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Table 4 Duration of fever after the first dose of oseltamivir for pandemic or seasonal A(HIN1) by age (mean hours & SD)

After the first dose

P between
oseltamivir

P between
oseltamivir

After the onset

Oseltamivir Zanamivir and zanamivir Oseltamivir Zanamivir and zanamivir
Seasonal A(HINI) in the 32.0 £ 189 31.5 £ 149 NS 502 £ 214 48.1 £ 169 NS
2007-2008 season (n=41)a (n=27) (n=41d (n=27)
Seasonal A(HIN1) in the 497 + 323 273 + 18.6 <0.001 67.2 + 338 432 £ 205 <0.001
2008-2009 season (n=8")b (n = 106) (h=8N) e (n = 106)
2009 Pandemic A(HINI) 230 £ 116 269 + 154 <0.01 40.7 £ 158 447 £ 169 <0.05
(n=149) ¢ (n=212) (n=149)f (n=212)

a versus b, b versus ¢: P < 0.001
a versus ¢ P < 0.01

d versus e, d versus . P < 0.01
e versus f: P < 0.001

pandemic HIN] between patients <15 years of age (osel-
tamivir 22.5 £+ 10.8 h and zanamivir 27.1 + 16.5 h) and
those >15 years of age (23.5 £ 12.5 and 26.6 £ 13.9 h,
respectively).

Duration of fever after the onset

The duration of fever after the onset was significantly
shorter for patients with pandemic 2009 (40.7 £ 15.8 h)
than for patients with HIN1 in both the 2008-2009
(67.2 £ 338 h, P <0.001) and 2007-2008 (50.2 +
21.4 h, P < 0.01) seasons (see Table 4). Significant dif-
ferences were shown between oseltamivir and zanamivir
therapy for patients with pandemic in 2009 (P < 0.05) and
seasonal HINT in 2008-2009 (P < 0.001).

N1 sequence analysis

Sequence analysis revealed that all 88 of the HIN1 virus
isolates in the 2008-2009 season but none in the
2007-2008 or 2009-2010 seasons contained the H275Y
mutation.

Discussion

In the 2008-2009 season, almost 100% of the seasonal
HINI virus in Japan was resistant to oseltamivir because
of H275Y mutation [I, 2], but it was reported to be
susceptible to amatadine or rimantadine [12]. We reported
a lower effectiveness of oseltamivir to the H275Y mutated
HINT virus in the 2008-2009 season compared to HINI
virus without H275Y mutation in the 2007-2008 season,
especially for children [1, 2]. From August 2009 until
February 2010 in Japan, the pandemic HINI1 2009 virus
was prevalent, with the seasonal influenza HINI and

H3N2 viruses rarely found [I3]. This pandemic HINI
2009 influenza virus was genetically different from sea-
sonal HINI and had a swine component. It was reported
in a genetic and phenotypic analysis to be susceptible to
oseltamivir and zanamivir [5]. Therefore, we felt it was
important to compare the clinical symptoms of the pan-
demic HIN1 virus infection and the effectiveness of NAls
against this pandemic virus with seasonal HINI virus
infection.

The percentage of pandemic 2009 patients with fever
(97.0%, >37.4"C) was similar to the report by Dawood
et al. [5] (93%). The percentage of patients with sore throat
(32.7%) or diarrhea (2.8%) was similar to a report by Cao
et al. [6] (36.6% or 2.8%, respectively). The percentages of
2009 pandemic patients with cough (78.9%), fatigue
(41.3%), rhinorrhea (47.4%), headache (30.5%), or vom-
iting (3.6%) of our study were higher than those reported
by Cao et al. [6] (69.5%, 10.3%, 23.7%, 19.5%, or 1.9%,
respectively).

The clinical symptoms of pandemic and seasonal HIN]
virus infection are said to be similar or rather milder than
those of seasonal HINT infection, but they have not been
adequately compared. In this study, the peak body tem-
perature and the percentage of patients with body temper-
ature >37.5" or >38.0°C at the start of NAJ therapy were
equivalent in the three seasons, and the frequency of
symptoms was the same or lower for pandemic influenza
compared with seasonal HIN1. The pandemic HIN1 2009
infection was a self-limiting illness, as is seasonal influ-
enza, and most patients recovered without complications
[5]. However, severe outcomes, including respiratory fail-
ure, encephalopathy, myocarditis, and death, have in rare
cases been reported. The percentage of patients with
intestinal symptoms, such as diarrhea, vomiting, or
abdominal pain, was higher for hospitalized or serious

patients [5, 7, 14, 15].
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The duration of fever after the first dose of a drug and
from the onset was analyzed to evaluate the clinical
effectiveness of NAIs [10, 11, 16] because it is difficult to
evaluate the clinical effectiveness of drugs in outpatient
clinics by estimating the mortality rate or incidence of
hospitalization. There is a limit to the findings of our
study in that it was performed in a general practice setting
and not in the context of a rigorous clinical protocol. The
body temperature of our outpatients was obtained from
reports self-recorded by the patient or a family member.
In our previous analysis, the duration of fever after the
first dose of oseltamivir or zanamivir of patients with
influenza A was approximately 30 h [10, 11], with no
significant difference in the duration of fever between
seasonal HINI and H3N2 virus infection [16]. Oseltam-
ivir was less effective for influenza B than for influenza A
{10, 16].

The data obtained using these self-recorded reports seem
quite adequate and informative.

In this study of the three most recent influenza seasons,
zanamivir was equally effective for pandemic and seasonal
HINI1. Zanamivir is inhaled as a dry powder and is
reported to be deposited at various sites after administra-
tion: oropharynx, 77.6%, whole lung, 13.2% (5.1% central
lung region, 4.2% intermediate lung lobe, 3.9% peripheral
lung region), and trachea, 1.2% [17]. The effectiveness of
zanamivir was not different between pandemic and sea-
sonal HINI, probably because zanamivir acts on the
respiratory system directly and is not affected by H275Y
mutation.

However, the effectiveness of oseltamivir differed by
season. In 2007-2008, oseltamivir had similar effective-
ness to zanamivir. In 2008-2009, oseltamivir had reduced
effectiveness in comparison with zanamivir and oseltami-
vir in the previous season, especially for children, as we
previously reported [, 2], because the seasonal HINT in
the 2008-2009 season had acquired resistance to oseltam-
ivir by H275Y mutation.

No H275Y mutation was detected for our 34 patients
with pandemic HINT 2009. Our data on the duration of
fever showed that oseltamivir was more effective for the
pandemic influenza than for seasonal HINI in both the
2008-2009 and 2007-2008 seasons. Oseltamivir was more
effective than zanamivir for 2009 pandemic patients. The
reason for the greater effectiveness of oseltamivir for
pandemic HINI is unclear, and further study is necessary.

In Japan, the administration of zanamivir is not recom-
mended for children under 5 years, and oseltamivir was
prohibited for use by patients aged from 10 to 19 years in
the 2007-2008 and 2008-2009 seasons. This restriction
makes controlled studies of antiinfluenza drugs that include
patients at all ages difficult in Japan, for ethical reasons.
Although there was no control (untreated) group in this
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study, comparisons were made between the HINI strains
from 2007 to 2008, 2008 to 2009, and 2009 to 2010; thus,
the lack of traditional controls is mitigated.

The very few patients in serious condition taken
immediately to the hospital were excluded from this study.
For these serious patients a combination therapy that
includes antivirals and other therapies to mitigate compli-
cations may be necessary. The mortality rate (death per
million population) by pandemic HINI 2009 was extre-
mely low in Japan (0.2) compared with other countries
(Canada, 2.8; UK, 2.2; Mexico, 2.9; US, 3.3; South Africa,
1.8; Argentina, 14.6; Australia, 8.6; Brazil, 7.0; Chile, 8.1;
New Zealand, 4.4) [18], probably because the wide use of
commercial antigen detection kits in Japan by skilled
physicians promotes accurate diagnosis and the early start
of antiinfluenza drug therapy, and because universal cov-
erage by healthcare insurance allows for the testing and
treatment to be done at a reasonable cost to the patient,
which allows more patients to seek timely treatment. Also,
the effectiveness of an antiinfluenza drug in shortening the
febrile period confirmed in this study seems to have con-
tributed to reductions in the mortality rate and the rate of
complications.

It is common for Japanese patients to be examined by
commercial antigen detection kits at clinics near their
homes and to start taking antiinfluenza drugs immediately
after influenza infection is diagnosed. The effectiveness of
commercial antigen detection kits for the detection of both
seasonal and AHINI pandemic 2009 influenza has been
reported in laboratory or clinical studies [19, 20].

As of February 3, 2010, 225 oseltamivir-resistant cases
were reported and confirmed worldwide [21]. All these
oseltamivir-resistant isolates had the same mutation in the
neuraminidase gene (H275Y). In Japan, the frequency of
H275Y mutation was also very low for patients with 2009
pandemic influenza (1.10%: 76 of 6,916 analyzed viruses
had the H275Y mutation) in a report on October 1, 2010
[22]. However, the situation could change in the future,
because the rapid emergence of oseltamivir resistance was
confirmed in a patient 4 days after early treatment with the
standard dosage of oseltamivir for pandemic 2009 pneu-
monia [22, 23].

In conclusion, the reduced clinical effectiveness of
oseltamivir against influenza in the 2008-2009 season, in
which most isolated virus was seasonal HIN1 with the
H275Y mutation, was not found in the 2009-2010 season,
in which almost all isolated viruses were pandemic HIN1
2009. The effectiveness of zanamivir was unchanged over
the three seasons. However, H275Y mutation related to
oseltamivir resistance has occurred sporadically in the
virus of patients with pandemic HINI virus infection in
some parts of the world; thus, clinicians must bear in mind
that oseltamivir resistance to this new influenza virus may
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become more widespread, as has been seen with seasonal
HIN1 virus, especially in immunocompromised or high-
risk patients [25, 26]. In the 2009-2010 season, no seasonal
influenza virus was detected, and oseltamivir and zanami-
vir were very effective in this study. However, we must
continue careful surveillance because seasonal influenza
HIN1 with the H275Y mutation may again become the
most prevalent form in the near future, and 2009 pandemic
HIN1 virus may acquire resistance to oseltamivir or
zanamivir.
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ORIGINAL ARTICLE

Myocardial Disease

A National Survey on Myocarditis Associated With the 2009

Influenza A (HIN1) Pandemic in Japan

Akira Ukimura, MD; Tohru Izumi, MD; Akira Matsumori, MD;
Clinical Research Committee on Myocarditis Associated
with the 2009 Influenza A (HIN1) Pandemic in Japan organized
by the Japanese Circulation Society

Background: An influenza pandemic occurred in 2009 and myocarditis associated with the 2009 influenza A
(H1N1) pandemic was reported among hospitalized patients from August 2009.

Methods and Results: The Japanese Circulation Society organized the Clinical Research Committee on
Myocarditis Associated with Influenza Pandemic A (H1N1) 2009 and called for a case report on myocarditis for a
national survey. The diagnosis of myocarditis was performed using the Guidelines for the Diagnosis and Treatment
of Myocarditis (JCS 2009). Fifteen patients were reported to the committee. Fulminant myocarditis developed in
10 patients. Mechanical circulatory support (intra-aortic balloon pumping (IABP) and/or percutaneous cardiopulmo-
nary support (PCPS)) was used on all 10 patients, 8 of whom were rescued. Abnormalities on echocardiography
and elevated cardiac enzymes were seen in most of the patients. Myocarditis was found by endomyocardial biopsy
in 6 patients. Three patients had complications with pneumonia.

Conclusions: In reality, myocarditis associated with pandemic influenza A (H1N1) seemed to be more common
in hospitalized patients, compared with previous seasonal influenza virus outbreaks. To avoid misdiagnosis of acute
myocarditis associated with influenza pandemic A (H1N1) 20009, it is essential to determine the characteristic
symptoms, signs, and laboratory findings of acute myocarditis during influenza pandemics. Mechanical circulatory

support (IABP and/or PCPS) was required to rescue patients with fulminant myocarditis. (CircJ 2010; 74: 2193—

2199)

Key Words: Influenza; Myocarditis; Pandemic

2009 influenza A (HIN1) pandemic has been spreading

worldwide since the first cases were identified in the
USA and the United Mexican States in April 2009.1-¢ Most
people infected with the 2009 influenza A (HIN1) pan-
demic recovered without any sequelae, and hospitalizations
were quite rare in Japan until June 2009.*5 However, some
Japanese cases of myocarditis including fulminant myocardi-
tis caused by the 2009 influenza A (HIN1) pandemic began
to be reported in hospitalized patients from August 2009.¢
Thus, a Japanese National Survey, to investigate what is going
on in the real world around myocarditis associated with
the 2009 influenza A (HIN1) pandemic, was initiated by the
Japanese Circulation Society.

I nfluenza pandemics occur every 10 to 50 years, and the

Editorial p2060

Acute myocarditis is a potentially lethal disease, and the
etiological agents of viral myocarditis are enteroviruses in-
cluding coxsackieviruses, adenoviruses, parvoviruses, hepa-
titis C virus, human immunodeficiency virus, influenza, and
others.”'? Fulminant myocarditis causes severe hemodynamic
dysfunction and requires high-dose catecholamine and
mechanical circulatory support. Fulminant myocarditis caused
by viral infection is an uncommon type of myocarditis.”?
The frequency of myocardial involvement in influenza infec-
tion has varied and fulminant myocarditis associated with
influenza infection is exceedingly rare as shown by previ-
ous papers, although this probability depends on low affinities
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Influenza A (H1N1) 2009 Myocarditis in Japan
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' echanical ‘

‘Patient Age/ Rapid influenza ar.pcr  Ventilator/
No. sex diagnostic testing days
; ; 2009A (H1N1) Used/
1 6/M  Negative (day2,3) (day 3) 14 days
Negative (day1) Used/
2 MR osttive (day3) Not done 22 days
3 24/F Positive (day1) Not done Used
Negative (day1) Negative
* S —positive (day2) (day 20) Not used
’ 2009A (H1N1)
5 31/M Negative (day1) (day 9) Not used
- 2009A (H1N1) Used/
6 31/F Positive (day1) (day 1) 15days
5 2009A (H1N1) Used/
7 34/F  Negative (day1) (day1) 5 days
8  44M  Positive (day2) hick took Not used
(A/CF32X day45)*
: 2009A (H1N1)

9 44/F  Negative (day2) (day 3) Used
10 53/M Positive (day 1) 2009A (H1N1) Not used
11 61/M Positive 2009A (H1N1) Used
12 61/F Positive (day1) Not done Not used

2009A (H1N1) Used/

13 66/M Not done (day7) 4 days
- 2009A (H1N1) Used/

14 69/M Pasitive (day1) (day1) 2 days
15 72M  Positive (day2) 2°°9( :agj;m’ BiPAP

Biopsyr
support/days Other treatment autopsy Outcome
-~ Steroid 2mg/kg,
PCPS/11days - - large amount Not done zg'g 'g;f/c;
of ¥-globulin i
Steroid pulse
PCPS/3days Y Improved
large amount Not done
IABP/4days of 7-globulin (EF 70%)
PCPS/7days Usual dose Improved
IABP ¥-globulin Mot dona (EF 71%)
IABP/3days Not used Active myocarditis Improved
g Myocarditis
IABP/3days Not used (mild) Improved
PCPS/7days CHDF, -
IABP/12days  plasmapheresis Mygcardits impieed
PCPS/4days : Death on
IABP/5days Plasmapheresis Not done day 5
Healing Incompletely
Not used Not used myocarditis improved
(day 67) (EF 25%)
PCPS/6days Usual dose Myocarditis Improved
IABP/12days v-globulin (day 3 and 24) (EF 60%)
Not used Pacemaker Done Improved
Myocarditis
IABP Not used (day 4 and 10) Improved
negative RT-PCR
Usual dose- Improved
Not used globulin Not done (EF 50%)
Interstitial fibrosis
Not used Not used (day 31) Improved
Interstitial fibrosis Death on
PCPS/2days Not used (Autopsy) day 9
Usualdose Interstitial fibrosis ~ "completely
Not used y-alobulin (day 8) improved
9 Y (EF 44%)

*CF titer to Influenza virus A was 1:32 on day 45.
Abbreviations see in text.

to cardiac involvement of the influenza virus and/or the
methods used to diagnose myocardial involvement and influ-
enza infection.”® Although usually both the diagnosis and
treatment of the pathogen involved in myocarditis are diffi-
cult, good diagnostic methods, such as influenza tests, which
were quickly checked and reverse transcription polymerase
chain reaction (RT-PCR) for the 2009 influenza A (HIN1)
pandemic, and treatment with neuraminidase inhibitors were
already available in this 2009 pandemic.'-#

Methods

To investigate what is going on in the real world around
myocarditis associated with the 2009 influenza A (HIN1)
pandemic, the task forces directed by the Japanese Circu-
lation Society organized a Clinical Research Committee for
Myocarditis associated with the pandemic. The Japanese
Circulation Society called for a case report on myocarditis
associated with the 2009 influenza A (HIN1) pandemic to all
members (24,203 persons in total) from all regions of Japan
through direct e-mail in November 2009. Fifteen cases were
immediately reported to the task forces within 4 months, and
all cases were analyzed. The diagnosis of myocarditis was per-
formed using the Guidelines for the Diagnosis and Treatment
of Myocarditis (JCS 2009).1 Compatible clinical symptoms,

echocardiographic abnormalities in the absence of cardiac
ischemia, leakage of cardiac enzymes and/or other evidence
of myocardial damage provided the highly probable diagnosis
for myocarditis. Myocardial biopsy or autopsy provided the
histological diagnosis for myocarditis. Laboratory diagnosis
of influenza pandemic A (HIN1) 2009 was made by quick
influenza diagnostic testing and/or probe-based RT-PCR using
a nasopharyngeal swab or sputum.

Results

Fifteen patients (9 men and 6 women, mean age 42.4+20.8
years) were reported to the task force of the Clinical Re-
search for Myocarditis associated with the 2009 influenza A
(HIN1) pandemic. They were admitted to hospitals from
August 2009 to February 2010. The profiles, baseline disease,
symptoms and laboratory findings of these 15 patients are
shown in Table 1, and the results of diagnostic tests for influ-
enza infection, treatment, histological findings and outcome
in Table 2. Myocarditis was proven by endomyocardial
biopsy in 6 patients, and myocarditis was clinically diagnosed
based on clinical figures, leakage of cardiac enzymes, abnor-
malities on echocardiography, and other findings in the other
9 patients.!" History was useful in obtaining the correct diag-
nosis. Thirteen patients complained of typical symptoms of

Circulation Journal Vol.74, QOctober 2010
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Figure. Endomyocardial biopsy (HE staining) from a 31-
year-old woman who developed multi-organ failure (case 6)
is shown. She was rescued with mechanical circulatory
support (IABP and PCPS). Myocyte degeneration with lym-
phocyte infiltration and interstitial edema can be seen. IABP,
intra-aortic balloon pumping; PCPS, percutaneous cardio-
pulmonary support.

influenza, such as high fever, cough, headache, and arthralgia.
Three patients (20%) complained of abdominal symptoms
(abdominal pain, nausea, and vomiting), and one patient com-
plained of common cold-like symptoms. Cardiac symptoms
such as dyspnea, chest discomfort, hypotension and syncope
developed on the 2™-21% day of sickness. The most frequent
baseline disease was a respiratory disorder in 5 (33%) pa-
tients (bronchial asthma in 3 patients and emphysema in
2 patients), and others were diabetes in 1 patient and ischemic
heart disease in 1 patient. Three patients with myocarditis
were complicated by pneumonia: viral pneumonia in 2 pa-
tients and bacterial pneumonia in 1 patient.

Most patients exhibited electrocardiogram (ECG) abnor-
malities, including ventricular fibrillation in 3 patients, com-
plete AV block in 4 patients, ST elevation in 4 patients, giant
negative T-waves in 1 patient, and atrial fibrillation in 1 pa-
tient. Two patients were emergently admitted because of
cardiopulmonary arrest due to ventricular fibrillation or com-
plete AV block. Echocardiography revealed abnormalities
of left ventricular wall motion in 14 patients and pericardial
effusion in 2 patients. Cardiac dysfunction almost com-
pletely recovered in 11 patients but only incompletely in
2 patients. Coronary angiography was performed on 12 pa-
tients, which yielded normal results in all. Cardiac enzymes
were elevated in 14 patients, with a peak serum creatine
kinase concentration of 800 to 25,244 (IU/L). Quantitative
troponin testing was measured in 4 patients and was found to
be elevated in all patients. Qualitative quick troponin testing
was measured in 3 patients, and was positive in 1 patient.

The clinical manifestations of myocarditis caused by influ-
enza pandemic A (HIN1) varied greatly, and 10 patients were
diagnosed with fulminant myocarditis with fatal arrhyth-
mias, and/or varying degrees of cardiogenic shock. Cardio-
pulmonary arrest was the first cardiac symptom in 2 patients.
Syncope due to complete AV block was the first cardiac
symptom in I patient, who was rescued with temporary pace-
maker implantation. The clinical course of patients also
varied. Cardiac dysfunction progressed rapidly in 12 patients;

10 of these (83%) recovered to their previous condition and
2 died. Cardiac dysfunction developed after recovery from
flu-like symptoms in 2 patients, and myocarditis appeared
to have persisted for 1.5 months in 1 patient.

Quick diagnostic testing for influenza, performed on the
first visit to the clinic, was negative in 5 patients and positive
in 8 patients.** Quick diagnostic testing, when performed a
second time was positive in 2 patients who initially had nega-
tive results. RT-PCR testing for the 2009 influenza A (HINT1)
pandemic yielded positive results in 10 patients. RT-PCR or
quick diagnostic testing yielded positive results in all patients.

Endomyocardial biopsy was performed in 8 patients and an
autopsy was performed in 1 patient. Endomyocardial biopsies
demonstrated histological myocarditis in 6 patients. Histo-
logical findings of an endomyocardial biopsy from case 6,
who developed multi-organ failure, are shown in Figure. She
was rescued with mechanical circulatory support. Lympho-
cyte infiltration and interstitial edema could be seen. RT-PCR
testing for pandemic influenza A (HINI) from a biopsy
specimen was performed only in 1 case, but it was negative.

A ventilator was used in 6 patients and a biphasic positive
airway pressure support system (BIPAP) was used in 1 pa-
tient. Mechanical circulatory support with intra-aortic balloon
pumping (IABP) and/or percutaneous cardiopulmonary sup-
port (PCPS) was emergently inserted in 9 patients. Seven
patients were rescued with mechanical circulatory support,
and 2 patients died. A temporary pacemaker was implanted
into the patient with complete AV block. All patients were
treated with neuraminidase inhibitors, and high-dose immu-
noglobulin was used in 2 patients. Corticosteroid was used
only in 2 children, but not in any adult patients.

Discussion

The influenza pandemic began in Kobe and Osaka, the mid-
dle region of Japan, in May 2009, and all patients recovered
until July 2009 without any sequelae.** It was reported that,
in Canada, critical illness due to the 2009 influenza A (HIN1)
pandemic occurred rapidly after hospital admission, often
in young adults, and was associated with severe hypoxemia,
multisystem organ failure, which necessitated prolonged me-
chanical ventilation, and the frequent use of rescue therapy.'*
Hospitalization and death caused by the 2009 influenza A
(HINT1) pandemic increased from August 2009, but this was
rare in Japan. The Ministry of Health, Labor and Welfare
(MHLW) of Japan confirmed only 85 deaths by 1*' December
1, 2009, although the estimated number of cases was about
12.6 million by the end of November.” Japanese data obtained
from the MHLW website showed that the proportion of influ-
enza-like illness cases in those aged 0—4 years and in adults
was lower in Japan, compared with other countries. More
than 75% of cases were those aged 5—19 years with a low rate
of fatalities in Japan. The mortality rates, both per reported
rates and per hospitalizations, increased significantly with
age. The mean age of the 15 myocarditis cases associated with
the 2009 influenza A (HIN1) pandemic was 42 years, which
was higher than the mean of estimated cases and similar to
other fatal cases during the pandemic in Japan.*

Acute myocarditis is a potentially lethal disease, and
the etiological agents of viral myocarditis are enteroviruses
including coxsackieviruses, adenoviruses, parvoviruses, hep-
atitis C virus, human immunodeficiency virus, influenza, and
others.”" 1" Coxsackievirus B has been described as the most
common pathogen of viral myocarditis, and hepatitis C virus
is associated with many different forms of heart disease world-
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wide, however, influenza myocarditis is relatively rare.}'-'
Bratinssak et al reported four fulminant myocarditis cases in
patients aged from 3 to 9 associated with the 2009 influenza
A (HIN1) pandemic within a 30-day period, and this sug-
gested that the 2009 influenza A (HIN1) pandemic was more
commonly associated with myocarditis than seasonal influ-
enza.™ Martin et al identified 6 patients with reversible car-
diac dysfunction associated with pandemic influenza A
(HINT) out of 123 hospitalized pandemic influenza A (HIN1)
patients.'® There was only 1 case report of fulminant myo-
carditis with the 2009 influenza A (HIN1) pandemic in
Europe.'®* We report herein 15 myocarditis patients varying
in age from a child to an old man over 70-year-old as a result
of cross-sectional national survey by assist from all members
of the Japanese Circulation Society using direct e-mailing
system. We suggest that myocarditis is, along with pneumonia
and encephalopathy, an important cause of clinical deteriora-
tion in influcnza patients in Japan. Myocarditis associated
with the 2009 influenza A (HIN1) pandemic seemed to be
more common in hospitalized patients, compared with previ-
ous seasonal influenza virus.*

The diagnosis of myocarditis was performed using the
Guidelines for the Diagnosis and Treatment of Myocarditis
(JCS 2009) with a hybrid of compatible clinical symptoms,
evidence of cardiac dysfunction, abnormality of cardiac
enzymes in the absence of active coronary ischemia or other
evidence of myocardial damage.!” Clinical symptoms of
these patients were not specific; however, most patients
complained of not only upper respiratory symptoms but also
systemic symptoms. ST elevation was seen in 4 patients and
giant negative T-wave was seen in | patient, so ECG find-
ings were not specific. Echocardiography revealed reversible
abnormalities of left ventricular wall motion, and cardiac
enzymes were elevated in most patients. Quantitative tropo-
nin was measured in 4 patients and elevated in all; however,
qualitative quick troponin testing was measured in 3 patients,
but was positive in only 1 patient in this study. Reichlin et al
reported that sensitive cardiac troponin assays improve the
early diagnosis of myocardial infarction, so we recommend
that these assays might be useful for the diagnosis and man-
agement of myocarditis.'” Cardiac scintigram is also use-
ful. 11819 A new approach to diagnose myocarditis is cardio-
vascular magnetic resonance (CMR) imaging.!” Liu and Yan
observed that CMR imaging is helpful for the detection of
myocarditis, because CMR can visualize the entire myocar-
dium."® CMR probably has good sensitivity in detecting
patchy processes and changes in tissue composition asso-
ciated with inflammation. To avoid misdiagnosis of acute
myocarditis as a complication of influenza infection, it is
essential to determine the characteristic symptoms, signs, and
laboratory findings of acute myocarditis during influenza
infection. Myocarditis is probably underdiagnosed, so we
have to strongly suspect myocarditis in hospitalized patients
during an influenza pandemic.

Influenza is an acute respiratory illness caused by infection
with influenza viruses. The most frequent baseline disease in
the present study was lung disease, in 5 (33%) patients
(asthma in 3 patients and emphysema in 2 patients). RT-PCR
assays or quick diagnostic testing yielded positive results in
15 patients, and viral pneumonia were complicated in 2 pa-
tients in this study. Nasopharyngeal smears or sputum were
positive for influenza pandemic A (HIN1) 2009 virus on
RT-PCR assay in 10 patients. RT-PCR assay was not per-
formed or was negative, and further characterization of the
virus was not performed in the other 5 patients. However,
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pandemic influenza A (HIN1) infection was strongly sus-
pected, because it was previously revealed that over 99% of
influenza A positive samples were identified with pandemic
influenza A (HIN1) during this period by RT-PCR analysis.
Although quick diagnostic testing for influenza is usually
performed in Japan, the sensitivity of this type of testing is
not high enough.*+* Quick diagnostic testing for influenza,
which was performed at the first visit to the clinic, was nega-
tive in 5 patients. One child who was hospitalized in the
Osaka Medical College Hospital under the diagnosis of viral
pneumonia caused by pandemic influenza A (HIN1) was
found to be positive for viral pneumonia based on the chest
X-ray, accumulated white blood cell counts in the absence
of bacterial infection, high serum C-reactive protein concen-
trations and negative quick diagnostic testing for influenza
on the 2nd day of sickness. Itoh et al reported that the 2009
influenza A (HIN1) pandemic caused more severe patho-
logical lesions in the lungs of infected mice, ferrets, and
non-human primates than the seasonal human HINI virus.?
Nakajima et al reported that the concentrations of various
cytokines/chemokines in the serum and autopsied lung tissue
were elevated in both of the first autopsy cases in Japan.?!
Muneuchi et al reported that myocarditis associated with
influenza B virus appeared to be caused by endothelial im-
pairment and disturbance of microcirculation rather than
direct injury to cardiac myocytes.?? These findings suggest
that a negative quick diagnostic test of patients with systemic
symptoms might lead to hospitalization due to symptomatic
viral pneumonia, or myocarditis, and the pathogenesis of
systemic complications of influenza might be related to the
induction of inflammatory cytokines produced by infected
alveolar cells.

The clinical manifestations of myocarditis quite varied.
Cardiac dysfunction progressed rapidly in 12 patients, and
cardiac dysfunction developed after recovery from flu-like
symptoms in 2 patients, and probably persisted for 1-1.5
months in 1 patient. Cases including slow progressive myo-
carditis and repetitive myocarditis are very rare. Takehana et
al reported that a 75-year-old man who recovered from myo-
carditis associated with influenza A developed cardiogenic
shock and died of fulminant myocarditis.** Most patients
who survived recovered without any cardiac sequelae in this
study, quite similar to previous reports. The degree of myo-
carditis associated with the 2009 influenza A (HIN1) pan-
demic was in the present study relatively mild even in patients
with fulminant myocarditis.** Kotaka et al reported that
murine influenza myocarditis was histologically mild and brief
in duration compared to coxsackievirus B3 myocarditis. >
We suggest that the pathogenesis and pathomechanism of
pandemic influenza myocarditis differ depending on the
pathogen,* and moreover, that significant mechanisms of
cardiac injury, such as cytokine storm, endothelial dysfunc-
tion, oxidative stress and other factors, might play significant
roles in the pathogenesis of pandemic influenza myocar-
ditis.?’-?7 RT-PCR testing for pandemic influenza A (HIN1)
from biopsy specimens was performed in only 1 case, and
was negative. To evaluate influenza viral persistence in the
myocardium in cases with myocarditis, further evaluation of
viral replication in the myocardium using RT-PCR or in situ
hybridization methods for pandemic influenza A (HIN1)
from myocardial specimens is inevitable.

The first therapy for myocarditis patients with heart failure
is supportive intervention. The recent application of PCPS
and/or IABP to serious cases of viral myocarditis has yielded
good outcomes.>** The severity and grade of cardiac and renal
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dysfunction are important factors in connection with the prog-
nosis. In this study, 8 patients were rescued using mechani-
cal circulatory support and 2 patients died. It is important to
recognize that patients with influenza infection might have
acute myocarditis with heart failure, and that early diagnosis
is required for adequate treatment.

Neuraminidase inhibitors work by blocking the function
of the viral neuraminidase protein and thus prevent the virus
from reproducing by budding from the host cell, and are use-
ful for treating and preventing influenza virus infections.!-62"
Itoh et al reported that the 2009 influenza A (HIN1) pan-
demic is sensitive to neuraminidase inhibitors, suggesting that
these drugs could function as a first line of defense against
the 2009 influenza A (HIN1) pandemic.’-*2" Treatment
with neuraminidase is also recommended by the Japanese
Association of Infection. The low rate of case fatality in
Japan could be a result of aggressive early intervention using
with antiviral drugs such as oseltamivir and zanamivir. All
of the present patients were treated with oseltamivir. In Japan,
3 types of neuraminidase inhibitors are available: oselta-
mivir, zanamivir, and peramivir. Adamantine, a M2 protein
blocker, is resistant to the 2009 influenza A (HIN1) pandemic,
while oseltamivir and zanamivir exhibit lower frequencies of
antiviral resistance.?® Oseltamivir is orally available, while
zanamivir is inhaled.?® Halvala et al identified 10 patients
who devcloped the H275Y oseltamivir-resistance mutation
out of 1,802 samples in Scotland.*® The new neuraminidase
inhibitor, peramivir, is formulated for intravenous adminis-
tration and it has resulted in a good ICso response for pan-
demic influenza virus. Peramivir is recommended for patients
requiring ventilation with difficulty in absorption of oserta-
mivir.? Treatment with high-dose immunoglobulin was used
in 2 patients, which is still controversial.* Corticosteroid was
used only in 2 children, but not in adult patients. We know
that inflammatory cytokines are important in the infection
course of influenza; however, immunosuppression therapy
with corticosteroids is not recommended, and this is supported
by previous evidence.>'® Moderate- to high-dose steroids are
not recommended by the World Health Organization, because
they are of unproven benefit and potentially harmful.

Conclusion

As a result of the present national survey in Japan, myocar-
ditis associated with the 2009 influenza A (HIN1) pandemic
seemed to be more common, compared with previous sea-
sonal influenza viruses. To avoid misdiagnosis of acute myo-
carditis caused by influenza pandemic A (HIN1) 2009, the
characteristic symptoms, signs, and laboratory findings of
acute myocarditis during influenza pandemics must be deter-
mined. Mechanical circulatory support (IABP and or PCPS)
was required to rescue myocarditis patients by all means.
Appropriate treatment using neuraminidase inhibitors must
be recommended for patients with myocarditis associated
with the influenza A (HIN1) pandemic.
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