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Abstract

Background: Antiretroviral therapy (ART) is associated with incomplete restoration of resting

memory B (RMB) cell percentages in adults infected with human immunodeficiency virus (HIV),

but the effects on RMB cells in children are less well defined, in part because changes in RMB

cell percentages are confounded by development and maturation of the RMB cell pool. The

objective of this study was to assess the effect of age at ART initiation on RMB cell percentages

over time in HIV-infected Zambian children.

Methods: RMB cell percentages (CD19+CD21+CD27+) were measured by flow cytometry in

146 HIV-infected Zambian children (9 to 120 months old) at baseline and at 3-month intervals

after ART initiation and in 34 control children at a single study visit.

Results: RMB cell percentages among untreated HIV-infected children younger than 24 months

did not differ from those of control children (p=0.97). Among HIV-infected children older than 24

months of age, however, each 12-month increase in age at ART initiation was associated with a

1.8% decrease in RMB cell percentage. In contrast, RMB cell percentages in control children up
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to 48 months old increased 4.4% with each 12-month increase in age. After 12 months of ART,

children 24-60 months old had a significant increase in RMB cell percentages that no longer

differed from those of control children.

Conclusions: Initiation of ART in two- to five-year-old HIV-infected children resulted in

reconstitution of RMB cell percentages to levels similar to control children and may help restore

normal development and maintenance of B cell immunity.
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Background

Approximately 330,000 children were infected with human immunodeficiency virus (HIV)

in 2011, 90% of whom reside in sub-Saharan Africa.1 Without antiretroviral treatment

(ART), half of all perinatally-infected children die by their second birthday.2 ART vastly

reduces morbidity and mortality of HIV-infected children, with earlier ART initiation

producing better clinical and immunological outcomes.3-5 The 2013 guidelines from the

World Health Organization recommend initiating ART for all HIV-infected children

younger than five years of age, in contrast to prior recommendations to treat all children

younger than two years, and emphasize initiating ART in the first year of life.6

Memory B cells are responsible for antibody responses to previously encountered antigens.

Increased cellular activation by HIV was associated with the loss of resting memory B

(RMB) cells7-12 and RMB cell deficits were not fully restored by ART in older children and

adults.7;13-16 In a cross-sectional study of HIV-infected children in Italy, however, those

who began ART before one year of age did not have significant differences in RMB cells

compared with uninfected children, whereas children who began ART after one year of age

had significantly lower RMB cell percentages compared to uninfected children.17 Given the

absence of longitudinal data on B cell subsets in HIV-infected children receiving ART,

particularly in sub-Saharan Africa, we characterized RMB cells before and after ART

initiation in HIV-infected Zambian children to assess whether earlier ART initiation may

mitigate the detrimental effects of HIV infection on RMB cell levels.

Methods

We conducted a prospective, observational cohort study between January 2009 and February

2012 to assess general and measles virus-specific immune reconstitution in HIV-infected

Zambian children initiating ART at two public clinics in Lusaka, Zambia. Children nine to

120 months old were eligible for enrollment on the day of ART initiation if they had a

documented history of measles vaccination. Study visits occurred every three months in

concert with routine clinical care. At each visit, 3-5 mL of blood were collected and a

questionnaire was administered to the parent or guardian. Children whose HIV infection

status was unknown but presumed negative based on clinical assessment were enrolled for a

single study visit during a routine clinic visit and were considered population controls.
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Informed consent was obtained from the accompanying parent or guardian, and assent was

obtained from children older than seven years.

Immunophenotyping of total and RMB cells was performed by flow cytometry using

previously described methods.18 Briefly, lymphocytes were gated based on side- and

forward-scatter, from which CD19+ B cells were detected using monocloncal antibody to

CD19 conjugated to peridinin chlorophyll A protein (PerCP)-Cy5.5. Among CD19+ B cells,

RMB cells were identified by the expression of CD21 and CD27,12;19 as detected by

monoclonal antibodies conjugated to fluorescein isothiocyanate (FITC) and phycoerythrin

(PE), respectively. In separate aliquots, T cells were detected with antibody to the pan-T cell

marker CD3 conjugated to PerCP, among the lymphocyte population. Subsets of T cells

were detected using monoclonal antibodies against CD4 or CD8 conjugated to

allophycocyanin (APC). Isotype controls were used as negative controls to establish gating

boundaries. All monoclonal antibodies were obtained from BD Biosciences (Franklin Lakes,

NJ, USA) except CD21, which was from Beckman Coulter (Fullerton, CA, USA). Data

were collected on a FACSCalibur flow cytometer using CellQuest Pro software (BD

Biosciences) and analyzed in FlowJo v7.5 (Treestar, Ashland, OR, USA).

Characteristics of the study population were compared using Χ2 tests for ordinal variables,

Fisher’s exact tests for binomial variables and Student’s t tests for continuous variables. Cell

populations at enrollment were compared between HIV-infected and control children at

enrollment using Student’s t test and between 12-month age intervals using linear

regression. To account for repeated measures among HIV-infected children, generalized

estimating equations were used to assess the effects of age at ART initiation on the change

in RMB cell percentage at each 3-month interval after ART initiation. Results from this

model were used to adjust for age in reporting the change in RMB cell percentages after

ART initiation for HIV-infected children. To evaluate age-specific changes in RMB cell

percentages after 12 months of ART, small sample sizes necessitated collapsing age

categories to <24 months, 24-60 months and >60 months and restricting the analysis to data

collected at the study visits before and 12 months after ART initiation. Data are presented as

the mean (95% confidence interval) unless otherwise noted and all p-values are two-sided.

Statistical analyses were performed using Stata v10.1 (College Station, TX) and R v2.15.

Results

The study population consisted of 146 HIV-infected children and 34 control children (Table

1). At enrollment, HIV-infected and control children did not differ significantly with respect

to age (p=0.24) and half were female (Table 1). HIV-infected children had significantly

lower CD4+ and higher CD8+ T cell percentages than control children (Table 1).

Among the 99 HIV-infected children who had B cell data before ART initiation, the

unadjusted mean RMB cell percentage was 12.0% (10.4, 13.5), significantly lower than the

mean of 17.5% (14.6, 20.4) for the 34 control children (p<0.001 by Student’s t test). Mean

RMB cell percentages did not differ by 12 months of age among HIV-infected children

younger than 24 months at ART initiation (p=0.97 by linear regression) but were 1.8%

(0.21, 3.3) lower with each 12-month increase in age among HIV-infected children older
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than 24 months (p=0.03) (Figure 1). In contrast, the mean RMB percentage among control

children was 4.4% (1.0, 7.8) higher for each 12-month increase in age up to 48 months

(p=0.01) (Figure 1), after which time there were insufficient data to assess trends in RMB

cells. Mean RMB cell percentages did not differ between HIV-infected children with nadir

CD4+ T cell percentages less than or greater than 15% (p=0.51 by Student’s t test)

(Supplemental Figure 1).

Changes in RMB cell percentages after ART

Measurements of RMB cells were available from 556 person-visits (Table 2). Sixty-seven

(68%) of the 99 HIV-infected children with B cell data prior to ART initiation contributed

RMB cell data from an additional 218 person-visits after ART initiation. The 47 HIV-

infected children without pre-ART B cell measurements had B cell data at a total of 239

person-visits, and 43 of these children (91%) contributed B cell data at two or more post-

ART study visits. The 99 children with B cell data before ART initiation were significantly

older at ART initiation than the 47 children with B cell data after ART (p<0.01), but did not

differ in nadir CD4+ or CD8+ T cell percentages (Supplemental Table 1). The mean

percentages of resting memory B cells among the 33 children with data both before and at

12 months of ART did not differ from children who had B cell data either before (n=66) or

after 12 months of ART (n=32) (p=0.333 and p=0.954, data not shown).

Twelve months of ART restored RMB cell percentages of HIV-infected children to levels of

control children (Figure 2). While HIV-infected children younger than 24 months had a

marginal increase in RMB cells of 3.5% (−0.5, 7.5) after 12 months of ART, their mean

RMB cell percentage before ART did not differ from that of control children. In contrast,

HIV-infected children 24 to 60 months of age had a 10.6% (6.2, 15.0) increase in RMB cell

percentage, reaching a mean of 20.7% (17.8, 23.6) that no longer differed from that of

control children (p=0.793). HIV-infected children older than 60 months had a marginal

RMB cell increase of 5.5% (−0.6, 11.6), achieving a mean of 13.6% (8.9, 18.4). While this

percentage did not differ significantly from control children (p=0.448), the sample sizes in

this age category were small (Figure 2).

Among all HIV-infected children, the age-adjusted mean RMB cell percentage increased by

3.0% (0.6, 5.3) within 6 months of ART initiation and continued to increase through 12

months of ART, with an overall mean change of 5.0% (2.6, 7.4). After 12 months of ART,

the age-adjusted mean percentage of RMB cells leveled off at 17.2% (15.0, 19.4) and no

statistically significant changes occurred for the remainder of study follow-up (Figure 3,

Supplemental Table 2).

Nadir CD4+ T cell percentage was not associated with the percentage of RMB cells after 12

months of ART for the 63 HIV-infected children with data on both RMB cells and CD4+ T

cells. There was no statistically significant difference in the RMB cell percentages after 12-

months of ART between children with nadir CD4+ T cells less than or greater than 15%

(p=0.34), suggesting severe immunosuppression as measured by CD4+ T cell percentage did

not affect RMB cell reconstitution.
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Discussion

During normal immunologic development, the proportion of RMB cells among circulating B

lymphocytes increases with age and exposure to pathogens, plateauing in early adulthood at

approximately 40% of the total CD19+ B cell population.19 Infection with HIV, however,

activates RMB cells and promotes differentiation into antibody-secreting plasmablasts, 13

resulting in a non-specific depletion of the RMB cell pool, an over-abundance of antibody-

secreting plasmablasts, and high levels of immunoglobulins.14;20;21 HIV-infected Zambian

children had decreasing RMB cell percentages with increasing age before ART initiation,

evidence of a progressive loss of RMB cells in untreated HIV-infected children. These

results are consistent with prior studies showing a negative correlation between age and

CD27+ memory B cells in HIV-infected children 5 to 16 years old,22 as well as studies in

HIV-infected adults showing decreased percentages of RMB cells with increased duration of

untreated HIV infection.23

Early initiation of ART may result in preservation or at least partial restoration of RMB cell

percentages. RMB cell percentages between HIV-infected and control Zambian children

younger than 24 months did not differ significantly and 12 months of ART resulted in only a

marginal increase in RMB cell percentages in this age group. In contrast, HIV-infected

children who began ART between 24 and 60 months of age achieved near-normal levels of

RMB cells within 12-months of ART despite evidence of a reduction in RMB cell

percentage with increasing age. These findings suggest relatively minimal damage to the

RMB cell compartment before two years of age but reversible damage between 2 and 5

years of age following ART. In adults, ART initiation within 6 months of HIV infection

resulted in restoration of RMB cell percentages after 12 months of therapy that did not differ

from those of uninfected adults, while chronically infected individuals were unable to

restore normal RMB cell levels.24 Together, these findings suggest early initiation of ART

in both children and adults may enable restoration of the RMB cells lost during untreated

HIV infection to levels observed in healthy individuals.

The ability of HIV-infected individuals to reconstitute the memory component of the

humoral immune response following ART initiation has implications for previously

acquired immunity from both natural infection and vaccination. Multiple studies

demonstrated that HIV-infected children have lower antibody-secreting cells and antibody

concentrations to other pathogens compared to uninfected children.17;25-27 While we did not

measure pathogen-specific B cells in this cohort, circulating antibody concentrations against

measles virus were not restored in these children with ART alone.28 If untreated HIV

infection results in the loss of vaccine-specific RMB cells, immunologic memory acquired

prior to ART initiation may be lost and children beginning ART after routine immunization

would require revaccination.

The lack of B cell measurements at all study visits from HIV-infected children was a

limitation of this study. However, sensitivity analyses showed few differences between HIV-

infected children with and without baseline data (Supplemental Table 1). The increase in

RMB cell percentages until 48 months of age in control children followed by lower RMB

cell percentages in children older than 60 months was likely due to small sample size. This
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also limited the power to detect changes in RMB cell percentages among children older than

48 months in response to ART initiation. While restoration of RMB cell percentages is

promising, we did not directly assess B cell function in this cohort and the ability of these

cells to respond appropriately to antigens is critical. Additionally, these children were

enrolled from urban public clinics in Lusaka, Zambia that primarily serve individuals of low

socioeconomic status and results may not be generalizable to all HIV-infected children.

Immunological development is profoundly altered in HIV-infected children and RMB cells

are important to the development of protective antibody responses as these cells differentiate

into antibody-secreting plasma cells. The finding that ART initiation in HIV-infected

children younger than five years of age restores age-appropriate RMB cell levels support

recent guidelines for ART initiation in all HIV-infected children younger than 5 years of

age.2-5;29 Reducing the duration of HIV-associated immune destruction with early initiation

of therapy may allow for near-normal development of the RMB cell repertoire as well as

maintenance of pathogen- and vaccine-specific immunity into later childhood and

adolescence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Resting memory B cell percentages among total B cells in HIV-infected Zambian children before ART initiation and control
children stratified by 12-month increases in age at enrollment

Lines represent means and 95% confidence intervals.

ART = highly active antiretroviral therapy
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Figure 2. Resting memory B cell percentages among total B cells in HIV-infected Zambian children before and 12-months after ART
initiation compared to control children stratified by age at enrollment

Lines represent means and 95% confidence intervals.

ART = antiretroviral therapy
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Figure 3. Mean resting memory B cell percentages among total B cells in HIV-infected Zambian children before ART and in 3-month
intervals after ART initiation

Data were adjusted for age at enrollment using generalized estimating equations. Error bars represent 95% confidence interval.

*p<0.05 compared to baseline.

ART = highly active antiretroviral therapy

Figure corresponds with data presented in Supplemental Table 2.
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