WO 2011/ 056149PCT/ SG2010/ 000425 1 RESI STANT | NFLUENZA A VI RUS DETECTI ON
METHOD AND KI' T THEREFOR FI ELD OF THE | NVENTI ON The present invention
rel at es twopoimist{4s), probes as well as nethod(s) and kipts20m®ioo@2s5 such
primer(s) and/or probes for the detection of the presence of |nfluenza A
virus. In particular, the invention relates to the detection of anti-viral
drug resistant influenza A virus, subtype HIN1. BACKGROUND TO THE | NVENTI ON
10 Influenza Ais an infectious disedase of aninals caused by type A strains
of the influenza virus that normally infect birds, and | ess comonly, pigs.
There are many subtypes of the influenza A virus. These subtypes are based
on the haenmagglutinin (HA) segment 4, which has 14 varieties and
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segnents of the virus that cause virulence. For exanple, influenza A
subtype, HINL _is_known to nutate quickly, and has been shown to be highly
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and t he BACRGROUNDTO. THE MIVENTION 64 children in the United Kingdom
dermnstrat ed a higher rate of drug resistance in HIN1 than H3N2 and

i nf'@enza B. 300ne of the nore comonly used anti-viral drugs in the past

was oselifffighya rA id tanVfedtisgsl maa@rmtméu@ycémdsw,aw@ah kiidds ofamever, the
ef fectiveness of oseltamvjr 5&3 with the ener enceq% HL N1 with - -
resi st arfflienga yigs thatingrpally 'H $. A} e} commaniy, RIE REs™PBYI at ed

wi th t heupgpes et [Héjﬁlaﬂﬁer&@|A(WG§)hTr$é§le Judkp¥s afélibased1angre \Wasmaggewriied,
because |t 1s |ocate nthe actjive sjte of t ne, ang ﬁ amvir:
b i g (HBY SRR 4. Bbiehdiaich Brelesanstirirsindtse SURY SRty B, WREh b9 v

i nhitBi t  Vdiefies: M ER sk BA6lbEGMEMS Bf BlenRUS thak biusesleRBR Vi I resi stance. 5

For example, influenza A subtype, HIN1, is known to mutate quickly, and has been
shown to be highly pathogenic and can cause severe diseases in man. H1N1 has been

_ viewed ‘as a model for rapid genetic evplution and pandemic change. Generally,

20 evolution is explained to be the selection of frequent copy errors generated by a
polymerase complex that lacks a copy function. These errors are then selected for an
evolutionary advantage, such as evasion of the immune response of the host, which .
allows the influenza to expénd and fix the selected mutation. Also, influenza viruses
.employ recombination for fapid evolution via homologous recombination. Therefore,

25 mutation in influenza occurs frequently and these variants may include properties such
as anti-viral drug resistance, ability to escape from immune recognition and the like.
Further, a study on 64 children in the United Kingd'oan\ demonstrated a higher rate of
drug resistance in H1N1 than H3N2 and influenza B.- | | e |

30 One of the more commonly used anti-viral drugs in the past was oseltamivir. it was
used as monotherapy for seasonal H1N1. However, the effectiveness of oseltamivir
dropped with the emergence of H1IN1 with resistance to oseltamivir. In each reported



Seasonal H1 N1 viruses with the H275Y nutati on becane w despread during the
2007- 2008 northern hem sphere influenza seasons. In 2007-2008, the H275Y
mut at i on wa0teseved in 64% of influenza A (HLNL) i sol RCesceololoeeed from
Cceani a, South East Asia, and South Africa (Hurt, 2009). Patients infected
with the oseltamvir resistant 10 virus were nore |ikely to devel.op
pneurmpni a or sinusitis than those infected with the wild-type virus. It was
wi dely postul ated that the energence 2f resistance in seasonal H N was
due to the selective pressure of drug therapy and that resistant virus was
likely to be less fit for disease transm ssion. However, resistant seasonal
HINL rapidly replaced susceptible wild ,type seasonal HINl1 in the face. of
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unexpected. The real question was whether oseltamvir would fail when used

as nonotherapy in a life threatening case of influenza with the H275Y
mut at i orMorééreesrgiynindthet2000 fludpdraienid, dhe sewssirain ofHliNG, dnflileazpactH1NI@ sane

et hor D08 BeRied AP ARFE By of it R R B RERREBE IS b GBSt
gl)(r)nbalan'?mpﬁéﬁ; :gzrgf VAmml ru&am?ﬂ:/m%ghﬂuemzazm“ﬁhzhamnraam agiapaniilengabbevae t he

205 prmhieaes e fuar RS WA el tT s A R R i s summey
CF THE |d¢gpENEItENe a result of reassortment of human lnfluenza and swine influenza viruses, -
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‘The principle mutation (H275Y) associated with oseltamivir resistance in vitro haé also
25  been recently reported in at least 39 cases of HIN1 (WHO Pandemic (H1N1) 2009 -
update 71). The clinical importance of this mutation in this virus is assumed from in
vitro data. The worldwide: prevalence of this mutation in seasonal H1N1 rapidly
increased from being neghglble in 2007 to up to 95% as of March 2009 o
(http://www.who. mt/csr/dlseasellnfluenza/h1n1 tab|e/en/|ndex html). -
30 . . : |
Influenza A (H1N1) 2009 was first detected in Singapore in May 2009. In an attefnpt to
slow down the spread of the virus affected patients were kept in isolation until the virus
could no longer be detected by PCR, which was taken as a surrogate marker of



15 Wth the rapid energence of new strains of Influenza A viruses with
mutations in the genone |eading to properties that allow better survival of
t he viruswpreotisetdody, early detection and treatnent i sPETSEROI0AV0RD
eradicate the virus. Ml ecul ar biology techniques |ike PCR and RT- PCR may
be used for the detection of the virus. However, 20 since the Influenza A
viruses are prone to nutations, the sensitivity of the primers used is
fundamental . Al so, as the energence of resistant virus is . of public health
i nportance, specific and/or sensitive detection nethod(s) for anti-viral
resistant influenza A virus, is essential. 25The severity of disease due to
I nfluenza A (HIN1) 2009 is in general simlar to that of seasonal HLNI,
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cost-effective diagnostic and prognostic reagents for determ ning infection
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5conprising a pair of oligonucleotides according to any aspect of the
present invention and at | east one probe. According to yet another aspect,
t he presawd 20msatdoon provi des an anplicon anplified fr@QriSeRiWON®EAS A usi ng
at | east one forward prinmer conprising, consisting of or consisting -
essentially of the nucleotide sequence of SEQ ID NO 1, fragnent(s), 10
derivative(s), nutation(s), and conpl enentary sequence(s) thereof and at

| east one reverse primer conprising, ¢onsisting of or consisting
essentially of the nucleotide sequence of SEQ ID NO 2, fragnent(s),
derivative(s), nmutation(s), and conplenentary sequence(s) thereof.
According to one aspect, the present invention provides at |east one nethod
of 15detreqmésms;1a$ tre mecessarg éeahholopy isurelatiaep unavaiablen emplical mghatbérappnpl e,

bi ol ogi oA SR WeuleBecd Yesd comtertabje A beBfcR EvoREn 87 he e,
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bi ol ogi ke TaApYAY SSirE;celicrn Bt &Rl ob AT AR e o etz A H@a)

puri Bi edkOgadis@ssentipl.i fied fromthe biol ogi cal sanple; and
detecting any binding resulting fromthe contacting in step (b) V\/nereby the
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the pre |nven on an
influenza A viruses and/or disease condltlons associated therewith. In particular, the

oligonucleotides of the present invention may be used to detect anti-viral drug resistant
influenza A viruses. The anti-viral drug that the influenza A virus strains may be
resistant to may be a neuraminidase irih‘ibitor such as for example, oseltamivir,

15 zanamivir, peramivir, or analogs thereof. In particular, the influenza A virus 'may be
resistant to oseltamivir. More in particular, the anti-viral drug resistant influenza A virus
may be of subtype H1N1. These primers may provide an informative influenza assay
that can be performed in thg field, i.e., at the point of care ("POC").

20 According to a first asped, the present invention provides at least one isolated
oligonucleotide comprising, consisting essentially of, or consisting of at least one
nucleotide sequence selected from the group consisting of: SEQ ID NO:1 to SEQ ID
NO:3, fragment(s), derivative(s), mutation(s), and complementary sequence(s) thereof.
vThe oligonucleotide may be capable of binding to and/or being amplified from influenza

25 A virus. The influenza A virus may be an anti-viral drug resistant strain. In particular,
the anti-viral drug may be ’ose|tamivir. The anti-viral drug resistant strain may be of
subtype H1N1.

According to another aspect, the present invention: provides at least one paif of
30 oligonucleotides comprising at least one forward primer and at least one reverse
primer, wherein the forwarid primer comprises, consists essentially of or consists of
SEQ ID NO:1, fragment(s),fderivative(s), mutation(s), and complementary sequence(s)



6 aspect of the present invention. The anti-viral drug resistant strain may
be of subtype HLIN1. According to another aspect, the present invention
provi des wb 2be@st140ne kit for the 5 detection of anti-ycraicaenmwgonssi st ant
influenza A virus, the kit conprising at |east one oligonucleotide or a
pair of oligonucleotides according to any aspect of the present invention
and/ or .a sequencing prinmer according to any aspect of the present .
invention. The anti-viral drug resist@ant strain may be of subtype HIN1. All
prinmers and probes may be m xed to construct nultiplex one-step

fl uorescence probe-based real-tine PCR 10in one-tube with high specificity
and high sensitivity. According to a particular aspect, there are provided

hi ghl'y &ﬁé}ébﬁéﬁdqh@%*eﬁééglrﬁéﬂcoﬁfdnﬁ@é %oné.gtagmm.%u;ambpéor@%w MEEQES thereof
useful in_a method qpabl e of detecti n% oseltam vir resistant
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exam ne the specimens fromipatients with influenza A and in particular -
oseltamyvir resistant influyenza A of subtny pe HLN1. The priners ma
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i n egch dofpriting™ pdir HdligbAticlédiResabcdte ng% AP @8pedt GAthe\blekemanampas ent from
the follow n descrl ption, preferred enbodi ments of the present invention

al | ow arfney feag °’l?s%f°B? the ol | gonucl eoti des to take advantage of the
specificity and selectivity of these primers. This and other rel ated
advant agesgomird tobet aﬁ@taéleaépew tisk present m@arrﬁneﬁspré\xdw émanﬁmmrainmlinem bel ow.
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sequences e nal.ys sequ ead, i s
ST ny wabeiredd e 6 RO S ol EPERRY mupl ERENTEITER Y .. The G
peak i n defgersdeag)@itbrésfx vari es between 0 and 1 (normalized units), whereas
the A peak after the G varies between 1 and 2, since the subsequent

According to one aspect, the present invention provides at least one method of
15 detecting the presence of influenza A virus in a biological sample, the method
comprising the steps of: |
(a) providing at ieast one biological sample;
(b) contacting at'least one oligonucleotide, pair of oligonucleotides or set of
oligonucleotides according :to any aspect of the present invention, with at least one _
20  nucleic acid in the biological sample, and/or with at least one nucleic acid extracted,
purified and/or amplified from the biological sample; and
(c) detecting any binding resulting from the contacting in step (b) whereby
the influenza A virus is present when binding is detected.

25 The influenza A virus may be an anti-viral drug resistant strain. In particular, the anti-
viral drug may be oseltamivir. The anti-viral drug resistant strain may be of subtype
H1N1.

According to one aspect, the present invention prévides at least one method of
30  amplifying anti-viral drug resistant influenza A virus nucleic acid, wherein said method -

comprises carrying out a pé)lymerase chain reaction using at least one forward primer

according to any aspect of the present invention and a reverse primer according to any



5nucl eotide in the sequence is A (a) Readings taken on 27th My,
Directly on sanple; 100%wild G (b) Readings taken on 27th May, viral

i sol ate; WO Miskd9G (c) Readi ngs taken on 29th May, DeresiGhyiomnasnpl e;
100%wi Il d G (d) Readings taken on 30th May, Directly on 38hr
sample; Wld Gis 76% and nutant A 10is 24% (e) Readings taken . on 30th
May, Directly on 45hr sanple; WId Gis 46%and nutant Ais 52% and (f)
Readi ngs taken on 30th May, Cultured &anple; 100% nmutant A. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15 Bi bl i ographi c references
mentioned in the present specification are for convenience listed in the
formof alist O references and added at the end of the exanples. The
whol € CoppeatofGhe PHEBNPINDEAIRE! TRE afti-VRdIRIrGd Ffstart stalreiBy ibBCRsRBfypé ed by
reference, 20Definitions The term "biol ogical sanple” is herein defined as
a sanplé*HY1any tissue and/or fluid fromat |east one animal and/or plant.
Bi ol ogi cal sanples may be aninmal, including human, fluid, solid (e.qg., -
stool) or tissue, as well as I|qU|d and solid food and feed 25 products and

i ngr edi étcerding: ko asothey Aspact dhe Pressgbinysntien pravides Aldesstanepkit fardheict s, and

wast 6. Bigpdigh OrlanBaFRl &dg rF@éistEﬁt |ﬁ’@|§éizaw viri® the kit c@fnph@iﬁg \éft”iéé@,ﬂéné ani | i es
of donmestic aninals, as well as feral or wild animls, including, but not

i ni t ed Qligonugiratide Mir A Pair £5 dligenucipotides perprding jta @nw%ﬁgaﬁowpwg PresRiint s,

etc. Envhidnis®ahdlbor 8 3BRL&R gf}ﬁin‘\’é?’%cewln"gQB %ﬂ?tagbedif%t el grbsenit frlveAgors ur f ace
matter, soil, water, air and industrial ’ wel | as sanpl es

obt ai nediHer aii-YiE dirich ERsipaNtyPtiaINomaY denef M&)tpfedrmm sA" Hﬁ’ﬁﬁfsa?'ﬂﬂs pr@&ﬁl prent ,

utensi | SmaydbéHmttb%oamcnﬁnuméle&maé@é@fmar@g&ncéf pRbe-sRsad st SnmarECROot to be
construed as lim¢tin npl e t¥\ pes applicable to the nmethods discl osed

her d0n. D ANriyke with @Qh sae%fiqﬁvagﬁie sepRtYY- may be of any tissue and/or
fluid 5fromat |east a hundn being. The term "conpl enentary" is used herein
in reference_to polynucl eotides (i uence of nucl eotides such as an

|
ol i gonuchesatding to@ Rattishige asperty &3’?"(53 aﬂf?oBf°Y'a?‘ét%Qi"3b3?e”S't'Ve and specific

~ primers, fragments and/or derivatives thereof useful in a method of PCR capable of
detecting oseltamivir resistant influenza A virus DNA in patient specimens. This test

15 may be used to examine the specimens from patients with influenza A and in partictjlar
oseltamivir resistant influenza A of subtype HIN1. The primers may be sensitive and
specific. Further, at least one IC molecule may be included in each reaction to monitor
the PCR performance.

20 As wiII'be apparent from athe'following description, preferred embodiments of the
present invention allow an 6ptima| use of the oligonucleotides to take advantage of the |
specificity and selectivity of these primers. This and other related advantages will be
apparent to skilled persons from the description below.

25 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the results of a clinical examination of a patient, 28-year-old female .
American naval officer. The results show the hourly trend of temperature, clinical
symptoms, PCR test, positivity, and oseltamivir treatment whereby "1" denotes .
30 oseltamivir served or clinical symptom reported or posmve PCR test result and "O"

denotes absence.



the base-pairing rules. For exanple, for the sequence "5 -A-GT-3"," is
conplenentary 10 to the sequence "3'-T-C-A-5." The degree of

conpl emrernwarotyosbwween nucl ei ¢ aci d strands has si gni f iPCasG2efofoeees on t he
efficiency and strength of hybridizati on between nucleic acid strands. This
is of particular inportance in anplification reactions, as well as-

detecti on nethods that depend upon binding between nucleic acids. ‘In
particul ar, the "conpl enentary sequence" refers to an oligonucl eotide
which, when aligned with 15 the nucleic acid sequence such that the 5 end
of one sequence is paired with the 3' end of the other, is in
“anti-parallel association.” Certai n bases not commnly found in natural
nucl ei c Figurd® smwsbﬁe pyposeqiethcing selaenves [(Pyrogesm thaced efdizyd¥dartadyses)n and

i ncl ude,,for exa 7-deaza enen i.ty,need not
e por 1 ILE. SeTAArE Ba IS L CTARTA. i SRR L b eI B Ra BA5s o mt e
bases. Thatatiorskitd. | e GnpedlQint the atddedfbdxuudrescbmwh Oewtmol(ogvynatlaed o
determ ne. ex stabilit i,rigall opsi dey i anu er vari abl es
et ual 91k SnetsalBr s baake iR i arée RENRe LRI pasPreI® sa%%tpos. Li on
and Sequmnteetldémtth@seduegomst:Aeot| de, ionic strength and i nci dence of

m smat ched base pairs. Where a first oligonucleotide is conplenentary to a

regi on t, nucl b cl eoti de has

Conp! et ArgAtd i e Auh 188, PuBRly h SFRSE oPor 8IS Tt < region) @
"region of overlap" exists.along the target nucleic acid. The degree of
over | ap (bpireadings tlegreomi27th Mayowirallisolatet ¥00 wild Ghe conpl ementarity. The term
"conpri5|ng is herein defined as "including principally, but not

necessar( ad?’i%sstgltfl éfq% othr'\i BFrBB[fqnl §J§ﬁ‘qlé SloBY wTer | sing” will ‘be

automatlcal y rea e person s n the art —as |ncI udi ng -

"consi st ng The vari ations of the word ri sing", such as -
"conpri 4@y aaftingsd@hm pr 88th, Maya Riresthy %é%ﬁ@m@& ;W'Jﬁh@l'% 6%eeangi "ﬂ'@f@"tAThe term
"der bvat . herein defined as the chem cal nodification of the

ollgonuc eotldes of the present invention, or of a polynucleotide sequence
conplenentary to the oligonucl eoti des. Chem cal nodifications of a

pol ynucl(ebReeingsclgkemer 38‘&‘HV'W1(9'@6@’ op éﬁhre%@ﬁ?ﬁlﬁ Vild Gis é@"é’r%‘ﬁ’tm%a”%dr ogen
by an alikgby,- g&y!. or Sam no group. The term "fragnent” is herein defined
as an inconplete or isolated portion of the full sequence of an .

ol i gonucl eotide which conpriseg the active/binding site(s) that conf ers the
sequencdf \ﬂeﬁq"lgﬁéaliel'?é’r”a%qﬂeMagtFE'E-"%EF’WEHCWQ}]”B‘F ¥Ae ol i gonucl eotide. In
particular, 10 it may be shorter by at |east one nucl eotide or am no acid.
More i n PETAILED DESCRIFTIONAGFTHE PREFERRED EMBODIMENTS site(s) that enabl e
the ol igonucleotide to bind to influenza virus. A fragnment of the :
olldénucleotldes of the present invention nay be about 20 nucleotides in

Ien?th l?jlﬂlld@?éﬂl’t‘l&kéféﬂ’encéﬁﬁtelnﬁéﬁﬁdlanfhetdfr@sérﬂ%@Blﬂéat}mYarbef]?ﬁboh\&aﬁncabOut 10
nucl eotides in For . ex ment of t orwa i mer

15 conpristed 'HtthFZ%{gt of 8, "SELQF 6?%%“&95 gt &ﬁ’l“\/@hﬁﬁ gpie&egk?)f SEQ | D
NO 1, anghdl céientiopgectssibiigrafic ré_vefeﬁéamg hérirdihcdrpoditedly, refe?enctd, 18, 19,
20, 22, or 24 consecutive nucleotides of SEQID NO ?, Mre in particular,
the fragnent of the prinmer nmay be at |east 15 nucl eot| des in | ength. 20The

t er po' HAYSfnitions herein defined as the nutation in the gene in the Influenza
A virus which would result in the original amno acid at position.275 al ong

th t chan f th ted wild t

(1 st i T e BofoofSe) b raPiE b heFe e ales B sl i aw i PR B0fene 1 s o

Si ntgl e Fffbnﬁﬂat {I&Es@tdnérhrfmelnbr&i/@/blﬁﬁl fBﬁolb@iSﬁ stam;aesThwsn mabm matﬁa‘hg term
"intern on no C | S er el I N VI

transcri é@ﬁ%h&éﬁr?l ch°9LboP%8§ﬁ”§ i el 2 % "8‘(5'8 ?P&SF‘?lla f8° f'tdh{@egarre |

llor i psr S;frbdticms ahdiingtsiieras Yidhiss daigdtants, Vbgetasies adeatiandhreatiggeodudts)vent. ihon
n articul ar m xe acti.on X e ni tor the

per 1I‘Oor nsﬁﬂfjle wast ep%t?'?%“ga\%m?? d‘?FeQB{aﬂ?& rm Al of mﬂﬂéaft?t‘abfémﬂgs ftect

this. .| QidﬁﬁJé@Cldn&nmyaises laecfel’fal or tvid tahﬁ!nalsltlacludlng plwttnomfllnilthd $o, Huabl ECL'II e.

;I]-g![ﬁr;ntaenrlrlnglrs gs ungula s ear tf'sﬂctl I%bgrlnloxahg,e %o%nfas e‘? nV| nr?q%taf)%grl%les

include environmental material such as surface matter, soil, water, air and industrial



10 The term "influenza virus" as used in the context of the invention

i ncludes all subtypes of influenza viruses that fall under the categories
of "avi arwDrplweseEa vi ruses” and "human i nfluenza vir us@ST/SGTN®/ DR uenza
viruses may be influenza A, B or Cviruses. In particular, the influenza A
virus may include but are not limted to HIN1, H3N2, HS5N1, 5 H5N2, HS5N8,
H5N9, H7N2, H7N3, H/N4, H/N7, HON2 and the like. The term"nutation" is-
herein defined as a change in the nud ei ¢ aci d sequence of a length of

nucl eoti des. A person skilled in the art will appreciate that small |

mut ations, particularly point mutations of substitution, deletion and/or
insertion has little inpact on 10 the stretch of nucleotides, particularly
when t hesampidseias wali ds samplessalaiaed [iloobémd d#ut daidi pgicgssindénstruments,

ot o7 B ERREFO A pRobBRI R FOL BBl RN TFRIRERI s oy 1 cas

one ngplaee)triodao beircohstryedt be lndifirgp thec Isempled /sy appdicabie ito ahe viaethpds hgreof
hence, e <leh derhrROM R 3 urBe PR E aiafid pf By 5o SROAEC" i

nmut abi orff®maatdealst rai humtandssing. For exanpl e, if nutations occur at a few base.
positions at any prinmer hybridization site of the target gene, particularly
to the 5 -termnal, the sequence of priners may not affect the sensitivity
and t he Beetarhi tomplerfieritémg” [is iused sher&if Tihereferemce’ ta glofnaclactidesi (Let, ha ’

bi ol ogi cal npl.e" refers t anpl e t.hat j nucl.ey i (RNA or
one) 1 epue R Sl ek % PRI oolef e SRR Mg ol i PR
i ncl udi nbe bbsd-paiong rules. tFod ekample ofod thessdqueace GaAeBTal’,"Ipicomplefrientadly pl eur al
fluid, nl I ' umand, se [ cleot | cording to
the1§r eg]%r%ﬁé isﬁéﬁ}gﬁoﬁwﬁg&?ﬁ ulsqgfdtﬁapeaesgfg;ﬂnﬁ%g@egﬁﬁ odr)&g'%%'gg]z'cgﬁd%r@y be
used i n strahtdotss ignifispre cafecisadn thedsflicericy ramdasiteingthi ofahybddiagtionelseteeemt
i nfluen in. I it aj ni. | S i ipfl uenza
and o SLREIS $hif e AR Ty EeARdR st R A BRbr kBBl & wef! 0"
sequences ddtedtioa methods thahdepgndbean bindingeepwamentclein\asidsi bmpartieulaiesi gned
to hybrigl 26, sHERLIBRALY RO IAFILDT Ror MRofidS WHIA hinbh 7 Qi) genomes
that are unfque 10 e genone Of each styain, bu 1th are also conserved
acr dss rtheyuoleiclesiEs sequehce secttthat thead'rend dflonEhseqpenceeisspagred ovithi thg ¥ o any
aspect of t anyenti he  us 0 disti [ h type of
ir g, r eSS rd PABRIL I, XTI koo CHnin p3ked haRteTholl g Yo
part i culratyrakelgir acids mapbe inalideg in thet fuelgic acidmdis¢losesihdrein amdyndhedeused t o
di stingyi Of. L ff : S nt
i nfl uenﬁgﬁ%awb?%s. _ v%;a f}é?aefapﬁargg%tf%rﬁﬁém@h&?hﬁ&%%???&étr gé H’g?éqg’zgtiés!éeld to
di st i nguluplexesiimayecordai mismatched hase Pairgion uRhsiched tiages. nthoserekilledwn i on, |
sea%%nalthy%hljdf nﬁ&gié%@%l tem?og?r@nto]é?er“r}éeduplex stability empirically considering '
a number of variables including, for example, the length of the oligonucleotide, base
composition and sequence of the oligonucleotide, ionic strength and incidence of
‘mismatched base pairs. Where a first oligonucleotide is complementary to a region ofa
target nucleic acid and a ‘second oligonucleotide has complementary to the same
25 region (or a portion of this fegion) a "region of overlap" exists along the target nucleic
acid. The degree of ovferlap may vary depending upon the extent of the

. t
complementarity. '

The term "comprising” is h:erein defined as "including principally, but not necessarily

30 solely". Furthermore, the térm “comprising” will be automatically read by the person
skilled in the art as includiﬁg “consisting of". The variations of the word "comprising", -
such as "comprise" and "comprises", have correspondingly varied meanings. |



The drug resistant strain of influenza virus may be resistant to one or
nore drugs selected fromthe group consisting of: amantadi ne, oseltamvir,
ri mant adiwe,2oz@zanvi r 10and the |i ke. The drug resi st aprtTscraionoohs
i nfluenza virus may be a nulti-drug resistant strain which may be resistant
to a plurality of drugs. The oligonucl eoti de sequence nmay be between 13 and
35 linked nucleotides in | ength and may conprise at |east 70% sequence
identity to any of the sequences seleétted 15 fromthe group consisting of
SEQIDNO1to SEQID NG 3. Askilled person will appreciate that a given
primer need not hybridize with 100% conplenentarity in order to effectively
prinme the synthesis of a conplenentary nucleic acid strand in an
anpl i fi ciel @8t eQefivlive," AisPhefdii dafnelY BS | tHeZ @heMRdal ANEdifikatiBRT 6f IRGNENL S
such that intervening or adjacent segnents are not involved in the
hybri di 24gPReieolides | of dhg. Presspt ivgeniionpPle, ofa A RAYUCIEQHER r 8EBIENSE hai r pi n
struct Uro@)'nglérﬁ‘e t foCtheasligohbiSleStRIdE € Chemial tnikiftlati s UE laepdlyklRigtde have
80% 85% 90% 95%or 98?%se uence |dent|t¥9;gm§ng one of e sequences
r9o%

sel ect ePeAMEIRCt $RN HiCBIdE: (YRR replacespent b DY pIYINGCY: Ohn ext ent
of vari amiedgup/0% to 100% or any range therewithin, of the sequence 25
identity is possible relative to the specific prinmer sequences discl osed.

Det erm nati on of sequence identity is described in the follow ng exanple: a

primer 2fhendfrh ERagHBR” ishhéreCddlinelliaghar mcoipRid 6@isolatedapsHibrebf Hi full
nucl eotides in |l ength FI’I nmer. having two noni dentical residues hatsﬁr18 of 20

i dent i cACAHYGER]SD Qliggnygicatidg Whidly Caspprises daACvelNdiRg $1R(S) that Conther

exanpl e th@ sequdiee with theleheratiefiSticsi dhdl faRdioR didivd BrgoaLtiestRfel. thipartid@adent i cal
to a_15 nucl eoti des segnent O{Nbgl mer 20 nucl, eobages in length woul d have
n

15/ 28 = Tompy RS shaster Qygatelsast RUFIEQNiAR ehamine agdnlore st padsulanither . 12

Eer eent f%mnlt)%mpﬁewm%mdﬂ@tsitém Wfat CETEDIE RN oAgoriutleotidd thevikteter m ned
y, tor exa pro

. e, the Gag.t gram GHWscons' n Sleﬁuence Ana\}%miil S Pacggge, B

Ver si on i&luegea Ys, A dagdent oF dng onucleptins, ofURPWRIESSRtynYGaLian May B K,
Madi son afblt 20/ idMEotides aliehgthelr paracularhedéndth @ tHe! TRagihed® hridyhy® &fiedsti th and
WAt er man bgAdv. A@pl._ Math., 5 1981, é 48%-48%&. Absl§| Ilgjdwperson is able
to cal ciAbRe1)apeEAtdesdflrngth FAisxpmplp. e [sagraenttof dae IRWak MR By and
a?' qst 0 déﬂip?i‘séﬁaflléast}/\ﬂ;jd, hgy:s,wmobr? %%h@éédﬁ?@h@&lé&iﬂﬁstdﬂs_&‘i foENDS1 ,?ﬁd)‘bﬁlr iation
of prinmer sequence identity on the nctio priner_in its role in
prim ng tE?/Fﬁ“%é%q Rngsr ’Ha%B?f%Présr?e??B%ﬁﬁ'/th {%ﬂ% gé {ﬁjgpeé% A G4 LNSECUYVS duct i on
of an aruciebtidedt HIOSEQNDNODL; Mble i pticudr, e fiayment e thalpsmemiyiag 881t Se a
pair of oli qgnucl e |de? a&cor ding to any aspect of the present inventi-on
and at 1'@8-{1°GHEepIYRSEN 'eAGHD: pr obe may be | abel ed with a fluorescent dye at
5" and 3' ends thereof. Exanples of the 5 -labeled fluorescent dye may
i ncl_ude,_but -are limted to, 6-carboxyflyprescein (F hexachl or o- 6-
|5 2l bt A is Netiyienie eleionatan Babngagt Inioe dukknza AdiEe - °
gyani ne-vﬁhiérC?o_Emw rEsqmniﬁd Itﬁséo@éinél[)miﬁé abialaebeﬁticlid Em g1vAg ftie ql_aAteoamwdaslbrdei(

ut are not limted, to, 5- carboxytetranethylr a an ac
ol & ueNaRE Chapng SoTHB ePates Wik Roe o GURIBIRLE: Y uaarasine) nite At
i nvent i aihafge iMehelfifidenza Yérid BUS sgld @bt adlitstion from a Cytosine base to a :

. Thymine base.

25 The term “internal control (IC) molecule” is herein defined as the in vitro transcribed
oligonucleotide molecule w‘hich is co-amplified by the same primer set for influenza
virus used in the method'of; the present invention. In particular, the IC may be mixed in
the reaction mixture to moﬁitor the performance of PCR to avoid false negatfve results.
The probe to detect this .IC molecule may be specific to the interior part of this

30 molecule. This interior part h1ay be artificially désigned and may not occur in nature.



20 anplification techniques known in the art; such as, for exanple,

Pol ynmerase Chain Reaction (PCR), Nucleic Acid Sequence Based Anplification
(NASBA), woansiassfabi on- Medi ated Anplification (TMA), Rolpkirng26iorcdses
Anplification (RCA), Strand Displacenent Anplification (SDA), thernophilic
SDA (t SDA) or Ligation-Mdiated Anmplification (LMA). The oligonucl eotides
of the present invention nmay al so be used in a variety of 25 nethods known
to one of ordinary skill in the art fir direct detection of influenza A

wi t hout anplification through direct hybridization with viral nucleic
acids, or to detect DNA or RNA copies of viral nucleic acids, or their
conpl ements. The ol i gonucl eotide according to any aspect of the pr esent

i nvent i oren@bm biRflusiRd virls'Bas ded TR tROEorteNt of bR Hedhiikdudds difubtypega from
either a cl | nical or a culture sag&oﬁﬁtswher ein the clinical sanples may

i ncl ude Bubflugneandiuses Mt dall wgder goifgedl aviRks lflughzp t"ﬁl‘sﬁét aEWabs as

wel | as “RiRSR NRENR0RRISeS!S Phé AFIESNANGrLSES RS beTr'TfﬁJeﬁké Al B CoARBES IARY

under go reI m nar rocessin rior to testing to allow nore efficient
dot cct GRGarBEUHUR0RS BB NG iBcuts B FBobal & HINE ENRHoNiay be

col | gct agbNg) HoNEY HeROAHPRE, NS, HIMER eI7N7MRINR BhE theSikabi | | ze the virus.
Nasopharyngeal , nasal and tthroat swabs may be added to a transport nedi um

Nasopharyngeal aspirates and washes may or may not be stabilized by

addi ti onmTHef tekrh 2RRiRAOh” KEKEr&IM defR6E® ak %Céhdﬁgé ifthd h@cléle%hldﬂﬁbdu@bég otary, the
be inactivated and I%(m@&to liberate the viral he nucl eic

Vi rus
acid ma”3 RASR 0 RLFIFOH %e% R5ESAK iBdhe artwi Qreﬁéﬁt%mqtaﬁmqurmw@f'?'lﬁ's or

ot her i rgapfiduirly Hoird @R NAtonefof kabQitutidh Sdsletidnedf/or ifsdpfdrf RagTitid PnpERt Beds of
the inveption, viral nucleic acid wEn e m xed wi.th conponents essentlal

f or 19pedn® istrelgh; efcPugieptides.i PATICHS YA RErRECIRE: PR 8fe Yeed@FiRIgPEhe

pr esenceadebrdinyly, Ltﬁezag&wudédﬂaeqw adcdrding agl tﬁé-bré@éi‘iﬂhr@e@ﬂ&ﬁ @hcémpagses hod of
anplifyin resi sta Vi rus nuc ejc- acid may

the anti-vi
B e o o, Sl BRSPS 2deRR A08 PUROIE £ cul ar
the st eﬂ:@ﬂweanﬂlﬂe}’ﬁllg?onﬁalﬁoﬂld@@é)udﬁd SRAiVaTels) dthelof €adcBrdify té QHé iresdrite

sequenci.ng step a_nmet hod of pyrose yenci ng usin Henci ng pri mer
conpri si'd ““E'E‘)H&qys 'f‘?]gmf@’bE%é’mqeé?)l%dotfen Br AR °§H?'ﬁg‘ ‘gl(ss)dg &reddP “one:

nucl1got i HiReih &AL BECOrATasSEE AR maaonst bAQ BRAVAtRSs. vd@rrewpwei( #utations
mut at i on( s% éland cog‘gl emen

tar uenc t her eof roseguenci ng
di rect | yPOSH @f @nfeva ?Fatpé?'?'%ﬂsyé Yé’(ﬁ'"ﬁgj}yﬁﬂgéi’fp@nﬁ'm gf‘ ey 9ehR cs  of
t hese mﬁé@lﬁtu!]ﬁl?% YHES-tavndifed Uhe %B@me |oﬂbﬁuﬁérs@ﬁa)dhdtldffeﬁﬁhééémﬁwt?%n&I ral
culture. 20The, gﬁ‘? invention provides at |east one kit for the

det ect i A §PEGH; t P&Hd/ or B virus, the kit conprising at |east one
ollgonucleotlde pair of ollgonucleotides or set of oligonucleotldes

t of ith ion. Th ed by
orobd e RetobuBRR R tiaGiolorcar, el 2etets B presample (B OREESC hat ar e
af 1; l'ict gd;cwud bchaf(RtWS ;1 mwAuptlmrpsanuoﬁmhswrbewof Inutier! delés @ine biglogiea ef lor i mer
an robe ts or fectlo uenz res n uenza
A, aﬁd/ osra 'nP‘é‘glngté n‘%ﬁim't?éint? g‘oct L\}i ceEe?PA%ﬁpE@Lfglﬁ Ir'?d‘é%g | ecul ar

bi ol ogy mmqumpweputlgmm defndnhe art and not specifically described were
generally foll owed as described in Sanbrook and Russel, Ml ecular d oning:
A Laboratory Manual, Cold Springs Harbor Laboratory, New York (2001). 14

EXABLE TheSangunsleotides according to the present invention may be useful as primers
and/or probes and may be used in methods for specifically detecting anti-viral drug
resistant influenza A in a sample coAntaining either one or both strains of influenza
and/or other unrelated viruses/microscopic organisms. These nucleotide sequences of
the primers and probes of the present invention are designed to hybridize specifically to

30 regions of the resistant inflhenza A genomes that are unique to the genome of ééch
strain, but which are also conserved across many virusés within each strain.



Epi dem ol ogi cal and clinical data and daily respiratory swabs were

coll ected as part of the pandem c outbreak plan. Nucleic acids were

ext r act edwoibhy@sseasyMag i nstrunent 5 (Bionerieux). Realr/sc2om/obk2PCR f or
I nfl uenza A (HLN1) 2009 was carried out with an in-house assay on an
Mk3005P i nstrunent (Stratagene, USA). MDCK cells were used for viral
culture. Although three nethods of sequencing were used, (traditional
sequenci ng- with ABI BigDye term natdfdl chemi stry, cloning of PCR products
wi t h subsequent sequenci ng and pyrosequencing) it .was the use of
pyrosequencing directly 10on RNA extracted fromuncul tured sanples that

yi el ded the results presented below. - Patient and Virus The patient was a

28- year -THed pfigieRd @clsraingCaN aﬁ?Va’Jﬂpthf bf s dhesend |h\an$bﬁ|9ﬁ9Prbé wbed had
traveled to North Callfornla rom May 13 thr?’&ﬁh@%ag%‘w 2009 and to Hawai i

f rom MaylitBoHISh SaRyBenatyPe ¢ ’%@@'St%}*\é‘ lHeRzae A rRE(StaDgNflyGnzA

synpt onmsA Ofn §9ﬁ@ulaﬁ5thbhbmﬁér,s Hyo%’rcﬂhgi to rtﬂdnﬁr%erﬁf intéiiohi @&y tﬁay@sédldoCOUQh
W th yeocs oW sh utum ot notice a no, record of

et reclishouin e GEnopE Bl jhedotanl Subtites; o drug FeisiHUnBaTERA Vrgar went at

t he mavatvemflbreah Eamdulst,aﬁe Piimenthhapise 1&dtordidlingish hmua@rarw Wltﬁ%er% Di sease
Center at.Tan Tock Sen '

Hospital, the I gnat ed nal break
nanagene?ﬂg"b'éﬁ'f‘? é”btyﬂpgf’?%fﬁ'?‘ﬁﬂ?ﬂ Sﬁﬂ%?"iagﬂl?'é{? y WSOQ%%N% angth % nati on on
adm ssion and t hroughout her hospital stay was unrenmarkabl e. A maxi num body

tenperatyre of 38, 8C was recorded on da i) see Fi ure 1. On
admi ssi oHe A9 Tesiskant piraincof ipflugpza ‘Q@’SO%@Y beorfes\ﬁ}ﬂ"gz° ©8e5Y, MRE NGt r ophi | s

ang ?éO 8£éléthéH)ﬁ@rﬁMh@gro@&ﬁblsfr@bﬁﬁﬁﬁﬁﬁ‘ﬂmd byétan@vicl rifﬁh@df rcritu)rfaarzgharan|rt estzI
an -reactiv ei.n were uprenarka wo sets, of co ned n an
hr o | catatioe 3By TRl fop RenEoeAn o TOHeAR, Vi3 TR BS AIPOPTLE B Tve 1 or

| nf | uenzarafh Whithhayded8sistanividya Rbitdity oPaRlgsam vir treatnent was initiated at
6:00 PM Il ater that day. Her fever settled on day 5 of illness and she was

di scharged from hospital two days later, on May 31st. Al 11 close contacts
were gi Vet a@@hba@mwersem@rﬁ&%yﬂnay bs bafwkeheTBAMEE5 iekdd nubheatitediriangthy

r2(7ats El Lts r.;r{demg;] %\gﬁr;\plnge -Ia-?lPeast }0% é/éguér?clellldggt?t)lﬂg 2%}'/0%%0%%&%%182 gelégtega te -

15  from the group consisting of SEQ ID NO:1 to SEQ ID NO:3. A skilled person will
appreciate that a given prlmer need not hybridize with 100% complementarlty in order
to effectively prime the synthe5|s of a complementary nucleic acid strand in an
amplification reaction. A primer may hybridize over one or more segments such that
intervening or adjacent segments are not involved in the hybridization event, (e.g., for |

20 exampie, a loop structure %or a hairpin structure). In particular, the sequence of the
oligonucleotide may have 80%, 85%, 90%, 95% or 98% sequence identity to any one

of the sequences selected from the group consisting _ofSEQ ID NO:1to SEQ ID NO:3. -

-An extent of variation of 70% to 100%, or any range therewithin, of the sequence

25  identity is possible relative to the specific primer sequences disclosed. Determination of
sequence identity is described in the following example: a primer 20 nucleotides in
length which is identical to another 20 nucleotides in length primer having two non-
identical residues has 18 of 20 identical residues (18/20 = 0.9 or 90% sequehce'
identity). In another example, a primer 15 nucleotides in length having all residues

30 identical to a 15 nucleotides segment of primer 20 nucleobases in length would have
15/20 = 0.75 or 75% sequence identity with the 20 nucleotides primer.



28th 29th 30th 30th Day of illness 3rd 3rd 4th 5th 6th 6th Gseltamvir
nil nil 75nmgy 75ng 75ngy
WO 2011/056149 PCT/SG2010/000425
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Percent homology, sequence identity or complementarity, can be détermined by, for
example, the Gap program (Wisconsin Sequence Analysis Package, Version 8 for
UNIX, Genetics Computer' Group, University Research Park, Madison WI), using
default settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math.,
5 1981, 2, 482-489). A skilled person is able to calculate percent sequence identity or
percent sequence homology and able to determine, without undue experimentation, the
effects of variation of primer sequence identity on the function of the primer in its role in
- priming synthesis of a complementary strand of nucleic acid for production of an
amplification product.
10 . .
A set of oligonucleotides may comprise a pair of oligonucleotides according to any
» aspect of the present invention and at least one probe. The probe may be labeled with
a fluorescent dye at 5' and 3' ends thereof. Examples of the §'-labeled fluorescent dye
may include, but are not limited to, 6-carboxyfluorescein (FAM), hexachloro-6-
15  carboxyfluorescein (HEX), tetrachloro-6-carboxyfluorescein, and Cyanine-5 (CyS5).
Examples of the 3'-labeled fluoréscent dye may. include, but are not limited to, 5-
carboxytetramethylrhodamipe (TAMRA) and black hole quencher- 1,2,3 (BHQ-1 2,3).

The oligonucleotides of the present invention may be used in various nucleic acid

20 amplifiéation techniques kr_iown in the art; such as, for example, Polymerase Chain
Reaction (PCR), Nucleic Acid Sequence Based Amplification (NASBA), Transcription-
Mediated Amplification (TMA), Rolling Circle Ampliﬁcatidn (RCA), Strand Displacement
Amplification (SDA), thermophilic SDA (tSDA) or Ligation-Mediated Amplification
-(LMA). The OIigonucIeotides-of the present invention may also be used in a variety of

25 methods known to one of ‘ordinary skill in the art for direct detection of influenza A
without amplification through direct hybridization with viral nucleic acids, or to detect
DNA or RNA copies of viral nucleic acids, or their complements.

The oligonucleotide according to any aspect of the present invention may be used in a
30 method for the detection of influenza from either a clinical or a culture sample, wherein
the clinical samples may include but are not limited to, nasopharyngeal, nasal and
throat swabs as well as nasopharyngeal aspirates and washes. The clinicavl sample
may undergo preliminary p:rocessing prior to testing to allow more efficient detection of
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the viral nucleic acid. For example, the sample may be collected and }hay be added to
transport medium to stabilize the virus. Nasopharyngeal, nasal and throat swabs may
be added to a transport medium. Nasopharyngeal aspirates and washes may or may
not be stabilized by addition of transport medium. Once received at the testing
Iaboi'atory, the virus may be,inactivated and lysed to liberate the viral RNA. The nucleic
acid may optionally then be extracted to remove potential inhibitors or other interfering
agents of later assay steps. To perform the methods of the invention, viral nucleic acids

may be mixed with components essential for sbecific detection of influenza A.
!

The method of detecting the; presence of influenza A virus in a biological sample and/or
the method of amplifying the anti-viral drug resistant influenza A virus nucleic acid may

- further comprise a step of analysing the amplified sequence. In particular, the step of

analysis may include sequencing. More in particular, the sequencing step may be a

method of pyrosequencing using a sequencing primer cqmprising, consisting -

essentially of, or consisting of at least one nucleotide sequence of SEQ ID NO:3,
fragment(s), derivative(s), mutation(s), and complementary sequence(s) thereof. Use of
Pyrosequencing directly on clinical material enabled the measurement of the dynamics
of these mixed genotypes without the polluting or diluting effect of viral culture.

The présent invention provides at least one kit for the detection of influenza A and/or B
virus, the kit comprising at least one oligonucleotide, pair of oligonucleotides or set.of
oligonucleotides according io any aspect of the present invention. The kit may be used

by clinicians to detect human and avian influenza viruses in patients that are afflicted " -

-with influenza symptoms. Such kit will include one or ‘more primer and probe sets for

the detection of influenza P? drug resistant influenza A, and/or drug resistant influenza - '

A (HIN1).

EXAMPLES

Standard molecular biology techniques known ‘in the art and not specifically described
were generally followed as described in Sambrook and Russel, Molecular Cloning: A
Laboratory Manual, Cold Springs Harbor Laboratory, New York (2001).
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EXAMPLE 1

Samples

Epidemiological and clinical data and daily respiratory swabs were collected as part of

the pandemic outbreak plan. Nucleic acids were extracted with an easyMag instrument

5 (Biomerieux). Real time RT-PCR for Influenza A (H1N1) 2009 was carried out with an
in-house assay on an Mx3005P instrument (Stratagene, USA).> MDCK cells were used

for viral culture. Although' three methods of sequencing were used, (traditional
sequencing- with ABI BigDye terminator chemistry, cloning of PCR products with
subsequent sequencing andj pyrosequencing) it waé the use of pyrosequencing directly

10  on RNA extracted from uncu:Itured samples that yielded the results presented below, 7

- Patient and Virus (

The patient was a 28-year-§ld female American naval officer ba_sed in Singapore who
had traveled to North California from May 13 through May 18, 2009 and to Hawaii from
May 18 throUgh May 25, 2009. She became unwell on May 25, with symptoms of sore

15 throat, myalgia, redness of the right eye and cough with yellowish sputum‘. She did not
notice any fever and had no record of past medical iliness. On May 27 (Day 3 of
illness), she sought treatment at the naval medical aid station and was referred to the
C_ommUnicabIe Disease Center at Tan Tock Seng Hospital, the designated national
outbreak management centre, for treatment and isolation.

20  Clinical examination on admission and throughout her hospital stay was unremarkable. -
,A maximum body tempera_tiufe of 38.8°C was recorded on day 4 of illness; see Figure
1. On admission, her leukocyte count was 5300/pl, of which 53.5% were neutrophils
and 30.8% lymphocytes. éhest radiography, liver and renal function tests, and-C-
reactive protein were unrei'narkable. Two sets of combined nasal and throat swabs

25 taken on the evening of Ma& 27 were reported positive for Influenza A (H1N1) 2009 on
May 28th. Oseltamivir treatment was initiated at 6:00 PM later that day. Her fever
settled on day 5 of illness and she was discharged from hospital two days later, on May

31st. All 11 close contacts were given oseltamivir prophylaxis and remained well.

The laboratory results are shown in Table 1.
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Date 27th 27t 2gth 29th 30t 30t

Day of illness 3rd 3rd 4th 5th | 6th . 6th

Oseltamivir nil nil 75mg | 75mg 75mg

RT-PCR positive | positive | nd’ positive | positive | positive

-ct value 32 33 - 24 32 35

Pyrosequenci | Wild 100% 100% - Nd 100% 76% 47%

ng directly on | mutan | 0% 0% nd 0% 23% 52%

sample t

Viral Isolation | 'nd nd + nd + nd

Pyrosequence | Wild - - 100% | - 0% -

of isolated mutan | - - 0% - 100% -

virus t ‘

Sequencing of | Wild . | - - | 100% | - - -

clones 192 mutan | - - | 0% .- - -

fragments t

Table 1. Results for 6 respiratory samples collected over 4 days. RT-PCR = reverse
transcription PCR for Influenza A (H1N1) 2009; nd = not done; ct = cycle threshold.
This indicates the relative quantity of virus present. A higher value indicates less virus.
Every extra 3.3 cycles represents a decrease in quantity by ten fold. Mutant = H275Y

mutation.
Creation of ampiicons for pyrosequencing

RT-PCR was performed V\éith the SuperScript® Il One-Step RT-PCR System with |
Platinum® Taq (Cat. No: 1é574-018) in a 50-pl reaction volume containing 5 ul of RNA |
sample. The biotinylated gPCR product was generated with forward primer, (5'-
3')Bio/TGCTTTACTGTAATGACCGAT (SEQ ID NO:1) at a final concentration of 0.25
pM and reverse primer, (5'—3')GAT'TCTGG1TGAAAGACACCC (SEQ ID NO:2) at a
final concentration of 0.2 ],:lM in a thermal cycler. These primers were designed to
obtain high yield of amplicdn by single gene ampilification. The resulting 217-bp length
amplicon accommodates the codon for H275 (CAC) or H275Y (TAC) in the product. An
Eppendorf Mastercycler-ep-gradient-S instrument (Hamburg, Germany) was used with -



- - - Table 1. Results for 6 respiratory sanples collected over 4 days.
RT PCR = reverse transcription PCR for Influenza A (HLN1) 2009; nd = not
done; ct WOogtlesotdhr eshol d. Thi s i ndicates the rel ati vePGUAGRITPOGIRS vi r us
present. A higher value indicates |less virus. 5Every extra 3.3 cycles
represents a decrease in quantity by ten fold. Mutant = H275Y nutati-on.
Creation of anplicons for pyrosequenm ng RT-PCR was perfornmed with the
Super Scripte I'll One-Step RT-PCR Systémvmth Plati num(r) Taq (Cat. No: .
12574-018) in a 50-pl reaction volune containing 5 pl of RNA 10 sanpl e.
The biotinylated , PCR product was generated with forward priner, (5'- :
31) Bi oi TGCTTTACTGTAATGACCGAT (SEQ ID NGO 1) at a final concentration of 0.25
pM and rthe éllewingr steps and EbHﬂlmmWCﬂ\M(fﬁE@ hih bR Bitiat a

final tratl r

desi gneaJéf‘S 5%&%@2%%@% gt kﬁrho‘gﬁ%p}' é%y% an%tur gﬁiag%&Péégl on. The
resul ti remndalihgbgt S57€0 ddrtv6lSecaar emlmwcﬁsﬁﬁdmt:i&sedﬁmctmﬂnm extensidd @ ( CAC)
or H275Yqb in t Eppen t-S
R T T T e e VR A G T
condbt i e eleteophosssid toastimatethe gieldiof tb&@rddoct. 10 nmin and initi al .

denat uration at 94C for 2.5 mn, followed by 40 cycles of: denaturation at
94C for- Fﬁg,ﬁ ng at 57C for 76 sec and extension at 68C for 33 sec
and a fi I’ISI nat 68C for 5 min. After anplification, the PCR

products were anal yzed by conventional 5gel electrophoresis to estinate the
yi el d ofPyréseqpendng wasPperberagdewith rappryxinsately 2t inggoinaistipyated rpredudti t h

(58 %‘%@%&i‘%&&%@&@ﬂ&%‘%&%@%ﬁ%@ﬁ%ﬁ%ﬁ%P%S’?”E@%‘2"manuf Curer s

gui del | raegording to the manufacturer's guidelines.

10  The pyrosequencing sequences are shown in Figure 2.

Only the wild sequence was detected on samples collected on the day before, the day
of and one day after initiation of oseltamivir therapy. The sequence of virus isolated
from a sample collected on the day that oseltamivir was started was 100% wild. Mixed
wild and mutant sequences were detected by pyrosequencing directly from clinical

15 samples collected 38 and 45 hrs after initiation of therapy; the proportions of mutant
virus were 23 and 52% respectively. Virus cultured in vitro from the 38hr sample -
appeared to be 100% mutant, even by pyrq‘sequencing.

The patient was discharged well, on the seventh day after the onset of her illness, but
the speed with which her mutant emerged and became dominant over the wild virus»
20 was considered to be remarkable. The rapid emergence of resistance during treatment
-in Influenza A H1N1 and the step by step establishment of a predominantly mutant
population within 48hrs of therapy was unexpected and much faster than the 5 days
reported with H5N1 (Gupta R. K. et al., 20086). It was also remarkable that the virus
isolated from culture of the 38hr sample was 100% mutant. This was despite the fact
25 that 76% of the virus in t;he raw sample, prior to culture, was the wild type. This
observation that the resistant mutant outgrew the wild type and became the dominant
virus in cell culture is testirﬁony to its fitness. Use of pyrosequencing directly on clinical
material enabled the meashrement of the dynamics of these mixed genotypes without
the polluting or diluting efféct of viral culture. Although it is an accurate method it still
30 lacks the ability to echudé the presence of minority'(<5%) sub-populations (Fakhrai-



10 The pyrosequenci ng sequences are shown in Figure 2. Only the wild
sequence was detected on sanples collected on the day before, the day of
and one o9 2af1iss14pni ti ati on of oseltam vir therapy. TheCIsSgaen®eoss virus
isolated froma sanple collected on the day that oseltam vir was started
was 100% wi ld. Mxed wld and nmutant sequences were detected by -
pyrosequencing directly fromclinical .15 sanples collected 38 and 45 hrs
after initiation of therapy; the propértions of nutant virus were 23 and
52% respectively. Virus cultured in vitro fromthe 38hr sanple appeared to
be 100% nutant, even by pyrosequenci ng. The patient was di scharged well, on
the seventh day after the onset of her illness, but the speed with mhlch

her mét Red lteréﬁggq@oamfmvmghwmmhe PVBGrity Rfetani bdpmatrdmtSofa@%/\mhe

consi der 0 e renar Kkapl e e ra enegr genc | St anc u ng.
treat rrer?%ﬂf ﬁamH'PIt%Bﬁ%%{“%qﬁlqﬁiy 9‘?48"‘?&'8 i i Hg tg‘ ﬁ ‘E)Isl" '?‘ {)'k

pr eﬂo][n ﬂﬁél'frﬂl.fl(armﬂaﬂt rtteernoméatﬂuefbrwttﬁétwy 4Ath ro%el@émlinheth@ﬁyt Map huttr@béact ggog?d
muc ast er an he ays epor

T s Hetistachilp (A COIIRLQT (R SopIFa Solesthche dawHaups Br I eGPy, Wit sans

SarrpEe V&élta’lrﬁﬂ%dﬁl@@ﬂbur thlrﬁassva%v%mpldnaj w.tcesé@@hcesaﬂertetmtec?éi%wtrus he virus
In the raw sa

prior t was the w ld t isS O ation
hat 't hdsaalen Semibis e oty lh Shalitemereetertd Betsr oRasRatn nant
Vi rus i rdireedly frér |tﬁéléﬁ'np|§ ptnestd dvmape. Thisi data Budgeessthatihe nltatiyr xsefeenci ng

directly on clini cal enabl ed the neasurenent of the dynam cs of
these m3EIVaFIRRAGSE td@éhfo‘{rhe pol luting or diluting effect of viral
culture. Although it |s an accurate nethod it still 30l acks the ability to

eXCI ude THeect varR@e irc Talslé 1rléhwthhtythé<&fx%uns bbvipuspwdsaati amram(rﬂmrkbn zd'ay fivd7 Rad H

However m nor .ty a 0 .jon of
23% | n t‘ﬁé‘P'?%?rrap?éW@fe PYo? @P&Sﬁ%& H% QB%RVE‘B%’E 88@5‘% tgre\gl ?qﬁit dftpy gt‘ h&"ul t ur ed
i sol at e cduggesias td trat paak fever whidhawmas hada)bsefenr ancefhvendndom$mtoethe fiestapy Wit h
osel tam vir it etected it in.t esarrple
ol | ect & misialeh L SHteBivG 3he RBRITAIPE fF SteaBaln S R b WBRT st T our o
i | | ness.qudaiasast virahng presetht Seopstestascipe for tiesaledtied of resistant snitas.at ed from
this sanple and only wild sequences were detected in 192 clones derived
directly %ﬁ@,g%'&ggssarrpl e ptior to culture. This data suggests that the
mut at i orﬁ (o and was selected for after day four. The ct values in
Table 1 show that the anpunt of virus was at a maxi num on day five 10of
i |1 16ss,1 appiVbiQi rRendemica (HMN L) 2009 ol updgtee FtlerAcdeasedor3od Sctatier e200d day
Si X. Thitﬁtpdbvwmamomts:sﬂdised&elqmlmaﬂuﬂmmomﬁgm \R969/en/pdat/imi our and five and
also to the first day of adm nistration of oseltam vir. The adm ni strati on
of osel tam \GuptatRt Ke NgupeniWamTgreak Suadle Jene.ob., HieasT.afe r@seht is a
pot ent r@sslmificResistanceedusiogiToeatment ofdnfieara ArthiShIn} @feOREFERENEEHVIQG 1WHO
Pandem c2Q0B1884:14286%24. update 71. Accessed 30 October 2009.
http://ww. who. i nt/csr/di sease/ swineflu/l aboratory23 10 2009/ en/ print. ht m
2Qula R K. Influenag &MHIAH) Yieus resisance de oseltamivr: SHimmajyelabte March ?—&Pgr ar J.
Csel t aniAGoessRssi st ance duri n@0Treat ment of 19¢tPBRINza A (HS5NL) | A9Q&:t | on. N
Engl J N tp:/rowe. wheang/csrdigeasepnfluenza/h1n1_ table/en/index.html

4 Kramarz P, Monnet D, Nicoll A, et al. Use of oseltamivir in 12 European countries
between 2002 and 2007 - fack of association with the appearance of oseltamivir-
25  resistant influenza A (H1N1) viruses. Eurosurv 2009;14(5): 1-5.

5 Hurt AC, Ernest J, Deng YM, et al. Emergence and spread of oseltamivir-
resistant A(H1N1) influenza viruses in Oceania, South East Asia and South Africa.
Antivir Res 2009;83:90-3.

6 Fakhrai-Rad H, Pourmand N, Ronaghi M. Pyrosequencing: an accurate detection
30 platform for single nucleotide polymorphisms. Hum Mutat. 2002 May;19(5):479-85.



2031 nfl uenza A(HLN1) virus resistance to oseltamvir. Summary Tabl e March
2009. Accessed30Cct ober 2009.

htt p: / / wwwowbn/dseisbcsr/ di sease/ i nfl uenzal/ hinlt abl e/ en/ i pdewchonioodiss amar z
P, Monnet D, Nicoll A et al. Use of oseltamvir in 12 European countries
bet ween 2002 and 2007 - |ack of association with the appearance of

osel tam vir- 25resistant influenza A (HLN1) viruses. Eurosurv 2009; 14( 5)
1-5. 5Hurt AC, Ernest J, Deng YM et 18l. Energence and spread of
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N, Ronaghi M Pyrosequencing: an accurate detection 30platformfor single
nucl eoti de pol ynor phi sns. Hum Mutat. 2002 May; 19(5):479-85. CLAIMS 1. An
i sol at ecclAImgonucl eoticle conprising at |east one nucleotide sequence
selected 5fromthe group consisting of: SEQID NO1 to SEQ I D NOC 3,

I L agne Pt1( ;An +ﬁﬁtea@r.g?fmgreb}|démbmbmﬁg 8} leaséhe ﬂﬂ@éﬁr&rﬁe%]wm%i&l@dlé@( s) - )
ereo e isolated oligon g ai_m erein the
ol i génucl ebemathe; greuRp SRSt '88 Bﬁu %&ﬁg [# 3&3%? SCI%(S 'Pg%l |fﬁa|9@&

anti - vi r al déhvagve(§)s hitkaioh(d) drdsdnderientarysequéibe(s) therebfs ol at ed o

ol i gonucl eotide according t.o cI aim 2, wherein the anti-viral drug S

osel t am. vi .sol a eg gqo ucI eo i.de accordl ng to ei claim 2 or
de gecqr

3 whor 2 o Soigled qligeled g S Hrimor g 78 Siofiddbie &
ol i gonucl eedgaBRsofasiding & a/et bdikaiplified ffam watigirairdrog resistshtdsfllesast one

A virus.

10 3. The isolated oligonucleotide according to claim 2, wherein the anti-viral drug.is

oseltamivir.

4. The isolated oligonucleotide according to either claim 2 or 3, wherein the Influenza
A virus is of subtype H1N1.

5. A pair of oligonucleotides comprising at least one forward primer and at least one
15 reveise primer, wherein;the forward primer comprises SEQ ID NO:1,-fragment(s),
derivative(s), mutation(s) and complementary sequence(s) thereof and the reverse
primer comprises SEQ ID NO:2, fragment(s), derivative(s), mutatlon(s) and -
complementary sequence(s) thereof.

6. A pair of oligonucleotides comprising at least one forward primer and at least one
20 reverse primer, wherein' the forward primer consists of SEQ ID NO:1, fragment(s),
derivative(s), mutation(s), and complementary sequence(s) thereof and the reverse |
primer consists of SEQ ID NO:2, fragment(s), -derivative(s),  mutation(s), and .
complementary sequence(s) thereof. '

7. The pair of oligonucleotides according to either claim 5 or 6, capable of binding to
25 and/or being amplified from anti-viral drug resistant Influenza A virus.

8. The pair of oligonucleotides according to claim 7, wherein the anti-viral drug is

oseltamivir.

9. The pair of ohgonucleotldes according to either clalm 7 or 8, wherein the Influenza
A virus is of subtype H1N1



15 reverse prinmer, wherein the forward priner conprises SEQ ID NO 1,
fragnment(s), derivative(s), mutation(s), and conpl enentary sequence(s)

t her eof awd whestaverse priner conprises SEQ ID NO 2, f pagsentiospos2s
derivative(s), nmutation(s), and conpl enentary sequence(s) thereof. 6. A
pair of oligonucleotides conprising at | east one forward priner and at

| east one 20 reverse prinmer, wherein the forward prinmer consists of SEQ ID
NO 1, fragment(s), derivative(s), nutlation(s), and conpl enentary

sequence(s) thereof and the reverse prinmer consists of SEQ ID NO 2,
fragnent(s), derivative(s), nutation(s), and conpl enentary sequence(s)

t her eof . 7. The pair of oligonucleotides according to either claim5b
or 6, cajpaflsat effoﬁ”g‘bﬁ&lﬂém.dra@c&ﬁam,‘.g)é paﬁlorlsng’wu&lééﬁo%é acESHaIngNb any bh@!  dr ug
resistant Influenza A virus. pair of oligonucleotides according to

claim7, wAkfams &ied %ﬂﬂ?u‘?ﬁﬁt 8!‘9 HFQEPQ is oseltamvir. WO
2011/ 056149PCT/ SG2010/ 000425 19 10. A set of oligonucleotides conprising a

pair of 1l pgoamplieMt afpkfies Ml IRfudnla 2AY using &tf 1eakRidie 50rv7v§r09 pAnRtérat | east
one probe. 11. An anplicon .a I|f|edfrgmlnl ntzaAum%e | east one
{§ FaaMetils).

f or war d er‘PfBP”%’EQTHT% BYGlePtidR ceqyencs P Osl&bd}% gmelp rN@tive(s),

I L agge Pt ( sgwtétii@lh(s\yatahd/%mblem&néfytﬁqb@ﬁt{eié) thaFRsbf CemidPhte et l@hytrégau@nce( S)
ereo an a eas one reaver se I mer COprI’I g €ol | de sequence
of SEQ I D Riner qompyisiad: the ,,nualspt'&aﬁ%egﬁe %55& dﬁ( 5561 al@IEEFknent ar y

sequence( s jedaav&s], mutaion(s) Car @ gleea6YedLattels) thérabfn 11, wherein the
I nfluenza A virus 1s oseltamvir resi stant 1013. A net hod of detecting the

presenceo Inf enzaAlnab 0|c thod co r|SJngthe
B eps. of'2. The pnleu apsyie te Sl “Bnaorf g EiuesaArarts s BRPBATREC L ng-a

| east —one ﬁdsimucl eotide according to any one of clains 1 to 4, wth at
| east one nucleic acid in the biological sanple, and/or with at 15| east one

CamiPe; G mettpac 8o Ry R, SErdtRe ) whlEe; Ao 4 SARGET ABEES

step (b) \A/nmr&im;cotrﬁmusingftheletapaoﬂ is present when binding is detected.
(a) providing at least one biolog'ical sample;

(b) contacting at least one oligonucleotide according to any one of claims
1 to 4, with at least one nucleic acid in the biological sample, and/or with at
15 least one nucleic acid extracted, purified and/or amplified from the

biological sample; and

(c) detecting any binding resulting from the contacting in step (b) whereby
the Influenza A i$ present when binding is detected.

14. A method of detectlng 'the presence of Influenza A in a blologlcal sample, the

20  method comprising the steps of:
(a) providing at Ieast one biological sémplé;

(b) contacting a pair of oligonucleotides according to any one of claim 5 to
9, with at least one nucleic acid in the biological sample, and/or with at least
one nucleic acid extracted, purified and/or amplified from the biological

25 sample; and



14. A method of detecting the presence of Influenza A in a biological
sanpl e, the 20nethod conprising the teps of: (a) providing at |east one

bi ol ogi cavo2amplser4o (b) contacting a pair of oligonucl eptirdgelo@moensii ng to
any one of claim5 to 9, with at |east one nucleic acid in the biol ogical
sanple, and/or with at |east one nucleic acid extracted, purified and/or
anplified fromthe biol ogical 25sanple; and WO

2011/ 056149PCT/ SG2010/ 000425 20 (c) @Btecting any binding resulting from
the contacting in step (b) whereby the Influenza A is present when binding
is detected. 15. The nethod according to either claim13 or 14, wherein the
virus is anti-viral drug resistant Influenza A virus. 516. The net hod

according to clggm d&ectwdgea'r@ltfhdmgere@umuhg Wbathe dbitactiny i SeIpt @TwKereby 17. A
met hod of anpli f%%r}%HI nfl uenza A virus, nucleic acid, wherein.said nethod

conpri ses carryit gnze 5|Rfﬁ§‘?r$¥"é‘ee gy i3 4etects- usi ng SEQ ID NO 1 and
SEQ I D NG 2. 18. A kit for the detection of Influenza A virus, the
Ki t Corrp’rﬁi s'hélgwémod @mfd:mgle: diftdr ic UG &rot4, el SedVing is @ntiviraladiag of
cl ai s réi%f for the detection of Influenza A virus, the kit
conpri si ngreasﬂs@ PeB HHF? of oligonucl eotides according to any one of-
clainms 5 to 8.

5 16. The method according to claim 15, wherein the anti-viral drug is oseltamivir.

17. A method of ampllfylng Influenza A virus nucleic acid, wherein sald method
comprises carrying out a polymerase chain reaction using SEQ ID NO:1 and SEQ
ID NO:2.

18. A kit for the detectioq of Influenza A virus, the kit comprising at least orie
10, oligonucleotide according to any one of claims 1 to 4.

19. A kit for the detection of Influenza A virus, the kit comprising at least one pair of
oligonucleotides according to any one of claims 5 to 8.



