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930 (77%) children had 

asymptotic CD4 
reconstitution

276 (23%) children did 

not have asymptotic CD4 
reconstitution
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Background: Studies of long-term immune reconstitution after antiretroviral therapy (ART) 
initiation are scarce in HIV-infected children in resource-limited settings. 

Methods: HIV-infected ART-naïve children meeting WHO criteria for ART in Uganda and 
Zimbabwe were enrolled in the ARROW trial between 2007 and 2008. CD4 counts were 
measured by flow cytometry at ART initiation and every 12 weeks subsequently. Based on 
our previous work in European children, we assumed an asymptotic CD4 reconstitution 
over time on ART with CD4 rising to a constant age-corrected level after a period of time. 

Using non-linear mixed-effects models for log(CD4/expected CD4 in uninfected child of the 
same age), we investigated the effects of pre-ART age, sex, WHO stage and weight-for-
age z-score on pre-ART and long-term CD4-for-age.

Results: 1206 children were enrolled (51% girls; ages 0.4-17.6 years) and followed for 
median (IQR) 2.8 (2.5,3.2) years. Our model identified two groups of children. Group 1: 

930 (77%) children had asymptotic CD4 reconstitution (median (IQR) age 5.8 (2.4,9.0) 
years; pre-ART CD4 344 (158,634) cells/µl, estimated CD4 after 2.8 years of follow-up 693 
(645,866) cells/µl). The two key findings were: 1) a strong correlation between their pre-
ART and long-term CD4 (r=0.37; p<0.0001), ie children who started ART with lower CD4 
achieved lower CD4 in the long-term and 2) an association of older age at ART initiation 

with lower long-term CD4 reconstitution (p<0.0001). Lower pre-ART CD4-for-age was also 
associated with older age and lower weight-for-age z-score at ART initiation (both 
p<0.0001) and lower long-term CD4-for-age with male sex (p=0.002). Group 2: The 276 
children for whom asymptotic CD4 reconstitution did not fit were older (7.2 (2.4,10.7) 
years; p=0.005), with higher pre-ART CD4 (469 (191,908) cells/µl) and CD4-for-age (-1.1 

(-1.7,-0.6); both p<0.0001). We used linear regression to identify four types of CD4-for-age 
trajectory within this sub-population. 

Conclusions: Our data suggest that CD4 and age at ART initiation may both drive 
different long-term profiles of immune reconstitution. These drivers appear to act in both a 
continuous and a stepwise manner to separate qualitatively different responses to ART in 

the long term. In the context of increasing availability of ART, our results highlight the 
importance of considering long-term immunological health, as well as short-term disease 
progression, in formulating future guidelines for ART initiation. 
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ABSTRACT

�CD4 count and age both drive response to ART and long-term profiles 

of immune reconstitution in resource-limited settings

− CD4 reconstitution after ART initiation was better in the long term if the 

pre-ART CD4 count had been high.

− CD4-for-age was higher before ART, and also reached a better long-term 

level, in children initiating ART at younger ages; the age effect acting in a 

continuous manner on pre-ART and long-term CD4 counts.

− Children showing non-asymptotic reconstitution had a number of different 

recovery profiles, which demand further investigation.

�In the context of increasing ART availability, our results highlight the 

importance of considering long-term immune reconstitution, as well as 

short-term disease progression, in formulating guidelines for ART 

initiation in children

�In order to ensure immune competence in adulthood, universal ART

may be warranted in vertically-infected children still ART-naïve at ages 

older than 10 years, regardless of CD4 count.
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Among these 276 children, we used linear models 

to identify 4 subgroups: those with significantly 

(p<0.05) continuously increasing or decreasing

CD4-for-age with time; those with no significant 

change in CD4, and those without enough 

measurements to identify a slope with confidence 

interval. 

• 43 children (16%) increased CD4-for-age 

continuously over the long term.

• 179 children (65%) had a small, fast initial CD4 

recovery, but no further improvement to the levels 

seen in the asymptotic reconstitution group (non-

significant change in CD4-for-age).

• 17 children (6%) had decreasing CD4-for-age.

www.arrowtrial.org
Email: arrow@ctu.mrc.ac.uk

RESULTS
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In this group:

• On ART, CD4-for-age showed an 

initially steep increase, slowing as it 

approached a long-term plateau.

• The time for half the ultimate increase 

in CD4-for-age, ln(2)/c, was ~16 

weeks (c = 0.043/weeks).

• Using a model-building procedure 

based on the Akaike Information 

Criterion, we found significant effects 

of age and weight-for-age on pre-

ART CD4-for-age, and of age and 

sex on long-term CD4-for-age.

Mathematical model: Based on previous work in European children2, we 

assumed an asymptotic CD4-for-age reconstitution over time on ART, with CD4 

count rising from a low starting value (intercept) to a nearer-normal level for age 

(asymptote) in the long term:

CD4-for-age = asymptote - (asymptote - intercept) e-ct

MODELLING

1206 HIV-infected ART-naive children were enrolled and started combination ART (51% girls, 

0.4 to 17.6 years old, median (IQR) follow-up: 2.8 (2.5, 3.2) years). Our model identified two 

distinct groups according to whether CD4 reconstitution could be fitted using the asymptotic 

model (see Modelling Section):

Girls, n (%) 125 (45%) 485 (52%)

Age (years) 7.1 (2.4, 10.7) 5.8 (2.4, 9.0)

WHO stage 4, n (%) 39 (14%) 131 (14%)

CD4 count (cells µl-1) 469 (191, 908) 344 (158, 634)

CD4-for-age -1.1 (-1.7, -0.6) -1.4 (-2.1, -0.9)

Weight for age-z-score -2.0 (-3.2, -1.0) -2.2 (-3.3, -1.3) Parameters fitted in the model were as follows: Estimate (95% CI) p-value

pre-ART CD4-for-age (intercept): -1.64 (-1.72, -1.57) <0.0001

Change per year older at ART initiation -0.09 (-0.11,  -0.07) <0.0001

Change per unit higher weight-for-age 0.17 (0.13, 0.22) <0.0001

long-term CD4-for-age (asymptote): -0.19 (-0.23, -0.14) <0.0001

Change per year older at ART initiation -0.05 (-0.06,  -0.04) <0.0001

Change in boys (vs. girls) -0.09 (-0.15,  -0.03) 0.0021

• Participants: HIV-infected ART-naïve children meeting WHO criteria for ART 

in Uganda/Zimbabwe were enrolled into the ARROW trial between March 15, 

2007, and November 18, 2008 and started combination ART.

• Pre-ART age, sex, WHO staging and weight were recorded.

• Clinical markers and CD4 counts were recorded at ART initiation, and then 

every 12 weeks. (A week 4 timepoint was available in children participating in 

a sub-study).

• Study outcome : CD4-for-age reconstitution

CD4-for-age = log(CD4/expected CD4 in uninfected child of the same age1)

A value of zero (a ratio of 1) thus corresponds to the CD4 count expected in 

a healthy child of the same age.

METHODS

We found a strong 

correlation between 
random effects (which 
represent inter-invididual 

variability) in pre-ART 
and long-term CD4-for-
age (r=0.37; p<0.0001)

Values are median (interquartile 
range IQR) for continuous data

At ART initiation

Our models allow us to predict long-term CD4 

count, based on pre-ART age and count. The figure 

shows long-term expected CD4 count (orange 

contours), given pre-ART age and CD4. Current 

WHO CD4 guidance thresholds (blue line) result in 

a higher long-term count for younger than for older 

children.
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Statistical model: Linear and non-

linear least-squares fits separated 

children with qualitatively different CD4-

for-age trajectories. In children showing 

asymptotic reconstitution, non-linear 

mixed-effects models were used to 

account for inter-individual variability, 

and examine effects of pre-ART age,

Median (IQR) values given Age (years) CD4 count (cells/µl) CD4-for-age

Significant, increasing CD4-for-age 5.0 (1.7, 9.1) 552 (256, 882) -1.1 (-1.5, -0.6)

No significant CD4-for-age change 7.4 (2.4, 10.9) 522 (262, 979) -1.0 (-1.4, -0.4)

Significant, decreasing CD4-for-age 10.0 (7.3, 11.9) 200 (95, 451) -1.5 (-2.3, -0.8)

Early death/loss to follow-up 5.4 (1.8, 9.1) 130 (22, 671) -2.1 (-4.2, -1.1)

This group probably represents non-response or treatment failure, followed by CD4 recovery on 

2nd-line treatment.

• 37 children (13%) had ≤≤≤≤2 CD4 measurements. Of these, 32 died, and the other 5 were lost 

to follow-up, early in the trial.
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(asymptote) CD4-for-age, and proportional recovery rate (c).
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Mean CD4-for-age in the 930 
children with asymptotic 
reconstitution. 
Error bars: standard error.
Grey lines: give CD4-for-age 
predicted by our model, for 
children aged 2 and 10 years.
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Mean CD4-for-age in the 276 children 
with non-asymptotic reconstitution. 
Error bars: standard error.
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p=0.05

p=0.00
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p=0.72

p<0.0001

p<0.0001

p=0.02


