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Abstract

Background—Poor adherence to antiretroviral therapy contributes to pharmacokinetic 

variability and is the major determinant of virological failure. However, measuring treatment 

adherence is difficult, especially in children. We investigated the relationship between plasma 

lopinavir concentrations, pretreatment characteristics and viral load >400 copies/ml.

Methods—A total of 237 HIV-infected children aged 4–42 months on lopinavir/ritonavir oral 

solution were studied prospectively and followed for up to 52 weeks. Viral load and lopinavir 

concentration were measured at clinic visits 12, 24, 36 and 52 weeks after starting treatment. Cox 

multiple failure events models were used to estimate the crude and adjusted effect of lopinavir 

concentrations on the hazard of viral load >400 copies/ml.

Results—The median (IQR) pretreatment CD4+ T-lymphocyte percentage was 18.80% (12.70–

25.35) and 53% of children had a pretreatment viral load >750,000 copies/ml. The median (IQR) 

weight-for-age and height-for-age z-scores were −2.17 (−3.35–−2.84) and −3.34 (−4.57–−3.41), 
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respectively. Median (IQR) lopinavir concentrations were 8.00 mg/l (4.11–12.42) at median (IQR) 

3.50 h (2.67–4.25) after the dose. The hazard of viral load >400 copies/ml was increased with 

lopinavir concentrations <1 mg/l versus ≥1 mg/l (adjusted hazard ratio 2.3 [95% CI 1.63, 3.26]) 

and lower height-for-age z-scores.

Conclusions—Low lopinavir concentrations (<1 mg/l) are associated with viraemia in children. 

This measure could be used as a proxy for adherence and to determine which children are more 

likely to fail.

Introduction

Approximately 20–50% of children on antiretroviral therapy (ART) do not achieve 

virological suppression during the first year of treatment [1–3]. Failure to achieve 

virological suppression may be due to the presence of HIV quasispecies resistant to 

antiretroviral drugs [4] or inadequate adherence, amongst other factors.

A first-line ART regimen, including ritonavir-boosted lopinavir (LPV/r), is recommended 

for children exposed to non-nucleoside reverse transcriptase inhibitors used for the 

prevention of mother-to-child transmission (PMTCT) of HIV [5,6]. LPV/r has a high barrier 

for the development of resistance. However, the oral suspension of LPV/r has poor 

palatability [7,8], which may result in poor adherence. Most children with virological failure 

on a first-line LPV/r regimen do not have protease inhibitor (PI) mutations, suggesting that 

adherence rather than resistance is the cause of failure [9]. Establishing that adherence rather 

than resistance as the reason for virological failure will reduce inappropriate ART switches 

and expenditure on resistance testing. In a small study of South African adults, low lopinavir 

concentrations were shown to be associated with virological failure [10]. However, wide 

inter-individual variability is observed in the concentrations of lopinavir even after observed 

doses and few data exist on the relationship between lopinavir concentrations and 

virological failure in children.

We measured lopinavir concentrations in plasma samples collected at the same time as viral 

load (VL) tests in a cohort of children initiated on a first-line LPV/r-based ART regimen and 

followed them prospectively to determine whether plasma lopinavir concentrations 

measured in the first 52 weeks after starting therapy are associated with virological 

response.

Methods

Study participants

Plasma lopinavir concentrations were retrospectively analysed in samples collected at clinic 

visits during the pre-randomization period from participants of the Neverest2 trial [11,12]. 

The Neverest2 trial was a randomized open-label clinical trial investigating treatment 

options for nevirapine-exposed children who initiated PI-based ART when <24 months of 

age. Treatment responses during the pre-randomization phase have been previously 

described [13]. The study population included HIV-infected children attending the Rahima 

Moosa Mother and Child Hospital, Johannesburg, South Africa. Treatment eligibility criteria 

included WHO stage III or IV disease, CD4+ T-lymphocyte percentage (CD4%) of <25% if 
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<12 months or <20% if >12 months of age, or recurrent (>2× yearly) or prolonged (>4 

weeks) admission to hospital for HIV-related complications. Children being treated for 

opportunistic infections including tuberculosis were excluded from this analysis. All 

children received 230/57.5 mg/m2 LPV/r (Kaletra® oral solution, Abbott Laboratories, 

North Chicago, IL, USA), 1 mg/kg stavudine and 4 mg/kg lamivudine as oral solutions 

every 12 h. At each visit, drug doses were adjusted according to growth. The caregivers of 

the children were provided with comprehensive counselling about treatment adherence. 

Treatment doses were typically taken in the morning prior to the clinic visit. The time of 

dosing was as reported by the caregiver and the time of sample collection was recorded.

Data collected included age at starting LPV/r therapy, sex, pretreatment VL, pretreatment 

CD4% and WHO stage. Pretreatment weight-for-age z-score (WAZ) and height-for-age z-

score (HAZ) were calculated using WHO software [14]. Blood samples were collected 

pretreatment and at clinic visits 12, 24, 36 and 52 weeks after starting treatment, and at 

unscheduled clinic visits. Caregivers were requested to return medication bottles at each 

visit. The bottles were weighed and the contents reconciled with the expected usage of each 

medication to determine the extent of adherence. Adherence was defined as returning <20% 

of the expected volume of any of the three drugs whereas returning >20% was defined as 

non-adherence. Children exited the pre-randomization phase of the study when they 

maintained viral suppression (VL≤400 copies/ml) for two consecutive visits, and were 

followed as part of the post-randomization study (not analysed here). Some children were 

retained for longer than the planned 52 weeks in an attempt to achieve viral suppression. 

These children were not eligible for randomization but were included in this analysis.

Laboratory methods

Plasma HIV-1 RNA measurement (Roche Amplicor assay version 1.5, Roche, Branchburg, 

NJ, USA; quantification range 400–750,000 copies/ml) and CD4+ T-cell counts were 

determined on pretreatment samples. The ultrasensitive assay (quantification range 50–

150,000 copies/ml) was used for VL determination post ART initiation.

Plasma lopinavir concentrations were assayed using a validated mass spectrometry method 

developed in the Division of Clinical Pharmacology, University of Cape Town, Cape Town, 

South Africa. An AB Sciex 4000 mass spectrometer was operated at unit resolution in the 

multiple reaction monitoring mode. The assay was validated over the concentration range of 

0.16–20 mg/l. Inter- and intra-day coefficients of variation were <10% for all quality control 

concentrations. The laboratory participates in the International Interlaboratory Control 

Program for Therapeutic Drug Monitoring in HIV Infection (KKGT; Hague, the 

Netherlands) and the AIDS Clinical Trial Group (ACTG) Pharmacology Quality Control 

Program.

Statistical analyses

Children with a pretreatment WAZ<−3 (that is, >3 SD below the average weight of 

comparable children in the reference population) were categorized as severely underweight; 

a WAZ from −3 to −2 was defined as moderate underweight and a WAZ >−2 was regarded 

as normal. A HAZ <−3, from −3 to −2 and >−2 were defined respectively as severe stunting, 
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moderate stunting and normal. Pretreatment immunity was categorized as low 

(CD4%<25%) or high (CD4%≥25%). Pretreatment VL was expressed on a log scale and 

categorized as low or high for log10 VL>5 or ≤5, respectively. We defined WHO stages 1 

and 2 as early disease and stages 3 and 4 as moderate disease. Lopinavir concentrations 

reported as below the limit of quantification (BLQ) were assigned a value of 0.08 mg/l (half 

the limit of quantification).

Pretreatment characteristics were described with summary statistics (median, IQR and 

proportions). Individual lopinavir concentrations during follow-up were presented by means 

of time-series plots and summary statistics. To account for missing data, 10 multiple 

imputations were conducted using the Amelia II software package [15] in R. We imputed 10 

datasets for pretreatment WAZ, pretreatment HAZ, pretreatment CD4%, WHO stage, log10 

pretreatment VL, adherence and lopinavir concentrations. The imputation model included all 

pretreatment (WAZ, HAZ, CD4%, WHO stage and VL) and follow-up (adherence and 

lopinavir concentration) variables, as well as time (weeks on treatment) and VL (≤400 or 

>400 copies/ml). All results of our multivariate analysis are based on the imputed datasets 

and combined using Rubin’s rules [16].

Cox proportional hazard regression modelling for multiple failure events was used to 

estimate the crude and adjusted hazard ratios (HR) of VL>400 copies/ml for the following 

pre-determined pretreatment and follow-up variables: age at starting ART, pretreatment 

WAZ and HAZ respectively, pretreatment log10 VL, pretreatment CD4%, pretreatment 

WHO stage and lopinavir concentrations. HRs are reported together with the 95% CI. In 

addition to the crude and adjusted HRs, we also present the HR obtained for a model, with 

variables selected by Akaike’s information criterion (AIC). We assumed the model to 

include log10 pretreatment VL and adjusted the AIC with inverse probability weights 

(AICw) due to missing data [17].

We modelled the effect of lopinavir concentration on the hazard of VL>400 copies/ml in the 

adjusted models as a dichotomous variable based on cutoffs of 1 mg/l and 4 mg/l. 

Additionally, we modelled the effect of lopinavir concentrations on VL>400 copies/ml non-

linearly via penalized splines, representing this in a figure. Finally we compared two 

adjusted models by means of AICw: the first model included all pretreatment variables and 

lopinavir concentrations at each visit, whereas the second model also included all 

pretreatment variables and percentage adherence at each visit. Data was analysed using the 

statistical software package R [18].

Results

Study population

A total of 322 children exposed to nevirapine for PMTCT who met clinical and 

immunological criteria were enrolled into the study. All participants were initiated on an 

LPV/r-based regimen. Overall, 38 (12%) children died and 40 (12%) were lost to follow-up 

before samples were collected for lopinavir concentration measurement. In addition, 4 (2%) 

children on tuberculosis treatment and 3 (1%) on full-dose ritonavir (previously used instead 

of LPV/r for treatment of children <6 months of age) were excluded from this analysis. The 
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sample size for analysis was thus reduced to 237 children. Table 1 shows the pretreatment 

characteristics of the study population.

Plasma lopinavir concentrations

A total of 487 plasma samples from 237 children with a median number of 2 samples per 

child were analysed to determine plasma concentrations of lopinavir. The median (IQR) 

sampling time was 3.50 h (2.67–4.25) after the dosing time reported by the caregiver, and 

12% of the samples were BLQ. Figure 1 presents plasma lopinavir concentrations of all 

children from 10 to 80 weeks of the study. We determined the population median lopinavir 

concentrations at each scheduled visit and found it to be similar for all visits. Sampling 

times after the dose were similar for samples <1 mg/l versus >1 mg/l (median [IQR] 3.37 h 

[2.60–4.42] versus 3.50 h [2.67–4.25]) and for samples <4 mg/l versus >4 mg/l (median 

[IQR] 3.33 h [2.58–4.17] versus 3.50 h [2.75–4.25]). The percentage of samples <1 mg/l and 

<4 mg/l at each clinic visit are shown in Figure 1 and Table 2.

Predictors of viral load >400 copies/ml

We performed Cox proportional hazards regression analysis to evaluate the risks for 

VL>400 copies/ml. The results showed reduced risk of virological failure (VL>400 

copies/ml) for increased lopinavir concentrations (HR 0.96 [95% CI 0.93, 0.98] for each 1 

mg/l; P=0.002) and increased risk of VL>400 copies/ml for pretreatment HAZ (HR 2.24 

[95% CI 1.17, 4.28; P=0.015] for moderate stunting and HR 2.92 [95% CI 1.67, 5.03; 

P=0.0001] for severe stunting, relative to those with normal HAZ). After adjustment for 

other covariates, both lopinavir concentrations and pretreatment HAZ remained significant 

(Table 3). Utilizing model selection with AICw yielded a model with similar estimated HRs 

for low lopinavir concentrations (HR 0.96 [95% CI 0.93, 0.99]; P=0.005) as well as 

moderate (HR 2.19 [95% CI 1.19, 4.05]; P=0.011) and severe (HR 0.45 [95% CI 0.24, 

0.84]; P=0.009) stunting, confirming the stability of the adjusted model. A high log10 

pretreatment VL was associated with HRs>1 although these did not reach significance in 

either the crude (HR 1.62 [95% CI 0.77, 3.34]; P=0.205) or adjusted (HR 1.56 [95% CI 

0.91, 3.54]; P=0.269) models. Due to the high percentage (38%) of missing data, adherence 

was not included in the primary analysis. However, in a sensitivity analysis we compared 

two adjusted models using AICw, where the first model included lopinavir concentrations 

and the second model included recorded adherence. The results revealed that the AICw 

favours the model including lopinavir concentrations (AICw 1,220.7) compared with the 

model including adherence (AICw 1,228.4).

We also fitted separate models where lopinavir concentrations were dichotomized based on 

the cutoffs of 1 mg/l and 4 mg/l, respectively. The results showed that children with 

lopinavir concentrations of <1 mg/l (Table 4) or 4 mg/l (crude HR 2.3 [95% CI 1.63, 3.26] 

and adjusted HR 1.74 [95% CI 1.36, 2.23]) had an increased hazard of VL>400 copies/ml in 

both crude and adjusted models. Similarly we showed that moderate and severe stunting 

were significantly associated with increased hazards of VL>400 copies/ml in both crude and 

adjusted models. We compared the two models by means of AICw and showed that the 

model with 1 mg/l cutoff (AICw 1,326.34) described the data better than the model with 4 

mg/l cutoff (AICw 1,331.03).

Moholisa et al. Page 5

Antivir Ther. Author manuscript; available in PMC 2014 November 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Non-linear effect of lopinavir concentrations on the risk of viraemia

We modelled the non-linear effect of lopinavir concentrations on the hazard of VL>400 

copies/ml and failed to show any distinct threshold. Nonetheless, we showed that increasing 

lopinavir concentrations were associated with reduced hazard of VL>400 copies/ml across 

the full range of LPV concentrations studied (Figure 2).

Discussion

We used Cox regression models to describe the association of lopinavir concentrations 

during the first year of treatment and pretreatment characteristics with the hazard of 

viraemia (VL>400 copies/ml) in a cohort of young, nevirapine-exposed South African 

children initiated on a PI-based regimen. Our data suggests that with increasing lopinavir 

concentrations the hazard of VL>400 copies/ml is reduced. We also found a significant 

association with moderate (HAZ −2 to −3) and severe (HAZ<−3) pretreatment stunting with 

a greater chance of VL>400 copies/ml, while no association was found for the other 

pretreatment characteristics, including WAZ.

Using the Cox regression models we found that children with lopinavir concentrations 

below the cut-offs of 1 mg/l or 4 mg/l have an increased hazard of virological failure, but the 

effect was stronger at the lower threshold. Moreover, we determined the non-linear effect of 

lopinavir concentrations on the hazard of VL>400 copies/ml (Figure 2) and showed that 

decreased concentrations correlated with increased risk of virological failure across the full 

range of lopinavir concentrations studied. This suggests that in addition to adherence-related 

changes in drug exposure, individual variability in lopinavir concentrations may be 

important for therapeutic outcomes. However, high lopinavir concentrations would likely 

increase the risk of toxicity. Low lopinavir concentrations, especially <1 mg/l, are likely to 

reflect poor adherence and could provide an objective measure of non-adherence. ART 

adherence is difficult to assess in paediatric patients as there is considerable social pressure 

for caregivers to report complete adherence and measuring returned medication is difficult, 

when compared to pill counts which can be done for adults. An objective adherence measure 

would be useful in children failing an LPV/r-based regimen as PI mutations are rarely found, 

provided that there was no prior exposure to other PIs [9]. Antiretroviral resistance testing, 

which is expensive, could be limited to children with lopinavir concentrations that are > 1 

mg/l, as has been suggested in a pilot study in adults [10].

HIV infection adversely affects growth. Prior to ART, studies demonstrated that perinatally 

acquired HIV is associated with poor growth and high mortality. In our data, we found a 

significant association with pretreatment HAZ, but not with WAZ. This suggests that 

children who are stunted have a higher hazard of virological failure. Our data is consistent 

with other reports in the literature with regard to the effect of stunting on virological failure 

[19].

Our study has several limitations that are worth highlighting. Firstly, in our study, there was 

missing data, which we dealt with by multiple imputation. This approach has been shown to 

be superior to complete case analysis in which only subjects who do not have missing values 

are analysed [16]. If data are missing at random and thus the probability for a value to be 
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missing depends only on observed quantities, then no bias is introduced. We found the 

missing at random assumption to be reasonable in our study given that the missing data 

related mainly to data not being measured, or due to insufficient sample volume or a lost 

sample. Secondly, we did not observe the time of morning dose prior to sampling for 

lopinavir concentration. Hence our analysis did not include adjustment of lopinavir 

concentrations for the time after the dose. Nevertheless we have shown that the lopinavir 

concentrations in samples taken 0.42–9.00 h after the last dose predict VL>400 copies/ml, 

which would allow laboratories to conduct lopinavir assays to decide whether to proceed to 

the much more expensive genotypic resistance tests. To exclude potential bias due to th 

inclusion of early VL data, which (if >400 copies/ml) may indicate failure to suppress at that 

time point, rather than virological failure, and children followed-up to >52 weeks, we 

conducted two sensitivity analyses (data not shown); the first excluding visits before 24 

weeks, and the second excluding visits after the planned follow-up period. Our findings 

were not substantially altered in either analysis.

The use of therapeutic drug monitoring is complicated by insufficient knowledge of the 

target plasma concentrations particularly in children on ART in whom the optimal drug 

concentrations have not been clearly defined [20]. In this study, we used reference values for 

plasma lopinavir concentrations derived largely from adult studies. The recommended 

minimum lopinavir trough concentrations are 1 mg/l in treatment-naive patients and 4 mg/l 

in treatment-experienced patients [21]. We found that lopinavir concentrations 0.42–9.00 h 

after the last dose (analogous to the time after dose for samples collected at a typical clinic 

visit when the child has taken his/her ART in the morning) predicted the risk of viraemia. 

The lopinavir concentrations taken during the clinic visits were in keeping with those 

described in other studies amongst children of a similar age [22,23].

Strengths of the study include a relatively large sample size and the cohort design, which 

provides a higher level of evidence for the relationship between explanatory and outcome 

variables compared to studies with a cross-sectional or case-control design. Another strength 

of the study was repeated plasma drug concentration measurement at each follow-up visit, 

which made it possible to assess each child’s lopinavir concentration profile and its 

correlation with treatment success.

In conclusion lopinavir concentrations were associated with the hazard of VL>400 

copies/ml. Low lopinavir concentrations could be used as a proxy for treatment non-

adherence to guide determination of eligibility for resistance testing. Furthermore, our 

findings provide preliminary data to support developing optimal target concentrations of 

lopinavir required for viral suppression in children, which could be used as part of 

therapeutic drug monitoring to optimize the efficacy of ART regimens in children. Moderate 

and severe stunting were also associated with virological response to LPV/r-based ART 

suggesting that the reasons for poor responses in stunted children should be investigated 

further and that this group may be targeted for appropriate interventions.
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Figure 1. 
Lopinavir concentrations at scheduled visits for all children in the study

The lines connect the individual concentrations for each child.
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Figure 2. 
Non-linear effect of lopinavir concentrations on the hazard of virological failure
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Table 1

Characteristics of the 237 HIV-infected children initiating LPV/r-based antiretroviral therapy and included in 

the analysis

Variable Value Missing data, %

Age on starting ART, months 10 (9–25.50) 0

Pretreatment viral load 13

   <100,000 copies/ml 20 (8) –

   100,000–750,000 copies/ml 61 (26) –

   >750,000 copies/ml 125 (53) –

Pretreatment body weight, kg 6.81 (5.32–7.90) –

LPV/r dose, mg/m2 230/57.5 –

Pretreatment WAZ −2.17 (−3.35–−1.21) 11

Pretreatment HAZ −3.34 (−4.57–−3.41) 12

Pretreatment CD4% 18.80 (12.70–25.35) 5

Sex 0

   Male 109 (46) –

   Female 128 (54) –

WHO stage 18

   Early 42 (22) –

   Moderate 147 (78) –

Data are median (IQR) or n (%). ART, antiretroviral therapy; CD4%, CD4+ T-cell percentage; HAZ, height-for-age z-score; LPV/r, ritonavir-
boosted lopinavir; WAZ, weight-for-age z-score.
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