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Abstract

Peripheral blood CD4+ and CD8+ T cells, CD19+/20+ B cells, and serum immunoglobulins (Igs) 

have been implicated as survival factors for pediatric HIV-1 infection. To determine which of 

these immune factors might be important in predicting survival, we studied HIV-1 vertically 

infected (HIV-1+) children over a 5-year period. Peripheral blood lymphocytes and Igs were 

measured in 298 HIV-1+ children, who were classified as survivors or nonsurvivors, and in 463 

HIV-1 vertically exposed and noninfected (HIV-1–) children. Measurements of other possible 

survival factors were included in this study: albumin, hemoglobin, lactic dehydrogenase (LDH), 

and HIV-1 RNA levels. Survivors had significantly higher CD4+ T-cell, CD8+ T-cell, and CD19+/

CD20+ B-cell counts and serum IgG levels, but lower serum IgA and IgM levels than 

nonsurvivors. Serum albumin and blood hemoglobin levels were higher, but serum LDH and 

HIV-1 RNA levels were lower in the survivors compared to non-survivors. In univariable analysis, 

factors affecting survival were baseline CD4+ T-cell and CD8+ T-cell counts, IgG, albumin, 

hemoglobin, LDH, and HIV-1 RNA (all p < 0.001). In multivariable analysis, high baseline CD4+ 

T-cell count, IgG and albumin levels, and low baseline HIV-1 RNA load remained important 

factors for survival. Serum IgG level has been identified as an immune factor that independently 

predicts survival, in addition to the already established CD4+ T-cell count. The HIV-1 RNA and 

serum albumin levels also predicted survival.

INTRODUCTION

A preliminary report of the immune function of the children enrolled in the National 

Institutes of Health National Heart, Lung and Blood Institute P2C2 HIV-1 Study recorded 

the measurements of CD4+ (helper) T cells and CD8+ (cytotoxic) T cells in HIV-1+ children 
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followed for less than 24 months of the 60-month study.1 Results of this study showed an 

early and continuing loss of CD4+ T cells through 17 months of age in HIV-1+ children and 

an early rise at 2–4 months followed by a decline of CD4+ T cells in HIV-1− children, 

although at 17 months the mean cell count was higher by 1,200 cells/μl. There was an 

expansion of the CD8+ T-cell population, beginning as early as 2 months of age in some 

HIV-1-infected children and rising to 50% of the peripheral blood mononuclear cell 

population. There was 70% mortality in HIV-1+ children with fewer than 200 CD4+ T 

cells/μl.1

Several large-scale, multicenter studies have identified the peripheral blood CD4+ T-cell 

count, and plasma or serum HIV-1 RNA level as important predictors of survival in HIV-1+ 

children.2–4 Earlier studies of antibody function demonstrated the extraordinarily elevated 

serum concentrations of IgG, IgA, and IgM.5–7 Measurements of antibody responses to T-

cell-dependent recall antigens (e.g., diphtheria and tetanus toxoid) or neoantigen (e.g., 

bacteriophage φX174) demonstrated mostly weak primary antibody (IgM) responses and 

severely reduced secondary antibody (IgG) responses.8–11 This failure to switch from an 

IgM to an IgG antibody (long-lived, high-affinity, memory antibody) is probably due to the 

lack of CD4+ (helper) T cells, which generate a second signal to B cells upon cognate 

recognition of antigen.12

This report of the peripheral blood immune cells and serum immunoglobulins in the 

completed P2C2 HIV Study cohort will evaluate the importance of these immune survival 

factors identified in studies of HIV-1+ children.13–18

METHODS

Study Population and Informed Consent

The P2C2 HIV Study population has been described fully elsewhere, with explanations of 

recruitment, examinations, laboratory and clinical tests, quality assessment, and data 

analysis.19 Briefly, a group of 600 study subjects born to HIV-1+ women were enrolled at 

birth or by 28 days of life (birth cohort) beginning in 1990 and followed prospectively for up 

to 6 years. This group comprised 93 HIV-1 +, 463 HIV-1−, and 44 HIV-1-indeterminate 

infants. Another group of 205 infants and children with HIV-1 infection were enrolled at 

greater than 28 days of life (older cohort) between 1990 and 1993 and were similarly 

followed for up to 6 years. Infants and children in both cohorts were examined at regular 

intervals of 3–6 months.

Definitions of HIV-1 Disease Survival

A survivor was defined as a child who survived for 5 years after enrollment into study or a 

child who was alive when lost to follow-up. A nonsurvivor was defined as a child who died 

during the course of this study.

Examinations of Subjects

Study subjects had periodic physical examinations and laboratory tests, including complete 

blood count, lymphocyte counts (CD4+, CD8+, CD19+/20+ lymphocytes), serum Ig 
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measurements (IgG, IgA, IgM), serum albumin, blood hemoglobin, LDH, and HIV-1 RNA. 

Laboratory tests and interpretation of physical measurements were quality-controlled.19 

Serum Ig data from children who had IgG replacement therapy within 90 days (≥ 4 half-

lives of IgG) were excluded from analysis. CD4+ and CD8+ T cells and CD19+/20+ B cells 

were determined by two- or three-color fluorescence-activated flow cytometry in 

laboratories certified by the National Institute of Allergy and Infectious Diseases Division of 

AIDS Quality Assurance Program. Absolute numbers of lymphocyte subsets were 

determined arithmetically on the basis of complete blood counts performed on the same 

blood sample. Serum was analyzed for immunoglobulin concentrations by laser 

nephelometry. Hemoglobin concentrations were measured by local hematology laboratories 

as part of the complete blood count, and serum albumin and LDH levels were measured by 

local chemistry laboratories. Serum (81% of the subjects) was frozen at −70°C, stored in a 

central repository, thawed once, and analyzed for HIV-1 RNA concentration by quantitative 

HIV-1 RNA polymerase chain reaction (PCR) using the Amplicor HIV-1 Monitor Test 

(Roche Diagnostic Systems, Branchburg, NJ).2,18

Statistical Analysis

Because the cumulative 5-year survival was similar for the two HIV-1-infected cohorts 

(65.6% for the older cohort after 5 years of follow-up and 67.3% for the birth cohort at 5 

years of age), they were combined across the overlapping ages (1 month to 5 years) for data 

analysis (168 from the older cohort and 91 from the birth cohort). This was done to ensure 

reasonable sample sizes across the 5-year period for survivors and nonsurvivors.

Repeated-measures analyses of lymphocyte phenotypes (cube-root transformation of 

counts), serum Ig (natural log), serum albumin, hemoglobin, LDH (natural log), and HIV-1 

RNA (log10) were performed using the SAS mixed linear models procedure, which provided 

estimates of the mean and 95% confidence intervals at each age by HIV-1 status and by 

survivorship. Reported p values are two-sided and are considered significant at p ≤ 0.05.

Cumulative survival was estimated with the Kaplan-Meier method. Log-rank tests were used 

to compare survival according to the baseline measurements of lymphocyte counts, serum Ig 

levels, serum proteins, and HIV-1 RNA viral burden, with groups defined as above or below 

the median value for each covariate.

To assess the simultaneous effect of baseline factors on survival time, Cox's proportional-

hazards regression model was used. Forward and backward stepwise selections were used to 

choose variables for the multivariable model. Only factors that were significant at p ≤ 0.05 

in the univariable analyses were included in the multivariable analyses. The relative risk and 

95% confidence interval were calculated for each factor in the presence of the others in the 

final model.

RESULTS

Patient Study Groups

The demographic and clinical characteristics of the children in this study are given in Table 

1. Most children (87%) were members of minority groups, and the distributions of races in 
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the survival categories were roughly equal. Similarly, the sex distribution of children in the 

disease categories was approximately equal. Over 60% of the HIV-1+ birth cohort was 

asymptomatic at 3 months of age, but only 12.2% of the HIV-1+ older cohort was 

asymptomatic at enrollment (median ages of survivors and nonsurvivors were 22 and 26 

months, respectively). By 2 years of age, only 10.5% of the birth cohort remained 

asymptomatic; cumulative mortality was 16.3%; and 46.8% had died or reached Centers for 

Disease Control and Prevention category C.20 Virtually all study children (over 90%) took 

antiretroviral medications (principally zidovudine and dideoxyinosine) at some time during 

the study period; 29 HIV-1+ children (9.7%) took protease inhibitors (ritonavir, nelfinavir, 

saquinavir, or indinavir) when they were over 2 years of age; 38% of study subjects received 

intravenous IgG at some time during the study period.

Lymphocyte Subsets

At all ages the survivors had significantly higher CD4+ T-cell counts compared to the 

nonsurvivors (p < 0.001) but their CD4+ T-cell counts were lower than those of the HIV-1− 

controls values (Fig. 1A).

Mean CD8+ T-cell numbers in survivors were always higher than those of the nonsurvivors 

(p ≤ 0.001) (Fig. 1B). Nonsurvivors and HIV-1− controls had similar CD8+ T-cell counts at 

the earliest ages (p = 0.21 at <1 year) but then nonsurvivors began to lose CD8+ T cells as 

they grew older and demonstrated CD8+ T-cell values lower than those of the HIV-1− 

controls (all p values ≤ 0.007 except at 2.5–3.0 years [p = 0.10]).

Survivors had significantly higher mean CD19+/20+ B-cell counts than did the nonsurvivors 

at most ages (< 1 year [p = 0.05], 1.0–1.5 years [p = 0.03], 1.5–2.0 years [p < 0.001], 2.0–

2.5 years [p = 0.003], 2.5–3.0 years [p = 0.02], 3.0–3.5 years [p = 0.01], 3.5–4.0 years [p < 

0.001], 4.0–4.5 years [p = 0.11] and 4.5–5.0 years [p = 0.01] (Fig. 1C). Both suvivors and 

nonsurvivors had values well below those of the HIV-1− controls with nonsurvivors being 

the lowest category.

Serum Immunoglobulin Concentrations

Survivors had higher mean serum IgG values than nonsurvivors (< 1 year [p = 0.003], 1.0–

1.5 years [p = 0.07], 1.5–2.0 years [p < 0.001], 2.0–2.5 years [p = 0.06], 2.5–3.0 years [p = 

0.008], 3.0–3.5 years [p = 0.04], 3.5–4.0 years [p < 0.001], 4.0–4.5 years [p = 0.009], and 

4.5–5.0 years [p = 0.66] (Fig. 1D). Both survivor and nonsurvivor IgG mean values were 

extremely elevated compared to the HIV-1− controls, with the survivor values being highest.

The survivors, in general, had lower mean serum IgA concentrations than the nonsurvivors 

through 4 years of age (1.0–1.5 years [p = 0.05], 2.5–3.0 years [p = 0.03], and 3.5–4.0 years 

[p = 0.04]) (Fig. 1E). Both survivors and nonsurvivors had mean values of serum IgA above 

the HIV-1− controls, with the survivor values being closer to the controls.

Survivors generally had lower mean serum IgM concentrations than the nonsurvivors (2.0–

2.5 years [p = 0.03], 3.0–3.5 years [p = 0.02], and 4.0–5.0 years [p = 0.03]) (Fig. 1F). The 

HIV-1− controls had mean IgM values below both other groups, but were closer to the 

survivors.
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Albumin, Hemoglobin, and LDH—We also studied serum albumin, blood hemoglobin, 

and serum LDH levels (Fig. 2). Survivors had higher mean albumin (p ≤ 0.007 at all ages, 

Fig. 2A), higher mean hemoglobin (< 1 year [p = 0.03] and p ≤ 0.002 at all other ages, Fig. 

2B), but lower LDH mean levels (p ≤ 0.003 at all ages, Fig. 2C). The HIV-1− controls 

exhibited mean values of serum albumin and blood hemoglobin that were higher than the 

other two groups but closest to the survivors, whereas the HIV-1− controls had lower mean 

LDH levels than both HIV-1+ groups but very close to the survivors before age two.

HIV-1 RNA Viral Burden of Infected Children

Mean levels of HIV-1 RNA were lower at all but one age for surviving children compared to 

nonsurvivors (< 1 year–2.5 years [p ≤ 0.002], 2.5–3.0 years [p = 0.28], and 3.0–5.0 years [p 

≤ 0.02], Fig. 2D). For infants less than 1 year of age, mean HIV-1 RNA levels were 

significantly higher in nonsurvivors (geometric mean = 243,355 copies/ml) compared to 

survivors (geometric mean = 39,196 copies/ml, p < 0.001).

Survival Analysis

Univariable Survival—There was a 5-year cumulative survival rate of 72.3% in the 259 

HIV-1+ children (83 deaths). Survival was associated with higher baseline CD4+ T-cell 

counts and higher baseline CD8+ T-cell counts by univariable analysis (Table 2). Children 

with higher baseline CD19+ or CD20+ B-cell counts also tended to have higher survival (p = 

0.07). Survival was also associated with higher baseline levels of albumin, hemoglobin, and 

lower LDH. Higher baseline levels of IgG predicted better 5-year survival than lower 

baseline levels of IgG (89.5% and 61.5%, respectively). Lower baseline HIV-1 RNA levels 

also predicted 5-year survival.

Multivariable Modeling of Survival—Multivariable analyses were affected by missing 

data and the correlation among the laboratory measurements. The sample sizes for the 

laboratory measurements were 257 for hemoglobin, 255 for CD4+ and CD8+ T-cell counts, 

249 for LDH, 236 for CD19+ or CD20+ B-cell counts, 234 for albumin, 222 for IgG, 221 for 

IgA and IgM, and 189 for HIV-1 RNA. The correlation between CD4+ T-cell counts and 

CD8+ T-cell counts (Spearman's rho = 0.59, p < 0.001) and between albumin and 

hemoglobin (Spearman's rho = 0.52, p < 0.001) was high. Based on these relationships and 

the results from Cox regression analyses, CD4+ T-cell count, IgG, albumin, and HIV-1 RNA 

appear to be the best predictors of survival among the 10 laboratory measurements.

Table 3 summarizes the Cox regression analyses. In the final model (205 children, 52 

deaths, Table 3A), CD4+ T-cell count, IgG, and albumin were independent prognostic 

factors of survival after adjusting for baseline age. Factors that did not remain significant 

included C19+ or CD20+ B-cell counts, CD8+ T-cell count, and LDH. Higher baseline levels 

of both albumin (adjusted relative risk = 1.67 per 0.5 g/dl decrease) and IgG (adjusted 

relative risk = 1.48 per 500 mg/dl decrease) thus appeared to provide independent markers 

of survival after adjustment for CD4+ T-cell count and age in HIV-1-infected children that 

may be clinically useful. In a subset analysis of 160 children for whom HIV-1 RNA copy 

number was available, CD4+ T-cell count, IgG, and albumin remained associated with 

survival, as well as HIV-1 RNA copy number (p = 0.03, Table 3B).
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DISCUSSION

This new analysis of the immune factors in the 5-year P2C2 HIV-1 Study has confirmed the 

projections of the early report.1 In that report, lower CD4+ T-cell and higher CD8+ T-cell 

counts appeared to be associated with advanced disease in several age categories, as well as 

with increased morbidity. Here, we extend these find- ings to demonstrate that the survivor 

children had a unique age profile of peripheral blood CD4+ T-cells, thus adding useful 

information about lymphocyte subset counts in various stages of HIV-1 infection. Higher 

CD4+ T-cell counts were found in survivor children at every age, emphasizing the central 

role of this T-cell subset in protection from HIV-1 disease progression. At all ages, the 

CD8+ T-cell counts were higher in survivors than nonsurvivors. At early ages, the numbers 

of CD8+ T-cells in nonsurvivor children were similar to those of HIV-1− controls but later 

fell to lower levels, suggesting the protective role these cells play in HIV-1 infection. 

Polyclonal stimulation by Epstein-Barr virus and possibly cytomegalovirus may be 

responsible for the increased number of CD8+ T cells in survivor children.22,23 Coinfection 

with Epstein-Barr virus has been associated with increased survival.13,14,16,17

In addition to observations on T cells, an interesting finding concerning B-cell regulation of 

IgG has emerged from univariable analysis, indicating that higher concentration of serum 

IgG was associated with predicted survival of HIV-1+ children. This discovery was Ig class 

specific, since serum IgA and IgM concentrations of the survivors were generally lower than 

those of the nonsurvivors. These observations are consistent with the early reports of lack of 

immunoglobulin class switching from IgM to IgG production in HIV-1+ patients.8–10 Thus, 

nonsurvivors are likely those that can only mount IgM (primary) antibody responses due to 

lack of adequate T-cell help to switch from IgM to IgG production. Although this report did 

not find that higher numbers of B cells were important in 5-year survival, other reports have 

documented decreases in the following: (a) CD19+/CD5+ B-cell compartment in 7- to 12-

month-old HIV-1+ infants,24 (b) CD19+ B-cell numbers in more symptomatic HIV+ 

children,25 and (c) functionally active B cells in HIV+-1 patients with low p24 antibody 

serum titers.26 Moreover, increased CD19+ B-cell subsets have been described in pediatric 

HIV-1+ patients given the protease inhibitor ritonavir.27,28 Both CD19+/CD20+ B-cell 

counts and serum IgG measurements have been recently shown to be important in the 

prediction of bacterial infections.29 The mechanism of elevation of serum Igs in HIV-1 

infection may have been partially clarified by the in vitro evidence that HIV-1 glycoprotein 

120 acts as a superantigen and produces stimulation of several human B-cell functions, 

including the increased production of Igs.30 All of these observations indicate the need to re-

evaluate the role of B cells and IgG in HIV-1 disease progression and survival.

This update of the P2C2 HIV-1 Study has examined the measurements of blood T-cell and 

B-cell counts, Ig, albumin, hemoglobin, LDH, and HIV-1 RNA concentrations in a 5-year 

study of 298 HIV-1+ children. Serum IgG was discovered to have predictive power for 

survival, in addition to CD4+ T-cells, HIV-RNA, and serum albumin.
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FIGURE 1A,B. Longitudinal changes in mean peripheral blood lymphocyte counts (cells/μl) and 
serum Igs (mg/dl) in children born to HIV-1-infected women
The lines represent the model-based means and 95% confidence intervals. The mean age of 

the infants at the time of first immunological study was 8.6 months (range 1.0–12.0 months). 

(A) CD4+ T-cell counts (n = 174 survivors, n = 81 nonsurvivors, and 453 HIV-1− controls). 

(B) CD8+ T-cell counts (n = 174 survivors, n = 81 nonsurvivors, and n = 453 HIV-1− 

controls).
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FIGURE 1C,D. 
See Figure 1A,B legend. (C) CD19+ or CD20+ B-cell counts (n = 164 survivors, n = 72 

nonsurvivors, and n = 435 HIV-1− controls). (D) Serum IgG (n = 159 survivors, n = 63 

nonsurvivors, and n = 447 HIV-1− controls).
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FIGURE 1E,F. 
See Figure 1A,B legend. (E) Serum IgA (n = 159 survivors, n = 62 non-survivors, and n = 

445 HIV-1− controls). (F) Serum IgM (n = 159 survivors, n = 62 nonsurvivors, and n = 445 

HIV-1− controls).
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FIGURE 2. Longitudinal changes in proteins and HIV-1 RNA in children born to HIV-1-
infected women
The lines represent the model-based means and 95% confidence intervals. (A) Albumin 

(g/dl) (n = 168 survivors, n = 66 nonsurvivors, and n = 323 HIV-1− controls). (B) 
Hemoglobin (g/dl) (n = 176 survivors, n = 81 nonsurvivors, and n = 449 HIV-1− controls). 

(C) Lactic dehydrogenase (international units [IU]/l) (n = 170 survivors, n = 76 

nonsurvivors, and n = 439 HIV-1− controls). (D) Log10 HIV-1 RNA (copies/ml) (n = 142 

survivors and n = 47 nonsurvivors).
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TABLE 1

Demographic and clinical characteristics of children born to HIV-1-infected women

Children enrolled from birth and up to 28 days 
of age (birth cohort)

Children enrolled after 28 days of age (older cohort) 
HIV-1+ (n = 205)

Characteristic HIV-1+ (n = 93) HIV-1− (n = 463) Survivors
a
 (n = 134) Nonsurvivors

a
 (n = 71)

Race

    African-American 41 (44.1) 245 (52.9) 59 (44.0) 30 (42.3)

    Hispanic 32 (34.4) 138 (29.8) 48 (35.8) 34 (47.9)

    White 15 (16.1) 54 (11.7) 22 (16.4) 6 (8.5)

    Other 5 (5.4) 26 (5.6) 5 (3.7) 1 (1.4)

Sex

    Male 44 (47.3) 249 (53.8) 60 (44.8) 34 (47.9)

    Female 49 (52.7) 214 (46.2) 74 (55.2) 37 (52.1)

CDC Pediatric Disease Classification (1994)
b

    Asymptomatic 59 (63.4) 20 (14.9) 5 (7.0)

    Mild (Category A) 16 (17.2) 31 (23.1) 4 (5.6)

    Moderate (Category B) 11 (11.8) 25 (18.7) 10 (14.1)

    Severe (Category C) 7 (7.5) 58 (43.3) 52 (73.2)

Note: Figures given represent frequency with percent given in parentheses.

a
Defined at end of 5-year study regardless of age at enrollment.

b
Most severe symptom status by 3 months of age for HIV-1+ children followed from birth and at the time of enrollment for the older HIV-1+ 

cohort (median enrollment age = 23 months).20
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TABLE 2

Cumulative survival among 259 HIV-1-infected children according to baseline laboratory measurements

Total Deaths 5-year cumulative survival ± SE p Value

Measurement n n (%)

CD4 cell count ≥ Median 128 13 (10.2) 89.8 ± 2.8

< Median 127 68 (53.5) 57.4 ± 4.5 <0.001

CD8 cell count ≥ Median 127 25 (19.7) 85.2 ± 3.4

< Median 128 56 (43.8) 61.9 ± 4.4 <0.001

CD19 or CD20 cell count ≥ Median 118 27 (22.9) 80.3 ± 3.8

< Median 118 45 (38.1) 69.0 ± 4.4 0.07

IgG ≥ Median 111 23 (20.7) 89.5 ± 3.0

< Median 111 40 (36.0) 61.5 ± 4.9 <0.001

IgA ≥ Median 112 35 (31.3) 70.3 ± 4.5

< Median 109 28 (25.7) 82.4 ± 3.8 0.07

IgM ≥ Median 108 36 (33.3) 75.5 ± 4.3

< Median 113 26 (23.0) 76.8 ± 4.2 0.47

Albumin ≥ Median 132 16 (12.1) 91.1 ± 2.6

< Median 102 50 (49.0) 56.4 ± 5.1 <0.001

Hemoglobin ≥ Median 138 31 (22.5) 83.1 ± 3.2

< Median 119 50 (42.0) 61.3 ± 4.9 <0.001

LDH ≥ Median 123 51 (41.5) 62.8 ± 4.7

< Median 123 25 (20.3) 86.5 ± 3.2 <0.001

HIV-1 RNA ≥ Median 94 32 (34.0) 68.5 ± 5.1

< Median 95 15 (15.8) 89.9 ± 3.2 <0.001

Note: The median age of the children at the first available test was 9.8 months.
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TABLE 3

Multivariable analysis of factors associated with survival for children infected with HIV-1

Effect Relative risk of death 95% CI p Value

3A

CD4 cell count (per 500 cells/μl decrease) 1.76 1.35-2.28 <0.001

Serum IgG (per 500 mg/dl decrease) 1.44 1.20-1.74 <0.001

Albumin (per 0.5 g/dl decrease) 1.53 1.25-1.86 <0.001

3B

CD4 cell count (per 500 cells/μl decrease) 1.45 1.11-1.91 0.007

Serum IgG (per 500 mg/dl decrease) 1.52 1.20-1.52 <0.001

Albumin (per 0.5 g/dl decrease) 2.20 1.52-3.19 <0.001

HIV-1 RNA (per 0.5 log10 unit increase) 1.27 1.02-1.57 0.03
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