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Abstract

Oseltamivir or zanamivir are effective in outpatients with seasonal influenza; however, factors associated with response have been
incompletely described. During the 2008/2009 epidemic, in a randomized trial for influenza A-infected outpatients, clinical (time to alle-
viation of flu-related symptoms) and virological (rate of patients with day 2 nasal viral load <200 cgeq/uL) responses to oseltamivir or
zanamivir were assessed and associated factors were determined using multivariate analysis. For oseltamivir (141 patients) and zanamivir
(149 patients) median times to alleviation of symptoms were 3 and 4 days, respectively; 59% and 34% had virological response. For osel-
tamivir, a lower clinical response was associated with female gender (HR, 0.53; 95% CI, 0.36-0.79), baseline symptoms score >14 (HR,
0.47; 0.32-0.70), viral load =5 log cgeq/uL (HR, 0.63; 0.43-0.93), and initiation of antibiotics (HR, 0.30; 0.12-0.76); a lower virological
response was associated with female gender (OR, 0.45; 0.21-0.96), baseline viral load >5 log cgeq/uL (OR, 0.40; 0.20-0.84) and days 0-
2 incomplete compliance (OR, 0.31; 0.10-0.98). For zanamivir, virological response was associated with age =50 years (OR, 0.29; 0.10-
0.85) and initiation of antibiotics at baseline (OR, 4.24; 1.07—17.50). Factors associated with lower response to neuraminidase inhibitors
in outpatients appeared to be easily identifiable during routine clinical examination and, when appropriate, by nasal sampling at baseline.

The unknown association between gender and response to oseltamivir was not explained by compliance.
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of symptom alleviation in adults and children by approxi-
Corresponding author: T. Blanchon, INSERM UPMC — UMR S

707, Université Pierre et Marie Curie, site Saint-Antoine, 27 rue
Chaligny, 75012 Paris, France

mately 0.5 day [I-3]. Beyond reducing the duration of the
disease, antivirals have a variable impact on reducing the viral
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*The Bivir Study Group members are in Appendix .

Introduction

In influenza-infected patients, recent systematic reviews have
shown that neuraminidase inhibitors reduce the median time

©2011 The Authors

nasal shedding [4-7].

In 2009 for pandemic A(HINI) influenza, the World
Health Organization recommended the use of neuraminidase
inhibitors, oseltamivir or zanamivir, for the treatment of
patients with confirmed or strongly suspected influenza
infection, when clinical presentation was severe or for
patients in higher risk groups [8]. However, factors influenc-

ing the clinical and virological responses, which may help
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physicians to detect patients who will get the lowest benefit
from treatment and have to be particularly followed-up, have
been incompletely analysed. Several factors associated with
the clinical response in patients receiving oseltamivir were
identified in a few studies as: age, high body temperature,
delay from onset to treatment start, influenza virus type and
infection with an oseltamivir-resistant A(HIN1) virus [9-13].
No specific study has been conducted to evaluate factors
influencing the response to zanamivir.

To address these questions, we analysed the data from a
double-blind randomized controlled trial performed during
seasonal influenza. This trial (Bivir) conducted in France during
the A(H3N2) 2008/2009 epidemic, compared the effectiveness
of an oseltamivir-zanamivir combination with each of the
monotherapies plus placebo. As this trial found an oseltamivir-
zanamivir combination to be less effective than oseltamivir
monotherapy [14], we chose to analyse data collected only
from patients treated with a WHO recommended regimen
(i.e. oseltamivir or zanamivir monotherapy). A better under-
standing of these factors influencing response to neuramini-
dase inhibitors would provide important insights into the use

of antivirals in future seasonal epidemics or pandemics.

Methods

Recruitment and follow-up of participants

The present study is a secondary analysis of data collected in
the Bivir trial, a community-based randomized trial, con-
ducted between 7 January and |5 March 2009 (period of the
influenza epidemic in France during the winter 2008-2009),
reported in detail elsewhere [14]. Briefly, patients were
adults over |8 years old who consulted their general practi-
tioner within 36 h of onset of influenza symptoms and had a
positive nasal rapid test for influenza A. Exclusion criteria
were: vaccination against influenza during the 2008-2009 sea-
son; recent exacerbation of COPD; previous history of
depression; and known hypersensitivity to neuraminidase
inhibitors. Patients gave informed written consent to partici-
pate in the study. The protocol was approved by the Ethics
Committee of lle de France I.

At enrollment (day 0), a nasal swab for virological analysis
was performed by the general practitioner before initiation
of treatment. In the present study, only day 0 PCR docu-
mented influenza A-infected patients, allocated to one of the
two oseltamivir or zanamivir monotherapy arms out of three
arms of the Bivir trial, were analysed. Oseltamivir (Roche,
Bale, Switzerland) dosage was 75 mg orally twice daily; za-
namivir dosage was 10 mg by oral inhalation using the com-
mercialized GlaxoSmithKline Diskhaler® (GlaxoSmithKline,

Philadelphia, PN, USA), twice daily. The first drug administra-
tion was performed in the presence of the general practi-
tioner after the patient had been given instructions on
capsule intake and diskhaler use. Treatments were thereafter
self-administered twice daily for 5 days. A self-administered
questionnaire was given to the patient for self-evaluation of
symptoms and notification of drug intake twice daily. A nurse
visited the patients on day 2, performed a nasal swab for
virological analysis between the 4th and 5th drug intake, and
collected data on any adverse event. Patients returned to
their general practitioner 2 days (day 7) after completion of
treatment for follow-up examination and to report any
adverse event. Patients were also contacted by phone on
day 14 to collect data on any further adverse events.

Statistical analysis

As in the main analysis of the Bivir trial [I4], clinical
response was assessed as the time to alleviation of influenza-
related symptoms and virological response as the rate of
patients with, at day 2, a normalized nasal viral load deter-
mined by RT-PCR below 200 cgeq/uL [14].

Factors associated with clinical or virological response
were studied separately for oseltamivir and zanamivir by per-
forming univariate and then multivariate analysis, using Cox
regression for the clinical response and logistic regression
for virological response. The following explanatory variables
were studied: gender, age, smoking status, delay from onset
of any symptom and start of treatment, baseline symptoms
score, baseline fever, baseline physical signs (defined as con-
junctival hyperaemia, erythematous throat, congestive ear-
drum, abnormal chest auscultation, or other), presence at
baseline of at least one co-morbidity, or one clinical compli-
cation, or initiation of antibiotics, type of influenza virus,
baseline normalized viral load, and full compliance between
day 0 and day 2 (defined as having perfectly taken up the
prescribed treatment during the first 2 days of the trial).

From the univariate analyses results, a multivariate model
was built with all variables with p-values <0.10 and then a back-
ward selection approach was used. Then, for each clinical or vi-
rological response outcome, a model with all variables
remaining in the model either for oseltamivir or for zanamivir,
was constructed in order to compare the results of the two
drugs with similar adjustments. All analyses were performed
using SAS software, version 9.2 (SAS Institute, Cary, NC, USA).

Results

Clinical and virological responses were assessed, respectively,

in the 141 and 149 influenza A-infected outpatients random-
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ized to the oseltamivir and zanamivir monotherapy arms. At
baseline, for oseltamivir and zanamivir, respectively, mean
age was 39.5 and 40.1 years, 52% and 52% were male, and
92% and 87% had H3N2 virus (Table ). Median times to
alleviation of symptoms were 3 days (interquartile range
(IQR), 2-7) and 4 days (IQR, 2.5-14), respectively. At day 2,
59% and 34% of patients had a viral load <200 cgeq/uL, and
88% and 85% of the patients had full compliance for days 0—
2. A complete description of the patient’s characteristics is
detailed in the main article of the trial [14].

Clinical response

For oseltamivir, in univariate analysis, explanatory variables
with p-values <0.10 were gender, baseline symptoms score
>[4, baseline normalized viral load 25 log cgeq/uL, initiation
of antibiotics at baseline, and days 0-2 compliance (Table 2).
In the multivariate analysis, a less favourable clinical response
was associated with female gender (HR, 0.53; 95% ClI, 0.36—
0.79), baseline symptoms score >14 (HR, 0.47; 0.32-0.70),
baseline normalized viral load 25 log cgeq/uL (HR, 0.63;
0.43-0.93), and initiation of antibiotics at baseline (HR, 0.30;
0.12-0.76) (Table 2). Figure | presents the time to alleviation
of symptoms in the |4| patients treated with oseltamivir
according to sex and days 0—2 compliance.

For zanamivir, in univariate analysis, explanatory variables
with p-values <0.10 were baseline symptoms score >14 and
presence of physical signs (Table 2). In the multivariate analy-
sis, the clinical response was not associated with any explan-
atory variable (Table 2).

Virological response

For oseltamivir, in univariate analysis, explanatory variables
with p-values <0.10 were gender, baseline normalized viral
load >5 log cgeq/uL and compliance between day O and day

2 (Table 3). In the multivariate analysis, a less favourable
virological response was associated with female gender (OR,
0.45; 0.21-0.96), baseline normalized viral load =5 log cgeq/
uL (OR, 0.40; 0.20-0.84) and days 0-2 incomplete compli-
ance (OR, 0.31; 0.10-0.98) (Table 3).

For zanamivir, in univariate analysis, explanatory variables
with p-values <0.10 were age >50, baseline normalized viral
load =5 log cgeq/puL, initiation of antibiotics at baseline and
days 0—2 compliance (Table 3). In the multivariate analysis, a
less favourable virological response was associated with age
>50 years (OR, 0.29; 0.10-0.85), while a more favourable
virological response was associated with an initiation of anti-
biotics at baseline (OR, 4.24; 1.07-17.50) (Table 3).

Discussion

In the present study, various factors appeared to be associ-
ated with the clinical and/or virological responses to neur-
aminidase inhibitors in the context of the 2008/2009
seasonal influenza, mainly due to H3N2 viruses. Most were
clinically relevant data such as: gender, age, baseline score of
symptoms, prescription of antibiotics, and compliance. One
item of virologically relevant information, nasal viral load at
baseline, appears to be independently associated with the
response. Different associations of these factors were found
depending on the antiviral drug and on whether the clinical
or virological response was considered.

Three types of factors were associated with either the
clinical or the virological response to oseltamivir: compliance,
gender and intensity of the disease, none of these having
been previously reported in the literature, possibly because
they were not tested. It is a hypothesis that the particular
context of a therapeutic trial, with systematic recording of

TABLE I. Baseline characteristics of the 290 influenza A-infected patients enrolled in the study according to treatment arms

Oseltamivir, n = 141 Zanamivir, n = 149

Age (years), mean (SD)
[Age range]
Female, n (%)
Smoker, n (%)
Comorbidities, n (%)
Fever 238°C at enrollment, n (%)
Initiation of treatment <24 h after onset of symptoms (%)
Time of initiation of treatment after onset of symptoms (hours), mean (SD)
Symptoms score per patient?,
mean (SD)
% of maximal score®, mean (SD)
Influenza virus subtype, n (%)
HINI
H3N2
Not determined
Viral load (log cgeq/uL), mean (SD)

39.5 (13.0) 40.1 (14.1)
[18.1;76.3] [18.0; 84.2]
68 (48.2) 72 (48.3)
15 (10.7) 20 (13.4)
20 (14.2) 20 (13.4)
95 (70.9) 104 (75.9)
68 (48.2) 86 (57.7)
25.4 (10.7) 24.4 (10.8)
153 (32) 155 (3.1)
72.7 (152) 738 (15.0)
5 (3.5) 7 (47)
130 (92.2) 129 (86.6)
6 (4.3) 13 (87)
45 (1.33) 43 (1.43)

2Sum of the severity of the seven day 0 influenza symptoms (feverishness, nasal stuffiness, sore throat, cough, muscle aches, tiredness-fatigue, and headache) using a four-point

scale [5].
°The score is expressed as a percentage of the maximal score of 21.

©2011 The Authors
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TABLE 2. Association of various factors® with less favourable clinical response to oseltamivir or to zanamivir in 290 influenza A-infected patients (univariate and multivar-

iate analysis)

149)

Zanamivir (n

141)

Oseltamivir (n

Multivariate analysis

Univariate analysis

Median time to
alleviation of
flu-related

Multivariate analysis

Univariate analysis

Median time to
alleviation of
flu-related

Hazard

Hazard

Hazard

Hazard

p-value

ratio (95% CI)

p-value

ratio (95% CI)

symptoms (IQR)

ratio (95% CI) p-value

p-value

ratio (95% CI)

symptoms (IQR)

0.56

0.89 (0.61-1.31)

0.72

0.93 (0.641.36)

4.00 (2.75-14.00)

72

0.002

0.53 (0.36-0.79)

0.0036

0.57 (0.39-0.83)

425 (2.50-14.00)
3.00 (2.00-4.00)
4.00 (2.50-14.00)
2.00 (1.00-3.50)
4.00 (2.00-14.00)

3.00 (2.00-5.75)
14.00 (3.00-14.00)

68

Female
Male

450 (2.50-14.00)

77
99
47

73

0.11

0.72 (0.48-1.08)

0.085

0.70 (0.47-1.05)

450 (3.00-14.00)
3.00 (2.00-7.00)

0.47 (0.32-0.70) 0.0002

0.0004

0.50 (0.34-0.74)

90
49

6l

Baseline symptoms score >[4°

e symptoms score <|4

0.80 (0.53-1.19) 0.27

0.33

0.82 (0.55-1.22)

7.00 (3.50-14.00)

51

0.021

0.63 (0.43-0.93)

0.066

0.70 (0.48-1.02)

ne viral load =5 log cgeq/uL
Baseline viral load <5 log cgeq/ulL
Initiation of antibiotics at baseline

4.00 (2.00-14.00)
2.50 (2.00-7.00)

98
I
138

41

80

0.45

131 (0.65-2.62)

0.34

140 (0.71-2.76)

0.011

0.30 (0.12-0.76)

0.043

0.40 (0.16-0.97)

450 (2.50-14.00)

3.00 (2.00-7.00)
3.00 (2.00-7.00)
5.75 (1.50-7.00)

130
133

No initiation of antibiotics at baseline

Physical signs

0.046

0.45 (0.21-0.99)

450 (2.50-14.00)
2.75 (2.00-3.00)

0.97

1.02 (0.47-2.19)

No physical sign

0.30

0.75 (0.42-1.31)

7.00 (2.00-14.00)

22

0.086

0.56 (0.29-1.08)

7.00 (1.50-14.00)
3.00 (2.00-7.00)

Days 0-2 incomplete compliance

Days 0-2 full compliance

4.00 (2.50-14.00)

27

124

*Other explanatory variables (including age, smoking status, delay from onset of any symptoms and start of treatment, baseline fever, presence of at least one co-morbidity, presence of at least one clinical complication at baseline, type

of influenza virus) were not significantly associated with oseltamivir or zanamivir clinical response in univariate analysis (p-values < 0.10).

Symptom score calculated, respectively, for 139 and 146 patients in oseltamivir and zanamivir arms.

00
| Complant female, n =56 Non-complant female, n =12
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End of symptoms (days)

FIG. |. Proportion of the 141 influenza A-infected patients with alle-
viation of symptoms when treated with oseltamivir plus placebo
according to sex (female dark lines, male grey lines) and days 0-2
compliance (full compliance continuous lines, incomplete compliance
dotted lines). Alleviation of symptoms defined by the presence of no
symptoms of nasal stuffiness, sore throat, cough, muscle aches, tired-
ness-fatigue, feverishness, and headache or only mild ones, for at
least 24 h.

detailed clinical and virological data, may have favoured their
detection. The lower response in less compliant patients is
expected, as previously reported in chronic diseases [15-17],
although less frequently assessed in acute situations of infec-
tion. It confirms, if necessary, the clear efficiency of oseltami-
vir. In contrast, the less favourable both clinical and
virological responses in women are not usually described. In
contrast to what has been suggested in some other studies
[18,19], the effect of gender in the present study was not
found to be associated with compliance (no interaction with
compliance in the model and no significant difference
between men and women for compliance, data not shown)
(Fig. I). Similar results were obtained in another study, which
found that male gender and low adherence to treatment
were negatively and independently associated with hyperten-
sion control [20]. The role of endocrinological characteristics
has been advocated to influence the immune response
[21,22]; it cannot be here investigated due to the lack of
such information available in the database of the trial. The
fact that gender was not associated with the response to za-
namivir may suggest that its impact on the response to osel-
tamivir is specific to some pharmacological characteristics
that differ between the two drugs. Indeed, unlike zanamivir,
which is delivered as the active compound, oseltamivir is
delivered as an inactive prodrug. After oral administration,
oseltamivir is readily absorbed from the gastrointestinal tract
and extensively converted in the liver to the active metabo-

lite, oseltamivir carboxylate, by an esterase [23]. One

©2011 The Authors
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Multivariate analysis

Univariate analysis

Multivariate analysis

Univariate analysis

Nasal viral

Nasal viral

odds ratio
(95% CI)

load <200

odds ratio
(95% CI)

odds ratio

load <200

p-value

p-value

odds ratio (95% CI)

cgeq/uL n (%)

n

p-value

p-value

(95% CI)

cgeq/uL n (%)

0.66

052 .18 (0.56-2.46)

1.25 (0.63-2.47)

26 (36.11)

72

0.040

0.45 (0.21-0.96)

0.040

0.49 (0.25-0.97)

34 (50.00)
49 (67.12)

68

Female
Male

24 (31.17)

73

0.023

0.29 (0.10-0.85)

0.25 (0.09-0.70) 0.0075

5 (13.89)
44 (39.29)

36

0.32

1.58 (0.64-3.92)

0.88

1.06 (0.49-2.32)

21 (60.00)
62 (58.49)
29 (47.54)
54 (67.50)

35
106

Age >50°

12
51

Age <50

0.052

0.42 (0.19-0.91) 0.028 0.44 (0.19-1.01)

1 (2157)
39 (39.80)

0.015

0.40 (0.20-0.84)

0.018

0.44 (0.22-0.87)

6l

Baseline viral load =5 log cgeq/uL
Baseline viral load <5 log cgeq/ulL

Initiation of antibiotics at baseline

98

80

0.040

424 (1.07-17.50)

3.87 (1.08-13.91) 0.038

7 (63.64
43 (31.16

11
138
22
127

0.074

027 (0.06-1.14)

0.13

037 (0.10-1.32)

4 (36.36)
79 (60.77)

30

No initiation of antibiotics at baseline
Days 0-2 incomplete compliance

Days 0-2 full compliance

0.091

0.27 (0.08-0.96) 0.043 0.310 (0.08-1.20)

3 (13.64)

47 (37.01)

0.046

0.31 (0.10-0.98)

0.013

0.25 (0.08-0.74)

5 (29.41)
78 (62.90)

124

*Other explanatory variables (including smoking status, delay from onset of any symptoms to start of treatment, baseline symptoms score, baseline fever, baseline physical signs, presence of at least one co-morbidity, presence of at least

one clinical complication at baseline, type of influenza virus) were not significantly associated with oseltamivir or zanamivir virological response in univariate analysis (p-values < 0.10).

°Age calculated for 148 patients in zanamivir arms.

hypothesis could thus be a gender difference during the
hepatic process of oseltamivir transformation into the active
compound, which seems to be more active in men compared
with women, as suggested in one previous publication [24].
In an animal model, with another drug, indinavir, such an
influence of the differential status of an enzyme involved in
the metabolism of the drug has been described between
men and women [25]. Another hypothesis for the lower clin-
ical response to oseltamivir might be that women would
declare a higher intensity of symptoms in the course of the
disease [26]. However, such a hypothesis would not explain
the influence of gender on the virological component of the
response. Whether the severity of the symptom at baseline
was different in men and women was assessed in the study
and found not to be different (data not shown). If this associ-
ation is confirmed by other studies, it might lead to the
proposition that dosage of oseltamivir should be adjusted in
women, to achieve similar efficacy as in men. This could
prove of importance in patients with complicated or severe
influenza, including when i.v. administration is needed. This
study also found that the more severe the disease, as sug-
gested by symptom score and viral load at baseline, the
lower the clinical and virological responses in patients trea-
ted with oseltamivir. This corroborates previous results
showing that higher fever was associated with a lower
response rate [9,27]. Even if it seems logical, this had not
been clearly demonstrated for virological determinants,
maybe also because quantitative assessment of viral load by
real-time RT-PCR has been introduced only recently and has
not been used extensively in such a trial design.

It is noteworthy that a limited number of studies have
assessed specifically which factors were associated with the
response to zanamivir. In the present study, no variables
were found to influence significantly the clinical response to
zanamivir. The only factor associated with a poor virological
response to zanamivir was older age. The effect of age has
already been reported for clinical response to oseltamivir in
two previous studies, but not for zanamivir. In one study,
oseltamivir appeared clinically less effective in young children,
between 0 and 6 years, compared with patients aged |6—
64 years [28]. In the other study, which included children
between | and 12 years, a similar effect was observed [27].
Because patients younger than |8 were not included in the
Bivir trial, this association with younger age cannot be
assessed in our study. Whether older people in the Bivir trial
would have had more difficulties in using the Diskhaler
device required for delivery of zanamivir remains a question.

Initiation of antibiotics at baseline was the only factor for
which the association was in the opposite direction for osel-
tamivir and zanamivir. Such a factor has not been studied in

Clinical Microbiology and Infection ©201 | European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 196-203
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previous publications, and the limited number of patients
given antibiotics in our study makes interpretation of these
data hazardous. One could suggest that for oseltamivir
response it might be considered as a proxy for the intensity
of the disease at baseline, as were symptom scores and viral
load. It is less easy to explain the positive effect of antibiotics
at baseline on the response to zanamivir. It may be more
directly related to the antibacterial effect; a hypothesis would
be that, in reducing the possible bacterial co-infection, antibi-
otic treatment would allow more efficient local diffusion and
action of the antiviral drug.

We must recognize several limitations to this study. The
presence of a control placebo group might have been help-
ful to distinguish factors associated with the natural history
of the influenza infection and those truly linked to the
response to antiviral treatment. This choice of a no pla-
cebo-placebo group in the Bivir trial was based on the fol-
lowing reasons: (i) it is proved that neuraminidase inhibitors
reduce the median time of symptom alleviation in adults
and children by approximately 0.5 days, and have a variable
impact on reducing the viral nasal shedding; and (ii) neur-
aminidase inhibitors are recommended in France to treat
patients with risk factors. Another limitation is the sample
size of our study, which was relatively small, and could be
responsible for a lack of detection of some associations.
The present study was a secondary analysis of data col-
lected in a community-based randomized trial, and the num-
ber of patients included corresponds to the number of
patients included in the oseltamivir or zanamivir arms of the
Bivir therapeutic trial. The counterpart is that it allowed a
parallel assessment of the same factors, which were
recorded prospectively for the two drugs in exactly similar
conditions. It could explain why some factors already
known as influencing the response of oseltamivir have not
been found in our study. For instance ‘Time from the onset
of any symptoms to the start of treatment’, demonstrated
in several studies [9,29,30], has been tested as variable fac-
tor in our study, but was not associated with the response
for oseltamivir or zanamivir. The limitation is that subjects
in the Bivir trial were adults older than |8 years who con-
sulted their general practitioner and were included quickly
after the onset of the disease, within 36 h of influenza
symptoms onset.

Factors associated with a lower response to oseltamivir
or zanamivir appeared to be easily identifiable during routine
clinical examination and, when appropriate, by nasal sampling
at baseline. The association between gender and response to
oseltamivir, unknown until now, was not linked to the effect
of compliance. If it is confirmed, other hypotheses remain to
be investigated.

Acknowledgements

We are grateful to Henri Benech, Patrizia Carrieri, Bertrand
Diquet and Antoine Flahault for their fruitful support in this
research and for stimulating discussion. We thank all patients
and practitioners for their active participation in the study.

Conflict of Interest

Thierry Blanchon has received funds for travel for a scientific
conference from Roche, is a member of the scientific com-
mittee of the GEIG. France Mentré has received funds from
Roche, preclinical pharmacokinetic department, for a course
on MONOLIX in December 2008. Anne Mosnier has mem-
bership of the ministry of health advisory board on influenza,
involvement in some epidemiological studies partially or fully
funded by Roche and GSK, has received funds for travel for
participation in scientific meetings from Roche, and is a
member of the scientific committee of the GEIG. Fabrice
Carrat is a member of the ministry of health advisory board
on influenza and the national public health council, and par-
ticipated in scientific boards for Novartis and GSK. Xavier
Duval has received funds for travel for a scientific conference
from GSK and Roche, and lecture fees from Roche and Gi-
lead. Vincent Enouf has membership of the ministry of health
advisory board on influenza and has received lecture fees
from DANONE. Catherine Leport is associated expert to
the national public health council. The other authors have no
conflict of interest to declare.

Author Contribution

Designed the experiments/the study: TB, FM, CCO, QD,
AM, MB, FC, XD, VE, CL. Analyzed the data: TB, FM, QD,
XD, VE, CL. Collected data/did experiments for the study:
TB, FM, CCO, AM, MB, XD, VE, CL. Wrote the first draft
of the paper: TB, FM, QD, XD, VE, CL. Contributed to the
writing of the paper: TB, FM, CCO, QD, AM, MB, FC, XD,
VE, CL. Obtained funding: FM CL.

Transparency Declaration

This work was supported by a research grant from the
French Ministry of Health. The sponsor was: Département a
la Recherche Clinique et au Développement, Assistance Pub-
lique - Hopitaux de Paris (Programme hospitalier de recher-

©2011 The Authors

Clinical Microbiology and Infection ©201 | European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 196203



202 Clinical Microbiology and Infection, Volume 19 Number 2, February 2013 CMI

che clinique, AOM 06060 and AOM 08209). The funder had
no role in study design, data collection and analysis, decision

to publish, or preparation of the manuscript.

Appendix

Bivir Study Group membership

Scientific committee (trial design, trial conduct and data interpre-
tation): Steering committee: Leport C (principal investigator),
Andreoletti L, Blanchon T, Carrat F, Duval X, Guimfack A,
Lina B, Loubiére S, Mentré F, Mosnier A, Tibi A, Tubach F,
van der Werf S. Clinical study manager: Charlois-Ou C.
Other members: Bouscambert-Duchamp M, Bricaire F, Co-
hen JM, Enouf V, Flahault A, Moatti JP, Vincent C, Vogel JY.

Invited members (informed of study design but did not partici-
pate in any decision-making study discussions; supplied drugs and
placebos): Eid Z (GSK), Peurichard C (GSK), Pecking M
(Roche), Dantin S (Roche), Gysembergh-Houal A (AP-HP).

Independent data-monitoring committee (advice on trial con-
duct and interruption): Chéne G, Hannoun C, Vittecoq D.

Monitoring and statistical analysis: Boucherit S, Dornic Q,
Quintin C, Hoffman I, Vincent C, and Atlanstat, Studypharm
clinical research organizations.

Clinical investigators (responsible for patient enrollment and fol-
low-up): Alea JR, Aleonard JL, Arditti L, Baranes C, Beaujard
J, Beaurain C, Behar M, Beignot-Devalmont P, Biquet D,
Blanchard M, Blot E, Bodin X, Bouaniche H, Boulet L, Bour-
geois O, Bretillon F, Breton N, Broyer F, Buffler P, Camper
E, Carissimo P, Carrera ], Causse P, Cayet JP, Cayron P, Ca-
zard C, Chaix C, Chazerans D, Cheftel JA, Codron G, Coo-
ren G, Coutrey L, Crappier JJ, Daugenet C, Dauzat C,
Defreyn F, Delamare G, Delsart D, Demure P, Desmarche-
lier P, Domenech A, Dubois D, Laroy G, Dubrana E, Du-
mond P, Dumont A, Durel G, Elle’ P, Evellin F, Eyraud P,
Fhal G, Fournillou JC, Galesne Herceg G, Gastan G, Geoffray
B, Giagnorio P, Goguel ], Granger JF, Guenee P, Haushalter
B, Huber C, Hureau JP, Jacob L, Jami A, Jordan E, Jourde P,
Journet L, Julien D, Jusserand JT, Korsec P, Laforest G, Lal-
anne G, Le Duff N, Le Guen-Naas A, Le Hir A, Lebois S,
Leclerc S, Leclere V, Lejay D, Lejoly JM, Lemoine C, Lepine
C, Lepoutre B, Leprince P, Lhoumeau P, Lognos B, Lustig G,
Mannessier B, Marlier M, Marmor P, Martocq G, Massot |,
Meme B, Mercier P, Mercier G, Mesnier PL, Meyrand G,
Mongin G, Montavont ], Morlon P, Pantea D, Parisot ], Par-
touche H, Pertusa MC, Petot A, Peyrol Y, Piketty B, Poignant
G, Pradere H, Rabaud D, Rachine L, Ragon B, Rambaud ],
Richard P, Rigaill P, Robinson D, Rosenberg S, Ruetsch M,
Sacareau D, Saint Lannes M, Saugues M, Sauvage P, Schaupp
T, Schmitt C, Sellam A, Severin JF, Simian B, Specht L,

©2011 The Authors

Szmuckler |, Tetaud D, Trehou P, Triantaphylides JC, Triot
P, Uge P, Urbain F, Urbina JC, Vailler P, Vallez V, Varnier H,
Venot N, Verhun R, Vogel JY, Zanuttini-Vogt C, Zeline V.

References

. Burch J, Corbett M, Stock C et al. Prescription of anti-influenza drugs
for healthy adults: a systematic review and meta-analysis. Lancet Infect
Dis 2009; 9: 537-545.

2. Jefferson T, Jones M, Doshi P, Del Mar C, Dooley L, Foxlee R. Neur-
aminidase inhibitors for preventing and treating influenza in healthy
adults. Cochrane Database Syst Rev 2010; 2: CD001265.

3. Shun-Shin M, Thompson M, Heneghan C, Perera R, Harnden A, Mant
D. Neuraminidase inhibitors for treatment and prophylaxis of influ-
enza in children: systematic review and meta-analysis of randomised
controlled trials. BMJ 2009; 339: b3172.

4. The MIST (Management of Influenza in the Southern Hemisphere Tri-
alists) Study Group. Randomised trial of efficacy and safety of inhaled
zanamivir in treatment of influenza A and B virus infections. Lancet
1998; 352: 1877-188I.

5. Hayden FG, Osterhaus AD, Treanor || et al. Efficacy and safety of the
neuraminidase inhibitor zanamivir in the treatment of influenzavirus
infections. GG167 Influenza Study Group. N Engl | Med 1997; 337:
874-880.

6. Nicholson KG, Aoki FY, Osterhaus AD et al. Efficacy and safety of
oseltamivir in treatment of acute influenza: a randomised controlled
trial. Neuraminidase Inhibitor Flu Treatment Investigator Group. Lan-
cet 2000; 355: 1845-1850.

7. Treanor |, Hayden FG, Vrooman PS et al. Efficacy and safety of the
oral neuraminidase inhibitor oseltamivir in treating acute influenza: a
randomized controlled trial. US Oral Neuraminidase Study Group.
JAMA 2000; 283: 1016—1024.

8. WHO. Guidelines for Pharmalogial Management of Pandemic Influ-
enza A(HINI)2009 and other Influenza Viruses. 2010.

9. Kawai N, lkematsu H, Iwaki N et al. Factors influencing the effective-
ness of oseltamivir and amantadine for the treatment of influenza: a
multicenter study from Japan of the 2002-2003 influenza season. Clin
Infect Dis 2005; 40: 1309-1316.

10. Kawai N, Ikematsu H, Hirotsu N et al. Clinical effectiveness of oseltami-
vir and zanamivir for treatment of influenza A virus subtype HIN | with
the H274Y mutation: a Japanese, multicenter study of the 2007-2008
and 2008-2009 influenza seasons. Clin Infect Dis 2009; 49: 1828-1835.

I'1. Aoki FY, Macleod MD, Paggiaro P et al. Early administration of oral
oseltamivir increases the benefits of influenza treatment. | Antimicrob
Chemother 2003; 51: 123—129.

12. Matsuzaki Y, Mizuta K, Aoki Y et al. A two-year survey of the osel-
tamivir-resistant influenza A(HINI) virus in Yamagata, Japan and the
clinical effectiveness of oseltamivir and zanamivir. Virol | 2010; 7: 53.

13. Sugaya N, Mitamura K, Yamazaki M et al. Lower clinical effectiveness
of oseltamivir against influenza B contrasted with influenza A infec-
tion in children. Clin Infect Dis 2007; 44: 197-202.

14. Duval X, Van der Werf S, Blanchon T et al. Efficacy of oseltamivir-zanam-
ivir combination compared to each monotherapy for seasonal influenza:
a randomized placebo-controlled trial. PLoS Med 2010; 7: e1000362.

15. Spire B, Duran S, Souville M, Leport C, Raffi F, Moatti JP. Adherence
to highly active antiretroviral therapies (HAART) in HIV-infected
patients: from a predictive to a dynamic approach. Soc Sci Med 2002;
54: 1481-1496.

16. Stuart BC, Simoni-Wastila L, Zuckerman IH et al. Impact of mainte-

nance therapy on hospitalization and expenditures for Medicare ben-

eficiaries with chronic obstructive pulmonary disease. Am | Geriatr

Pharmacother 2010; 8: 441-453.

Clinical Microbiology and Infection ©201 | European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 196-203



CMI

Blanchon et al.

Factors of response to flu antivirals 203

20.

21.

22.

. Bates JA, Whitehead R, Bolge SC, Kim E. Correlates of medication

adherence among patients with bipolar disorder: results of the Bipo-
lar Evaluation of Satisfaction and Tolerability (BEST) Study: a nation-
wide cross-sectional survey. Prim Care Companion | Clin Psychiatry
2010; 12: pii: PCC.09m00883.

. Kirchmayer U, Agabiti N, Belleudi V et al. Socio-demographic differ-

ences in adherence to evidence-based drug therapy after hospital dis-
charge from acute myocardial infarction: a population-based cohort
study in Rome, ltaly. | Clin Pharm Ther 2011; doi: 10.1111/}.1365-
2710.2010.01242.x.

. Borah B, Sacco P, Zarotsky V. Predictors of adherence among Alzhei-

mer’s disease patients receiving oral therapy. Curr Med Res Opin
2010; 26: 1-957.

Mulazzi |, Cambou JP, Girerd X, Nicodeme R, Chamontin B, Amar |.
Six-item self-administered questionnaires in the waiting room: an aid
to explain uncontrolled hypertension in high-risk patients seen in
general practice. | Am Soc Hypertens 2009; 3: 221-227.

Mo R, Chen ], Grolleau-Julius A, Murphy HS, Richardson BC, Yung
RL. Estrogen regulates CCR gene expression and function in T lym-
phocytes. | Immunol 2005; 174: 6023-6029.

Roden AC, Moser MT, Tri SD et al. Augmentation of T cell levels
and responses induced by androgen deprivation. | Immunol 2004; 173:
6098-6108.

23.

24

25.

26.

27.

28.

29.

30.

He G, Massarella J, Ward P. Clinical pharmacokinetics of the prodrug
oseltamivir and its active metabolite Ro 64-0802. Clin Pharmacokinet
1999; 37: 471-484.

Schwartz |B. The influence of sex on pharmacokinetics. Clin Pharmaco-
kinet 2003; 42: 107—-121.

Lin JH, Chiba M, Chen IW, Nishime JA, Vastag K|. Sex-dependent
pharmacokinetics of indinavir: in vivo and in vitro evidence. Drug Metab
Dispos 1996; 24: 1298—1306.

Barsky AJ, Peekna HM, Borus JF. Somatic symptom reporting in
women and men. | Gen Intern Med 2001; 16: 266-275.

Suzuki E, Ichihara K. The course of fever following influenza virus
infection in children treated with oseltamivir. | Med Virol 2008; 80:
1065-1071.

Kawai N, Iwaki N, Kawashima T et al. [Effectiveness of oseltamivir on
influenza and influencing factors: age of patients, type of influenza
virus and timing of initial administration]. Kansenshogaku Zasshi 2003;
77: 423-429.

Heinonen S, Silvennoinen H, Lehtinen P et al. Early oseltamivir treat-
ment of influenza in children 1-3 years of age: a randomized con-
trolled trial. Clin Infect Dis 2010; 51: 887-894.

Lee N, Chan PK, Choi KW et al. Factors associated with early hospital
discharge of adult influenza patients. Antivir Ther 2007; 12: 501-508.

©2011 The Authors

Clinical Microbiology and Infection ©201 | European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 196203



	Factors associated with clinical and virological response in patients treated with oseltamivir or zanamivir for influenza A during the 2008–2009 winter
	Introduction
	Methods
	Recruitment and follow-up of participants
	Statistical analysis

	Results
	Clinical response
	Virological response

	Discussion
	Acknowledgements
	Conflict of Interest
	Author Contribution
	Transparency Declaration
	Appendix
	References




