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Abstract

Background—HIV-infected individuals mount poor antibody responses to vaccines. We sought

to identify the immunologic and virologic factors associated with a robust response to hepatitis

Avirus (HAV) vaccine in children on highly active antiretroviral treatment.

Methods—One hundred fifty-two pediatric highly active antiretroviral treatment recipients

immunized against HAV at weeks 0 and 24 had anti-HAV antibodies, CD4+, CD8+, and CD19+

cell percent assessed at weeks 0 and 32. Subgroups had HIV viremia, B- and T-cell

subpopulations, and cell-mediated immunity (CMI) to HAV and other stimulants measured.

Results—Anti-HAV antibodies after complete vaccination correlated positively with CD4+

percent and CD19+ percent and negatively with viremia and CD8+ percent at baseline, but not at

32 weeks. There were no significant correlations between anti-HAV antibodies and B- or T-cell-

naïve, memory, or activated subpopulations or non-HAV CMI. Compared with children who

remained HAV-CMI-negative, those who mounted HAV-CMI in response to vaccination had

higher anti-HAV antibody titers and CD19+ CD21+ CD27+ memory B cell percent at 32 weeks,

but no other differences.

Conclusions—In HIV-infected children on highly active antiretroviral treatment, control of

viral replication and conserved or reconstituted CD19+ and CD4+ cell numbers and function

determine a robust antibody response to anti-HAV primary immunization. Our data support a

bidirectional B- and T-cell cooperation in the response to the HAV vaccine.
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INTRODUCTION

HIV-infected individuals have notoriously poor antibody responses to microbial antigens

and vaccines, including the hepatitis A virus (HAV) vaccine.1–8 In a previous study, we

showed that only a minority of children and adolescents who met AIDS immunologic

criteria responded to primary anti-HAV immunization during the first year of effective

highly active antiretroviral treatment (HAART).9 Others have described similarly poor

responses to pneumococcal, influenza, and hepatitis B immunizations of HIV-infected

individuals.1

Although HIV does not infect B cells, it decreases their function10–13 by diminishing T-cell

help14 and by releasing subvirion particles that directly interfere with B-cell function. 11,12

HIV infection also has been associated with a decrease of total and memory B cells15–20

and an increase of transitional/immature B-cell subpopulations.17,21–24 In viremic patients,

B cells are more susceptible to CD95L-mediated apoptosis,18 which may decrease their

lifespan and account for the decrease in B cell numbers.16,25

HAART improves many aspects of the immune system of HIV-infected patients, including

humoral responses to vaccines.9,25–29 However, not all HAART recipients who

reconstitute or preserve their CD4+ T cells mount adequate responses to vaccines. In a

previous study, we found that approximately half of the HIV-infected children and

adolescents with a CD4+ T cell percentage (CD4%) ≥20% after ≥4 months of HAART had

an antibody response to HAV vaccine at least one order of magnitude lower than the one

reported in historical studies of healthy children and adults.30 Two years after

immunization, the subjects with low antibody responses to the vaccine were more likely to

lose protective anti-HAV antibody titers than those who mounted adequate antibody titers to

the vaccine.

To gain more insight into the pathogenic mechanisms that govern immune responses to

vaccines in HIV-infected children and to identify immunologic and virologic markers that

may help optimize the timing of vaccine administration in these patients, we studied the

association between humoral- and cell-mediated immune responses to the HAV vaccine and

of each of these anti-HAV responses with the following variables: 1) age; 2) HIV viremia;

3) CD19+ B-cell total as well as naïve, memory, and activated subpopulations; 4) CD4+ T-

cell total as well as naïve, memory, and activated subpopulations; and 5) CD8+ T-cell total

as well as activated subpopulations.

SUBJECTS AND METHODS

Study Population and Design

HIV-infected children 2 to 21 years of age were enrolled in this Pediatric AIDS Clinical

Trials Group 1008 study after obtaining local Institutional Review Board approval and

informed consent. Eligibility criteria included receipt of Pneumocystis pneumoniae

pneumonia prophylaxis for at least 6 months; stable antiretroviral therapy; CD4% ≥25% for

children younger than 6 years and ≥20% for subjects older than 6 years; absence of previous

hepatitis A vaccination or wild-type disease; and no immune globulin administration for 3

months before enrollment. Children received the first dose of HAV vaccine at enrollment
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and a second dose 24 weeks later. Doses were 720 and 1440 ELU of HAVRIX (Glaxo-

SmithKline, Philadelphia, PA) in children younger and older than 18 years, respectively. T-

cell subsets and plasma HIV RNA were measured every 8 weeks. Anti-HAV antibodies

were measured at baseline and week 32, corresponding to 8 weeks after the second dose of

vaccine. A subset of subjects had T-cell phenotyping and cell-mediated immunity (CMI)

measured. These were randomly selected among subjects who were seronegative at baseline,

received both doses of the vaccine, and had antibodies measured at week 32.

Hepatitis A Antibody Assay

Anti-HAV antibodies were determined using a quantitative enzyme-linked immunosorbent

assay. Precoated HAV microtiter plates (Viral Antigens Inc., Memphis, TN) were incubated

with serial dilutions of anti-HAV World Health Organization Standards and 100 µL of

serum samples diluted 1:21 in assay IgG diluent (Viral Antigens Inc.). After 1 hour of

incubation, plates were washed and bound antibodies were revealed with alkaline

phosphatase-conjugated goat antihuman IgG and p-NPP chromogenic substrate (Sigma, St.

Louis, MO). The antibody titer of each sample was calculated by interpolating its

corresponding optical density on the linear regression curve generated with the World

Health Organization Standards. This assay was validated using 20 sera from HAV-naïve

healthy volunteers and 10 sera with previously determined anti-HAV antibody

concentrations, courtesy of Dr. Paul Willems, GlaxoSmithKline Vaccine Division. Titers

≥20 mIU/mL were considered protective against HAV infection and also defined HAV-

seropositive or immune status. Responses were further classified as low if <250 mIU/mL

and adequate if ≥250 mIU/mL (based on the observation that virtually all healthy

individuals immunized against HAV had antibody titers >250 mIU/mL at 4 to 8 weeks after

the last dose of HAV vaccine).

Cell Preparation

Peripheral blood mononuclear cells (PBMCs) were isolated from heparinized whole blood

by Ficoll-Hypaque (Sigma) density gradient centrifugation. Isolated PBMCs were

cryopreserved and subsequently thawed as per the International Maternal Pediatric

Adolescent AIDS Clinical Trials/Pediatric AIDS Clinical Trials Group cryopreservation

consensus protocol (http://impaact.s-3.com/immlab.htm).

Lymphocyte Proliferation Assay

Thawed PBMCs resusupended at a concentration of 2 × 106 cells/mL in RPMI 1640

(CellGro, Manassas, VA) with L-glutamine (Gibco, Carlsbad, CA), 1%penicillin-

streptomycin, 4mM HEPES (Gibco), and 10% human AB serum (Gemini, West

Sacramento, CA) were stimulated in triplicate wells with medium only, 1650 ELU/mL

Hepatitis A antigen (gift of Dr. Martine Wettendorff, Glaxo SmithKline Research

Laboratories, Belgium) for 6 days. PBMCs at 106 cells/mL of medium as described

previously were stimulated with 2.5 µg/mL tetanus toxoid (Connaught, Swiftwater, PA), 50

µg/mL Candida albicans antigen (Greer, Lenoir, NC), 5 µg/mL phytohemagglutinin (PHA;

Sigma), or no stimulant for 6 days. After stimulation, wells were pulsed with 50 µCi/

well 3H-thymidine (Perkin Elmer, Waltham, MA) for 6 hours, harvested, and counted in a

Packard scintillation counter. The stimulation index was calculated by dividing the median

counts per minute in the stimulated wells by the median counts per minute in unstimulated

wells matched by number of cells/well. A stimulation index ≥3 defined a response to HAV,

candida, and tetanus and ≥10 to PHA.

For carboxyfluorosuccimide ester (CFSE) dilution assays, PBMCs were labeled with 1.5

µM CFSE (Molecular Probes, Carlsbad, CA) in 0.1% bovine serum albumin phosphate-

buffered saline for 10 minutes at 37°C. Staining was quenched with cold 10% human AB
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serum in RPMI. An aliquot of PBMCs was removed for baseline flow analysis and the

remaining cells were stimulated in tissue culture tubes with the same stimulants as described

previously except for using pokeweed mitogen (Sigma) instead of PHA to elicit nonspecific

proliferation. On the day of the assay, PBMC were washed in phosphate-buffered saline,

stained with CD19-PE (Caltag, Carlsbad, CA) surface marker, and analyzed by flow

cytometry as described subsequently.

Inducible Cytokines

Supernatants from HAV-stimulated PBMC 6-day cultures and unstimulated controls were

used for measuring interleukin (IL)-2, IL-4, IL-5, IL-10, and interferon-γ using Luminex™

kits (Biosource, Carlsbad, CA) according to the manufacturer’s instructions. Results were

expressed in pg/mL after subtracting the background cytokine concentration in unstimulated

wells from that obtained in HAV-stimulated wells.

Flow Cytometry

Thawed PBMCs were resuspended in phosphate-buffered saline containing 1% fetal bovine

serum at a concentration of 1 × 106 cells/mL and stained with 3 or 4 combinations of the

following fluorochrome-conjugated mAbs: anti-CD8-FITC, anti-CD45RA-FITC, anti-HLA-

DRFITC, IgG1-FITC, anti-CD8-PE, anti-CD38-PE, anti-CD95-PE, IgG1-PE, anti-CD4-

PE*Cy5, anti-CD8-PE*Cy5, anti-CD8-PE-Alexa700, or anti-CD8-APC (Pharmingen/

Becton Dickinson, San Jose, CA); or with a premixed custom formulation containing anti-

CD21-FITC, anti-CD27-PE, anti-CD19-PE*Alexa700, and anti-CD95-APC (Caltag

Laboratories Inc./Invitrogen, Inc.). After 30 minutes of incubation at 4°C in the dark, the

samples were depleted of red blood cells with FACS lysing buffer (Becton Dickinson),

washed with phosphate-buffered saline, resuspended in 0.2% paraformaldehyde, and

analyzed with FACS Calibur flow cytometer (Becton Dickinson) and CellQuest software

(Becton Dickinson). Lymphocytes were gated based on forward versus sidescatter signals

(R1) followed by either T- or B-cell selection by combining sidescatter with bright CD4,

CD8, or CD19 signals (R2). T- and B-cell subsets were characterized by analyzing 5000

R1*R2 gated events and were expressed as either T- or B-cell percent positivity.

Statistical Analysis

Because the immunologic outcome measures did not meet normality assumptions,

nonparametric tests were used to examine the associations between antibody responses to

HAV vaccine and demographic, immunologic, or virologic characteristics of the study

population. The statistical significance of differences in antibody titers across different

groups of subjects was assessed by Wilcoxon sum ranks (two groups) or Kruskal-Wallis

tests (multiple groups). Spearman’s rank order correlation coefficients were used to examine

the strength and statistical significance of associations between antibody titers and other

continuous variables. When the univariate analyses identified multiple variables positively

associated with the primary outcome measure, a multivariate analysis was performed using

regression. Statistical significance was defined by P < 0.05.

RESULTS

Subject Characteristics and Their Associations With Antibody Responses to Hepatitis A
Virus Vaccine

There were 152 subjects who met inclusion criteria for this substudy by virtue of being

HAV-seronegative at baseline, having received 2 doses of HAV vaccine, and being tested at

32 weeks (8 weeks after the second dose of vaccine) for antibody responses. The median age

was 9 years and 13 children were between 2 and 6 years of age. Demographic characteristics
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such as age, sex, and race were not associated with antibody responses to the HAV vaccine

(Table 1). Subjects with higher plasma HIV RNA concentrations (VL) and those with lower

CD4+ T cell percentages (CD4%) at baseline had significantly lower anti-HAV antibody

titers after the second dose of the HAV vaccine (P values of 0.02 and 0.04, respectively).

B-Cell Phenotypic Characteristics and Antibody Responses to the Hepatitis A Virus
Vaccine

To identify the B-cell characteristics associated with robust antibody responses to

neoantigens in HIV-infected subjects, we tested correlations between anti-HAV antibody

titers at week 32, 8 weeks after the second dose of the HAV vaccine, with baseline and week

32 CD19+% (total B lymphocytes; N = 148) and subpopulations (N = 78) identified by

expression of CD21, CD27, and/or CD95 (Table 2). The only parameter significantly

associated with the week 32 anti-HAV antibody titers was the baseline CD19+% (N = 148,

rho = 0.21, P = 0.01).

T-Cell Phenotypic Characteristics and Antibody Responses to the Hepatitis A Virus
Vaccine

The antibody response to the HAV vaccine is T cell-dependent and, therefore, it is likely

that in the context of HIV infection, anti-HAV antibody production may be limited by

deficient T-cell help. To identify the T-cell characteristics associated with robust humoral

immune responses to HAV in HIV-infected children on HAART, we performed correlation

analyses of week 32 anti-HAV antibody titers with CD4+ and CD8+ T cell% and their

subpopulations (Table 3). The anti-HAV antibody titers were weakly but statistically

significantly correlated with baseline CD4+% (r = 0.16, P = 0.04) and inversely correlated

with baseline CD8+% (r = 0.17; P = 0.04). Compared with CD4+ and CD8+% populations,

there was a stronger inverse correlation of antibody titers with baseline CD4+ CD45RA-

CD95-% central memory T cells (rho = − 0.28, P = 0.06). However, this correlation did not

reach statistical significance. There were no significant correlations between antibody

responses to HAV and baseline naïve or activated CD4+ or CD8+% nor with any of the T-

cell phenotypic characteristics at week 32.

Multivariate Analysis of the Effect of Viral Load and Lymphocyte Populations on antibody
Responses to Hepatitis A Virus Vaccine

In HIV-infected patients, higher VLs are typically associated with lower percentages of

CD4+ and B lymphocytes and higher percentages of CD8+ lymphocytes. To determine

which of these variables were independently associated with the magnitude of the antibody

response to HAV, we performed a multivariate regression analysis. For this analysis, the

antibody titers were log transformed to meet the normal distribution criterion required for

the regression analysis. Of the 152 subjects, 97 had complete sets of data, including VL,

CD4+, CD8+, and CD19+%. After log transformation of the antibody titers and with the

contraction of the sample size, only VL, as a discrete variable, and CD19%, as a continuous

variable, remained significantly associated with the anti-HAV antibody titers (P values of

0.04 and 0.02, respectively). The backward elimination procedure applied to the regression

analysis identified the CD19+% as the strongest predictor of the antibody response to HAV

vaccine (P = 0.02).

Functional T-Cell Characteristics and Antihepatitis A Virus Antibody Responses to
Vaccination

To assess the relationship between antibody and CMI responses to HAV vaccine, we

compared the week 32 antibody titers of HAV-CMI-positive (N = 10) with those of HAV-

CMI-negative vaccinees (N = 44). Median titers were significantly higher in HAV-CMI-
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positive children (P = 0.02; Table 4). In contrast, there were no appreciable differences in

HAV antibody titers between subjects with positive versus those with negative tetanus or

Candida CMI at baseline or week 32 (Table 4), indicating that the association of HAV

antibodies with HAV CMI was antigen-specific. Only 4 subjects failed to respond to PHA

using a stimulation index = 10 as the threshold, which precluded an analysis of potential

associations of PHA responses with anti-HAV antibody titers.

Th1 and Th2 characterization of T-cell response to HAV was attempted by measuring IL-2,

IL-4, IL-5, IL-10, and interferon-g concentrations in HAV-stimulated PBMC culture

supernatants. Median cytokine levels in cultures of PBMC obtained after vaccination varied

from 0 pg/mL for IL-2 and IL-4 to 0.09 p/mL for IL-5, 0.47 pg/mL for IL-10, and 0.32 pg/

mL for interferon-γ. These very low levels suggested that the assay, which was standardized

using PBMC from healthy donors, was not sensitive enough to detect responses of HIV-

infected subjects.

Demographic, Virologic, and Immunologic Correlates With Lymphocyte Proliferative
Responses to Hepatitis A Virus Vaccine

HAV-CMI is an important component of the protection conferred by the HAV vaccine as

indicated by its correlation with antibody titers and by the fact that in the absence of

seroconversion after HAV vaccination, the presence of HAVCMI is associated with

protection against infection.31 To identify the factors that determine a CMI response to the

HAV vaccine, we compared the demographic, virologic, and the T- and B-cell phenotypic

characteristics of subjects who developed HAV-CMI at 32 weeks after vaccination versus

those who did not. Of the parameters analyzed (same as for antibody responses), only the

CD19+ CD21+ CD27+ memory B-cell percent at week 32 was significantly different

between subjects with and without detectable HAV-CMI after vaccination: 7 HAV-CMI-

positive subjects had a median CD19+ CD21+ CD27+ of 13%, whereas 49 HAV LPA-

negative subjects had a median of 9% (P = 0.02, Wilcoxon signed rank test).

To examine the possibility that HAV-specific B cells proliferated in the LPA, we measured

cell divisions by CFSE dye dilution coupled with CD19-surface staining in 4 HAV-

vaccinated subjects with positive HAV-specific LPA. Figure 1 shows a typical

representation of the results. In HAV-stimulated cultures, the CD19+ B cells represented a

median (range) of 5% (0% to 17%) of the CFSElo lymphocytes, whereas corresponding

percentages after pokeweed mitogen stimulation were 21% (3%to 40%). These results

indicated that CD19+ B cells did not appreciably contribute to the HAV-specific LPA

response.

DISCUSSION

We identified several immunologic and virologic parameters reflective of the stage of the

HIV infection and/or immune reconstitution on HAART that determine the ability of HIV-

infected children on HAART to mount protective antibody responses after 2 doses of HAV

vaccine administered 6 months apart. In the univariate analysis, high CD19+ B lymphocyte

percent, high CD4+%, undetectable VL, and low CD8+ T lymphocyte percent at the time of

the administration of the first dose of HAV vaccine were associated with an antibody

response similar to that of historical healthy controls,32–35 which was also necessary and

sufficient to maintain protective antibody titers 2 years after vaccination in the HIV-infected

children.30 In contrast, the same immunologic and virologic parameters measured

concurrently with the immune response and closely after the administration of the second

dose of the vaccine did not affect the magnitude of the immune response to HAV vaccine.

This suggests that the primary immune response to the vaccine depended on the HAART-

associated immune preservation or reconstitution, whereas the amnestic response was less
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affected by HIV disease-specific immunologic and virologic characteristics. Furthermore, a

third dose of the HAV vaccine administered 2 years after the primary immunization

generated equally high antibody titers in all vaccinees, which did not depend on CD4% or

VL at any time. Others have also shown that HIV-infected adults on HAART have lower

antibody responses to the first dose of HAV vaccine compared with historical controls.36

Taken together, these data support the notion that in HAART recipients, anamnestic immune

responses are less likely to be affected by the stage of HIV infection than primary responses

and, therefore, increasing the number of doses of vaccines may overcome a deficient

primary response to the immunogens.

To establish the relative significance of the baseline immunologic and virologic

characteristics with respect to antibody responses to HAV vaccine, we performed a

multivariate analysis, including the parameters that were significant in the univariate

analysis. The multivariate analysis included only participants with complete sets of data,

which resulted in a 36% reduction of the sample size originally used to assess the

relationship between lymphocyte populations and responses to HAV vaccine. After the

reduction of the sample size, the association of CD4+ and CD8+ percent with antibody titers

lost significance, but undetectable VL and high CD19+% at the time of the administration of

the first dose of the HAV vaccine maintained their association with higher antibody

responses by univariate analysis. The multivariate analysis identified the B-cell percent as

the most significant factor.

We have previously documented associations between the VL and primary responses to the

live attenuated varicella zoster vaccine37 or to influenza strains that were newly introduced

in either the live attenuated or the inactivated seasonal influenza vaccines.38 Furthermore,

this has been observed in individuals who had a diagnosis of AIDS, but also for individuals

whose CD4+ cells never decreased below 20%.1,37–39 The pattern that emerges from these

observations is that primary antibody responses of HIV-infected individuals on HAART are

more effective when the viral replication is low or undetectable and, therefore, control of the

VL should be the an important criterion for when to introduce new vaccines.

Others described associations of deficient antibody production in HIV-infected individuals

with the overrepresentation of transitional/immature B-cell subpopulations expressing low

CD21 and/or CD2722,23 or with the underrepresentation of memory B cells expressing

adequate levels of CD21, CD27, or immunoglobulins on their surface.13,15,16,19,40 In this

study, we were unable to reproduce these findings, but we identified a strong correlation

between the total B-cell lymphocyte percent and the antibody responses to primary HAV

immunization. Our finding suggests that for patients who start HAART after undergoing

some degree of immunosuppression, it is optimal to initiate primary immunizations when

their B-cell percents normalize, which generally occurs with HAART.25,26

The anti-HAV antibody production is T-cell-dependent. This may contribute to the

association of CD4% at the time of the administration of the first dose of the vaccine with

the antibody production. Furthermore, anti-HAV antibody titers were significantly higher in

children who had a detectable HAV-specific T-cell response by LPA compared with

children with negative HAV-specific LPA. This association was antigen-specific as

demonstrated by the lack of association of anti-HAV antibody titers with nonspecific

measures of T-cell function such as PHA, Candida, or tetanus LPA. In addition, using

carboxyfluorosuccimide ester staining and flow cytometry, we found that CD4+, but not

CD19+ PBMC, proliferated during the HAV-specific LPA (data not shown). Taken

together, these data indicated that HAV-specific T cells boosted the antibody response to the

second dose of HAV vaccine. We sought to further explore the nature of the help provided

by T cells by measuring IL-2, IL-4, IL-5, IL-10, and interferon-γ secretion in LPA culture
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supernatants, but the cytokine levels were overall very low and there were no significant

associations of Th1 or Th2 cytokines with antibody titers.

T-cell responses to HAV vaccine were found in a much lower proportion of HIV-infected

children on HAART compared with historical responses in healthy HAV vaccine recipients.

41 These differences are unlikely to be the result of assay conditions, because the antigens

used to test both populations were obtained from the same manufacturer and other assay

conditions were not appreciably different. The HAV-specific LPA differences between

healthy and HIV-infected individuals are more consistent with the immune deficit of HIV-

infected children that persists despite their reconstituting CD4+ cell numbers in response to

HAART. We found a significant association between the CD19+ CD21+ CD27+ memory

B-cell percent and positive HAV-specific LPA results. This finding underscores the

importance of B- and T-cell cooperation in the response of HIV-infected children on

HAART to HAV vaccine and suggests that a decrease in number or function of memory B

cells may contribute to the attenuation of T-cell-mediated immune responses in HIV-

infected individuals on HAART.

There was a negative association between CD8+ T-cell percent at the time of the

administration of the first dose of the vaccine and antibody titers generated by the vaccine.

However, there was no correlation between CD8+ T-cell subpopulations and low antibody

response to the vaccine. Because CD8+ T-cell percent automatically increases with lower

CD4+ and CD19+, T- and B-cell percent, respectively, it is conceivable that the association

between CD8+ T cells and antibody responses to the HAV vaccine was indirect and did not

reflect a pathogenic mechanism. There was also an inverse association between antibody

titers and CD4+ CD45RACD95-memory T-cell percent at baseline. The significance of this

correlation needs to be further explored.

In conclusion, our data indicate that antibody responses to primary immunization in HIV-

infected children on HAART are primarily dependent on VL and B-cell percent and

secondarily on T-cell percent. The recent World Health Organization recommendation to

start HAART in all vertically infected children as soon as the diagnosis of HIV infection is

established is likely to also result in improved responses to childhood vaccines, because this

new recommendation should then result in administering vaccines to children with low or

undetectable VL and before they experience appreciable B-cell losses.
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FIGURE 1.

Carboxyfluorosuccimide ester-measured proliferation of CD19+ B lymphocytes in response

to hepatitis A virus and pokeweed mitogen stimulation.
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TABLE 1

Baseline Characteristics and Antibody Responses to Hepatitis a Virus Vaccine in HIV-Infected Children on

Highly Active Antiretroviral Treatment

Distribution
Median (mean)

Ab Titer

Spearman
Correlation
Coefficient

P

Value

Age (years)

   Mean (median) 9.11 (9.22) NA −0.04 0.60

(N = 152)

Sex

   Male 71 249 (473) NA 0.17*

   Female 81 373 (619)

Race

   White 25 249 (632) NA 0.59†

   Black 77 310 (507)

   Hispanic 49 466 (587)

   Asian 1†

Plasma HIV RNA (copies/mL)

   <400 45 (45%) 572 (765) NA 0.02*

   ≥400 54 (55%) 273 (453)

(N = 99)

CD4+%

   Median (mean) 31 (32) NA 0.16 0.04

(N = 151)

*
Wilcoxon signed rank test.

†
Kruskal-Wallis test.

NA, not applicable.
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TABLE 2

Baseline B-Cell Phenotypic Characteristics and Antibody Responses to Hepatitis a Virus Vaccine in HIV-

Infected Children on Highly Active Antiretroviral Treatment

Number of
Subjects

Spearman
Correlation
Coefficient

P

Value

CD19+% 148 0.21 0.01

CD19+ CD21+% 78 0.05 0.67

CD19+ CD27+% 78 0.14 0.22

CD19+ CD95−% 78 0.01 0.93

CD19+ CD21+ CD27+% 78 0.15 0.19

CD19+ CD21+ CD27−% 78 −0.05 0.64

CD19+ CD21+ CD95+% 78 0.03 0.77

CD19+ CD21+ CD95−% 78 0.05 0.67
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TABLE 3

Baseline T-Cell Phenotypic Characteristics and Antibody Responses to Hepatitis a Virus Vaccine in HIV-

Infected Children on Highly Active Antiretroviral Treatment

Number
of Subjects

Spearman
Correlation
Coefficient

P

Value

CD4+% 151   0.16 0.04

CD4+ CD45RA-% (memory) 47 −0.01 0.97

CD4+ CD45RA-CD952%
   (central memory)

47 −0.28 0.06

CD4+ CD45RA+ CD952% (naïve) 47 −0.03 0.84

CD4+ CD38+ HLADR+% (activated) 52   0.15 0.27

CD8+% 151 −0.17 0.04

CD8+ CD38+ HLADR+% (activated) 53 −0.002 0.99
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TABLE 4

Baseline and Week 32 Functional T-Cell Characteristics and Antibody Responses to Hepatitis a Virus Vaccine

in HIV-Infected Children on Highly Active Antiretroviral Treatment

Study
Week

Number
of Subjects

Median (mean)
Ab Titers

P

Value*

Hep A LPA

   Negative (SI < 3) 32 44 289 (490) 0.02

   Positive (SI ≥ 3) 10 895 (834)

Candida LPA

   Negative (SI < 3) 0 9 448 (597) 0.71

   Positive (SI ≥ 3) 42 342 (489)

Candida LPA

   Negative (SI < 3) 32 5 738 (899) 0.58

   Positive (SI ≥ 3) 43 363 (515)

Tetanus LPA

   Negative (SI < 3) 0 17 423 (576) 0.42

   Positive (SI ≥ 3) 24 304 (499)

Tetanus LPA

   Negative (SI < 3) 32 13 216 (483) 0.45

   Positive (SI ≥ 3) 28 413 (503)

*
Wilcoxon signed rank test.

LPA indicates; SI, stimulation index.
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