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ABSTRACT:
Influenza affects millions of patients every year. The
manifestations vary from mild respiratory symptoms to severe pulmonary and extra-pulmonary complications and
even death. Recent scientific evidence has been accumulating that influenza infection can trigger acute myocardial infarction and stroke. Both diseases are the leading
causes of death worldwide, and the recognition of the risk
factors is crucial for adequate prevention. This article reviews the pathogenetic links between influenza and the
development of myocardial infarction and stroke. It
presents the incidence, timing and outcome of these acute
cardiovascular events after influenza infection and the role
of vaccination for their prevention. The aim of the review
is to focus the attention of medical practitioners on the association between influenza and cardiovascular events in
order to improve the prevention and management of highrisk patients.
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BACKGROUND
Influenza is one of the most common infectious diseases affecting millions of patients every year. It usually
presents with mild respiratory symptoms, but can also lead
to severe pulmonary and extra-pulmonary complications
and even death. According to WHO data, the annual epidemics lead to about 3 to 5 million cases of severe illness,
and about 290 000 to 650 000 respiratory deaths worldwide [1]. Influenza complications include both respiratory
and extra-respiratory manifestations. Respiratory complications include otitis media, sinusitis, bronchitis, in young
children bronchiolitis, exacerbation of chronic lung diseases as bronchial asthma and COPD, primary influenza
pneumonia and secondary bacterial pneumonia. Serious
extra-pulmonary complications include cardiovascular
manifestations as myocarditis and pericarditis, neurological complications such as meningitis and encephalitis, renal failure and others. On the other hand, ischaemic heart
disease (IHD) and stroke are the leading causes of mortality worldwide. In 2016 they led to combined 15.2 million
deaths [2]. In addition to increased mortality, acute cardio-
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vascular events (CVE) can also lead to increased disability. The classic risk factors include hypertension,
dyslipidemia, diabetes mellitus, smoking. Recently scientific evidence is increasing that infections and above all
respiratory infections can trigger acute myocardial infarction (AMI) and stroke. Some scientific reports consider
pneumonia as such triggering factor. But there are also a
number of studies proving that the risk of AMI and stroke
is increased not only in bacterial pneumonia but also inviral
infections, especially influenza, which have not led to the
development of pneumonia. The recognition of the additional and potentially preventable risk factors can decrease
the incidence and improve the prognosis for these acute
cardiovascular events.
Pathogenetic mechanisms of association between
influenza and CVE
Atherosclerosis involves middle and large arteries
and is characterized by the formation of atherosclerotic
plaques consisting of a lipid-rich core and fibrous cap. For
years, plaques can remain stable. Various factors can make
plaque vulnerable and unstable. They lead to edema, increased intraplaque pressure and formation of necrosis,
hemorrhage, erosion and rupture of the plaque. Activated
platelets are deposited, and acute thrombus is formed,
which is crucial for the acute complications of atherosclerosis such as acute coronary syndrome and ischemic stroke.
Respiratory infections can lead to plaque instability by
various mechanisms. In animal models, the infection with
influenza A virus induced subendothelial infiltrate composed of smooth muscle cells, macrophages, and CD3 T
lymphocytes. Platelet and fibrin-rich thrombus leading to
subtotal stenosis were also observed [3]. Infection can lead
to systemic inflammation and increase of inflammatory cells
and pro-inflammatory biomarkers in the circulation such
as C-reactive protein, procalcitonin, IL-6, TNF-α, and others. Atherosclerotic plaques are infiltrated by inflammatory
cells which produce various cytokines, proteases, coagulation factors, oxygen radicals and vasoactive substances
which stimulate plaque instability and acute thrombus formation [4]. The prothrombotic state, as part of the systemic
inflammatory response syndrome, also plays a role for in
the formation of acute thrombus. On the one hand, direct
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activation of platelets by products released from pathogenic
microorganisms may occur. On the other hand, changes in
the activity and concentrations of coagulation factors as
antithrombin III, activated protein C and plasminogen activator-1 inhibitor may also contribute to the development
of a procoagulant state. The increased sympathetic activity leads to vasoconstriction, tachycardia and cardiac
arrhythmias. The hypotension and hypoxemia also aggravate the oxygen demand/supply mismatch and induce
myocardial and cerebral ischaemia. The risk of AMI and
stroke is particularly increased in pneumonia. Aliberti and
Ramirez divide the pathologic mechanisms of cardiovascular events in pneumonia into plaque-related and plaqueunrelated mechanisms [5]. Both AMI and stroke belong to
the plaque-related complications as they share similar
pathophysiological mechanisms related to plaque instability and oxygen demand/supply imbalance. The risk of developing acute coronary or cerebral ischemia is increased
not only in pneumonia but also in mild and moderate respiratory infections as bronchitis, pharyngitis, rhinitis or sinusitis. An increase of proinflammatory markers and development of the procoagulant state is also observed in uncomplicated viral infections [6,7]. The pathogenetic links
between respiratory infections and acute coronary syndrome are presented in detail in the excellent papers of
Corrales-Medina and co-authors [8, 9] and Bazazand coauthors [10]. The different aspects of the association between infection and stroke are discussed in the review of
Miller and co-workers [11]. As mentioned above, similar
pathogenic mechanisms play a role as triggers for both diseases.
AMI and stroke after influenza: incidence, timing
and outcome
In 1932 Collins first described the increase in mortality due to influenza and other non-respiratory causes
during winter suggesting a causal relationship between
them [12]. After that, a number of other studies have established an increase in the number of deaths from IHD and
cerebrovascular disease in the winter, which correlates with
the influenza activity [13, 14]. This association was especially strong for myocardial infarction mortality which increases between 5.8% and 13.1% with each interquartile
range increase in influenza incidence during the previous
14 days [15]. In more than 34 000 autopsies between 1993
and 2000, Madjid and co-authors found a peak of AMI and
chronic IHDmortality during acute respiratory disease activity, including influenza[16]. The data about the seasonal
link between influenza and stroke are more controversial.
Foster and co-workers, for instance, found seasonal relationship only between AMI and influenza, but not between ischaemic strokes and influenza activity [17]. The highest
risk of AMI and stroke is observed close after the infection, within the first 3 days to 1-2 weeks, but it remains
significantly elevated within 3 months [18, 19, 20, 21].
Other authors found shorter periods of association between
influenza infection and CVE -the elevated risk of myocardial infarction for about 1 week and of stroke about 28 days
[22]. Smeeth and co-workers conductåd a study including
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more than 20,000 patients with a first AMI and more than
19,000 patients with the first stroke and found elevated risk
for occurrence of both events after a respiratory tract infection (pneumonia, acute bronchitis, “chest infections,”
and influenza). Within the first 3 days after infection, the
risk for AMI was almost 5-fold higher and for stroke about
3-fold higher then it fell gradually but still remained elevated within the next three months. [18]. Clayton et al.
found a 2-fold increased risk of AMI and stroke within the
first 7 days of the onset of respiratory infection, as the risk
for MI was elevated independently of the initial underlying cardiovascular risk [19]. During infection, the increase
in troponin and the occurrence of some ECGabnormalities
may be due to non-ischemic causes, e.g. myocarditis. To
eliminate this possibility, Ruane et al. investigated only
patients with angiographically confirmed AMI. Symptoms
of respiratory infection had 17% of the patients within
7days and 21% of the patients within 35 days bevor the
onset of MI. The relative risk for MI during the first week
was significantly increased even in patients with milder,
upper respiratory tract infection, with RR 13.5 (95% CI
10.2-17.7) [23].
Many studies examining the relationship between
respiratory infection and AMI and stroke have no etiological
confirmation of the infection. Therefore, studies that report
data on a specific etiologic agent as a trigger factor are of
particular interest. Using data from the Scottish Morbidity
RecordWarren-Gashand co-workers conducted a self-controlled case series study and evaluated the risk for first AMI
or stroke after laboratory-confirmed respiratory infections.
The most common respiratory pathogens from the bacterial
and viral origin are included in the analysis. The influenza
virus increased the risk of myocardial infarction to a greater
degree than S. pneumoniae: adjusted IRs for the first 1-3
days after infection were 9.80 (95% CI 2.37–40.5) and 5.98
(95% CI 2.47–14.4), respectively. Inversely, the risk of stroke
was higher for S. pneumoniae than influenza virus for day
1–3: adjusted IRs 12.3 (95% CI 5.48–27.7) and 7.82 (95%
CI 1.07–56.9), respectively. Other respiratory viruses (human metapneumovirus, parainfluenza, respiratory syncytial
virus, rhinovirus) also increased the risk of AMI and stroke,
but to a lesser degree. Their combined effect as triggers of
AMI and stroke was less than that of influenza alone [22].
Similar results were found in another self-controlled caseseries study from Canada evaluating the connection between
confirmed influenza infection and hospitalization for AMI.
Patients with influenza had an approximately 6-fold increased risk of admission for AMI within the first 7 days
from detection of infection, with no increased risk after this
interval. Other viruses, such as RSV, also increased this risk,
although to a lesser degree. Higher incidence of AMI was
observed in older patientse” 65 years of age[24]. Regarding
the age groups at elevated risk for developing CVE after a
respiratory infection, the results are controversial. Blackburn
found significantly increased hospitalizations for AMI and
ischaemic stroke in patients aged ≥75 years after respiratory
viral infection. At the age of 65-74 years, most respiratory
viruses increased hospitalizations for MI, but not an ischemic
stroke. At the age of 45-64, respiratory infections were not
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associated with increased hospitalization for both diseases
[25]. Contrariwise Warren-Gash and co-workers found that
younger patients <65 years were prone tohigherAMI and
stroke risk compared to those aged ≥65 years, the authors
speculated that this might be related to the lower vaccination rate among them [22]. Other studies also demonstrated
that recent influenza like illness has a greater impact as a
risk factor for stroke in younger patients under 45 years
compared to older patients. This may be related to the smaller
impact of the conventional risk factors on the risk of stroke
in younger patients [26]. Stroke is very rare in children, but
an international case-control study found a 6-fold increased
risk of ischemic stroke in children suffering from an infection, mainly respiratory, in the week prior to the stroke. The
stroke risk was higher in unvaccinated or partly vaccinated
children compared to those receiving all or most routine
vaccinations [27].
Another interesting question is whether patients with
AMI and stroke after influenza have a worse prognosis than
those without an infection. Vejpongsa and co-workers conducted a study over more than 1,800,000 hospitalized patients with AMI, of whom 1.3% had influenza or other viral respiratory infection. Patients with AMI after influenza
had not only higher in-hospital mortality but also higher
rate of other adverse outcomes (defined as a shock, respiratory failure, acute kidney injury, and prolonged hospital
stay) compared to patients without infection or with a noninfluenza viral respiratory infection. The AMI patients with
influenza underwent invasive coronary angiography more
rarely, and this could be one of the potential causes for the
worse outcome [28]. Among hospitalized patients with AMI
Putot and co-workers found 10% incidence of concurrent
acute infection, 67% of whom were respiratory infections
(acute bronchitis and pneumonia). Only a small number of
patients had microbiological identification of the causative pathogen. The clinical presentation of post-infectious
MI was more severe, and the in-hospital mortality rate was
higher (11 vs 6%, p < 0.01). The post-infectious MI was
more often type 2 (due to myocardial oxygen demand/supply mismatch), but type 1 post-infectious MI (due to acute
plaque disruption) had a worse prognosis. Compared to another site of infection, respiratory tract infections led to
about threefold increased risk of hospital mortality [29].
Influenza vaccination as a preventive strategy
against CVE
Multiple studies have reported the benefit of influenza vaccination on mortality and non-fatal CVE in patients with underlying cardiovascular disease. The
FLUVACS study revealed a favourable effect of vaccination on the cardiovascular mortality in patients with IHD
as the positive effect was observed mainly in patients with
AMI [30]. A study from Taiwan found that in elderly patients, with previous myocardial infarction vaccination decreased significantly, the incidence of recurrent infarction
or cardiovascular death during the 1-year follow-up period
[31]. Meta-analysis of randomised controlled trials found
that vaccination was associated with a lower risk of composite major adverse CVE, especially in high-risk patients
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with recent acute coronary syndrome within 1 year [32].
These results emphasise that among patients with IHD, the
greatest benefit from vaccination have these with more active coronary disease. A review of randomised controlled
trials revealed positive effects of influenza vaccination on
the cardiovascular mortality(RR 0.45, 95% CI 0.26 to 0.76,
P=0.003) and on the incidence of combined acute CVE in
patients with underlying cardiovascular disease (a role for
secondary prevention). In the general population, there
were no significant differences between vaccinated and unvaccinated groups, and influenza vaccination failed to show
a positive effect in primary prevention. Regarding myocardial infarction, no significant difference was found between
the compared groups [33]. Different results come from case
control studies. MacIntyre and co-workers found vaccine
effectiveness of 45% as a protective measure against AMI
[34] and in a meta-analysis of case-control studies, the vaccine effectiveness was estimated of 29% [35]. This efficacy
is comparable with the standard coronary artery disease prevention strategy: smoking cessation (32-43%), statins (1930%) and antihypertensive therapy (17-25%) [36].
Research findings for the effectiveness of influenza
vaccination as a preventive measure against stroke are also
controversial. According to some studies, vaccination reduces the risk of stroke [37, 38], while others fail to find
such a benefit [39]. Positive effect was established even
with one vaccination, but the regular annual revaccination
decreased the risk of ischemic stroke admissions at a higher
degree [38]. Some studies found positive effects only in
ischemic stroke[37], while others found that vaccination
decreased the risk for all subtypes of strokes [40]. A population-based cohort study which included patients ≥65
years old who were treated in intensive care unit in Denmark found that influenza vaccination reduced the risk of
stroke (adjusted HR, 0.84; 95% CI 0.78–0.92), during the
1-year follow-up period, but the reduction of the risk of
myocardial infarction was non-significant. The vaccinated
ICU survivors also had a lower all-cause mortality compared
with the unvaccinated [41]This study highlights again the
positive role of vaccination for the most vulnerable and
fragile patients.
The mechanism of the protective effect of influenza
vaccination on the CVE has not been fully clarified. The
benefit of vaccination is not limited to decreasing the incidence of influenza infection and its complications. In
mice models, Bermudez-Fajardo found that vaccinated animals developed more stable plaque phenotype with lower
lipid content. There were also some differences in the
cytokines production as the vaccinated mice showed lower
levels of interferon gamma, IL-2 and TNFα but higher levels of IL-4. These results show that vaccination may exert
a protective effect against cardiovascular disease by contributing to the development of smaller and more stable
plaques and by alterations in the immune response to the
infection [42]. Veljkovic and co-workers identified the
bradykinin 2 receptor (BKB2R) as the main protein involved in the intimate molecular processes through which
the vaccine exerts its cardioprotective effect. Postvaccination antibodies may activate the BKB2R, and this may in-
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crease the levels of nitric oxide, leading to vasodilation
and possible angiogenesis and through to improved myocardial oxygen use. [43] Future studies are needed to shed
more light on these complicated pathogenetic mechanisms.
Despite the benefits of influenza vaccination, in
many countries, including Bulgaria, it is still underused
[44]. Its additional benefits in preventing cardiovascular
events are another argument in favor of its wider application in indicated individuals.
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CONCLUSION
Influenza infection increases the incidence of CVE,
especially in the first days and weeks after infection and
worsens their clinical course making the prognosis more
severe. Being familiar with the association between influenza and AMI and stroke, clinicians will be able to promote vaccination more actively and monitor high-risk
groups more closely. In this way, they can improve the prevention and management of the influenza infection and reduce its complications and mortality.
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