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Abstract

Background—There is increasing recognition of the role of B cell dysfunction in HIV 

pathogenesis, but little is known about how these perturbations may influence responses to 

vaccinations.

Methods—Healthy controls (n = 16) and antiretroviral therapy (ART)-treated aviremic HIV-

infected subjects (n = 26) receiving standard-of-care annual influenza vaccinations were enrolled 

in the present study. Total bacterial 16S rDNA levels were assessed by quantitative polymerase 
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chain reactions in plasma. Serologic responses were characterized by ELISA, hemagglutination 

inhibition assay (HI), and microneutralization, and cell-mediated responses were assessed by 

ELISPOT (antigen-specific IgG+ antibody-secreting cells (ASCs)) and flow cytometry at pre-

vaccination (D0), day 7-10 (D7) and day 14-21 (D14) post-vaccination.

Results—Decreased peripheral CD4+ T cell absolute counts and increased frequencies of 

cycling and apoptotic B cells were found at baseline in HIV-infected subjects relative to healthy 

controls. In healthy controls, post-vaccination neutralizing activities were related to the 

frequencies of vaccine-mediated apoptosis and cycling of B cells, but not to CD4+ T cell counts. 

In patients, both baseline and post-vaccination neutralizing activities were directly correlated with 

plasma level of bacterial 16S rDNA. However, overall vaccine responses including antibody titers 

and fold changes were comparable or greater in HIV-infected subjects relative to healthy controls.

Conclusion—B cell function correlates with measures of recall humoral immunity in response 

to seasonal influenza vaccination in healthy controls but not in ART-treated patients.
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Introduction

The progressive depletion of peripheral CD4+ T cells is the hallmark of immunodeficiency 

in HIV disease [1]. Loss of CD4+ T cells has been linked to persistent immune activation [2] 

and less so to the magnitude of HIV replication [3]. HIV infection and chronic immune 

activation also drive B cell perturbations characterized by loss of B cells especially memory 

B cells, B cell polyclonal activation, and impaired responses to some vaccines [4-6].

Seasonal influenza vaccination is the most effective method of preventing influenza 

infection, however, the efficacy of influenza vaccination is different in each individual. 

Assessing the predictors of immunogenicity of vaccines is difficult but essential in designing 

novel vaccines. The multiplicity of phenotypes and functions for each immune compartment 

accounts for the difficulties of defining the predictors of vaccination. Age [7], sex [8], 

activation-induced cytidine deaminase (AID) response [9], percentage of switched memory 

B cells [9], IL-21R expression on B cells [10,11], IL-28B [12], genes related to B cell 

proliferation and immunoglobulin production [13], and innate immune activation [14] have 

all been shown to correlate with the strength of vaccine responses. The exact determinants of 

seasonal influenza vaccine are not fully understood.

HIV infection is associated with a high incidence of influenza infection [15]. Annual 

seasonal influenza vaccination is recommended for all HIV-1-infected individuals to reduce 

influenza-related morbidity and mortality [16]. In HIV-infected patients, responses to 

influenza vaccination are frequently impaired [5,17-19]. CD4+ T cells, especially T 

follicular helper (Tfh) cells, B cells, innate immunity, sex, age, and the magnitude of viral 

replication have been shown to correlate with responses to influenza vaccination in HIV-

infected patients [5,8,10,12-14,17,20-30]. In contrast, a study conducted by Siegrist et al. 

has shown that HIV-infected patients have higher memory responses following pandemic 
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influenza vaccination [31]. It is clear that the influenza vaccine response is impaired in 

antiretroviral therapy (ART)-naïve and viremic patients [5,20]. However, whether aviremic 

ART-treated patients have reduced recall responses following serial annual vaccinations is 

not clear.

Our previous studies have shown that heightened microbial translocation plays a role in T 

cell and B cell activation in HIV disease [33][43]; therefore the level of microbial 

translocation was accessed in the current study. In addition, we performed comprehensive 

analyses of immune activation and potential correlates of immune responsiveness before and 

after influenza vaccination to determine whether serial annual vaccinations would uncover 

functional cellular or humoral differences between HIV-infected patients receiving 

successful ART and healthy HIV-negative volunteers.

Materials and Methods

Study subjects

This study was approved by the Institutional Review Board at Medical University of South 

Carolina. All participants provided written informed consents. In the present study, 16 

healthy volunteers and 26 HIV+ ART-treated aviremic patients enrolled in the study (plasma 

HIV RNA < 50 copies/mL). The clinical characteristics of participants are shown in Table 1. 

All participants had received influenza vaccines the previous year (2012-2013); vaccination 

prior to that was not assessed. Participants who enrolled received the 2013-2014 influenza 

vaccine and blood was collected on day 0 (D0) prior to vaccination, days 7-10 (D7), and 

days 14-21 (D14) post-vaccination.

Vaccination

All subjects received one dose of the inactivated influenza vaccine trivalent type A and B 

(Fluvirin, Novartis Vaccines and Diagnostics Limited, Speke, Liverpool, US). The strains 

for the 2013-2014 season include two A subtype virus: A/Christchurch/16/2010 (H1N1); A/

Texas/50/2012 (H3N2); and one B subtype virus, B/Massachusetts/2/2012. Vaccination was 

given intramuscularly to the participants during June 2013 and March 2014.

Flow cytometry

Plasma was separated by the centrifugation of EDTA-contained blood, and it was then 

aliquoted and stored at -80°C. Peripheral blood mononuclear cells (PBMCs) were isolated 

over a Ficoll-Hypaque cushion. PBMCs were used for annexin V assays. Blood samples 

were used for all other assays except annexin V assays. For surface staining, antibodies 

(Abs) were incubated with blood or PBMCs at room temperature for 10 min. After surface 

staining of the blood, red cells were lysed, and the cells were washed and analyzed by flow 

cytometry. All cell-based assays were conducted using fresh blood or PBMCs. The 

fluorochrome-labeled monoclonal Abs used for flow cytometry included the following: Abs 

against CD4-PE, IgD-PEcy7, CD19-FITC, CD27-APCcy7, CD3-Percp, CD8-APCcy, 

CD45RO-PEcy7, ki67-FITC, CD38-APC, annexin V-FITC, and isotype control Abs (BD 

Pharmingen, San Jose, CA; and Biolegend, San Diego, CA). Stained cells were analyzed 

with a Guava 8HT flow cytometer (Millipore, Billerica, MA).
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ELISPOT

ELISPOT plates were coated with the commercial influenza vaccine (5 μg/mL) and 

incubated overnight at 4°C prior to the day of sample collection. Total B cells were isolated 

from freshly prepared PBMCs using a negative selection kit (Miltenyi Biotec, Bergisch 

Gladbach, Germany; purity > 95%). After blocking, freshly isolated B cells (0.5 million 

cells/well) were added and cultured overnight at 37°C, and the plates were incubated with a 

biotinylated mouse anti-human IgA, IgG or IgM Fc Ab (Jackson ImmunoResearch 

Laboratories, Inc., West Grove, PA) for 2 h. Finally, the plates were incubated with alkaline 

phosphatase-conjugated streptavidin and developed with substrate. Spots were enumerated 

with an AID reader and software (San Diego, CA).

Hemagglutination inhibition (HI assay)

HI assays were conducted using H1N1, H3N2, or B virus as Ags and human type O RBCs 

as indicators. Serial diluted plasma was cultured with 4 hemagglutination units of live, egg-

grown virus in plates for 15 min. Plates were washed and further incubated with 0.75% 

human type O RBCs for an additional 60 min. The plasma minimum effective 

concentrations were recorded as the lowest dilution at which hemagglutination was 

inhibited. Abs with an HI titer ≥ 1:40 were considered to be protective [32].

ELISA

Microtiter plates were coated with a 1:20 dilution of vaccine. Biotin-labeled goat anti-human 

IgG, IgM, or IgA (KPL, Gaithersburg, MD) was added to the microtiter wells and cultured 

with diluted plasma for 60 min. Amplex Red/Horseradish peroxidase (AR-HRP) and TMB 

substrate solution were used to detect binding. Absorbance was measured at 405 nm, and Ab 

concentrations were calculated in duplicates using a standard curve (12.5-1000 pg/mL).

Microneutralization assay

A standard plaque reduction for viral microneutralization was analyzed. In brief, heat-

inactivated plasma was cultured with 100 median tissue culture infective doses (TCID50) of 

each influenza virus in a plate at 37°C in 5% CO2 for 2 h with or without TPCK-trypsin. 

MDCK cells (ATCC, Manassas, VA) were added (1.5 × 104 cells/well), cultured for 18-22 h 

and fixed. The cells were further cultured with anti-influenza A (Bio-Rad, Hercules, CA) or 

B (Abcam, Cambridge, MA) nucleoprotein mAbs for 1 h and HRP-conjugated anti-mouse 

IgG (Affinity Biosciences Inc., Amherst, NH) for 1 h. O-phenylenediamine dihydrochloride 

was then added, and cells were incubated for 5 min. Absorbance was measured at 490 nm. 

The endpoint titer in triplicates was expressed as the reciprocal of the highest dilution of 

plasma with an OD value of less than X, where X = [(the average of V wells) − (the average 

of C wells)]/2 + (the average of C wells).

Quantitative polymerase chain reaction (PCR) for measurement of bacterial 16S rDNA

DNA was extracted from 400 μL plasma using QIAamp UCP pathogen Mini kit (Qiagen, 

Valencia, CA) according to the manufacturer's instructions. A 20 μL amplification reaction 

consisted of 10 μL of 2× Perfecta qPCR ToughMix (Quanta, Gaithersburg, MD), 0.3 μmol/L 

forward and reverse primers, 0.175 μmol/L probe (338P: 5′-FAM-
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GCTGCCTCCCGTAGGAGT-BHQ1− 3′), and 5 μL of the template plasma DNA. 

Degenerate forward (8F: 5′-AGTTTGATCCTGGCTCAG-3′) and reverse (515R: 5′-

GWATTACCGCGGCKGCTG-3′) primers were used to amplify DNA templates encoding 

16S rRNA. The DNA was amplified in duplicate, and mean values were calculated. A 

standard curve was created from serial dilutions of plasmid DNA containing known copy 

numbers of the template. The reaction conditions for amplification of DNA were 95°C for 5 

min, followed by 40 cycles at 95°C for 15 s and at 60°C for 1 min [33].

Statistical analysis

The differences in continuous measurements between the groups were compared by Mann-

Whitney's U test (unpaired) or Wilcoxon matched-paired signed-rank test (paired). To 

explore associations between pairs of continuous variables, Spearman's rank correlation was 

used. Analysis was performed using SPSS software (version 16.01, Chicago, IL, USA). All 

tests were 2-sided, and a P ≤ 0.05 was considered to denote statistical significance.

Results

Baseline reduced CD4+ T cell counts, increased frequencies of cycling and apoptotic B 
cells in patients compared with controls

We first sought to characterize baseline differences in CD4+ T cell and B cell activation and 

apoptosis in our patient cohort in order to provide context for understanding any differences 

in relative responses to vaccination. The Ab response against influenza vaccination has 

previously been shown to be T cell-dependent [34]; therefore, we analyzed CD4+ T cells on 

D0 to characterize differences between our two groups. The CD4+ T cell absolute count was 

lower in HIV-infected subjects compared with controls (Table 1, P = 0.03). Chronic immune 

activation (%CD38+ T cells) and cell apoptosis are linked to CD4+ T cell depletion in HIV 

disease [35,36]. Next, we analyzed the binding of annexin V to CD4+ T cells and CD38 

expression on memory CD4+ T cells (CD3+CD4+CD8-CD45RO+). We found that the 

median frequencies of annexin V+ CD4+ T cells were 19.0 (13.0-40.0) versus 30.3 

(19.8-38.5) for controls and patients respectively, and the median frequencies of CD38+ on 

memory CD4+ T cells were 14.3 (10.1-16.8) versus 18.4 (11.3-22.9) for controls and 

patients respectively, but the differences were not statistically significant (P > 0.05, Table 1). 

Although level of bacterial 16S rDNA tended to be higher in aviremic ART-treated patients 

compared with controls, the difference did not achieve significance (Table 1).

B cells were also analyzed prior to vaccination. The frequency of B cells in PBMCs was 

similar in controls and patients (Table 1). Theoretically, the ability to produce Abs is linked 

to B cell survival and Ag-mediated activation; therefore, we assessed B cell apoptosis and 

cycling, and found that the baseline frequencies of apoptotic B cells (P = 0.003, Fig. 1A and 

1B) and cycling B cells (P = 0.03, Fig. 1A and 1C) were elevated in patients compared with 

controls. These data reinforces the notion that successful ART treatment may normalize B 

cell frequency (Table 1) but not B cell hyperactivation in treated HIV-infected patients 

relative to controls.
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Quantification of vaccine-specific antibodies in the plasma

To evaluate serologic Ab recall responses to vaccinations, we analyzed the levels of Ag-

specific IgA, IgG, and IgM by ELISA (Fig. 2). Ag-specific IgG, IgM and IgA all increased 

following vaccination in both controls and patients (P < 0.05). As expected, Ag-specific IgG 

was consistently the predominant Ab that responded to seasonal influenza vaccination in 

both controls and patients compared with IgA and IgM. Unexpectedly, the plasma levels of 

Ag-specific IgG and IgM were higher in patients than in controls on D7 and D14 but not on 

D0 (Fig. 2A-2B), suggesting that patients had greater vaccine-mediated IgG and IgM Ab 

responses. There was no difference in the Ag-specific IgA level between patients and 

controls (Fig. 2C, P > 0.05). Furthermore, we found that vaccine-induced fold change (D14 

versus D0) of Ag-specific IgM was higher in patients compared with those in controls, but 

vaccine-induced fold changes of Ag-specific IgA and IgG were similar in controls and 

patients (Fig. 2D).

Antibody neutralization activities

To further determine the quality of the Ab response to vaccination, we performed viral 

microneutralization assays. The majority of neutralization activity to seasonal influenza 

vaccinations was specific to the pandemic virus H1N1 and IgG responses (Fig. 3A and data 

not shown). As expected, vaccination significantly induced neutralizing titers against H1N1, 

B and H3N2 strains in both controls and patients (P < 0.05). Consistent with the ELISA 

results, anti-H1N1 neutralizing activity was higher in patients than controls on D7 and D14 

but not on D0 (Fig. 3A). Baseline level of anti-H3N2 neutralizing titer was higher in patients 

relative to controls, and vaccine-induced neutralizing titers against the H3N2 strain were 

higher in patients compared with controls on D0 and D7 but not on D14 (Fig. 3B). There 

was no difference in neutralizing titers against the B strain virus in patients and controls at 

each visit (Fig. 3C, P > 0.05). Furthermore, vaccine-induced fold changes (D14 versus D0) 

of neutralizing activity to H1N1, B, and H3N2 virus were similar in controls and patients 

(Fig. 3D). These results suggest that vaccine-induced neutralizing titers against H1N1 virus 

were greater in patients relative to controls.

HI titers of Ag-specific recall Abs

HI titers were similar in subjects at each visit between controls and patients (P > 0.05, Fig. 

4A). All participants had protective titers (≥ 1:40) against the type A H1N1 viruses at each 

visit (Fig. 4A). None had fold changes ≥ 4 against H1N1 virus in either controls or patients 

(data not shown). Moreover, 1 of 16 and 2 of 16 of the controls had fold changes ≥ 4 against 

the type B and H3N2 viruses respectively; 6 of 26 and 7 of 26 of the patients had fold 

change ≥ 4 against the type B and H3N2 viruses respectively (data not shown, D14 versus 

D0). When HI titers were evaluated by geometric mean (GMT), controls and patients had 

increased GMT titers post-vaccination except HI titers against H1N1 virus in patients (Fig. 

4B-4D). There was no difference in HI titers between controls and patients. No correlations 

were found between the CD4+ T cell counts and HI titers against the H1N1, H3N2 or B 

influenza viruses in either controls or patients (P > 0.05).
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Similar frequencies of ASCs in response to vaccination in patients and controls

To further investigate vaccine-specific B cells (plasmablasts or plasma cells) that were 

circulating in the peripheral blood pre- and post-vaccination in vivo, ASCs were tested by 

ELISPOT among sorted B cells cultured with vaccine Ags without stimulation with 

cytokines or CpG ODNs. IgG+ ASCs were quantified on D0 and D7 (Fig. 5). D7 was 

chosen because it represented the peak transient responses of plasmablasts in the periphery 

in response to the influenza vaccine [5]. As expected, the frequencies of IgG+ ASCs on D0 

were low but were clearly detectable in some donors (Fig. 5). Unexpectedly, we found that 

patients had comparable frequencies of IgG+ ASCs in response to vaccination compared 

with controls, suggesting that B cell responses to seasonal influenza vaccine Ag stimulation 

were restored in the setting of successful viral suppression by ART treatment. Furthermore, 

Ag-specific IgA+ and IgM+ ASCs were low or undetectable on D0 and D7 (data not 

shown), indicating that IgG-producing B cells are the predominant B cells involved in 

cellular recall responses in the periphery.

Correlations between vaccine responses and parameters of CD4+ T cells and B cells and 
microbial translocation

Anti-H1N1-neutralizing activities were the primary Ab responses compared with anti-B- 

and anti-H3N2-neutralizing activities (Fig. 3). In subsequent analysis, we therefore used 

neutralizing titers on D14 and fold-change of anti-H1N1 neutralizing titers on D14 versus 

D0 as markers of the serologic vaccine responses. To assess the predictors of vaccine 

responses, we performed correlation tests between the parameters of CD4+ T cells and B 

cells and serologic Ab responses (anti-H1N1 IgG neutralizing activities). Parameters related 

to CD4+ T cells, including cell count, frequency of apoptosis, and activation (CD38 

expression), were not related to any vaccine responses at any visit in either the controls or 

patients (P > 0.05, data not shown). There were no direct correlations between the 

proportion of CD4+ T cells out of the total T cells and the number of ASCs on D7 in 

controls and in patients (r = 0.46, P = 0.10 and r = -0.05, P = 0.85, respectively, data not 

shown), and between frequency of CD4+ T cells and the anti-H1N1-neutralizing titers in 

controls and in patients (r = 0.28, P = 0.28 and r = -0.34, P = 0.13, respectively, data not 

shown). Because similar Ab responses were found in both controls and patients and among 

HIV-infected patients regardless of their relative success with CD4+ T cell recovery, we 

were interested in analyzing B cell functioning, including baseline apoptosis, the proportion 

of total lymphocytes and the various subsets, and ki67 expression (Fig. 6A-6D, and data not 

shown). Interestingly, vaccine-mediated frequency of B cell apoptosis was inversely 

correlated with neutralizing titers (r = -0.47, P = 0.04, Fig. 6A) but not with the fold changes 

of neutralizing titers (D14 versus D0, r = -0.22, P = 0.42, data not shown) in controls. 

Moreover, vaccine-mediated frequency of B cell cycling was directly correlated with 

neutralizing titers (r = 0.53, P = 0.05, Fig. 6C) but not with the fold changes of neutralizing 

titers (D14 versus D0, r = -0.17, P = 0.52, data not shown) in controls. These relationships 

between neutralizing titers and B cell function in controls did not hold true in patients (P > 

0.05, Fig. 6B and 6D). Notably, baseline levels of neutralizing titers were inversely 

correlated with the fold changes of neutralizing titers post-vaccination in both controls and 

patients (Fig. 6E and 6F, P < 0.0001). This observation may reflect a plateau effect of 
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vaccine-induced fold changes of Ab responses based on baseline Ab titers. Interestingly, 

baseline plasma bacterial 16S rDNA levels were directly correlated with both baseline and 

D14 neutralizing titers only in patients but not in controls (Fig. 7). As expected [33], there 

was a significant correlation between level of 16S rDNA and CD4+ T cell activation 

(%CD38+ on memory CD4+ T cells, r = 0.45, P = 0.04), but not between plasma level of 

16S rDNA and the percentage of ki67+ B cells (r = 0.27, P = 0.20) in patients. These 

correlations were not demonstrable in controls (data not shown).

In summary, aviremic ART-treated HIV-infected patients had comparable or greater overall 

responses against influenza vaccination, but important differences were observed in terms of 

B cell function and activation states. In T-cell dependent responses to serial annual influenza 

vaccinations, unlike healthy controls, B cell hyperactivation is not consistently correlated 

with the strength of the immunologic response in the setting of treated HIV infection. The 

marker of microbial translocation is directly correlated with the strength of the immunologic 

response in HIV-infected patients but not in controls. Our results suggest that loss of CD4+ 

T cells and baseline B cell dysfunction can be overcome by repeated immunization in those 

ART-treated aviremic HIV-infected subjects.

Discussion

Long- and short-term impairments in Ab responses to some vaccines and Ags have been 

reported in patients with HIV [4,24,37], but the extent to which impairment is observed in 

the setting of HIV suppression with ART is unclear. In the current study, we characterized 

the immune response to influenza vaccine in ART-suppressed HIV-infected subjects relative 

to a cohort of healthy volunteers. To our surprise, we found that HIV-infected patients 

tended to have a similar or even higher quantity and quality of Ag-specific Abs post-

vaccination. The plasma levels of anti-H1N1 neutralization titers were correlated with post-

vaccination frequencies of ki67+ B cells and B cell apoptosis in controls, but not in patients.

Although some studies demonstrated that HIV+ patients have similar or greater responses to 

the influenza vaccine [31,38,39], most reported that these patients have compromised 

responses to this vaccine [5,17-19,22,40], in disagreement with our results. Potential reasons 

for this discrepancy may include differences in patient populations. While impaired 

influenza vaccine responses have been reported in ART-naïve and viremic HIV+ patients, 

our patients were aviremic and ART-treated [5]. In addition, all control and patient 

participants in this study have baseline Ab protection levels above 1:40 (HI titers against 

H1N1 virus, Fig. 4), which is higher compared with other studies [24]. This difference may 

be due to more frequent yearly vaccinations among the HIV+ study participants. Varying 

rates of pre-vaccination protection based on unknown history of past influenza vaccinations 

could be responsible for some of the differences between studies. Our results suggest that 

although B and CD4+ T cells were not fully recovered after ART treatment in patients 

relative to controls (Table 1 and Fig. 1), serologic vaccine Ab responses could overcome cell 

dysfunction and reach normal levels in treated HIV-infected patients. Despite differences in 

the levels of B activation and apoptosis, three different serologic Ab assays (ELISA, HI, and 

neutralization) and one antigen-specific B cell assay (ELISPOT) were performed and 

showed consistent results. Therefore, we believe that serial annual influenza vaccination of 
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aviremic ART-treated patients is immunogenic similar to controls after receiving repeated 

vaccination.

Impaired class switching has been reported in HIV disease [41]. In the current study, we 

found that the vaccine-induced fold change of Ag-specific IgM was higher in patients as 

compared to controls, but this was not true for IgA or IgG (Fig. 2). This suggests a possible 

defect in class switching perhaps as a result of elevated apoptosis and dysfunctional T 

follicular helper cells (data not shown).

The potential mechanisms of greater vaccine responses observed in patients compared with 

controls could be accounted for by several different mechanisms. First, elevated activation 

of innate immunity pre-vaccination could contribute to enhanced humoral immune 

responses. As an example of this principal, TLR9 ligands CpG ODNs are used as vaccine 

adjuvants to enhance Ab responses [42]. Interestingly, in the current study, we found that 

baseline plasma levels of bacterial 16S rDNA were directly correlated with neutralizing 

activity in patients (Fig. 7, P < 0.05) but not in controls (Fig. 7, P > 0.05). As such, this 

provides evidence that increased innate immune activation in patients could help account for 

heightened vaccine responses in patients. Of note, plasma level of bacterial 16S rDNA in 

aviremic and treated patients was lower than those observed in ART-naïve patients [33], and 

heightened microbial translocation has been shown to play a role in B cell dysfunction [43]. 

Whether intermediate levels of plasma microbial products promote B cell responses to 

vaccination in these patients or higher vaccine Ab responses in these patients reflect B cell 

polyrelativities is not known, and the exact mechanism requires further study. Greater 

vaccine responsiveness in HIV-infected patients could relate to plasma cell function. HIV 

protease inhibitors have been shown to activate the unfolded protein response (UPR) and 

enhance function of hepatocytes and macrophages [44-46]. The same mechanism could 

contribute to increased plasma cell function from HIV-infected patients (26.9% patients in 

the current study were having protease inhibitors in their ART treatment). Theoretically, 

increased plasma cell number and decreased CD4+ T regulatory cells (Treg cells) could 

contribute to heightened B cell vaccine responses. However, in the current study this is 

unlikely because ART-treated patients have similar number of Treg cells and plasma cells 

compared with controls (data not shown) [47-49]. In addition, we did not characterize 

potential differences in Treg and plasma cell functionality.

Limitations in the present study include: 1) because the data in the present study was 

obtained from viral-suppressed HIV-infected patients (plasma HIV-RNA < 50 copies/mL), 

therefore the results may not be applicable to all HIV-infected patients; 2) past vaccination 

status of HIV- controls and HIV+ subjects needs to be matched; 3) due to the restriction of a 

small number of participants in this study, further investigation in a large sample size is 

warranted to increase our understanding of the differences in immunological response 

between these two groups.

In summary, we report that aviremic ART-treated HIV-infected patients had similar or 

increased Ab responses to recall influenza vaccinations. This observation was made in the 

setting of elevated levels of B-cell apoptosis, B-cell ki67 expression, and reduced CD4+ T 

cell counts at baseline compared to control subjects. Post-vaccination frequencies of B cell 
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apoptosis and intracellular ki67+ B cells were associated with vaccine responses only in 

controls. Baseline plasma level of microbial translocation was directly correlated with 

vaccine responses only in patients. The correlations between B cell function of cycling and 

apoptosis and vaccine-induced Ab responses in controls but not in patients suggest that the 

recovery of B cell function in patients is not consistent with its Ab production after ART 

treatment, and repeated vaccination can overcome B cell dysfunction in treated HIV-

infected patients. These results provide valuable insights into the characteristics of the 

humoral immune response against an in vivo recall T cell-dependent Ag in HIV-treated 

individuals that contribute to our understanding of vaccination strategies and B cell 

pathogenesis.
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Figure 1. 
Gating strategies for B cells. Blood samples were tested for surface or intracellular staining 

by flow cytometry. PBMCs were tested for annexin V binding. (A) Representative dot plots, 

displaying the gating strategy used to assess the parameters of B cells. Live PBMCs were 

gated based on forward scatter (FSC) and side scatter (SSC). Next, total B cells were gated 

on CD19+ cells. B cell apoptosis and cycling expression were analyzed by percentages of 

annexin V binding and ki67+ B cells. (B) The median frequencies of annexin V binding B 

cells from controls (circles) and patients (stars) on D0 and D7 post-vaccination. (C) The 

median frequencies of ki67+ B cells from controls (circles) and patients (stars) on D0 and 

D7 post-vaccination.
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Figure 2. 
Plasma levels of antigen-specific antibody. Homologous vaccines were used as Ags to coat 

the plates. Plasma samples from controls (circles) and patients (stars) were diluted and 

tested. Median concentrations of vaccine Ag-specific IgG (A), IgM (B), and IgA (C) were 

shown on D0, D7 and D14 by ELISA. (D) Fold changes of Ab levels (D14 versus D0).
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Figure 3. 
Strain-specific neutralizing Ab titers. Serial dilutions of plasma sample were tested for 

neutralizing activity against H1N1 (A), H3N2 (B), and B (C) strains. (D) Fold changes of 

neutralizing titers (D14 versus D0). Illustrated here are the median dilution indices providing 

50% protection (IC50) in controls (circles) and patients (stars).
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Figure 4. 
Ab responses to influenza vaccination by HI assay. Median frequencies of subjects attaining 

different dilutions of titers were shown on D0 and D14. Most participants achieved 

protective titers (≥ 1:40) at baseline. Geometric mean (GMT) Ab titers specific for H1N1 

(B), B (C), and H3N2 (D) stains were determined at D0 and D14 by HI assay in plasma in 

controls and patients.
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Figure 5. 
Cellular responses to influenza vaccination. Ag-specific Ab-secreting cell (ASC) was 

assessed by ELISPOT assay in freshly isolated B cells on D0 and D7. (A) One 

representative participant and the numbers of spot (flu-specific IgG+ ASCs, 0.5 million 

freshly isolated B cells per well) on D0 and D7 from controls and patients. (B) The median 

numbers of ASCs are shown from ELISPOT results.
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Figure 6. 
Correlation analyses between neutralizing titers and B cell function. (A, B) Correlation 

analysis between vaccine-induced anti-H1N1 neutralizing activities and B cell apoptosis. (C, 

D) Correlation analysis between vaccine-induced anti-H1N1 neutralizing activities and B 

cell cycling. (E, F) Correlation analysis between vaccine-induced anti-H1N1 neutralizing 

activities and fold changes of anti-H1N1 neutralizing activities (D14 versus D0).
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Figure 7. 
Correlation analyses between neutralizing titers and baseline level of microbial 

translocation. (A, B) Correlation analysis between vaccine-induced anti-H1N1 neutralizing 

activities and baseline plasma levels of 16S rDNA. (C, D) Correlation analysis between 

baseline anti-H1N1 neutralizing activities and baseline plasma levels of 16S rDNA.
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Table 1
Clinical characteristics and baseline immune parameters

HIV-(n = 16) HIV+/ART treated
(n = 26) P value

Age 38 (33-55) 43 (32-51) 0.87

Sex (male/female) 5/16 (31.3%) 17/26 (65.4%) 0.07

CD4+ T cell counts 771 (544-977) 540 (366-722) 0.03

%annexin V+ CD4 19.0 (13.0-40.0) 30.3 (19.8-38.5) 0.2

%CD38+ mCD4 14.3 (10.1-16.8) 18.4 (11.3-22.9) 0.33

%B cells in PBMC 7.7 (6.2-9.5) 9.3 (6.9-11.3) 0.25

16S rDNA (copie/μL) 5.3 (0-34.7) 18.2 (9.4-25.2) 0.18

Co-infection with HCV 2/26

Infection duration

 2-5 years 5/26

 5-10 years 3/26

 > 10 years 18/26

AIDS-defining events

 HIV associated malignancy 2/26

 Opportunistic infections 4/26

Nadir CD4+ T cell counts 294 (193-458)

NNRTI based therapy 16/26

PI based therapy 10/26

Data are medians (interquartile ranges)

P value: comparisons of P value between controls and patients on D0
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