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Patient: Female, 14
Final Diagnosis: Myopericarditis
Symptoms: Cardiac tamponade ¢ dyspnea ¢ pericardial effusion ¢ tachycardia
Medication: -
Clinical Procedure: Cardiopulmonary resuscitation
Specialty: Infectious Diseases
Objective: Unusual clinical course
Background: Influenza viruses induce uncomplicated infections in most cases in individuals with no known predisposing fac-

tors. Acute febrile illness is generally limited to upper respiratory symptoms and several constitutional symp-
toms, including headache, lethargy, and myalgia. However, influenza A virus is a cause of severe morbidity and
mortality worldwide. Some patients are at risk for serious and fatal complications. Cardiac involvement is a
well-known condition, but, clinically apparent influenza myocarditis is not common. Few reports exist regard-
ing recurrent fulminant influenza myocarditis.

We report here a fatal case of heart failure following myocarditis in a 14-year-old female who had seasonal flu
symptoms but was otherwise healthy. H3N2 influenza virus infection was detected by molecular analyses of
throat and nasal swabs, suggesting damage to myocardial cells caused directly by the virus.

Case Report:

Conclusions: Pericardial effusion myopericarditis may occur during influenza virus infection in young individuals, even those
with no known predisposing factors. Physicians need to be aware that acute myopericarditis can be a fatal
complication of recent influenza virus infection in all patients with instable hemodynamics. Early diagnosis and
treatment could reduce, in some cases, the risk of severe cardiac events. However, this sudden and fatal out-
come was difficult to predict in a healthy young female with no known risk factors.
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Background

Influenza is an acute febrile illness inducing uncomplicated in-
fections in most cases in healthy individuals. However, every
year, the global burden of influenza is believed to be 3 to 5 mil-
lion cases of severe illness. Up to 650 000 deaths annually are
associated with respiratory diseases from seasonal influenza,
according to new estimates by the World Health Organization,
the United States Center for Disease Control and Prevention
(US-CDCQ) and global health partners. In the developed world,
most influenza-associated deaths occur in the elderly, but fatal
outcomes occur regularly in young adults and children. Some
patients are at risk for serious and fatal complications affect-
ing multiple organ systems [1]. In cases of seasonal influen-
za infection, cardiac involvement is a well-recognized condi-
tion, but myopericarditis and pericardial effusion are rarely
present. Myocarditis is an inflammatory disease of the myo-
cardium associated with cardiac dysfunction. Viruses are the
most prevalent infectious cause of myocarditis and pericardi-
tis. The etiological agents of viral myocarditis include entero-
viruses, adenoviruses, parvoviruses, cytomegalovirus, and in-
fluenza viruses [2]. In 1945, Finland et al. reported the first 2
patients with influenza myocarditis [3]. Influenza myocarditis
leading to a fatal outcome (fulminant form) does exist, with a
reported mortality rate of 28% among myocarditis patients in
pandemic and post-pandemic seasons in Japan [2]. A few case
reports [4,5] represent the incidental diagnoses of influenza-
associated acute myocarditis, but the true prevalence remains
unknown [6-8]. This prevalence is not known because of the
lack of comprehensive screening, with few clinical cases and
autopsy findings reported in the literature [4,5,9].

Here, we report a fatal case of myopericarditis associated with
a possible cardiac tamponade in a 14-year-old female patient
with the flu but no known risk factors for severe complications.
We discuss the role of the influenza virus in myopericarditis.

Case Report

On January 30, 2015, a 14-year-old female patient developed
a flu-like condition with a high fever (39°C). Her general con-
dition was otherwise satisfactory and there were no func-
tional impairments. She was seen by a general practitioner,
who prescribed antipyretics. The next day, the patient devel-
oped abdominal pain, bilateral leg pain, and became afebrile
at 35°C. Her neck remained supple and her skin showed no
signs of blotch or purpura. The parents called the emergen-
cy medical services at approximately 6:30 p.m. Thirty minutes
later, the patient’s clinical condition worsened. At the arrival
of the paramedical team, she was having difficulty breathing
with tachypnea, she also described referred pain to the abdo-
men and thereafter lost consciousness. That team observed
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tachycardia (200 beats/min) and low peripheral oxygen satu-
ration (60%): they were equipped with a simple pulse oxim-
eter whose monitor displays only peripheral oxygen satura-
tion values of hemoglobin and pulse. The waveform was not
viewable. The team did not have enough time to take blood
pressure before the patient went into cardiorespiratory ar-
rest. The paramedical team initiated a cardiac massage and
employed an automated external defibrillator. Thereafter, a
team of emergency physicians arrived for prehospital inten-
sive care. They intubated and ventilated the patient, admin-
istered epinephrine (15 mg intravenously and 3 mg intratra-
cheally), norepinephrine (1 pug/kg/min) and bicarbonates, and
performed cardiopulmonary resuscitation. The medical team
did not have a cardiac ultrasound with them. Death was pro-
nounced at 8:30 p.m., after 1 hour of resuscitation efforts.

Several samples of fluids and tissues collected during the autopsy
were subjected to molecular analyses. Real time (RT)-PCR analy-
ses of both nasopharyngeal and throat specimens were positive
for A (H3N2) influenza. The patient’s myocardial tissue, pericardi-
al fluid, and cerebrospinal fluid were negative for influenza virus.
An aliquot of the respiratory sample was inoculated onto MDCK-
cells to isolate the virus and characterize antigens by hemagglu-
tination inhibition assay. The viral strain had antigenic similari-
ties to A/Switzerland/9715293/2013, which was the most widely
circulating influenza virus that season. Genetic characterization
was performed by conventional sequencing of the hemaggluti-
nin (HA) and neuraminidase (NA) genes. For phylogenetic anal-
yses, nucleotide sequences were aligned to A (H3N2) reference
strains. The virus was found to belong to the 3C.2a clade, the
most frequent of the H3N2 strains circulating during the win-
ter of 2014-2015 (Figure 1). Regarding resistance to NA inhibi-
tors, no significant mutations were detected. Whole genome se-
quencing was performed with next-generation sequencing (NGS)
on both primary specimens (nasal and nasopharyngeal) and cul-
tured isolates. NGS was performed by the Mutualized Platform
for Microbiology at the Institute Pasteur. No significant mutations
were detected. The patient was examined for other viral respi-
ratory agents, such as respiratory syncytial virus, human rhino-
virus, and human metapneumovirus, but the results were neg-
ative in both nasopharyngeal and throat specimens.

The autopsy showed a pericardium in tension and an abundant
pericardial effusion post mortem (160 mL), which is a high vol-
ume considering the reduced size of the heart of a child com-
pared to that of an adult. Moreover, the dramatic and sudden
clinical deterioration may have been due to a rapid constitu-
tion of this pericardial effusion. Microscopically, there was an
important interstitial edema with an abundant mononuclear in-
flammatory infiltrate. Many foci sources of myocardial necrosis
with contraction bands were observed in both ventricles and
the septum. These observations indicated an intense myocardi-
tis. Also, a lymphocytic inflammatory infiltrate in the epicardium
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Figure 1. Phylogenetic analyses. The
nomenclature of influenza viruses
is defined according to type (e.g.,
A), place of origin (e.g., Paris),
strain number (e.g., 664), and
year of isolation (e.g., 2015). The
strains in red and black correspond
respectively to the vaccine strains and
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to the reference strains. Nucleotide
sequences were aligned to A (H3N2)
reference strains. The virus (in light
blue) was found to belong to the 3C.2a
clade, the most frequent of the H3N2
strains circulating during the winter of
a2 2014-2015.

3C.30

indicated pericarditis (Figure 2). The lungs presented congestive
walls with a lymphoplasmacytic inflammatory infiltrate. In the
right lung, this infiltrate was abundant with a hemorrhagic alve-
olar edema. The autopsy showed nascent influenza pneumonia.

Discussion

Influenza A virus infection can cause a number of complica-
tions in the pulmonary (viral or bacterial pneumonia), neuro-
logical (encephalopathy, Guillain Barré Syndrome, etc.), renal,
cardiac (myocarditis, pericarditis), and muscular systems [10].
Among these complications, myopericarditis is rare but poten-
tially lethal. It comprises a wide spectrum of cardiac involve-
ment, from mild myocarditis to cardiogenic shock. Clinical
myocarditis or myocardial damage has also been reported in
many studies from Japan [11], Taiwan [10], Canada [12], the
USA[13], and Italy [8]. Although enteroviruses, especially group
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B coxsackieviruses, appear to be the most frequently implicat-
ed viral agents in myopericarditis, molecular studies conduct-
ed in the United States and in Italy have shown that influen-
za viruses account for 2% to 10% of all viral agents isolated
from myocardial tissues [14,15].

Cardiac involvement usually manifests between 4 and 7 days
after the onset of influenza. The most common symptom is
worsening dyspnea. ECG abnormalities, elevated cardiac en-
zymes, and left ventricular dysfunction are also observed. A
host immune-mediated inflammatory pathology is the main
hypothesis evoked to explain these severe cardiac events.
Rarely, myocyte damage may be due to a direct cytolytic ef-
fect of the virus, which usually plays a major role in cases with
early myocardial involvement [8]. In our case, cardiac involve-
ment occurred early in the course of the infection, less than
12 hours after the onset of fever. The change was so sudden
that the patient had not been hospitalized, and resultantly, a
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Figure 2. Illustration of the cardiac tissue, post-mortem
histopathological examination (Hemalin Phloxin
Safran coloration; 400x). Inflammatory infiltrate with
myocardic necrosis is shown in one field of cardiac
tissue (solid arrow); multifocal lesions with myocardic
edema are shown (dashed arrows).

search for cardiac enzymes was not performed. The first, and
most likely, hypothesis is that a pericardial effusion caused
cardiac tamponade and cardiorespiratory arrest, despite the
lack of recorded data for cardiac tamponade, compared to
that data described in the literature [16,17]. The arguments
for this hypothesis are: abdominal referred pain, tachypnea,
tachycardia, rapid cardiac arrest, significant pericardial effu-
sion found at autopsy associated with a pericardium in ten-
sion and no shock delivered by the semi-automatic defibril-
lator (no arrhythmia requiring external electrical shock). The
second hypothesis for the cause of the death is a hemorrhag-
ic pulmonary edema and a cardiogenic shock due to left ven-
tricular dysfunction, and probably life-threatening VT-like ar-
rhythmia. In addition, the infectious context, especially a viral
infection, turn us towards a cardiac tamponade. Indeed, id-
iopathic pericarditis, usually presumed to be post-viral is the
most common cause of an inflammation-related perdicardi-
al effusion in the United States and Western Europe [17,18].
Considering the early cardiovascular involvement in our patient
(<48 hours), the cardiac tamponade and heart failure follow-
ing myopericarditis were probably directly due to the H3N2 in-
fluenza virus, suggesting a cardiac tropism. Indeed, a cytokine
cascade that enhances or modifies viral receptor exposure on
endothelial cells lining the myocardial tissue may increase vi-
ral tropism for myocardial tissue [19]. Proinflammatory cyto-
kines, including TNF-a, are considered important in the initia-
tion and development of inflammatory cardiomyopathies [20].
Human studies have demonstrated that infection of the myo-
cardium by the influenza A virus is associated with increased
expression of TNF-a and its receptors (TNFRI and TNFRII) in
the myocardium. Depressed myocardial function paired with
elevated myocardial TNF-a. messenger RNA and protein levels
have been observed in patients with myocarditis. TNF-a may
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depress myocardial contractility through a number of process-
es, including nitric-oxide-mediated mechanisms and direct ac-
tions on intracellular calcium handling in the myocardium [21].

Some patients have important risk factors for complications
or death. These may include obesity, pregnancy, young age
(<5 years), immunosuppression, or chronic diseases (respira-
tory, renal, and cardiac diseases, etc). In our case, the patient
did not exhibit predisposing factors.

Our study had several limitations. First, we did not find the in-
fluenza virus in the myocardial biopsy or pericardial liquid of
the patient. Therefore, we cannot confirm the virological eti-
ology of the myocarditis. However, a recently-published report
described a similar situation wherein viral RNA was detected
neither in the serum nor in the pericardial effusion of a 9-year-
old female patient with influenza-associated myocarditis [22].
Mice models have shown that virus concentrations are much
lower in the serum and myocardium than they are in the re-
spiratory tract, and that the severity of cardiomyocyte inju-
ry does not seem to correlate with viral titer in the heart [23].
Thus, the influenza virus appears to be rarely detected in myo-
cardium biopsies from patients with myocarditis, even when
it directly invades the myocardium [2]. In our case, although
we could not confirm that the myocarditis was caused directly
by influenza virus infection, it is nonetheless highly likely that
the virus had infected the myocardium. A second weakness
of our study is that due to the rapid worsening of the cardiac
involvement, we were not able to assess biochemical param-
eters, measure cytokines, or obtain an echocardiogram to ex-
plore the possibility of systolic dysfunction with an impaired
left ventricular function.

Conclusions

To conclude, our study suggests that pericardial effusion
myopericarditis may occur during influenza virus infection in
young patients, even those with no known predisposing fac-
tors. The occurrence of complications, such as tamponade or
hemorrhagic pulmonary edema, is unpredictable. Instable he-
modynamics and respiratory distress are signs that must alert
and lead to rescue intervention. Early diagnosis and treat-
ment could reduce, in some cases, the risk of severe cardiac
events. Vaccination is also important in the prevention of in-
fluenza infections. Nevertheless, a risk-factor based influen-
za vaccination program for children would not prevent these
fatal cases as the reasons underlying susceptibility to severe
disease remains occult.
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