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Abstract

Background & Aims

Ageing increases risk of respiratory infections angairs the response to influenza
vaccination. Pre- and probiotics offer an oppotyuto modulate anti-viral defenses and the
response to vaccination via alteration of the guraobiota. This study investigated the effect
of a novel probioticBifidobacterium longum bv. infantis CCUG 52486, combined with a
prebiotic, gluco-oligosaccharide, on the B and Tresponse to seasonal influenza
vaccination in young and older subjects .

Methods

In a double-blind, randomized controlled trial, yg8ing (18-35y) and 54 older (60-85y)
subjects were supplemented with the synbiotic fe@ks. At 4 weeks they were
administered with a seasonal influenza vaccinendTcell phenotype and responsiveness to
in vitro re-stimulation with the vaccine were assesseaselne, 4, 6 and 8 weeks.

Results

B and T cell profiles differed markedly between ggand older subjects. Vaccination
increased numbers of memory, lgiemory, IgG memory and total IgGB cells in young
subjects, but failed to do so in older subjects didchot significantly alter T cell subsets.
Seroconversion to the HIN1 subunit in the oldejesttb was associated with higher post-
vaccination numbers of plasma B cells, but seroemign was less consistently associated
with T cell phenotype. B and T cell subsets fronthbmung and older subjects demonstrated
a strong antigen-specific recall challenge, angbalgh not influenced by age, responsiveness
to the recall challenge was associated with sengasion. In older subjects, CMV
seropositivity was associated with a significatdkyer recall response to the vaccine, but the
synbiotic did not affect the responsiveness of B @ells to re-stimulation with influenza

vaccine.
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Conclusions
Antigen-specific B and T cell activation followiranin vitro recall challenge with the
influenza vaccine was influenced by CMV seropogitj\but not by a synbiotic.

Registered under ClinicalTrials.gov Identifier NCT01066377.
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Introduction

Immunosenesence reduces protection against infiscéind leads to poor responses to
vaccination in older individuals [1]; as a resuifluenza is a major cause of mortality in
older adults [2, 3]. Poor vaccine efficacy againfienza in older individuals is not just a
result of impaired antibody production, althougis tmay be a contributing factor. Helper T
cells play a vital role in the generation of vaeespecific antibody production and viral
clearance depends on cytotoxic T cells [4]. In,faetlular immune function may even be
better correlated with vaccine protection thanahgbody response to influenza vaccination
[5]. Repeated antigenic stimulation, activation difterentiation of T cells during ageing
causes progressive loss of CD28 and shrinkageeaidive and early memory cytotoxic T
cell compartments [6, 7], altering both the qugraitd quality of antibodies indirectly [8, 9].
Therefore, understanding the changes that ocdunmoral and cell-mediated immunity with
ageing is critical for developing strategies totpob against infection and maintain or

enhance the response to vaccination.

Previous studies investigating the effects of prtibs on the response to vaccination have
mainly focused on antibody production. While somgl®s have reported a modest effect of
probiotics on the antibody response to vaccinatiadults, trials in older subjects are largely
inconsistent and data are limited [10]. The st&ifidobacterium longum bv. infantis CCUG
52486 was originally isolated from a cohort of vesalthy elderly subjects (independent
life-style, free of chronic disease, and aged dryer over) in Italy as part of the
CROWNALIFE EU FP5 project [11]. It has been demaatsid to have particular ecological
fithess and anti-pathogenic effeatsvitro, and it has immunomodulatory effects which are
strongly influenced by the age of the host [12)tRermore, this strain has been fully

genome sequenced so that genetic traits can palteie related to biological effects. We
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recently reported that although a pre- and prabimmbination failed to reverse a marked
impairment of the antibody response to influenzeciraation in older subjects, it did tend to
improve production of vaccine-specific IgM and IgGyoung subjects, but not older
subjects, suggesting an age-dependent resportse itdervention [13]. However,
immunological characterization revealed that tlieepkubjects randomized to the synbiotic
had a significantly higher number of senescent (@DR57") helper T cells at baseline
compared with those randomized to the placebo. Bfsyhad significantly greater tendency
for seropositivity to cytomegalovirus (CMV) and hiay plasma levels of anti-CMV IgG,
which are associated with replicative senescendecadlls [13]. Moreover, higher numbers
of CD28CD57" helper T cells were associated with failure tmsenvert to the Brisbane
subunit of the vaccine, strongly suggesting thatsihbjects randomized to the synbiotic were
already at a significant disadvantage in termskefy ability to respond to the vaccine

compared with those randomized to the placebo [13].

In this study, we examine the effects of the sytibion antigen-specific B and T cell
activation following arin vitro vaccine recall challenge. This is important beegugvious
studies have focussed almost entirely on antibedganses to vaccination and there is no
information on the effects of pre- or probiotics®mand T cell recall responses to

vaccination.
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Methods

Ethics and trial registration

The study protocol was reviewed and approved byJigersity of Reading Research Ethics
Committee (project number: 10/09) and the Natidtedlth Service (NHS) Research Ethics
Committee for Wales (10/MREOQ09/5). The trial wasiségred with clinicaltrials.gov
(Identifier: NCT01066377) and conducted accordmghe guidelines laid down in the

Declaration of Helsinki.

Participants

Prior to the influenza season of 2010-2011, yodr&335 y) and older (60-85 y) healthy
adults were recruited from the population in armbad Reading (UK) through newspaper
and poster advertisements, email and radio frore 2000 to March 2011. Inclusion criteria
were: a signed consent form, age 18-35 y or 60;&®gy mass index (BMI) 18.5-30 kg/m
good general health, as determined by medical ipmestires and laboratory data from
screening blood and urine sample (fasting glucesghrocyte sedimentation rate, full blood
count, liver function tests, renal profile, dip&tigrinalysis), not pregnant, lactating or
planning a pregnancy. Exclusion criteria includatergy to the influenza vaccine, HIV
infection, diabetes requiring any medication, asil@nd other acquired or congenital
immunodeficiences, any autoimmune disease, inojudimnective tissue diseases,
malignancy, cirrhosis, connective tissue diseag@sent use of immunomodulating
medication (including oral and inhaled steroids)f-seported symptoms of acute or recent
infection (including use of antibiotics within la&tmonths), taking lactulose or any other
treatment for constipation, alcoholism and drugusés Additional exclusion criteria for

older volunteers included: laboratory data whigrewoutside the normal range for this age
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group and outside the ranges specified in the SBRIgrotocol [14], Barthel Index score of
<16/100, cumulative illness rating scale (CIRS)reaaf >15 [15]. Additional exclusion
criteria for the young subjects included laboratdaya which were outside the normal range

and influenza vaccination in the previous 12 months

Sample size

The primary outcome of the trial was the antiboglyponse to vaccination, incorporating
mean antibody titres, vaccine-specific Ig subclass®l seroprotection and seroconversion.
Power calculations were based on mean antiboagtiBince the influenza vaccine is
trivalent, it is unlikely that an intervention walter the response to all three subunits in the
same way. For example, in the study of Davidgta. [16], there was no effect of probiotic
on mean antibody titres in response to the H1INLswbwhereas the responses to both
H3N2 and the B subunit were improved (72 vs 51 [$p] for H3N2 and 31 vs 25 [SD 7.1]
for B subunit). Based on the smaller effect sizettie B subunit, a sample size of 26 subjects
per group within each cohort was determined toufigcgent for a two-tailed significance
level of 5% and a power of 80%; this was adjuste8Q subjects per group to allow for
dropouts. Data on the co-primary endpoints, immiotmgin subclasses, seroprotection and
seroconversion, is very sparse, but a sample §i2é subjects per group within each cohort
was determined to be sufficient for a 376 mg/difedédnce in circulating IgG levels in
response to influenza vaccination, with an SD & A®)/dL, a two-tailed significance level
of 5% and a power of 80% [17]. A total of 62 yowsubjects and 63 older subjects entered
the study and 58 young and 54 older subjects cdetptbe studyHigure 1). Two subjects
experienced adverse effects (gastrointestinal inigatiuring the study, one on the placebo

group and one in the synbiotic group; both withdfesm the study.
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Study design

Subjects consumegifidobacterium longum bv. infantis CCUG 52486 B. longum, 10 CFU

in 1 g skim milk powder / day) combined with gluobgosaccharide (GI-OS (BioEcolians,
Solabia); 8 g/ day)in a double-blind, placebotoalled randomised parallel group study
design for 8 weeks. The synbiotic approach waecsedl becausa vitro data examining the
growth and survival of this strain indicated thawas very vulnerable compared with other
strains, but survived much better in the preseifiea mligosaccharide substrate (data not
shown). When comparing a number of possible sulestréhe low water activity of GI-OS,
combined with its ability to support the growthtb& probiotic strain, made it a clear choice
for a powdered product. This prebiotic also haglbgenic effects in batch culture models
[18]. The placebo used was maltodextrin (9g/dagjhlthe placebo and the pre- and
probiotic were sourced, packaged and blinded byAgio S.A. (Italy). The powders were
consumed sprinkled into water or milk or with brizest cereal. Microbiological safety of the
product was independently verified by LeatherheaddFResearch associates (UK) prior to
commencement of the study and viability of the pybb strain was confirmed on a weekly
basis during the study. During the three weeks poidhe study and during the intervention
itself, subjects were requested not to consumedetad products such as yogurts, kefir etc.
Subjects were randomized by a research nurse valvad in the analysis according to
gender, age and BMI to receive the probiotic oceleo by covariate adaptive randomization.
All investigators were blinded to the treatmenthjoll were identical in appearance and
labeled ‘A’ and ‘B’. A research assistant not inxed in the analysis generated the random
allocation sequence and a research nurse not edvafvthe analysis enrolled participants
and assigned the interventions. After 4 weeks,esiibjwere administered with a single dose
of the influenza vaccine (Ianuv%ub—unitZOlO/ZOll season, Abbott Biologicals BIdf.,

number 1070166) containing A/California/7/2009 (HANA/Perth/16/2009 (H3N2) and the
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B/Brisbane/60/2008- like strain) by intra-muscufgection in the deltoid. Vaccination was
carried out by a research nurse in the presenaegjoélified clinician (MG). Details of the
study schedule and samples collected are detaileidure 2. Compliance was assessed by
counting returned sachets and by copy numbeBs l@ihgum, assessed by gPCR. None of the
subjects in the young cohort had previously reckse@asonal influenza vaccination or swine
flu vaccination. Three subjects in the older colmad received swine flu vaccination, and
forty subjects had previously been vaccinated éaissnal influenza, of whom thirty-seven

had been vaccinated in the 2009/2010 period.

Blood sample processing
For serum, blood was collected into serum sepatatwes and left at room temperature for
30mins to allow coagulation. Samples were cergatiat 1300 x g for 10 min and aliquots

of serum were collected and stored af&frior to analysis.

B cell phenotyping

B cell phenotyping was conducted by multi-paramétv cytometry, using (FITC)-labeled
anti-CD10,Pe-Cy7-labelled anti-IgD,Apc-Cy7-labeleati-CD19, AmCyan-labelled anti-
CD27, phycoerythrin (PE)-labelled anti-CD38, AP®dHded anti-IgA, PerCP-labelled anti-
IgM, and Pacific blue-labelled anti-IgG (BD Bioseas, Oxon, UK). The lymphocyte
population was gated using forward scatter/siddgtescand fluorescence data for 10 000
events within the CDI9population was collected and analysed using Floedfware
©Tree star. Results expressed as absolute nunmbédnsli of blood refer to data from flow
cytometric analysis of samples of whole blood sdin TruCOUNT tubes. Non-specific
staining was determined using mouse IgGlas angeatggative control for PE, APC-Cy7,

AmCyan, PerCP, Pacific blue and APC-labelled amlié® and IgG& as an isotype control
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for FITC and PE-Cy7 -labelled antibodies. ImmatBreells were identified by the presence
of both CD19-APC-Cy7 and CD10-FITC within the lyngayte population. Naive B cells

were identified by the presence of CD19-APC-CY7 &id and the absence of both CD10-
FITC and CD27-AmCyan within the lymphocyte popwatiMemory B cells were identified

by the presence of both CD19-APC-CY7 and CD27-AmCyhe absence of CD10-FITC

and the absence or low expression of CD38-PE witienymphocyte population. Plasma B
cells were identified by the presence of CD19-APCf@nd CD27-AmCyan, the absence of
CD10-FITC and high expression of CD38-PE within lyraphocyte population. Memory B

cells were further classified to subsets dependimgheir antibody expression. An IgD-PE-
Cy7 vs IgM-PerCP plot was used to identify IgyD* (non class switched; NCS) memory B
cells and an IgG-Pacific Blue vs. IgA-APC plot wased to identify IgA and IgG memory

B cells. Total Ig& and I1gG B cells were identified using an IgA-APC vs. Ig@effic Blue

plot.

T cell phenotyping

Peripheral blood mononuclear cells (PBMCx 10°) were stained with the following
fluorochrome-conjugated monoclonal antibodies: (F®r labelled anti-CD3, (AmCyan)
labelled anti-CD4, (APC-Cy7) labelled anti-CD8, (Rk7) labelled anti-CD25, (Pacific
Blue) labelled anti-CD28, (APC) labelled anti-CD5{ITC) labelled anti-CD26, (PE)
labelled anti-CD127 (Becton Dickinson, UK) and a&sed by multiparameter flow
cytometry (FACS Canto Il, BD Biosciences) using BBCSDiva™ software. The
lymphocyte population was gated using forward scédide scatter and fluorescence data
collected for 10,000 events within the CO®pulation. The results are expressed as absolute
numbers in 1ml of blood, using data from flow cy&inc analysis of samples of whole blood

stained in TruCOUNT tubes. Non-specific stainingswdgtermined using mouse IgG1 as an

10
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isotype negative control for PerCP, AmCyan, APC-(BE-Cy7, Pacific Blue, FITC and PE-
labelled antibodies and IgM as an isotype contpPC-labelled antibodies.

Total T cells were identified by the presence of 33®erCP and location within the
lymphocyte population in the FSC/SSC plot. Helped aytotoxic T cells were identified by
the presence of CDAmCyan and CDBAPC-Cy7 respectively within the CD3T cell
population. CD25, CD26, CD28, CD57 and CD127 weseduto identify T cell subsets as

shown inSupplementary Table 1
Re-stimulation of PBMC with the influenza vaccine

PBMC (10 ) were incubated in the presence or absencedfigfluenza vaccine atyg/ml

for 6 days in medium containing RPMI, 10% bovin# sarum and 1% antibiotics in an air-
C0O,(19:1) atmosphere. Cells were then stained withi@gpate antibodies or isotype
controls (as above) and activation of B and T adlsessed using (APC)-labelled anti-CD25.
The lymphocyte population was gated using forwaatter/side scatter and fluorescence
data for 10,000 events within the CD®pulation were collected and analysed using

BD FACSDiva™ software.

Analysis of anti-CMV IgG antibodies

Concentrations of anti-CMV IgG antibodies were gsatl by ELISA according to the
manufacturer’s instructions (ab108724 Anti-Cytomegaus (CMV) IgG Human Elisa Kit,
Abcam, UK) and read in a microplate reader (GEN&t$)50 nm, with 620 nm as a reference
wavelength. CMV seropositivity was defined as aodiplevels >11 AU/ml in accordance

with the manufacturer’s instructions.

Statistical analysis

11
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Data were analysed using SPSS software (versiarD#fg¢rences between groups at
baseline were identified using independetasts where appropriate. For the primary and
continuous secondary endpoints, a Linear Mixed M@dddM) was implemented. A first
order autoregressive covariance structure wastedlé® (1), with fixed factors of time
(repeated measures for 3 timepoints; baseline,eksvand 8 weeks), age and treatment and
subject as a random effect. Since there were matsfbf the synbiotic prior to vaccination
(independent t tests comparing baseline with weethéd decision was taken to use only one
‘baseline’ timepoint in the model, and the weekepoint was consequently not included.
Thus, the factor ‘time’ relates primarily to thdesft of vaccination. Only main effects are
reported as there were no two-way interactions detwthe variables. Following this main
initial analysis, the data were split by cohortugg/older) and the analysis was repeated in
the same manner to determine time and treatmestttefivithin each cohort. The distribution
of the data was checked using the Kolmogorov-Smuitest. If data were not normally
distributed, they were log transformed. Additioagploratory analyses examining
differences between seroconverters and non-seredens (at week 6) and individuals who
were CMV vs CMV" were conducted by independésésts. To account for multiple

primary endpoints, two sidg®lvalues of 0.01 or less were considered statifisagnificant.

All missing data were classed as missing at randiodionly available data were analysed.

12



262 Results

263 Subject characteristics

264 The characteristics of the subjects recruited ¢ostindy are described Bupplementary

265 Table 2 Of the 125 volunteers who started the trial, édéhpleted Figure 1).

266

267 Effect of ageing and vaccination on B and T cell pimotype

268 Older subjects had lower numbers of all classes@fory and plasma B cells than young
269 subjects at baselinelgble 1). When young and older subjects were analysedraieha
270 vaccination (time effect) increased numbers of mgmigA®™ memory, IgG memory, NCS
271 memory and total IgGB cells in young subjects, but not in older sut§gtMM, effect of
272 time in young subject® <0.001,P <0.01,P <0.001,P <0.001 andP <0.001 respectively;
273 Table 1).

274  Older subjects had lower baseline numbers of Chekper, CD28%" cytotoxic, CD26-

275 CD28 cytotoxic T cells and CD28D57 cytotoxic T cells, but higher numbers of CD26
276 helper T cells (Th1) and senescent CIOZ867" helper and cytotoxic T cells than young
277 subjectsTable 2), demonstrating clear evidence of immunosenescertbe older subjects.
278 There was no significant effect of vaccination @jnon T cell subset3 &ble 2).

279

280 B and T cell phenotype influences seroconversion

281 Seroconverters to the HIN1 subunit in the oldeocoad significantly higher post

282 vaccination numbers of plasma B celsgure 3; independent t-test). For the H3N2 and
283  Brisbane subunits, there were trends for assoogtidth IgG memory and total B cells, but
284 these were not statistically significant (data stown).

285 Seroconversion was less consistently associatédweell phenotype. We previously

286 reported that high numbers sénescent (CD28D57") T cells were associated with failure

13



287 to seroconvert to the influenza vaccine [13]. Ferthnalysis of T cell phenotype

288 demonstrated that seroconverters to all 3 subaoaitsined had significantly higher post
289 vaccination numbers of T regB €0.001; combined cohorts, independent t-tesgjure 4),
290 and this was particularly significant for the Biasie strain® < 0.01, combined cohorts,
291 independent-test). Numbers of non-senescent CIB28" cytotoxic T cells 2 weeks post
292 vaccination were also significantly higher in resgers to Brisband?(< 0.001, combined
293 cohorts, independent t-test) (data not shown).

294

295 Effect of the synbiotic on B and T cell phenotype

296 Intervention with the synbiotic did not alter BDicell phenotype in either young or older
297 subjects prior to vaccination (data not shown), @ndhis reason, the Linear Mixed Model
298 analysis was applied to data collected at baseineeeks and 8 weeks only. Following
299 vaccination, numbers of IgGnemory B cells tended to increase in the oldejesiib

300 receiving the synbiotic, but not in those receiving placeboRigure 5). This was not the
301 case in the young subjects, where there was noteffehe symbiotic (data not shown).
302 Numbers of CD2%"total and helper T cells increased more in therddbjects who

303 received the synbiotic than those receiving plagebtM, effect of treatment in the older
304 cohort,P <0.01; data not shown). As reported previouslgeokubjects who were

305 randomized to the synbiotic had a significantlyhgigbaseline number of senescent (CD28
306 CD57) helper T cells and a trend towards higher baselimbers of senescent (CD28
307 CD57) cytotoxic T cells compared with age-matched sttisjgvho were randomized to the
308 placebo, and this was associated with failure tocsvert to the Brisbane subunit of the
309 vaccine [13]. However, there were no other phenotgferences in the B or T cell

310 populations in the randomized groups at baseline.

311

14



312 Responsiveness of B cells fo vitro re-stimulation with flu vaccine prior to vaccination
313 s affected by ageing

314 As expected, vaccination increased B cell respengss tan vitro exposure to the vaccine.
315 This was reflected in the higher proportion of aatied (CD25) cells within the naive,

316 memory and plasma B cell compartments, both ircdmbined and separate cohoifalfle
317  3). Activation of memory B cells (% CD2pin response tmn vitro re-stimulation with the
318 vaccine was greater in young subjects than in adbjects (LMM, effect of age <0.001;
319 Table 3), and there was a similar trend for plasma B ¢@lls0.05).

320 Seroconverters to the H3N2 and Brisbane subunitedstrated greater responsiveness of
321 memory B cells (% CDZ5 toin vitro re-stimulation with the influenza vaccine than fion
322 convertersP < 0.01 and® < 0.01 respectively for combined cohorts, datashatwn).

323 Responsiveness of plasma B cellsrtwitro re-stimulation tended to be greater in

324  seroconverters to Brisbane compared with non-sex@rters P < 0.02 for combined

325 cohorts; data not shown). These differences wetrenaintained when the young and older
326 subjects were analysed separately.

327

328 Responsiveness of T cells ia vitro re-stimulation with flu vaccine

329 As expected, vaccination increased T cell respengigs tan vitro exposure to the vaccine,
330 but there was no significant effect of age. Thig@ased responsiveness was reflected in the
331 higher proportion of activated (CD25cells and of mean fluorescence intensity withia t
332 CD4 and CD8 T cell compartments when young and older subjeete combined (LMM,
333 effect of time, combined cohort8,< 0.001), and within the young cohort (LMM, effext
334 timeP <0.001 at least, young cohoftable 4), but not the older cohort. Although this

335 suggests a greater responsiveness to the vaccineedls from young subjects, there was no

336 significant effect of age according to the LMM. tharmore, unlike B cells, there was no

15
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clear relationship between the responsivenesscadls to re-stimulation with influenza

vaccine and the antibody response to the vacciseroconversion (data not shown).

Influence of CMV status on responsiveness of nai\Bcells and cytotoxic T cells ton
vitro re-stimulation with the influenza vaccine

49% of young and 53% of older subjects were seitpesor CMV, with no significant
difference between age groups. In young subjed®/ Geropositivity had no influence on
responsiveness of either naive B cells or cytotdxiells toin vitro re-stimulation with the
vaccine Figure 6A). However, in older subjects, CMV seropositivitgasvassociated with
significantly lower responsiveness to the vaccinthese subset&igure 6B). Other B and T

cell subsets were not influenced by CMV seropasitiv

Effect of the synbiotic on responsiveness of B arfidcells toin vitro re-stimulation with
influenza vaccine

There were no significant effectstbie synbiotic on the responsiveness of either B celT
cells to re-stimulation with influenza vaccine, ainisuggests that overall, there was no effect

of treatment on antigen recall (data not shown).
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Discussion

Influenza vaccination increased numbers of key IBstdbsets in young subjects, but failed to
do so in older subjects and this had a significapiact on seroconversion. B and T cell
subsets demonstrated a strong response to thermusigcific recall challenge for both young
and older subjects, and although not influencedd®ing, responsiveness to the recall
challenge was associated with seroconversion.deraubjects, CMV seropositivity was
associated with a significantly lower recall resp@to the vaccine. Overall, there was little
evidence of any effect difie synbiotic on the responsiveness of B or T ¢elle-stimulation
with influenza vaccine.

This study confirmed some of the well-documentegtagdated alterations in B and T cell
phenotype, including restricted B cell diversilgduced numbers of memory and plasma B
cells and accumulation of terminally differentiatehescent CD28D57" helper and
cytotoxic T cells. In a previous paper, we demaistt that these age-related alterations in
the T cell profile were related to an impaired landiy response to the Brisbane subunit [13].
In the current study, we demonstrate that the nurmberculating memory B cells following
influenza vaccination increased to a significagtigater degree in the young subjects
compared with the older subjects. This was comreélatith the magnitude of the serological
antibody response, which provides novel insighi thie impact of ageing on the relationship
between expanding B cell subsets and seroconveidiowing influenza vaccination [19].
Class-switching of memory and plasma B cells to'lgAd 1gG cells declines during ageing,
resulting in a weaker humoral immune response laapéired protection against pathogens
[20]. The current study demonstrated that numbeisotype class-switched memory and
total IgA" and 1gG B cells were significantly lower in the older setiis compared with the
young subjects at baseline. Nevertheless, oldgestsbwvho seroconverted to H3N2 had

greater numbers of IgAand IgG memory and total Ig@3 cells prior to vaccination.
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381 Similarly, seroconverters to the Brisbane subuait reater numbers of total I§8 cells
382 prior to vaccination. This is consistent with thggestion of an association between the
383 proportion of circulating class-switched B cellsoptto influenza vaccination and the
384 antibody response after vaccination [21].

385

386 In the current study, although seroconversion was tonsistently associated with T cell
387 phenotype, high levels of CD2&h1 memory cells prior to vaccination were relai@dn
388 impaired antibody response to Brisbane, in additiotne CD28CD57" senescent T cells
389 reported in our previous paper [13]. There wasareiase in CDLD25"" T cells and

390 Tregs following vaccination in young subjects, whis consistent with a previous study

391 [22]. Seroconverters to all 3 subunits combined s$igdificantly higher post vaccination

392 numbers of T regs, and this was particularly sigaiit for the Brisbane strain. The role of
393 Tregs in humoral immunity and the antibody respdnseccination is unclear, although

394 some studies report an inverse relationship betwWeegs and the antibody response to

395 vaccination [23]. It has been suggested that iserein CDACD25"" T cells and Tregs after
396 influenza vaccination increase levels of IL-10 anel negatively correlated with TG¥-

397 which results in suppression of the antibody respd@2].

398

399 Invitro re-stimulation of B cells with the influenza vameiresults in induction of CD25 [24].
400 Morphologically, CD25 B cells are larger in size and more granulated @B25 B cells,
401 they demonstrate greater expression of the IL-8pter and of the co-stimulatory molecules,
402 CD80 and CD27, and have higher frequency and deasiéxpression of IgA and IgG, but
403 lower expression of MHC class Il [25]. FunctiogalCD25 B cells have lower production

404 of Ig than CD25B cells, even though they have greater surfaceessn of Ig [25]. Despite

405 lower expression of MHC class Il, CD2B cells have greater antigen presentation activity
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than CD25 B cells, perhaps due to greater expression of Ca&x&d CD27. The greater
antigen presentation activity contributes to greatevitro stimulation of T helper cell
proliferation compared to CD238 cells. Antibody neutralization of CD25 removésst
effect, demonstrating the importance of this sw@fawnolecule in B cell activation and
function [25]. Vaccination increased the responsess of B cells to an antigen-specific
recall challenge with the vaccine, evidenced byiramease in the percentage of CD25
memory and plasma B cells, reflecting a strong iséary response of B cells to the vaccine.
The responsiveness of B cells from young subjexcis vitro re-stimulation with the vaccine
was significantly greater than that of older sutgedMemory and plasma B cells from
seroconverters were more responsiveirtovitro stimulation with the vaccine than non-
converters, both before and after vaccination,dibrthree subunits combined and for the
H3N2 and Brisbane subunits, but not for HIN1. Femtmore, impaired responsiveness in
older subjects was associated with low antibodylpction in response to vaccination, which
suggests thaiin vitro responsiveness of B cells to the influenza vacaray be a useful
functional marker of the immune response to vadimnaVaccination also resulted in greater
T cell responsiveness to an antigen-specific redadlllenge, but unlike B cells, there was
little or no influence of age. Furthermore, theraswno clear relationship between the
responsiveness of T cells to antigen recall andathibody response to the vaccine or
seroconversion. Interestingly, CMV seropositivitasvassociated with significantly lower
responsiveness to the vaccine in older subjectg tmk is relevant because latent infection
with CMV has been demonstrated to result in a pesponse to infection and vaccination
[26].

We previously demonstrated that intervention withnavel synbiotic,B. longum + GI-OS
failed to reverse the impairment in the antibodspmnse to influenza vaccination in older

subjects. However, further immunological charactdion revealed a greater degree of
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immunosenescence at baseline in older subjectomairdd to the synbiotic, which could
have explained the particularly poor response eSéhsubjects to the vaccination. This
highlighted the fact that interpretation of intemtiens examining the response to vaccination
in older people may be highly dependent on thesebiae immunological phenotype. In the
current study, intervention with the synbiotic didt alter B or T cell phenotype in either
young or older subjects prior to vaccination, boiloiwving vaccination, numbers of IgG
memory B cells tended to increase more in the odtdajects receiving the synbiotic than
those receiving the placebo and numbers of ¢826tal and helper T cells increased more
in the older subjects who received the synbiotignthhose receiving placebo. Thus, the
greater degree of immunosenescence in the synlgadigp at baseline appears to have had
little impact on numbers of memory B cells and kelp cells following vaccination. Overall,
there were no other phenotypic difference in then T cell populations. There was also no
effect of the synbiotic on the antigen-specificalechallenge, but this may well be due to the
greater degree of immunosenescence in the oldgectsbrandomized to the synbiotic
masking any beneficial effects. Beneficial effeofsprobiotics on immune function have
been reported in some, but not all, human studi€$ 4nd some studies report decreased
incidence of and/or duration of flu by probioticftea influenza vaccination [17, 28].
However, intervention studies evaluating the impHgatrobiotics on the immune response to
vaccination are limited and report inconsistenuitssregarding vaccine-specific antibody
production, with the majority being conducted irulsl and only a few in elderly subjects
[10]. Most of these studies simply report antibddges, with no further immunological
exploration [10]. This paper demonstrates that espaf the humoral response to vaccination

are markedly influenced by ageing, but resistamamipulation by pre- and probiotics.

Conclusion
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In conclusion, while vaccination altered the B dnckll profile differentially in young and
older subjects, antigen-specific B and T cell atton following anin vitro recall challenge

with the influenza vaccine was not altered by &bgytic in either young or older subjects.
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Figure legends

Figure 1 Recruitment flow diagram. Reproduced from [29], published by Biomed Central.

Figure 2 Study protocol.Reproduced from [29], published by Biomed Central.

Figure 3 Higher numbers of circulating plasma B cdé are associated with
seroconversion to HINL1 in the older cohortData are mean + SE for n=58 young and n=54
older subjectst significantly different from non-seroconverterghin the same age group (

< 0.01, independertitest).

Figure 4 Higher numbers of regulatory T cells are asociated with seroconversion to all
subunits combined in the combined cohortData are mean = SE for n=58 young and n=54
older subjectstDenotes significantly different from non-serocorees within the same age

group P < 0.01, independemitest).

Figure 5 Effects of vaccination and synbiotic on nubers of IgG" memory and 1gG"
total B cells in older subjectsData are mean + SE for n=54 older subjects. Numifers
IgG" memory and IgGtotal B cells tended to increase in the olderattisjreceiving the
synbiotic @), but not in those receiving the placebd (LMM, effect of treatment, older

cohort,P =0.068 and® =0.09 respectively).

Figure 6 Effect of CMV seropositivity on responsiveness of Bnd T cells to in vitro re-
stimulation with the influenza vaccine. Data are mean + SE for n=45 young (A) and n=44
older (B) subjectstDenotes significantly different from CM\subjectsP<0.01,

independent-test).
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Table 1 Effects of vaccination and treatment with synbiotic on the B cell profile in young and older subjects. Data are mean + SE for n=58 young and
n=54 older subjects and were analysed using a t Meaed Model (LMM) with fixed factors of time (reyated measures), age and treatment. There was no
significant effect of treatment for either coh8ienotes a significant main effect of ag(.01 at least) andlenotes a significant main effect of time
(P<0.01 at least) for the combined cohorts. Whereffext of time was examined separately in the yoamd)older cohorts, there were significant effefts

vaccination on numbers of memory, [gmemory, IgG memory, NCS memory and total I§® cells in the young subjects only; there weresigmificant

effects in the older subjects (LMM, effect of tinmeyoung subject® <0.001,P <0.01,P <0.001,P <0.001 and® <0.001 respectively). *Denotes

significantly different from young subjects withime same timepoint and treatment group<.01 and ** denotes significantly different frorayng

subjects within the same timepoint and treatmemtjgatP<0.001 (post-hoc t-tests with Bonferroni correclion

Absolute number x 1000/ml blood

Immature Naive Memory IgA* memory | IgG* memory | NCS memory Plasma Total IgA+ Total IgG*+
t at at at at a a at
Young
(n=58)
Placebo Baseline 74+1.2 152.1 +14.3 76.0+6.8 15.2+1.9 12.4+2.1 48.4 4.2 34+04 22.5+24 18.9+2.8
6 weeks 74+0.8 155.4+£11.9 959+9.4 19.0 £ 2.3 16.6 +3.3 60.3+59 4.6+1.1 27729 249 +4.6
8 weeks 7514 155.6 £15.0 85.7£8.1 159+1.8 14325 55.5£5.5 29+04 22922 21.4+3.3
Synbiotic | Baseline 7.0+0.7 131.3+8.7 62.8+5.3 13.6 £1.9 11.2+2.2 38.0+3.0 55£1.0 22.4+2.6 18.7 £3.2
6 weeks 6.7 £0.7 138.4 £ 10.0 739%7.6 14.3+2.0 13.0+2.9 46.6 £5.1 54+1.6 22431 20.6+3.9
8 weeks 6.5+0.7 133.0£10.7 67.8+5.9 13.7£2.0 11.0+2.0 43.1+£3.6 4.8+0.9 21328 17.7 £2.7
Older
(n=54)
Placebo Baseline 7.8+0.9 122.3+£10.3 53.5+£5.0 9.5+1.0 57 +1.3* 383+3.7 2.6+0.6 14.4 + 1.4* 9.6 +1.7*
6 weeks 7.8+1.0 122.4+£9.8 54.3 £ 4.9** 10.2 + 1.2* 4.9 +0.6* 39.1+3.8* 22+04 15.2 + 1.8** 8.7 + 1.0*
8 weeks 6.6 £ 0.7 112.6 £ 11.0 48.6 + 4.1** 9.2+ 0.8* 4.3 +0.5%* 35.1 +3.3* 1.9+0.3 13.6 + 1.2** 8.1+ 0.9**
Synbiotic | Baseline 75+13 132.5+17.0 54.5+5.5 10.5+1.4 6.5+0.9 37.5+44 2.6+0.5 15.5+1.9 11314
6 weeks 79+15 132.8+13.4 579+6.1 109+1.5 74+1.1 39.6+4.7 23+0.3 16.2+2.1 12.1+1.8
8 weeks 85+1.3 131.6 £16.8 569 +7.6 9.8+15 7.7+13 39.4+£6.5 2.1+0.3* 14.8+ 24 12921




Table 2 Effects of vaccination and treatment with synbiotic on the T cdll profile in young and older subjects. Data are mean + SE for n=58 young and
n=54 older subjects and were analysed using a tMeaed Model (LMM) with fixed factors of time (regated measures), age and treatment. There were no
significant effects of either time or treatment éther cohort® Denotes a significant main effect of ag<(.01 at least). *Denotes significantly different

from young subjects within the same timepoint ardtiment group @&<0.01 and ** denotes significantly different froroyng subjects within the same
timepoint and treatment groupR&0.001 (post-hoc t-tests with Bonferroni correction

Absolute number x 1000/ml blood

CD26* helper | CD26 helper CD26"%" CD26™ CD26CD28" | ~oecpog | CP28CD57° | CD28CD57
a a cytogoxm cytogoxm cytogoxm cytotoxic cytogoxm cytogoxm
Young
(n=58)
Placebo Baseline 308 + 29 410+ 20 28+3 103 +10 225+21 103+ 11 65+9 47 +5
6 weeks 332+ 30 454 + 24 304 124 £ 16 248 + 23 112 +10 618 54 +4
8 weeks 322 + 26 433 £ 25 273 102+9 240+ 24 110+ 12 699 54+6
Synbiotic | Baseline 341 £ 30 445 + 36 30+4 111 +£10 23321 118 £ 11 73+10 55+6
6 weeks 372+31 467 + 32 305 110+ 11 224 +18 120+ 14 79 +14 515
8 weeks 316 + 30 394 +31 25+4 104 +9 208 + 17 121 +13 78 +£12 535
Older
(n=54)
Placebo Baseline 435 + 33* 339+24 15 £ 2% 77+7 108 + 15** 13626 120 + 24 25 + 3**
6 weeks 388 + 33 315 + 26** 13 + 2** 75+8 105 + 15* 13423 117 £ 22 23 + 3**
8 weeks 415+ 35 316 + 26* 14 + 2* 74+8 94 + 13** 142 82 127 + 26 23 £ 4**
Synbiotic | Baseline 408 = 35 369 + 35 14 + 2* 84 +12 112 + 15* 213% 181 + 32* 41 +9
6 weeks 446 + 33 386 + 29 14 + 3* 85+ 15 99 + 10** 1946 4 169 + 39 35+10*
8 weeks 412 + 34 361 +31 14 .+ 4* 89 +13 112 £ 17* 218% 186 = 30* 45+ 10




Table 3 Responsiveness of B cellstoin vitro re-stimulation with flu vaccine. Data are mean + SE for n=58 young and n=54 oldgests and were
analysed using a Linear Mixed Model (LMM) with fokéactors of time (repeated measures), age antinteed There was no significant effect of treatment
for either cohort? Denotes a significant main effect of agx(.01 at least) arfdienotes a significant main effect of tini&<(.01 at least) for the combined
cohorts. When the effect of time was examined sdpbrin the young and older cohorts, there weggificant effects of vaccination in all B cell seis
(P<0.01 at least). Activation of memory B cells (% Z) in response tin vitro re-stimulation with the vaccine was greater inrygsubjects than in older
subjects (LMM, effect of agd <0.001). *Denotes significantly different fromwmg subjects within the same timepoint and treatrgeup atP<0.01 and

" denotes significantly different from baseline witthe same age and treatment group<dt.01 (post-hoc t-tests with Bonferroni correction)

CD25 (%) CD25 (%) CD25 (%) CD25 MFI CD25 MFI CD25 MFI
Naive Memory Plasma Naive Memory Plasma
t at t at t t
Young
(n=58)
Placebo Baseline 6.5+0.7 155+1.6 144 +2.2 171+£21 363 +83 1375 + 347
6 weeks 9.5+£1.0 22523 16.3+2.2 219+ 24 550 +111 1618 + 499
8 weeks 9.8+1.2 23.6 £2.2 17.0+1.8 23126 484 +90 1704 + 490
Synbiotic | Baseline 8.0+0.8 142 +1.6 125+14 204 21 160 *+ 56 1554 + 347
6 weeks 12.0 £ 1.0" 22.6+19" 20.5+24 299 + 26 405+70 2339 +678
8 weeks 10.0 £ 0.9 18.2+19 18.3+29 212+ 24 26171 1447 + 748
Older
(n=54)
Placebo Baseline 94+1.8 89+25 50+1.9* 502 +129 674 +338 637 + 664
6 weeks 12.7+19 13.2 £ 2.5* 12.7+2.8 629 + 137 1401 £ 672 3319 £ 965
8 weeks 13.9+2.2 14.0 + 2.8* 18.3 3.3 665 + 152 1377 £ 560 2953 £1015
Synbiotic | Baseline 6.1+0.9 6.8+2.6 7.1+4.5 235+50 126 *280 907 + 367
6 weeks 8.8+1.2 11.6 + 2.3* 13.6+3.5 315+61 708 + 228 2083 + 760
8 weeks 9.2+1.2 13.5+2.2 13.1+4.0 275+ 41 721 +157 1965 + 483




Table 4 Responsiveness of T cellstoin vitro re-stimulation with flu vaccine. Data are mean + SE for n=58 young and n=54 oldgests and were
analysed using a Linear Mixed Model (LMM) with fokéactors of time (repeated measures), age antinteed There was no significant effect of eithee ag
or treatment for either cohotDenotes a significant main effect of tinfe<Q.01 at least) for the combined cohorts. Whereffect of time was examined

separately in the young cohort, there were sigmifieffects of vaccination in all T cell subsd?s@.01 at least), but this was not the case in kthero

cohort.
CD25 (%) CD25 (%) CD25 (%) CD25 MFI CD25 MFI CD25 MFI
Total T cells CD4+ T cells CD8* T cells Total T cells CD4+ T cells CD8* T cells
t t t t t t
Young
(n=58)
Placebo Baseline 9.3+£0.6 9.2+0.6 6.9+0.6 329 +35 389 +43 99 +19
6 weeks 11.8+ 1.0 11.2+0.9 9.6 +1.0 392 + 57 447 + 63 171+ 23
8 weeks 12.2+1.3 11.3+1.2 10.6 £ 1.5 386 + 58 420 £ 67 186 + 27
Synbiotic Baseline 10.1+£0.6 9.5+0.5 8.6 £0.7 332 +44 353 +38 154 £ 30
6 weeks 14.0 £ 0.9 129+0.9 12.6 + 0.8 476 + 58 533 + 64 225+ 28
8 weeks 11.3+£0.8 11.1+£1.0 9.8+0.7 379 £ 54 427 + 55 159 £ 22
Older
(n=54)
Placebo Baseline 8.6+1.3 7.2+1.6 11.7+2.3 397 +77 307 £ 136 621 +£210
6 weeks 12.6 £1.8 11.0+£19 139+ 2.2 725+ 129 537 £ 130 852 + 254
8 weeks 13.0+1.9 11.7+£2.1 14.1+24 710 £ 156 577 £ 188 782 + 244
Synbiotic Baseline 79+15 79+1.6 7.2+19 324 + 104 427 + 180 267 £ 113
6 weeks 10.4 £ 2.0 106 £2.2 85+2.1 483 £ 98 621+174 252 +91
8 weeks 119+ 2.4 120+ 2.6 10.6 + 2.6 527 +121 798 + 286 30177




Figurel Recruitment flow diagram
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Figure2 Study protocol
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