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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Observational studies have demonstrated that the pneumococcal polysaccharide vaccine
AthefOSdemSiS ) (PPV) is associated with reduced risk of cardiovascular events. This may be mediated through IgM antibodies to
Cardiovascular disease OxLDL, which have previously been associated with cardioprotective effects. The Australian Study for the Pre-

Anti-oxLDL antibodies

. o vention through Immunisation of Cardiovascular Events (AUSPICE) is a double-blind, randomised controlled
Anti-pneumococcal antibodies

Human clinical trial trial (RCT) of PPV in preventing ischaemic events. Participants received PPV or placebo once at baseline and are

Oxidative stress being followed-up for incident fatal and non-fatal myocardial infarction or stroke over 6 years.

Pneumococcal vaccine Methods: A subgroup of participants at one centre (Canberra; n = 1,001) were evaluated at 1 month and 2 years
post immunisation for changes in surrogate markers of atherosclerosis, as pre-specified secondary outcomes:
high-sensitive C-reactive protein (CRP), pulse wave velocity (PWV), and carotid intima-media thickness (CIMT).
In addition, 100 participants were randomly selected in each of the intervention and control groups for mea-
surement of anti-pneumococcal antibodies (IgG, IgG2, IgM) as well as anti-OxLDL antibodies (IgG and IgM to
CuOxLDL, MDA-LDL, and PC-KLH).

Results: Concentrations of anti-pneumococcal IgG and IgG2 increased and remained high at 2 years in the PPV
group compared to the placebo group, while IgM increased and then declined, but remained detectable, at 2
years. There were statistically significant increases in all anti-OxLDL IgM antibodies at 1 month, which were no
longer detectable at 2 years; there was no increase in anti-OXxLDL IgG antibodies. There were no significant
changes in CRP, PWV or CIMT between the treatment groups at the 2-year follow-up.

Conclusions: PPV engenders a long-lasting increase in anti-pneumococcal IgG, and to a lesser extent, IgM titres, as
well as a transient increase in anti-OxLDL IgM antibodies. However, there were no detectable changes in sur-
rogate markers of atherosclerosis at the 2-year follow-up. Long-term, prospective follow-up of clinical outcomes
is continuing to assess if PPV reduces CVD events.

1. Introduction cardiovascular events. Mouse models have demonstrated reductions in
atherosclerotic plaque formation after immunisation with heat killed

Over the last 20 years, evidence has emerged that the pneumococcal Streptococcus pneumoniae [1]. It has been demonstrated that the phos-
polysaccharide vaccine (PPV) may reduce atherosclerosis and related phocholine (PC) moiety present in the capsular polysaccharide cell wall
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of S. pneumoniae is a molecular mimic of the PC headgroup of oxidised
phospholipids found in oxidised low-density lipoprotein (OxLDL) [2].
Indeed, immunisation with PC-KLH (PC coupled to keyhole limpet he-
mocyanin) or direct infusion of anti-PC IgM (T15 antibody) has been
shown to reduce atherosclerosis in mice [2,3]. Epidemiological studies,
although not entirely consistent, have shown that IgG autoantibody ti-
tres to OXLDL are positively associated but IgM titres are inversely
associated with cardiovascular risk [4-14]. Anti-OxLDL antibodies, such
as those to PC that would be boosted by immunisation with PPV appear
to reduce atherosclerosis via multiple different mechanisms including:
blocking the uptake of OxLDL by macrophages thereby reducing the
formation of foam cells, reducing cellular toxicity and apoptosis, and
reducing both localised and systemic inflammation due to oxidised
phospholipids [15-17].

PPV (Pneumovax, Merck Sharpe and Dohme) administration has
been associated with the same anti-OxLDL antibodies in humans [18],
but PCV (protein conjugate vaccine, Prevenar, Pfizer) does not seem to
elicit the same degree of response [19]. Some international observa-
tional studies have provided evidence for an association between PPV
and reduced risk of cardiovascular ischemic events [20,21] while other
studies have not [22,23]. A meta-analysis of these studies found a sta-
tistically significant reduction of 17% for acute coronary syndrome
(ACS) events in those over 65 years of age [24]. However, these obser-
vational studies were heterogeneous in terms of sample population,
exposures measured, and definition of outcomes [24]. Therefore, a
randomised controlled trial is needed to specifically test the effect of the
PPV on atherosclerotic cardiovascular risk.

The Australian Study for the Prevention through Immunisation of
Cardiovascular Events (AUSPICE) is a multi-centre, randomised,
placebo-controlled, double-blind, clinical trial to formally test whether
vaccination with PPV protects against fatal and non-fatal acute coronary
syndromes and ischemic strokes. Cardiovascular outcomes will be ob-
tained over 6 years of follow-up, through health record linkage with
state and national administrative datasets [25].

This paper presents initial, pre-specified, follow-up results from
AUSPICE performed in a sub-group of the national study, including anti-
pneumococcal and anti-OxLDL antibody titre changes over time by
vaccination group and changes in several surrogate markers of cardio-
vascular disease (CVD), including high-sensitivity C-reactive protein
(CRP), pulse wave velocity (PWV), and carotid intima-media thickness
(CIMT). CRP, an inflammatory biomarker and a strong predictor of
future cardiovascular events [26]; PWV, a measure of arterial stiffness
[27]; and CIMT, a measure of the extent of carotid artery atherosclerosis
[28], are all established surrogate markers of cardiovascular health that
correlate with development of CVD and in studies involving HMG-CoA
reductase inhibitors have shown significant changes over 2 years
[29-32].

2. Patients and methods

The AUSPICE study protocol was published previously [25]. Briefly,
female and male participants aged 55-60 years without a history of
cardiac or stroke events, or pneumococcal vaccination, but at an
increased risk (at least two risk factors: hypertension, hyperlipidaemia,
or overweight/obesity) were recruited from 6 study sites around
Australia. Participants (n = 4725) were randomly allocated to receive
either PPV (Pneumovax, Merck Sharpe and Dohme) or a saline placebo
(control) and are being followed-up for atherosclerotic cardiovascular
events, i.e. fatal and non-fatal myocardial infarction and stroke, via
health record linkage [33]. Participants recruited at the Canberra site
formed the subgroup reported in the current paper (n = 1,001). De-
mographics and characteristics were obtained at Dbaseline;
high-sensitivity CRP levels (mg/L; Roche Cobas platform in
NATA-accredited ACT Pathology lab) were collected at baseline, 1
month and 2 years of follow-up, and PWV (m/s) and CIMT measure-
ments (um) were recorded by an independent assessor at baseline and 2
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years. Using applanation tonometry (SphygmoCor device, AtCor Medi-
cal, Sydney, Australia), PWV was calculated as the ratio of distance
between common carotid artery and femoral artery recording sites to the
transit time of the waveforms (distance/transit time) [27]. An average
CIMT was acquired using ultrasound measurements from anterior,
lateral and posterior walls of left and right carotid arteries (Vivid I, GE
Medical Systems, USA). CIMT measures were obtained with participants
in a seated position and facing forward, and PWV measures when lying
flat; all scans were performed by a single, blinded operator, who also
read and coded the images. Three anti-pneumococcal capsular poly-
saccharide immunoglobulin (Ig) antibody titres were measured in 200
randomly selected patients (100 active and 100 control, randomly
selected by independent statistician); IgM (U/mL), IgG (mg/L) and IgG2
(mg/L) measures were assessed at baseline, 1 month and 2-year
follow-up, using VaccZyme™ Anti-PCP Enzyme Immunoassay kits. Six
antibody tests for various anti-OxLDL antibodies were performed at
baseline, 1 month and 2 years of follow-up, using previously developed
in-house assays [1]. These include IgG and IgM (measured in relative
light units/100 ms) against:

e phosphocholine complexed to the carrier protein Keyhole Limpet
hemocyanin (PC-KLH);

e CuSO4 oxidised LDL (CuOxLDL);

e malondialdehyde-derivatised LDL (MDA-LDL).

For all commercial and in-house assays, the coefficient of variation
(CV) was tested for each 96 well plate; any that had a CV>15% was
retested.

2.1. Statistical analysis

2.1.1. Antibody titres

Interim analyses were pre-specified in the protocol. For each anti-
pneumococcal antibody (IgG, I1gG2 and IgM), change from baseline
was modelled using repeated measures ANCOVA. Antibody titres at
follow-up were log-transformed and modelled against baseline log-
transformed titre, vaccination group, time, as well as a two-way inter-
action term between group and time; an interaction term between group
and baseline log-transformed titre was also included to account for non-
parallel regression lines. Time was considered categorical to account for
unequal spacing of patient assessments. A random intercept was
employed to account for correlations of repeated outcome measures
within patients and the model was fitted under the assumption of het-
eroscedasticity using exponential local effects to address increasing
variance with increasing value of the transformed antibody measure
[34]. Separate models were used for each antibody.

For the various anti-OxLDL antibodies, longitudinal mixed model
ANCOVA was utilised to compare the repeated values of titres. All time
points were measured in triplicate in the same assays. Because there was
variability in baseline titres to a given antigen between subjects, and the
goal was to see changes in response to the vaccination, we used ratios of
titres at one month (time 1) to baseline (time 0) (t1/t0) and ratios of
titres at 2 years (time 2) to baseline (time 0) (t2/t0). Both time point
ratios were then analysed together (for each antibody) using longitu-
dinal mixed models, with a random effect for participant. Due to the
skewed nature of the ratios, the natural log of the ratios was modelled
(log-transform). Ratios with a value of zero were therefore set to 0.0001
to allow the natural log to be calculated. The mean ratio (back-trans-
formed to the original scale) was estimated at each time point for each
arm (active or control), and the effect of active treatment (compared to
control) was calculated as a ratio of ratios.

To check for consistency and any non-linear effects, ratios were also
dichotomised as < 1 vs > 1 (non-responder vs responder respectively).
The proportion of responders in each arm was then compared at each
time point using chi-squared analyses, and longitudinally using logistic
mixed models, with fixed effects for treatment arm, time, and arm*time,
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and a random effect for participant. Spearman’s correlation coefficients
(and p-values) between the various anti-OxLDL antibody ratios and
pneumococcal antibody ratios were also estimated at each time point.
Given that groups were randomised, there was no adjustment for po-
tential confounders.

For antibody assays, 100 participants were chosen in each group
based on the fact that this would detect a Cohen’s d of 0.4 (small to
modest effect size) with 80% power at p = 0.05.

2.1.2. Surrogate markers of atherosclerosis

To assess change in PWV, CIMT and CRP measures by group over
time, natural log transformations of respective values at both time points
were generated. Individual analysis of covariance (ANCOVA) linear
regression models were utilised to explore change in log-transformed
measures from baseline to 2 years. The models included terms for
group and the baseline log-transformed value. Robust standard errors
were applied due to non-constant variance of residuals.

A random intercept accounted for correlations of repeated outcome
measures within patients and robust standard errors were used due to
non-constant variance of residuals. Least squares (LS) mean estimates
(and confidence intervals) were also produced for each follow-up time
point by group. Differences in estimates were calculated to assess both
time and group effects.

All statistical analyses were conducted using SAS v9.4 (SAS Institute,
Cary, North Carolina, USA); p < 0.05 (two-tailed) was used to indicate
statistical significance. The multiple testing burden was reduced by
using models that incorporated repeated measures, but otherwise no
correction was made to p-values.

2.2. Ethics approval

Approval for the clinical trial was granted by the Human Research
Ethics Committee governing the University of Newcastle (reference H-
2014-0064) and the ACT Health Ethics and Governance Committee
governing the Canberra Hospital (reference ETH.7.14.177).

3. Results

Of the 1001 participants in the Canberra subgroup of the AUSPICE
RCT, 200 were randomly chosen: 100 each from the PPV intervention
group and the control group. All 200 randomly chosen participants
attended the baseline and 1 month follow-up visits; 19 participants did
not attend the 2- year follow-up visit, 9 in the control group and 10 in the
active group. Baseline characteristics of the 2 groups were well balanced
(Table 1) and were similar to the entire study group [33]; there were no
statistically significant differences between the groups at baseline.

3.1. Anti-pneumococcal antibody response

The absolute titres of the anti-pneumococcal antibodies by group and
time are shown in Supplementary Table 1. Changes in anti-
pneumococcal IgG and IgG2 antibody titres were greater for the active
group compared to the control group at both follow-up time points
(Fig. 1A and B, respectively). These differences between the active and
control groups and the difference over time between the groups were
both significant (Table 2).

The titres of anti-pneumococcal IgM antibodies rose from baseline to
1 month and decreased thereafter over 2 years in the intervention group
(Fig. 1C). The differences between the intervention and control groups
and the difference over time between the groups were both significant
(Table 2).

3.2. Anti-OxLDL antibody response

The absolute titres of the anti-OxLDL antibodies by group and time
are shown in Supplementary Table 2. The titres of the anti-OxLDL
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Table 1
Baseline characteristics for 200 randomly selected participants, 100 in each
group.

Characteristics Class/ Treatment Group
Statistics R
Control (n = Active (n = Total (N =
100) 100) 200)
Gender Female 42 (42%) 55 (55%) 97 (49%)
Male 58 (58%) 45 (45%) 103 (52%)
High Blood No 22 (22%) 30 (30%) 52 (26%)
Pressure Yes 77 (78%) 69 (70%) 146 (74%)
Overweight No 18 (20%) 17 (20%) 35 (20%)
Yes 73 (80%) 66 (80%) 139 (80%)
ATSI status NO 100 (100%) 100 (100%) 200 (100%)
Weight (kg) Mean (SD) 93.88 89.34 91.63
(19.94) (14.61) (17.61)
Median 90.00 88.00 89.00
(Q1, Q3) (81.00, (78.00, (79.00,
105.0) 97.00) 100.0)
Waist (cm) Mean (SD) 103.1 101.0 102.1
(16.28) (18.51) (17.36)
Median 101.0 98 (92.00, 100.0
(Q1,Q3) (94.00, 109.0) (93.50,
110.0) 110.0)
Height (cm) Mean (SD) 170.9 (9.22) 169.9 (9.31) 170.4 (9.26)
Median 170.0(165.0, 170.0 170.0
(Q1, Q3) 178.0) (164.0, (164.0,
177.0) 177.0)
Age (years) Mean (SD) 58 (2) 58 (2) 58 (2)
Median 58 (57,60) 58 (56,60) 58 (57,60)
(Q1, Q3)

These participants were chosen at random from the 1001 participants at one of
the study sites, who all agreed to participate in a substudy collecting blood
samples at baseline, 1 month, and 2 years.

antibodies were expressed as ratios:

e t1/t0: titre at 1 month/titre at baseline
e t2/t0: titre at 2 years/titre at baseline

and analysed together in a mixed model. All 3 anti-OxLDL IgM an-
tibodies (PC-KLH, CuOxLDL and MDA-LDL) were significantly increased
at 1 month in the active group compared to the control group but had
returned to baseline levels at 2 years (Table 3). In contrast, none of the 3
anti-OxLDL IgG antibodies showed any increase above baseline, either at
1 month or at 2 years (Table 3).

The titres were then dichotomised into responders (where t1/t0>1)
and non-responders (where t1/t0<1), and the proportion of responders
in each group and each time point was analysed. The results confirm the
same pattern as previously seen with continuous titres (Table 4). There
were more responders to all 3 anti-oxLDL IgM antibodies in the inter-
vention group than the control group at 1 month but this response had
subsided at 2 years. For example, 22% of the control group were re-
sponders at 1 month with respect to anti-PC-KLH IgM antibodies,
compared with 50% of the intervention group, an odds ratio of 3.5 (p-
value = 0.0002) but this was no longer detectable at 2 years with an
odds ratio of 1.06 (p-value = 0.87). There was also a transient IgG
response to PC-KLH at 1 month seen using this analysis (p-value =
0.0098) that was not seen when analysing the continuous titre, but this
was not sustained at 2 years.

3.3. Correlations between anti-pneumococcal and anti-OxLDL antibodies

To further explore whether those with the greatest antibody response
to pneumococcus also had the greatest response to OxLDL, the correla-
tions (at time point 1) between the anti-pneumococcal ratios, and the
anti-OxLDL ratios, for the control and intervention groups combined, are
reported in Table 5.

The rise in anti-pneumococcal IgM antibody ratios between t1 and t0
were moderately correlated to the rise in the anti-OxLDL IgM antibody



S. Ren et al. Atherosclerosis 346 (2022) 68-74

Fit for Change in Antibodies
Antibody = IgG2

Antibody = IgG
500 Panel A Panel B
400 |
|
300 |
E |
200 1 | E
| S
‘ |‘ 7_7_'_’———7___
100 - | | B |
)
[ S |
0 &
Antibody = IgM
500 Panel C
400
o 0 E
| |
| e
200 | |
| -
|
100 - |
| =
[ - =
0
0 5 10 15 20 25 0 5 10 15 20 25
Months
Treatment Arm o Control < Active

Fig. 1. Plots of antibody titres over time.
Crude means are presented at baseline with corresponding back-transformed LS mean estimates (and 95% confidence intervals) plotted at 1 month and 2 year follow-

up time points.

Table 2
Repeated measures ANCOVA model for change in anti-pneumococcal antibody titres (log-transformed values).

Effect Anti-pneumococcal antibody type

1gG (mg/L) 1gG2 (mg/L) IgM (U/mL)

Estimate (95%CI) p-value Estimate (95%CI) p-value Estimate (95%CI) p-value
Group (active vs control) 3.5(2.8,4.2) <0.0001 3.1 (2.6, 3.6) <0.0001 2.8 (2.3, 3.4) <0.0001
Time (2 yrs vs 1 month) —0.13 (—0.20, —0.06) 0.0005 —0.002 (—0.09, 0.08) 0.95 —0.07 (—0.16, 0.01) 0.1
Interaction of group and time —0.58 (—0.67, —0.47) <0.0001 —0.64 (—0.76, —0.52) <0.0001 —-1.5(-1.6, —1.3) <0.0001

Results of the ANCOVA model for change in anti-pneumococcal antibody titres over time, adjusted for baseline values. The group variable reflects the difference across
time between the active vs control group, the time variable reflects the difference across groups between the 2 year values and the 1 month value, and interaction term

captures whether the difference between time points is different between groups.
ratios; Spearman correlations ranged from 0.16 to 0.39 (p-value 0.03 to between groups over time (interaction p-value = 0.13) (panel B).
<0.001). There was little to no correlation with the anti-OxLDL IgG

ratios. This pattern of correlations was attenuated but still present with 4. Discussion

the anti-pneumococcal IgG antibodies.

3.4. Surrogate markers of atherosclerosis (PWV, CIMT and CRP)

Fig. 2 presents the surrogate markers of atherosclerosis for the entire
Canberra sub-study sample (n = 1001). There were no significant dif-
ferences between the intervention and control groups for either PWV
(ANCOVA p-value = 0.84) or CIMT (p-value = 0.60) at 2 years (adjusted
for baseline values) (panel A). There was also no difference in CRP levels
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This is the first randomised study addressing the generation of
potentially cardioprotective antibodies following PPV with surrogate
measures of atherosclerosis over 2 years. In a subset of patients, in-
creases in IgG and IgG2, specific to pneumococcal capsular poly-
saccharide, persisted at high concentrations at 2 years. IgG2 is
representative of a mature type-1 antibody response and shows that the
effects of vaccination persist for extended periods. Anti-pneumococcal
IgM in the active group declined at 2 years but was still significantly
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Table 3
Results for the mixed models of continuous log-transformed antibody ratios, comparing active and control at time 1 and time 2.
Outcome Time Point Control Mean (95% CI) Active Mean (95% CI) Ratio Active vs Control (95% CI) p-value N
log 1gG PC-KLH T1/TO 0.94 (0.83, 1.07) 1.03 (0.95, 1.12) 1.09 (0.94, 1.27) 0.2511 180
T2/TO 0.85 (0.72, 1.00) 0.92 (0.81, 1.05) 1.09 (0.88, 1.35) 0.4145 180
log IgG CuOxLDL T1/TO 0.72 (0.57, 0.90) 0.88 (0.80, 0.96) 1.23 (0.96, 1.56) 0.0996 179
T2/TO 0.90 (0.79, 1.02) 1.05 (0.93, 1.18) 1.16 (0.98, 1.39) 0.0883 179
log IgG MDA-LDL T1/TO 0.86 (0.82, 0.90) 0.81 (0.65, 0.99) 0.94 (0.76, 1.16) 0.5390 180
T2/TO 0.93 (0.86, 1.01) 0.97 (0.89, 1.05) 1.04 (0.92, 1.17) 0.5177 180
log IgM PC-KLH T1/TO 0.92 (0.89, 0.96) 1.04 (0.99, 1.10) 1.14 (1.07,1.21) <.0001 180
T2/TO 0.88 (0.83, 0.94) 0.90 (0.85, 0.96) 1.02 (0.94, 1.11) 0.6460 180
log IgM CuOxLDL T1/TO 0.81 (0.75, 0.87) 0.94 (0.86, 1.02) 1.16 (1.03, 1.30) 0.0141 180
T2/TO 0.85, (0.78, 0.93) 0.84 (0.76, 0.92) 0.98 (0.86, 1.12) 0.7787 180
log IgM MDA-LDL T1/TO 0.85 (0.80, 0.89) 0.96 (0.92, 1.01) 1.14 (1.06, 1.22) 0.0004 179
T2/TO 0.85 (0.81, 0.90) 0.86 (0.80, 0.92) 1.01 (0.92, 1.09) 0.9069 179

A ratio of active to control >1 indicates that the response (change in titre) in the intervention (active) group has been greater than the response in the control group.
The number of people (N) is less than 200 due to some missing samples at various time points.

Table 4
Results for the logistic mixed model comparing the probability of having an antibody ratio >1 for active vs control, at time 1 and time 2.
Outcome Time Point Control Proportion (95% CI) Active Proportion (95% CI) OR Active vs Control (95% CI) p-value N
IgG PC-KLH 1 0.27 (0.19, 0.38) 0.47 (0.36, 0.57) 2.33(1.23, 4.41) 0.0098 180
2 0.30 (0.21, 0.40) 0.30 (0.21, 0.40) 1.00 (0.52, 1.93) 0.9992 180
IgG CuOxLDL 1 0.23 (0.15, 0.33) 0.23 (0.15, 0.33) 1.00 (0.49, 2.07) 0.9946 179
2 0.45 (0.35, 0.57) 0.47 (0.36, 0.58) 1.08 (0.57, 2.04) 0.8236 179
IgG MDA-LDL 1 0.24 (0.16, 0.34) 0.30 (0.21, 0.40) 1.33 (0.68, 2.62) 0.4022 180
2 0.49 (0.38, 0.59) 0.39 (0.29, 0.49) 0.66 (0.36, 1.21) 0.1781 180
IgM PC-KLH 1 0.22 (0.15, 0.32) 0.50 (0.40, 0.60) 3.53(1.83, 6.78) 0.0002 180
2 0.25 (0.17, 0.36) 0.27 (0.18, 0.37) 1.06 (0.54, 2.07) 0.8714 180
IgM CuOxLDL 1 0.16 (0.10, 0.25) 0.37 (0.27, 0.48) 3.14 (1.52, 6.46) 0.0021 180
2 0.31 (0.22, 0.41) 0.34 (0.24, 0.45) 1.16 (0.61, 2.22) 0.6536 180
IgM MDA-LDL 1 0.15 (0.09, 0.24) 0.36 (0.26, 0.47) 3.22 (1.54, 6.73) 0.0021 179
2 0.23 (0.15, 0.33) 0.26 (0.18, 0.36) 1.17 (0.58, 2.36) 0.6591 179

This table presents a dichotomised view of the data in Table 3. The proportion of those who had a ratio >1 over time, indicating an increasing antibody titre over time,
are labeled “responders”; the percentage of responders across the intervention and control groups are then compared using an odds ratio, with an OR>1 indicating a
greater percentage of responders in the intervention group compared to the control group.

Table 5
Correlations between anti-pneumococcal antibody titre ratios and anti-oxLDL
antibody titre ratios across both active and control groups, at time 1 (one
month).

Anti-pneumococcal Anti-OxLDL ratio Spearman p-value

ratio correlation

IgG t1/t0 IgG PC-KLH t1/t0 0.20 0.01
IgG CuOxLDL t1/t0  0.04 0.56
IgG MDA-LDL t1/t0 0.10 0.17
IgM PC-KLH t1/t0 0.33 <0.001
IgM CuOxLDL t1/t0  0.19 0.01
IgM MDA-LDL t1/t0 0.26 <0.001

IgM t1/t0 IgG PC-KLH t1/t0 0.22 <0.001
IgG CuOxLDL t1/t0  0.09 0.26
IgG MDA-LDL t1/t0 0.06 0.45
IgM PC-KLH t1/t0 0.39 <0.001
IgM CuOxLDL t1/t0  0.16 0.03
IgM MDA-LDL t1/t0 0.31 <0.001

The table indicates the correlation coefficients between anti-pneumococcal IgG
titres at time 1 (1 month) and various anti-oxLDL IgG/IgM titres at time 1,
essentially answering the question: are those individuals who respond to the
pneumococcal vaccine also the ones who show an increase in anti-oxLDL
antibodies?

higher than at baseline or compared to the control group. IgM is pro-
duced by plasma cells as the first response to vaccination and is expected
to decline over time as the antibody response matures. IgG, IgG2 and
IgM are important tools for monitoring adaptive immune responses to
PPV [35]. The acute increase in IgM that occurs after immunisation is
adaptive, and with class switching, these become IgG in a matter of
weeks. These results are consistent with existing literature that
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demonstrates sustained effects of PPV, with IgG titres remaining high up
to 5-6 years, but IgM declining during that period [35,36].

It is interesting to note that a sizable proportion of people in both the
control and intervention groups showed detectable anti-OxLDL anti-
bodies at baseline. This is in line with many epidemiological studies
showing similar results [4,9,11,14,37-40].

From this baseline, it is clear that PPV caused increases in all anti-
OxLDL IgM antibodies at 1 month, i.e. against PC-KLH, CuOxLDL, and
MDA-LDL. Previous work has indicated that anti-OxLDL IgM antibodies
that potentially have cardioprotective effect are likely natural anti-
bodies that are the product of innate B-1 like cells rather than adaptive
immunity [15,41]. Natural antibodies are present without needing
antigenic stimulation and usually target non-protein epitopes, e.g. car-
bohydrates and glycolipids. These antibodies may be increased by
generalised stimuli to B-1 cells in a non-cognate T-independent manner,
hence an antigenic stimulus from PPV may indirectly boost titres of
natural anti-OxLDL antibodies, as previously demonstrated in mice [42].

Despite this increase in titres at 1 month, there did not appear to be
any lasting or detectable change, either in IgG or IgM anti-OxLDL anti-
bodies, at 2 years. This is contrary to the prospective study in which anti-
OxLDL antibody levels remained stable over time [37]. The difference
between the studies may be due to continuing pathogen exposure in the
latter; our study was randomised and hence the contrast between groups
removes the influence of any unknown confounders.

Traditionally, it was thought that bacterial carbohydrate antigens
typically induced a T cell-independent antibody response in the form of
IgG2 [43]. More recent data provides evidence that there is
cell-mediated immunity that occurs alongside humoral responses, in the
form of pneumococcus-specific CD4" Th17 cells [44,45]. By analogy, a
similar immune response that occurred with PPV vaccination could
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Fig. 2. Surrogate measures of CVD, including all 1001 participants in the
Canberra substudy.

(A) Plots of PWV and CIMT measures over time. Crude means were used at
baseline and back-transformed LS mean estimates (and 95% confidence in-
tervals) were plotted at 2 years of follow-up. To improve visibility of curves at
the 2-year time point, PWV was jittered along the x-axis so estimates/confi-
dence intervals of CIMT could be seen. There were no statistically significant
differences between the 2 groups at any time point. (B) Plot includes crude
baseline means of CRP with back-transformed LS mean estimates (and 95%
confidence intervals) at 1 month and 2 years follow-up. There were no statis-
tically significant differences between the 2 groups at any time point.

mediate cardioprotective effects of PPV long after anti-OxLDL antibody
titres wane. Indeed, previous studies indicate that the cardioprotective
effect seems to persist long-term; high titres of anti-OxLDL IgM anti-
bodies in humans were inversely correlated with CIMT and coronary
artery stenosis, and low titres were associated with higher risk of stroke
and myocardial infraction [46,47]. Compared to control subjects, sub-
jects who received PPV developed higher titres of IgM anti-OxLDL an-
tibodies. This was seen in the moderate correlation between the change
in anti-pneumococcal IgM titres and anti-OxLDL IgM titres.

Despite previous preclinical data showing potential beneficial car-
diovascular effects of raising titres to OxLDL, we did not observe any
differences in surrogate markers of atherosclerosis, i.e. CRP, PWV, or
CIMT, over time, despite PPV clearly engendering an anti-pneumococcal
and anti-OxLDL response. It is possibly too early to see a change in
surrogate markers: however, in the case of HMG-CoA reductase in-
hibitors, these markers have shown changes in the same time frame as
this study, i.e. over 2 years [29-32]. Statins of course have a profound
effect in substantially lowering LDL levels, which are the primary driver
of atherosclerosis. Raising antibody titres to OxLDL would be expected
to have a weaker effect and may take a longer time to manifest. It is
important to note that the AUSPICE trial is scheduled to follow-up
participants for at least 6 years; clinical endpoints will be obtained via
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health record linkage at that point and so are not yet available.

Although there are a number of possible explanations for the lack of
an effect on sub-clinical atherosclerosis at this interim stage, it should
also be noted that the increase in anti-OxLDL IgM titres at 1 month, while
statistically significant, is rather modest. It is possible that the PPV
immunisation is insufficient to generate a robust anti-OxLDL response
targeting the PC of oxidised phospholipid. A different configuration of
the PC antigen that elicits more robust and lasting anti-PC and anti-
OxLDL titres may be required to test the hypothesis that raising anti-
OxLDL IgM titres in humans can provide cardioprotective properties.
Finally, it is possible that the benefit of PPV occurs more at the throm-
bosis stage than atherosclerosis/plaque burden, which would not be
detected by PWV, CIMT and CRP measurements.

In conclusion, this is the first evidence from a randomised controlled
study in humans that PPV elicits an increase, albeit modest, in anti-
OxLDL IgM antibodies that have previously been shown to have car-
dioprotective effects in animal models of atherosclerosis. It is possible
that PPV boosts the titres of these innate natural antibodies that are
present at low levels even without cognate antigenic stimulus. Although
the anti-pneumococcal IgG and IgM response is sustained long-term, the
anti-OxLDL response appears to wane after 1 month. Whether there is a
lasting benefit for cardiovascular disease remains to be seen in the long-
term follow-up of the AUSPICE study. We are currently collecting 4-year
blood samples and atherosclerotic markers to further plot the trajectory
of these measures; metabolic markers (fasting glucose and insulin, liver
function tests, and quantitative liver ultrasound) will also be assessed at
the 4-year follow-up of this sub-group. The full clinical outcomes, i.e.
fatal and non-fatal ischemic cardiac and cerebral events, will be ob-
tained via health record linkage at 6 years’ follow-up in 2023; this health
record linkage will be done electronically by an independent statistician
blinded to group allocation.
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