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Abstract

Background and Objectives: The Influenza Resistance Information Study (IRIS) was initiated in
2008 to study the emergence of neuraminidase mnhibitor (NAD resistance and the clinical
course ofinfluenza in mmunocompetent treated and untreated patients.

Methods: Patients.had throat/nose swabs collected on Days 1, 3, 6 and 10 for analyses of
influenza type,subtype and virus susc e ptibility to NAI. REPCR Positive samples were cultured,
and tested for NAlresistance by specific RFPCR and phenotypic testing. Scores forinfluenza
symptoms were recorded on diary cards (Days 1-10). This study focuses on Influenza A
infected c asesonly.

Results: Among 3230 REPCR-positive patients, 2316 had influenza A of whom 1216 received
oseltamivirmonotherapy within 2 days of symptom onset (9 seasonal HIN1; 662 H3N2; 545
HiN1pdm2009)mExcept for 9 patients with naturally resistant seasonal HIN1 (2008/9), no
resistance ‘was detected in Day 1 samples. Emergence of resistance (post-Day 1) was
detected in4d8/1207 (3.56%) oseltamivirtreated influenza A infected patients, with a higher
frequency in.1.to'5-yearold (11.8%) versus >5-year-old (1.4%). Al N1 and N2 resistant viruse s
had H275Y mn=27) or R292K (n=16) sub stitutions, respectively. For 43 patients, virus clearance
was significantly. delayed versus treated patients with susceptible viruses (8.1 vs 10.9 days;
p<0.0001), and=11 (23.2%) remained RTPCR positive for influenza at Day 10. However their
symptoms resolved by Day 6 oreatdier.

Conclusions:mOseltamivir resistance was only detected dunng antiviral treatment, with the
highest incidence) occuming among 1-5-yearolds. Resistance delayed vimal clearance, but

had no impaet.on symptom reso lution.

Keywords: antiviral; influe nza ; neuraminidase inhibitor; resistance.

Introduc tion

Neuraminida se inhibitors (NAL) are the mainlne therapy of influenzal. Thiough binding in the
conserved catalytic domain of the enzyme, these drugs can inhibit alltypes and subtypesof
mnfluenza neuraminidase, but to varying degrees?. In recent years, the human influenza A
viruses have developed complete resistance to an olderclass of drugs, the adamantanes,
indic ating the ability of these viruses to develop and subsequently maintain resistance to
antivirals’. In the/ first years of NA usage, following their introduction in 1999, naturally
occumng resistance was sporadically reported and a very imited number of cases were
descrbed4t. However, in 2008, naturally-occuming oseltamivir resistance was detected
among seasonal'HINI viruses in Norway 7. This resistant virus eventually displaced the NAFE
susceptible HIN1 virus rendernng vitually all seasonal HIN1 viruses highly resistant to
oseltamivir”8. This emergence was not related to the use of antivirals % 10, The resistant HIN1
virus was then replaced durng the 2009-2010 pandemic by the influenza A HIN12009pdm

virus, whic h wa's o se tamivir se nsitive 11.
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Asa consequence ofthisemergence and dissemination of an NALresistant virus, surveillanc e
systems have been implemented to monitor antiviral susc e ptibility to NAI. In this context, a
global observational study was initiated in 2008, the Influenza Resistance Information Study
(RIS, to study the emergence of NAI resistance and the clinical course of influenza in
immunocompetenttreated and untreated patients.

The primary objective of the IRIS study was to assist with eady detection of influenza
resistance 'to antivirmls and descrbe the clinical course and outcome of patients with
influenza according to subtype and antiviral susc e p tiblity.

IRISis a pro§pective, multi-c entre, information-gathering study (NCT00884117). k is the laigest
study of its type .that hascollected sequential clinical and vimlogicaldata durng the course
of infection, using sensitive RFPCR detection methods for both detection of the virus and
follow-up ofsubstitutions associated to oseltamivirresistance in HIN1 and H3N2 viruses. Major
finding s o f the first three years of this study have aleady been reported?2.

This atticle repoits the fist five years of surveillance camed out through IRIS, with a specific
focus on the'deserption of the emergence of influenza A resistant viruses in treated patients,
inc luding the,timeline of the emergence of the resistant viruses and the identification of the

sub stitutio nsrasssociate d with this re sistance.

Matenallandmethods

Study design.and,conduct

IRIS (IRIS; NC'T00884117) isa 7-yearprospec tive, multicentre, observational study. Rec ruitme nt
started in December 2008 (Year 1), continued throughout the 2009-10 A/HIN1 influe nza
pandemic andsuntil March 2013 (Year5). Afterthe 5t season, the study design was modified
mn orderto continue fortwo additionalyears (Years 6 and 7 until March 2015) with a different
objective (focuson immunocompromised children only).

During the “fist five years of the study, inclusion centres were located in Europe (Fance,
Gemany, Norway, Poland), USA, China (Hong Kong) and Australia. Enrolment was camed
out durng five northem and four southem hemisphere influenza seasons. The study was
pedformed in complance with the pmnnciples of the Declaration of Helsinki and its
amendments, and in accordance with Good Clnical Practice. The study protocol and
amendments were approved by independent ethics committees and institutional re view

boardsateachecentre.
Patient inclusion and virolo gic al analysis

During this study perod, the cntera for inclusion were as previously descrbed?!2. Brefly,

patients >1 yearof age, presenting within 48 hours after disease onset of influe nza-like illne ss
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and/ora positive rapid test result forinfluenza were eligible forenrmIment. Patientshad throat
ornasalswabscollected on Days 1, 3 (self-swab), 6 and 10 forreal-time reverse transcrption
PCR (RFPCR) analyses of influenza type, subtype and susceptibilty to NAL NAI susc e ptib ility
was detemnined according to the ICs0 values performed on the viuses by a
Chemiuminscent assay (NA-Star), and the measure of the fold ncrease observed as
compared to ICs0 values of susceptible strains, according to the common procedure 13 14,
Resistant viuses were either with a Reduced Inhibition (R) or a Highly Reduced Inhibition
(HRD, depending on the fold increase as per the WHO GISRS guidelines. The Day 10
evaluation'was added to the protocol by an amendment in Year 2 of the study (2009). In
cases of detection of resistance (by RFPCR or by NAI assay), the vial load of both
susceptiblel and resistant genotypes were compared through specific REPCR allowing the
semi-quantific ation of wid type and resistance-associated substitution at positions 275 for
A(HIN1) viuses_and 119 and 292 for A(H3N2) viruses. Smiady, the RFPCR for the virus
detection allowed virus quantification and respective loads estimations. Patie nts with mixed
influenza A/influenza Band influenza A HIN1/influenza A H3N2 infec tions were excluded from
the analysisslntfaddition, even if recruitment following previous NAIl treatment was allowed,
patie nts withyprexvio us NAltreatment were excluded from the analysis.

All Influe nza=positive samples by RFPCR were cultured on MDCK cells, and subsequently
sequenced ), (haemagglutnin [HA] and neuraminidase [NA] gene segments) and

pheno typicallyteste d for NAlresistance when possible, aspreviously descrbed 15.

Patie nt ¢linic.alfollo w-up

Scores forseven cardinal influenza symptoms (0 [absent], 1 [mild], 2 [moderate], 3 [severe])
were recorded daily on diary cards by the patient (fever, sore throat, nasal congestion,
cough, myalgia, fatigue, and headache), checked by the physician (Days 1-10), and

summed to produce a totalsymptom score aspreviously descnbed?!2.

Bio sta tistic al analysis

Kaplan-Meierplots were generated fortime to virml RNA clearance and time to resolution of
alldiary c amd.symptoms (no single symptom score of >1 on diary card). The statistic al analysis
wascamied out by eithe r Kruskal-Wallis o r Wilc o xo n signe d -rank te sts.

Results

During the 5-year surveillance period, 3230 patients with a single influenza strain infection
were recruited. All study centres enlled patients, the majorty of whom (75.3%) were from
the Northem hemisphere (Figure 1). Of 3230 RFPCR-positive patients, 2316 had influenza A
and 914 had influenza B These latterBcasesare not analysed in this study report. h addition,
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some patients were excluded because of mixed influenza A and B infection, previous
oseltamivirtreatment ormissing data.

Amongst the 2316 influenza A positive patients registered, 2147 were eligible for analysis and
1216 received oseltamivir monotherapy (52.5%) within 2 days of symptom onset (9 seasonal
HIN1,; 662 H3N2; 545 HIN1pdm2009) (figure 2: Flow-c hart).

Except for the 30patients with the naturally-resistant seasonal HIN1 included in 2008/9 (9
treated and 21 non treated), antiviral resistance was detected by mutation-specific REPCR
n Day 1 viruses from neither the 1207 treated patients, nor the 910 non-treated patients.
However, eémergence of resistance (post-Day 1) was detected by RFPCR in 43/1207 of the
oseltamivirtreated influenza A HIN1pdmO09 or H3N2 patients (figure 2 Fow charnt). Most of
these patientshad a mixed susceptible/resistant genotype (Tablesla, 1b, 2a and 2b).

As reported previously, the detection of resistanc e was signific antly more frequent in the 1-5
yearold age/group as compared with the combined olderage groups (30/253 [11.85%] vs
13/909[1.43%];7p=<0.0001; Thable 2). This was also observed when comparing the rate of
resistance by.subtype (16.1% vs 1.7% for HIN1pdmO09 and 7.7% vs 1.2% for H3N2). h addition,
we observed antincrease in detection of resistant influenza A viruses in the last three years,
for both H3N2.(2/190 [1.05%]; 4/97 [4.1%] and 10/326 [3%] in 2010/2011, 2011/2012 and
2012/2013, xespectively) and HIN1pdmO09 (14/226 [6.2%]; 1/26 [3.8%] and 9/57 [15.8%] in
2010/2011,'2011/2012 and 2012/2013, respectively) , as compared with 0% (0/22) for H3N2
and 2/218%(0:9%)*for HIN1pd mO09 durng the fist two years of surveillance (Thbles 1a and 1b).
The increased 1esistance in H3N2 viruses obserwved in the 3 last years, when the H3N2
incidence wasshigher, conelated with the emergence of strains with V2417N369K in NA
combmed with D114N/S202D/S468N i the HA of H3 (data not shown). Overall, these
changesin'the NA and HA were related to the emergence ofthe new 3C clade in 2011 (ie.
A/Vic tona/361/2011).

All 43 resistant viase s had acquired eitherthe H275Y substitution for N1 viruses (n=27), or the
R292K sub stitution, for N2 viruses (n=16). No other substitutions known to be associated with
reduced sensitivity to NAI in human influenza viruses were detected when the Na-gene
segment was sequenced from viruses obtained in culture on MDCKcells (ie. Substitutions at
positions E119, Q136, N142, TI56+D213, D198, 222, N294 and G320, sequence data not
shown).

In 27/43 (62.8%).of samples in which resistance fist appeared, viral loads were too low for
phenotyping (Thbles 2a and 2b). Phenotypic characterzation was performed on 16 resistant
viruse s, inc udmg 11 HIN1pdm2009 and 5 H3N2. In 7 cases (5 HINIpdmO09 and 2 H3N2), the
phenotypic characterization did not show ICs0 values associated with either Rl or HRI, like ly
because of mixed sensitive/resistant populations (ICs0 ranging from 0.1 nM to 7.6 nM, Tables
2a and 2b).
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In a significant number of cases (24/27 HIN1pdm2009 and 15/16 H3N2), the resistant virus
detected by the mutation-specific RFPCR, contained a mixed population of H275/Y275 or
R292/K292 for at least one time pomt (Thble 2a and 2b). In 22 of these cases (11
HiIN1pdm2009 and 11 H3N2), only the last PCR positive specimen was with a resistant profile
with a mixed YRgenotype.

During follow-up, 11 of the 43 patients (9/27 HIN1pdm2009 and 2/16 H3N2), were stil REPCR
positive atiDay 10 (as shown in Tables 2 and 3). Pairwise comparnson of the three study
groups (treated, non-treated and treated but with a resistant virus) showed that viral RNA
was detected for longer periods of time in nasal swabs samples collected from patients
infected with oseltamivirresistant viruses suggesting a delayed vius clearence, with a
median of 8.1 days for the treated patients vs 9.9 days for the non-treated patients
(p<0.0001) and10.9 daysforthe treated patients with a resistant virus (p<0.0001) (Figure 3)
Smilady, the time to alleviation of symptoms was one day shorter in treated patients as
compared withmon-treated patients (p<0.0001, see Figure 4). However, despite the delayed
virus clearance . observed in patients infected with oseltamivirre sistant viruses, this group
exhibited arshomter duration of symptoms (borderine significance: p=0.024, Fgure 4).
Resistant vimusesemerged durng the treatmentcourse. n alldocumented cases, the resistant
virus remainedsdetectable unti the last positive detection, except for one HINIpdm2009
(patient 11'table 2a) and two H3N2 casesthat had a resistant genotype at Day 3 and Day 6,
respec tivelyyrandya restored susceptble genotype detectable at Day 10 (patients 9 and 10
Table 2b).

Discussion

In Years 1-50f the IRISstudy, resistance to oselttamivirin influenza A viruses wasnotdetected
in the 2316 Day,1 samples analysed (except forone patient that was excluded because of
prior antiviral treatment, and 30 patients with the naturally resistant seasonal HIN1). This low
rate of detection is consistent with the literature and recent reports from WHO, where
resistance m initial samplesisrarely reported 14161718 'This o se tamivir re sistance was detected
only in spegimensicollected during the course of antiviral treatment, and mostly in patients
aged 1-5 years. Among 1207 patients with influenza A HIN1pdmO09 and H3N2 viruses that
have been nvestigated, resistance wasobserved in 27 HINIpdmO09 and 16 H3N2 viruse s, with
the H275Y and _R292K substitutions only, respectively, representing 3.89% of the patients. In
most cages, resistance was associated with a mixed susceptible/resistant virus population,
reflecting a progressive selection of the resistant population during treatment. Besides H275Y
and R292K no other substitution associated to resistance was detected in the NA. This
suggests that as opposed to observations in immunocompromised, these two positions are
almost the exclusive ‘hotspots forchangesassociated with antiviral re sistanc e in the context

of oseltamivir pre ssure in immuno c o mpe te nt patie nts 13.19,
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In our study, the proportion of R292K sub stitutions in H3N2 viruse s isolated (16/662, 2.4%) was
relatively low as compared to Kiso et al 20. The latter reported 9/50 (18%) of emerging
re sistant viruse s during treatment in children with a first detection atday 4 of treatment. h our
study, we report only 7.7% (10/129) of emerging resistance. This difference may be due to the
recruitment.of cases (majorty of hospital cases in the Kiso study), the sampling procedures
(nasalwashesin some patients of the Kiso study vs swabsin ourstudy), and the geographical
distrbution'ofourpatients. However, we both support the idea that monitoring the resistance
of influenza viruses requires analysis of sequential specimens collected in patients treated
with oselttamivir. Surveillance with D1 samples only cannot provide a clear picture for an
emerging resistanc e risk asse ssment, especially for HBN2 viruse s.

According (to analysis of the sequential specimens collected in these patients, resistant
viuses emexgedy by day 3 of treatment from susceptble strains and were selected by
oseltamivir it is kno wn that the fitne ss of R292KH3N2 viruse s is putatively severely impaired 2t
This d e te ¢ tiomrof the R292K sub stitution was perfformed by a specific snip RFEPCR, a sensitive
method thatcan detect down to 5% of a minornty species 4. k confimed also that in most
cases, a mixed"population is detected, supporting the hypothesis that mpaired NA ac tivity
of 292K viruses. may be trans-complemented by the NA activity of R292 bystander viruses, as
it has beenaeported for mutations at position 119 22 The mutation specific real time RFPCR
used in the ¢ ument study as well as HA or NA sequencing were performed on the orginal
c linic al specimeniand not culture based or genetically assessed by sequencing on culture
materal In the 'present study, out of the 16 samples in which the R292K mutation was
detected, only five could be cultured and subsequently tested phenotypically for NAI
susc e ptibility. Two of them showed an increased ICs50 while three had a normal ICs. Thislack
of detection of Reduced Ihibition may be due to the use of the Na-Star system
(chemiluminesecent assay) that is less sensitive than the gold standard MUNANA-based
fluore sc ent assay 23.

The H275Y resistance in HIN1pdmO09 was the most reported in this study (27/43 R-Viruse s). This
is c o nsiste nt,with the varous reports about oseltamivir resistance in N1 viruses in general This
resistance emerged from Day 3 in 1/3 of the 27 cases, not only in chidren (table 3a). When,
measured, the IC50 values were mostly Reduced Inhibition, and some were Nommalinhibition,
due to mixed genotypes (H275 & 275Y) and the use of the chemiuminescent assay. The
resistant Brisbaneg HIN1 that emerged in 2008 was supposed to be related to structural
changesm the backbone ofthe NA that facilitated (imposed) the introduc tion of 275Y in the
NA pocket to maintain both virus fitness and HA-NA balanced activitie s 1924, In our study, the
frequency of detection of resistance due to a 275Y substitution gradually mncreased during
the surveilance, but the lImited number of cases makes any mterpretation difficult.
According to the studies performed recently, it seems that this path to a sustained 275Y virus

This article is protected by copyright. All rights reserved



CONFDENTAL FOR PARTICIPANTREVIEW ONLY

mn HIN1pdmO09 as observed in 2008 for the Brisbane-like HIN1 has not started, but should be
monitored 2526,

Post-treatment emergence of resistance in HIN1IpdmO09 appeared to be more frequent in
the last three years, although with no statistically significant trend, possbly attrbuted to
msuffic ie nt statistical power. This increase in resistance observed for HBN2 viruses cannot be
determined because of the limited number of patients enrolled in the 2 fist years. The
apparent mcrease of 292Kin the 2 most recent years coincided with the detection globally
ofa new 3C H3N2 clade 27. Whether HA or NA mutations of the new clade 3C viuses that
emerged durng the 2011 Influenza season relative to eadier Influenza A H3N2 clades
mncrease the, replicative capacity of R292K containing viruses similar to V241FN369K in
2009pdmHIN1 for H275Y, remainsto be investigated. Smilady, there are no cluesaboutHa or
Na substitutionthat would increase the replicative capacity of 275Y containing HIN1pdmO09
viruse s.

last, ourresults'ean also suggest a reduced risk of transmission a NAFe sistant virus whe n this
resistance is.developed during treatment. We could document that, in most cases of this
study, resistanee*was observed only in the last positive clinical specimen (30/43), when the
viral load was.signific antly low. We can speculate that the risk of transmission is comelated
with the vialishedding and concentration at the site of replication. So, even if we also
observed thatwvirus detection (and shedding) waslongerascompared with non-treated and
tre ate d patients(Figure 3), the risk of transmission of a resistant vius may be low.

This IRIS study isunique in providing a follow-up of resistance in a large population with direct
and sensitive screening of clinical specimens. Compared with other studies that have
analysed the susceptbilty of influenza viruses at treatment onset, it provides detaied data
on the rsk of emergence of resistance in iImmunocompetent patients, with some hints
regarding the.possble emergence of resistance in viruses that display a genetic background
favouring thisemergence and its sustainability.

This study also.confims the lack of conelation between decreasesin virml load and clinical

outcome, especially when a resistant virus emerges.
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Figure 1: Geographic distribution and patient recruitment during years 1 to 5 of the IRIS study
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Figure 2 Flow chart of recruitment of patients included in the study
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3230

Influenza positive

Inclusions
2316 914
influenza A Influenza B
47 1149 1120
H1NIs H1N1pdmO09 H3N2
17 82 | 70 | | 48
excluded excluded excluded excluded
9 21 545 522 662 388 426 440
treated No trt treated No trt treated No trt treated No trt
1216
influenza A positive
treated with oseltamivir
9H1N1s 545 HIN1pdm09 662 H3N2
0 9 518 27 646 16
susceptible resistant susceptible resistant susceptible resistant

No trt = no treatment

H1N1s = Seasenal HIN1 circulating before the HIN1pdm09 2009 pandemic
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Table 1: Resistance mutations deftected by RT-PCR in the 1207 influenza A positive patients

freated with oseltamivir, by study year and age group.

Table Ta HINTpdmO09;

Age group Detection frequency of H275Y substitution n/N (%) * Negative RT-PCR at Day 10 for Resistance rate (%)
(years) 2008-10 2010-11 2011-12 2012-13 H275Y viruses
15 1/48,(2.1) 12/53 (22.6) 1/5 (20.0) 6/18 (33.3) 15/20 20/124 (16.1)
6-12 0/75 (0.0) 1/30 (3.3) 0/6 (0.0) 1/4 (25.0) 2/2 2/115 (1.7)
>13 1/95 (1.1) 2/143 (1.4) 0/15 (0.0) 2/35(5.7) 2/5 5/288 (1.7)
NA 0/18 (0)

*The 9 patients with A(HINT1)s virus are not listed in this table
n/N (%) : number ofWiruses with mutation /Number of viruses tested (percentage)

NA missing data f@ge<group and year of detection)

Table 1b H3N2

Age group Detection frequency of R292K substitution n/N (%) * Negative RT-PCR at Day 10 for Resistance rate (%)
(years) 2008-10 2010-11 2011-12 2012-13 R292K viruses
1-5 0/1(0.0) 1/36 (2.8) 2/16 (12.5) 7/76(9.2) 1/10 10/129 (7.7)
6-12 0/1(0.0) 0/42 (0.0) 2/15(13.3) 1/76 (1.3) 1/3 3/134(2.2)
213 0/20/(0.0) 1/112 (0.9) 0/66 (0.0) 2/174 (1.2) 0/3 3/372(0.8)
NA 0/27 (0)

n/N (%) : number of viruses with mutation /Number of viruses tested (percentage)

NA missing data (age-group and year of detection)

Table 2: Analysis of the kinetic of emergence of genotypic and phenotypic resistance during

the study

Table 2al kineticstofiemergence of the H275Y substitution in HIN1pdmO0? viruses as detected by specific RT-PCR and

measure of ICspvalbes
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patient Year Age Visit Virus Load (Log) H275 275Y 1C, to oseltamivir

1 2009 13 baseline 5,6 X
Day3 3,7 X NA
Day 6 ND
Day10 ND
2 2011 4 baseline 6,6 X
Day3 4,1 X
Day6 2,8 X X NA
Day10 ND
3 2011 1 baseline 5,7 X
Day3 4,5 X X NA
Day 6 3,7 X
Day10 ND
4 2011 14 baseline 6 X
Day3 4,7 X
Day 6 3,8 X X 130 nM
Dayl10 ND
5 2010 3 baseline 6.3 X
Day3 5.9 X
Day 6 4.5 X
Day10 3.8 X X 68 nM
6 2011 1 baseline 5.4 X
Day3 5.6 X
Day 6 4.2 X X 74 nM
Day10 4.4 X X 79 nM
7 2011 6 baseline 6.8 X
Day3 5.1 X
Day 6 2.1 X
Day10 3.0 X X NA
8 20%d 1 baseline 5.4 X
Day3 1.5 X
Day 6 3.9 X X 0.56 nM
Day10 ND
9 2012 1 baseline 5.8 X
Day3 4.6 X
Day 6 2.6 X X NA
Dayl10 ND
10 2013, 4 baseline 5.9 X
Day3 4.5 X
Day 6 6.0 X X 100 nM
Dayl10 ND
11 2013 6 baseline 7.5 X
Day3 5.7 X X NA
Day 6 4.5 X X NA
Day10 3.6 X
12 2009 1 baseline 7.2 X
Day3 4.5 X X NA
Day 6 ND
Day10 ND
13 2011 2 baseline 4.3 X
Day3 3.0 X
Day 6 1.8 X X NA
Day10 ND
14 2012 38 baseline 4.0 X
Day3 4.0 X X NA
Day 6 2.6 X
Day10 2.4 X NA
15 2012 2 baseline 5.5 X
Day3 2.0 X
Day 6 1.9 X NA
Dayl10 ND
16 2012 1 baseline 5.1 X
Day3 4.7 X X BA
Day 6 3.6 X X 0.36 nM
Day10 ND
17 2011 1 baseline 7.2 X
Day3 4.3 X
Day 6 4.3 X X 7.6 nM
Dayl10 ND

Table 2a2 kinetics of emergence of the H275Y substitution in HIN1pdmO0? viruses as detected by specific RT-PCR and

ICso values
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patient Year Age Visit Virus Load (Log) H275 275Y 1C., to oseltamivir

18 2012 2 baseline 5.4 X
Day3 4.2 X
Day6 4.0 X X NA
Day10 ND
19 2013 3 baseline 4.0 X
Day3 5.5 X
Day6 4.0 X X 93 nM
Dayl10 ND
20 2013 55 baseline 4.6 X
Day 3 5.1 X
Day6 5.5 X X 86 nM
Day10 2.7 X X NA
21 2011 2 baseline 6.8 X
Day3 5.7 X
Day6 3.0 X NA
Dayl10 3.1 X NA
22 2011 55 baseline 6.6 X
Day3 4.6 X X NA
Day6 ND
Day10 ND
23 2011 3 baseline 5.7 X
Day3 6.1 X
Day6 3.1 X X NA
Day10 ND
24 2011 5 baseline 6.6 X
Day3 2.9 X
Day6 4.7 X NA
Day10 1.6 ? ? NA
25 2011 1 baseline 2.7
Day3 5.5 X X NA
Day6 6.2 X X 1.1 nM
Day10 ND
26 2011 1 baseline 5.7 X
Day3 5.7 X X NA
Day6 5.4 X X 53 nM
Dayl10 ND
27 2011 4 baseline 6.0 X
Day3 3.4 X
Day6 3.3 X X NA
Day10 3.2 X X NA

NA= Not available (missing specimen)

Neg = Influenza detection negative

NC = Not cultured or culture failed because of low viral load by RT-PCR (Ct>32)

IC50 values were obtained from virus culture, and determined as oselfamivir concenfration inhibiting NA activity as

measured by a.Chemiluminscent assay (NA-Star), as described in the material and methods

Table 2b : kineticstofiemergence of the R292K substitution and screening for E119V substitution in H3N2 viruses as

detected by.specific.RT-PCR and measure of ICso values

This article is protected by copyright. All rights reserved



patient Year Age Visit Virus Load (Log) 119E R292 292K IC., to oseltamivir

1 2011 2 baseline 7.7 X X
Day3 3.8 X X NA
Day 6 4.1 X X X
Dayl0 ND

2 2012 4 baseline 5.4 X X
Day3 5.7 X X
Day6 4.9 X X X NA
Dayl0 ND

3 2013 2 baseline 5.5 X X
Day3 4.5 X X
Day6 3.6 X X X NA
Dayl0 ND

4 2012 4 baseline 6.2 X X
Day3 6.3 X X
Day6 4.8 X X X >1000 nM
Dayl0 ND

5 2012 66 baseline 4.4 X X
Day3 4.0 X X
Day6 3.7 X X X NA
Dayl10 ND

6 2013 4 baseline 5.1 X X
Day3 4.0 X X
Day6 2.5 X X X NA
Day10 ND

7 2010 20 baseline 4.5 X X
Day3 3.6 X X X NA
Day6 ND
Dayl0 ND

8 2011 7 baseline 4.7 X X
Day3 2.7 X X
Day6 3.1 X X X NA
Dayl10 ND X X

9 2012 6 baseline 7.7 X X
Day3 3.9 X X
Day 6 4.2 X X X NA
Dayl10 3.9

10 2012 3 baseline 5.2 X X
Day3 4.5 X X
Day 6 4.8 X X X 0.29 nM
Dayl0 3.0 X X

11 2012 41 baseline 6.8 X X
Day3 3.3 X X X NA
Day6 ND NA
Dayl0 ND

12 2012 4 baseline 5.9 X X
Day3 4.1 X X
Day6 5.5 X X X >1000 nM
Dayl0 ND

13 2012 7 baseline 5.9 X X
Day3 4.5 X X
Day6 3.3 X X X NA
Dayl0 ND

14 2012 2 baseline 6.4 X X
Day3 MISS
Day6 3.9 X X X 0.1 nM
Dayl10 ND

15 2011 3 baseline 5.7 X X
Day3 4.3 X X X NA
Day6 3.7 X X
Day10 ND

16 2011 2 baseline 5.8 X X
Day3 3.3 X X
Day6 55 X X X 0.52nM
Dayl0 ND

NA= Not available (missing specimen)

Neg = Influenza detection negative

NC = Not cultured or culture failed because of low viral load by RT-PCR (Ct>32)
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IC50 values were obtained from virus culture, and determined as oseltamivir concentration inhibiting NA activity as

measured by a Chemiluminscent assay (NA-Star), as described in the material and methods

Fig 3: Time (days) from symptom onset to first lab record with influenza A RNA not detected.

Pairwise comparisons between patients with no treatment versus patients treated with oseltamivir

(within 48 hours of symptom onset) and versus treated patient with a resistant virus

Survival Distribution Function

100

0.75

0.50

0.25

0.00

Days

Study Groups N= Median (95% Cl) | Kruskal-Wallis Test
Treated Patients 1235 8.1(7.9t0 8.4) p<0.0001
Treated & Resistant | 49* | 10.9 (10.0to 11.9) P<0.001
Untreated 1004 | 9.9(9.8t010.1)

Treated v Treated & Resistant p<0.0001 (Wilcoxon Tests).

Both treated andyuntreated populations included patients infected by influenza A viruses, with no

detection of resistant viruses.

*The 49 resistant patients comprise 40 patients infected with H3N2 or HIN1pdmO09 who developed

resistance during the study plus 9 patients infected with Seasonal HIN1. All 49 patients were in the
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Survival Distribution Function

Treated group. Three patients (two with HIN1pdm09 and one with H3N2) developed oseltamivir
resistance during the study but were not treated until Day three. These patients are not included in

this comparison as they do not meet the definition.

Fig 4: Time (dayshfrom symptom onset to all diary cards symptoms becoming mild or absent.
Pairwise comparisons between patients with no treatment versus patients treated with oseltamivir

(within 48*hoursiefsymptom onset) or treated patient with a resistant virus.

Fatients lreated wilh Usellamivir versus INO lreatment and Ireated Kesistant ratients.

100
075 W
0.50 S
0.25 ;
0.00 H
0.0 2.5 5.0 7.5 0.0 2.5 15.0
Days
Study Groups N= | Median (95% Cl) | Kruskal-Wallis Test
Treated Patients 1115 5(4to5) p<0.0001
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Treated & Resistant

47*

4(3to4)

p<0.0001

Untreated

939

6%

Treated v Treated & Resistant p=0.024 (p<0.05 Wilcoxon Tests).

The study populations for this comparison are the same as those for the time to RNA not being

detected, above. The smaller numbers are due to some patients not supplying a Diary Card or having

no symptoms greater than Mild at baseline.

*: There are'only'47 resistant patients, two fewer than in the previous comparison (Fig3) because

one had only*Mild'symptoms at baseline and one did not return a Diary Card.

S: confidence,limits could not be calculated for the Untreated group due to the number of patients

who were censored close to the final visit.
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Fgure 2 How chart ofrecruitment of patientsincluded in the study

3230
Influenza positive
Inclusions
2316 914
influenza A Influenza B
47 1149 1120
HIN1s H1N1pdmO09 H3N2
17 82 | 70 | | 48
excluded excluded excluded excluded
9 21 545 522 662 388 426 440
treated No trt treated No trt treated No trt treated No trt
1216
influenza A positive
treated with oseltamivir
9 HIN1s 545 HIN1pdm09 662 H3N2
0 9 518 27 646 16
susceptible resistant susceptible resistant susceptible resistant

No trit = no tre atment

HiNl1s= Seasonal HINI circulating before the HIN1pdmO09 2009 pandemic
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Table 1: Resistance mutationsdetected by REPCRin the 1207 influenza A positive patients

treated with oseltamivir, by study yearand age group.

Table 1a HINIpdm09;

Age group Detection frequency of H275Y substitution n/N (%) * Negative RT-PCR at Day 10 for Resistance rate (%)
(years) 2008-10 2010-11 2011-12 2012-13 H275Y viruses
1-5 1/48 (2.1) 12/53 (22.6) 1/5 (20.0) 6/18 (33.3) 15/20 20/124 (16.1)
6-12 0/75 (0.0) 1/30(3.3) 0/6 (0.0) 1/4 (25.0) 2/2 2/115(1.7)
213 1/95 (1.1) 2/143 (1.4) 0/15 (0.0) 2/35(5.7) 2/5 5/288 (1.7)
NA

0/18 (0)

*The 9 patients with A(HIN1)s virus are not listed in thistable
1n/N (%) : numberof viruse s with mutation /Numberofviuses tested (percentage)

NA missing data(age-gmup and yearofdetection)

Table 1b H3N2
Age group Detection frequency of R292K substitution n/N (%) * Negative RT-PCR at Day 10 for Resistance rate (%)
(years) 2008-10 2010-11 2011-12 2012-13 R292K viruses
1-5 0/1(0.0) 1/36 (2.8) 2/16 (12.5) 7/76 (9.2) 1/10 10/129 (7.7)
6-12 0/1.(0:0) 0/42 (0.0) 2/15(13.3) 1/76 (1.3) 1/3 3/134 (2.2)
213 0/204(0:0) 1/112 (0.9) 0/66 (0.0) 2/174 (1.2) 0/3 3/372(0.8)
NA

0/27 (0)

n/N (%) : numberof viruse s with mutation /Numberofvirusestested (percentage)

NA missing dataage-group and yearofdetection)
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Table 2: Analysis of the kinetic ofemergence of genotypic and phenotypic resistance during

the study

Table 2al kineticsofemergence ofthe H275Y substitution in HIN1pdmO09 viruses as detected by specific REPCRand
measure of IC5 values

patient Year Age Visit Virus Load (Log) H275 275Y IC., to oseltamivir
1 2009 13 baseline 5,6 X
Day3 3,7 X NA
Day6 ND
Day10 ND
2 2011 4 baseline 6,6 X
Day3 4,1 X
Day 6 2,8 X X NA
Day10 ND
3 2011 1 baseline 5,7 X
Day3 4,5 X X NA
Day6 3,7 X
Day10 ND
4 2011 14 baseline 6 X
Day3 4,7
Day6 3,8 X X 130 nM
Day10 ND
5 2010 3 baseline 6.3 X
Day3 5.9 X
Day 6 4.5 X
Day10 3.8 X X 68 nM
6 2011 1 baseline 5.4 X
Day3 5.6 X
Day 6 4.2 X X 74 nM
Day10 4.4 X X 79 nM
7 2011 6 baseline 6.8 X
Day3 5.1 X
Day6 2.1 X
Dayl10 3.0 X X NA
8 2011 1 baseline 5.4 X
Day3 1.5 X
Day 6 3.9 X X 0.56 nM
Day10 ND
9 2012 1 baseline 5.8 X
Day3 4.6 X
Day6 2.6 X X NA
Day10 ND
10 2013 4 baseline 5.9 X
Day3 4.5
Day6 6.0 X X 100 nM
Day10 ND
11 2013 6 baseline 7.5 X
Day3 5.7 X X NA
Day 6 4.5 X X NA
Day10 3.6 X
12 2009 1 baseline 7.2 X
Day3 4.5 X X NA
Day 6 ND
Day10 ND
13 2011 2 baseline 4.3 X
Day3 3.0 X
Day 6 1.8 X X NA
Day10 ND
14 2012 38 baseline 4.0 X
Day3 4.0 X X NA
Day 6 2.6 X
Day10 2.4 X NA
15 2012 2 baseline 5.5 X
Day3 2.0 X
Day 6 1.9 X NA
Day10 ND
16 2012 1 baseline 5.1 X
Day3 4.7 X X BA
Day 6 3.6 X X 0.36 nM
Day10 ND
17 2011 1 baseline 7.2 X
Day3 4.3 X
Day 6 4.3 X X 7.6 nM
Day10 ND
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Table 2a2 kinetics of emergence of the H275Y sub stitution in HIN1pdmO09 viruses as detected by specific REPCRand
ICs values

patient Year Age Visit Virus Load (Log) H275 275Y 1C, to oseltamivir
18 2012 2 baseline 5.4 X
Day3 4.2 X
Day6 4.0 X X NA
Day10 ND
19 2013 3 baseline 4.0 X
Day3 5.5 X
Day6 4.0 X X 93 nM
Dayl10 ND
20 2013 55 baseline 4.6 X
Day3 5.1 X
Day6 5.5 X X 86 nM
Day10 2.7 X X NA
21 2011 2 baseline 6.8 X
Day3 5.7 X
Day6 3.0 X NA
Day10 3.1 X NA
22 2011 55 baseline 6.6 X
Day3 4.6 X X NA
Day6 ND
Dayl10 ND
23 2011 3 baseline 5.7 X
Day3 6.1 X
Day6 3.1 X X NA
Day10 ND
24 2011 5 baseline 6.6 X
Day 3 2.9 X
Day6 4.7 X X NA
Day10 1.6 ? ? NA
25 2011 1 baseline 2.7 X
Day3 5.5 X X NA
Day6 6.2 X X 1.1 nM
Day10 ND
26 2011 1 baseline 5.7 X
Day3 5.7 X X NA
Day6 5.4 X X 53 nM
Dayl10 ND
27 2011 4 baseline 6.0 X
Day3 3.4 X
Day6 3.3 X X NA
Dayl10 3.2 X X NA

NA= Notavailable (missing specimen)

Neg = Influenza detection negative
NC = Not c ultwred oreulture failed because oflow virmlload by REPCR (Ct>32)

IC50 values were obtained from virus c ulture, and detemined asoseltamivirc onc entration inhibiting NA activity as
measured by a Chemiluminscent assay (NA-Star), asdescrbed in the maternaland methods
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Table 2b : kineticsof emergence ofthe R292Ksubstitution and screening for E119V substitution in H3N2 viruses as
detected by specific REPCRand measure of ICs0 values

patient Year Age Visit Virus Load (Log) 119E R292 292K IC., to oseltamivir

1 2011 2 baseline 7.7 X X
Day3 3.8 X X NA
Day6 4.1 X X X
Dayl0 ND

2 2012 4 baseline 5.4 X X
Day3 5.7 X X
Day6 4.9 X X X NA
Day10 ND

3 2013 2 baseline 5.5 X X
Day3 4.5 X X
Day6 3.6 X X X NA
Day10 ND

4 2042 4 baseline 6.2 X X
Day3 6.3 X X
Day6 4.8 X X X >1000 nM
Dayl0 ND

5 2012 66 baseline 4.4 X X
Day3 4.0 X X
Day6 3.7 X X X NA
Day10 ND

6 2013, 4 baseline 5.1 X X
Day3 4.0 X X
Day6 2.5 X X X NA
Day10 ND

7 2020 20 baseline 4.5 X X
Day3 3.6 X X X NA
Day6 ND
Dayl0 ND

8 2011 7 baseline 4.7 X X
Day3 2.7 X X
Day6 3.1 X X X NA
Dayl0 ND X X

9 2012 6 baseline 7.7
Day3 3.9 X X
Day6 4.2 X X X NA
Day10 3.9

10 2012 3 baseline 5.2 X X
Day3 4.5 X X
Day6 4.8 X X X 0.29 nM
Dayl0 3.0 X X

11 2012 41 baseline 6.8 X X
Day3 3.3 X X X NA
Day 6 ND NA
Dayl0 ND

12 2012 4 baseline 5.9 X X
Day3 4.1 X X
Day6 5.5 X X X >1000 nM
Day10 ND

13 2012 7 baseline 5.9 X X
Day3 4.5 X X
Day6 3.3 X X X NA
Dayl10 ND

14 2012 2 baseline 6.4 X X
Day3 MISS
Day6 3.9 X X X 0.1nM
Dayl0 ND

15 2011 3 baseline 5.7 X X
Day3 4.3 X X X NA
Day6 3.7 X X
Dayl0 ND

16 2011 2 baseline 5.8 X X
Day3 3.3 X X
Day6 5.5 X X X 0.52nM
Day10 ND

NA=Notavailable (missing specimen)

Ne g = Influenza detection negative

NC = Not cultured orculture failed because oflow viralload by RFPCR (Ct>32)

IC50 values were obtained from virus c ulture, and determmined as oseltamivirc onc entration inhibiting NA ac tivity as
measured by a Chemiluminscent assay (NA-Star), asdescrbed in the materdaland methods
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Fig 3: Time (days) from symptom onset to first lab record with influenza A RNA not detected.
Pairwise comparisons between patients with no treatment versus patients treated with oseltamivir
(within 48 hours of symptom onset) and versus treated patient with a resistant virus

100,
=}
£ 0.75
g
=
R
E 050
Z
E 0.25
A
0.00
17.5
Days
Study Groups N= Median (95% Cl) | Kruskal-Wallis Test
Treated Patients 1235 8.1(7.9t0 8.4) p<0.0001
Treated & Resistant | 49* | 10.9 (10.0 to 11.9) P<0.001
Untreated 1004 | 9.9(9.8t010.1)

Treated v Treated & Resistant p<0.0001 (Wilcoxon Tests).

Both treated'and.untreated populations included patients infected by influenza A viruses, with no
detection of resistant viruses.

*The 49 resistant patients comprise 40 patients infected with H3N2 or HIN1pdm09 who developed
resistance during the study plus 9 patients infected with Seasonal HIN1. All 49 patients were in the
Treated group. Three patients (two with HIN1pdm09 and one with H3N2) developed oseltamivir
resistance during.the study but were not treated until Day three. These patients are not included in
this comparison as they do not meet the definition.
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Survival Distribution Function
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Fig 4: Time (days) from symptom onset to all diary cards symptoms becoming mild or absent.
Pairwise comparisons between patients with no treatment versus patients treated with oseltamivir
(within 48 hours of symptom onset) or treated patient with a resistant virus.

______

0.0 25 5.0 7.5 10.0 2.5 15.0
Days
Study Groups = | Median (95% Cl) | Kruskal-Wallis Test
Treated Patients 1115 5(4to5) p<0.0001
Treated & Resistant | 47* 4 (3to4) p<0.0001
Untreated 939 6S$

Treated v Treated & Resistant p=0.024 (p<0.05 Wilcoxon Tests).

The study populations for this comparison are the same as those for the time to RNA not being
detected, above. The smaller numbers are due to some patients not supplying a Diary Card or having
no symptoms greater than Mild at baseline.

*: There are'only 47 resistant patients, two fewer than in the previous comparison (Fig3) because
one had only.Mild symptoms at baseline and one did not return a Diary Card.

S: confidence limits could not be calculated for the Untreated group due to the number of patients
who were censored close to the final visit.
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