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Abstract
Background—This study evaluated a wide range of viral load (VL) thresholds to identify a cut-
point that best predicts new clinical events in children on stable highly-active antiretroviral
therapy (HAART).

Methods—Cox proportional hazards modeling was used to assess the adjusted risk of World
Health Organization stage 3 or 4 clinical events (WHO events) as a function of time-varying CD4,
VL, and hemoglobin values in a cohort study of Latin American children on HAART ≥ 6 months.
Models were fit using different VL cut-points between 400 and 50,000 copies/mL, with model fit
evaluated on the basis of the minimum Akaike Information Criterion (AIC) value, a standard
model fit statistic.

Results—Models were based on 67 subjects with WHO events out of 550 subjects on study. The
VL cutpoints of > 2600 copies/mL and > 32,000 copies/mL corresponded to the lowest AIC
values and were associated with the highest hazard ratios [2.0 (p = 0.015) and 2.1 (p = 0.0058),
respectively] for WHO events.
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Conclusions—In HIV-infected Latin American children on stable HAART, two distinct VL
thresholds (> 2,600 copies/mL and > 32,000 copies/mL) were identified for predicting children at
significantly increased risk of HIV-related clinical illness, after accounting for CD4 level,
hemoglobin level, and other significant factors.
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Introduction
The importance of quantitative HIV RNA, or viral load (VL), assays for monitoring the
treatment of HIV infection is well established for adults and children and is considered
standard practice in higher-resource settings [1,2]. VL prior to initiation of highly active
antiretroviral therapy (HAART) has been established as an independent predictor of disease
progression in children [3–5]. We previously demonstrated the value of VL as an
independent predictor of new HIV-related WHO stage 3 and 4 events (WHO events) in a
cohort of Latin American children on HAART [6]. In that study, most recent VL above the
5,000 copies/mL level used in the WHO definition for virologic failure [7] was predictive of
WHO events, independent of CD4-defined immunosuppression, hemoglobin level and other
factors; in contrast, the commonly used VL threshold of ≥400 copies/mL was not an
independent predictor of WHO events in that study The present analysis used the same data
set to explore VL thresholds between 400 and 50,000 copies/mL to identify the cut-point for
the best fitting model for predicting new WHO events in children on stable HAART (≥ six
months of continuous HAART).

Methods
Details of the NISDI (Eunice Kennedy Shriver National Institute of Child Health and
Human Development [NICHD] International Site Development Initiative) pediatric
protocol, eligibility criteria for this analysis and methods used when applying Cox
proportional hazards modeling to assess the time to WHO events as a function of time-
varying CD4-defined immunological status, VL, and hemoglobin level and time-fixed
covariates have been published [6].

Statistical Analysis
The primary outcome measure was the first occurrence of a new WHO stage 3 or 4 event
following the time of eligibility for this analysis. The analyses were based on fitting a
proportional hazards regression model to the data repeatedly, each time using a different
cutpoint for the HIV-1 RNA (viral load), with viral load (VL), CD4 immunosuppression and
hemoglobin level treated as time-varying predictors. Additional covariates found to be
independently associated with the occurrence of WHO events in the prior publication were
also included in the modeling. The cut-point for the initial series of models was set at 500
copy intervals for VL up to 5,000 copies/mL and at 5,000 copy intervals for VL from 5,000
– 50,000 copies/mL. A second series of models was fit to the data with cut-points varying by
only 100 copies, from 2,000–3,000 copies/mL, and by 1,000 copies/mL from 30,000 –
35,000 copies/mL, when honing in on the best fitting model for predicting WHO events.
Model selection was based on the Akaike Information Criterion (AIC), for which the model
having the minimum AIC value among competing models represents the best fit to the data
[8]. All analyses were conducted using the SAS statistical software, version 9.0 (SAS
Institute Inc. Cary, NC).
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Results
The models were based on 550 subjects, 67 who experienced a WHO stage 3 or 4 event
during follow-up and 483 who were censored (did not experience an event during follow-
up); there were an additional 22 subjects with WHO events who were excluded from the
modeling due to missing values for one or more covariates, with most missing CD4
measures.

For each VL cut-point, the Table presents: 1) the AIC goodness of fit measure; 2) the
estimated hazard ratio, confidence interval and p-value for assessing the contribution of VL
to the model; and 3) the p-values for assessing the contribution of CD4 immunosuppression
and hemoglobin to the fitted model. The AIC started at a high point at the VL cut-point of
400 copies/ml, declined to the first low point occurring at a VL cut-point of 2600 copies/ml
prior to rising again, and then declined to the second low point at a VL cut-point of 32,000
copies/mL (Table 1; Figure).

The hazard ratio (HR) provides an estimate of the instantaneous risk of experiencing a WHO
event associated with having a VL at or above the specified cut-point. For example, the
hazard ratio of 1.61 for the VL cut-point of 400 copies/mL indicates that subjects who had a
VL measure at or above this cut-point were 61% more likely to experience a WHO event as
those whose VL did not reach this level. The risk (HR) of WHO events was higher for the
VL cut-offs associated with the lowest AIC scores (ie, best fit to the data): subjects with VL
at or above the cut-point of 2600 copies/mL had a 2.0-fold higher risk (HR) of WHO events
compared to those whose VL was below this level (p=0.015); subjects with VL at or above
the cut-point of 32,000 copies/mL had a 2.1 higher risk (HR) of WHO events compared to
those whose VL was below this level (p=0.0058). The HRs for CD4 level, HIV clinical
stage, hemoglobin level, body size and age were very similar when using either VL cut-off
of 2,600 or 32,000 copies/mL in the model (Table 2).

Discussion
Prior analysis of this large cohort of perinatally HIV-infected Latin American children
taking HAART for at least six months demonstrated that most recent VL greater than the
WHO-defined virologic failure threshold of 5,000 copies/mL - but not above the 6-month
virologic failure threshold of 400 copies/mL used by US pediatric treatment guidelines at the
time - was an independent predictor of WHO stage 3 and 4 events, even after adjusting for
most recent CD4-defined immunosuppression, hemoglobin level and other cofactors [6]. By
repeatedly using the same proportional hazards regression modeling with different VL cut-
offs, we were able to demonstrate that two distinct VL cut-offs ( 2,600 and 32,000 copies/
mL) were the best fitting models for predicting WHO events among VL cut-offs between
400 and 50,000 copies/mL.

It was somewhat expected that this analysis would yield a VL cut-off close to the 5,000
copies/mL threshold reported in the original analysis. It was surprising, however, that the
search for the VL cut-off that added the most independent value for predicting HIV-related
clinical events would also yield a second, much higher VL cut-off that had such similar
performance characteristics in the model. Furthermore, there was no evidence that the
similar performance of these two VL cut-offs in the model was due to compensatory
differences between the HR for CD4 level, hemoglobin level, age and other factors included
in the model The VL cut-off of 32,000 copies/mL in the present analysis is similar to the
30,000 copies/mL threshold used in the PEN-PACT study that compared clinical and other
outcomes among children randomized to switch to a new HAART regimen at a confirmed
VL threshold of 1,000 copies/mL versus at a threshold of 30,000 copies/mL.[9] In that PEN-
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PACT study, the clinical outcomes for children who switched at 30,000 copies/mL were
similar to those for children who switched at the lower VL threshold. The finding in the
current analysis of a maximum predictive value for clinical events when children had VL >
32,000 mL would be consistent with PEN-PACT findings showing no clinical detriment in
waiting until VL of 30,000 copies/mL to switch therapy in children.

Other factors besides HIV-related clinical events must also be considered when choosing a
VL cut-off for treatment failure or as a trigger to switch to a new HAART regimen in
children. In PEN-PACT, there was a trend in children on non-nucleoside reverse
transcriptase inhibitor (NNRTI)-based therapy who switched therapy after a VL of 30,000
copies/mL to accumulate more resistance mutations to the nucleoside reverse transcriptase
inhibitor (NRTIs) in the regimen. On the other hand, there may be fewer second-line
antiretroviral drugs tested or in formulations appropriate for children, limiting the feasibility
of making a switch to a new HAART regimen at low VL cut-offs. In resource-rich settings
where virologic monitoring is routine, virologic failure is suspected when adults and
children who have been on HAART for at least 6 months have repeatedly detectable VL
measurements (≥ 50–200 copies/mL) [1,2]. Assays that detect such low-level VL are
unlikely to become available in low-resource settings. However quantitative RNA assays
from dried blood spots have been developed for use in low-resource settings with detection
limits that should allow for detecting children who have VL of 30,000 copies/mL or even
2,600 copies/mL [10]. It will now be important to evaluate the clinical predictive value of a
broad range of virologic cut-offs using data from other cohorts of children on stable
HAART to help confirm the best target for virologic monitoring in pediatric HIV programs.
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Figure 1.
Akaike Information Criterion (AIC) goodness-of-fit measure plotted as a function of HIV
viral load cut-points
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