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Aims Influenza may cause myocardial injury and trigger acute cardiovascular events. The aim of this study was to investigate the
prevalence and prognostic implications of elevated high-sensitivity cardiac troponin | (hs-cTnl) in patients with influenza.

Methods In this prospective cohort study, we consecutively enrolled patients with influenza-like iliness from two emergency de-

and results partments in Sweden during three seasons of influenza, 2017-20. Ongoing Influenza infection was diagnosed by polymer-
ase chain reaction and blood samples were collected for later analysis of hs-cTnl. All patients were followed-up for a
composite endpoint of major adverse cardiovascular events (MACE) including death, myocardial infarction, unstable an-
gina, heart failure, atrial fibrillation, and stroke within 1 year. Of the 466 patients with influenza-like symptoms, 181 (39%)
were positive for influenza. Fifty (28%) patients were hospitalized. High-sensitivity cTnl was elevated in 11 (6%) patients
and 8 (4%) experienced MACE. In univariate analyses, MACE was associated with age [hazard ratio (HR): 1.14, 95% con-
fidence interval (Cl): 1.05-1.23], hypertension (HR 5.56, 95%CI: 1.12-27.53), estimated glomerular filtration rate (HR:
0.94, 95%Cl: 0.91-0.97), and elevated hs-cTnl (HR: 18.29, 95%Cl: 4.57—73.24), N-terminal prohormone of brain natri-
uretic peptide (HR: 14.21, 95%Cl: 1.75-115.5), hs-CRP (HR: 1.01, 95%Cl: 1.00-1.02), and white blood cell count (HR:
1.12, 95%Cl: 1.01-1.25). In multivariate analysis, elevated hs-cTnl was independently associated with MACE (HR: 4.96,
95%Cl: 1.10-22.41).

Conclusion The prevalence of elevated hs-cTnl is low in unselected patients with influenza. Elevated hs-cTnl was associated with
poor prognosis. A limitation is that the estimated associations are uncertain due to few events.
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Background

Annual epidemics of influenza are estimated to result in 3-5 mil-
lion cases of serious disease and 290 000-650000 respiratory
deaths worldwide." Although influenza is characterized predom-
inately by respiratory manifestations, myocarditis,z’4 and exacer-
bation of underlying chronic cardiac diseases, such as congestive
heart failure and atrial fibrillation, are not uncommon.*” In add-
ition, evidence has suggested that influenza may be a cause of
acute myocardial injury and a trigger off acute cardiovascular
events. *871°

Retrospective studies, both case—control and self-controlled case-
series, have demonstrated that patients who test positive for influ-
enza are at increased risks of acute myocardial infarction (MI) and
stroke > 101415 Moreover, concomitant influenza was found to nega-
tively affect the short-term prognosis of patients with ML
Protection from influenza has been reported to improve prognosis
in patients with MI, and a recent placebo-controlled trial showed
that influenza vaccination following Ml reduces future cardiovascular
events.'®

Myocardial injury is defined as the detection of an elevated car-
diac troponin (cTn) above the 99th percentile upper reference
limit and the injury is considered acute if there is a rise and/or
fall of cTn values." High-sensitivity immunoassays to measure
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the concentrations of cTn (hs-cTn) are recommended to detect
myocardial injury, regardless of whether the underlying mechan-
ism is ischaemic or non-ischaemic."?

To date, only a few studies have measured hs-cTn in patients with
influenza, with these studies showing that the prevalence of troponin
positivity ranges widely and is dependent on the cohort studied. %24
However, three recent studies have reported that increased hs-cTn
concentrations were associated with acute cardiac events and death
within 30 days.?*™>*

Prospective studies assessing the prevalence of elevated hs-cTn in
unselected cohorts and the association of elevated hs-cTn with ma-
jor adverse cardiovascular events (MACE) are scarce. Therefore, the
present study was designed to evaluate the prevalence of elevated
high-sensitivity cTnl (hs-cTnl) and other cardiac and inflammatory
markers in patients with laboratory-confirmed influenza, and to in-
vestigate the prognostic implication of elevated hs-cTnl on MACE
in these patients.

Methods

Study design and participants

This prospective cohort study conducted in Region Orebro County,
Sweden, included patients aged >18 years who presented with influenza-
like symptoms to the emergency departments (EDs) of Orebro
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University Hospital and Karlskoga County Hospital during the 2017/
2018, 2018/2019, and 2019/2020 influenza seasons. The annual influenza
season is defined as occurring between October 1 and April 30.%
Recruitment of patients during the 2019/2020 influenza season was ter-
minated on 17 February 2020, due to the developing Coronavirus dis-
ease 2019 (COVID-19) pandemic.

All patients presenting with influenza-like illness at the EDs and
who, due to a strong clinical suspicion of ongoing influenza illness
were tested using reverse transcription polymerase chain reaction
(RT-PCR) assays, were considered for inclusion. Written informed
consent was required for inclusion. The exclusion criteria included
an inability to provide informed consent, age <18 years and ongoing
symptoms or findings indicating an acute coronary syndrome, pul-
monary oedema, haemodynamically significant arrhythmia, or acute
stroke.

Data on medical history, vaccination status, duration of illness,
and clinical symptoms were collected from participants using
questionnaires. An electrocardiogram (ECG) was recorded, and a
nasopharyngeal swab was collected for RT-PCR analyses of influenza

A and influenza B (Simplexa Flu A/B & RSV, Focus Diagnostics,
Cypress, CA, USA). Blood samples were obtained directly after
inclusion, at the ED, for subsequent analysis of hs-cTnl and other
biomarkers. Plasma was collected in EDTA-containing tubes and
stored at —70°C until analysis. Medical charts were consulted 1
year after inclusion to determine the incidence of MACE, defined as
a composite of all-cause death, MI, hospitalization due to heart failure,
unstable angina, atrial fibrillation, and stroke. The prevalence of myo-
carditis, other arrhythmias, and Takotsubo syndrome was also
recorded.

Previous and later measurements of hs-cTnl vales were also noted
during the review of medical charts.

Patients with RT-PCR confirmed influenza were defined as the cases
and patients who tested negative for influenza served as controls
(Figure 1).

The study was performed in accordance with the Declaration of
Helsinki and was approved by the Regional Ethical Review Board of
Uppsala (2017/220). This trial is registered at www.clinicaltrials.gov: as
NCT03339180.
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Figure 1 Study cohort. A total of 466 individuals were included, 181 with confirmed influenza, and 285 without confirmed influenza.
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Cardiac biomarkers

High-sensitivity cTnl was measured using the hs-cTnl-Centaur assay
(ADVIA Centaur TNIH, Siemens Healthcare), which has been reported
by the manufacturer of having a population 99th percentile concentra-
tion (both sexes) of 47 ng/L with a corresponding coefficient of variation
<5%. The sex-adjusted 99th percentiles for men and women are 57 and
37 ng/L, respectively.

N-terminal prohormone of brain natriuretic peptide (NT-proBNP)
was measured using the NT-proBNP-Cenatur assay (ADVIA Centaur
PBNP-analysis, Siemens Healthcare), with cutoffs of 125 and 450 pg/
mL for individuals aged <75 years old and >75 years, respectively, as de-
termined by the manufacturer.

Outcome definitions
Baseline information was obtained from patients at inclusion and from
medical charts.

Myocardial injury was defined as the detection of a value of hs-cTn
above the 99th percentile upper reference limit."? If the review of med-
ical charts revealed earlier or later clinically motivated single or repeated
measurements of hs-cTnl, these values were compared with the hs-cTnl
value measured at inclusion and the injury was considered acute if there
was a rise and/or fall of cTnl values.”’

Causes of death 1-year after patient inclusion were determined based
on International Statistical Classification of Diseases and Related Health
Problems, (ICD-10 codes) recorded in medical charts or death certifi-
cates. Myocardial infarction was defined as ICD codes 121 and 122, un-
stable angina as ICD code 120, heart failure as ICD code 150,
myocarditis as ICD codes 140 and 141, stroke as ICD code 163, and atrial
fibrillation as ICD code 148. Event adjudication was not performed.

Primary and secondary endpoints and

endpoint definitions

The primary endpoint was defined as the prevalence of increased hs-cTnl
concentrations at the time of inclusion. High-sensitivity cTnl values above
the sex-specific 99th percentiles were considered elevated. The second-
ary endpoint was defined as the time to a composite endpoint of MACE,
including all-cause death, admission for MI, unstable angina, heart failure,
atrial fibrillation, and stroke.

Statistical analyses

Normally distributed continuous variables are presented as mean +
standard deviation (SD), and non-normally distributed continuous vari-
ables as median and inter-quartile range (IQR). Differences between
cases controls were assessed by unpaired t-tests on original scale or
log scale as appropriate. Ordinal variables were assessed with y? tests
for trend or Mann—Whitney U tests, and differences between propor-
tions were evaluated by Pearson’s y? test or Fisher’s exact test, as ap-
propriate. Two-sided P-values <0.05 were considered statistically
significant, with all estimates presented with their 95% confidence in-
tervals (Cls). A small number of missing data did affect some of the
other variables and numbers are reported in Table 1. For individuals
in the influenza group with missing data in categorical variables these
were imputed into the largest category and missing data in continuous
variables were imputed as the mean or median value as appropriate.
Tables 2 and 3 include imputed data.

Clinical characteristics associated with MACE were evaluated by uni-
variate and multivariate Cox regression analyses. All factors associated
with MACE on univariate analyses with a P <0.05 were included in the
multivariate model; these included age, hypertension, elevated hs-cTnl,
elevated NT-proBNP, estimated glomerular filtration rate, hs-CRP con-
centration, and white blood cell (WBC) count. In multivariable analysis,

hs-cTnl was used as a dichotomous variable, with a cutoff at the 99th per-
centile, to adjust for sex differences. Due to the low number of events
(<10) and comparatively large number of exposures stepwise proce-
dures with both forward and backward analyses were used to ascertain
the results further. Hazard ratios (HRs) and their corresponding 95%Cl
are reported. The association between elevated hs-cTnl and MACE was
also evaluated by log-rank test.

High-sensitivity cardiac troponin | was regarded as both a continuous
and a categorical variable, with concentrations >57 ng/L for men and
>37 ng/L for women considered elevated. NT-proBNP was also re-
garded as both a continuous and a categorical variable, with concentra-
tions >300 pg/mL considered elevated in the acute setting.”’

All statistical tests were two-tailed and P < 0.05 was regarded as stat-
istically significant. All statistical analyses were performed using the
Predictive Analytical SoftWare (PASW statistics 17.03) programme
(SPSS Inc, Chicago, IL, USA).

Results

Of the 466 patients who presented to the EDs during three influenza
seasons, 181 (39%) tested positive for influenza, including 94 (52%)
who were positive for influenza A and 87 (48%) who were positive
for influenza B. Both patients with and without influenza had
influenza-like symptoms for a median 4 days before inclusion.
There was no difference in gender between groups. Patients with in-
fluenza were significantly younger, had a higher maximum body tem-
perature, and had a lower rate of previous heart failure than patients
without influenza (Table 1). In addition, estimated glomerular filtra-
tion rate was higher, concentrations of hs-cTnl, NT-proBNP, and
hs-CRP were lower; WBC, neutrophil, lymphocyte, and platelets
counts were lower; and erythrocyte sedimentation rate was lower
in patients with than without influenza (Table 1).

Prevalence of elevated high-sensitivity

cardiac troponin |

Of the 466 patients in the entire cohort, 43 (9%) had hs-cTnl concen-
trations above the sex-specific cutoff levels, including 11 (6%) of the
181 influenza positive and 32 (11%) of the 285 influenza negative
patients.

Patients with confirmed influenza

Patients with influenza and elevated hs-cTnl were older, had higher
NT-proBNP and hs-CRP concentrations, and more often had left
bundle branch block compared with patients with influenza without
elevated hs-cTnl (Table 2).

A total of 50 patients were hospitalized after ED evaluation, seven
(14%) patients with elevated hs-cTnl and 43 (86%) patients without
elevated hs-cTnl. All patients admitted to hospital were discharged
alive after a median 3 days with influenza infection (ICD code J10)
as primary diagnosis. No patients needed intensive care.

Patients with influenza and elevated
high-sensitivity cardiac troponin |

Seven patients hospitalized for influenza had elevated hs-cTnl; of
these, two (29%) were diagnosed with influenza A and five (71%)
with influenza B. Elevation of hs-cTnl was acute in five patients and
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Table 1 Baseline demographic and clinical characteristics of included patients who were and were not

diagnosed with influenza

Influenza No influenza *P-value
181 285

Demographics
Female, n (%) 86 (47.5%) 146 (51.2%) 0434
Age, years (IQR) 55 (34-72) 61 (43-75) 0.030
Current infection
Days with symptoms (IQR) 4 (3-6) 4 (2-7) 0.316
Maximal temperature, °C (+SD) 39.2(0.7) 38.9 (1.0) <0.001
Recent vaccination, n (%) 52/178 (29.2%) 81/284 (28.5%) 0.873
Risk factors
BMI, kg/m?, (IQR) 26.5 (23.5-29.6) 26.8 (24.1-30.1) 0.221
Diabetes, n (%) 25/181 (13.8%) 41/285 (14.4%) 0.863
Hypertension, n (%) 65/181 (35.9%) 113/283 (39.9%) 0.385
Hyperlipidaemia, n (%) 34/178 (19.1%) 56/280 (20.0%) 0.813
Smoking, n (%) 0.315

Never 96 (53.0%) 141 (49.5%)

Previous 39 (21.5%) 83 (29.1%)

Current 23 (12.7%) 32 (11.2%)

Unknown 23 (12.7%) 29 (10.2%)
Medical history
Asthma 33/181 (18.2%) 45/283 (15.9%) 0.531
COPD 12/181 (6.6%) 26/283 (9.2%) 0.327
Heart failure 91179 (5.0%) 32/284 (11.2%) 0.021
Myocardial infarction 14/181 (7.7%) 28/283 (9.9%) 0.429
PVD 3/181 (1.7%) 91280 (3.2%) 0.305
Stroke 71181 (3.9%) 18/284 (6.3%) 0.249
Laboratory findings
Hs-cTnl men, ng/L (IQR) 5.1 (27-17.6) 8.9 (2.5-21.6) 0.125
Hs-cTnl women, ng/L (IQR) 3.1 (2.5-8.1) 4.5 (2.5-14.0) 0.079
Hs-cTnl, elevated (%) 11 (6.1%) 32 (11.2%) 0.061
NT-proBNP, ng/L (IQR) 156 (57-549) 259 (79-1407) <0.001
NT-proBNP, elevated (%) 62/179 (34.6%) 131/282 (46.5%) 0.012
eGFR, mL/min/1.73 m? (%) 85 (63-96) 76 (60-95) 0.036
Hs-CRP mg/L (IQR) 33 (17-57) 57 (22-129) <0.001
WBC, x10%¥9/L (+SD) 7.2 (3.5) 10.0 (4.2) <0.001
Neutrophils, x10*9/L (+SD) 54 (3.5) 7.8 (4.0) <0.001
Lymphocytes, x10%9/L (+SD) 1.0 (0.5) 1.2 (0.8) 0.006
Platelets, x10*9/L (+SD) 209 (72.1) 249 (98.3) <0.001
ESR, mm/h (IQR) 18 (9-31) 31 (15-53) <0.001
ECG at presentation
Heart rate b/min (+SD) 91 (19) 92 (19) 0.857
Atrial fibrillation (%) 18/175 (10.3%) 33/276 (12.0%) 0.579
ST-elevation (%) 0 41276 (1.4%) 0.161
ST-depression (%) 8/175 (4.4%) 14/276 (4.9%) 0.807
LBBB (%) 5/175 (2.8%) 8/276 (2.8%) 0.977

Elevated hs-cTnl: men >57 ng/L and women >37 ng/L. Continuous variables with missing values, number (influenza/no influenza): days with symptoms 179/285, temperature 167/265,
BMI178/280, NT-proBNP 179/282, eGFR 174/280, hs-CRP 179/285, WBW 177/282, neutrophils 132/203, lymphocytes 130/200, platelets 177/279, ESR 92/139, heart rate 175/276.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; ESR, erythrocyte sedimentation rate; ECG, electrocardiogram; PVD, peripheral vascular disease; Hs-CRP,
high-sensitivity C-reactive protein; LBBB, left bundle branch block; WBC, white blood cells.

Bold P-values are significant (P < 0.05).

*P-value: difference between patients with and without influenza.
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Table 2 Baseline demographic and clinical characteristics of patients with influenza, stratified by
high-sensitivity cardiac troponin | elevation

Influenza

Total, n

Demographics

Female (%)

Age, years (+IQR)

Current infection

Days with symptoms (IQR)
Recent influenza vaccination
Risk factors (%)

4 (36.4%)
74 (56-87)

4 (2-5)
5 (45.5%)

BMI kg (+SD) 249 (20.8-282)
Diabetes 1(9.1%)
Hypertension 7 (63.6%)
Hyperlipidaemia 4 (44.4%
Smoking
Never 4 (36.4%)
Previous 3 (27.3%)
Current 2 (18.2%)
Unknown 2 (18.2%)
Medical history, %
Asthma 0
COPD 1(9.1%)
Heart failure 2 (18.2%)
Ml 2 (18.2%)
PVD 1(9.1%)
Stroke 2 (18.2%)
Laboratory findings
Hs-cTnl, median, ng/L (IQR) 85.0 (62.3-252.3)
Hs-cTnl, mean, ng/L (+SD) 132.6 (103.2)
NT-proBNP, ng/L (IQR) 2760 (1001.8—4886.8)
NT-proBNP, elevated, n (%) 9 (81.8%)
Hs-CRP mg/L (IQR) 50.0 (37.0-104.0)
WBC, x10%9/L (+SD) 83 (33)
Platelets, x10*9/L (£SD) 207.2 (46.7)

eGFR, umol/L (IQR)
ECG at presention

69.0 (42.0-78.0)

Heart rate b/min (+SD) 95 (24)
Atrial fibrillation (%) 2 (18.2%)
ST-elevation (%) 0
ST-depression (%) 0

LBBB (%) 3 (27.3%)

P-value
No elevated hs-cTnl
170
82 (48.2%) 0.445
52 (34-71) 0.010
4 (3-6) 0.441
47 (28.1%) 0.303
25.5 (23.6-29.7) 0.170
24 (14.1%) 1.000
58 (34.1%) 0.058
30 (17.8%) 0.069

0.719

92 (54.1%)
36 (21.2%)
21 (12.4%)
21 (12.4%)
33 (19.4%) 0.219
11 (6.5%) 0.540
7 (4.2%) 0.098
12 (7.1%) 0.204
2 (1.2%) 0172
5 (2.9%) 0.060
3.7 (2.5-87) <0.001
7.6 (8.6) <0.001
143 (55.0-447.5) <0.001
53 (31.2%) <0.001
315 (17.0-52.5) 0.016
7.1 (3.5) 0.288
208.8 (73.6) 0.943
85.0 (65.0-96.0) 0.052
91 (18) 0.517
16 (9.4%) 0.300
0 0
8 (4.7%) 1.00
2 (1.2%) 0.002

Variable with missing values, numbers (elevated/no elevated): heart rate 0/164. BMI, body mass index; COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; PVD,
peripheral vascular disease; Hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cells; LBBB, left bundle branch block.

Bold P-values are significant (P < 0.05).
*P-value: difference between patients with and without elevated hs-cTnl.

suspected of being chronic in the other two, although an acute com-
ponent could not be completely ruled out.

Four patients with influenza and elevated hs-cTnl at inclusion
were not hospitalized, with no further assessments documented
in either hospital or outpatient-clinic charts. All were men aged
between 27 and 74 years, with two diagnosed with influenza A

and two diagnosed with influenza B. Electrocardiograms of all
four showed sinus rhythm but no evidence of pathological
ST-elevation or ST-depression. However, one individual had a
left branch bundle block. A review of their medical charts found
no evidence that their hs-cTnl concentrations had been measured
before or after the event.
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Table 3 Univariate and multivariate Cox regression analyses of factors associated with major adverse
cardiovascular events

Demographics Univariate Multivariate
Number HR 95%ClI P-value HR 95%ClI P-value

Sex Men 95

Women 86 0.67 0.16-2.79 0.572
Age 181 1.14 1.05-1.23 <0.002 1.13 0.98-1.29 0.085
Current infection
Days with symptoms 181 0.93 0.72-1.21 0.585
Recent vaccination No 129

Yes 52 2.57 0.64-10.27 0.182
Risk factors
BMI 181 1.00 0.86-1.16 0.973
Diabetes No 156

Yes 25 0.88 0.11-7.12 0.902
Hypertension No 116

Yes 65 5.56 1.12-27.53 0.036 1.30 0.19-8.95 0.655
Hyperlipidaemia No 147

Yes 34 145 0.29-7.17 0.651
Smoking No 119

Yes 62 114 0.27-4.78 0.856
Medical history
Asthma or COPD No 142

Yes 39 0.03 0.00-43.83 0.354
Heart failure No 172

Yes 9 2.80 0.34-22.76 0.336
M No 167

Yes 14 4223 0.85-20.94 0.078
Stroke No 174

Yes 7 3.84 0.47-31.22 0.208
Laboratory findings
Troponin |, elevated No 170

Yes 1" 1829 4.57-73.24 <0.001 4.96 1.10-22.41 0.037
Troponin |, ng/L 181 1.01 1.01-1.02 <0.001
NT-proBNP, elevated No 119

Yes 62 14.21 1.75-115.5 0.013 0.73 0.06-9.18 0.805
eGFR 181 0.94 0.91-0.97 <0.001 0.97 0.92-1.03 0.321
Hs-CRP mg/L 181 1.01 1.00-1.02 0.045 1.00 0.98-1.02 0.742
WBC, x10%9/L 181 112 1.01-1.25 0.039 132 0.98-1.79 0.068
Platelets, x10%9/L 181 1.01 1.00-1.01 0.136
ECG at presentation
Atrial fibrillation No 163

Yes 18 3.17 0.64-15.73 0.157
ST-depression No 173

Yes 8 0.05 0.12-85.24 0.685
LBBB No 176

Yes 5 6.01 0.74-48.88 0.094

BMI, body mass index; ECG, electrocardiogram; Hs-CRP, high-sensitivity C-reactive protein; LBBB, left bundle branch block; WBC, white blood cells.
Bold P-values are significant (P < 0.05).
*Multivariate analysis: Cox regression analysis including all factors P < 0.05 in the univariate analysis.
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Outcome in patients with influenza
At 1-year follow-up, eight (4%) of the patients with influenza had ex-
perienced MACE; including four with (36%) and four (2%) without
elevated hs-cTnl (P < 0.01). All four patients with influenza and ele-
vated hs-cTnl who experienced MACE died, one of a cardiovascular
cause (stroke) and three off non-cardiovascular causes (one each of
ileus, acute gastric ulcer, and pulmonary cancer). Of the four patients
with influenza but without elevated hs-cTnl who experienced MACE,
one was later admitted with Ml, one with stroke, and one with atrial
fibrillation, with the fourth dying of pneumonia.

One patient each experienced MACE 11 and 44 days after being
diagnosed with influenza, with the remaining events occurring 5—
11 months later. No patients were lost to follow-up.

Variables associated with major adverse
cardiovascular events in patients

diagnosed with influenza

Univariate analysis of variables associated with MACE in patients with
influenza infection was older age; hypertension; lower estimated
glomerular filtration rate; higher concentrations of hs-cTnl,
NT-proBNP, and hs-CRP; and higher WBC counts (Table 3). In mul-
tivariable analysis, elevated hs-cTnl was independently associated
with MACE (Table 3). The association between elevated hs-cTnl
and MACE was also evaluated by log-rank test and a Kaplan—Meier
curve, P<0.001.

Patients without influenza

The prevalence of elevated hs-cTnl was 11 and 13% experienced
MACE in the non-influenza group. A total of 123 patients (44%)
were hospitalized after ED evaluation, of which 25 patients had ele-
vated hs-cTnl and 98 patients had not. Diseases of the respiratory
system were the most common discharge diagnoses (56.1%), fol-
lowed by diseases of the circulatory system (12.2%), diseases of
the genitourinary system (11.4%), and certain infectious and parasitic
diseases (10.6%). An additional 12 patients were admitted within 30
days, and their discharge diagnoses were also mainly among the dis-
eases of respiratory system (see Supplementary material online,
Table S1). The majority of patients without admission to hospital re-
ceived unspecified diagnoses at the EDs. In univariate analysis, ele-
vated hs-cTnl was associated with outcome: HR 3.43 (95%Cl
1.653-7.119), P < 0.001.

Discussion

In this prospective cohort study assessing the prevalence and prog-
nostic value of elevated hs-cTnl in an unselected population of pa-
tients with laboratory-confirmed influenza infection patients were
included during three influenza seasons. The prevalence of elevated
hs-cTnl in our cohort of 181 patients with documented influenza
was 6%, much lower than in two recent retrospective studies, which
found that the prevalence rates of elevated hs-cTn in patients with
influenza were 31.8,23 477 *and 65.5%.2* However, unlike the pre-
sent prospective study, the two previous retrospective reports cal-
culated the prevalence of elevated hs-cTn in selected individuals in
whom hs-cTn had been measured, thus increasing the likelihood of

inclusion bias. Furthermore, the median age of patients in the present
study was 55 years, and most had not been admitted to hospital. By
contrast, the median age of the patients in the previous studies was
between 66 and 80 years, and a large proportion of patients had been
admitted to hospital, implying more severe disease.”**> Additionally,
in the recent prospective study 12.4% were admitted to the intensive
care unit.>* The prevalence rates of elevated hs-cTn patients aged
>65 years in those admitted to hospital in the present study, how-
ever, were 10 and 14%, respectively.

During the 1-year follow-up period, 4% of the patients in this co-
hort experienced at least one adverse event. Half of these patients
experienced a cardiovascular event (M, stroke, atrial fibrillation, or
death from stroke) and the rest died of non-cardiovascular causes.
Multivariate analysis showed that elevated hs-cTnl was independent-
ly associated with MACE. However, due to the low number of
events, this finding must be interpreted with caution.

Several studies have demonstrated an increased risk of cardiovas-
cular events following infection with influenza virus.*>*™"® The
pathophysiological mechanisms underlying triggering of cardiovascu-
lar complications can include increased coronary and systemic in-
flammatory activity,”® release of cytokines and interleukins that
may lead to plaque destabilization,”® plaque rupture,”” increased pro-
coagulant conditions including triggering of the coagulation cas-

28-30

cade, sympathetic activation with subsequent effects on vascular

2830 and inad-

tone with vasoconstriction,30 endothelial dysfunction,
equate coronary artery blood flow due to increased metabolic de-
mand, with fever, tachycardia, reduced oxygen saturation, and
hypotension,283°

In the present study, half of the major adverse events were cardio-
vascular and the rest were non-cardiovascular. Our univariate and
multivariate analyses indicate that older age, elevated hs-cTnl, lower
eGFR, and higher inflammatory markers to be associated with
MACE. We hypothesize that an elevated hs-cTnl in an older individ-
ual during influenza infection is a sign of frailty that may serve as a
prognosticator for poor prognosis.

Although none of the patients with influenza in the present study
experienced myocarditis, four patients with elevated hs-cTnl at the
time of study inclusion were not hospitalized and review of their in-
patient and outpatient medical charts found no further assessments.
All were men aged between 27 and 74 years of age; all had ECGs
showing normofrequent sinus rhythm without ST-elevation or de-
pression. However, one individual had a left branch bundle block.
Thus, the mechanism underlying hs-cTnl elevation in these patients
could not be determined.

The control group, consisting of patients with influenza-like symp-
toms but negative PCR test for influenza, had at baseline higher levels
of NT-proBNP and inflammatory biomarkers compared with the in-
fluenza group. The older age and more prevalent heart failure in the
control group may contribute to the difference in NT-proBNP levels.
Furthermore, the control group was more often than the influenza
group affected of bacterial infections resulting in pneumonia and sep-
sis and this may contribute to the higher levels of inflammatory
markers.

Increased levels of hs-cTn hold prognostic value in hospitalized in-
fluenza patients,**?* in unselected patients presenting to the ED with
symptoms suggestive of acute coronary syndrome31and inpatients at
cardiac wards.*” Patients with evidence of myocardial injury or Type
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2 Ml in these settings have worse short-term®'and long-term out-
comes.>? In a recent systematic review and meta-analysis, elevated
hs-cTn is a reliable predictor of cardiovascular risk in the general
population and that the risk of all-cause death, cardiovascular death,
and hospitalization due to heart failure increases with biomarker
levels.*?

Elevated hs-cTnl in patients with influenza in the present study was
associated with adverse long-term but not short-term prognosis.
This finding, contrasts observations from previous studies indicating
significant short-term effects.'®?*~2 Differences in composition of
cohorts, number of inpatients, and the severity of influenza disease
may contribute to the discrepancy. Patients with elevated hs-cTnl
were older, had more often elevated NT-proBNP and hs-CRP
than patients without elevated hs-cTnl. Cardiovascular risk factors
such as sex, smoking, previous cardiovascular disease, and previous
heart failure were however similar between groups. This implies
that elevated hs-cTnl, as a marker of myocardial injury, in patients
with influenza carries an independent prognostic value.

Clinical implications

The present study found that the prevalence of elevated hs-cTnl in an
unselected population with influenza infection is low. An elevated
hs-cTnl accompanying influenza was associated with poor prognosis.
Most of the patients with elevated hs-cTnl also needed in-hospital
care. An elevated hs-cTnl in an older individual during influenza
may therefore be used as a sign of frailty and poor prognosis.

Strengths and limitations

The strengths of the present study are its prospective design with pa-
tients included during three influenza seasons, the large number of
patients, the broad inclusion criteria, and the use of an hs-cTn assay.
The inclusion of consecutive patients makes the study more universal
and the results more generalizable.

One limitation is that, for ethical reasons, the most seriously ill pa-
tients seeking care could not be included. Furthermore, patients with
obvious ongoing symptoms, indicating an acute coronary syndrome,
pulmonary oedema, severe arrhythmia, or acute stroke were ex-
cluded. These findings therefore represent hs-cTnl concentrations
in patients with influenza-like symptoms. Furthermore, since the
study had broad inclusion criteria and exclusion criteria was few,
this allowed patients with another clinical conditions to be included,
in whom hs-cTnl may be elevated, i.e. end stage renal disease, severe
hypertension, anaemia, stress cardiomyopathy, chronic obstructive
pulmonary disease, heart failure, pulmonary embolism, severe sepsis,
and massive rhabdomyolysis. However, we were able to identify
most of these conditions using baseline data and review of medical
charts.

The event rate was low and all multivariate analyses must there-
fore be interpreted with caution. In our multivariable Cox regression
model seven factors, univariably associated with MACE, were as-
sessed. This may be considered too many when the number of
events is small. Several different procedures, including Cox regres-
sion stepwise forward and backward analyses and log-rank test, illu-
strated by the Kaplan—Meier curve, were used to ascertain the
results further.

The spread of COVID-19 started during the last influenza season in-
cluded in the study. The first confirmed COVID-19 case in Sweden was
diagnosed on 31 January 2020 according to Swedish authorities®* and
because only selected patients were tested for COVID-19 in the begin-
ning of the pandemic, we could not determine whether some of the
patients in the present study were infected with this virus. Thus, we can-
not exclude the possibility that some of these patients had concurrent
influenza and COVID-19 infection. However, of 54 patients included
between 1 October 2019, and 17 February 2020, 13 were positive
for influenza and 41 were not. High-sensitivity cTnl levels were elevated
in seven patients, all negative for influenza. Hence, the association be-
tween elevated hs-cTnl and prognosis was most likely not caused by
myocardial injury from COVID-19.

Our aim was to include a broad population of unselected patients
with influenza-like symptoms around the clock at two hospitals. No
predetermined criteria for testing were used and it was up to the
physicians in charge to decide if a test for influenza was indicated
or not. No screening log was used and therefore we have no infor-
mation about patients not included in the study. The proportion of
patients vaccinated was 29% in both patients with and without influ-
enza. Previous influenza vaccination status did not seem to prevent
from testing for influenza illness. The study may have influenced
the medical staff to test more individuals for influenza than usual.

Conclusion

This study showed that in a consecutive cohort of unselected pa-
tients with influenza-like symptoms seeking medical care at
Swedish emergency departments, the prevalence of elevated
hs-cTnlis low. Individuals with influenza and elevated hs-cTnl seemed
to have a poorer prognosis than those with influenza and
non-elevated hs-cTnl.
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