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Abstract:
Objective Although life-threatening cardiac complications in influenza infection are rare, subclinical

influenza-associated cardiac abnormalities may occur more frequently. We investigated the prevalence of sub-

clinical cardiac findings.

Methods After obtaining their written informed consent, 102 subjects were enrolled in the present study.

The study subjects underwent a first set of examinations, which included electrocardiography (ECG), echo-

cardiography, and the measurement of their cardiac enzyme levels. Those with one or more abnormal find-

ings among these examinations were encouraged to undergo a repeat examination 2 weeks later.

Results Among the 102 subjects enrolled, 22 (21.6%) were judged to have cardiac findings, including ST-T

abnormalities, pericardial effusion, diastolic dysfunction, and cardiac enzyme elevation. Eighteen of these 20

subjects underwent a second screening at a median of 14 days later, and it was found that 11 of the 18 sub-

jects were free from cardiac findings on this second examination. This suggested that the abnormalities were

only transient and they therefore might have been associated with influenza. Approximately 20% of the influ-

enza patients enrolled had cardiac findings, including ST-T segment abnormalities, pericardial effusion, and

cardiac enzyme elevation.

Conclusion Among the 102 patients who were studied, the cardiac findings were only mild and transient;

however, physicians should be aware of influenza infection-associated cardiac abnormalities because such ab-

normalities may not be rare.
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Introduction

Myocarditis can be induced by various viruses, including

adenovirus, enterovirus, and cytomegalovirus, and can some-

times be life-threatening (1-3). Among the extra-pulmonary

complications of influenza infection, the recognition of myo-

carditis, as well as encephalitis, is critical because either

condition can lead to a life-threatening outcome (4-8). Al-

though clinically apparent influenza-associated myocarditis

is rare (9, 10), the mortality rate among patients with fulmi-

nant myocarditis is reported to be as high as 39-

83% (11, 12). Given that influenza virus infection can now

be rapidly diagnosed and that several anti-influenza antiviral

drugs are available that may potently ameliorate influenza-

associated myocardial damage (13-15), the possibility of po-

tential myocardial injury should not be overlooked among

patients with flu-like symptoms.

In addition to fulminant myocarditis, previous studies

have shown that influenza-associated cardiac injury may

manifest as ECG abnormalities (16, 17), elevation of cardiac

enzymes (18-20), and left ventricular (LV) wall motion ab-

normalities (21), which may be accompanied by only slight

symptoms (or be asymptomatic); however, the exact inci-
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Figure　1.　A flow chart showing the analysis of the patients undergoing the first and second exami-
nations to detect cardiac abnormalities.
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dence of such clinically non-significant cardiac damage may

depend on the types and extensiveness of the cardiac screen-

ing (14, 22, 23). In the present study, we prospectively in-

vestigated the incidence of subclinical cardiac abnormalities

by ECG, echocardiography, and the laboratory measurement

of cardiac enzyme levels among patients with proven influ-

enza virus infection.

Materials and Methods

Study subjects

This study was approved by the institutional ethics com-

mittee of Osaka Medical College, and written informed con-

sent was obtained from all of the participants before their

enrollment. Between February 2014 and March 2017, 102

adults suffering from influenza infection were recruited for

this study. The diagnosis of influenza infection (either type

A or B) was confirmed based on a positive nasal swab

specimen and was made using a commercially available test

kit, such as the QuickNavi-Ful kit (Denka Seiken, Tokyo,

Japan).

Cardiac examination

The first and - when necessary - second examination, in-

cluded 12-lead ECG, echocardiography, and the measure-

ment of the patient’s cardiac enzyme levels. With regard to

ECG findings, ST-T abnormalities, ventricular/supraventricu-

lar premature contractions, atrioventricular and intraventricu-

lar block, high voltages, and other arrhythmia or conduction

disturbances were regarded as abnormal. For echocardiogra-

phy, transthoracic echocardiography was performed with

commercially available ultrasound machines and phased ar-

ray probes (Vivid 7 Dimension and Vivid E9; GE-Vingmed,

Horten, Norway).

The LV ejection fraction was calculated in the apical 4-

and 2-chamber views by the modified Simpson’s method. To

assess the LV diastolic function, the systolic (s’) and early

diastolic (e’) annular velocities on the septal and lateral

sides were measured by pulsed Doppler. Subjects who had

an e’ value of >1 standard deviation lower than the mean of

the age-matched population, as determined in a previous

study (11), were considered to have an impaired diastolic

function. Regarding cardiac enzymes, CKMB (normal range,

7-15 U/L) and cardiac troponin T (normal range, <0.014 ng/

mL) were measured.

Study protocol

Soon after the patients were allowed to go back work,

which was in general more than a couple of days after the

alleviation of fever, the subjects visited our outpatient serv-

ice to undergo the initial cardiac screening examination,

which consisted of ECG, echocardiography, and the above-

mentioned laboratory investigations. Those who had one or

more of the following findings on the first examination were

considered to have cardiac abnormalities and were advised

to undergo a second (repeat) examination two weeks later:

1) any ECG abnormalities; 2) a left ventricular ejection frac-

tion (LVEF) of <50%; 3) the presence of pericardial effu-

sion; 4) reduced mitral annular velocity (a marker of dia-

stolic dysfunction); or 5) increased cardiac enzymes (CKMB

or cardiac troponin T). The second examination was per-

formed at a median of 14 days (range 10-35 days) after the

first examination (Fig. 1).
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Table　1.　The Patient Characteristics.

Variables

Age, years 37.6±10.7

Male gender, n (%) 28 (27.5)

Heart rate, bpm 66.4±11.9

Known accompanying disorders

Hypertension, n (%) 3 (2.9)

Diabetes, n (%) 1 (1.0)

Thyroid disease, n (%) 2 (2.0)

Influenza vaccination n (%) 102 (100.0)

Influenza season

2013-2014 21 (20.6)

2015-2016 38 (37.3)

2016-2017 43 (42.2)

Type of virus infected

Type A, n (%) 93 (91.2)

Type B, n (%) 9 (8.8)

Anti-influenza drug used

Laninamivir, n (%) 64 (62.7)

Oseltamivir, n (%) 27 (26.5)

Zanamivir, n (%) 4 (3.9)

Peramivir, n (%) 4 (3.9)

Non-use, n (%) 3 (2.9)

Any ECG findings, n (%) 8 (7.8)

ST-segment elevation, n (%) 2 (2.0)

ST-segment depression n (%) 1 (1.0)

T wave flattening, n (%) 1 (1.0)

Premature atrial contraction, n (%) 2 (2.0)

Premature ventricular contraction, n (%) 1 (1.0)

Right-bundle branch block, n (%) 1 (1.0)

Left-bundle branch block, n (%) 0 (0.0)

High voltage, n (%) 2 (2.0)

Any echocardiographic findings, n (%) 13 (12.7)

Pericardial effusion, n (%) 2 (2.0)

Decreased e’, n (%) 11 (10.8)

Low LVEF, n (%) 0 (0.0)

Elevation of cardiac enzymes 5 (4.9)

Elevated CKMB, n (%) 5 (4.9)

Elevated cardiac troponin T, n (%) 0 (0.0)

Statistical Analysis

The data are presented as the mean±standard deviation

(SD) for continuous variables, and as the number (percent-

age) for categorical variables. The unpaired Student’s t-test

was used for group comparisons. Where applicable, clinical

and echocardiographic parameters were compared between

the first and second examinations by a paired t-test. Cate-

gorical parameters were compared by a χ2 test. p values of

<0.05 were considered to indicate statistical significance.

Results

Patient characteristics

The patients were 23 to 62 years of age and >90% of the

participants were infected with type A influenza virus (Ta-

ble 1). None of the subjects had known preceding cardiovas-

cular disorders. All of them had received a seasonal influ-

enza vaccination before the indexed influenza infection, and

99 subjects had taken anti-influenza antivirus medication af-

ter the diagnosis of influenza infection.

The prevalence of abnormalities in the ECG, labora-

tory, and echocardiography findings

Among a total of 102 subjects, 22 (21.6%) had one or

more cardiac abnormalities on the initial cardiac examina-

tion (Fig. 1, Table 1). ECG abnormalities, including ST-

segment elevation/depression, T wave flattening, premature

contraction, and right bundle branch block, were noted in 8

subjects. Two subjects showed pericardial effusion and de-

creased e’, but no subjects showed a decreased LVEF

(<50%). The type of influenza virus infection in both sub-

jects with pericardial effusion was type A. With regard to

the cardiac enzyme levels, CKMB was increased (median,

17 IU/mL; range 16-36 IU/mL) in 5 subjects; no subjects

had an elevated cardiac troponin T concentration. Five pa-

tients had a CKMB level of >15 U/L; subjects with a

CKMB level of 36 U/L, 20 U/L, 17 U/L, and 16 U/L had a

CKMB-to-total CK ratio of 53%, 4%, 21%, 13%, and 30%,

respectively; thus, there might have been some subjects who

experienced skeletal muscle involvement. In a 60-year-old

man who had a history of hypertension and anti-

hypertensive treatment, the interventricular wall thickness

and posterior wall thickness were thickened to 15 mm and

13 mm, respectively. However, we did not regard this myo-

cardial thickening as the result of myocardial inflammation

as these were not findings suggestive of myocarditis (i.e.,

pericardial effusion, elevation of cardiac enzymes, and ST-T

segment abnormalities).

A comparison of patients with and without cardiac abnor-

malities on the first examination, revealed that those with

cardiac findings were significantly older, but there were no

differences in terms of gender, influenza season, type of in-

fluenza virus, or the anti-influenza antiviral drug that was

used (Table 2). Among the patients who had no heart-related

abnormalities (n=80) the size of the echocardiography-

measured inferior vena cava in patients with no abnormali-

ties was 1.70±0.5 mm on the inspiratory phase, while the

size of the echocardiography-measured inferior vena cava in

patients with some abnormalities (n=22) was 1.56±0.5 mm

(p=0.210). On the expiratory phase, the size of the inferior

vena cava in patients with no abnormalities was 0.64±0.29

mm, while that in patients with some abnormalities was

0.65±0.27 mm (p=0.894).

Second examination

Among the 22 subjects with one or more cardiac abnor-

malities on the first examination, 18 underwent a second ex-

amination (Fig. 1). The reasons why the remaining four pa-

tients did not undergo the second examination were unclear.

Among these 18 subjects, the heart rate on the first exami-

nation (64±13 bpm) did not differ significantly from that on
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Figure　2.　The changes on electrocardiography (ECG). A, B: The ECG findings from the first (A) 
and the second (B) examinations of a 48-year-old woman. A: Slight ST-segment depression was noted 
in leads II, III, aVF, V4, V5, and V6 (arrows) on the first examination. B: These abnormalities had 
disappeared on the second examination. C, D: The ECG tracings from the first (C) and second (D) 
examinations of a 40-year-old man. C: Slight ST-T segment depression and T-wave flattening were 
noted on the first examination (arrows). D: These abnormalities were ameliorated on the second ex-
amination.
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Table　2.　The Characteristics of the Patients with and without Cardiac Find-
ings on the First Examination.

Cardiac findings (-)

(n=80)

Cardiac findings (+)

(n=22)
p value

Age, years 36.5±9.9 41.6±12.6 0.045

Male gender, n (%) 21 (26.3) 7 (31.8) 0.604

Influenza season

2013-2014 17 (21.3) 4 (18.2) 0.668

2015-2016 28 (35.0) 10 (45.5)

2016-2017 35 (43.8) 8 (36.4)

Type of virus

Type A, n (%) 75 (93.8) 18 (81.8) 0.081

Type B, n (%) 5 (6.3) 4 (18.2)

Anti-influenza drug used

Laninamivir, n (%) 48 (60.0) 16 (72.7) 0.551

Oseltamivir, n (%) 22 (27.5) 5 (22.7)

Zanamivir, n (%) 4 (5.0) 0 (0.0)

Peramivir, n (%) 4 (5.0) 0 (0.0)

Non-use, n (%) 2 (2.5) 1 (4.5)

the second examination (67±8 bpm, p=0.35).

Cardiac findings were only noted in 7 of the 18 subjects

undergoing the second examination, indicating that the find-

ing on the first examination had been resolved in 11 pa-

tients. For example, ST-segment depression in a 48-year-old

woman (Fig. 2A and B), and ST segment depression and T-

wave flattening in a 40-year-old man, which were observed

on the first examination (Fig. 2C and D), were ameliorated
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Figure　3.　Echocardiographic findings. The echocardiographic findings from the first (A) and the 
second (B) examinations of a 33-year-old woman. A: A small amount of pericardial effusion was 
noted around the posterior side of the left ventriculum (arrows). B: Effusion was not present on the 
second examination.
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Figure　4.　The mitral annular velocity profiles with tissue Doppler imaging. Systolic (s’) and early 
diastolic (e’) velocities on tissue Doppler imaging on the first (A, B) and second (C, D) examinations 
of a 60-year-old woman. A, C: The septal wall side. B, D: The lateral wall side. Both s’ and e’ waves 
showed increased velocity on the second examination, which was suggestive of the amelioration of the 
diastolic function.
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on the second examination. In addition, the pericardial effu-

sion noted on the initial echocardiography had disappeared

on the second for one subject (Fig. 3). Fig. 4 shows the s’

and e’ velocities on Doppler imaging of a 60-year-old

woman. In comparison to the first examination

(Fig. 4A and B), both the s’ and e’ waves had increased in

velocity on the second examination (Fig. 4C and D), sug-

gesting an improvement of the LV diastolic function.

No significant differences were observed in age, gender

prevalence, type of virus, influenza season, or antiviral

medication received (Table 3).

Discussion

In the present study, we examined 102 subjects who were

suffering from influenza infection to investigate whether

they experienced any cardiac abnormalities. According to the

study criteria, 22 (21.6%) patients were evaluated to have

certain abnormal cardiac findings. Furthermore, among the

18 subjects who underwent a second examination, 11 pa-

tients had no cardiac abnormalities, indicating that at least

11 (10.8%) of the 102 subjects had transient cardiac abnor-

mal findings after influenza virus infection.

Several previous studies have addressed the incidence of

cardiac abnormalities among patients with influenza infec-

tion. In 1959, Gibson et al. reported that ECG abnormalities

were found in 29% of patients (16, 17). In a clinicopa-

thological study of 42 patients who were treated at home

during the 1972-1973 A2 England influenza epidemic, Verel

et al. reported that 18 patients showed transient ECG

changes, including ST-segment deviation, T-wave inversion,

flattening of the T wave, sinus bradycardia, sinus tachycar-

dia, nodal rhythm, and atrial fibrillation (17). These findings

are consistent with the notion that influenza virus infection

may be an underlying cause of mild myocarditis, which is

diagnosed based on serial ECG changes during an acute in-

fection (24).

The frequency of elevated cardiac enzyme levels among

subjects infected with influenza virus has been reported in

several previous studies. For example, Karjalainen et al. re-

ported that, among 41 patients hospitalized with respiratory

symptoms and serological evidence of influenza infection, 6

(15%) had evidence of myocarditis and 3 (7.1%) showed in-

creased CK-MB levels (18). In contrast, Ison et al. demon-

strated that among 30 healthy young adults without known

cardiovascular disease and with a positive influenza antigen
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Table　3.　The Characteristics of the Subjects with and without Cardiac Find-
ings on the Second Examination.

Cardiac findings (-)

(n=11)

Cardiac findings (+)

(n=7)
p value

Age 42.0±13.0 41.4±13.8 0.930

Male gender, n (%) 1 (9.1) 4 (57.1) 0.026

Influenza season

2013-2014 2 (18.2) 0 (0.0) 0.267

2015-2016 4 (36.4) 5 (71.4)

2016-2017 5 (45.5) 2 (28.6)

Type of virus

Type A, n (%) 8 (72.7) 6 (85.7) 0.267

Type B, n (%) 3 (27.3) 1 (14.3)

Anti-influenza drug used

Laninamivir, n (%) 9 (81.8) 4 (57.1) 0.343

Oseltamivir, n (%) 2 (18.2) 2 (28.6)

Zanamivir, n (%) 0 (0.0) 0 (0.0)

Peramivir, n (%) 0 (0.0) 0 (0.0)

Non-use, n (%) 0 (0.0) 1 (14.3)

test, no patients with ECG changes had elevated serum tro-

ponin levels or decreased LVEF (16). In addition, Greaves et

al. analyzed 152 patients with influenza infection and found

that CK was elevated in some patients; however, none of

them had increased cardiac troponin T or I levels (20). They

concluded that skeletal muscle injury is relatively common,

whereas myocardial inflammation - if present - is likely to

be rare among patients with influenza infection (20). In the

present study, although 5 patients showed increased CKMB

(>15 U/L) levels, the maximum CKMB was only 36 U/L

and no patients showed increased cardiac troponin T; thus,

in the present study population, the myocardial damage - if

present - was considered to be minimal. This was in agree-

ment with the studies of Ison et al. and Greaves et al.

Ison et al. also demonstrated abnormal ECG findings in

53%, 33%, 27%, and 23% of patients on days 1, 4, 11, and

28 after the onset of infections (16). In general, the cardiac

manifestations of influenza virus infection - when present -

become apparent at 4 to 9 days after the onset of flu symp-

toms (25); however, the study of Ison et al. suggested that

ECG abnormalities might be already present at an earlier

time-point after the onset of infection. We did not attempt to

obtain ECG data at an earlier time point in the present study

in order to avoid the unnecessary spread of influenza infec-

tion to the medical staff; however, we should be aware of

the possibility of a higher prevalence of ECG abnormalities

at an earlier time point during the course of infection. It

should also be noted that influenza-associated cardiac

dysfunction-related symptoms frequently occur between 4

and 7 days after the initial symptoms of viral infection (26).

In the present study, pericardial effusion was observed in

two subjects, and was confirmed to be transient in one of

these subjects at follow-up. Although the pathogenesis of

pericardial effusion in the setting of myocardial viral infec-

tion is unclear, various viruses may induce pericardial effu-

sion (27). There are few reports on influenza virus-

associated pericardial effusion (28, 29); nevertheless, it may

lead to cardiac tamponade and a fatal outcome (25). The

present study indicated that influenza virus-associated peri-

carditis may occur in approximately 2% of patients with in-

fluenza infection; thus, we should pay attention to this pa-

thology.

Although we did not investigate the mechanisms through

which influenza infection causes myocardial injury in the

present study, a number of mechanisms may be involved.

For example, the alterations of the electrocardiographic and

echocardiographic findings may reflect the impairment of in-

tracellular calcium handling (21), which may be aggravated

by the activation or the enhanced release of various inflam-

matory cytokines, or by transient hypoxia-induced mitochon-

drial dysfunction (30).

The present study is associated with several limitations.

First, the number of patients enrolled was relatively small.

Cardiac complications, if present, might differ according to

the type of influenza virus and the anti-influenza treatment

received; these possibilities should be analyzed in future

studies. Second, in most cases, cardiac data were not avail-

able from the time before the onset of influenza infection;

thus, we could not definitely determine whether any cardiac

abnormalities were present beforehand, or whether such

findings were associated with influenza infection when they

disappeared on the second examination. Third, in the present

study, patients who underwent the second examination had

certain cardiac abnormalities that were detected on the first

examination; thus, we do not know whether there were any

subjects who might have shown abnormal findings on the

second examination but not on the first examination. Fourth,

we did not encourage the patients without cardiac abnor-

malities to undergo a second examination; thus, we could

not determine whether they were free from any cardiac ab-

normalities at a more delayed time point. Last, the possibil-

ity remains that vaccination for seasonal influenza (31) or
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other unidentified factors influenced the cardiac abnormali-

ties that were observed in the study.

In conclusion, among 102 subjects who were diagnosed

with influenza (type A, n=93; type B, n=9), 22 (21.6%)

were considered to have abnormal cardiac findings. Among

18 subjects with cardiac findings on the first examination

who underwent a second examination, cardiac findings were

only noted in 7 subjects, suggesting that transient subclinical

cardiac findings may not be a rare occurrence among Japa-

nese subjects infected with influenza virus. Considering that

viral myocarditis is still associated with a high rate of mor-

tality (32), physicians should not overlook cardiac findings

among subjects with flu-like symptoms; however, influenza-

associated cardiac abnormalities are usually subclinical and/

or transient, as was shown in the present study.
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