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Abstract

BACKGROUND: PCV13 (conjugated polysaccharide) and PPSV23 (polysaccharide only) are 

two licensed vaccines targeting S. pneumoniae. The role of CD4 T-cell responses in pneumococcal 

vaccines among healthy participants and their impact on antibodies is not yet known.

METHODS: Ten adults (5 old and 5 young) received PCV13 (prime) and a year later PPSV23 

(boost). Blood samples were collected prior to and multiple time points after vaccination. CD4 T 

cells responding to CRM197, polysaccharide (PS), CRM197 conjugated polysaccharide (CPS), 

PCV13 and PPSV23 vaccines were measured by flow cytometry. Serum antibodies were analyzed 

via multiplex opsonophagocytosis (MOPA) and pneumococcal IgG assays.

RESULTS: Vaccine-specific CD4 T cells were induced in all ten vaccinees post PCV13. Older 

vaccinees mounted higher peak responses and those specific for PCV13 and conjugated PS-1 were 

more polyfunctional compared to the younger group. Vaccine-elicited peripheral T follicular 

helper (Tfh) cells were only detected in the younger group who also exhibited a higher fold change 
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in OPA titers post both vaccines. Importantly, Tfh cells following PCV13 correlated only with 

PCV13 serotype specific OPA titers after PPSV23 vaccination.

CONCLUSIONS: These findings demonstrate age related differences in immune response and 

the potential importance of Tfh in modulating functional antibody responses following 

pneumococcal vaccination.
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INTRODUCTION

Streptococcus pneumoniae is a major human pathogen that causes invasive pneumococcal 

disease (bacteremia and meningitis) as well as non-invasive infections such as pneumonia 

and otitis [1]. Immunocompromised and individuals at both extremes of age (infants/older 

adults) are especially vulnerable and currently two approved inactivated vaccines are 

routinely used [2–5] to prevent infection. Capsular polysaccharides are one of the major 

virulence factors and antibodies elicited against it are protective against infection with S. 
pneumoniae. However, T-cell independent or polysaccharide (PS) alone based vaccines [6, 

7] are not immunogenic in infants/very young children and generate poor immunological 

memory despite repeated vaccinations. Tetanus or diphtheria toxoids are commonly used as 

carrier protein to make T cell dependent PS specific IgG production, promote isotype 

switching, induce T cell activation, and aid in the generation of long lived T and B cell 

immune memory [8]. Conjugated vaccines targeting extracellular polysaccharides from 

encapsulated pathogenic bacteria such as S. pneumoniae, N. meningitides and H. influenzae 
have been successful in preventing infections by these virulent pathogens in children [9–11].

Pneumovax®23 (PPSV23) is a 23 valent polysaccharide only based vaccine and is 

considered to be a T cell independent vaccine, as HLA-II is not considered capable of 

presenting glycan moieties. In order to recruit CD4 T cell responses, PCV13 was engineered 

with 13 different pneumococcal-specific polysaccharides (PS) that are independently 

covalently coupled to a carrier protein (diphtheria CRM197). Although both vaccines induce 

humoral immunity, PCV13 has been shown to elicit a higher magnitude antibody response 

[4]. A prevailing paradigm is that PCV13 stimulates a robust T cell response that aids in the 

maturation and development of memory B cell responses. Current advisory committee on 

immunization practices (ACIP) guidelines of the CDC recommend that PCV13 to be given 

to all individuals aged ≥ 65 yrs., followed by PPSV23 one year later [2]. Both vaccines are 

associated with fewer hospitalizations and while PCV13 has been shown to reduce the rate 

of vaccine-type pneumococcal pneumonia among older adults, their efficacy and 

maintenance of adaptive immunity in the aged is considered suboptimal [12, 13].

Opsonophagocytosis assays (OPA) measure serum antibodies’ ability to kill bacteria. 

Emerging consensus indicates that an ability to induce antibodies with opsonophagocytic 

activity (OPA) is a better indicator of pneumococcal vaccine efficacy in adults as compared 

to quantity of pneumococcal IgG antibodies [14, 15, 16 ]; yet how the CD4 T cell immune 
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responses impact the generation of functional pneumococcal antibodies is not known. As 

such, it is assumed that PCV13 recruits help from CD4 T cells in the production of 

antibodies [17]. While a number of studies have evaluated pneumococcal-specific CD4 T 

cells induced by immunizing mice [18, 19], only one vaccination study has been performed 

in humans and the study subjects were infected with HIV [20]. Thus, the properties of T 

cells induced by both of these pneumococcal vaccines and their association with antibody 

responses are unclear.

In an attempt to determine the functionality of pneumococcal-specific CD4 T cells elicited 

by PCV13 prime and PPSV23 boost vaccinations administered to healthy adults (young vs. 

older adults) the following were investigated: a) kinetics and functional profile, as assessed 

by production of cytokines/effector molecules, of CD4 T cell responses; and b) examination 

of the relationship between the functionality of specific CD4 T cells in the blood and the 

levels of pneumococcal antibodies in the serum (based on measurement of quantitative 

pneumococcal IgG and functional pneumococcal activity by OPA).

MATERIALS AND METHODS

Cohort and study design:

Ten healthy study participants, five aged 63–68 (older group) and five aged 24–27 years 

(younger group), received Prevnar-13 (PCV13) vaccine at the Alabama Vaccine Research 

Center at the University of Alabama at Birmingham (UAB), Table 1. Under an IRB 

approved study (X160205002), we obtained peripheral blood at baseline (prior to 

vaccination, d0) and following PCV13 vaccination (days 7, 14, and 28). Three individuals in 

each group remained in the follow up study and received PPSV23 boost at d360 and blood 

collection repeated, Figure 1. PBMC and serum were processed from blood drawn in ACD 

and SST tubes respectively and cryopreserved for use in immune assays.

Antigens:

Antigens used for PBMC stimulation were: CRM197; PS-serotypes 1, 6A and 11A; 

conjugated PS-serotype 1, 6A, and 11A; PCV13 vaccine; and PPSV23 vaccine. Serotype 1 

is a zwitterionic polysaccharide whereas polysaccharides 6A and 11A are non-zwitterionic 

and unique to PCV13 and PPSV23, respectively. Pfizer provided all reagents except the two 

vaccines used as immunogens.

Flow cytometry based assays:

Multiparametric flow cytometry was used to evaluate vaccine-specific CD4 T cell responses 

as follows.

a) In-vitro CFSE based proliferation assay: Using PBMC in a 5d assay, we 

measured the ability of proliferating CD4 T cells to upregulate expression of CD40L 

(CD154), IFN-γ, IL-2, IL-4 and granzyme B. Cryopreserved PBMC were thawed, labeled 

with CFSE (ThermoFisher), stimulated with PCV13 (2.5μg/ml), PPSV23 (5μg/ml), PS-1 

(5μg/ml), PS-6A (5μg/ml), PS-11A (5μg/ml), conjugated PS-1 (5μg/ml), conjugated PS-6A 

(5μg/ml), conjugated PS-11A (5μg/ml), CRM197 (5μg/ml), or SEB (1μg/ml, Toxin 
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Technology) and cultured at 37°C, 5% CO2. Antigen concentration used was based on prior 

studies [20, 21] and titration experiments performed in our lab. On d5, cells were 

restimulated for 12 hrs with antigen, anti-CD28, CD49d, and CD154 APC antibodies (BD 

Biosciences). After 1h, Golgi stop was added. Cells were stained with LIVE/DEAD fixable 

blue dye (ThermoFisher), washed, and surface stained with: CD3-APC eFluor 780 

(ThermoFisher), CD14-PercpCy5.5, CD19-PercpCy5.5, CD4-V500 (all BD Biosciences). 

Cells were then washed, permeabilized with Cytofix/Cytoperm and stained intracellularly 

with Granzyme B-V450, IL2-PECy7, IL4-PE, and IFNγ- Alexa Fluor 700 (all BD 

Biosciences). Cells were fixed (4% paraformaldehyde), data collected on an LSRII flow 

cytometer (BD Biosciences) and analyzed using FlowJo software (version 9.7.6, Tree Star 

Inc.).

Polyfunctionality refers to the ability of antigen specific T cells to produce multiple effector 

molecules at the same time. A polyfunctionality index (PI) was used as a readout measure to 

determine CD4 T cell polyfunctionality and its variation between the two groups. This index 

is summed as a single number and allows statistical tests to be performed on multifunctional 

measures [22].

b) Ex-vivo based assay for measuring total antigen specific CD4 T cell 
responses using an activation induced marker (AIM) phenotype: Antigen 

specific responses were analyzed ex-vivo by measuring the co-expression of the activation 

markers CD25/OX40 and CD25/PDL1 [23, 24] and T-follicular helper cell (Tfh) markers on 

CD4 T cells (CXCR5+PD1+). Cryopreserved PBMC from d0, 7, and 14 post PCV13 

vaccination were thawed and stimulated with PCV13 (2.5μg/ml) or SEB (1μg/ml) in the 

absence of Golgi-inhibitors for 18–24hrs. Cells were stained with LIVE/DEAD fixable blue 

dye as above and surface stained with CD4-Qdot655 (ThermoFisher), CD3-APC eFluor 780 

(ThermoFisher), OX40-PECy7 (Biolegend), CD8-AlexaFluor 700, CD14-AlexaFluor 700, 

CD19-AlexaFluor 700, CD45RA-450, CCR7-PercpCy5.5, CD25-FITC, PDL1-PE, CXCR5-

Brilliant Violet 510, and PD1-APC (all BD Biosciences). Cells were fixed and analyzed on 

an LSRII as described above.

Antibody analysis:

Two different assays were utilized to determine pneumococcal antibody responses in serum 

at baseline (d0) and post prime and boost vaccinations.

a) Multiplex Opsonophagocytic assay (MOPA): Serum from days 0 and 28 (post 

PCV13) and days 360 and 388 (days 0 and 28 post PPSV23), Figure 1 were analyzed in 

multiplex opsonophagocytosis assays (MOPAs). This assay was performed in the 

Pneumococcal Serology Reference Laboratory for the World Health Organization headed by 

Dr. Moon Nahm [25] following the protocol available at https://www.vaccine.uab.edu. 

Opsonization index (OI) titers are defined as the reciprocal of the interpolated dilution of 

serum that kills 50% of bacteria.

b) Multiplex bead array assay for pneumococcal IgG antibodies: Pneumococcal 

IgG antibodies (ug/ml) at days 0 and 28 post each vaccine as described above were 
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measured by ARUP Laboratories (Salt Lake City, UT) using their commercially available 

23-serotype multiplex pneumococcal antibody assay.

Statistical analyses:

Statistical analyses were performed using Prism software (v 7, GraphPad). Data were 

compared between groups using nonparametric, two-tailed Mann-Whitney U test, and within 

groups using nonparametric, two-tailed Wilcoxon Signed Rank Test. Associations between 

variables were determined by using the nonparametric Spearman Rank correlation test. 

Longitudinal data were compared by calculating Area under the Curve. Proportions of 

nominal variables were compared using Fisher’s exact test.

RESULTS

a) Younger individuals have higher OPA antibody titers following vaccinations.

Serotype specific antibodies were measured in both a MOPA (Figure 2A, B) and a multiplex 

bead array assay (Figure 2C, D) using pre/post PCV13 vaccine samples (days 0 and 28, 

respectively) and pre/post PPSV23 boost samples (days 360 and 388, respectively). 

Irrespective of age, significant increase in functional OPA titers was observed following both 

PCV13 prime and PPSV23 boost although younger individuals boosted higher than older 

ones post prime vaccination (Figure 2A). Following PPSV23 boost, OPA titers to serotypes 

present in PCV13 were boosted in both groups, but to a higher degree in younger individuals 

(p=0.02). At the time of boost, OPA titers to PPSV23 exclusive serotypes were significantly 

higher in younger adults (p=0.01), and were boosted to higher levels post vaccination 

(p<0.0001, Figure 1B). Pneumococcal IgG levels also were increased after each vaccine 

irrespective of age (Figure 2C and D), however, antibody levels were lower in the younger 

group even before receiving their first vaccine and, while boosted over baseline, remained 

lower compared to the older group following PCV13 (Figure 2C). Each serotype specific 

antibody response at pre and post each vaccine is shown in Supplementary Figure 1.

b) Younger individuals mount lower magnitude and less polyfunctional CD4 T cell 
responses following PCV13 vaccine.

Following PCV13 vaccination, proliferative CD4 T cell responses producing 1 or more 

functions (IFN-γ, IL-2, IL-4 granzyme B and/or CD154) were detected in all ten vaccinees 

to at least one of the six antigens tested in both age groups (Figure 3A–D). These responses 

specific to the PCV13 vaccine, CRM197 carrier protein and conjugated polysaccharide 

(conjugated PS) specific (types 1 and 6A), peaked at day 7, and declined to baseline levels 

by 1-month post vaccination. In the older age group there was a trend for higher conjugated 

PS-1-specific CD4 T cells compared to CRM197 and conjugated PS-6A (p= 0.07, data not 

shown). Prior studies in mice suggested that zwitterionic polysaccharides such as serotype 1 

can directly bind HLA-II molecules and elicit CD4 T cell responses [26, 27]. However, 

vaccine-induced responses to either unconjugated polysaccharides, PS-1 or PS-6A were not 

detected (Supplementary Figure 2).

Antigen specific T cell polyfunctionality has been previously associated with better clinical 

disease outcomes [28, 29]. The polyfunctionality index [22], a statistical method to quantify 
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polyfunctionality, was higher in the older group for both PCV13 and conjugated PS-1-

specific CD4 T cells (p=0.02 and 0.008, Figure 4A and B). A trend for higher 

polyfunctionality index (PI) was seen in the older individuals for conjugated PS-1 specific 

responses compared to conjugated PS-6A (p=0.06, Supplementary Figure 3).

Since the kinetics, magnitude and the peak of the response varied between vaccinees, an area 

under the curve analysis (AUC) at days 0, 7, 14, and 28 following vaccination was 

performed. Similar to the proliferative responses, conjugated PS-1 specific CD4 T cells 

producing IFN-γ, IL-4, and granzyme B were significantly increased in the older compared 

to the younger group. PCV13-specific IL-4 producing CD4 T cells were also higher in the 

older group. Alternatively, CPS-6A specific proliferative CD4 T cells upregulating CD154 

and IFN-γ were decreased in the older group (Supplementary Figure 4).

c) Low magnitude boosting of CD4 T cell responses following PPSV23.

Three of the five individuals in each age group received PPSV23 one-year post PCV13 

vaccine. CD4 T cell responses post PPSV23 are shown in Figure 5 and Supplementary 

Figure 5. Overall, none (older age group) to low (younger age group) CD4 T cell responses 

to PPSV23 were observed. Specifically, two of the three younger vaccinees appeared to 

mount CD4 T cell response to PPSV23 and PS-11A with peak response observed 7 – 14 

days post vaccination (Figure 5A and B, respectively). For other antigens either no response 

was seen (PS-1), the response was higher at baseline and did not boost with PPSV23 

(conjugated PS-11A, PCV13 and CRM197) or low-level boosting was detected (CPS-1; 

Figure 5C, D and Supplementary Figure 5).

d) Peripheral antigen specific T helper follicular (Tfh) cells detected in younger 
individuals.

CD4 Tfh cells play an important role in the maturation of antibody responses [30]. To test 

whether this CD4 T cell subset was induced following vaccination and whether it differed 

based on the age of vaccinees, a previously described technique that utilizes activation 

induced markers (AIM) along with traditional Tfh markers to identify rare antigen specific 

CD4 Tfh cells was utilized. This phenotype was evaluated in response to stimulation with 

PCV13 in four individuals (based on sample availability) from each age group using day 7 

and 14 PBMC samples post PCV13 administration. Representative examples of CD4+ 

CXCR5+ PD1+ peripheral Tfh populations are shown in Figure 6A and B. The cumulative 

antigen specific (AIM+) CD4 Tfh cell data is presented in Figure 6C and illustrates that 

these cells were only observed in the younger group (p=0.03).

e) CD4 Tfh cells post PCV13 vaccine correlate with fold changes in OPA titers.

As Tfh cells have been demonstrated to be essential for optimal antibody responses [31], it 

was anticipated that this subset of T cells may correlate with functional antibody responses. 

Therefore, we evaluated whether any T cell subset(s) correlated with antibody titers 

(functional and/or binding) and if so, whether they were specific to serotype immunogens 

included in the prime (PCV13) or boost (PPSV23) vaccine. A month after PPSV23 

vaccination, the OPA fold change in serotypes only specific for PCV13 significantly 

correlated with peak PCV13 specific Tfh cells generated 7 days after receiving the first 
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vaccine (p=0.02 and R=0.94, Figure 6D). No other CD4 T cell function(s) correlated with 

antibody titers (OPA or pneumococcal IgG levels) (data not shown). As such, these findings 

indicate that the peripheral Tfh phenotype generated after PCV13 vaccine assist in boosting 

the OPA antibody responses directed against PCV13 serotypes.

DISCUSSION

To the best of our knowledge, this is the first human data investigating age related 

differences in the functionality of CD4 T cells and quality of the antibody responses post 

PCV13 vaccination in both younger (24–27 year old) and older individuals (63–68 years 

old). Following PCV13 vaccination, older individuals mounted higher magnitude and 

breadth of CD4 T cell responses. Within these responses, PCV13 and conjugated PS-1 

specific CD4 T cell responses had higher polyfunctionality compared to younger vaccinees. 

In the older age group, vaccine-induced CD4 T cells declined to baseline levels by one-

month post PCV13 administration and were not boosted by PPSV23. Interestingly, none of 

these higher CD4 T cell responses correlated with vaccine induced antibody titers. Overall, 

the younger age vaccinees had consistently higher antibody titers and tended to have a lower 

magnitude of total CD4 T cell responses as measured by multiple functional parameters. The 

notable exception was the induction of peripheral antigen specific CD4 Tfh cells, which 

were detected exclusively in this age group and correlated with vaccine induced PCV13-

specific functional antibodies following PPSV23 boost.

Due to the anticipated low ex vivo frequency of antigen specific cells, we used CFSE based 

5-day proliferation assay coupled with cytokine/effector production to measure CD4 T cell 

responses. In a prior study, which measured HIV-specific memory T cells in the context of 

HIV-infected patients, the percent of antigen specific CFSElow cells correlated well with ex 
vivo baseline CD4 T cell frequency [32]. In addition, a previous study [20] also determined 

CD4 T cells responses using a lymphoproliferative assay (LPA); however, this study was 

conducted in HIV infected adults, the study groups were different (PCV7/PPSV23 i.e. 

combo vs. PPSV23 alone) and the prime/boost were one month apart. The authors of this 

study observed CD4 proliferative responses to CRM197 and these cells produced Th1 

cytokines (IFN-γ and IL-2) as measured in an ELISA at 1 and 6 months post boost 

vaccination.

In light of previous study by Rabian et al [20] that showed that higher Tfh (CD4+CXCR5+) 

frequency at baseline was associated with a better lymphoproliferative response to CRM197, 

we wanted to determine whether these cells also played a role in the response to 

pneumococcal vaccines in healthy individuals. High expression of CXCR5 and PD-1 on 

CD4T cells has been shown to be associated with peripheral memory Tfh cells [33] capable 

of promoting antibody responses and related to the bona fide Tfh in the germinal center. 

[34–37].

We used a sensitive assay to identify the total pool of antigen specific CD4 T cells based on 

dual expression of activation markers such as CD25/OX40 [23, 24, 38] followed by selection 

for Tfh cell phenotype. One of the major findings of our study is that functional antibodies 

to PCV13 serotypes measured a month after boost vaccination correlate with frequency of 
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antigen specific CD4 Tfh cells observed a week after receiving PCV13. Our data may still 

be an underestimation and could be addressed in future studies aimed at evaluating these 

responses in the lymph node biopsies obtained from vaccinated individuals. Interestingly, the 

effect on OPA was largely driven by the Tfh cell responses in the younger vaccinees. In 

older vaccinees, it is possible that Tfh responses peak prior to or later than day 7; however, 

this explanation is not consistent with the lower functional antibodies observed in this group. 

In line with our findings, a prior study in HIV infected adults, showed that fold increase in 

IgG2 antibodies at d28, following PCV13 vaccination, correlated with non-antigen specific 

ICOS expressing Tfh cells at day 7 [39]. Future experiments using coculture of sorted 

antigen specific Tfh cells and B cells will show the direct relevance of the former in 

pneumococcal vaccines.

A subset of polysaccharides such as those derived from Streptococcus pneumonia (type 1), 
Bacteroides fragilis and Staphylococcus aureus (type 5 and 8) have been shown to activate 

CD4 T cells in the presence of antigen presenting cells (APC) due to a zwitterion charge 

motif present within each repeating unit in the PS [40] i.e. zwitterion polysaccharide (ZPS) 

[41]. A prior study in mice showed that T cell receptor usage of CD4 T cells stimulated with 

polysaccharide (PS) or protein alone were different [26]. In S. pneumoniae, a gram-positive 

pathogen with over 90 capsular polysaccharides, non-ZPS are in the majority. Although 

several studies from a single group conducting studies in mice have shown that carbohydrate 

specific CD4 T cells exist [18, 19, 42], no studies in humans have evaluated the elicitation 

and role of polysaccharide specific CD4 T cells. We analyzed a ZPS serotype, PS-1, and two 

non–ZPS serotypes, 6A and 11A, that are specific to PCV13 and PPSV23, respectively. We 

did not observe any significant PS specific CD4 T cells even to the PS-1, which is a ZPS. 

Interestingly, we did observe functional differences in the CD4 T cells targeting carrier 

protein and glycoconjugate as antigens.

While several studies have shown high inter-lab variability in multiplexed pneumococcal 

IgG testing [14, 43, 44], we used the same laboratory for all IgG measurements and utilized 

between-group comparisons. Additionally, the presence of IgG antibodies produced in 

response to vaccine does not indicate their functional ability to kill bacteria [16, 45] and 

adults may develop pneumococcal infections despite high levels of circulating IgG 

antibodies.[46, 47]. In contrast, multiple studies have shown that OPA titers are a much 

better indicator of an effective immune response post infection with S. pneumoniae or in 

those vaccinated against this pathogen [15, 16, 45, 48–50]. While older individuals had 

significantly higher baseline pneumococcal IgG, OPA titers at baseline were same for the 

two age groups and these were boosted by prime vaccination reaching higher levels in the 

younger group, consistent with prior data from our group [16]. Tfh cells may be important in 

the induction of functional opsonophagocytic but not pneumococcal binding antibodies. 

Alternatively, the molecular nature of the anti-PPS antibodies may have changed in the older 

adults, perhaps due to an accumulation of somatic mutations or derivation from different B 

cell subsets.

A significant caveat with respect to our findings is the small number of studied individuals. 

Nevertheless, we were still able to demonstrate significant differences in both antibody and 

T cell immune responses when comparing the two age groups. The main reason we were 
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able to see differences was probably due to the inclusion of a young healthy vaccine group 

where pneumococcal vaccine is not currently recommended. Interestingly, there will be few 

future studies that will allow such comparisons to be performed due to the universal 

application of the PCV13 vaccine in US preschool children since 2010. Hence, there will be 

a limited window in which young unvaccinated adults can be studied.

Understanding T cell activation mechanisms is important in guiding improved new 

generation vaccines for encapsulated bacteria that exploit the polysaccharides in their 

virulence arsenal. The lack of antigen-specific peripheral Tfh cells in older adults is an 

important finding as these immune subsets are known to be key players in optimizing 

antibody responses [30]. Hence future vaccine optimization approaches need to consider 

elicitation and boosting of Tfh for generation of durable antibody responses among the 

elderly population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
An overall schema showing prime (PCV13) pneumococcal vaccination followed a year later 

by a boost (PPSV23) in healthy adults. Only six of the 10 individuals who received PCV13 

also received the boost. The vertical lines show the dates of blood draws for both vaccines 

i.e. PCV13= days 0*, 7, 14 and 28; PPSV23= days 0 (360*), 7 (367), 14 (374) and 28 (388). 

*Baseline or pre-vaccine time point. PBMC and serum were processed and cryopreserved 

for use in immune assays.
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Figure 2. 
Serum antibody levels as measured in MOPA (A and B) and pneumococcal IgG (C and D) 

assays at pre (day 0 and 360) and post vaccination (day 28 and 388) time points for each 

vaccine are shown for young and old vaccinees. Each dot represents data for a single 

serotype. Data is shown for 13 (PCV13 MOPA, panel A), 12 (PCV13 IgG, panel C) and 23 

(12 PCV13 and 11 PPSV23, panels B/D) serotypes specific for each vaccine. Panels A/C 

and B/D show data for 5 and 3 individuals in each age group respectively. Horizontal bars 

represent median value.
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Figure 3. 
PBMC isolated at demonstrated time points (days 0, 7,14 and 28) following PCV13 

vaccination were stimulated for five days and the kinetics of expression of IFN-γ, IL-2, 

IL-4, granzyme-B and/or CD154 by proliferating (CFSElow) CD4 T cells were measured. 

PCV13 (A), CRM197 (B), conjugated PS-1 (C) and conjugated PS-6A (D) were used as 

antigens. Data is shown for five older and five younger vaccinees. Blue= 63–68 years old 

and red= 24–27 years old.
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Figure 4. 
Peak polyfunctionality index observed post PCV13 vaccination in the old and young 

vaccinees (N=five in each group) in response to PCV13 (A) and conjugated PS-1 (B) as 

antigens. Horizontal bar represents median value.
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Figure 5. 
PBMC isolated at various time points following PPSV23 vaccination (days 360, 367, 374 

and 388) were stimulated for five days and the kinetics of expression of IFN-γ, IL-2, IL-4, 

granzyme-B and/or CD154 by proliferating (CFSElow) CD4 T cells were measured. PPSV23 

(A), PS-11A (B), conjugated PS-11A (C) and conjugated PS-1 (D) were used as antigens. 

Data is shown for three each of older and younger vaccinees. These vaccinees had 

previously received PCV13 vaccine a year earlier. Blue= 63–68 years old and red= 24–27 

years old.
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Figure 6. 
Antigen specific CD4 T follicular helper cells at 7 days post PCV13 vaccination in response 

to stimulation with PCV13 as antigen. Activation Induced Marker (AIM) expression 

(CD25+OX40+) was first used to identify antigen specific cells and the frequency of Tfh in 

these were determined using a CCR7+CD45RA-CXCR5+PD-1+ phenotype. Representative 

data in an old (A) and young vaccinee (B) is shown. Media only condition was used as a 

negative control. Cumulative data for four older and five younger vaccinees is shown in 

panel (C). Spearman correlation between fold changes in OPA antibody titers and AIM+Tfh

+ cells specific for PCV 13 antigen is shown in panel (D).
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Table 1.

Demographics of the study cohort.

DONOR AGE (yrs) SEX RACE

PVIR-001 67 male Caucasian

PVIR-002 65 male African-American

PVIR-003 65 female Caucasian

PVIR-004 68 female Caucasian

PVIR-005 63 male Caucasian

PVIR-006 27 female Caucasian

PVIR-007 24 male Mixed

PVIR-008 24 female African-American

PVIR-009 24 female African-American

PVIR-010 26 female Caucasian
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