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Abstract
Africans have elevated T cell activation compared to residents of Europe or the USA. Levels of T
cell activation also correlate with disease progression in HIV-infected individuals. We sought to
determine if treatment with antiretroviral therapy (ART) would reduce levels of T cell activation
(CD38 and HLADR co-expression) in HIV-infected Ugandan children. The median CD8+ T cell
activation level among 199 ART-treated children (30%) was lower than in 57 ART-naïve children
(45%, p < 0.001), but remained higher than in 30 HIV-uninfected children (18%, p < 0.001).
Among ART-treated children, CD4% was inversely correlated with both CD8− (ρ = −0.61, p <
0.001) and CD8+ (ρ = −0.38, p < 0.001) T cell activation. Prospectively, CD4 recovery correlated
with post-treatment CD8+ T cell activation level (p = 0.008). Our data suggest that significant
decreases in T cell activation accompany CD4 recovery in ART-treated HIV-infected African
children, to levels that approach but do not reach those of uninfected children.
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Introduction
In addition to CD4+ T cell lymphopenia, HIV infection leads to other significant
immunologic derangements including depletion of naïve T cell pools and increased
expression of markers of activation including CD38 and HLADR [1,2]. Levels of T cell
activation have proven to be important markers of disease progression; elevated levels are
found in the HIV-infected children that have rapidly progressive HIV disease [3,4] and are
predictive of CD4+ T cell decline in adults independent of plasma HIV RNA [5].
Conversely, there is evidence that recovery of CD4+ T cell counts following antiretroviral
therapy (ART) is associated with reduction of activation levels in both adults [6] and
children [7]. Residents of Africa, both HIV-infected and uninfected, appear to have elevated
T cell activation compared to residents of Europe and the USA, potentially related to
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increased stimulation from other endemic infectious diseases [8]. ART has been shown to
reduce levels of activation in HIV-infected Ugandan adults [9,10], but there has been, to
date, no similar study in African children. To characterize changes in T cell activation
following the initiation of ART in African children, we evaluated CD38 and HLA-DR
expression on T cells in the Children with HIV and Malaria Project (CHAMP), an
observational cohort of HIV-infected Ugandan children [11]. In cross sectional analysis, we
compared levels of T cell activation in HIV-infected children that had received ART for at
least 24 weeks to levels in ART-naïve HIV-infected and HIV-uninfected children and
investigated the relationship between activation and CD4+ T cell status and HIV RNA level.
Additionally, the change in T cell activation following the initiation of ART was assessed
prospectively in a subset of HIV-infected children.

Materials and methods
Subjects

The CHAMP enrolled 300 HIV-infected children aged 1 to 10 years from a pediatric HIV
clinic at Mulago Hospital, Kampala, Uganda, as described elsewhere [11,12]; levels of T
cell activation were determined in 291 participants. Results from children who were either
ART-naïve or had received ART for at least 24 weeks (“ART-treated”) at the time of testing
were included; results from those with an acute illness on the day of testing were excluded.
ART was initiated per WHO guidelines in children who experienced WHO Stage 3 or 4
clinical events, or who developed severe immunodeficiency as defined by having a % or
absolute count of CD4+ T cells count below age-specific cutoffs [13]. For 8 children that
initiated ART during follow up, levels of T cell activation were available at 2 time points:
before and 10–14 weeks after initiation of ART. A total of 30 HIV-uninfected children were
selected by convenience sampling from a local, parallel cohort of 601 HIV-uninfected
children for comparison; no child had malaria or other significant illness at the time of
sampling [14]. Informed consent was obtained from the parents or guardians of all children.
The research was approved by the Uganda National Council of Science and Technology, the
Makerere University Research and Ethics Committee, and the University of California, San
Francisco Committee on Human Research and was conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2000.

Laboratory techniques
Levels of T cell activation were measured in peripheral blood mononuclear cells using the
following antibodies: CD3 APC, CD8 PerCp-Cy5.5, HLA-DR FITC and CD38 PE. Fresh
samples were prepared within 4 h and analyzed within 24 h of collection. Isolation of
peripheral blood mononuclear cells (PBMC) was performed by Ficol-Paque Plus (GE
Healthcare, Piscataway, NJ) density centrifugation. A minimum of 30,000 CD3+ cells per
sample were acquired using a 4-color FACS Calibur flow cytometer (Becton Dickinson, San
Jose, CA). T cells were defined by expression of CD3. Levels of activation were defined by
the % expressing both CD38 and HLADR in both CD8− and CD8+ T cell subpopulations.
Preset gating for CD38 and HLA-DR expression on T cells was based on a natural break
seen in HIV-uninfected Ugandans and utilized for all samples, as described previously [15].
In addition, identical gates were validated in the United States to ensure that they provided
activation values consistent with what has been previously reported for US samples.
Analysis was performed using the FLOWJO software (TreeStar, San Carlos, CA). There is
high correlation between PBMC and whole blood staining using this technique; several
PBMC and whole blood specimens from study subjects were processed in parallel and
yielded similar results. Percentage of cells expressing both CD38 and HLADR is a validated
measure of T cell activation that has been shown to be equivalent to mean fluorescence
intensity in predicting clinical outcomes in HIV infected [16]. For HIV-infected children,
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plasma HIV RNA levels were determined using the Roche Amplicor kit (Version 1.5, level
of detection 400 copies/ml). Absolute CD4+ T cell count and CD4% were determined from
whole blood samples obtained from the same blood draw as the PBMC samples, using a 4-
color FACS Calibur flow cytometer (Becton Dickinson, San Jose, CA); CD4% was
calculated using CD45 as the anchor marker.

Statistics
Levels of T cell activation were compared in cross section among ART-naïve, ART-treated
and HIV-uninfected children and stratified based on CD4% and HIV RNA level using the
non-parametric Wilcoxon two-sample test (normal approximation, 1 sided). Correlation of
CD8− and CD8+ T cell activation with absolute CD4+ T cell count, CD4+ T cell %, and
HIV plasma RNA levels were tested using Spearman’s rank correlation testing. For matched
comparisons, the Wilcoxon signed rank test was used on difference values. Values are listed
as median (IQR: 25%’ile–75%’ile unless otherwise stated).

Results
Levels of T cell activation from 57 ART-treated children were compared to 199 ART-naïve
and 30 HIV-uninfected children (Table 1). The median age of ART-treated children was 5.1
years (IQR: 3.2–7.0), ART-naïve children 6.4 years (IQR: 4.4–8.3) and HIV-uninfected
children, 8.2 years (IQR: 6.0–10.1). ART-treated children had a median CD4 count of 887
cells/μl (IQR: 638–1245), CD4% of 25 (IQR: 18–30). Forty-five of the 57 ART-treated
children had undetectable plasma HIV RNA (< 400 copies/ml) on the day of activation
testing. Of the 12 children with detectable HIV RNA, the median value was 4.7 log10
copies/ml (IQR: 4.4–4.8). ART-naïve children had a median CD4+ T cell count of 731 cells/
μl (500–1074), CD4% of 23 (IQR: 18–29) and HIV plasma RNA of 5.0 log10 (copies/ml)
(4.5–5.5). ART regimens included either efavirenz or nevirapine and two nucleoside reverse
transcriptase inhibitors – lamivudine with either stavudine or zidovudine – for a median
duration of 38 weeks (IQR: 32–62 weeks).

The median level of activation in CD8− and CD8+ T cell populations of ART-treated
children was lower compared to ART-naïve children (p < 0.001) but remained higher
compared to HIV-uninfected children (p < 0.001) (Table 1). To further investigate the
relationship between T cell activation, CD4 status and plasma HIV RNA, subgroup analyses
were performed in “ART-suppressed children” (ART-treated with undetectable HIV Plasma
RNA), ART-naïve and HIV-uninfected children, stratifying by CD4+ T cell % into groups
of normal (≥25%), moderate immunosuppression (15–25%) and severe immunosuppression
(< 15%) (Figs. 1a and b). Among ART-suppressed children, those with normal CD4+ T cell
% had lower median levels of CD8− T cell activation (6.8%) than those with moderate
(10.9%, p = 0.002) or severe immunosuppression (24.4%, p = 0.001). Similarly, the level of
CD8+ T cell activation ART-suppressed children with normal CD4% (25.1%) was lower
compared to levels observed in moderate (29.3%, p = 0.064) or severe immunosuppression
subgroups (46.4%, p = 0.029), although the former did not reach statistical significance. T
cell activation, both CD8− and CD8+, in ART-suppressed children with normal CD4+ T
cell status remained significantly higher compared to levels seen in HIV negative children
(4.6%, p = 0.004 and 17.7%, p = 0.001, respectively). CD4+ T cell % was negatively
associated with CD8− T cell activation in both ART-suppressed (ρ = −0.65, p < 0.001) or
ART-naïve children (ρ = −0.61, p < 0.001). Similar correlation was observed for CD8+ T
cell activation in ART-suppressed as well as ART-naïve (ρ = −0.047, p = 0.001 and ρ =
−0.38, p < 0.001, respectively).

Because CD38 and HLA-DR expressions have been shown to vary by age in healthy
children that live in the USA [17], we repeated the analyses stratifying by age and CD4+ T
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cell %. The findings remained the same, with the lowest levels of both CD8− and CD8+ T
cell activation observed in children with normal CD4+ T cell % in both age groups
regardless of ART status. Additionally, no correlation was found with age and CD8− or
CD8+ T cell activation in either ART-naïve or ART-treated children (data not shown).

T cell activation was measured before and 10–14 weeks after ART initiation in 8 children.
The median plasma HIV plasma RNA level at baseline was 5.3 log10(copies/ml); 6 children
achieved full viral suppression (< 400 copies/ml) following ART initiation. The median
level of CD8− and CD8+ T cell activation prior to ART initiation was 22.8% (IQR: 16.4%–
38.9%) and 55.1% (IQR: 46.3%–60.7%), respectively. Following viral suppression, CD8− T
cell activation decreased in every child by a median 8.7% points (p = 0.01) and CD8+ T cell
activation decreased in every child by a median 17.2% points (p = 0.01). The median CD4%
recovery was 6.5% points. CD4+ T cell % recovery was significantly associated with lower
post-treatment CD8 activation level (ρ = 0.73, p = 0.008), but not with pre-treatment CD8−
or CD8+ T cell activation or post treatment CD8− T cell activation level.

Discussion
While it is clear that the initiation of ART leads to viral suppression and recovery of the
immune functions in most HIV-infected children, the understanding of factors influencing
immune reconstitution and the role of T cell activation in this population remains limited.
This is the first study, to our knowledge, to investigate the dynamics of T cell activation in
HIV-infected African children following the initiation of ART. We found high levels of T
cell activation at baseline in our cohort of HIV-infected Ugandan children. In this context,
HIV-infected Ugandan children who have received ART for at least 24 weeks experienced
significantly reduced levels of activation compared to ART-naïve HIV-infected children,
with rapid reductions in the first 10–14 weeks of therapy. This is similar to what has been
shown in ART-treated HIV-infected children in the USA (PACTG 338 [18] and 377 [19]).

Additionally, we found that among ART-treated children with undetectable plasma HIV
RNA, those with high CD4+ T cell counts had the least T cell activation with levels that
approached but did not reach those of HIV-uninfected children. Conversely, ART-treated
children with severe immunosuppression despite undetectable plasma HIV RNA maintained
high levels of CD8− and CD8+ T cell activation. A recent study of 143 ART-treated HIV-
infected children in Spain showed similarly that CD4 status correlated closely with levels of
T cell activation independent of HIV plasma RNA level [7]. We further show that the degree
of CD4+ T cell recovery strongly correlated with post-treatment CD8+ T cell activation.

The levels of activation among CD3+CD8− cells measured in this study are likely to
approximate those of CD4+ cells. In additional study of 50 children, we found that 79–87%
of CD3+ CD8− T cells express CD4 (unpublished). That said, activation levels among
CD3+CD8−CD4− T cells may also be important in this population; further study is
indicated.

Taken together, these data support the current model in which the reduction of T cell
activation is a critical factor in CD4+ T cell recovery [6]. Mechanisms of CD4+ T cell
depletion in HIV-infection in children are not fully understood, but bystander killing of
activated, uninfected cells and ineffective thymic production seem to be important factors.
Optimal CD4+ T cell recovery likely requires restoration of thymic function and a decrease
in the T cell activation that arises from HIV infection as well as other stimuli.

The majority of the world’s HIV-infected children live in sub-Saharan Africa and there is
mounting evidence that factors in pathogenesis and CD4+ T cell recovery may differ for this
population. Several studies have now documented that residents of sub-Saharan Africa have
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higher levels of T cell activation compared to residents of the US and Europe [15,20],
potentially related to the burden of chronic parasitic infections [21]. But whether the high
levels of T cell activation seen in HIV-infected African children lead to faster CD4 immune
depletion or incomplete immune recovery remains to be determined. Further study
identifying the determinants of activation such as HIV subtype, host genetic factors, or non-
HIV infectious burden will be important and may lead to novel treatment strategies for this
population.
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Figure 1.
Levels of T cell activation in T cell populations stratified by CD4% in Ugandan Children.
The percentage of CD8− (a) and CD8+ (b) lymphocytes co-expressing CD38 and HLADR
were determined by 4-color FACS Calibur flow cytometer (Becton Dickinson, San Jose,
CA) using fresh peripheral blood mononuclear cells. Bar heights represent median values.
Vertical lines represent interquartile ranges (25%–75%’ile). Horizontal lines indicate
comparison by Wilcoxon Rank Sum, with applicable p values. *ART-treated ≥ 24 weeks
with undetectable HIV plasma RNA.
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