G, yet 13.3% had circulating 

recombinant forms or unique recombinant forms.
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Table S1 (Supplementary Data are available online at www.liebertpub.com/aid) 

and Figure 2 present the mutational patterns among the enrolled patients initiating 

first-line ART stratified by previous ARV exposure. Overall, any mutation was found 

in 10.0% of children: In children with PMTCT exposure, with unknown PMTCT his-

tory, or who reported ARV naive, HIVDR was present in 35.7%, 15.6%, and 7.7%, 

respectively. In children younger than 3 years, the overall rate of any HIVDR mutation 

was 15.2% (14/92): In young children with PMTCT exposure, with unknown PMTCT 

history, or who reported ARV naive, HIVDR was present in 38.5% (5/13), 20% (2/10), 

and 10.1% (7/69), respectively. NRTI mutations were detected among 16/279 (5.7%) 

patients—10 of whom were ARV-naive patients, three were PMTCT-exposed patients, 

and three patients had unknown ART exposure status. Thymidine analogue muta-

tions were detected among 8/279 (2.9%) patients—six of whom were ARV naïve, yet 

two had an unknown ART exposure. Most prevalent NRTI mutations found were 

M184V/I (n = 11) and K219Q (n = 4). NNRTI mutations were detected among 21/279 

(7.5%) patients—13 of whom were ARV-naive patients, four were PMTCT-exposed 

patients, and four patients had unknown ART exposure status. Most prevalent NNRTI 

372 enrolled from 3 sites 

369 inculded 

319 initiated first-line ART 

293 with viral load > 1000 copies/ml 

279 with successful sequence results;
28 with drug resistance mutation(s)

3 screening failures 

50 started second-line ART
after treatment failure

18 with viral load < 1000 copies/ml 
8 missing viral load results

 

14 with failure to amplify

Figure 1. Studyflowchart.

ART,antiretroviraltherapy.
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Table 1. BaselineCharacteristicsofChildrenInitiatingFirst-LineART,StratifiedbythePresenceofany

DrugResistanceMutations

Total
(n = 279)

NoDRM
(n = 251)

Atleastone
DRM(n = 28)

p

Age—median[IQR] 4.9[2.3–9.0] 5.0[2.4–9.1] 3.0[1.0–7.0] 0.037a

<2years 65(23.3) 55(21.9) 10(35.7) 0.101b

≥2years 214(76.7) 196(78.1) 18(64.3) 

Sex,female 139(49.8) 125(49.8) 14(50.0) 0.984b

WHOclinicalstage3or4 199(71.3) 182(72.5) 17(60.7) 0.191b

Weight-for-agez-scorec,d

Underweight(<−2SD) 82(35.5) 72(35.0) 10(40.0) 0.618b

Severe(<−3SD) 47(20.4) 40(19.4) 7(28.0) 0.314b

Height-for-agez-scorec,e

Stunting(<−2SD) 139(52.5) 120(50.4) 19(70.4) 0.049b

Severe(<−3SD) 81(30.6) 68(28.6) 13(48.2) 0.036b

CD4%(in<5-year-olds)f 19[11.8–27] 19[11.8–27] 20[13.9–26] 0.662a

CD4cellcount(in≥5year) 362.5[229–695] 404[249–695] 169[56–506] 0.076a

CD4%orcellforage,belowtreatment
threshold

106(39.4) 99(40.7) 7(26.9) 0.171b

Viralload(log10) 5.2[4.6–5.6] 5.1(4.6–5.6) 5.4(4.6–5.8) 0.459a

PreviousARVexposure

None/ARVnaive 233(83.5) 215(85.7) 18(64.3) 0.002b

PMTCTg 14(5.0) 9(3.6) 5(17.9) 

Unknown 32(11.5) 27(10.8) 5(17.9) 

Primarycaregiver

Mother 156(55.9) 136(54.2) 20(71.4 0.483h

Father 19(6.8) 18(7.2) 1(3.6) 

Bothparentsdied 37(13.3) 35(13.9) 2(7.1) 

Other 67(24.0) 62(24.7) 5(17.9) 

Breastfeeding

Yes,past 195(69.9) 181(72.1) 14(50.0) <0.001b

Yes,current 23(8.2) 15(6.0) 8(28.6) 

Noneoruknown 61(21.9) 55(21.9) 6(21.9) 

MothercurrentART

First-lineART 74(26.5) 61(24.3) 13(46.4) 0.021h

Second-lineART 5(1.8) 3(1.2) 2(7.1) 

None 160(57.3) 150(59.8) 10(35.7) 

Unknown 40(14.3) 37(14.7) 3(10.7) 

MotherpreviousART

Yes,PMTCT 17(6.1) 15(6.0) 2(7.1) 0.041h

Yes,ART 3(1.1) 1(0.4) 2(7.1) 
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mutations found were K103N (n = 11), Y181C (n = 9), and G190A (n = 6). Dual-class 

mutations were found among 9/279 (3.2%) patients.

Table 2 presents the demographic and clinical factors associated with HIVDR at initia-

tion of first-line ART in a multivariate analysis. At multivariable level, factors, which 

significantly were associated with the presence of any DRMs, were previous ARV ex-

posure, low CD4 count or percentage, breastfeeding status, and maternal ART status. 

Patients with prior PMTCT exposure were almost three times [adjusted OR (AOR): 2.6, 

95% CI: 1.3–5.1] more likely, yet patients with unknown ART exposure were almost 

four times (AOR: 3.8, 95% CI: 1.1–13.5) more likely, to have any DRMs compared to 

those with no previous ART exposure, controlling for age, sex, CD4 count or per-

centage, breastfeeding status, and maternal ART status. Patients with CD4 count or 

percentages below treatment thresholds were twice (AOR: 2.2, 95% CI: 1.3–3.6) more 

likely to have any DRMs compared to those with CD4 count or percentages above 

treatment thresholds, adjusting for age, sex, their previous ARV exposure, breastfeed-

ing status, and maternal ART status.

Table 1. BaselineCharacteristicsofChildrenInitiatingFirst-LineART,StratifiedbythePresenceofany

DrugResistanceMutations(continued)

Total
(n = 279)

NoDRM
(n = 251)

Atleastone
DRM(n = 28)

p

No 139(50.0) 124(49.4) 15(53.6) 

Unknown 120(42.9) 111(44.2) 9(32.1) 

HIV-1subtype

A 150(53.8) 136(54.2) 14(50.0) 0.848h

D 82(29.4) 74(29.5) 8(28.6) 

CorG 10(3.6) 9(3.6) 1(3.6) 

CRForURF 37(13.3) 32(12.8) 5(17.9) 

Datapresentedasn(%)ormedian[interquartilerange].
aWilcoxonrank-sumtest.
bChi-squaretest.
cSome%maynotaddupto100%becauseofmissingdataforsomeparticipants.
dWeight-for-agecalculatedforages0–10yearsonly,n=231.
eHeight-for-age,n=265.
fCD4%in<5-year-olds,n=135;CD4countin≥5-year-olds,n=134;treatmentthresholdbasedonWHO

2010guidelines.
gPMTCTconsistedofsingle-dosenevirapine(n=7),anextendedcourseofnevirapine(n=6),sometimes

incombinationwithzidovudine(n=2),orwasunknown(n=1).
hFisher’sexacttest.

ARV,antiretroviral;ART,antiretroviraltherapy;CRF,circulatingrecombinantform;DRM,drugresistance

mutation;PMTCT,preventionofmother-to-childtransmission;SD,standarddeviation;URF,uniquerecom-

binantform;WHO,WorldHealthOrganization.
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Compared to patients who had been breastfed in the past, patients who were still be-

ing breastfed at the time of study were seven times (AOR: 7.4, 95% CI: 2.6–21.0) more 

likely, yet patients whose breastfeeding status was unknown or who reported never to 

have breastfed were twice (AOR: 1.9, 95% CI: 1.5–2.3) more likely, to have any DRMs, 

after controlling for age, sex, their previous ARV exposure, CD4 count or percentage, 

and maternal ART status. Patients whose mothers were currently on ART were six 

times (AOR: 6.4, 95% CI: 3.4–11.9) more likely, whereas those whose mothers’ current 

ART status was unknown or whose mothers were reported to be deceased were 1.4 

times (1.4, 95% CI: 0.8–2.3) more likely, to have any DRMs compared to those whose 

mothers reported not to be taking any ART, after controlling for age, sex, CD4 count 

or percentage, breastfeeding status, and previous ARV exposure.

DISCuSSIOn

This study assessed HIVDR mutations among Ugandan HIV-infected children <12 

years of age initiating ART between January 2010 and August 2011. Given the study 

setup, the overall rate of HIVDR was 10.0% among all children and 15.2% among 

children <3 years old, with age significantly associated with having at least one DRM.
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The HIVDR rates in this study are much higher than previously reported rates of 

transmitted drug resistance (TDR) in Uganda and Cameroon for similar age groups 

[27,28] and lower than recent rates shown in younger children in Kenya, South Africa, 

and Zimbabwe with much higher PMTCT exposure rates, although using HAART 

[11,14,29]. As in adults, the TDR rate is expected to increase over time with increasing 

coverage and uptake of PMTCT. The finding of lower rates of HIVDR in a limited 

number of other African pediatric cohorts is explained by the fact that our cohorts 

represent relatively low percentages of children with previous PMTCT exposure (sd-

NVP). Moreover, HIVDR mutations might be archived [30–32] and not be detectable 

with the RNA-based technology of genotyping used since the average age of children 

Table 2. DemographicandClinicalFactorsAssociatedwithHIVDRatInitiationofFirst-LineART

No.of
sequences

No.with
anyDRM

Univariateanalysis Multivariateanalysis

OR(95%CI) p OR(95%CI) p

Age

≥5years 138 9 1.0

<5years 141 19 2.2(1.1–4.7) 0.034

Sex

Female 139 14 1.0

Male 140 14 1.0(0.5–2.0) 0.983

PreviousARVexposure

None 233 18 1.0 1.0

PMTCTexposed 14 5 6.6(1.0–42.1) 0.045 2.6(1.3–5.1) 0.006

Unknown 32 5 2.2(1.3–4.2) 0.015 3.8(1.1–13.5) 0.040

CD4countor%

Abovetreatmentthreshold 106 7 1.0 1.0

Belowtreatmentthreshold 163 19 1.9(1.5–2.3) <0.001 2.2(1.3–3.6) 0.002

Breastfeeding

Past 195 14 1.0 1.0

Current 23 8 6.9(1.7–27.5) 0.006 7.4(2.6–21.0) <0.001

None/unknown 61 6 1.4(0.9–2.3) 0.168 1.9(1.5–2.3) <0.001

MaternalART

None 86 6 1.0 1.0

CurrentART 79 15 3.1(1.4–7.1) 0.007 6.4(3.4–11.9) <0.001

Motherdeceased/unknown 114 7 0.9(0.5–1.4) 0.582 1.4(0.8–2.3) 0.195

Multivariatelogisticregressionwithrobuststandarderrors.Dataaregivenasoddsratio(95%CI).CD4

countor%treatmentthresholdbasedonWHO2010guidelines.MaternalpreviousARVuse,WHOclini-

calstage,weight-for-age,height-for-age,andHIVRNAloadatARTinitiationnotassociatedinunivariate

analysis.

CI,confidenceinterval;HIVDR,HIVdrugresistance.
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included in our studies is higher. The decline in mutations is a function of time since 

ART exposure and reported rates may be an underestimation.

Overall, a trend of increasing HIVDR was detected in children who were reportedly 

ART naive (7.7%) versus those with unknown ART exposure (15.6%) versus PMTCT-

exposed children (35.7%). Although higher rates were observed, similar trends were 

seen in children <3 years of age (92 of 279 children overall), with rates of 10.1%, 

20%, and 38.5%, respectively. These data support classifying children with unknown 

PMTCT exposure as PMTCT exposed. In addition, children with unknown exposure 

were more likely to be orphans, and ascertainment of PMTCT exposure was difficult.

Children who were currently breastfeeding or whose mothers were currently on ART 

at the time of enrollment were more likely to have DRMs. Children with no/unknown 

history of breastfeeding had higher odds of having baseline resistance compared to 

past history of breastfeeding; hence, this group of children should be considered as 

high risk for DRMs. These data also underscore the fact that taking breastfeeding his-

tory is difficult and not so reliable, especially in cases where the mother is deceased 

(26.5%). The average age at study entry was 3 years for patients with at least one DRM 

versus 5 years for those without DRMs. This further supports classifying these cat-

egories of children as a broader definition of ART/PMTCT exposed as they are likely 

to respond better to PI-based regimens. The WHO ART guidelines 2013 [6] recom-

mend lopinavir-based regimen for all children <3 years of age irrespective of PMTCT 

exposure. However, current Uganda guidelines [8] and other developing countries 

still have NNRTI-based regimen as the preferred first-line treatment for children aged 

<3 years and may be exposing many children younger than 3 years with known and 

unknown ARV exposure to suboptimal therapy.

HIVDR in ARV-naive children was higher among children <3 years, with overall and 

NNRTI-specific mutation rates of 10.1% and 7.3%, respectively, compared to 6.7% and 

4.9% among children ≥3 years. This rate is much lower compared to other settings, 

where NNRTI mutations were up to 24% in ART-naive children [11]. High rates of 

NNRTI mutations were observed in children with unknown history of PMTCT, with 

10% in children <3 years compared to 13.6% in children ≥3 years. Among all children 

not exposed to PMTCT (none and unknown), NNRTI mutations were detected among 

7.59% of children <3 years compared to 5.91% of children ≥3 years who would be 

started on a suboptimal NNRTI-based ART regimen. These data provide more sup-

port for the WHO recommendations for empiric PI-based first-line ART in children <3 

years.
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While PI-based regimens are considered the most appropriate regimen for infants and 

young children by the WHO, providing these regimens to all infants and children <3 

years in some resource-limited settings, such as Uganda, may be challenging. Cur-

rently, pediatric LPV/r is only available as a liquid formulation with a high alcohol 

content that tastes terrible with the potential for suboptimal adherence and requires 

cold chain until the point of dispensing. Pediatric HIV treatment is complicated, and 

dosing strategies change as the child grows from infancy to adolescence. Further-

more, LPV/r is costly, and administering this with TB treatment is complex. Efforts to 

overcome some of these obstacles include replacement of this liquid formulation with 

a more tolerable version that is palatable and does not require refrigeration. Possible 

formulations include sprinkles, minitabs, or granules that could be mixed with food 

or given with breast milk [33].

The most common mutation, which was present in 3.9% of the samples, was M184V, 

which confers resistance to the NRTI drugs lamivudine, emtricitabine, and abacavir 

but delays resistance to zidovudine and stavudine [34,35]. The most common NNRTI 

mutations were K103N (3.9%), Y181C (2.9%), and G190A (2.2%), which confer resis-

tance to efavirenz, nevirapine, and delavirdine. However, 3.2% of the children had 

dual-class resistance. These mutations are similar to what has been observed from 

other studies [11,27,29,36]. These findings suggest that genotypic resistance is fairly 

common among HIV-infected children starting ART in Uganda and may adversely af-

fect response to first-line treatment in addition to other risk factors, which are unique 

to children.

The study had some limitations. This study is different in approach from the newly 

recommended pediatric HIVDR surveys by the WHO [37] Specifically, the enrolled 

children were older (median age, 4.9 years) than recommended by the WHO (<18 

months) and are a survivor cohort since the majority of HIV children will die by age 2 

years if not treated with ARV drugs [38]. In addition, the majority of children recruited 

at this time were reportedly PMTCT unexposed (233/279, 83.5%), while this will be 

less likely the case in more recent pediatric HIV surveys when adoption of option 

B+ for PMTCT is more widespread. Given the age group and PMTCT exposure, cau-

tion should be applied when directly comparing these results with (future) pediatric 

HIVDR surveys according to the new WHO guidelines.

We recruited older children than most studies that have evaluated TDR in children, 

and the observed HIVDR may be an underestimate of the actual rates due to archived 

DRMs. More sensitive assays may be able to help address this issue. We were not able 

to determine drug resistance in the mothers to link the DRMs to the resistance patterns 
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in their children. With revised pediatric guidelines and expansion of EID programs, 

increasingly younger children will be recruited on treatment in the future. However, 

current ART access for children is only 35% in sub-Saharan Africa [39], and there are 

still many older children who are yet to be put on treatment in the coming years as per 

the 2013 WHO guidelines. These data are relevant for their management and selection 

of optimal ART regimens. The patients in the study were recruited before the era of 

intensive PMTCT, with the majority of women using either sdNVP or double therapy 

and limited access to HAART for their general care. However, the study was able to 

show that PMTCT, maternal ART, and breastfeeding are still important risk factors for 

TDR in this cohort.

The strength of the study is that this is an observational study that recruited par-

ticipants who would normally be seeking for treatment at these ART centers, and 

therefore, these results are directly applicable to programs. Detailed demographic, 

clinical, and programmatic data were collected to determine TDR and related risk 

factors, and the study was conducted in at least three regions of the country making 

it more representative.

In conclusion, this study demonstrated that HIVDR is common, especially in HIV-

infected children of younger age and those exposed to ART through PMTCT, maternal 

ART, and breastfeeding. Even children with unknown PMTCT exposure had high rates 

of DRMs. This implies that just taking history of PMTCT does not clearly delineate 

children at risk of having DRMs. The broader definition of PMTCT exposure needs to 

include those children with unknown history as well as those with mothers on ART 

and/or current breastfeeding who need to be prioritized to receive PI-based regimens 

according to the new WHO guidelines.

In our setting, children without risk factors may still respond well to regimens without 

PIs, which is more practical to implement than PI-based regimens. Follow-up data 

from this cohort will show what the true outcome is of these children.

This study was done before the shift to option B/B+, and our results cannot predict 

resistance in this group. However, with rollout of option B+, the total number of 

infections should decrease with proper taking of drugs, and breakthrough infections 

possibly due to nonadherence of the mother may have more DRMs. However, when 

vertical transmission takes place in the presence of ARV drugs, the risk of HIVDR 

increases, as shown in this study. This highlights the need for in-depth evaluation and 

more extensive surveys among the infected children in the era of expanded PMTCT. 
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The availability of these data at relevant times would significantly inform clinical 

management and promote improved quality of life.
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