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a b s t r a c t

The association between acute infections and cardiac injury, including myocarditis and

acute myocardial infarction, is now well established. We have performed a systematic

literature review for analyzing the results of epidemiological studies that measured cardiac

troponins (cTn) in patients with Influenza virus infections. Overall, 14 articles were finally

identified and analyzed. Taken together, the results of the scientific literature suggest that

cTn elevation is a relatively rare phenomenon in patients with Influenza virus infection,

with frequency generally comprised between 0 and 33%, more likely in elderly patients

with significant comorbidities. In patients with modest cTn elevations, this phenomenon is

apparently self-limited, transient and reversible, and especially involves patients with

Influenza A (especially H1N1). In the minority of patients exhibiting an abrupt appearance

of cardiovascular symptoms and concomitant elevation of cTn values, the relative increase

of this biomarker reflects the presence of an underlying cardiac injury, that can be either

myocarditis or an acute ischemic episode. Enhanced cTn values can also be more

frequently observed in Influenza patients with complicated disease, in those developing

acute respiratory distress syndrome and cardiac dysfunction, as well as in those at higher

risk of death. cTn measurement shall be considered a valuable option in all patients

developing acute cardiovascular symptoms during Influenza virus infections, as well as in

those bearing cardiac or extra-cardiac comorbidities who bear a higher risk of

complications.
The existence of a strong epidemiological, biological and

clinical association between acute infections and acute coro-

nary syndrome (ACS) is now well established [1]. As regards

respiratory infections, the very first public report of excess

mortality from cardiovascular disease during epidemics of

Influenza virus infections has been described in the early
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1930s by Selwyn D. Collins [2]. In this original report, Collins

carried out a comprehensive analysis of mortality data be-

tween the years 1915 and 1929 and concluded that the excess

mortality ranged between 40 and 90% during 11 previous

Influenza virus epidemics. This seminal report paved the way

to many further studies, which were all virtually concordant
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Fig. 1 Summary of search criteria and outcome.
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to confirm that Influenza and other upper respiratory viral

infections are accompanied by an excess cardiovascular

morbidity and mortality [3].

In themeta-analysis published in 2015 by Barnes et al. [4], a

recent diagnosis of Influenza virus infection was found to be

associated with 2-fold (odds ratio (OR) 2.01; 95% confidence

interval (95% CI), 1.47e2.76) higher risk of developing an

episode of acute myocardial infarction (AMI). Even more

importantly, vaccination against Influenza viruses was found

to be associated with a 29% lower risk of AMI (OR, 0.71; 95% CI,

0.56e0.91). According to the data more recently published by

Ruane et al. in 578 patients with angiographically confirmed

AMI [5], symptoms of respiratory infection were rather

commonplace in these patients, being reported in approxi-

mately 20% of cases within 35 days prior to the onset of the

ischemic episode. This then translated into a 17-fold higher

risk of developing an ACS (relative risk (RR), 17.0; 95% CI,

13.2e21.8) within 1e7 days after onset of respiratory infection

symptoms, gradually decreasing over time and becoming as

low as 1.7-fold (RR, 1.7; 95% CI, 1.0e2.9) 1 month after

appearance of respiratory symptoms.

The important, virtually unquestionable, association be-

tween Influenza virus infections and cardiac diseases dis-

closes foremost perspectives on the role of laboratory
diagnostics. The detection of cardiac injury, either ischemic,

inflammatory, infective, toxic or even traumatic, is now

strongly dependent on the demonstration of increased values

of cardiac troponin (cTn) I or cardiac troponin (cTn) T, espe-

cially when the biomarkers are measured with the novel

generation of high-sensitivity (HS) immunoassays [6,7]. Since

it seems reasonable that cTn assessment may also have a

clinical role in patients with Influenza virus infections, we

carried out a systematic literature review for analyzing the

results of epidemiological studies which measured cTn in

patients with influenza and thus provide some indications on

its potential clinical usefulness.
Literature search

An electronic search was conducted in the three most widely

used scientific repositories Medline (with PubMed interface),

Scopus and Web of Science [8], using the generic keywords

“influenza” AND “troponin”, with the purpose of identifying

all clinical studies which have measured the concentration of

cTn in patients with Influenza virus infections. No date or

language restrictions were applied. All references of the

https://doi.org/10.1016/j.bj.2020.06.001
https://doi.org/10.1016/j.bj.2020.06.001


Table 1 Summary of epidemiologic data reporting cardiac troponin values in patients with Influenza virus infection. Studiesmarked in bold used high-sensitivity assays.

Study Study population Cardiac troponin
assay and relative

cut-off

Diagnosis of influenza Results

Greaves et al., 2003 [9] 152 patients with Influenza (mean age, 39

years; 49% women)

CS-cTnT (<10 ng/L) and

CS-cTnI (<100 ng/L)

Hemagglutination inhibition assay No patient displayed elevation of either

cTn above the URL

Ison et al., 2005 [10] 30 patients with Influenza (mean age, 21

years; 70% women)

CS-cTnI (<50 ng/L) Lateral-flow immunoassay No patient displayed elevation of either

cTn above the URL

Brown et al., 2011 [12] 48 patients with Influenza A H1N1 virus

infection (mean age, 41 years; 70%

women)

CS-cTnI (400 ng/L) rRT-PCR cTnI values 4-fold higher in patients with

acute respiratory distress syndrome

Pe�cavar et al., 2011 [11] 196 patients with influenza-like illness, 66

of whom (33.7%) positive for Influenza A

H1N1 (age range, 17e100 years; 49%

women)

Unspecified rRT-PCR cTn values 11% higher in patients with

Influenza A H1N1 infection

Chacko et al., 2012 [13] 37 patients with complications of

Influenza A H1N1 virus infection (mean

age, 39 ± 13 years; 68% women)

CS-cTnI (<1500 ng/L) rRT-PCR cTn values exceeding the diagnostic cut-

off in 46% of patients and associated with

9-dolf higher risk of death

Song et al., 2012 [14] 71 patients with Influenza A H1N1 virus

infection (age range, 29e84 years; 56%

women)

CS-cTnI (unspecified

cut-off)

Unspecified cTn values similar in patients with or

without cardiovascular complications

Fagnoul et al. 2013 [15] 39 patients with Influenza A H1N1 virus

infection (mean age, 48 ± 17 years; 52%

women)

HS-cTnI (unspecified

cut-off)

rRT-PCR cTn values increase in parallel with the

severity of cardiac dysfunction

Han et al., 2015 [16] 40 patients with Influenza A H7N9

infection (60 ± 15 years; 45 women)

Unspecified cTnI assay

(<13 ng/L)

rRT-PCR cTn values higher during infection and

also higher in patients with more severe

form of disease

Ludwig et al., 2015 [17] 600 patients with laboratory-confirmed

influenza (no demographic data available)

Different facilities used

different tests with

varying reference ranges

Different facilities used different tests cTn values exceeding the local cutoff in

24% of patients

Wang et al., 2017 [18] 24 patients with Influenza A H7N9 (mean

age, 59 ± 18 years; 29% women) and 22

patients with Influenza A pH1N1 (mean

age, 42 ± 16 years; 62% women) infections

Unspecified cTnI assay

(unspecified cut-off)

rRT-PCR cTn values increased in 33%H7N9 patients

and in 5.0% H1N1 patients

Qian et al., 2017 [19] 15 patients with severe Influenza A H1N1

infection (47% women; mean age was

53 ± 13 and 61 ± 15 years in those who

survived or died)

Unspecified rRT-PCR cTn values 3.5-fold higher in patients who

died compared to those who survived

Ito et al. 2019 [20] 20 patients with Influenza virus infection

(15 with type A and 5 with type B; mean

age, 43 ± 13 years; 75% women)

HS-cTnT (<14 ng/L) Immunochromatography No patient displayed elevation of either

cTnT above the URL

Harris et al., 2019 [21] 1131 patients with Influenza virus

infection (mean age, 71 ± 12 years; 61%

women)

Unspecified cTnI assay

(<300 ng/L)

rRT-PCR cTn values exceeding the diagnostic cut-

off in 1.1e3.5% of patients

Pizzini et al. 2020 [22] 264 patients with laboratory-confirmed

Influenza virus infection (mean age,

51 ± 22 years; 50% women)

HS-cTnT (<14 ng/L) rRT-PCR cTn values 9-fold higher in patients who

died compared to those who survived

Abbreviations: cTnI: cardiac troponin I; cTnT: cardiac troponin T; CS: contemporary sensitive; HS: high-sensitivity; rRT-PCR: real-time reverse transcriptase polymerase chain reaction; URL: upper

reference limit.

Studies in bold used high-sensitivity assays for troponin testing.
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initially selected items were accurately scrutinized for

detecting additional pertinent documents. All items identified

according to these search criteria were systematically

reviewed by the two authors (GL and FSG) and potential

disagreement was resolved by discussion. Information on

sample size, characteristics of the study populations aswell as

on the methods used for diagnosing Influenza and measuring

cTn were reported, when available. This critical review of the

literature was conducted in accordance with the Declaration

of Helsinki and under the terms of relevant local legislation.
Evidence from clinical studies

Our electronic search in the three scientific repositories

allowed the identification of a total number of 140 items after

exclusion of duplicates. Overall, 126 documents (90.6%) ought

to be excluded after abstract and/or full text reading (when

available), because were (a) non-pertinent to the scope of this

article or did not contain data on cTn values (n¼ 55; 43.7%), (b)

single or multiple case reports (n ¼ 54; 42.9%), (c) review arti-

cles (n ¼ 12; 9.5%), (d) letters to the editor (n ¼ 2; 1.6%), (e)

editorial material (n ¼ 1; 0.8%); (f) animal studies (n ¼ 1; 0.8%),

or (g) duplicate studies (n ¼ 1; 0.8%) [Fig. 1]. Inter-rater reli-

ability was excellent (k ¼ 0.997; p < 0.001). Overall, 14 articles

were finally selected for being discussed in this critical liter-

ature review [Fig. 1; Table 1].

The very first study which assessed cTn values in patients

with acute influenza infection was published by Greaves et al.

[9] in 2003. The study population consisted of 152 patients,

recruited from primary care and University health centers, in

whom both cTnI and cTnT were measured on days 1, 6 and 21

after receiving a diagnosis of Influenza virus infection (95%

infected by Influenza A-H3N2 virus, 1% by Influenza A-H1N1

virus and 4% by Influenza B virus, respectively). Throughout

the study period (i.e., between days 1 and 21 after the initial

diagnosis of Influenza virus infection), no patients showed TnI

or TnT elevations above the upper reference limit (URL).

Two years later, in 2005, Ison et al. [10] carried out an

observational cohort study, in which cTnI wasmeasured in 30

patients on days 1, 4, 11 and 28 after receiving a diagnosis of

Influenza virus infection. Even in this study, no patient dis-

played elevations in cTnI above the method-specific URL.

Another study has then been published by Pe�cavar et al.

[11] who studied 196 patients with influenza-like illness, 66 of

whom (33.7%) testing positive for Influenza A H1N1 virus. The

concentration of cTn (no information is available on the type

of the immunoassay, nor on the diagnostic cut-off) was found

to be significantly higher in patients with Influenza A H1N1

virus infection than in those without (i.e., 162 ± 63 vs.

146 ± 58 ng/L; p < 0.01).

Brown et al. [12] then measured cTnI in 48 patients

admitted to the intensive care unit (ICU) for worsening of

Influenza A H1N1 virus infection. The mean cTnI concentra-

tion was 30 ng/L (95% CI, 10e200 ng/L) in the entire cohort, but

the value was nearly 4-fold higher (80 ng/L; 95% CI, 20e260 ng/

L) in those who developed acute respiratory distress syn-

drome (ARDS) during ICU stay. Overall, cTnI value was found

to be higher than the diagnostic cutoff in 9% of patients.
Chacko et al. [13] also studied 37 patients who were

admitted to the ICU for urgent management of severe com-

plications of Influenza A H1N1 virus infection. The baseline

cTnI value at ICU admission was 3100 ± 7700 ng/L, further

increasing to 10,800 ± 22,600 ng/L during ICU stay. Values

exceeding the locally defined diagnostic cut-off (i.e., 1500 ng/L)

were recorded in 17/37 patients (46%) andwere also associated

with a nearly 9-fold higher risk of mortality (OR, 8.7; 95% CI,

1.5e60.0).

Song et al. [14] retrospectively reviewed the clinical records

of 71 patients included in the 2009 Influenza A H1N1 registry

database, to explore potential associations between cTn and

cardiovascular complications. Overall, cardiovascular com-

plications could be identified in 6/71 patients (8.4%), but the

values of cTnI (20 ng/L; interquartile range (IQR), 10e80 ng/L)

were virtually identical to those of patients without cardio-

vascular complications (20 ng/L; IQR, 10e40 ng/L; p ¼ 0.640).

Fagnoul et al. [15] conducted a retrospective analysis of 39

patients admitted to the ICU for complications of Influenza A

H1N1 virus infection. After patients were classified according

to echocardiographically assessed cardiac dysfunction, a

gradual increase of cTn values could be observed from those

without myocardial dysfunction (n ¼ 11; 20 ng/L; IQR,

10e150 ng/L), to those with predominant left ventricular

dysfunction (n ¼ 17; 30 ng/L; IQR, 10e250 ng/L), up to those

with predominant right ventricular dysfunction (n¼ 11; 40 ng/

L; 95% CI, 10e440 ng/L).

Han et al. [16] retrospectively reviewed the clinical records

of 40 patients with laboratory-confirmed Influenza A H7N9

infection. In all these patients the value of cTnI had been

measured during and after Influenza A H7N9 virus infection.

After patients were classified according to their Acute Physi-

ology and Chronic Health Evaluation II (APACHE II) score, cTnI

consistently increased from those with the lowest score (7 ng/

L; range 0e32 ng/L) to those with the highest score (1145 ng/L;

range 73e3024 ng/L; p < 0.05). Interestingly, cTnI values were

also considerably higher during acute influenza illness than

after recovery in patients with both APACHE II scores III

(388 ng/L and range 3e1149 ng/L vs. 26 ng/L and range 0e91 ng/

L; p < 0.05) and IV (1145 ng/L and range 73e3024 ng/L vs. 35 ng/

L and range 83e616 ng/L; p < 0.05). Similarly, the percentage of

patients with elevated cTnI values was considerably higher

during acute influenza illness (~75% and 100% in APACHE II

groups III and IV) than after recovery (~50% and ~30% in

APACHE II groups III and IV).

In a very large U.S. veterans study, Ludwig et al. [17]

reviewed the clinical records of 600 patients with laboratory-

confirmed Influenza virus infection, 143 of whom (24%) dis-

played a cTn value exceeding the URL (different facilities used

different tests with varying reference ranges).

Wang et al. [18] studied 46 critically ill patients who ought

to be admitted to the ICU for complications of Influenza A

H7N9 virus (n ¼ 24; mean age, 59 ± 18 years; 29% women) or

Influenza A pH1N1 virus (n ¼ 22; mean age, 42 ± 16 years; 62%

women) infections. In 8 patients the value of cTnI was found

to be increased over the URL (19.5%; 7 with H7N9 and 1 with

H1N1, i.e., 33.3% vs. 5.0%; p ¼ 0.022) out of the 41 cases in

whom the biomarker could be measured. Interestingly, the

interval between onset of cTnI elevation and development of

https://doi.org/10.1016/j.bj.2020.06.001
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adverse cardiac events was 9.5 and 7.0 days in patients with

H7N9 and H1N1 viral infections, respectively.

Qian et al. [19] also studied 15 patients with severe Influ-

enza A H1N1 virus infection. The cTn values were found to be

substantially higher in patients who died than in those who

survived (520 vs. 150 ng/L; p ¼ 0.018).

Ito et al. [20] studied 20 adult patients diagnosed with

Influenza virus infection. The value of cTnT measured with a

HS immunoassay 2 and 4 weeks after the diagnosis of Influ-

enza infection was found to be lower than the URL in all

patients.

Harris et al. [21] recently published the results of a retro-

spective observational study including all adult patients

diagnosed with Influenza virus between August 2017 and

March 2018. Overall, cTnI elevations (i.e., >300 ng/L) were

found in 30/863 (i.e., 3.5%) patients diagnosedwith Influenza A

virus infection and in 3/270 (i.e., 1.1%) of those diagnosed with

Influenza B virus infection, respectively (p ¼ 0.054).

Interesting evidence has been recently reported by Pizzini

et al. [22], who carried out a retrospective study for estab-

lishing the potential prognostic significance of cTnT in pa-

tients diagnosed with Influenza virus infection. The authors

measured cTnT with a HS immunoassay in 264 patients with

laboratory-confirmed influenza virus infection (184 with

Influenza A virus and 80 with Influenza B virus infections,

respectively). Overall, cTnT was found to be higher in patients

with Influenza A virus than in those with Influenza B virus

infection (27 ± 67 vs. 16 ± 36 ng/L; p ¼ 0.04). When the entire

cohort of patients was stratified according to cTnT value (i.e.,

below or above the URL of 14 ng/L), patients with cTnT >14 ng/

L underwent higher rates of inpatient treatment (87% vs. 37%;

p < 0.001) and had a borderline statistically significant higher

risk of 30-day mortality (7.2% vs. 2.3%; OR, 3.38; 95% CI,

0.93e12.33; p ¼ 0.065). After dividing patients into tertiles of

cTnT, those in the highest tertile had a nearly 9-fold higher

risk of death at 30 days than those in the lowest tertile (OR;

8.96; 95% CI, 1.06e75.85; p ¼ 0.02). A cTnT value > 46.4 ng/L

displayed the best diagnostic performance for predicting 30-

day acute cardiovascular events (0.70 sensitivity and 0.80

specificity, respectively).
Discussion

A vast array of myocardial injuries may develop in patients

with infectious diseases, including those suffering from

Influenza virus infection, the most frequent of which are

myocardial ischemia and myocarditis [23]. This straightfor-

ward evidence further emphasizes the need to develop effi-

cient preventive or management strategies in patients with

Influenza virus infections, which shall also include laboratory

diagnostics, ultimately aimed at decreasing the risk of unfa-

vorable cardiac outcomes, especially in more vulnerable pa-

tients. Although a huge number of putative cardiac

biomarkers have been proposed for diagnosing and moni-

toring cardiac injury, cTn are now universally recognized as

the biochemical gold standard [24].

One basic aspect that needs to be clearly emphasized

before drawing definitive conclusions on the significance of

measuring cTn in patients with Influenza virus infection is
that some drawbacks affect the clinical investigations that

have explored this matter so far. First, a limited number of

studies have used the novel HS immunoassays, which allow

much more accurate detection of a vast array of cardiac in-

juries, both ischemic and non-ischemic [25]. Specifically, only

a total of three studies (total n¼ 323) usedHS assays [15,20,22],

while the rest of the studies used contemporary sensitive or

unspecified immunoassays. Likewise, the cut-offs used in the

various investigations are rather heterogeneous, some coin-

cide with the URL, others are considerably higher than the

conventional diagnostic thresholds. The sample size and the

characteristics of the patient populations also considerably

vary among the different studies, so that results generaliza-

tion appears infeasible. Additional studies would hence be

needed before definitive recommendations on cTn testing in

patients with Influenza virus infection can be generated. In

this perspective, a prospective trial has been registered at the

end of the year 2017 in ClinicalTrials.gov (Identifier:

NCT03339180; Estimated Study Completion date: December

31, 2021). This investigation is aimed at exploring the values of

cardiac injury biomarkers in patients with infection Influenza

virus infections, along with their potential prognostic signifi-

cance in predicting mortality, hospitalization, cardiac

ischemia, heart failure, and stroke.

Until the results of this prospective study will become

available, some general considerations can bemade according

to the available published evidence. Taken together, the re-

sults of the current scientific literature would lead us to

conclude that cTn values elevations are a relatively rare

phenomenon in patients with Influenza virus infection, with

frequency generally comprised between 0 and 33% and

depending on the population studied (i.e., age, sex distribu-

tion, presence of cardiovascular complications, and so forth).

In patients displaying modest cTn elevations, this phenome-

non appears substantially self-limited, mostly transient and

reversible, as shown by Han et al. [16], and is more frequent in

patients with Influenza A (especially H1N1) virus infections.

Nevertheless, in the minority of patients with abrupt

appearance of cardiovascular symptoms and concomitantly

displaying significant elevations of cTn values, the relative

increase of this biomarker reflects the presence of an under-

lying cardiac injury, that can be either a myocarditis or an

acute ischemic episode, thus confirming the role of cTn as

essential diagnostic biomarkers and important prognostic

predictors. This second aspect has been confirmed in most

studies where the association between cTn values and clinical

worsening of Influenza virus infection has been addressed, by

revealing that enhanced cTn values were more frequently

observed in patients with complicated disease [16], in those

who developed acute respiratory distress syndrome [12] and

cardiac dysfunction [15], as well as in those at higher risk of

death [13,19,22]. This is in keeping with the evidence that a

continuous release of cTn occurs as a result of a kaleidoscope

of primary or secondary cardiac injuries [26], and that the

measurable amount of circulating cTn is strongly associated

with adverse clinical outcomes and death [27].

As specifically regards Influenza virus infection, there are

at least two plausible mechanisms that could justify the

pathological increase of cTn concentrations [Fig. 2]. This first

encompasses a direct cytotoxic effect of Influenza viruses on

http://ClinicalTrials.gov
https://doi.org/10.1016/j.bj.2020.06.001
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Fig. 2 Potential mechanisms supporting the development of cardiac injury in patients with Influenza virus infection.
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myocardiocytes, which evolve towards acutemyocarditis [28].

The second mechanism is instead attributable to an unfa-

vorable interplay between Influenza viruses and many bio-

logical and metabolic pathways, which finally increases the

risk of developing myocardial ischemia. Briefly, Influenza vi-

ruses can enhance atherosclerotic plaques vulnerability by

generating a selective outgrowth of specific lymphocytes

within the microenvironment of human atherosclerotic pla-

ques, thus boosting plaque inflammation and predisposing to

the development of complications such as ulceration, up to

frank plaque rupture [29]. Influenza viruses can also trigger

endothelial activation and platelet hyper-reactivity, two

essential events in the pathogenesis of thrombotic disorders.

Last but not least, vasospasm and increased catecholamine

release (with consequent tachycardia) are frequent in patients

with Influenza virus infections, thus enhancing cardiac

metabolism [3,30]. Altogether, increased predisposition to-

wards plaque rupture, clot formation and impaired myocar-

dial perfusion compounded by an increased cardiacmetabolic

demand would contribute to justify the higher risk of devel-

oping acute cardiac events in patients with Influenza virus

infections [31], which is then mirrored by an obvious increase

of cTn values within the circulation [Fig. 2]. Understandably,

the risk of measuring diagnostic cTn values is considerably

higher in patients with pre-existing coronary artery disease or

with other cardiac abnormalities, in whom Influenza virus

infections could exacerbate and/or precipitate an already

compromised cardiovascular condition [32]. Important evi-

dence has also emerged from the prospective study of Engler

et al. [33], who followed up for up to 30 days a total number of

189 subjects undergoing trivalent influenza vaccination.

Interestingly, no significant variation of HS-cTnT values could

be detected throughout the study period, nor HS-cTnT values

exceeded the URL. This implicitly confirms that Influenza

vaccine does not produce any meaningful variation of cardiac

biomarkers injury and shall hence be considered safe, but also

that Influenza vaccination is a valuable strategy for prevent-

ing the risk of cardiac injury in patients with Influenza virus

infections [4].
In conclusion, we would hence suggest that cTn mea-

surement shall be always considered using HS immunoassays

in all patients who develop acute cardiovascular symptoms

during Influenza virus infections, as well as in those bearing

important comorbidities which may ultimately contribute to

worsening their prognosis.
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