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Abstract

Objective.—We investigated dynamics of inflammatory biomarkers in children with perinatally-

acquired HIV (PHIV) who started antiretrovirals at age <3 years and achieved sustained virologic 

control (HIV plasma RNA<400 copies/mL).

Design.—This was a retrospective analysis of inflammatory biomarkers in children enrolled in a 

randomized trial of early (<3 years of age) PI-based versus NNRTI-based regimens (P1060), who 

achieved sustained virologic control and participated in a neurodevelopmental follow-up study 

(P1104s) between ages 5–11 years.

Methods.—We measured 20 inflammatory biomarkers using ELISA or chemiluminescence at 

onset of sustained virologic control (Tc) and at P1104s entry (Te).

Results.—The 213 participants had median ages of 1.2, 1.9, and 7.0 years at antiretroviral 

initiation, Tc, and Te, respectively, with 138 on PI-based and 74 on NNRTI-based regimens at 

Tc. Eighteen markers decreased and two increased from Tc to Te (Te-Tc). Biomarker subsets, 

particularly cytokines, the chemokine IP-10, and adhesion molecules sICAM-1 and sVCAM-1, 

correlated at Tc, Te, and Te-Tc. At Tc, higher biomarker levels were associated with younger 

age, female sex, HIV plasma RNA ≥750,000 copies/mL, lower nadir CD4+%, lower nadir weight 

z-scores, and NNRTI-based treatment. Greater Te-Tc biomarker declines were associated with 
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younger age, male sex, higher Tc biomarker levels, lower nadir CD4+%, and NNRTI-based 

treatment. Duration of controlled viremia and nadir height Z-scores showed mixed associations.

Conclusions.—Biomarker expression showed substantial coordination. Most markers decreased 

after virologic control. Demographic and clinical variables associated with biomarker patterns 

were identified. Mechanistic studies of these biomarker patterns are needed to inform interventions 

to control inflammation.
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Introduction

In recent years, persistent inflammation has become the major risk factor for morbidity 

and mortality in adults with human immunodeficiency virus (HIV)[1, 2]. High levels of 

soluble inflammatory markers have been associated with cardiovascular, renal, hepatic, 

metabolic and neurologic dysfunction, and decreased responses to vaccines[1–4]. Both acute 

and chronic HIV infection are characterized by increased inflammation that generally 

decreases after initiation of antiretroviral treatment (ART) without, however, declining to 

levels comparable to those observed in uninfected, age-matched controls[5–9]. The identity 

of the cells producing the inflammatory markers and the underlying mechanism(s) leading 

to persistent inflammation are not well understood. Although there are many conflicting 

reports on this subject, an emerging consensus is that both HIV replication and microbial 

translocation contribute to increased inflammation[10, 11], and early initiation of ART does 

not seem to mitigate the development of chronic inflammation[12, 13].

Little is known about the kinetics and health consequences of inflammation in children with 

perinatal HIV (PHIV). Previous studies demonstrated that older children and adolescents 

with PHIV have higher levels of inflammatory markers compared with age-matched healthy 

controls[11, 14, 15]. Studies also showed an association of inflammation with impaired 

neurocognitive development and mood disorders in children with PHIV[16–19].

We previously described an adverse association between inflammation and neurocognitive 

development in a population of virologically controlled children with PHIV[20]. To 

improve our understanding of inflammation in the context of PHIV, we conducted a new 

analysis, presented in this report, to investigate in greater depth the pattern of associations 

among biomarkers cross-sectionally and longitudinally and to assess the relationship of 

inflammatory biomarkers with demographic and HIV disease characteristics. The goal of 

this analysis was to improve our understanding of HIV pathogenesis in children with PHIV.

Participants and Methods

Participants and Study Design

Participants were children with PHIV enrolled in the P1060 (NCT00307151) ART study and 

P1104s (NCT02140255) neurodevelopmental follow-up sub-study in South Africa, Malawi, 

Uganda, and Zimbabwe[21, 22]. Children initiated nevirapine-based or lopinavir/ritonavir-
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based ART at age 2 months to 3 years per the P1060 protocol. Enrollment in P1104s 

occurred at age 5–11 years. During this interval, there were no study interventions, but ART 

could be adjusted per standard of care. Children were eligible for this analysis if they had 

at least one HIV-1 plasma RNA <400 copies/mL between 6–12 months prior to P1104s 

study entry (Te). Onset of sustained controlled viremia (Tc) was the date of the earliest 

plasma HIV-1 RNA <400 copies/mL with no subsequent consecutive measurements ≥400 

copies/mL and no rolling 12-month period with more than one plasma HIV-1 RNA ≥1000 

copies/mL prior to Te. P1104s entry. The parent study specified that VL should be measured 

every 6 months. A plasma HIV-1 RNA cutoff of 400 copies/mL was chosen because this was 

the lower limit of detection (LLOD) for the assay in use in 2005 when P1060 opened for 

enrollment. IRBs at participating sites approved the protocol; signed informed consent was 

obtained from participants’ parents/caregivers.

Biomarkers

Cryopreserved plasma samples collected during P1060 closest to and within six months 

of each of the two time-points of interest were identified. Levels of 20 biomarkers 

were included in this analysis: acute phase reactants (CRP); adhesion factors (sICAM-1, 

sVCAM-1); anti-inflammatory cytokines (IL-10); chemoattractants (fractalkine, MCP-1, 

MIP-1β, IP-10); pro-inflammatory cytokines (IFNγ, IFNα2, IL-1β, IL-6, TNFα); and 

markers of endothelial function (sE-selectin, sP-selectin, VEGF-A), matrix digestion 

(MMP9), monocyte activation (CD14, CD163), and pro-coagulant state (fibrinogen). 

Analytes were measured as per manufacturers’ instructions using the following commercial 

kits: MMP-9, IFNα2, IFNγ, IL-10, IL-1β, IL-6, IP-10, MCP-1, MIP-1β, TNFα, VEGF-A, 

CRP (LLOD = 1.33 pg/mL), sICAM-1, sVCAM-1, sE-selectin, sP-selectin (Mesoscale 

Discovery, chemiluminescence microarrays); fibrinogen, fractalkine (Millipore; ELISA); 

sCD14, sCD163 (R&D, ELISA).

Statistical methods

Biomarker levels at the two time points of interest were log10-transformed. For each 

biomarker, the change between time points was calculated as the difference in log10-

transformed biomarker values.

Spearman rank-based correlations were calculated to assess correlations of each biomarker’s 

levels over time and correlations between biomarkers at a given time. To assess the 

correlation between biomarkers with respect to their change in values (Te-Tc), Spearman 

correlations were calculated based on the difference in log10-transformed biomarker values 

between time points. Based on the absolute value of the correlation coefficient (ρ), 

correlations were classified as strong (|ρ| ≥0.60), moderate (0.40 ≤|ρ| <0.60), weak (0.20 

≤|ρ| <0.40), or very weak (0 ≤|ρ| <0.20) [24]. All correlations described in the Results were 

positive, unless otherwise indicated.

Based on previous studies, we postulated that the level of biomarkers at Tc reflected peak 

inflammation and immune activation[23, 24]. We evaluated the potential role of demographic 

and clinical parameters on the peak level of inflammation and immune activation and on the 

difference between Tc and Te. For each biomarker, we fit separate multivariable parametric 
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censored regression models with a normal distribution to estimate associations between 

participant characteristics and outcome measures corresponding to (a) log10-transformed 

biomarker levels at Tc and (b) the difference in log10-transformed biomarker levels between 

Tc and Te. This interval-censored regression approach was chosen to account for uncertainty 

in biomarker values when a measurement was above the upper limit of detection or 

below LLOD. For each regression model, covariates of interest included binary variables 

corresponding to sex, peak plasma HIV-1 RNA VL prior to Tc above 750,000 copies/mL, 

and ART regimen at Tc; and continuous variables corresponding to age at Tc, nadir CD4+

% prior to Tc, and nadir height and weight World Health Organization (WHO) Z-scores 

prior to Tc. Covariates measured prior to Tc were obtained in P1060. For models involving 

changes in biomarker value from Tc to Te, covariates for biomarker concentration at Tc 

and duration of controlled viremia between Tc and Te were also included. For outcome 

measures corresponding to biomarker values at Tc, we estimated the difference (and 95% 

confidence interval) in log10 biomarker concentration values for a one-unit difference in 

the covariate value. For outcome measures corresponding to changes in biomarker values 

from Tc to Te, we estimated the relative increase (and 95% confidence interval) in the 

geometric mean of the ratio between biomarkers at Te and Tc for a one-unit difference in the 

covariate value. Associations with a p-value <0.05 are highlighted in the text. As this was a 

hypothesis-generating analysis, no adjustments were made for multiple comparisons.

Results

Participant characteristics

Of 246 study participants co-enrolled in P1060 and P1104s, 213 met inclusion criteria for 

this study and had ≥1 plasma sample available at Tc or Te for testing (Fig S1). Table 1 shows 

the demographic and HIV disease characteristics of the children included in the analysis. 

The study included similar numbers of boys and girls from sub-Saharan Africa. The median 

age was 1.2 years at ART initiation. Although most children achieved relatively rapid 

control of viremia following P1060 enrollment (median age = 1.6 years), approximately 

25% of participants subsequently lost virologic control. The median age at Tc, defined as 

the onset of sustained controlled viremia prior to P1104s entry, was 1.9 years. The median 

duration of controlled viremia prior to Te was 5 years. At Tc, 138 children (65%) were on 

PI-containing ART, and all but one of the 74 remaining were on NNRTI-containing ART.

Kinetics of the plasma biomarkers

There were 184 participants with plasma samples available at Tc and 185 participants with 

plasma samples available at Te; 156 participants had plasma samples available at both time 

points. Median plasma concentrations at Te were lower than corresponding concentrations 

at Tc for 18 of the 20 cytokines, chemokines, growth factors, and other inflammatory 

biomarkers studied (Fig 1). Two biomarkers (sCD14 and fibrinogen) increased between 

Tc and Te. Differences between levels at Tc and Te were statistically significant for all 

biomarkers, with all p values <0.03. A description of biomarker levels at each time point is 

provided in Table S1.
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Coordination of biomarker production

At Tc, Te, and Te-Tc, all of the cytokines, including IFNα2, IFNγ, IL-1β, IL-6, IL-10 

and TNFα, showed moderate to strong pairwise correlations (Fig 2). An IFNγ-induced 

chemokine, IP-10, was strongly correlated with the cytokines at all time points and was thus 

included in the cytokine group in an extended cytokine group.

The adhesion molecules sICAM-1 and sVCAM-1 were strongly correlated with each 

other and moderately to weakly correlated with members of the extended cytokine group 

at all time points. Both sICAM-1 and sVCAM-1 weakly correlated with the myeloid 

cell scavenger receptor sCD163 at Tc and Te. sICAM-1 also weakly correlated with the 

endothelial activation marker sE-selectin and the endothelial and platelet activation marker 

sP-selectin at various time points. sE-selectin and sP-selectin weakly correlated with each 

other at all time points.

At various time points, MIP-1β moderately to weakly correlated with analytes in the 

extended cytokine group, with VEGF-A, and with other chemokines, including fractalkine 

and MCP-1. CRP moderately to weakly correlated with markers in the extended cytokine 

group, with sCD14, and with adhesion factors and endothelial activation markers.

Associations between demographic and HIV disease characteristics and 
biomarker levels at Tc—Figure 3 shows associations between demographic and HIV 

disease characteristics and each biomarker at Tc from multivariable regression analyses. 

Female sex was associated with higher levels of four biomarkers in the extended cytokine 

group (IFNα2, IL-1β, IP-10, and TNFα) and two adhesion factors (sICAM-1 and 

sVCAM-1). Younger age at Tc was associated with higher levels of six of seven biomarkers 

in the extended cytokine group and with higher sVCAM-1, sE-selectin, and sP-selectin. 

Other notable associations included lower nadir CD4+% with higher levels of IL-6, sCD163, 

and sICAM-1; plasma HIV-1 RNA ≥750,000 copies/mL with higher IL-10, TNFα and sE-

selectin; (3) NNRTI-containing ART with higher IFNγ, CRP and sCD14 and lower MIP-1β; 

and (4) lower nadir weight Z-score with higher IL-6, CRP, sICAM-1 and fibrinogen.

Associations between demographic and HIV disease characteristics and the 
change in inflammation and activation markers during controlled viremia—
Higher biomarker concentrations at Tc were associated with greater relative declines in 

biomarker concentrations from Tc to Te, except for fibrinogen and sCD14 for which 

higher concentrations at Tc were associated with smaller increases from Tc to Te (Fig 

4). Additional notable associations included: (1) male sex with greater relative decreases in 

IFNα2, IFNγ, IL-1β, and IP-10; (2) younger age at Tc with greater relative decreases in 

IFNγ, sVCAM-1, fractalkine, and MCP-1; (3) lower nadir CD4+% with greater decrease in 

CRP; (4) non-PI-based regimen at Tc with greater relative decreases in TNFα, sE-selectin, 

sP-selectin, VEGF-A and fractalkine; (5) higher nadir height Z-score with greater relative 

decrease in sVCAM-1 and greater relative increase in fibrinogen; and (6) longer duration of 

controlled viremia between Tc and Te with greater relative decrease in sCD163, sICAM-1, 

and fractalkine. The peak plasma HIV-1 RNA pre-Tc and nadir weight Z-score were not 

associated with any Te-Tc changes in inflammatory biomarkers.
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Discussion

We observed an almost universal decline in inflammatory biomarkers from Tc to Te in 

children with PHIV after control of viremia. This finding is in agreement with previous 

studies in adults with HIV[5–8]. While most studies have been conducted in adults, 

a few studies in children and adolescents, including participants with PHIV from sub-

Saharan Africa, showed similar patterns[11, 14, 15]. Although our study did not include 

HIV-uninfected controls, it is reasonable to interpret the collective decrease in inflammatory 

biomarkers as representing a shift towards age- and sex-appropriate levels. Median levels 

of only two biomarkers, sCD14 and fibrinogen, increased from Tc to Te. sCD14 has 

been considered a marker of microbial translocation, but recent data have challenged this 

concept[25]. Thus, it is unclear if the increase in sCD14 concentration from Tc to Te 

indicates increased microbial translocation over time or some other process. Fibrinogen 

concentrations increased by approximately 5% from Tc to Te, which may reflect age-

appropriate physiological changes[26, 27].

We observed patterns of correlations among cytokines, chemokines, and other inflammatory 

markers in children with PHIV that were generally consistent at the two time points 

of interest and the change between timepoints. The kinetic synchrony of markers that 

grouped themselves together suggests that secretion of these markers may be explained by 

a single or a few interconnected mechanisms. Notably, cytokines had very high correlation 

coefficients, suggesting that a single underlying process, such as viral replication in T-cells 

and macrophages, might account for their production. The extended cytokine group also 

had weaker but consistent correlations with integrins and chemokines (including sICAM-1, 

sVCAM-1, MIP-1β, and MCP-1, as well as VEGF-A and CRP) at Tc, Te, and Te-Tc. This 

is not surprising, since IL-1β, IL-6, IFNγ and/or TNFα stimulate the expression of these 

inflammatory markers.

sICAM-1, sVCAM-1, sE-selectin, and sP-selectin are expressed primarily by endothelial 

cells, although sP-selectin is also found on platelets, sICAM-1 on monocytes and 

lymphocytes, and sVCAM-1 on follicular dendritic cells. The coordinated decrease of 

sICAM-1 with s-VCAM-1, sE-selectin, and sP-selectin from Tc to Te suggests that 

reduction in endothelial cell activation contributed to the decrease. Notably, at both time 

points, sICAM-1 and sVCAM-1 also weakly correlated with sCD163 levels, suggesting 

an association of endothelial cell and macrophage activation consistent with previously 

reported findings in vitro and in adults with HIV[28]. At Tc and Te, sE-selectin weakly 

correlated with MCP-1 and sP-selectin weakly correlated with MIP-1β, fractalkine, VEGF-

A, and/or MMP-9. In adults with HIV, increased levels of these markers indicate formation 

of atherosclerotic plaques, which have been recognized as significant contributors to 

morbidity and mortality in adults with HIV[29, 30]. Endothelial cell dysfunction has not been 

studied previously in children with PHIV and its clinical implications are not known. The 

decrease in inflammatory markers associated with endothelial dysfunction after effective 

ART suggests an improvement in endothelial function with virologic control, which is 

encouraging. Nevertheless, studies are needed to understand the clinical consequences of 

endothelial dysfunction in children with PHIV.
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As expected, markers of greater severity of HIV disease before Tc were associated with 

higher inflammatory biomarker concentrations at Tc, including associations between lower 

nadir CD4+%, higher peak HIV plasma HIV-1 RNA, and lower nadir weight Z-scores 

with higher concentrations of IL-6, sCD163, sICAM-1, IL-10, TNFα, sE-selectin, CRP, 

sICAM-1, and/or fibrinogen. Perhaps more important was the finding that HIV disease 

characteristics before Tc had very limited association with the decay of inflammatory 

biomarkers. The corollary of this observation is that the severity of HIV disease before Tc 

might not impair the ability of children with PHIV to achieve lower levels of inflammation 

in the context of controlled HIV infection.

Older age at Tc was associated with lower levels of multiple cytokines and inflammatory 

biomarkers and with smaller relative decreases in IFNγ, sVCAM-1, fractalkine, and 

MCP-1. As these associations were opposite to the associations between markers of 

HIV disease severity and inflammatory biomarkers, the association between older age 

and lower biomarker levels was not likely explained by longer duration of uncontrolled 

HIV infection. The few pediatric studies that investigated changes in cytokine production 

with increasing age primarily focused on whole blood or mononuclear cell production of 

cytokines. These studies indicate that among the cytokines and chemokines included in our 

study, the production of TNFα in resting mononuclear cells decreases from 1 to 5 years 

of age, whereas the production of IFNγ and IP-10 does not change[31]. In the absence of 

normative age-specific data of plasma cytokines and chemokines, it is difficult to interpret 

the associations we observed between age and inflammatory biomarker levels.

Female sex was associated with higher cytokine and chemokine levels at Tc and smaller 

relative decreases from Tc to Te. Differences in immune responses between sexes at early, 

pre-pubertal ages have been previously described, including higher responses to childhood 

vaccination in females compared with males[32, 33]. This information is consistent with 

our observations since inflammatory responses to vaccines are the first step in the genesis 

of adaptive responses to vaccine antigens. The mechanism underlying the effect of sex 

on inflammation is incompletely understood. The X chromosome includes multiple genes 

and microRNAs associated with immune responses [34]. Recent studies have shown that 15–

23% of X-linked human genes escape 2nd X chromosome inactivation, which may explain 

differences in inflammatory and immune responses between male and female children 
[33, 35].

Lopinavir/ritonavir-based and nevirapine-based ART were prescribed for 99% of the 

children in our study, reflecting the time when P1060 was conducted[21]. The use of 

PI-based ART was associated with lower concentrations of a few inflammatory markers 

at Tc. This might be explained by the fact that use of PI-based ART was associated with 

better virologic control compared with the use of NNRTI-based ART in P1060[21]. Since 

Tc in our study was defined by onset of sustained plasma HIV-1 RNA <400 copies/mL, it 

is conceivable that children on PI-based ART had greater virologic suppression compared 

to children on NNRTI-based ART, in turn leading to lower inflammation at Tc. In adults, 

suboptimal adherence to ART, even with HIV-1 plasma RNA maintained at <50 copies/mL, 

was associated with higher measures of inflammation, suggesting that even low levels of 

viral replication are sufficient to induce inflammation [36]. Conversely, after attainment of 
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virologic control, use of PI-based ART was associated with smaller relative decreases from 

Tc to Te in several biomarkers of endothelial dysfunction. Importantly, the comparison 

of the Tc-Te decline in inflammatory markers between PI- and NNRTI-based ART was 

adjusted for marker levels at Tc, indicating that differences would be present even if the 

two groups had similar marker levels at Tc. This suggests that after achieving control of 

viral replication, PI-based ART may be associated with higher residual inflammation and/or 

endothelial dysfunction than NNRTI-based ART. To our knowledge, this is the first study 

investigating the differential effect of specific ARV regimens on inflammatory biomarkers 

in children with PHIV. Similar studies in adults with HIV have generated conflicting 

information [37–40]; however, a few studies showed that compared with NNRTI-based ART, 

PI-based therapy was associated with persistence of higher levels of inflammation, which 

is consistent with our findings [38, 41]. Moreover, there is a well-recognized association 

of PIs with insulin resistance and dyslipidemia resulting in increased inflammation and 

cardiovascular adverse events in adults with HIV[42–44]. Our results suggest that PIs may 

have a similar effect in children with PHIV. The association of PI-based ART with higher 

levels of residual inflammation after virologic control is achieved in children with PHIV is 

novel and underscores the importance of studying the effect of specific classes of ARV in 

this population.

The association between higher biomarker concentrations at Tc and greater relative decline 

in levels between Tc and Te needs to be interpreted with caution. This association may 

reflect the statistical phenomenon of regression to the mean, whereby more extreme values 

at one time point are more likely to be closer to the mean at later time points. However, we 

cannot rule out that a biological mechanism may contribute to this observation, e.g., higher 

levels of inflammatory markers at Tc may reflect higher HIV replication and more advanced 

HIV disease prior to Tc and greater potential for relative improvement in HIV replication 

and ongoing inflammation after initiation of sustained effective therapy. Future studies 

including higher precision measurements of viral replication and biomarker concentrations 

may provide further clarification.

Our study has limitations, most importantly the absence of an age-matched comparison 

group of children without HIV from the same geographic area. All children came from 

the same geographic area, where people with HIV generally have few comorbidities. The 

threshold for virologic control used in this study, HIV-1 plasma RNA <400 copies/mL, 

may have obscured low levels of persistent viral replication that might have confounded 

the patterns of inflammatory biomarkers and associations with demographic and clinical 

characteristics that we observed. Missing HIV-1 plasma RNA measurements after Tc were 

not taken into consideration in the analysis. Finally, due to the exploratory nature of this 

study, we did not correct for multiple comparisons, making it likely that some associations 

with p-values <0.05 may have been due to chance with no biological significance.

Our study provides the first comprehensive analysis of inflammatory factors in children 

with PHIV and how they relate to demographic and HIV disease characteristics. We 

showed a decrease in inflammation after control of viral replication, highlighted a high 

degree of coordination among subsets of biomarkers, and identified demographic and 

clinical variables associated with biomarker patterns. High levels of inflammation have 
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been associated with specific pathologies in adults with HIV. While the significance of 

inflammation in children with PHIV is incompletely understood, previous studies have 

documented associations between inflammatory biomarkers and lowered performance on 

neurodevelopmental tasks [17–20]. Additional studies are needed to determine the potential 

effect of ongoing inflammation on neurologic, cardiovascular, renal, hepatic, and other 

outcomes in children with PHIV. The present study provides a first step toward future 

research into biological mechanisms underlying persistent inflammation and potential 

clinical interventions to control inflammation and improve long-term outcomes for children 

with HIV.

Supplementary Material
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Figure 1. Kinetics of plasma biomarkers in children with PHIV on effective ART.
Data were derived from a total of 213 children with PHIV and HIV-1 plasma RNA (viral 

load; VL) <400 copies/mL for ≥9 months prior to P1104s entry, including 28 with samples 

at Tc only, 156 at Tc and Te, and 29 at Te only. Dark box plots show plasma concentrations 

at the time when children reached sustained controlled viremia (Tc) and light box plots at 

time of P1104s entry (Te). The order in which the analytes are listed is based on a previously 

published factor analysis[16]. Data are expressed in ng/ml of plasma for sCD14, sCD163, 

sICAM-1, sVCAM-1, sE-selectin, sP-selectin, CRP, fibrinogen and MMP9, and pg/ml for 

all other markers. Fibrinogen and sCD14 significantly increased from Tc to Te and all other 

markers significantly decreased.
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Figure 2. Plasma biomarker correlations in children with PHIV on effective ART.
Data were derived from 213 children. Graphs represent heatmaps of pairwise Spearman 

correlations between the markers indicated on the abscissa and ordinate at the timepoints 

indicated on the graphs. Coefficients of correlation are displayed on the graphs for 

correlations with p<0.05. Tc indicates beginning of sustained controlled viremia; Te 

indicates entry in P1104s when the follow up plasma sample was analyzed.
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Figure 3. Association of demographic and HIV disease characteristics with biomarker levels at 
Tc.
Effect sizes greater than 1.0 indicate higher biomarker concentrations at Tc (initiation of 

controlled viremia), on average, in the comparison group relative to the referent group. 

Separate multivariable models were fit for each biomarker. The following covariates were 

included in each model: sex, age at Tc, nadir CD4%, peak plasma HIV RNA copies/ml, 

antiretroviral regimen at Tc, and nadir height and weight WHO Z score. There were no 

associations with p<0.05 of biomarker levels at Tc with nadir WHO Z scores for height and, 

therefore, the panel was omitted. Dark boxes indicate associations with p<0.05.
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Figure 4. Association of demographic and HIV disease characteristics with changes in biomarker 
levels from Tc to Te.
Changes were defined by the differences in biomarker concentrations from Tc to Te. Effect 

sizes greater than 1.0 indicate a lesser relative decline (or greater relative increase) in 

biomarker concentrations between Tc (initiation of controlled viremia) and Te (entry in 

P1104s) when follow up sample was collected, on average, in the comparison group relative 

to the referent group. Separate multivariable models were fit for each biomarker. The 

following covariates were included in each model: sex, age, antiretroviral regimen and 

biomarker concentration at Tc; nadir CD4%, height WHO Z score and weight WHO Z 

score; peak plasma HIV RNA copies/ml; and duration of controlled viremia from Tc to Te. 

Dark boxes indicate associations with p<0.05.
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Table 1.
Demographic and HIV disease characteristics of 213 children with PHIV

Value*

Sex

  Male 92 (43%)

  Female 121 (57%)

Age (yrs) at initiation of ARV 1.2 (0.5, 2.6)

Age(yrs) at first controlled viremia onset 1.6 (0.7, 2.9)

Age(yrs) at Tc 1.9 (0.8, 3.7)

Age(yrs) at Te 7.0 (5.7, 8.7)

Years of sustained controlled viremia before Te 5.0 (3.6, 6.5)

Highest WHO stage prior to Tc

  WHO stage 1 22 (10%)

  WHO stage 2 53 (25%)

  WHO stage 3 123 (58%)

  WHO stage 4 15 (7%)

Nadir weight WHO Z score prior to Tc** −2.5 (−5.3, −0.6)

Nadir height WHO Z score prior to Tc −1.5 (−4.0, 0.2)

Nadir CD4% prior to Tc 15.1 (7.7, 25.3)

Peak VL (log-10) prior to Tc 5.9 (5.2, 6.0)

  <750,000 copies/mL 85 (40%)

  ≥750,000 copies/mL 128 (60%)

ART regimen at time of Tc

  PI-based regimen 138 (65%)

  NNRTI-based regimen 74 (35%)

  Other 1 (<1%)

*
Value corresponds to median (10th percentile, 90th percentile) for continuous variables and frequency (percentage) for categorical variables.

**
Two participants are missing a weight Z-score measurement prior to controlled viremia onset.

Abbreviations: ARV=antiretrovirals; NNRTI= non-nucleoside reverse transcriptase inhibitor; PHIV = perinatal HIV; PI = protease inhibitor; Tc = 
onset of sustained controlled viremia; Te = time of P1104s entry; WHO = World Health Organization.
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