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a  b  s  t  r  a  c  t

Background:  The  emergence  of  novel  A(H1N1)pdm2009  virus  threatened  to lead  to  frequent  severe
manifestations.
Objectives:  To  describe  the  clinical,  virological,  and biological  characteristics  of  the  disease  and  identify
the factors  associated  with  severe  presentations.
Study  design:  This  prospective  multicenter  study  recruited  consecutive  hospitalized  patients  with  con-
firmed  A(H1N1)pdm2009  disease.  Clinical,  virological  and  biological  assessments  were  carried  out  at
inclusion  and  30  days  post-inclusion.  Disease  manifestations  were  assessed  by  an  adjudication  committee
using  pre-identified  definitions  of complications  and  severity  scores.
Results:  The  study  analyzed  from  November  30th,  2009  to  February  8th,  2010,  40  hospitalized  patients,
21 children  and  19  adults.  Eighteen  (45%)  were  considered  to have  severe  presentations.  Except  age,  main
characteristics  in  children  and  adults  did not  differ.  The  majority  (18/21)  of  children  and  all  adults  had  a
respiratory  presentation;  extra-respiratory  manifestations  tended  to  be  more  frequent  in  children  (12  vs.
6,  P =  0.10).  Two  children  against  5  adults  presented  acute  respiratory  distress  syndrome  (ARDS,  P =  0.23),
but  more  children  suffered  respiratory  failure  (7 vs. 1,  P =  0.046)  without  ARDS.  At  day  30,  one death  had

occurred  in  each  group.  The  main  factor  associated  with  non-severe  presentation  was  an  early  (<48  h)
implementation  of  oseltamivir  treatment  (P  =  0.038).
Conclusions:  Although  the  study  failed  to achieve  its  main  objective,  due  mainly  to  the  difficulty  of  carrying

a  study  of  this  nature  in  the  m
complicated  forms  and  confirm
hospitalized  children  and  adul

∗ Corresponding author. Tel.: +33 1 57 27 78 68; fax: +33 1 57 27 76 91; mobile: +33 6 

E-mail address: catherine.leport@univ-paris-diderot.fr (C. Leport).
1 Steering committee

trategic commitee: Leport C. (Coordinating investigator), Carrat F., Desenclos J.-C., Floret
ther  members: Annane D., Chidiac C., Cohen J.M., Duguet A., Enouf V, Escaut L., Grimprel E
ayaud  C, Schwarzinger M.

cientific board: Andre P., Autran B., Bensoussan J.L., Beytout J., Blanchon T., Callies I., Dug
loin  D., Rothan-Tondeur M., Salomon J., Vandenesch F.
djudication committee: Chidiac C., Javouhey E., Leport C., Mayaud C., Ploin D., Valour F.

nstitution team: Barthe J., Boucherit S., Cohen B., Fahs H., Flicoteaux R., Yaba W.
linical investigators:
nnane D., Buisson J.G., Claudet I., Cheron G., Dobrzynski M.,  Garre M.,  Hubert P., Jauregui

.M.,  Revest M.,  Yazdanpanah Y.
romotor: INSERM, Institut de Santé Publique – Institut de Microbiologie et des Maladies

386-6532/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jcv.2013.05.025
idst  of  a pandemic,  it  allowed  the  description  of a panel  of  unusual  and
ed  the added  value  of  early  oseltamivir  treatment  in limiting  severity  in

ts.
© 2013 Elsevier B.V. All rights reserved.

12 19 78 20.

 D. (coordinating co-investigators), Duval X., Lina B., Rouzioux C., Van der Werf S.
., Guerrier M.,  Hoen B., Hubert P., Javouhey E., Lasserre A, Leroy O., Leruez-Ville M.,

uet A., Flicoteaux R., Gaillat J., Gilberg S., Grimprel E., Jaureguiberry S., Mosnier A.,

berry S., Javouhey E., Leroy O., Luyt C.E., Marchou B., Perronne C., Ploin D., Tonnelier

 Infectieuses.

dx.doi.org/10.1016/j.jcv.2013.05.025
http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jcv.2013.05.025&domain=pdf
mailto:catherine.leport@univ-paris-diderot.fr
dx.doi.org/10.1016/j.jcv.2013.05.025


nical V

1

b
s
i

v
n
c

2
u

2

t
p
fi
d
d
i

3

3

o
M
f
p

d
a
t
m
s
d
c
t

3

r
i
e
c
s
v
o
a
d
o
S
t
w
o
f
l
C
a
i

D. Ploin et al. / Journal of Cli

. Background

Although influenza is commonly considered a self-limited
enign disease, lower respiratory tract and extra-respiratory pre-
entations can lead to increased complications, sequelae and death
n children as well as in adults [1–3].

With the emergence, mid-April 2009, of the A(H1N1)pdm2009
irus in California [4–7] and Mexico [8] among immunologically
aive populations, severe manifestations were anticipated, espe-
ially in at-risk subpopulations with pre-existing comorbidities [9].

Consequently, the French health authorities decided in May
009 to implement clinical studies in order to achieve a better
nderstanding and management of the disease.

. Objectives

Fluco was a multicenter national study designed to iden-
ify risk factors of severity, based on the description of clinical
resentations and severe forms in children and adults with con-
rmed A(H1N1)pdm2009 influenza infection. This paper covers the
escription of severe and non-severe forms in hospitalized chil-
ren and adults recruited during the A(H1N1)pdm2009 pandemic

n France.

. Study design

.1. Patients’ characteristics and follow-up

The Fluco study was a prospective multicenter study, the design
f which started on May  5th, 2009, following the alert in USA and
exico [7,8]. Patients were eligible if they attended the hospital

or clinical manifestations compatible with influenza [1–3], had a
ositive A(H1N1)pdm2009 PCR, and gave informed consent.

Clinical data were recorded from day 1 and every other day
uring hospital stay. A final assessment was scheduled 30 days
fter inclusion. Collected data included demographic characteris-
ics, history of influenza and pneumococcal vaccination, underlying

edical conditions, as well as clinical signs and symptoms. Nasal
wabs or washes were collected at inclusion and processed for
etection of A(H1N1)pdm2009 virus by RT-PCR [10]. Leucocytes
ounts, C Reactive Protein (CRP) levels and radiological investiga-
ions were carried out.

.2. Medical record review

Patients’ case report forms and anonymized hospital medical
ecords were analyzed by an adjudication committee (including
ntensivists, infectious diseases and internal medicine practition-
rs). This committee reviewed the clinical presentation, biological
haracteristics, medical imaging and validated the diagnosis. It clas-
ified complications, and distinguished those probably related to
iral infection, those related to bacterial respiratory infection or
ther bacterial co-infection, those related to intercurrent events
nd those related to adverse effects of treatment, and validated
isease severity, based on standardized pre-identified definitions
f complications and severity scores: PELOD for children or FINE,
OFA or IGS2 for adults. Patients with upper or lower respira-
ory tract manifestations were diagnosed with a respiratory form,
hile those with manifestations involving non-respiratory tract

rgans (heart, CNS, etc.) were diagnosed with an extra-respiratory
orm. Bacterial respiratory infections were recognized on alveo-

ar infiltrates, leucocytes counts greater than 10 000/mm3 and/or
RP levels greater than 100 mg/dl, and/or sputum bacteriological
nalyses [11]. A case was considered severe when data (includ-
ng oxygen requirements and PaO2 values) suggested respiratory
irology 58 (2013) 114– 119 115

or other organ failure. Patients were separated into two groups,
according to the time of oseltamivir treatment administration:
patients treated earlier than 48 h after onset of symptoms and other
patients treated later or left untreated.

3.3. Ethics

The study protocol was  approved by the Institutional Review
Board (IRB), Comité de Protection des Personnes d’Ile de France 1,
Paris, France, on October 7th, 2009. A written informed consent was
obtained from all patients or from parents (for children).

3.4. Study course and termination – statistical analysis

The study recruited patients in 18 centers from November 30th,
2009 to February 8th, 2010. On February 8th, 2010, the steering
committee decided to terminate the study due to the low num-
ber of inclusions and the end of the A(H1N1)pdm2009 pandemic.
Qualitative variables were analyzed using the Chi-square test, or
Fisher exact test where needed; quantitative variables were com-
pared using Mann–Whitney U-tests. All data analyses were carried
out using SPSS version 17.0 (SPSS, Inc., Chicago IL).

4. Results

4.1. Study implementation and recruitment

The study conception started on April 30th, as soon as the alert
had been announced to the public health institutions by the Health
Ministry. As shown in Fig. 1, while the epidemic developed, several
steps of implementation were conducted in parallel, in an attempt
to rapidly start the study: protocol draft validations, submissions to
the IRB and National Drug Agency (AFFSAPS), lead to a final agree-
ment on October 7th. Financial negociations allowed definitive
convention with the CRO on November 20th, after the epidemic’s
peak. During the study period, 42 patients were recruited; 22 chil-
dren and 20 adult patients, among whom 21 children and 19 adults
agreed to participate (see Fig. 2).

4.2. Patients characteristics

The characteristics of the patients are presented in Table 1. The
mean (±SD) age was 3 (±5) years in children and 42 (±12) years in
adults. Male patients were predominant in both groups (55%). Over-
all, 21 (53%) of the patients (9 children and 12 adults (P = 0.20)) had
recognized risk factors for severe influenza. Exposure to tobacco
was  observed in 38% of children and 47% of adults (P = 0.55). Five
percent of children and adults had been vaccinated against the
current pandemic flu (P = 0.99), 10% and 16% against seasonal flu
2009/2010 (P = 0.51), and 48% and 5% against Streptococcus pneumo-
niae respectively (7-valent conjugate in children vs. polysaccharide
pneumococcal vaccine in adults, P = 0.004).

4.3. Clinical presentation and complications

The delay between onset of symptoms and first medical con-
tact was not significantly different between children and adults
(2.1 ± 4.3 vs. 2.3 ± 2.4 days; P = 0.17), neither was  the number of
previous visits to a primary care center before hospital admission
(1.8 ± 1.0 vs. 1.43 ± 0.7 visits; P = 0.14). Purely respiratory forms of
influenza were identified in 22 patients, 9 (43%) children and 13
(68%) adults (P = 0.10), while 3 (14%) children had a clinical picture

without any respiratory manifestation, isolated fever in neonates
(n = 2) or neurological signs of encephalitis (n = 1). Mixed forms with
respiratory and extra-respiratory manifestations, were identified
in 15 patients, 9 (43%) children and 6 (32%) adults (P = 0.10). They
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Fig. 1. Critical points of development of the Fluco study – 42 consecutive patients hospitalized for A(H1N1)pdm2009 influenza infection in France.

Fig. 2. Study flow chart of the sample survey 42 consecutive patients hospitalized for A(H1N1)pdm2009 influenza infection in France.
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Table 1
Characteristics of the study population, disease presentation and management in 40 children and adult patients hospitalized for A(H1N1)pdm2009 influenza infection in
France.

Characteristics Children (N = 21) Adults (N = 19) P-valuea

Patient characteristics
Age 3 ± 5 [0–16] 42 ± 12 [21–65] <0.001
Male  11 (52%) 11 (58%) 0.73
Risk  factors for severe influenzab 9 (43%) 12 (63%) 0.20

Cardiovascular and respiratory risk factors 5 (24%) 6 (32%) 0.58
Immunodeficiency 2 (10%) 4 (21%) 0.40
Other risk factorsc 4 (19%) 6 (32%) 0.47

Clinical presentation
Patients with respiratory manifestations 18 (86%) 19 (100%) 0.23

Respiratory insufficiencyd 7 (33%) 1 (5%) 0.046
Acute  respiratory distress syndrome 2 (10%) 5 (26%) 0.40

Patients with extra respiratory manifestations 12 (57%) 6 (32%) 0.10
Patients with one or more complication(s) 17 (81%) 13 (68%) 0.23
Patients with severe (respiratory or not) disease 12 (57%) 6 (32%) 0.10
Death  or sequelae at day 30 9 (43%) 8 (42%) 0.96

Clinical management
Days between onset of symptoms and medical contact 2.1 ± 4.3 [0–19] 2.3 ± 2.4 [0–9] 0.17
Admission in intensive care unit 7 (33%) 6 (32%) 0.91
O2 administration during hospital stay 11 (52%) 12 (63%) 0.49

Invasive ventilation 1 (5%) 6 (32%) 0.04
Non-invasive ventilation (cpap or optiflow) 5 (24%) 0 (0%) 0.05
Mask  or lunettes 5 (24%) 6 (32%) 0.58

Oseltamivir treatment 19 (91%) 19 (100%) 0.49
Days  between onset of symptoms and oseltamivir treatment 6.5 ± 9.7 [1–43] 4.3 ± 3.0 [0–11] 0.88
Patients treated with oseltamivir within 48 h after onset of symptoms 9 (47%) 7 (37%) 0.70

Antibiotics 14 (67%) 16 (84%) 0.28

Values are expressed either in n (%) or in mean ± SD, [min–max]
a Two  sided tests
b Each patient can have more than one risk factor
c In children, the other risk factors observed were epilepsy (1), metastatic neuroblastoma with veno-occlusive disease and kidney failure (1), psychomotor retardation

(1),  and prematurity (1). In adults, other risk factors were myasthenia and alpha1 anti-trypsin deficiency (1), diabetes mellitus and pregnancy (1), hemiparesis (brain tumor
s  with 
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equela) (1), renal transplant and scalp cancer (1), HIV infection (1), systemic lupus
d Respiratory insufficiency other than acute respiratory distress syndrome

ere related to neonatal fever in one child, and otherwise to extra-
espiratory complications and/or co-morbidities described below
nd in Table 1.

Complications (1 to 3 per patient) occurred in 30 (75%) patients,
7 (81%) children and 13 (68%) adults (P = 0.47). Complications were
elated to viral infection (15/21 – 71% in children and 9/19 – 47%
n adults respectively), bacterial infection (9/21 – 43%, and 9/19

 47%), intercurrent events (5/21 – 24%, and 5/19 – 26%), adverse
ffects (3/21 – 14%, and 4/19 – 21%). Among the 17 children with
omplications, respiratory diagnoses were viral pneumonia in 14
82%), acute expiratory obstructive syndrome in 5 (29%, bronchi-
litis in 4 and exacerbation of asthma in 1); and extra-respiratory
iagnoses were encephalitis in 2 (12%), febrile seizures in 1 (6%),
astroenteritis in 1 (6%), apparent life-threatening event in 1 (6%),
nd/or decompensation of comorbidities in 3 (18%), diabetes mel-
itus in 1, aplasia in 1, acute leukemia in 1. Among the 14 children

ith viral pneumonia, 8 (57%) had bacterial respiratory infection,
ncluding 1 pleuropneumonia requiring surgery, 7 (50%) had respi-
atory failure (including 1 pneumothorax), and 2 (14%) had ARDS,
ssociated with bacterial infection for both. One child had an iden-
ified bacterial co-infection presenting as Nesseiria meningitidis
epticemia with purpura and arthritis. Identified bacterial respi-
atory infection involved S. pneumoniae (n = 4) or Staphylococcus
ureus (n = 3). Among the 13 adults with complications, respira-
ory diagnoses were viral pneumonia in 9 (69%), acute expiratory
bstructive syndrome in 3 (23%), exacerbation of asthma in 1, and of
hronic obstructive broncho-pulmonary disease in 2, and acutisa-

ion of myasthenia in 1 (7%); and extra-respiratory diagnoses were
ardiac failure in 2 (15%, including myocarditis in 1), kidney fail-
re in 2 (15%), deep vein thrombosis in 1 (7%), central line bacterial

nfection in 1 (7%), and/or digestive hemorrhage in 1 (7%). Among
kidney failure (1) and obesity with a BMI  value of 42 (1)

the 9 adults with viral pneumonia, all 9 had bacterial infection,
1 had respiratory failure, and 5 (56%) had an ARDS, 3 of whom
presenting with bacterial infection. Identified bacterial respiratory
infection involved S. pneumoniae (n = 1), S. aureus (n = 1) or Bra-
manella catarrhalis (n = 1).

4.4. Severity and medical management of the disease

Severe disease presentation was  observed in 18 (45%) patients,
12 children and 6 adults (P = 0.10). Death occurred in 2 (5%) of the
40 patients, one child from encephalopathy with status epilepti-
cus and refractory intracranial hypertension, and one adult from
viral myocarditis and ARDS. Among the patients with respiratory
failure, the proportion of ARDS was  significantly lower in children
than in adults (2/9, 22% vs. 5/6, 83%, P = 0.04). The patients with
bacterial respiratory infections suffered more frequently of respira-
tory failure including ARDS than those with no bacterial respiratory
infection (10/17, 59% vs. 5/23, 22%, P = 0.02). Oxygen supply using
different modes of ventilation was required in 11 (52%) chil-
dren and 12 (63%) adults (P = 0.49; see Table 1). All patients were
given oseltamivir except 2 children who  were admitted 6 and
11 days after onset of symptoms, for respectively gastroenteritis
with vomiting and pleuresia as main presentations. Mean dura-
tion of treatment was  the same in children and adults (6.3 ± 2.6
and 6.5 ± 3.6 days; P = 0.88). Fourteen (67%) children and 16 (84%)
adults received antibiotics (P = 0.28).
4.5. Factors associated with severe disease

They are shown in Table 2. As expected, complicated forms
were more frequent in severe than in nonsevere disease (P < 0.001).
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Table 2
Factors associated with severe disease in 40 children and adult patients hospitalized for A(H1N1)pdm2009 influenza infection in France.

Studied factors Severe disease (N = 18) Nonsevere disease (N = 22) P-valuea

Clinical presentation
Patients with respiratory manifestations 17 (94%) 20 (91%) 0.99
Patients with extra-respiratory manifestations 11 (61%) 7 (32%) 0.064
Patients with complications 18 (100%) 12 (55%) 0.001
Patients with bacterial infections 12 (67%) 6 (33%) 0.02
Sequelae at day 30 or death 11 (61%) 6 (27%) 0.031

Risk  factors for severe influenza
At least one risk factor 9 (50%) 12 (55%) 0.78

Cardiovascular and respiratory risk factors 4 (22%) 7 (32%) 0.72
Other risk factors 5 (28%) 5 (23%) 0.73

Biological factors
CRP (mg/L) at inclusion (n = 35) 156 ± 89 [1–298] 79 ± 102 [1–321] 0.016
Viral  load (106 copies/mL) at inclusion (n = 34) 31 ± 62 [5–227] 140 ± 386 [5–1819] 0.36

Clinical management
Days between onset of symptoms and hospitalization 6.9 ± 9.3 [1–42] 3.3 ± 2.9 [0–9] 0.072
Patients treated with oseltamivir within 48 h after symptom onset 4 (22%) 12 (55%) 0.038

Values are expressed either in n (%) or in mean ± SD, [min–max]; as some biological data were missing, number of patients is indicated for each variable. and provided in
p
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a Two sided tests.

nd bacterial infection was more frequent in severe forms (12/18,
7% versus 6/22, 27%, P = 0.02). Patients with severe forms more
ften required hospitalization in intensive care unit (61% vs.
0%, P < 0.001) and had sequelae at day 30 (P = 0.031). The base-

ine viral load was not different in severe and non-severe forms
P = 0.36), while C-Reactive Protein levels were higher in severe
orms (P = 0.016).

Delay between onset of symptoms and hospitalization or
mplementation of oseltamivir treatment tended to be longer in
omplicated and severe forms, as compared to noncomplicated
data not shown; P = 0.10) or non-severe forms (P = 0.07). The pro-
ortion of patients with early treatment (earlier than 48 h) was

ower in severe forms (22% versus 55%, P = 0.038).

. Discussion

These results show that implementation of a clinical trial during
n ongoing pandemic is indeed a daunting challenge. Initial percep-
ion of the health emergency allowed no delay in initial reactivity
f numerous scientists, investigators, surveillance, and research
eglementary institutions. However the study failed to include a
ufficient number of patients for an optimal statistical analysis, as

 7-month long preparation prevented inclusions until shortly after
he epidemic peak in France (see Fig. 1). We  propose that a prelim-
nary mock-up protocol be prepared now, to be used and adapted
o future emerging infectious agents, in order to reduce as much as
ossible the delay until scientific validation. This simulation exer-
ise could help also in anticipating logistics, ethical, administrative
nd financial preparation, and thus facilitate relationships between
he concerned actors and institutions.

We  acknowledge the fact that the patients hospitalized for
nfluenza represent a small proportion of all patients with
(H1N1)pdm2009 flu who, in most cases, presented with a classical
pper respiratory illness [4,5]. Thus, it was anticipated that, in our
tudy, hospitalized patients were more likely to present compli-
ated or severe manifestations. Extra-respiratory manifestations,
ery rarely reported in seasonal influenza, were observed in nearly
alf of the recruited patients. They appeared more frequent in chil-
ren than in adults, especially neurological forms as previously

ublished in children [3,14,15]. They tended to be associated with

 more severe disease and contributed to two fatal outcomes in our
ample. It is rather uncommon that a respiratory disease should
ead to an ARDS in seasonal influenza [2], whereas it appeared
less unusual in A(H1N1)pdm2009 influenza pandemic [12]. In
the present study, ARDS presentation appeared more frequent
in adults, whereas children had more often a respiratory failure
without signs of ARDS. These differences may  suggest less severe
respiratory involvement in the pediatric population, translating in
different requirements for oxygen supplementation. Indeed, most
children could be ventilated with a non-invasive supply while the
majority of adults required intubation. This difference in manage-
ment of influenza according to age did not seem to markedly affect
outcome in this study, but is difficult to compare with previous
experience since literature comparing children and adults with
influenza is rare [13]. These unusual ARDS and extra-respiratory
presentations of influenza during the A(H1N1)pdm2009 pandemic
may  be associated to the greater number of persons affected by
influenza during that period, the naïve status of a large part of
the population and/or an intrinsic higher virulence or pulmonary
tropism of the virus [9,16].

Although a similar proportion of children and adults had a well-
identified factor associated with poor outcome in seasonal flu, it did
not appear associated with severity in the present study, probably
due to its limited size. Additionally, as described in other series
of patients specifically infected with the A(H1N1)pdm2009 [17],
approximately half of the study population had no identified pre-
disposing factor for severe flu. The lack of association between nasal
viral load and severity may  be due to the small size of the study
population, but also to the difference between upper and lower
respiratory viral loads in severe presentations. It has been previ-
ously reported that discrepant viral loads may  be detected in severe
cases [16]. As expected [18], vaccination status for pneumococcal
vaccine differed according to age. The main factors associated with
severity were complications of influenza, and bacterial infections in
particular. Even though bacterial infections frequencies in patients
with influenza have varied widely in previous series, they have
always been reported as a major factor influencing the prognosis
[17,19–22]. Higher levels of CRP in patients with severe disease
probably also reflect the role of bacterial infections, as previously
suggested [23]. The limitations made on the wide use of antibiotics
are generally advocated to contain the extension of bacterial resis-
tance, including among patients with seasonal flu. In the context

of an influenza pandemic, however, the important role of bacte-
rial infection in severe disease suggests the potential benefit of an
open and early probabilist implementation of antibiotics in hospi-
talized patients with influenza [22,24]. Whether high levels of CRP,
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s suggested for procalcitonin, may  help to define the therapeutic
trategy to limit impairment of the respiratory function remains to
e demonstrated [25].

It is interesting to note that, within this limited study popula-
ion, nonsevere forms of the disease were associated to an initiation
f oseltamivir treatment earlier than 48 h after the onset of symp-
oms, as already reported in several studies [5,13,17,19,21,26]. It is a
ypothesis that the trend toward later admission can partly explain
he development of severe disease in some patients. Although
hese data have to be interpreted with caution, they contribute to
einforce the message that every effort should be made to start
seltamivir, as soon as possible when indicated, to limit disease
rogression and the number of severe forms and deaths [12,22].

Pandemic preparedness planning has been recognized as
n important step to mitigate the impact of a pandemic.
ithin pandemic planning, the research component, including

pidemio-clinical research, has not been sufficiently addressed.
ur experience in implementing a nation-wide clinical research
rotocol on the A(H1N1)pdm2009 influenza has clearly demon-
trated the crucial need in future of protocol preparedness and
unding planning during inter-pandemic periods. Such strategies
re mandatory to allow an urgent deployment of the protocols in
ase of an emerging infectious disease threat [12].
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