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Background. Inflammation, platelet reactivity and car-
diac autonomic dysfunction increase the risk of car-
diovascular events, but the relationships between
these prognostic markers are poorly defined. In this
study, we investigated the effect of an inflammatory
stimulus (influenza A vaccine) on platelet activation
and cardiac autonomic function.

Methods. We measured serum C-reactive protein (CRP)
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very low-frequency amplitude showing the most sig-
nificant change (34.6+11.8 and 31.0 + 10.2 ms
48 h before and after vaccination, respectively;
P=0.002). A significant correlation was found be-
tween percentage changes in CRP levels and in most
HRV variables, with the most significant correlations
between changes in CRP levels and changes in stan-
dard deviation of all normal RR intervals (r= 0.43;
P=0.02).

Conclusions. Together with an inflammatory reaction,
influenza A vaccine induced platelet activation and
sympathovagal imbalance towards adrenergic pre-
dominance. Significant correlations were found be-
tween CRP levels and HRV parameters, suggesting a
pathophysiological link between inflammation and
cardiac autonomic regulation. The vaccine-related
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gates (MPAs) and monocyte/platelet receptor
expression before and after adjuvant influenza A

vaccination in 28 patients with type II diabetes
(mean age 62.1 + 8 years, 18 men). Twenty-four-
hour Holter electrocardiogram was recorded 24 h
before and after vaccination; heart rate variability
(HRV) was assessed as a measure of cardiac auto-
nomic function.

Results. Inflammatory cytokines, MPA formation and
monocyte/platelet receptor expression increased
after vaccination. CRP was 2.6+x2.8 and
7.1+5.7mg L' 48 h before and after vaccination,
respectively (P< 0.0001). HRV parameters de-
creased after vaccination compared to baseline, with
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tion may transiently increase the risk of cardiovascu-
larevents.

Keywords: autonomic nervous function, heart rate var-
iability, inflammation, influenza A vaccine, platelet
reactivity.

Abbreviations: ANS, autonomic nervous system; CRP,
C-reactive protein; HF, high-frequency amplitude;
HRV, heart rate variability; IL-6, Interleukin-6; LF,
low-frequency amplitude; MPA, monocyte—platelet
aggregate; SDNN, standard deviation of all normal
RRintervals; SDNNi, mean ofthe standard deviations
of normal RR intervals of all 5-min segments in the
entirerecording; VLF, verylow-frequency amplitude.

Introduction

Numerous studies have shown that inflammation
has a relevant role in the pathogenesis of atheroscle-
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rosis as well as of acute coronary syndromes [1-3].
Moreover, markers of inflammation predict cardio-
vascular events in several disease states [4-6]. In-
creased platelet activation [7, 8] and sympathovagal
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imbalance of cardiac autonomic nervous system
(ANS) activity [9-12] are also well-known predictors
ofacute coronary events.

Inflammatory stimuli are believed to induce a pro-
thromboticstate [13, 14], butthereis a relative lack of
data about their effects on platelet activation in the
clinical setting [15]. Similarly, a relation between ANS
activity and inflammation has recently been reported
in experimental studies [16-18] as well as in several
diseases [19-22], but the exact relation between ANS
activity and inflammation in the clinical setting re-
mainsunclear. In particular, howinflammatory stim-
uli affect sympathovagal balance in humans has not
been explored.

Influenza A vaccination is globally recommended
each year for patients with increased risk of life-
threatening complications from influenza A disease,
including patients with diabetes [23]. The aim of this
study was to investigate the effects of the inflamma-
tory reaction induced by influenza A vaccination on
platelet activation and on cardiac ANS activity in a
group of patients with type Il diabetes.

Methods

Patients

Thirtv natients followed at the Diabhetic Center of o111

Vaccination, inflammation, autonomic tone, platelet function

MF59C.1 adjuvant (Fluad; Novartis Vaccines and
Diagnostics stl, Siena, Italy).

A second 24-h Holter ECG recording was started on
day 3 (i.e., 24 h after vaccination), and venous blood
samples were collected 24 and 48 h aftervaccination.

Part of each collected blood sample was centrifuged
at 1078 g for 20 min, and three aliquots of 500 uL
serum were stored at —80° C until assayed. Part of
each sample collected 48 h before and after vaccina-
tion was used for the assessment of levels of mono-
cyte-plateletaggregates (MPAs; seelater).

Inflammatory serum markers

C-reactive protein (CRP) was measured using a high-
sensitivity nephelometric method (BN100; Behring
Diagnostic, Milan, Italy) with a detection range of
0.175-1100 mg L™ ! (coefficient of variation < 5%).In
the study group, patients’ CRP level was measured
both24 and48 hbeforeand aftervaccination.

Interleukin-6 (IL-6) serumlevels were measured 48 h
beforeand aftervaccination using an enzyme-linked
immunoassay kit (Pierce Biotechnology, Rockford,
IL, USA) with a detection range of 0-149 pg mL™!
(coefficient of variation < 10%)).
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hospital for an established diagnosis of type I diabe-
tes mellitus who underwent influenza A vaccination
in the autumn of 2008 were initially included in the
study. This number of patients was planned accord-
ing to the short period of enrolment (during the few
autumn months of the vaccination programme) and
the limited availability of recorders for 24-h ambula-

tory Holter electrocardiogram (ECG) monitoring.

Patients were excluded in cases of overt cardiovascu-
lardisease and/oracute or chronicinflammatory dis-
ease, or if they were taking beta-adrenergic blocking
agents. Written informed consent for participation in
the study was obtained from patients, and ethical ap-
proval of the study was obtained from our Institute
Review Board.

Study protocol

The day before vaccination (day 1), patients under-
went a basal evaluation including a 24-h Holter ECG
recording and blood sample collection from an ant-
ecubitalvein. Onday 2, patientsunderwentinfluenza
A vaccination using an inactivated virus with

wionocyteana piateiet activation

Monocyte and platelet activation was assessed by
measuring MPA formation and membrane receptor

expression by flow cytometry. Within 10 min of col-
lection, blood (100 uL) was labelled for 15 min at
room temperature with saturating concentrations of
peridin-chlorophyll protein-conjugated CD14 (lipo-
polysaccharide receptor), phycoerythrin (PE)-conju-
gated CD40, PE-conjugated CD142 (tissue factor
receptor) and PE-conjugated CD162 (P-selectin GP
ligand-I) for monocyte assessment, and with fluores-
cein isothiocyanate-conjugated glycoprotein IIb/Illa
(GP IIb; CD41) for platelet assessment (assay kits
from Becton Dickinson, Milan, Italy).

Following incubation, erythrocytes were lysed with
buffered ammonium chloride, and samples were
analysed by FACScan. MPAs were identified using
the logical gating facility by combination of the bind-
ing characteristics of anti-CD14 (monocyte marker)
and ofanti-CD41 (platelet marker) antibodies.

A minimum of 3000 monocytes were counted for each
test. MPA formation was measured as percentage of

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269;118-125 119
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monocytes binding to platelets, whereas mono-
cyte/platelet receptor expression in the MPA gate was
measured as mean fluorescence intensity (mfi).

Holter recording and heart rate variability

Twenty-four-hour Holter ECG was recorded using
three-channel digital recorders (Oxford Medilog FD5)
with bipolar chest leads CM5, CM1 and modified
aVF, and datawere analysed using the Oxford Excel 3
system (Oxford Instrument, Abingdon, UK). Cardiac
autonomic function was assessed throughout the
recording by the analysis of heart rate variability
(HRV), using the dedicated software associated with
the system.

Variables of both time-domain and frequency-do-
main HRV were obtained. Time-domain variables in-
cluded the standard deviation of all normal RR inter-
vals (SDNN) and the mean of the standard deviation
of normal RR intervals of all 5-min segments in the
entire recording (SDNN-i). Frequency-domain HRV
analysis was performed using a fast Fourier trans-
form algorithm with spectral resolution of 0.0005 Hz.
The amplitude of the following variables was ob-
tained: very low frequency (VLF, 0.0033-0.04 Hz),
low frequency (LF, 0.04-0.15 Hz) and high frequency
(HF, 0.15-0.40 Hz). The LF/HF ratio was also calcu-
lated.

Vaccination, inflammation, autonomic tone, platelet function

assess the changes in CRP levels at 24 and 48 h,
compared to baseline. Correlation analysis was per-
formed using the Pearson or Spearman test, as indi-
cated. Avalue of P < 0.05 was required for statistical
significance. Dataarereported as mean + SD.

Results

Thirty patients underwent basal evaluation. How-
ever, Holter ECG recordings could not be obtained
after vaccine administration in two patients. Thus,
complete data were available for 28 patients (18
men, 10 women; mean age 62.1 = 8 years); this
constituted the final study group. The main clinical
characteristics of these patients, together with those
of the control group, are summarized in Table 1. No
patient reported any side effects following vaccina-
tion.

The main results in the study group are summarized
in Table 2. Compared to basal serum levels
(2.68 + 2.9 mg L'!), CRP showed a progressive and
significant increase at 24 (4.15+3.0mgL™’,
P=0.04 vs. baseline) and 48 h after vaccination
(7.26 £ 5.9 mg L'!, P< 0.001 vs. both baseline and
24 h) (Fig. 1). Asignificantincrease in IL-6 serum lev-
elswas found 48 h after vaccination (P = 0.001). Fur-

Table 1 Main clinical findings of patients included in the final
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Control group

To confirm the stability of outcome variables in the
absence of vaccination, subclinical inflammatory
state and cardiac autonomic function were assessed
during the same period in a control group of 12 pa-
tients with type Il diabetes who did not undergo influ-
enza A vaccination and were similar with regard to
gender, age and clinical history to patients in the
study group. As before, the number of controls was
planned according to the short period of enrolment
and the limited availability of recorders for 24-h Hol-
ter ECG monitoring. In these patients, serum CRP
levels were measured, and 24-h ECG Holter monitor-
ing for HRV analysis was carried out on admission to
thestudyand 48 hlater.

Statistical analysis

Statistical analysis was performed using the statisti-
cal software spss 12.01 (SPSS Inc., Florence, Italy).
Changes in IL-6, MPA and HRV variables after vacci-
nation were assessed by paired t-test or Wilcoxon
test, as indicated. Friedman anova was applied to

'
UTTATYSTS

Studygroup  Controls P

Numberof patients 28 12
Gender (M:F) 18:10 7:5 0.74
Age (years) 62.1+8 60.0+8 0.45
Bodymassindex 29.5+ 3.8 28.6+3.9 0.50
(kg m™)
Fasting plasma 121 £ 23 118 + 24 0.71
glucose (mg dL ™)
Smoking 4(14%) 3(25%) 0.41
Hypertension 15 (54%) 9 (75%) 0.30
ACEinhibitors/ARBs 14 (50%) 9 (75%) 0.18
Diuretics 6(21%) 3(25%) 1.00
Calcium antagonists 2 (7%) 1 (8%) 1.00
Statins 7 (25%) 3(25%) 1.00
Metformin 16 (57%) 10(83%) 0.16
Glycosylated 7.1+£1.5 6.6 £ 0.8 0.28

haemoglobin (%)

ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker.
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Table 2 Results of HRV parameters, inflammatory markers
and MPAs inthe study group

Baseline Postvaccine P

Inflammatory markers

C-reactive 2.8+29 7.26 +5.97 <0.001
protein (mg L)
Interleukin-6 0.82+0.9 1.58+ 1.3 0.001
(pg mL™")
HRV parameters
RRintervals (ms) 78577 753 £ 72 <0.001
SDNN (ms) 120 £ 41 115+ 37 0.10
SDNN-i(ms) 40.4 £ 15 36.7+13 0.015
VLF (ms) 34.6 £ 12 31.0+ 10 0.002
LF (ms) 18.2+8.9 16.2+7.1 0.02
HF (ms) 11.9+5.8 10.7 £ 6.1 0.12
LF/HF ratio 1.59+0.5 1.60 £ 0.5 0.87
Monocyte—platelet variables
MPA (%) 28.5+ 3.7 30.5+4.1 <0.001
CD-41 (mfi) 24.6+4.1 27.0+4.2 <0.001
CD-40 (mfi) 17.4+5.4 21.1+7.6 0.002
CD-162 (mfi) 413.8+90.2 453.4+79.1 <0.001
CD-142 (mfi) 14.0+3 16.5+3.4 <0.001

2Forty-eight hours after vaccination. HRV, heart rate vari-
ability; MPA, monocyte-platelet aggregate; mfi, mean fluo-
rescence intensity. See text for definition of HRV parame-

Vaccination, inflammation, autonomic tone, platelet function

line, with VLF amplitude showing the most signifi-
cantchange(31.0 £ 10vs.34.6 £+ 12 ms, P = 0.002).

No significant changes in CRP levels or in HRV
parameters were observed in diabetic controls
(Table 3).

Correlation amongst variables

At baseline, IL-6 was not detectable in the serum in
nine patients (32%), making impossible to calculate
the percentage change after vaccination. Therefore,
correlation analyses were performed only for serum
CRPlevels.

The percentage change in serum CRP levels at 48 h
after vaccination in the study group was found to be
significantly correlated with the percentage changein
several HRV variables (Table 4), with the most signifi-
cant association being found with the percentage
changes in SDNN for time-domain variables and in
VLF amplitude for frequency-domain variables
(r=0.43, P=0.02; r=0.39, P= 0.03, respectively;
Fig. 2).

No statistically significant correlations could be dem-
onstrated between the changesin MPA formation and
in monocyte/platelet receptor expression and either
serum CRPlevels or HRV variables (Table 5).
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Fig. 1 Changes in serum C-reactive protein levels 24 and
48 h beforeand afteradjuvant influenza A vaccine adminis-
tration.

thermore, significant increases in MPA formation
and in monocyte/plateletmembrane receptor expres-
sion were observed in response to vaccine adminis-
tration (Table 2).

By contrast, several HRV parameters showed a signif-
icant reduction after vaccination compared to base-

Discussion

To our knowledge, thisis the first study to directly as-
sessthe effects of an inflammatory stimulus on plate-

Table 3 HRV parameters and C-reactive protein serum levels
in control patients

Baseline 48 h P
C-reactive protein 2.73+2.0 3.01£2.2 0.39
(mg L™
HRV parameters
RRintervals (ms) 780 £ 54 775+ 72 0.72
SDNN (ms) 122 + 33 122 + 37 0.96
SDNN-i(ms) 45.3+ 13 46.0 £ 18 0.74
VLF (ms) 37.7+8 37.8+11 0.98
LF (ms) 249+ 15 222+ 13 0.40
HF (ms) 13.1+6 13.2+6 0.85
LF/HF ratio 1.88 0.6 1.67+0.4 0.10

HRYV, heart rate variability. See text for definition of HRV
parameters.

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269;118-125 121
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Table 4 Correlations between the percentage variations of ser-
um C-reactive protein levels (at 48 h compared to baseline)
and those of HRV parameters following vaccine administra-
tion

r P
RRintervals (ms) 0.14 0.46
SDNN (ms) 0.43 0.02
SDNN-i (ms) 0.30 0.08
VLF (ms) 0.39 0.03
LF (ms) 0.32 0.07
HF (ms) 0.25 0.17
LF/HF -0.08 0.65

HRYV, heart rate variability. See text for definition of HRV
parameters.

r=043, P=0.02
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wards reduced vagal activity and a relative sympa-
thetic predominance.

No significant relation was found, however, between
the increase in platelet activation and the degree of
inflammation as assessed by serum CRPlevel. On the
other hand, significant correlations were found be-
tween the changes in CRP level and in HRV variables,
suggesting some pathophysiological link between the
inflammatory and the cardiac autonomic responses
tovaccine administration.

Inflammation and platelet activation

Influenza A vaccinationin our patients induced a sig-
nificant increase in MPA formation and in expression
of monocyte and platelet membrane receptors, sug-
gesting that vaccine-related monocyte activation led
to a secondary increase in platelet activation. Of note,
no significant association was found between serum
CRP levels and MPA, suggesting that the increased
platelet activation was not significantly dependent on
the degree of the humoral reaction to the inflamma-
tory stimulus.

The observation of increased MPA formation and
monocyte/platelet receptor expression following
influenza A vaccination may be clinically relevant, as
these changes suggest the development of a pro-

thromboticstatel[24 251 Moreover in nreviotlis <fiid-
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Fig. 2 Correlation between percentage changes in serum
C-reactive protein levels 48 h after vaccine administration,
compared to baseline, and percentage changes in the heart
rate variability variables standard deviation of allnormal RR
intervals and very low-frequency amplitude.

let activation and cardiac autonomic activity, as well
as the correlation between these variables, in pa-
tients. Our findings, obtained from patients with type
[Idiabetes, show that, together with the expected rise
in inflammatory cytokines and monocyte activation,
influenza A vaccine induced an increase in platelet
activity and changes in cardiac autonomic tone to-

ies, MPAs have been shown to be associated with
acute coronaryevents|[8, 24].

Infectious diseases [26, 27], includinginfluenza [28],
havebeen associated with an increased occurrence of
acute cardiovascular events, in particular in patients
with evidence of increased risk of cardiovascular dis-
ease. Several abnormalities induced by infections
can favour acute cardiovascular events, including
endothelial dysfunction, prothrombotic changes in
the blood and direct damage to coronary plaques [29,
30].

Vaccination is recommended each year as avalid way
toreduce morbidity and mortality related to seasonal
influenza A disease in moderate- to high-risk pa-
tients, including those with diabetes [23]. However,
the ability of the influenza A vaccination to reduce the
riskof acute coronaryeventsremainsdebated, as dis-
cordant results have been reported [31-33]. The in-
creased platelet activation observed after vaccination
in our study might transiently increase the risk of
thrombosis in high-risk patients. This might signifi-
cantly counteract the benefits on the cardiovascular

122  © 2010The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269;118—125
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Table 5 Correlations of the percentage variation in MPA formation and in monocyte and platelet receptor expression with the varia-

tionin HRV parameters after vaccine administration

CDh41 CDh40 CD 162 CD 142 MPA

r p r P r P R p R P
CRP 0.34 0.06 0.20 0.27 -0.04 0.82 0.16 0.39 0.08 0.67
RRinterval -0.05 0.79 0.29 0.12 -0.04 0.79 -0.07 0.7 0.26 0.16
SDNN -0.06 0.74 0.21 0.25 0.13 0.47 0.11 0.56 0.11 0.55
SDNN-i -0.04 0.82 0.37 0.04 -0.09 0.62 -0.07 0.69 0.18 0.33
VLF 0.13 0.49 0.38 0.03 -0.02 0.88 0.09 0.61 0.26 0.16
LF -0.03 0.85 0.41 0.02 -0.26 0.16 -0.14 0.44 0.2 0.28
HF 0.01 0.98 0.31 0.08 -0.23 0.21 -0.15 0.41 0.12 0.52
LE/HF -0.01 0.95 -0.17 0.35 0.14 0.45 0.19 0.29 0.43 0.82

CRP, C-reactive protein; HRV, heart rate variability; MPA, monocyte—platelet aggregate. See text for definition of HRV parame-

ters.

system deriving from the prevention of influenza dis-
ease by vaccination, contributing to explain the con-
troversial results about the protection of influenza A
vaccine againstacute coronary events.

Inflammation and cardiac autonomic function

Many studies have also shown that even an alteration
of cardiac ANS activity towards a predominance of

adreneroic tone i ascociated with an increa<ed rick

A relation between impaired cardiac parasympa-
thetic function and a subclinical inflammatory state
has recently been reported in several clinical studies
[18-21]. Such a relation implies that impairment of
the autonomic modulation of inflammation, because
of significant autonomic dysfunction, may favour an
increase in subclinicalinflammation.

To obtain insight into the complex link between the

ANS and inmnflammation. we recentlv ascesced the ef-
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of cardiac events in several disease settings [9—12]
includingdiabetes [34].

It is noteworthy that, in recent years, several experi-
mental studies have shown a link between autonomic
nervous function and inflammation. Early studies in
rats showed that vagotomy increased, whereas vagus
nerve stimulation decreased, mortality related to
endotoxin-induced sepsis [35]. The capacity of para-
sympathetic stimulation to limit the response to
inflammatory stimuli was confirmed in several other
studies [16, 36] and seems to be mainly mediated by
the inhibition of tissue macrophage activation
through acetylcholine-mediated stimulation of al-
pha-7nicotinicreceptors [37].

Other studies have shown that inflammation in
peripheraltissues can be ‘sensed’by afferent nerve fi-
bres stimulated by inflammatory cytokines. Sensing
of inflammation triggers autonomic vagal activation
that determines anti-inflammatory effects with a
probable attempt to avoid tissue damage as a conse-
quence of excessive local inflammatory reactions (the
‘inflammatoryreflex’) [38].

fects of beta-blockade on HRV and CRP levels in a
small group of patients with type 1 diabetes. As ex-
pected, beta-blockade improved HRV, but, at the

same time, also reduced serum CRP levels, suggest-
ing that the improvement of sympathovagal balance
by beta-blockers may translate into anti-inflamma-
tory effects [39].

In this study, we investigated the cardiac autonomic
response to an inflammatory stimulus in a group of
patients with type II diabetes without overt cardio-
vascular disease. Our results show that vaccine
administration induced a cardiac sympathovagal
imbalance towards relative sympathetic predomi-
nance, as expressed by the reduction in HRV
parameters, which probably resulted from systemic
changes induced by inflammation (including possi-
ble mild increase in body temperature and periph-
eral vasodilation). Of note, the changes in most HRV
parameters correlated with those of CRP levels, con-
firming the evidence from previous studies of a
pathophysiological link between subclinical inflam-
mation and cardiac sympathovagal balance [16,
19-22].

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 118-125 123
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The increase in MPA, however, did not show any sig-
nificant correlation with HRV changes, suggesting
that the acute cell-mediated inflammatory response
toviral vaccinedid not resultin appreciable effects on
cardiac autonomic activity. Accordingly, no signifi-
cant relation was found between HRV changes and
plateletactivation in this context.

Conclusions

In this study, we have shown that influenza A vacci-
nation in patients with type II diabetes induces, to-
gether with the expected inflammatory reaction, an
increasein platelet activationand a cardiac sympath-
ovagal imbalance. Overall, the vaccine-induced
changes in platelet activity and autonomic nervous
activity may transiently increase the risk of cardio-
vascular eventsinvaccinated patients.
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