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Abstract

Influenza is a respiratory illness caused by RNA viruses. These viruses can cause mild to severe illness, and can
lead to pandemics and epidemics. Influenza spreads through respiratory droplets produced when an infected
person coughs, sneezes, talks, or comes into contact with contaminated surfaces. In some cases, influenza can
lead to more serious extrapulmonary complications, such as cardiovascular complications. During influenza virus
infection, endothelial cells become activated, evidenced by increased levels of von Willebrand factor, enhanced
coagulation, and necrosis. Microcirculatory dysfunction has been linked with adverse outcomes, including incre-
ased rates of organ failure and mortality. The most important cardiovascular complications can occur directly,
causing myocarditis and pericarditis. They can also occur indirectly, exacerbating underlying cardiovascular
conditions such as ischemic heart disease and heart failure. Vaccination and antiviral treatment for influenza
can be effective in reducing the risk of these cardiovascular complications. As outlined in the preceding discus-
sion on influenza, its identification and complications have presented a significant challenge in the healthcare
domain. However, through enhanced understanding and meticulous research on this virus, we can make infor-
med decisions that will optimize treatment strategies. This article delves into the epidemiological factors, risk
factors, and clinical manifestations of influenza and association of influenza with cardiovascular manifestations.
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Introduction

Influenza, caused by different serotypes of influenza
viruses, is a respiratory illness ranging from mild to
severe, capable of triggering pandemics and epidemics.
Transmission occurs through respiratory droplets
and contact with contaminated surfaces, with higher
prevalence during winter. At-risk groups include older
adults, young children, pregnant women, individuals
with underlying health conditions, and those over-
weight. Symptoms manifest |-4 days post-exposure,
encompassing fever, cough, sore throat, and more.

Complications may include pneumonia and, rarely,
fatalities. Annual vaccination is the primary preventive
measure, targeting prevalent influenza strains. Other
precautions involve hand hygiene, avoiding sick indivi-
duals, and proper cough/sneeze etiquette. The term
“influenza” denotes a respiratory illness caused by
orthomyxoviruses. These enveloped, negative-sense,
single-stranded RNA viruses. Three types (A, B, and C)
are recognized, with many subtypes within the type-
A virus, cause epidemic acute respiratory disease. Upon
inhalation, the virus attaches to respiratory tract cells.
Natural defenses, like mucus and antibodies, combat
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the virus. However, in compromised defenses or ab-
sence of specific antibodies, the virus invades epithelial
cells, replicating and causing cell death. Retaining critical
proteins, infected cells contribute to viral spread [1].

The primary manifestations of influenza infection
are respiratory; however, multi-organ involvement is
not rare. The relationship between cardiac disease and
influenza is intricate. While human influenza typically
affects the respiratory tract, numerous observational
studies consistently associate influenza with cardiac
complications. Robust observational data substantiate
the connection between influenza infection and acute
myocardial infarction and death [2]. Direct cardiac
complications are infrequent, with noted occurrences
of pericarditis and myocarditis [3]. The virus can exert
both direct and indirect effects on various body systems.
The indirect impact of influenza on underlying cardiac
issues, such as congestive heart failure and ischemic
heart disease, appears to significantly contribute to
cardiac morbidity. Our study aims to provide a com-
prehensive review, focusing on the cardiovascular
complications of influenza infection, without omitting
any crucial points [4].

Epidemiology

Influenza exhibits seasonal patterns, with peak acti-
vity occurring during winter in temperate regions and
throughout the year in tropical climates. The virus’s
ability to undergo antigenic drift and shift, resulting
in minor and major changes in its surface proteins,
poses a challenge for predicting and combating new
strains. Antigenic drift, involving small mutations in
hemagglutinin or neuraminidase glycoprotein genes,
alters the virus’s antigenicity, reducing antibody effec-
tiveness against new strains. This phenomenon drives
seasonal influenza epidemics [5]. Antigenic shift, cha-
racterized by significant mutations in hemagglutinin or
neuraminidase genes, leads to the emergence of novel
influenza-A viruses distinct from previously circulating
strains. These novel viruses can cause sporadic human
infections through contact with infected animals, prima-
rily birds or pigs [6]. Additionally, if the population lacks
immunity to the novel virus, it can trigger pandemics.
Influenza transmission occurs via the respiratory route
through three main mechanisms: inhalation of small-
-particle aerosols (less than 10 um in mass diameter)
generated during coughing or sneezing, direct contact
with larger droplets or particles that settle within
3 meters of the infected individual, and indirect contact
with contaminated surfaces harboring viable influenza
viruses. Influenza has a substantial global impact, causing
millions of cases, hospitalizations, and deaths annually,
affecting individuals across all age groups [7].

The association between cardiovascular disease and
influenza is longstanding, attributed to a concurrent
peak incidence of both diseases in winter months.
Epidemiologic studies highlight a rise in cardiovascular
deaths during influenza epidemics, underscoring the
significance of cardiovascular complications in influenza
infection. These complications, including the exacerba-
tion of heart failure, acute ischemic heart disease, and
occasionally acute myocarditis, play a crucial role in the
heightened morbidity and mortality observed during
influenza infections [8, 9].

Risk factors

Particular groups, such as older adults, young chil-
dren, pregnant women, and individuals with underlying
health conditions, are more susceptible to severe influ-
enza complications (Table 1) [10].

Pathophysiology

The pathogenesis of disease caused by influenza
virus is not completely understood, particularly in
molecular terms. Initial viral infection occurs in the
upper respiratory columnar epithelium and then spre-
ads distally in airways. Cell damage and death occurs
through inhibition of host cell protein synthesis and
induction of apoptotic changes in various cell types.
Influenza infection may also result in secondary bacte-
rial pneumonia, most commonly with Streptococcus
pneumonia or Staphylococcus aureus [I1]. Demon-
strated defects include diminished forced flow rates,
increased total pulmonary resistance, and decreased
density-dependent forced flow rates consistent with
generalized increased resistance in airways less than
2 mm in diameter, along with increased responses to
bronchoprovocation [12, |3]. In addition, abnormalities
of carbon monoxide diffusing capacity and increases in
the alveolar-arterial oxygen gradient have been seen.
Of note, pulmonary function defects can persist for
weeks after clinical recovery. Influenza in asthmatics or
in patients with chronic obstructive disease may result
in acute declines in FVC or FEVI [14].

Primary viral pneumonia occurs when virus infection
reaches the lung either by contiguous spread from the
upper respiratory tract or by inhalation. The trachea
and bronchi contain bloody fluid, and the mucosa is
hyperemic. Tracheitis, bronchitis, and bronchiolitis are
seen, with loss of normal ciliated epithelial cells. Submu-
cosal hyperemia, focal hemorrhage, edema, and cellular
infiltrate are present. The pathophysiology of bacterial
superinfection has been studied intensively, and a num-
ber of factors have been identified that could play arole.
Uncomplicated influenza is associated with significant
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Table 1. Groups at higher risk for influenza complications

Children and adolescents at higher risk Adults at higher risk
for influenza complications for influenza-related complications

¢ Children younger than 4 years’ old

* Children with chronic health conditions, including:

— Pulmonary disorders (such as asthma and cystic fibrosis)
— Cardiovascular diseases (except hypertension)

— Renal disorders (kidney diseases)

— Hepatic disorders (liver diseases)

— Hematologic disorders (such as severe anemia)

— Metabolic disorders (such as diabetes mellitus)

¢ Children with immunosuppression, including:

— Children infected with human immunodeficiency virus (HIV)
— Children taking immunosuppressive medications

— Children and adolescents who are receiving long-term
salicylate therapy (aspirin)

* Children with conditions that compromise respiratory function,
respiratory secretions handling, or increase the risk for hyperten-
sion, including:

— Cognitive dysfunction

— Spinal cord injuries

— Seizure disorders

— Other neuromuscular disorders

— Children receiving long-term aspirin therapy, who may be at risk
for developing Reye syndrome

— Children who are residents of chronic-care facilities

— Pregnant women during the influenza season

* Individuals aged 65 years or older

* Pregnant women

* Smokers

¢ Individuals with chronic health conditions, including:
— Pulmonary disorders (such as asthma)

— Cardiovascular diseases

— Renal disorders (kidney diseases)

— Hepatic disorders (liver diseases)

— Hematologic disorders (blood disorders)

— Metabolic disorders (such as diabetes mellitus)
¢ |ndividuals with immunosuppression, including:
— Immunosuppression due to medication

— Immunosuppression due to human immunodeficiency virus (HIV)
infection

— Individuals with conditions that compromise respiratory function,
respiratory secretions handling, or increase aspiration risk

— Individuals with obesity, defined as a body mass index (BMI)
greater than 40

— Residents of nursing homes and other chronic-care facilities

abnormalities in ciliary clearance mechanisms, resulting
in reduced clearance of bacteria from epithelial surfaces
and The cytokine IL-10 plays an important role in this
regard [15, 16].

Influenza infection also reduces clearance by alveolar
macrophages and weakens NK cells responses. All of
these observations are consistent with the concept
that the inflammatory response to influenza infection
leads to disruption in the normal host defense against
bacterial pathogens, although direct demonstration of
this in humans is lacking [17, 18] (Fig. I).

Virus is first detected just before the onset of illness
(within 24 hours), remains elevated for 24 to 48 hours,
and then rapidly decreases to low titers. Usually, virus is
no longer detectable after 5 to 10 days of virus shedding.
However, because of the relative lack of immunity in
the young, more prolonged shedding of higher titers
of virus is seen in children [19, 20].

There is compelling evidence supporting influenza’s
role as a trigger for cardiovascular events. The pre-
cise mechanism remains unclear, but coagulopathy
and inflammation emerge as key factors [21]. Studies
indicate an elevated risk of both arterial and venous
thromboses following acute infection [22]. Animal
studies reveal a coagulopathic state during influenza
infection, with increased thrombin generation, fibrin
deposition, and fibrinolysis observed in infected mice
compared to controls [23]. Coagulation abnormalities,
such as excess clotting and consumptive coagulopathy,
have been documented in chickens infected with the
H5N I influenza virus [24].

Inflammation plays a role throughout the athero-
sclerotic process, with systemic inflammation markers
like C-reactive protein being linked to increased
cardiovascular risk. A study on inflammatory markers
in acute myocardial infarction (AMI) showed notably
higher levels of cytokines, such as IL-6, in patients with
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Figure I. The influenza virus infects alveolar epithelial cells, prompting the release of pro-inflammatory cytokines and chemoki-
nes, which induce inflammation and attract immune cells. These activated immune cells infiltrate lung tissue, releasing additional
inflammatory mediators, particularly impacting vascular endothelium. Ultimately, this inflammatory cascade can culminate in pneu-
monia, acute respiratory distress syndrome (ARDS), and significant cardiac complications; IAV — influenza A virus, PRRs — pattern

recognition receptors [72]

ST-elevated myocardial infarction (STEMI) compared
to those with non-ST-elevated myocardial infarction
(NSTEMI). Mice studies have demonstrated increased
inflammatory cytokines, including TNF-a and IL-6, in
the context of influenza infection. Experimental studies
in healthy individuals reveal transient endothelial dys-
function mediated by various inflammatory cytokines,
whose circulating levels surge during acute inflammation
[25, 26].

The endothelium functions as an essential endocrine
organ crucial for maintaining overall body homeostasis.
Healthy endothelial cells play roles in regulating an-
tioxidants, exert anti-inflammatory and anticoagulant
actions, and control vascular relaxation, contraction,
thrombogenesis, fibrinolysis, and platelet activation and
inhibition. Endothelial dysfunction (ED) can lead to the
loss of these crucial homeostatic functions, resulting in
various pathologies. Endothelial injury can occur due to
hemodynamic factors (e.g., wall shear stress), chemical
factors (e.g., LDL cholesterol or glucose), or bacterial
and viral infections (e.g., influenza). The loss of endo-
thelial integrity permits lipid infiltration, leading to the
formation of atheromatous plaques [27].

During influenza virus infection, endothelial cells
become activated, evidenced by increased levels of von
Willebrand factor, enhanced coagulation, and necrosis
[28-30]. In mice and ferrets infected with influenza vi-
rus, endothelial cells produce various pro-inflammatory
cytokines, with the observation that this effect may be
specific to the virus subtype [31]. Highly pathogenic
influenza viruses such as H7N9 and H5N|I can signi-
ficantly impact endothelium, replicating efficiently in
human pulmonary microvascular endothelial cells. Thus,
infection of endothelial cells by these viruses may con-

tribute to the virus’s pathogenicity and dissemination
beyond the respiratory tract, particularly affecting the
cardiovascular system [32].

In the lower respiratory tract’s alveoli, endothelial
cells are closely situated to alveolar epithelial cells,
which are susceptible to influenza virus infection. The
infection of alveolar epithelial cells may expose endo-
thelial cells to virus particles, either through basolateral
release from infected epithelial cells or due to alveolar
wall damage caused by infection, necrosis, and inflam-
mation [33].

Furthermore, patients infected with SARS-CoV-2
exhibit elevated cytokine levels and inflammation bio-
markers, leading to a cytokine storm and multi-organ
involvement, including cardiovascular complications
[34]. SARS-CoV-2 spike proteins can provoke a pro-
-inflammatory response in brain endothelial cells, po-
tentially compromising blood-brain barrier integrity and
function [35, 36]. Therefore, similar to other respira-
tory viruses like SARS-CoV-2 and RSV, influenza viruses
interact primarily with endothelial cells in various blood
vessels and the heart, leading to diverse pathological
manifestations (Fig. 2).

Influenza clinical symptoms

In uncomplicated influenza, the incubation period
is typically one to four days, with systemic symptoms
initially prevailing, including fever, chills, headaches,
myalgia, malaise, and anorexia. Severe cases may exhibit
prostration. Myalgia or headache, often linked to fever
height, are usually the most bothersome symptoms.
Fever ranges from 37.8 to 40.0°C (100 to 104°F) and
can peak at 41.1°C (106°F). Myalgia may affect limbs
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Figure 2. Influenza infection initiates immune responses that recruit macrophages, neutrophils, and NK cells to combat the virus.
However, dysregulation leads to excessive inflammation, enhancing chemotactic factors and adhesion molecules on endothelial
cells, promoting inflammatory cell recruitment to atherosclerotic plaques. Inflammatory mediators also directly promote athero-
genesis, worsening atherosclerosis and potentially leading to cardiac complications like acute myocardial infarction [73]

or back muscles, with prominent calf muscle pain in
children. Severe eye muscle pain and arthralgia, but
not arthritis, can occur [37].

Systemic symptoms persist for about 3 days, ma-
tching the typical fever duration. Respiratory symptoms,
like a dry cough, severe pharyngeal pain, and nasal
obstruction, accompany onset but are overshadowed
initially. In early stages, patients seem toxic with a flus-
hed face, hot and moist skin, watery and reddened eyes,
and a clear nasal discharge. Gastrointestinal symptoms
are rare in adults but can affect 10 to 20 percent of
children. Uncommon presentations include afebrile
respiratory illness or systemic signs without respiratory
involvement [38].

Pulmonary complications are more common in
older adults and immunosuppressed individuals. Signs
in complications differ; for instance, pulmonary com-
plications exhibit cough, dyspnea, tachypnea, hypoxia,
and fever [39]. Other complications encompass cardiac
(myocardial infarction, heart failure, myocarditis, and
pericarditis) [40], musculoskeletal (myositis and rhabdo-
myolysis) [41], and central nervous system involvement
(seizures, encephalopathy, encephalitis, cerebrovascu-

lar accident, acute disseminated encephalomyelitis, and
Guillain-Barré syndrome) [42]. Additionally, individuals
who had an influenza infection within one year before
contracting COVID-19 were more likely to experience
severe illness from SARS-CoV-2 infection [43]. Vac-
cinated individuals may show similar but less severe
manifestations.

Cardiovascular complications

Influenza, despite being a virus primarily associated
with respiratory symptoms, also can leads to extra-
-pulmonary manifestations. One of the most significant
among these is cardiac involvement, which carries high
morbidity and mortality rates. The following elaborates
on the most important cardiac complications.

Ischemic heart disease (IHD)

Numerous extensive epidemiological investigations
have demonstrated a temporal correlation between
the prevalence of influenza viruses and a rise in hospi-
talizations and fatalities attributed to ischemic heart
disease (IHD). The hypothesis posits that influenza-
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-associated IHD is instigated by inflammation, a known
contributor to acute coronary syndrome development
[44]. Moreover, a noteworthy surge in the incidence of
IHD-related deaths has been identified during epide-
mic periods. Previous studies have indicated that the
rates of a first myocardial infarction (MI) were most
pronounced within the initial 3 days following an acute
respiratory infection, with a diminishing effect observed
over time [8, 45].

Myocarditis

Myocarditis is characterized by diffuse inflammation
of the myocardium, accompanied by focal myocyte
necrosis, with viral infection being the primary cause.
The incidence of influenza-associated myocarditis has
been documented to reach up to 10% [46]. Viral my-
ocarditis exhibits a spectrum of clinical manifestations
influenced by presentation timing, myocardial invol-
vement extent, and individual factors, ranging from
subclinical cases to sudden death.

Clinically diagnosed myocarditis, identified through
a combination of symptoms, elevated cardiac enzymes,
and echocardiographic findings, has been reported in
approximately 0.4—13% of hospitalized adult patients
with documented influenza [47]. The clinical course
varies, with severity spanning from asymptomatic cases
to severe disease. Most patients experience acute
cardiac dysfunction symptoms, such as chest pain, dys-
pnea, syncope, hypotension, and arrhythmia, typically
occurring between days 4 and 7 after the initial viral
infection symptoms [48, 49].

Electrocardiogram (ECG) changes, documented
in several studies, include sinus tachycardia, partial
right bundle branch block (RBBB), ST depression,
and deep T-wave inversion in the anterior precordial
leads. Notably, there is a consistent regression of ECG
changes, with normalization occurring within a week.
Recent studies examining cardiac enzymes in influenza
patients report elevated CKMB levels in 0-5%, while
TnT and Tnl remain within normal ranges. Regarding
echocardiography, the majority of studies show no
ejection fraction (EF) or wall motion abnormalities,
with no significant changes in EF observed during the
study period [50, 517.

Pericarditis

Viral infection, particularly influenza, stands out as
the primary cause of pericarditis [52]. The viral etio-
logies of myocarditis and pericarditis often overlap.
While many cases of influenza-associated pericarditis
are clinically insignificant, occasional complications of
significance may arise. Pericardial effusions, varying in
size and clinical impact, commonly complicate influenza-
-related myocarditis. Electrocardiography and echocar-

diography play crucial roles in monitoring and detecting
complications associated with pericarditis [53].

Heart failure

Congestive heart failure, identified through regional
or global hypokinesis on echo/MRI, emerges as the
predominant complication, affecting 84% of individu-
als with influenza-associated myocarditis. A significant
proportion of those with heart failure necessitate
advanced cardiac support therapies [54]. Additionally,
heart failure independent of myocarditis has been
documented during influenza infection. Notably, right
ventricular dysfunction (489) surpasses left ventricular
dysfunction (17%) in prevalence, exceeding what is
typically reported in patients with acute respiratory
distress syndrome (ARDS) [52].

Cardiac arrhythmia

In influenza, cardiac arrhythmias take center stage.
The prevalent reported arrhythmias include atrioven-
tricular conduction block [55] and ventricular fibrillation
[56]. These arrhythmias are predominantly attributed
to underlying fulminant myocarditis in the context of
influenza infection. A recent study, highlighting that
15.4% of deaths attributed to pHINI in the United
States occurred at home, suggests a potential asso-
ciation between influenza infection, arrhythmias, and
cardiac arrest [53].

Microcirculatory dysfunction

The alterations in microcirculatory function ob-
served in individuals infected with influenza viruses are
not well comprehended. The microcirculation plays
a pivotal role in the regulation of organ perfusion. Mic-
rocirculatory dysfunction has been linked with adverse
outcomes, including increased rates of organ failure and
mortality, in various studies involving different shock
conditions [57, 58]. Blood flow resistance is primarily
influenced by blood vessel diameter and is modulated
by endothelium-derived factors such as nitric oxide and
prostaglandins [59, 60]. Inflammatory cytokines and
other alarmin mediators contribute to the vasodilatory
response of blood vessels during inflammation, causing
significant alterations in tissue blood flow, potentially
leading to tissue hypoxia. This dysregulation of blood
flow is considered a major factor contributing to se-
vere hypoxemia in influenza patients [61]. Notably,
areduction in the speed of pulmonary microcirculation
was observed concurrently with the presence of virus-
-infected cells in the lung [62].

Patients severely affected by influenza, particularly
Influenza A (HINI) with acute respiratory distress
syndrome (ARDS), exhibit clinically significant microcir-
culatory abnormalities. Recent evidence indicates that
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microcirculatory abnormalities are present in patients
with acute lung injury associated with severe influenza
A (HINI) infection, independent of bacterial co-
-infection [63]. Animal studies suggest that acute severe
respiratory dysfunction in cigarette-smoke-exposed and
flu-infected mice is associated with the accumulation
of platelet-rich neutrophil-platelet aggregates (NPAs)
in the lung microcirculation within 2 days post-flu infec-
tion, suggesting increased susceptibility to influenza and
its microcirculatory complications among smokers [64].

Management

Vaccination

Available vaccines formulations include various
inactivated influenza vaccines (l1Vs), such as egg-based
vaccines for individuals = 18 years of age and cell
culture-based vaccines for those = 6 months of age.
Given the association between peak influenza activity
and cardiovascular events, studies have evaluated the
effect of influenza vaccination on the reduction of
multiple cardiovascular end points. a large prospective
randomized double-blinded placebo controlled study of
658 patients with coronary artery disease (CAD) found
a significant reduction in coronary ischemic events,
specifically cardiovascular death, Ml, cardiac revascu-
larization, or hospitalization with myocardial ischemia,
in the 12 months following influenza vaccination with
the inactivated influenza vaccine [54, 65].

Antiviral treatment

Two classes of antivirals are available for influenza
treatment: neuraminidase inhibitors (oseltamivir and
zanamivir) and adamantanes (rimantadine and aman-
tadine) [66]. Neuraminidase and hemagglutinin, surface
glycoproteins on Influenza A viruses, play critical roles
in viral replication. Hemagglutinin binds to sialic acid
compounds on cell surfaces, facilitating viral entry
into target cells. While essential for this initial step,
hemagglutinin’s presence also impedes the release of
newly formed virions after budding from infected cells.
Neuraminidase, on the other hand, is an enzyme that
cleaves sialic acid residues from glycan structures on
infected cells, allowing for the release of progeny viruses
and their spread to uninfected cells in the surrounding
environment [67]. A retrospective study evaluated the
impact of neuraminidase inhibitors on the recurrence
of cardiovascular disease after influenza infection. The
study found that patients with a history of cardiovascu-
lar disease and acute influenza who were prescribed
oseltamivir within two days experienced fewer cardiac
events (M, angina, stroke, heart failure, sudden cardiac
death) within 30 days of influenza diagnosis. This finding
highlights the potential for neuraminidase inhibitors to

reduce the cardiovascular complications associated
with influenza [68].

Other medications

Influenza virus infections are linked to increased
levels of proinflammatory cytokines, often described
as a cytokine storm. While antiviral therapy, if initiated
early, may prevent this reaction [69], three classes of
drugs with anti-inflammatory properties — statins,
peroxisome proliferator-activated receptors-a ago-
nists (fibrates), and peroxisome proliferator-activated
receptors-y agonists (glitazones) — individually or in
combination, have the potential to prevent influenza-
-associated acute lung injury [70, 71].

Conclusions

Influenza, a subgroup of RNA viruses within the
orthomyxoviridae family, is a respiratory illness with
a significant global impact, causing millions of cases,
hospitalizations, and deaths annually. Elderly individuals,
young children, pregnant women, and individuals with
underlying health conditions, including chronic pulmo-
nary, cardiovascular, renal, hepatic, hematologic, or
metabolic disorders, obesity, and immunocompromised
individuals, are considered high-risk groups. However,
the burden of influenza is often underestimated due to
the focus on well-recognized respiratory-related mani-
festations. A comprehensive literature review suggests
that influenza can also cause extra-pulmonary com-
plications, including pneumonia, cardiac involvement,
musculoskeletal complications, and central nervous
system involvement. Influenza can affect the cardiova-
scular system through various mechanisms, including
coagulopathy and inflammation. Cardiovascular involve-
ment in acute influenza infection can manifest as direct
effects on the myocardium (myocarditis and pericardi-
tis) or as an exacerbation of pre-existing cardiovascular
conditions (heart failure, ischemic heart disease). The
clinical presentation can range from asymptomatic to
fulminant myocarditis, leading to cardiogenic shock and
death. Influenza-specific prevention through vaccination
or treatment with antiviral agents has been shown to
reduce the risk and/or severity of certain complications,
but further research is needed. Early recognition of the
extra-pulmonary manifestations of influenza infection is
crucial to initiate timely therapeutic interventions and
organ-specific supportive care.

In conclusion, a deeper understanding of this vi-
rus through ongoing research is essential to make
informed decisions and optimize treatment strategies.
Additionally, a comprehensive understanding of the
cardiovascular manifestations associated with influenza
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infection remains a challenge and warrants ongoing
research endeavors.
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