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Abstract

The natural history of Epstein-Barr virus (EBV) infection in 556 infants born to 517 human 

immunodeficiency virus (HIV) type 1–infected mothers was studied in a prospective, multicenter, 

cohort study. HIV-1–infected children had a cumulative EBV infection rate similar to HIV-1–

uninfected children at age 3 years (77.8% vs. 84.9%) but had more frequent oropharyngeal EBV 

shedding (50.4% vs. 28.2%; P < .001). The probability of shedding decreased with longer time 

from EBV seroconversion and was similar to that of HIV-1–uninfected children 3 years after 

seroconversion. HIV-1–infected children identified as rapid progressors shed EBV more 

frequently than nonrapid progressors (69.4% vs.41.0%; P = .01). HIV-1–infected children with 

EBV infection had higher mean CD8 cell counts. EBV infection did not have an independent 

effect on mean CD4 cell counts, percent CD4, IgG levels, HIV-1 RNA levels, lymphadenopathy, 

hepatomegaly, or splenomegaly. Early EBV infection is common in children born to HIV-1–

infected mothers. Children with rapidly progressive HIV-1 disease have more frequent EBV 

shedding.

Epstein-Barr virus (EBV) infects up to 95% of the world’s adult population. In developing 

countries and in socioeconomically disadvantaged populations of industrialized countries, 
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primary infection occurs principally during infancy and early childhood and is generally 

asymptomatic or only mildly symptomatic [1, 2]. In more affluent populations in 

industrialized countries, infection in early childhood is most common, but about one-third of 

infections occur during adolescence and early adulthood [1, 3, 4].

In persons with human immunodeficiency virus (HIV) type 1 infection and AIDS, EBV 

infection is causally associated with oral hairy leukoplakia [5, 6], lymphoid interstitial 

pneumonitis (LIP), especially in children [7–11], and increased cardiac morbidity and 

mortality in children with advanced HIV-1 infection [12]. In persons with AIDS and in other 

immunocompromised persons [13], EBV is associated with non-Hodgkin’s lymphoma [14] 

and leiomyosarcomas [15, 16].

The distinguishing predisposition to EBV-associated lesions of oral hairy leukoplakia, LIP, 

and cardiomyopathy, the increased incidence of EBV-associated lymphoid and smooth 

muscle tumors, and the bidirectional interactions between HIV-1 and EBV in vitro at the 

cellular and molecular levels [17–22] indicate the influence of EBV infection on the clinical 

expression of HIV-1 infection. We prospectively studied HIV-1–infected and –uninfected 

children born to HIV-1–infected mothers to determine the epidemiology, immune response, 

and clinical manifestations of EBV infection in these groups during the first 5 years of life. 

For HIV-1–infected children, we analyzed the consequences of EBV infection on the 

clinical symptoms and laboratory findings of AIDS.

Methods

The Pediatric Pulmonary and Cardiovascular Complications of Vertically Transmitted 

HIV-1 Infection (P2C2) Study is a prospective study of vertically transmitted HIV-1 

infection focusing primarily on the cardiopulmonary manifestations of vertically transmitted 

HIV-1 infection. Starting in 1990, pregnant HIV-1–infected women were enrolled at five US 

sites: Boston, Houston, Los Angeles, and New York City (two sites). The methodology and 

population in this study has been fully described [23].

Women infected with HIV-1, confirmed by Western immunoblotting, were enrolled during 

pregnancy and up to 28 days postpartum, provided that infants were not identified because 

of HIV-1–associated symptoms. Blood was obtained from the mothers for EBV serologies 

within 30 days of delivery. HIV-1 cultures and serologies of the children were performed at 

birth and at 3 and 6 months with confirmatory serology at age 15–18 months. At 3, 9, 15, 21, 

30, 36, 42, and 48 months of age, the children had interval history, physical examination, 

EBV culture and serology, serum IgG level, complete blood count, and lymphocyte subsets 

(absolute cell counts and percent of CD4, CD8, and B [CD19 or 20]) determined by use of 

AIDS Clinical Trials Group (ACTG) consensus protocol [24] at ACTG-certified 

laboratories.

HIV-1 culture, serology, and quantitative RNA

HIV-1 cultures were performed according to the ACTG consensus protocol for qualitative 

peripheral blood mononuclear leukocyte HIV-1 cultures [25]. HIV-1 ELISA and Western 

immunoblotting were used to test for HIV-1 antibodies. Children were considered HIV-1 
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infected if they had two positive cultures, positive HIV-1 serology at ≥15 months of age, 

death from an HIV-1–associated condition, or AIDS [26]. Children were considered HIV-1 

uninfected if they had two negative cultures, including one at >5 months or age, with no 

positive cultures, or negative HIV-1 serology at ≥15 months of age. Children who did not 

meet either definition were considered indeterminate. HIV-1–infected children were further 

classified as rapid progressors if diagnosed with an AIDS-defining condition (other than 

LIP) or with severe immunosuppression (<750 CD4 cells/mm3 or <15% of total 

lymphocytes) in the first year of life [26]. HIV-1 RNA was measured in serum by 

quantitative HIV-1 RNA polymerase chain reaction by Amplicor HIV-1 Monitor Test 

(Roche Diagnostic Systems, Branchburg, NJ) [27].

EBV culture and serologies

Culture specimens for EBV were obtained by swabbing the oropharynx with a cotton swab 

that was immediately placed in viral transport medium, stored at −70°C, and shipped to a 

central laboratory. EBV was cultured qualitatively by a standard transformation assay and 

quantitatively by a standard virus titration assay [28]. One negative control well was 

included with each culture plate. The 50% end-point titer was determined by the Reed-

Muench formula [29]. EBV serology tests for antibody to viral capsid antigen (VCA)-IgM, 

VCA-IgG, early antigen (EA)–restricted and EA-diffuse (EA-D), and nuclear antigen 

(EBNA) were done using standard titered immunofluorescence methods [30].

Statistical analysis

For all analyses, children were defined as either HIV-1 infected or HIV-1 uninfected and 

were subclassified as rapid or nonrapid progressors. Children were defined as EBV infected 

with the first positive EBV culture at any age or a positive EBV serology at ≥12 months of 

age. Children were classified as EBV uninfected at a given age if no positive tests were 

obtained on or before that age, with one or more seronegative tests at ≥6 months of age. In 

some instances, EBV infection was identified by a 4-fold increase in EBV antibody titers for 

children infected in infancy before complete disappearance of maternal EBV antibodies. 

Serologies for children receiving intravenous immune globulin were excluded.

The cumulative rates (and 95% confidence intervals [CIs]) of EBV infection were estimated 

by fitting a Weibull model to the interval-censored times to EBV infection. A logistic 

regression model using generalized estimating equations that adjusted for the correlation 

between multiple samples from each child was used to estimate and compare the EBV 

shedding rates by age and by time since seroconversion (determined as the midpoint of the 

censoring interval for seroconversion) for EBV-seropositive children. Similar logistic 

regression was used to examine the relationships of lymphadenopathy, hepatomegaly, and 

splenomegaly with HIV-1 infection, EBV infection, EBV shedding, and age.

Longitudinal repeated-measures analyses were performed for serum IgG, CD4 cell count 

and percent, CD8 cell count, and HIV-1 RNA. A linear model using restricted maximum-

likelihood estimation and a Huynh-Feldt covariance structure among repeated measurements 

was fitted for each outcome. Covariate adjustment was made for HIV-1 infection, EBV 

infection, and age. EBV infection status was a time-dependent covariate, since at any age the 
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EBV status could change irrevocably from uninfected to infected. The results were 

summarized with adjusted means and 95% CIs. Data transformations used for analysis 

included the cube-root transformation for CD4 and CD8 cell counts and a logarithmic scale 

for IgG (natural log) and HIV-1 RNA (base 10).

The first detectable antibody titers in the children were summarized with geometric mean 

titers ± SE and compared by HIV-1 infection status with a Wilcoxon rank sum test. 

Relationships between antibody titers and EBV shedding were examined by logistic 

regression with generalized estimating equations. Linear relationships between the antibody 

titers and culture titer, IgG, and CD4 percent of total lymphocytes were examined using the 

first available pair of measurements made within 1 month of each other for each child. The 

coefficient of determination (r2) or, when age adjustment was necessary, the coefficient of 

partial determination was used to quantify the linear relationships.

Results

In total 600 liveborn infants born to 555 HIV-1–infected mothers were enrolled, with 556 

infants born to 517 mothers (93 HIV-1–infected infants born to 92 mothers, 463 HIV-1–

uninfected infants born to 433 mothers, including 8 mothers with 1 HIV-1–infected and 1 

HIV-1–uninfected child) included in the analyses. Forty-four infants of indeterminate HIV-1 

infection status born to 41 mothers were excluded: 35 were lost to follow-up and 9 died 

before the required virologic testing (e.g., only 1 positive HIV-1 culture with ≥1 negative 

HIV-1 cultures or awaiting a confirmatory antibody test at age ≥15 months). Most children 

were African American (n = 309, 51.5%) or Hispanic (n = 182, 30.3%); 52.7% were male. 

Race and gender did not differ by HIV-1 infection. Of the 93 HIV-1–infected children, 45 

(48.4%) were classified as rapid progressors on the basis of low CD4 cell count or CD4 

percent (33.3%), development of CDC class C symptoms (24.4%), or both (42.2%). All 343 

mothers of the 356 infants for whom maternal serum samples at term were available were 

seropositive for EBV infection [31].

Both HIV-1–infected and –uninfected children had comparably high rates of acquisition of 

EBV in early childhood (figure 1). By use of a definition of primary EBV infection of the 

youngest age of either the first oropharyngeal shedding or the age at EBV seroconversion (P 

= .17) or the age at seroconversion alone (P = .17), there was no significant difference in the 

age of primary EBV infection between HIV-1–infected and –uninfected children. The 

incidence of EBV infection, defined by oropharyngeal shedding or seroconversion, for 

HIV-1–infected children was 23.2% (95% CI, 16.3%–32.6%) at age 1 year, 54.7% (95% CI, 

45.4%–64.6%) at age 2 years, and 77.8% (95% CI, 68.0%–86.2%) at age 3 years. The 

incidence for HIV-1–uninfected children was 31.7% (95% CI, 27.7%–36.2%) at age 1 year, 

64.9% (95% CI, 60.1%–69.6%) at age 2 years, and 84.9% (95% CI, 80.5%–88.7%) at age 3 

years. There was no significant difference between HIV-1–infected and –uninfected children 

in the initial identification of EBV infection by positive culture alone, seroconversion alone, 

or both simultaneously (table 1). Of the children who had EBV culture or serologies 

available, 3 (3.8%) of 80 were HIV-1 infected, and 48 (12.5%) of 384 were HIV-1 

uninfected (overall: 51 [11%] of 464) with a sustained 4-fold rise in EBV antibody titers 

before complete disappearance of maternal EBV antibodies.
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HIV-1–infected children identified as rapid progressors acquired EBV infection at 

significantly later age than nonrapid progressors, whether EBV infection was defined by 

youngest age of first oropharyngeal shedding or age at EBV seroconversion (P = .007) or 

age at seroconversion alone (P = .02; figure 2). By use of either oropharyngeal shedding or 

seroconversion to define EBV infection, 50.2% (95% CI, 38.3%–63.4%) of nonrapid 

progressors had EBV infection at age 18 months compared with only 27.9% (95% CI, 

16.5%–44.7%) of rapid progressors, who had an incidence of EBV infection of 50.4% (95% 

CI, 35.5%–67.5%) at age 30 months. The cumulative mortality is higher for rapid 

progressors, which could account for the later acquisition of EBV. However, a similar 

analysis excluding those who died before age 18 months did not substantially change the 

results (data not shown).

Among children who were seropositive for EBV infection, those who were HIV-1 infected 

had a significantly higher overall rate of EBV oropharyngeal shedding (50.4%; 95% CI, 

39.7%–61.1%) through the first 4 years of life compared with HIV-1–uninfected children 

(28.2%; 95% CI, 23.7%–32.7%, P < .001; figure 3). EBV shedding in HIV-1–uninfected 

children was highest in the youngest EBV-infected children (54.4%; 95% CI, 42.8%–65.5% 

at age 12 months) and decreased to the lowest point at age 3 years (19.0%; 95% CI, 13.8%–

25.5%), with a possible increase at age 4 years (30.1%; 95% CI, 20.0%–42.6%). EBV 

shedding steadily decreased in HIV-1–infected nonrapid progressors (49.4%, 95% CI, 

34.2%–64.8% at age 2 years; 33.1%, 95% CI, 16.1%–56.1% at age 4 years) and in rapid 

progressors decreased until ~30 months of age but then diverged and steadily increased 

(64.8%, 95% CI, 45.8%–80.0% at age 2 years; 86.7%, 95% CI, 64.9%–95.9% at age 4 

years). There were significant differences in overall EBV shedding between rapid 

progressors (69.4%; 95% CI, 53.0%–85.8%) and nonrapid progressors (40.9%, 95% CI, 

28.1%–53.7%; P = .01) and between nonrapid progressors and HIV-1–uninfected children 

(28.2%, 95% CI, 23.8%–32.6%; P = .05). Oropharyngeal EBV shedding for HIV-1–infected 

children overall was highest shortly after acute infection (63.5%; 95% CI, 47.6%–76.8% at 

age 6 months), but the observed percentages and model estimates of probability of 

oropharyngeal shedding after seroconversion declined to 30.1% ( 95% CI, 15.9%–49.6%) 3 

years after EBV seroconversion, becoming indistinguishable from the relatively stable levels 

in HIV-1–uninfected children (figure 4).

Elevated VCA and EA titers are frequently found in conditions characterized by ongoing 

EBV replication. HIV-1–infected compared with –uninfected children had modestly higher 

initial VCA-IgG titers with a wide range in both groups (table 2). Both groups showed 

diversity of the predominant component of the first detectable EA. Significantly more 

HIV-1–infected children had antibody directed against EA-D than did HIV-1–uninfected 

children. HIV-1–infected children compared with HIV-1–uninfected children had similar 

EA titers and identical median EA titers (1:160) but with a greater range; 5 (13.5%) of 37 

HIV-1–infected children had EA titers >1:1280. HIV-1–infected and –uninfected children 

had similar VCA-IgM and EBNA titers.

There was significant negative association between the presence of EBV shedding and the 

height of the VCA-IgG titer in an age-adjusted model for both HIV-1–infected children 

(1:646 ± 72 with shedding vs. 1:1342 ± 205 without shedding, P = .02) and HIV-1–

Jenson et al. Page 5

J Infect Dis. Author manuscript; available in PMC 2015 March 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



uninfected children (1:596 ± 38 vs. 1: 688 ± 28, P = .03). In HIV-1–uninfected children, 

there was a positive correlation of culture titer with VCA-IgM titer (P = .05, r2 = 0.24, n = 

16) and a negative correlation with VCA-IgG titer (P = .06, r2 = .05, n = 70) but not in 

HIV-1–infected children (P = .62 and .27, respectively). There was no correlation of the 

culture titer with other antibody titers (data not shown).

Acute EBV infection is usually associated with transient reversal of the normal CD4:CD8 

cell ratio due to an increase in the relative as well as absolute number of CD8 cells [32]. In 

this study, EBV infection appeared to have no acute or long-term effects on the total 

lymphocyte counts, mean CD4 cell counts, or percent CD4 during the first 4 years of life 

(figure 5A). EBV infection was associated with elevated mean CD8 cell counts in HIV-1–

infected children with significant differences at ages 21 (P = .02) and 36 months (P = .003; 

figure 5B). There was no significant association of EBV infection with mean CD8 cell 

counts of HIV-1–uninfected children.

Children with AIDS characteristically have elevated IgG levels, lymphadenopathy, 

hepatomegaly, and splenomegaly, possibly resulting from concomitant secondary infections 

such as EBV. In this study, HIV-1–infected children had sustained elevated IgG levels 

compared with HIV-1–uninfected children (figure 5C). There was no discernible effect of 

EBV infection on IgG levels in either HIV-1–infected children or –uninfected children. The 

IgG levels in HIV-1–infected children, adjusted linearly for age, positively correlated with 

the initial VCA-IgG titer (P < .001, partial coefficient of determination [r2] = 0.27, n = 52) 

and EA titer (P < .001, r2 = 0.36, n = 35) but not VCA-IgM or EBNA titers. The IgG levels 

in HIV-1–uninfected children correlated with the initial VCA-IgG titer (P < .001, r2 = 0.08, 

n = 201) but not with VCA-IgM, EA, or EBNA titers.

There was no consistent difference (P = .13) due to EBV infection on the mean serum levels 

of HIV-1 RNA (figure 5D).

HIV-1 infection was significantly associated with lymphadenopathy at any site (P < .001), 

hepatomegaly (>3 cm below the right costal margin; P < .001), and splenomegaly (>1 cm 

below the left costal margin; P < .001). After adjusting for age, neither EBV infection nor 

oropharyngeal shedding was associated with presence of lymphadenopathy, hepatomegaly, 

or splenomegaly in HIV-1–infected or –uninfected children (data not shown). Among the 93 

HIV-1–infected children, 1 child (1.1%) had LIP, and 4 (4.3%) had presumptive LIP. No 

cases of LIP or presumptive LIP were found in HIV-1–uninfected children.

Discussion

Infection with EBV in children born to HIV-1–infected mothers occurred in most children 

during the first 3 years of life regardless of the child’s HIV-1–infection status. HIV-1–

infected children acquired EBV infection at a similar, and certainly not higher, rate to 

HIV-1–uninfected children (figure 1). All of the mothers were seropositive for EBV, 

consistent with the high EBV seroprevalence (98.5%) in women of child-bearing age [33–

35] and in HIV-1–infected persons [36]; 67.7% of the mothers had oropharyngeal EBV 

shedding at the time of delivery [31]. Maternal EBV shedding has been identified as an 
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independent risk factor for vertical HIV-1 transmission [31]. The mothers of HIV-1–infected 

children had significantly higher mean VCA-IgG titers (1:831 vs. 1:628; P = .03), although 

both groups had a median VCA-IgG titer of 1:640 [31]. The slightly higher VCA-IgG titers 

in mothers of HIV-1–infected children may have provided the children with longer passive 

protection against acquisition of EBV.

There was no significant difference between HIV-1–infected and –uninfected children in the 

initial manifestation of EBV infection by culture alone, seroconversion alone, or both 

simultaneously (table 1). The slightly later age in HIV-1–infected children of EBV infection 

defined by seroconversion alone (figure 1B) suggested the possibility of impaired 

production of antibody resulting from HIV-1 immunodeficiency, but similar results were 

observed using viral culture to identify acquisition of EBV infection (figure 1A). The 

indication of possibly later age of primary EBV infection in HIV-1–infected children 

compared with HIV-1–uninfected children (figure 1) and the significantly later age of EBV 

infection in rapid progressors compared with nonrapid progressors (figure 2) suggest that 

HIV-1 infection may be protective for acquisition of EBV infection. The comparable results 

using either oropharyngeal culture or seroconversion, or seroconversion alone, suggest that 

this is not the result of impaired antibody production. There is decreased expression of the 

receptor for EBV, CD21 (CR2 or C3d), on the surface of B lymphocytes of persons 

coinfected with HIV-1 [37]. Increased circulating soluble CD21 may also inhibit EBV 

infection [38].

The significantly higher rate of EBV oropharyngeal shedding in HIV-1–infected children 

(50.4%) compared with HIV-1–uninfected children (28.2%; figure 3) is similar to the rates 

(49%–78%) reported in HIV-infected adults [39, 40] and other immunocompromised 

patients [41, 42]. In this study, increased EBV oropharyngeal shedding at age 4 years was 

observed only in children identified as rapid progressors (86.7%); the rate for nonrapid 

progressors was 33.1%, comparable to that of HIV-1–uninfected children (30.1%) and 

similar to that in asymptomatic healthy seropositive adults (12%–33%) [43, 44]. This may 

be due to HIV-1–associated immunosuppression and may be attributed in part to the later 

age of acquisition of EBV infection in rapid progressors compared with nonrapid 

progressors (figure 2) and the decline in EBV shedding that occurs over time in HIV-1–

infected children (figure 4).

The association of higher VCA-IgG titer with decreased frequency of oropharyngeal 

shedding in both HIV-1–infected (P = .02) and HIV-1–uninfected children (P = .03) reflects 

the immunologic response to control latent EBV infection. In HIV-1–uninfected children, 

higher oropharyngeal culture titers were associated with higher VCA-IgM titer (P = .05,r2 = 

0.24), consistent with increased shedding at the time of acute EBV infection, and lower 

culture titers were associated with higher VCA-IgG titers (P = .06, r2 = 0.05), also indicative 

of immunologic control of infection. In HIV-1–infected children, there was no relationship 

between oropharyngeal culture titers and EBV serology titers. The higher prevalence of 

oropharyngeal shedding in HIV-1–infected children, the quantitatively increased shedding 

long after acute infection, and the continued heightened levels of EBV replication despite 

high levels of VCA-IgG document persistent and elevated EBV replication associated with 

HIV-1-infection even in the presence of a specific EBV antibody response.
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A greater frequency of EA antibody directed principally against the EA-D component was 

found in HIV-1–infected children compared with HIV-1–uninfected children (32% vs. 10%; 

P = .02) but with similar EA titers (1:157 ± 51 vs. 1:112 ± 8; P = .76; table 2). EA-D is 

usually suppressed during latent infection and is detectable with lytic replication [45]. The 

higher frequency of EA-D and the higher EA and EA-D titers in HIV-1–infected children 

indicate enhanced EBV replication compared with that in HIV-1–uninfected children.

EBV infection did not affect the mean CD4 (figure 5A) or mean CD8 (figure 5B) cell counts 

in HIV-1–uninfected children. The greatest difference was on mean CD8 cell counts in 

HIV-1–infected children during the first 2 years of life. The similar CD8 cell counts in 

HIV-1–infected and –uninfected children during later childhood may result from 

diminishing influence of EBV infection with latent rather than acute infection and the 

inability to discern a difference due to the gradual decline in CD8 cells that occurs after age 

6–9 months [46, 47] and the lymphopenia associated with HIV-1 infection. There was a 

significant overall correlation of increasing VCA-IgG titer with low CD4 percent of total 

lymphocytes but not the absolute mean CD4 cell counts. Adults with HIV-1 infection have 

increasing VCA-IgG titers and decreasing EBNA titers with lower absolute CD4 cell counts 

[36, 48]. The immunologic manifestations of the primary and recent EBV infections in this 

young population may differ from that found with the reactivated EBV infections in adults 

[49]. The specific analysis of effect of EBV infection on absolute CD4 cell counts during 

early childhood is confounded by the normal age-related variability of absolute CD4 cell 

counts [46, 47].

HIV-1–infected children had elevated mean IgG levels compared with HIV-1–uninfected 

children, with similar profiles regardless of EBV infection (figure 5C). There were 

significant correlations of IgG levels with VCA-IgG titers in both HIV-1–infected and –

uninfected children and with EA titers in the HIV-1–infected children. Elevated EBV 

antibody titers in adults with AIDS are independent of IgG levels [36]. In children, a part of 

the heightened antibody response to EBV infection may represent nonspecific IgG elevation 

resulting from HIV-1 infection. HIV-1–infected children during the first 6 years of life 

appear competent to mount a strong antibody immune response against EBV infection.

In HIV-1–infected homosexual men, higher EBV antibody titers are found in those with 

lymphadenopathy, suggesting that concomitant EBV infection may contribute to the 

lymphadenopathy characteristic of AIDS [36]. In the children studied, EBV infection was 

not an independent risk factor in addition to HIV-1 infection for development of 

lymphadenopathy, hepatomegaly, or splenomegaly.

These studies provide a comprehensive view of the effects of EBV infection during acute 

infection and in the subsequent 4 years on HIV-1 infection in children who acquire HIV-1 

from their mothers and in children born to HIV-1–infected mothers but are ultimately 

proved to be HIV-1 uninfected. The role of EBV as a cofactor in AIDS-associated lesions of 

oral hairy leukoplakia [5, 6] LIP [7–11], AIDS-associated lymphoma [13, 14], and 

leiomyosarcoma [15, 16] has been more easily discernible than the subtle effects on the 

immune system and contribution to HIV-1 disease progression. EBV infection does not 

appear to independently contribute significantly to the lymphadenopathy, elevated IgG 
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levels, and lymphocyte perturbations characteristic of AIDS in children. Whether EBV 

infection contributes substantively to clinical progression of AIDS in children, especially in 

the subset of children identified as rapid progressors, or serves only as a sentinel marker of 

advancing disease, remains enigmatic and will require studies extending beyond early 

childhood. Elucidation of the basis for delayed EBV infection in HIV-1–infected rapid 

progressors should provide insight into the interaction of these two viruses in vivo and may 

suggest a possible means to prevent EBV infection.
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Figure 1. 
Cumulative rates (and 95% confidence intervals) of (A) Epstein-Barr virus (EBV) infection 

(defined as youngest age of either first oropharyngeal shedding or age at EBV 

seroconversion) and (B) EBV seroconversion alone of human immunodeficiency virus type 

1 (HIV-1)–infected and –uninfected children for first 3 years of life born to HIV-1–infected 

mothers.
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Figure 2. 
Cumulative rates (and 95% confidence intervals) of (A) Epstein-Barr virus (EBV) infection 

(defined as youngest age of either first oropharyngeal shedding or age at EBV 

seroconversion) and (B) EBV seroconversion alone of human immunodeficiency virus type 

1–infected children identified as rapid progressors or as nonrapid progressors for first 3 

years of life.
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Figure 3. 
Model-based estimates (and 95% confidence intervals) of oropharyngeal Epstein-Barr virus 

(EBV) shedding by age of human immunodeficiency virus type 1 (HIV-1)–infected rapid 

progressors (RP; n = 17; 59 samples), HIV-1–infected nonrapid progressors (non-RP; n = 

33; 121 samples), and HIV-1–uninfected (n = 195; 579 samples) EBV-seropositive children. 

Significant differences overall in oropharyngeal shedding were found between HIV-1–

infected children (50.4% overall) vs. HIV-1–uninfected children (28.2% overall; P < .001), 

RP (69.4% overall) vs. non-RP (40.9% overall; P = .01), RP vs. HIV-1–uninfected children 

(P < .001), and non-RP vs. HIV-1–uninfected children (P = .05).
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Figure 4. 
Model-based estimates (and 95% confidence intervals [CIs]) of probability of oropharyngeal 

Epstein-Barr virus (EBV) shedding for 3 years after EBV seroconversion of human 

immunodeficiency virus type 1 (HIV-1)–infected (n = 36) and HIV-1–uninfected children (n 

= 108) born to HIV-1–infected mothers. No. of children at each time point is indicated.
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Figure 5. 
Model-based means (and 95% confidence intervals) for (A) CD4 and (B) CD8 cells/mm3 (n 

= 76 human immunodeficiency virus type 1 (HIV-1)–infected and n = 311 HIV-1–

uninfected children), (C) IgG levels (mg/dL; n = 69 HIV-1–infected and n = 266 HIV-1–

uninfected children), and (D) serum log10 HIV-1 RNA levels (HIV-1 RNA genome 

copies/mL; n = 67 HIV-1–infected children) by age according to HIV-1 infection status and 

Epstein-Barr virus infection status at each age. Means for CD4 and CD8 cell counts are 

cube-root transformations; IgG level is a geometric mean.
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Table 1

The first laboratory evidence (positive culture, seroconversion, or both simultaneously) of Epstein-Barr virus 

(EBV) infection in human immunodeficiency virus type 1 (HIV-1)–infected and HIV-1–uninfected children 

born to HIV-1–infected mothers.

Group Positive culture alone (%) P Seroconversion alone (%) P Both simultaneously (%) P

HIV-1 infected 20/56 (36) 22/56 (39) 14/56 (25)

HIV-1 uninfected 63/234 (27) .19 122/234 (52) .08 49/234 (21) .51

HIV-1 infected

 Rapid progressors 7/19 (37) 4/19 (21) 8/19 (42)

 Nonrapid progressors 13/37 (35) .90 18/37 (49) .05 6/37 (16) .03
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Table 2

Characterization of the first detectable antibody titers to Epstein-Barr virus (EBV) viral capsid antigen (VCA), 

early antigen (EA), and nuclear antigen (EBNA) in human immunodeficiency virus (HIV)–infected and HIV-

uninfected children born to HIV-infected mothers.

Group and antigen Geometric mean titer
± SE Median (range)

HIV-1 infected

 VCA

  VCA-IgMa 20 ± 5 16 (8–256)

  VCA-IgGb 403 ± 81 320 (10–20,480)

 EAs (n = 37) 157 ± 51e 160 (10–20,480)

  EA-D (n = 12; 32%)c 359 ± 251 400 (10–20,480)

  EA-R (n = 20; 54%) 72 ± 23 40 (10–2560)

  EA-DR (n = 5; 14%) 485 ± 312 320 (160–5120)

 EBNAd 13 ± 3 10 (2.5–160)

HIV-1 uninfected

 VCA

  VCA-IgMa 18 ± 3 16 (8–512)

  VCA-IgGb 271 ± 32 640 (10–10,240)

 EAs (n = 193) 112 ± 8e 160 (10–1280)

  EA-D (n = 19; 10%)c 50 ± 10 40 (10–320)

  EA-R (n = 130; 67%) 92 ± 7 80 (10–640)

  EA-DR (n = 44; 23%) 281 ± 33 320 (40–1280)

 EBNAd 14 ± 1 10 (2.5–640)

NOTE. All P values obtained by Wilcoxon rank sum test. EA-D, -R, -DR5EA-diffuse, -restricted, and -diffuse restricted, respectively.

a
P = .53.

b
P = .57.

c
P = .02.

d
P = .59.

e
P = .76.
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