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Abstract 

Background and Objectives: The  Influe nza  Re sistanc e  Info rmatio n Study (IRIS) was initiate d in 

2008 to  study the  e me rge nc e  o f ne uraminidase  inhib ito r (NAI) re sistanc e  and the  c linic a l 

c o urse  o f influe nza  in immuno c o mpe te nt tre ate d and untre ate d patie nts.  

Methods: Patie nts had thro at/ no se  swabs c o lle c te d o n Days 1, 3, 6 and 10 fo r analyse s o f 

influe nza  type , subtype  and virus susc e ptib ility to  NAIs. RT-PCR Po sitive  sample s we re  c ulture d, 

and te ste d fo r NAI re sistanc e  by spe c ific  RT-PCR and phe no typic  te sting . Sc o re s fo r influe nza  

sympto ms we re  re c o rde d o n diary c ards (Days 1–10). This study fo c use s o n Influe nza  A 

infe c te d c ase s o nly. 

Results: Amo ng  3230 RT-PCR-po sitive  patie nts, 2316 had influe nza  A o f who m 1216 re c e ive d 

o se ltamivir mo no the rapy within 2 days o f sympto m o nse t (9 se aso nal H1N1; 662 H3N2; 545 

H1N1pdm2009). Exc e pt fo r 9 patie nts with natura lly re sistant se aso nal H1N1 (2008/ 9), no  

re sistanc e  was de te c te d in Day 1 sample s. Eme rge nc e  o f re sistanc e  (po st-Day 1) was 

de te c te d in 43/ 1207 (3.56%) o se ltamivir-tre ate d influe nza  A infe c te d patie nts, with a  highe r 

fre que nc y in 1 to  5-ye ar-o ld (11.8%) ve rsus >5-ye ar-o ld (1.4%). All N1 and N2 re sistant viruse s 

had H275Y (n=27) o r R292K (n=16) substitutio ns, re spe c tive ly. Fo r 43 patie nts, virus c le aranc e  

was signific antly de laye d ve rsus tre ate d patie nts with susc e ptib le  viruse s (8.1 vs 10.9 days; 

p<0.0001), and 11 (23.2%) re maine d RT-PCR po sitive  fo r influe nza  at Day 10. Ho we ve r the ir 

sympto ms re so lve d by Day 6 o r e arlie r. 

Conclusions: Ose ltamivir re sistanc e  was o nly de te c te d during  antivira l tre atme nt, with the  

highe st inc ide nc e  o c c urring  amo ng  1–5-ye ar-o lds. Re sistanc e  de laye d vira l c le aranc e , but 

had no  impac t o n sympto m re so lutio n.  

 

Keywords: antivira l; influe nza ; ne uraminidase  inhib ito r; re sistanc e . 

Introduction 

Ne uraminidase  inhib ito rs (NAIs) are  the  mainline  the rapy o f influe nza 1. Thro ugh b inding  in the  

c o nse rve d c ata lytic  do main o f the  e nzyme , the se  drugs c an inhib it a ll type s and subtype s o f 

influe nza  ne uraminidase , but to  varying  de gre e s2. In re c e nt ye ars, the  human influe nza  A 

viruse s have  de ve lo pe d c o mple te  re sistanc e  to  an o lde r c lass o f drugs, the  adamantane s, 

indic ating  the  ab ility o f the se  viruse s to  de ve lo p and subse que ntly mainta in re sistanc e  to  

antivira ls3. In the  first ye ars o f NAIs usage , fo llo wing  the ir intro duc tio n in 1999, natura lly 

o c c urring  re sistanc e  was spo radic a lly re po rte d and a  ve ry limite d numbe r o f c ase s we re  

de sc ribe d4-6. Ho we ve r, in 2008, naturally-o c c urring  o se ltamivir re sistanc e  was de te c te d 

amo ng  se aso nal H1N1 viruse s in No rway 7. This re sistant virus e ve ntually displac e d the  NAI-

susc e ptib le  H1N1 virus re nde ring  virtually a ll se aso nal H1N1 viruse s highly re sistant to  

o se ltamivir7,8. This e me rge nc e  was no t re late d to  the  use  o f antivira ls 9, 10. The  re sistant H1N1 

virus was the n re plac e d during  the  2009-2010 pande mic  by the  influe nza A H1N12009pdm 

virus, whic h was o se ltamivir se nsitive 11. 
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As a  c o nse que nc e  o f this e me rge nc e  and disse minatio n o f an NAI-re sistant virus, surve illanc e  

syste ms have  be e n imple me nte d to  mo nito r antivira l susc e ptib ility to  NAIs. In this c o nte xt, a  

g lo ba l o bse rvatio nal study was initiate d in 2008, the  Influe nza  Re sistanc e  Info rmatio n Study 

(IRIS), to  study the  e me rge nc e  o f NAI re sistanc e  and the  c linic a l c o urse  o f influe nza  in 

immuno c o mpe te nt tre ate d and untre ate d patie nts.  

The  primary o b je c tive  o f the  IRIS study was to  assist with e arly de te c tio n o f influe nza  

re sistanc e  to  antivira ls and de sc ribe  the  c linic a l c o urse  and o utc o me  o f patie nts with 

influe nza  ac c o rding  to  subtype  and antivira l susc e ptib ility. 

IRIS is a  pro spe c tive , multi-c e ntre , info rmatio n-gathe ring  study (NCT00884117). It is the  large st 

study o f its type  that has c o lle c te d se que ntia l c linic a l and viro lo g ic a l data  during  the  c o urse  

o f infe c tio n, using  se nsitive  RT-PCR de te c tio n me tho ds fo r bo th de te c tio n o f the  virus and 

fo llo w-up o f substitutio ns asso c iate d to  o se ltamivir re sistanc e  in H1N1 and H3N2 viruse s. Majo r 

findings o f the  first thre e  ye ars o f this study have  a lre ady be e n re po rte d12

 

.  

This artic le  re po rts the  first five  ye ars o f surve illanc e  c arrie d o ut thro ugh IRIS, with a  spe c ific  

fo c us o n the  de sc riptio n o f the  e me rge nc e  o f influe nza  A re sistant viruse s in tre ate d patie nts, 

inc luding  the  time line  o f the  e me rge nc e  o f the  re sistant viruse s and the  ide ntific atio n o f the  

substitutio ns asso c iate d with this re sistanc e . 

 

Material and methods 

 

Study de sign and c o nduc t 

IRIS (IRIS; NCT00884117) is a  7-ye ar pro spe c tive , multic e ntre , o bse rvatio nal study. Re c ruitme nt 

starte d in De c e mbe r 2008 (Ye ar 1), c o ntinue d thro ugho ut the  2009–10 A/ H1N1 influe nza 

pande mic  and until Marc h 2013 (Ye ar 5). Afte r the  5th

During  the  first five  ye ars o f the  study, inc lusio n c e ntre s we re  lo c ate d in Euro pe  (Franc e , 

Ge rmany, No rway, Po land), USA, China  (Ho ng  Ko ng ) and Australia . Enro lme nt was c arrie d 

o ut during  five  no rthe rn and fo ur so uthe rn he misphe re  influe nza  se aso ns. The  study was 

pe rfo rme d in c o mplianc e  with the  princ iple s o f the  De c laratio n o f He lsinki and its 

ame ndme nts, and in ac c o rdanc e  with Go o d Clinic a l Prac tic e . The  study pro to c o l and 

ame ndme nts we re  appro ve d by inde pe nde nt e thic s c o mmitte e s and institutio nal re vie w 

bo ards at e ac h c e ntre .  

 se aso n, the  study de sign was mo difie d 

in o rde r to  c o ntinue  fo r two  additio nal ye ars (Ye ars 6 and 7 until Marc h 2015) with a  diffe re nt 

o b je c tive  (fo c us o n immuno c o mpro mise d c hildre n o nly).  

 

Patie nt inc lusio n and viro lo g ic a l analysis 

During  this study pe rio d, the  c rite ria  fo r inc lusio n we re  as pre vio usly de sc ribe d12. Brie fly, 

patie nts >1 ye ar o f age , pre se nting  within 48 ho urs a fte r dise ase  o nse t o f influe nza-like  illne ss 
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and/ o r a  po sitive  rapid te st re sult fo r influe nza we re  e lig ib le  fo r e nro lme nt. Patie nts had thro at 

o r nasal swabs c o lle c te d o n Days 1, 3 (se lf-swab), 6 and 10 fo r re a l-time  re ve rse  transc riptio n 

PCR (RT-PCR) analyse s o f influe nza type , subtype  and susc e ptib ility to  NAI. NAI susc e ptib ility 

was de te rmine d ac c o rding  to  the  IC 50 va lue s pe rfo rme d o n the  viruse s by a  

Che miluminsc e nt assay (NA-Star), and the  me asure  o f the  fo ld inc re ase  o bse rve d as 

c o mpare d to  IC 50 va lue s o f susc e ptib le  stra ins, ac c o rding  to  the  c o mmo n pro c e dure  13, 14

All Influe nza-po sitive  sample s by RT-PCR we re  c ulture d o n MDCK c e lls, and subse que ntly 

se que nc e d (hae magg lutinin [HA] and ne uraminidase  [NA] ge ne  se gme nts) and 

phe no typic a lly te ste d fo r NAI re sistanc e  whe n po ssib le , as pre vio usly de sc ribe d 

. 

Re sistant viruse s we re  e ithe r with a  Re duc e d Inhib itio n (RI) o r a  Highly Re duc e d Inhib itio n 

(HRI), de pe nding  o n the  fo ld inc re ase  as pe r the  WHO GISRS guide line s. The  Day 10 

e valuatio n was adde d to  the  pro to c o l by an ame ndme nt in Ye ar 2 o f the  study (2009). In 

c ase s o f de te c tio n o f re sistanc e  (by RT-PCR o r by NAI assay), the  vira l lo ad o f bo th 

susc e ptib le  and re sistant ge no type s we re  c o mpare d thro ugh spe c ific  RT-PCR allo wing  the  

se mi-quantific atio n o f wild type  and re sistanc e -asso c iate d substitutio n at po sitio ns 275 fo r 

A(H1N1) viruse s and 119 and 292 fo r A(H3N2) viruse s. Similarly, the  RT-PCR fo r the  virus 

de te c tio n a llo we d virus quantific atio n and re spe c tive  lo ads e stimatio ns. Patie nts with mixe d 

influe nza A/ influe nza  B and influe nza A H1N1/ influe nza  A H3N2 infe c tio ns we re  e xc lude d fro m 

the  analysis. In additio n, e ve n if re c ruitme nt fo llo wing  pre vio us NAI tre atme nt was a llo we d, 

patie nts with pre rvio us NAI tre atme nt we re  e xc lude d fro m the  analysis. 

15

 

.  

Patie nt c linic a l fo llo w-up 

Sc o re s fo r se ve n c ardinal influe nza  sympto ms (0 [abse nt], 1 [mild], 2 [mo de rate ], 3 [se ve re ]) 

we re  re c o rde d da ily o n diary c ards by the  patie nt (fe ve r, so re  thro at, nasa l c o nge stio n, 

c o ugh, myalg ia , fa tigue , and he adac he ), c he c ke d by the  physic ian (Days 1–10), and 

summe d to  pro duc e  a  to ta l sympto m sc o re  as pre vio usly de sc ribe d12

 

. 

Bio statistic a l analysis  

Kaplan-Me ie r plo ts we re  ge ne rate d fo r time  to  vira l RNA c le aranc e  and time  to  re so lutio n o f 

a ll diary c ard sympto ms (no  sing le  sympto m sc o re  o f >1 o n diary c ard). The  statistic a l analysis 

was c arrie d o ut by e ithe r Kruskal-Wallis o r Wilc o xo n signe d-rank te sts.  

 

Results 

During  the  5-ye ar surve illanc e  pe rio d, 3230 patie nts with a  sing le  influe nza  stra in infe c tio n 

we re  re c ruite d. All study c e ntre s e nro lle d patie nts, the  majo rity o f who m (75.3%) we re  fro m 

the  No rthe rn he misphe re  (Figure  1). Of 3230 RT-PCR-po sitive  patie nts, 2316 had influe nza  A 

and 914 had influe nza  B. The se  latte r B c ase s are  no t analyse d in this study re po rt. In additio n, 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



CONFIDENTIAL: FOR PARTICIPANT REVIEW ONLY 

This article is protected by copyright. All rights reserved 

so me  patie nts we re  e xc lude d be c ause  o f mixe d influe nza  A and B infe c tio n, pre vio us 

o se ltamivir tre atme nt o r missing  data .  

Amo ngst the  2316 influe nza  A po sitive  patie nts re g iste re d, 2147 we re  e lig ib le  fo r analysis and 

1216 re c e ive d o se ltamivir mo no the rapy (52.5%) within 2 days o f sympto m o nse t (9 se aso nal 

H1N1; 662 H3N2; 545 H1N1pdm2009) (figure  2: Flo w-c hart).  

Exc e pt fo r the  30patie nts with the  natura lly-re sistant se aso nal H1N1 inc lude d in 2008/ 9 (9 

tre ate d and 21 no n tre ate d), antivira l re sistanc e  was de te c te d by mutatio n-spe c ific  RT-PCR 

in Day 1 viruse s fro m ne ithe r the  1207 tre ate d patie nts, no r the  910 no n-tre ate d patie nts. 

Ho we ve r, e me rge nc e  o f re sistanc e  (po st-Day 1) was de te c te d by RT-PCR in 43/ 1207 o f the  

o se ltamivir-tre ate d influe nza  A H1N1pdm09 o r H3N2 patie nts (figure  2 Flo w c hart). Mo st o f 

the se  patie nts had a  mixe d susc e ptib le / re sistant ge no type  (Table s 1a , 1b , 2a  and 2b). 

As re po rte d pre vio usly, the  de te c tio n o f re sistanc e  was signific antly mo re  fre que nt in the  1–5 

ye ar-o ld age  gro up as c o mpare d with the  c o mbine d o lde r age  gro ups (30/ 253 [11.85%] vs 

13/ 909[1.43%]; p<0.0001; Table  2). This was a lso  o bse rve d whe n c o mparing  the  rate  o f 

re sistanc e  by subtype  (16.1% vs 1.7% fo r H1N1pdm09 and 7.7% vs 1.2% fo r H3N2). In additio n, 

we  o bse rve d an inc re ase  in de te c tio n o f re sistant influe nza  A viruse s in the  last thre e  ye ars, 

fo r bo th H3N2 (2/ 190 [1.05%]; 4/ 97 [4.1%] and 10/ 326 [3%] in 2010/ 2011, 2011/ 2012 and 

2012/ 2013, re spe c tive ly) and H1N1pdm09 (14/ 226 [6.2%]; 1/ 26 [3.8%] and 9/ 57 [15.8%] in 

2010/ 2011, 2011/ 2012 and 2012/ 2013, re spe c tive ly) , as c o mpare d with 0% (0/ 22) fo r H3N2 

and 2/ 218 (0.9%) fo r H1N1pdm09 during  the  first two  ye ars o f surve illanc e  (Table s 1a  and 1b ). 

The  inc re ase d re sistanc e  in H3N2 viruse s o bse rve d in the  3 last ye ars, whe n the  H3N2 

inc ide nc e  was highe r, c o rre late d with the  e me rge nc e  o f stra ins with V241I/ N369K in NA 

c o mbine d with D114N/ S202D/ S468N in the  HA o f H3 (data  no t sho wn). Ove ra ll, the se  

c hange s in the  NA and HA we re  re late d to  the  e me rge nc e  o f the  ne w 3C c lade  in 2011 (i.e . 

A/ Vic to ria / 361/ 2011).  

All 43 re sistant viruse s had ac quire d e ithe r the  H275Y substitutio n fo r N1 viruse s (n=27), o r the  

R292K substitutio n fo r N2 viruse s (n=16). No  o the r substitutio ns kno wn to  be  asso c iate d with 

re duc e d se nsitivity to  NAI in human influe nza viruse s we re  de te c te d whe n the  Na-ge ne  

se gme nt was se que nc e d fro m viruse s o bta ine d in c ulture  o n MDCK c e lls (ie . Substitutio ns at 

po sitio ns E119, Q136, N142, T156+D213, D198, I222, N294 and G320, se que nc e  data  no t 

sho wn). 

In 27/ 43 (62.8%) o f sample s in whic h re sistanc e  first appe are d, vira l lo ads we re  to o  lo w fo r 

phe no typing  (Table s 2a  and 2b). Phe no typic  c harac te rizatio n was pe rfo rme d o n 16 re sistant 

viruse s, inc luding  11 H1N1pdm2009 and 5 H3N2. In 7 c ase s (5 H1N1pdm09 and 2 H3N2), the  

phe no typic  c harac te rizatio n did no t sho w IC 50 va lue s asso c iate d with e ithe r RI o r HRI, like ly 

be c ause  o f mixe d se nsitive / re sistant po pulatio ns (IC 50 rang ing  fro m 0.1 nM to  7.6 nM, Table s 

2a  and 2b).  
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In a  signific ant numbe r o f c ase s (24/ 27 H1N1pdm2009 and 15/ 16 H3N2), the  re sistant virus 

de te c te d by the  mutatio n-spe c ific  RT-PCR, c o nta ine d a  mixe d po pulatio n o f H275/ Y275 o r 

R292/ K292 fo r at le ast o ne  time  po int (Tab le  2a  and 2b). In 22 o f the se  c ase s (11 

H1N1pdm2009 and 11 H3N2), o nly the  last PCR po sitive  spe c ime n was with a  re sistant pro file  

with a  mixe d S/ R ge no type . 

During  fo llo w-up, 11 o f the  43 patie nts (9/ 27 H1N1pdm2009 and 2/ 16 H3N2), we re  still RT-PCR 

po sitive  at Day 10 (as sho wn in Table s 2 and 3). Pa irwise  c o mpariso n o f the  thre e  study 

gro ups (tre ate d, no n-tre ate d and tre ate d but with a  re sistant virus) sho we d that vira l RNA 

was de te c te d fo r lo nge r pe rio ds o f time  in nasa l swabs sample s c o lle c te d fro m patie nts 

infe c te d with o se ltamivir-re sistant viruse s sugge sting  a  de laye d virus c le are nc e , with a  

me dian o f 8.1 days fo r the  tre ate d patie nts vs 9.9 days fo r the  no n-tre ate d patie nts 

(p<0.0001) and 10.9 days fo r the  tre ate d patie nts with a  re sistant virus (p<0.0001) (Figure  3) 

Similarly, the  time  to  a lle viatio n o f sympto ms was o ne  day sho rte r in tre ate d patie nts as 

c o mpare d with no n-tre ate d patie nts (p<0.0001, se e  Figure  4). Ho we ve r, de spite  the  de laye d 

virus c le aranc e  o bse rve d in patie nts infe c te d with o se ltamivir-re sistant viruse s, this g ro up 

e xhib ite d a  sho rte r duratio n o f sympto ms (bo rde rline  signific anc e : p=0.024, Figure  4). 

Re sistant viruse s e me rge d during  the  tre atme nt c o urse . In a ll do c ume nte d c ase s, the  re sistant 

virus re maine d de te c tab le  until the  last po sitive  de te c tio n, e xc e pt fo r o ne  H1N1pdm2009 

(patie nt 11 tab le  2a ) and two  H3N2 c ase s that had a  re sistant ge no type  at Day 3 and Day 6, 

re spe c tive ly, and a  re sto re d susc e ptib le  ge no type  de te c tab le  at Day 10 (patie nts 9 and 10 

Table  2b ). 

 

Discussion 

In Ye ars 1–5 o f the  IRIS study, re sistanc e  to  o se ltamivir in influe nza A viruse s was no t de te c te d 

in the  2316 Day 1 sample s analyse d (e xc e pt fo r o ne  patie nt that was e xc lude d be c ause  o f 

prio r antivira l tre atme nt, and 30 patie nts with the  natura lly re sistant se aso nal H1N1). This lo w 

rate  o f de te c tio n is c o nsiste nt with the  lite rature  and re c e nt re po rts fro m WHO, whe re  

re sistanc e  in initia l sample s is rare ly re po rte d 14,16,17,18 .This o se ltamivir re sistanc e  was de te c te d 

o nly in spe c ime ns c o lle c te d during  the  c o urse  o f antivira l tre atme nt, and mo stly in patie nts 

age d 1–5 ye ars. Amo ng  1207 patie nts with influe nza  A H1N1pdm09 and H3N2 viruse s that 

have  be e n inve stigate d, re sistanc e  was o bse rve d in 27 H1N1pdm09 and 16 H3N2 viruse s, with 

the  H275Y and R292K substitutio ns o nly, re spe c tive ly, re pre se nting  3.89% o f the  patie nts. In 

mo st c ase s, re sistanc e  was asso c iate d with a  mixe d susc e ptib le / re sistant virus po pulatio n, 

re fle c ting  a  pro gre ssive  se le c tio n o f the  re sistant po pulatio n during  tre atme nt. Be side s H275Y 

and R292K, no  o the r substitutio n asso c iate d to  re sistanc e  was de te c te d in the  NA. This 

sugge sts that as o ppo se d to  o bse rvatio ns in immuno c o mpro mise d, the se  two  po sitio ns are  

a lmo st the  e xc lusive  ‘ ho t spo ts’  fo r c hange s asso c iate d with antivira l re sistanc e  in the  c o nte xt 

o f o se ltamivir pre ssure  in immuno c o mpe te nt patie nts 13,19. 
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In o ur study, the  pro po rtio n o f R292K substitutio ns in H3N2 viruse s iso late d (16/ 662, 2.4%) was 

re lative ly lo w as c o mpare d to  Kiso  e t a l 20

Ac c o rding  to  analysis o f the  se que ntia l spe c ime ns c o lle c te d in the se  patie nts, re sistant 

viruse s e me rge d by day 3 o f tre atme nt fro m susc e ptib le  stra ins and we re  se le c te d by 

o se ltamivir. It is kno wn that the  fitne ss o f R292K H3N2 viruse s is putative ly se ve re ly impaire d 

. The  latte r re po rte d 9/ 50 (18%) o f e me rg ing  

re sistant viruse s during  tre atme nt in c hildre n with a  first de te c tio n at day 4 o f tre atme nt. In o ur 

study, we  re po rt o nly 7.7% (10/ 129) o f e me rg ing  re sistanc e . This diffe re nc e  may be  due  to  the  

re c ruitme nt o f c ase s (majo rity o f ho spita l c ase s in the  Kiso  study), the  sampling  pro c e dure s 

(nasa l washe s in so me  patie nts o f the  Kiso  study vs swabs in o ur study), and the  ge o graphic a l 

distributio n o f o ur patie nts. Ho we ve r, we  bo th suppo rt the  ide a  that mo nito ring  the  re sistanc e  

o f influe nza viruse s re quire s analysis o f se que ntia l spe c ime ns c o lle c te d in patie nts tre ate d 

with o se ltamivir. Surve illanc e  with D1 sample s o nly c anno t pro vide  a  c le ar pic ture  fo r an 

e me rg ing  re sistanc e  risk asse ssme nt, e spe c ia lly fo r H3N2 viruse s. 

21. 

This de te c tio n o f the  R292K substitutio n was pe rfo rme d by a  spe c ific  snip RT-PCR, a  se nsitive  

me tho d that c an de te c t do wn to  5% o f a  mino rity spe c ie s 14. It c o nfirme d a lso  that in mo st 

c ase s, a  mixe d po pulatio n is de te c te d, suppo rting  the  hypo the sis that impaire d NA ac tivity 

o f 292K viruse s may be  trans-c o mple me nte d by the  NA ac tivity o f R292 bystande r viruse s, as 

it has be e n re po rte d fo r mutatio ns at po sitio n 119 22 The  mutatio n spe c ific  re a l time  RT-PCR 

use d in the  c urre nt study as we ll as HA o r NA se que nc ing  we re  pe rfo rme d o n the  o rig ina l 

c linic a l spe c ime n and no t c ulture  base d o r ge ne tic a lly asse sse d by se que nc ing  o n c ulture  

mate ria l. In the  pre se nt study, o ut o f the  16 sample s in whic h the  R292K mutatio n was 

de te c te d, o nly five  c o uld be  c ulture d and subse que ntly te ste d phe no typic ally fo r NAI 

susc e ptib ility. Two  o f the m sho we d an inc re ase d IC 50 while  thre e  had a  no rmal IC 50. This lac k 

o f de te c tio n o f Re duc e d Inhib itio n may be  due  to  the  use  o f the  Na-Star syste m 

(c he milumine sc e nt assay) that is le ss se nsitive  than the  go ld standard MUNANA-base d 

fluo re sc e nt assay 23

The  H275Y re sistanc e  in H1N1pdm09 was the  mo st re po rte d in this study (27/ 43 R-Viruse s). This 

is c o nsiste nt with the  vario us re po rts abo ut o se ltamivir re sistanc e  in N1 viruse s in ge ne ral. This 

re sistanc e  e me rge d fro m Day 3 in 1/ 3 o f the  27 c ase s, no t o nly in c hildre n (tab le  3a ). Whe n, 

me asure d, the  IC50 va lue s we re  mo stly Re duc e d Inhib itio n, and so me  we re  No rmal inhib itio n, 

due  to  mixe d ge no type s (H275 & 275Y) and the  use  o f the  c he milumine sc e nt assay. The  

re sistant Brisbane  H1N1 that e me rge d in 2008 was suppo se d to  be  re late d to  struc tural 

c hange s in the  bac kbo ne  o f the  NA that fac ilitate d (impo se d) the  intro duc tio n o f 275Y in the  

NA po c ke t to  mainta in bo th virus fitne ss and HA-NA balanc e d ac tivitie s 

.  

10,24. In o ur study, the  

fre que nc y o f de te c tio n o f re sistanc e  due  to  a  275Y substitutio n gradually inc re ase d during  

the  surve illanc e , but the  limite d numbe r o f c ase s make s any inte rpre tatio n diffic ult.   

Ac c o rding  to  the  studie s pe rfo rme d re c e ntly, it se e ms that this path to  a  susta ine d 275Y virus 
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in H1N1pdm09 as o bse rve d in 2008 fo r the  Brisbane -like  H1N1 has no t starte d, but sho uld be  

mo nito re d 25,26

Po st-tre atme nt e me rge nc e  o f re sistanc e  in H1N1pdm09 appe are d to  be  mo re  fre que nt in 

the  last thre e  ye ars, a ltho ugh with no  statistic a lly signific ant tre nd, po ssib ly attribute d to  

insuffic ie nt statistic a l po we r. This inc re ase  in re sistanc e  o bse rve d fo r H3N2 viruse s c anno t be  

de te rmine d be c ause  o f the  limite d numbe r o f patie nts e nro lle d in the  2 first ye ars. The  

appare nt inc re ase  o f 292K in the  2 mo st re c e nt ye ars c o inc ide d with the  de te c tio n g lo ba lly 

o f a  ne w 3C H3N2 c lade  

. 

27

Last, o ur re sults c an a lso  sugge st a  re duc e d risk o f transmissio n a  NAI-re sistant virus whe n this 

re sistanc e  is de ve lo pe d during  tre atme nt. We  c o uld do c ume nt that, in mo st c ase s o f this 

study, re sistanc e  was o bse rve d o nly in the  last po sitive  c linic a l spe c ime n (30/ 43), whe n the  

vira l lo ad was signific antly lo w. We  c an spe c ulate  that the  risk o f transmissio n is c o rre late d 

with the  vira l she dding  and c o nc e ntratio n at the  site  o f re plic atio n. So , e ve n if we  a lso  

o bse rve d that virus de te c tio n (and she dding ) was lo nge r as c o mpare d with no n-tre ate d and 

tre ate d patie nts (Figure  3), the  risk o f transmissio n o f a  re sistant virus may be  lo w. 

. Whe the r HA o r NA mutatio ns o f the  ne w c lade  3C viruse s that 

e me rge d during  the  2011 Influe nza  se aso n re lative  to  e arlie r Influe nza  A H3N2 c lade s 

inc re ase  the  re plic ative  c apac ity o f R292K c o nta ining  viruse s similar to  V241I/ N369K in 

2009pdmH1N1 fo r H275Y, re mains to  be  inve stigate d. Similarly, the re  are  no  c lue s abo ut Ha o r 

Na substitutio n that wo uld inc re ase  the  re plic ative  c apac ity o f 275Y c o nta ining  H1N1pdm09 

viruse s.  

This IRIS study is unique  in pro viding  a  fo llo w-up o f re sistanc e  in a  large  po pulatio n with dire c t 

and se nsitive  sc re e ning  o f c linic a l spe c ime ns. Co mpare d with o the r studie s that have  

analyse d the  susc e ptib ility o f influe nza  viruse s at tre atme nt o nse t, it pro vide s de ta ile d data  

o n the  risk o f e me rge nc e  o f re sistanc e  in immuno c o mpe te nt patie nts, with so me  hints 

re garding  the  po ssib le  e me rge nc e  o f re sistanc e  in viruse s that display a  ge ne tic  bac kgro und 

favo uring  this e me rge nc e  and its susta inability.  

This study a lso  c o nfirms the  lac k o f c o rre latio n be twe e n de c re ase s in vira l lo ad and c linic a l 

o utc o me , e spe c ia lly whe n a  re sistant virus e me rge s.  
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Figure 1: Geographic distribution and patient recruitment during years 1 to 5 of the IRIS study 

 

 

 

Figure 2 Flow chart of recruitment of patients included in the study 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

 

 

 

No trt = no treatment 

H1N1s = Seasonal H1N1 circulating before the H1N1pdm09 2009 pandemic 
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Table 1: Resistance mutations detected by RT-PCR in the 1207 influenza A positive patients 

treated with oseltamivir, by study year and age group.  

 

Table 1a H1N1pdm09;  

 

Age group  

(years) 

Detection frequency of H275Y substitution n/N (%) * Negative RT-PCR at Day 10 for 

H275Y viruses 

Resistance rate (%) 

2008-10 2010-11 2011-12 2012-13  

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) 

≥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(H1N1)s virus are not listed in this table 

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

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

 

Table 1b H3N2 

 

Age group  

(years) 

Detection frequency of R292K substitution n/N (%) * Negative RT-PCR at Day 10 for 

R292K viruses 

Resistance rate (%) 

2008-10 2010-11 2011-12 2012-13  

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) 

≥13 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 2a1 kinetics of emergence of the H275Y substitution in H1N1pdm09 viruses as detected by specific RT-PCR and 

measure of IC50 values 
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Table 2a2 kinetics of emergence of the H275Y substitution in H1N1pdm09 viruses as detected by specific RT-PCR and 

IC50 values 

 

patient Year Age Visit Virus Load (Log) H275 275Y IC50 to oseltamivir

1 2009 13 baseline 5,6 x

Day 3 3,7 x NA

Day 6 ND

Day10 ND

2 2011 4 baseline 6,6 x

Day 3 4,1 x

Day 6 2,8 x x NA

Day10 ND

3 2011 1 baseline 5,7 x

Day 3 4,5 x x NA

Day 6 3,7 x

Day10 ND

4 2011 14 baseline 6 x

Day 3 4,7 x

Day 6 3,8 x x 130 nM

Day10 ND

5 2010 3 baseline 6.3 x

Day 3 5.9 x

Day 6 4.5 x

Day10 3.8 x x 68 nM

6 2011 1 baseline 5.4 x

Day 3 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

Day 3 5.1 x

Day 6 2.1 x

Day10 3.0 x x NA

8 2011 1 baseline 5.4 x

Day 3 1.5 x

Day 6 3.9 x x 0.56 nM

Day10 ND

9 2012 1 baseline 5.8 x

Day 3 4.6 x

Day 6 2.6 x x NA

Day10 ND

10 2013 4 baseline 5.9 x

Day 3 4.5 x

Day 6 6.0 x x 100 nM

Day10 ND

11 2013 6 baseline 7.5 x

Day 3 5.7 x x NA

Day 6 4.5 x x NA

Day10 3.6 x

12 2009 1 baseline 7.2 x

Day 3 4.5 x x NA

Day 6 ND

Day10 ND

13 2011 2 baseline 4.3 x

Day 3 3.0 x

Day 6 1.8 x x NA

Day10 ND

14 2012 38 baseline 4.0 x

Day 3 4.0 x x NA

Day 6 2.6 x

Day10 2.4 x NA

15 2012 2 baseline 5.5 x

Day 3 2.0 x

Day 6 1.9 x NA

Day10 ND

16 2012 1 baseline 5.1 x

Day 3 4.7 x x BA

Day 6 3.6 x x 0.36 nM

Day10 ND

17 2011 1 baseline 7.2 x

Day 3 4.3 x

Day 6 4.3 x x 7.6 nM
Day10 NDA
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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 oseltamivir concentration inhibiting NA activity  as 

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

 

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

detected by specific RT-PCR and measure of IC50 values  

 

patient Year Age Visit Virus Load (Log) H275 275Y IC50 to oseltamivir

18 2012 2 baseline 5.4 x

Day 3 4.2 x

Day 6 4.0 x x NA

Day10 ND

19 2013 3 baseline 4.0 x

Day 3 5.5 x

Day 6 4.0 x x 93 nM

Day10 ND

20 2013 55 baseline 4.6 x

Day 3 5.1 x

Day 6 5.5 x x 86 nM

Day10 2.7 x x NA

21 2011 2 baseline 6.8 x

Day 3 5.7 x

Day 6 3.0 x NA

Day10 3.1 x NA

22 2011 55 baseline 6.6 x

Day 3 4.6 x x NA

Day 6 ND

Day10 ND

23 2011 3 baseline 5.7 x

Day 3 6.1 x

Day 6 3.1 x x NA

Day10 ND

24 2011 5 baseline 6.6 x

Day 3 2.9 x

Day 6 4.7 x X NA

Day10 1.6 ? ? NA

25 2011 1 baseline 2.7 x

Day 3 5.5 x x NA

Day 6 6.2 x x 1.1 nM

Day10 ND

26 2011 1 baseline 5.7 x

Day 3 5.7 x x NA

Day 6 5.4 x x 53 nM

Day10 ND

27 2011 4 baseline 6.0 x

Day 3 3.4 x

Day 6 3.3 x x NA

Day10 3.2 x x NA
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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) 

patient Year Age Visit Virus Load (Log) 119E R292 292K IC50 to oseltamivir

1 2011 2 baseline 7.7 x x

Day 3 3.8 x x NA

Day 6 4.1 x x x

Day10 ND

2 2012 4 baseline 5.4 x x

Day 3 5.7 x x

Day 6 4.9 x x x NA

Day10 ND

3 2013 2 baseline 5.5 x x

Day 3 4.5 x x

Day 6 3.6 x x x NA

Day10 ND

4 2012 4 baseline 6.2 x x

Day 3 6.3 x x

Day 6 4.8 x x x  >1000 nM

Day10 ND

5 2012 66 baseline 4.4 x x

Day 3 4.0 x x

Day 6 3.7 x x x NA

Day10 ND

6 2013 4 baseline 5.1 x x

Day 3 4.0 x x

Day 6 2.5 x x x NA

Day10 ND

7 2010 20 baseline 4.5 x x

Day 3 3.6 x x x NA

Day 6 ND

Day10 ND

8 2011 7 baseline 4.7 x x

Day 3 2.7 x x

Day 6 3.1 x x x NA

Day10 ND x x

9 2012 6 baseline 7.7 x x

Day 3 3.9 x x

Day 6 4.2 x x x NA

Day10 3.9

10 2012 3 baseline 5.2 x x

Day 3 4.5 x x

Day 6 4.8 x x x 0.29 nM

Day10 3.0 x x

11 2012 41 baseline 6.8 x x

Day 3 3.3 x x x NA

Day 6 ND NA

Day10 ND

12 2012 4 baseline 5.9 x x

Day 3 4.1 x x

Day 6 5.5 x x x  >1000 nM

Day10 ND

13 2012 7 baseline 5.9 x x

Day 3 4.5 x x

Day 6 3.3 x x x NA

Day10 ND

14 2012 2 baseline 6.4 x x

Day 3 MISS

Day 6 3.9 x x x 0.1 nM

Day10 ND

15 2011 3 baseline 5.7 x x

Day 3 4.3 x x x NA

Day 6 3.7 x x

Day10 ND

16 2011 2 baseline 5.8 x x

Day 3 3.3 x x

Day 6 5.5 x x x 0.52 nM

Day10 NDA
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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 

 

Study Groups N= Median (95% CI) Kruskal-Wallis Test 

Treated Patients 1235 8.1 (7.9 to 8.4) p<0.0001 

Treated & Resistant 49* 10.9 (10.0 to 11.9) P<0.001 

Untreated 1004 9.9 (9.8 to 10.1)   

  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 H1N1pdm09 who developed 

resistance during the study plus 9 patients infected with Seasonal H1N1. All 49 patients were in the 
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Treated group. Three patients (two with H1N1pdm09 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 (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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study Groups N= Median (95% CI) Kruskal-Wallis Test 

Treated Patients 1115 5 (4 to 5) p<0.0001 

 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Treated & Resistant 47* 4 (3 to 4) 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. 

$: 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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Figure  1: Ge o graphic  distributio n and patie nt re c ruitme nt during  ye ars 1 to  5 o f the  IRIS study 
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Figure  2 Flo w c hart o f re c ruitme nt o f patie nts inc lude d in the  study 

 

 

 

 

No  trt = no  tre atme nt 

H1N1s = Se aso nal H1N1 c irc ulating  be fo re  the  H1N1pdm09 2009 pande mic  
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Table  1: Re sistanc e  mutatio ns de te c te d by RT-PCR in the  1207 influe nza  A po sitive  patie nts 

tre ate d with o se ltamivir, by study ye ar and age  gro up.  

 

Table  1a  H1N1pdm09;  

 

Age group  

(years) 

Detection frequency of H275Y substitution n/N (%) * Negative RT-PCR at Day 10 for 

H275Y viruses 

Resistance rate (%) 

2008-10 2010-11 2011-12 2012-13  

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) 

≥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 patie nts with A(H1N1)s virus are  no t liste d in this tab le  

n/ N (%) : numbe r o f viruse s with mutatio n / Numbe r o f viruse s te ste d (pe rc e ntage ) 

NA missing  data  (age -gro up and ye ar o f de te c tio n) 

 

Table  1b  H3N2 

 

Age group  

(years) 

Detection frequency of R292K substitution n/N (%) * Negative RT-PCR at Day 10 for 

R292K viruses 

Resistance rate (%) 

2008-10 2010-11 2011-12 2012-13  

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) 

≥13 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 (%) : numbe r o f viruse s with mutatio n / Numbe r o f viruse s te ste d (pe rc e ntage ) 

NA missing  data  (age -gro up and ye ar o f de te c tio n) 
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Table  2: Analysis o f the  kine tic  o f e me rge nc e  o f ge no typic  and phe no typic  re sistanc e  during  

the  study 

Table  2a1 kine tic s o f e me rg e nc e  o f the  H275Y substitutio n in H1N1pdm09 viruse s as de te c te d by spe c ific  RT-PCR and 

me asure  o f IC 50

 

 va lue s 
patient Year Age Visit Virus Load (Log) H275 275Y IC50 to oseltamivir

1 2009 13 baseline 5,6 x

Day 3 3,7 x NA

Day 6 ND

Day10 ND

2 2011 4 baseline 6,6 x

Day 3 4,1 x

Day 6 2,8 x x NA

Day10 ND

3 2011 1 baseline 5,7 x

Day 3 4,5 x x NA

Day 6 3,7 x

Day10 ND

4 2011 14 baseline 6 x

Day 3 4,7 x

Day 6 3,8 x x 130 nM

Day10 ND

5 2010 3 baseline 6.3 x

Day 3 5.9 x

Day 6 4.5 x

Day10 3.8 x x 68 nM

6 2011 1 baseline 5.4 x

Day 3 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

Day 3 5.1 x

Day 6 2.1 x

Day10 3.0 x x NA

8 2011 1 baseline 5.4 x

Day 3 1.5 x

Day 6 3.9 x x 0.56 nM

Day10 ND

9 2012 1 baseline 5.8 x

Day 3 4.6 x

Day 6 2.6 x x NA

Day10 ND

10 2013 4 baseline 5.9 x

Day 3 4.5 x

Day 6 6.0 x x 100 nM

Day10 ND

11 2013 6 baseline 7.5 x

Day 3 5.7 x x NA

Day 6 4.5 x x NA

Day10 3.6 x

12 2009 1 baseline 7.2 x

Day 3 4.5 x x NA

Day 6 ND

Day10 ND

13 2011 2 baseline 4.3 x

Day 3 3.0 x

Day 6 1.8 x x NA

Day10 ND

14 2012 38 baseline 4.0 x

Day 3 4.0 x x NA

Day 6 2.6 x

Day10 2.4 x NA

15 2012 2 baseline 5.5 x

Day 3 2.0 x

Day 6 1.9 x NA

Day10 ND

16 2012 1 baseline 5.1 x

Day 3 4.7 x x BA

Day 6 3.6 x x 0.36 nM

Day10 ND

17 2011 1 baseline 7.2 x

Day 3 4.3 x

Day 6 4.3 x x 7.6 nM
Day10 ND
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Table  2a2 kine tic s o f e me rg e nc e  o f the  H275Y substitutio n in H1N1pdm09 viruse s as de te c te d by spe c ific  RT-PCR and 

IC 50

 

 va lue s 

 
 

NA= No t ava ilab le  (missing  spe c ime n) 

Ne g  = Influe nza  de te c tio n ne g ative  

NC = No t c ulture d o r c ulture  fa ile d be c ause  o f lo w vira l lo ad by RT-PCR (Ct>32) 

IC50 value s we re  o b ta ine d fro m virus c ulture , and de te rmine d as o se ltamivir c o nc e ntra tio n inhib iting  NA ac tivity  as 

me asure d by a  Che miluminsc e nt assay (NA-Star), as de sc ribe d in the  mate ria l and me tho ds 

  

patient Year Age Visit Virus Load (Log) H275 275Y IC50 to oseltamivir

18 2012 2 baseline 5.4 x

Day 3 4.2 x

Day 6 4.0 x x NA

Day10 ND

19 2013 3 baseline 4.0 x

Day 3 5.5 x

Day 6 4.0 x x 93 nM

Day10 ND

20 2013 55 baseline 4.6 x

Day 3 5.1 x

Day 6 5.5 x x 86 nM

Day10 2.7 x x NA

21 2011 2 baseline 6.8 x

Day 3 5.7 x

Day 6 3.0 x NA

Day10 3.1 x NA

22 2011 55 baseline 6.6 x

Day 3 4.6 x x NA

Day 6 ND

Day10 ND

23 2011 3 baseline 5.7 x

Day 3 6.1 x

Day 6 3.1 x x NA

Day10 ND

24 2011 5 baseline 6.6 x

Day 3 2.9 x

Day 6 4.7 x X NA

Day10 1.6 ? ? NA

25 2011 1 baseline 2.7 x

Day 3 5.5 x x NA

Day 6 6.2 x x 1.1 nM

Day10 ND

26 2011 1 baseline 5.7 x

Day 3 5.7 x x NA

Day 6 5.4 x x 53 nM

Day10 ND

27 2011 4 baseline 6.0 x

Day 3 3.4 x

Day 6 3.3 x x NA

Day10 3.2 x x NA
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Table  2b  : kine tic s o f e me rg e nc e  o f the  R292K substitutio n and sc re e ning  fo r E119V substitutio n in H3N2 viruse s as 

de te c te d by spe c ific  RT-PCR and me asure  o f IC 50
 

 va lue s  

 
 

NA= No t ava ilab le  (missing  spe c ime n) 

Ne g  = Influe nza  de te c tio n ne g ative  

NC = No t c ulture d o r c ulture  fa ile d be c ause  o f lo w vira l lo ad by RT-PCR (Ct>32) 

IC50 value s we re  o b ta ine d fro m virus c ulture , and de te rmine d as o se ltamivir c o nc e ntra tio n inhib iting  NA ac tivity as 

me asure d by a  Che miluminsc e nt assay (NA-Star), as de sc ribe d in the  mate ria l and me tho ds 

patient Year Age Visit Virus Load (Log) 119E R292 292K IC50 to oseltamivir

1 2011 2 baseline 7.7 x x

Day 3 3.8 x x NA

Day 6 4.1 x x x

Day10 ND

2 2012 4 baseline 5.4 x x

Day 3 5.7 x x

Day 6 4.9 x x x NA

Day10 ND

3 2013 2 baseline 5.5 x x

Day 3 4.5 x x

Day 6 3.6 x x x NA

Day10 ND

4 2012 4 baseline 6.2 x x

Day 3 6.3 x x

Day 6 4.8 x x x  >1000 nM

Day10 ND

5 2012 66 baseline 4.4 x x

Day 3 4.0 x x

Day 6 3.7 x x x NA

Day10 ND

6 2013 4 baseline 5.1 x x

Day 3 4.0 x x

Day 6 2.5 x x x NA

Day10 ND

7 2010 20 baseline 4.5 x x

Day 3 3.6 x x x NA

Day 6 ND

Day10 ND

8 2011 7 baseline 4.7 x x

Day 3 2.7 x x

Day 6 3.1 x x x NA

Day10 ND x x

9 2012 6 baseline 7.7 x x

Day 3 3.9 x x

Day 6 4.2 x x x NA

Day10 3.9

10 2012 3 baseline 5.2 x x

Day 3 4.5 x x

Day 6 4.8 x x x 0.29 nM

Day10 3.0 x x

11 2012 41 baseline 6.8 x x

Day 3 3.3 x x x NA

Day 6 ND NA

Day10 ND

12 2012 4 baseline 5.9 x x

Day 3 4.1 x x

Day 6 5.5 x x x  >1000 nM

Day10 ND

13 2012 7 baseline 5.9 x x

Day 3 4.5 x x

Day 6 3.3 x x x NA

Day10 ND

14 2012 2 baseline 6.4 x x

Day 3 MISS

Day 6 3.9 x x x 0.1 nM

Day10 ND

15 2011 3 baseline 5.7 x x

Day 3 4.3 x x x NA

Day 6 3.7 x x

Day10 ND

16 2011 2 baseline 5.8 x x

Day 3 3.3 x x

Day 6 5.5 x x x 0.52 nM

Day10 ND
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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 

 

Study Groups N= Median (95% CI) Kruskal-Wallis Test 

Treated Patients 1235 8.1 (7.9 to 8.4) p<0.0001 

Treated & Resistant 49* 10.9 (10.0 to 11.9) P<0.001 

Untreated 1004 9.9 (9.8 to 10.1)   

  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 H1N1pdm09 who developed 

resistance during the study plus 9 patients infected with Seasonal H1N1. All 49 patients were in the 

Treated group. Three patients (two with H1N1pdm09 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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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study Groups N= Median (95% CI) Kruskal-Wallis Test 

Treated Patients 1115 5 (4 to 5) p<0.0001 

Treated & Resistant 47* 4 (3 to 4) 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. 

$: 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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