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Techni cal Field The present invention pertains generally to viral

di agnost iwe.o3lom7parti cul ar, the 10 invention relates to marlEsor2@84 d- based
assays for accurately diagnosing parvovirus B 19 infection and to priners
and probes for use in these assays. Background O The Invention Human
parvovirus B 19 is a nenber of the famly Parvoviridae, genus 15
Erythrovirus and is a small 22-nmicosahedral nonenvel oped virus with a

| i near single-stranded DNA nol ecul e of approximately 5,600 nucl eoti des.
The viral genone encodes three major proteins, VP I, VP2 and NS1. See,
Shade et al., J. Virol. (1986) 58:921-936 and Figure 1 herein. VP1 (83kDa)
and VP2 (58 kDa) are the structural proteins of the capsid. The two
proteins are encoded in overlapping reading 20 franes from about

nucl eoti des 2444 to 4789 and about 3125 to 4789, respectively. VP2
constitutes 95% of the capsid and the |larger VP1 protein only 5% of the
capsid. VPl is required for the mature conformation of the virus. NS 1 (77
kDa), issa nonstructurpiAQNGSIIC ASKAYS FOREBRRYVOVIRUS B19 he nucl ear
fraction of infected celTs and absent fromthe cytoplasm and i ntact
virions in sera. 25 Parvovirus B 19 was first discovered in the sera of
normal bl ood donors and is the only nmenber of the fam |y Parvoviridae
known to be pathogenic in humans. The virus is associated with a w de
range of di SRREGcaENEHest ati ons. Human parvovirus B 19 normal ly causes an
asynptomatic or mld self_-lim:ting infection in children. In adults,
parvovirus B 19 ndi rresgskingentipapertping gencsally teyirbdingnosticsrdnypartichlaaIthe a and

30 arthydti 18 ' - ' .t NSl astic
crisis {drAcﬁnY%%fx%h%gﬁoﬁ%%égﬁ%‘% %gﬁg%gggdéﬁwggtﬁye&n% O\g/)]vlﬂ g h%&g?% yi ng
henol yti c diB®ridéicton it orprindds 481 probexcfor ose ianlbspessayst ent  anem a have
been reported in i nmunoconproni sed patients with acute | eukem a,

congeni tal imunodeficiencies, AIDS, and follow ng bone marrow

t ranspl ant atg QRorouhR OFaYE TienBod @ has al so been associated with fetal death
i n pregnant "Women.

Human parvovirus B19 is a member of the family Parvoviridae, genus

15 Erythrovirus and is a small 22-nm icosahedral nonenveloped virus with a linear
single-stranded DNA molecule of approximately 5,600 nucleotides. The viral
genome encodes three major proteins, VP1, VP2 and NS1. See, Shade et al., J. Virol.
(1986) 58:921-936 and Figure 1 herein. VP1 (83kDa) and VP2 (58 kDa) are the
structural proteins of the capsid. The two proteins are encoded in overlapping reading

20 frames from about nucleotides 2444 to 4789 and about 3125 to 4789, respectively.
VP2 constitutes 95% of the capsid and the larger VP1 protein only 5% of the capsid.
VP1 is required for the mature conformation of the virus. NS1 (77 kDa), is a
nonstructural protein and is present only in the nuclear fraction of infected cells and
absent from the cytoplasm and intact virions in sera.

25 Parvovirus B19 was first discovered in the sera of normal blood donors and is
the only member of the family Parvoviridae known to be pathogenic in humans. The
virus is associated with a wide range of disease manifestations. Human parvovirus
B19 normally causes an asymptomatic or mild self-limiting infection in children. In
adults, parvovirus B19 may cause a rash, transient symmetrical polyarthralgia and

30  arthritis. Parvovirus B19 has been associated with transient aplastic crisis (TAC) in
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5 In nost countries, B 19 virus infection generally occurs during

chil dhood, with approximately 50% of children having anti-B 19 anti bodi es
by the ag®oaB/oe5syears. B 19 anti body preval ence may furt RET/USo2@8se
during lifetine and reaches values higher than 90%in elderly individuals.
In human parvovirus B 19 infection, initial viral replication is believed
to occur 10 in the respiratory tract. The virus then targets cells in the
bone marrow. This leads to large-scale viral replication with reported
virem a of between 102 to 1014 particles/m, occurring 7-10 days after
infection but prior to the onset of synptons. Cessation of virem a

coi nci des winatientpwithamderlying hemokyfie disprders flarame Bd§dniestiamand neesisey

el evated f : i - : ' [ tected a
few days af %F&%&gfé%%? ?%@%gm@gégwﬁgﬁ% egg)%ié}g% “F}P% gﬁ%rll%{k% € absence
of a |ipid epvgdnakinandnddefitierdedDNADS pmtdefivtlowhigdbopa mamom tumspaddtiext r enel y
resi stant tq physi cochem cal i nactivatjon, .Parvoyi.rus B 19, especially at
hi gh concenth2&Yqvgns Blg aWLF%Q?%SQ?&PﬁVLW@ S‘ﬁaldeﬁ 4P PFGERaRLHNPCIbf bl ood

productss and trgR3dssshiiri&l BFo 1ud MFRUER ot RABcHsHubiak CRilaHbd, with

sol vent-detergent-treated factor 20 VIII and steam or dry-heated factor
VIl and | X appepamateiydito hbchildeerhayongantiiB Kdantibpliga by feragowf 1 hyeds.19 cannot

be grown in ventional cell cultures making |.ahorato et ection and
Pttt on oS PRt m M brRelRE Mg PRCIR ke S R0
sour ce of anﬁfg}g@ﬂlaﬁcg@gi, i QderBf in@Riduafsr om virem ¢ patients. Reconbi nant
anti gens have been produced for use in serological assays in an attenpt 25

to circunvent thdsduprppreesirusBe) infegion, igjtigk vissdemicetionis teliereddpresugy
(1987)" 16" 10151080 05PN 204 O cOBMAASRANTRY g

assays have een‘used’to detect anti - as wel'las to di agnose

recent B 19 lambecile 0ftal réplecatich agihaspirted pixeindd oftetecea 108 ta LoD partioles/ml,
comercially avajl abl e tests, however, is not hompgenous. |n additi on,

| gM based diosgwsagi/clQ days alterinfrgtion Butguior {he pnset of smptapiso Cogsatien 62753
PCT/ US02/ 20 . | i t : ! i L {es are
synt hesi zedfiﬁ{éﬁlé%/@(ggﬁ%sre‘g]ﬁgiﬂ% (fég&g?é 85 g?lﬁg%g@oﬁlﬁgg@gfgﬁa{ %{%ﬂﬁ?ﬁé&g‘?t er the
end of vi r enfoatwolioghtee gionthse VaiteBEe Igd aBibbdicantd dudatitalsa few ddye afier Igd

popul at i n ta%(lglg})cngsr apvlgietarhand persist lifelong.
The absence of a lipid envelope and limited DNA content make parvovirus
B19 extremely resistant to physicochemical inactivation. Parvovirus B19, especially
at high concentration, can withstand conventional heat treatment of blood products
and transmission of B19 through the administration of solvent-detergent-treated factor
20 VIII and steam- or dry-heated factor VIII and IX preparations has been documented.
Human parvovirus B19 cannot be grown in conventional cell cultures making
laboratory detection and isolation of the virus extremely difficult. Thus, for many
years, the only source of antigen consisted of sera from viremic patients.
Recombinant antigens have been produced for use in serological assays in an attempt
25 to circumvent these problems. See, €.g., Sisk and Berman, Biotechnology (1987)
5:1077-1080; U.S. Patent No. 6,204,044. Immunoenzymatic IgM capture assays have
been used to detect anti-B19 IgM, as well as to diagnose recent B19 infection. The

diagnostic performance of a number of commercially available tests, however, is not

homogenous. In addition, IgM-based diagnostic tests cannot detect the virus during



the fact that high virem a usually persists for only one week, nake the use
of 5 serological based tests inpractical. In addition, in inmunoconprom sed
pati ent s,woana76yi cal di agnosis may be unreliable. Nucl eiPcTaASIZ2(86ed
hybri di zati on assays, such as dot blot and in situ hybridization have been
used for B 19 detection. These assays generally have detection |limts of 1
to 0.1 pg viral DNA (-104-105 viral particles). PCR has greater 10
sensitivity (-100 genome copies). However, DNA hybridization techniques are
time consuming and limted in use and PCR is inpractical for screening

| arge nunbers of sanples, Therefore, there remains a need for the
devel opnent the VF@TlicéEﬂgé ofjinfeptigarand on¢elgM antibodies are sypihiewised: they N 19 i n

viTen ¢ sanlasn ihBirGidRin bP QRN Bl AR5 H 380 8F vibmid 5 the Virus through

bl ood and plasma derivatives or by close personal contact. Summary of the
I nvention The pr elertigh preealencerofiBd dratibatlionintthenaimst paperlationftogathaywathpr i mer s

and probes or. use i.n_ nucleic i d- hased assays, as |1, as op the

devel oprent B¢ fagt é‘éh}é‘g}t‘lvvgmwu? ?eiﬁﬁté??ﬁm? %e ‘é(?:‘??(dm\ggg §F 8hnostic test
for the get geljiQfcdbafR@ %A infp#sctiBall In BiUiibA, in PhfuASE dhdiromsER p8Serits, OM
potentially infected individuals. The technlques descri bed erein utilize

extract ed saaplegiGiidiagnoss meypk anslifble. anpl i fication of conserved genomic

regions of the B, 19,se tr.an te i fication
(TMY), as wel | sl\}'fcrlne“ég%&bﬁfjglqgéggm%tsl%na%%ays 1}?8 trﬁtﬂgtlan%l\/éng'ﬂll t echni que.
The 25 met hafisriaizhoom have b%&ﬁu%ﬂtf&CBIQDdbtétftloB Tﬂe.@l\#@sdy@ gendrally llaveanpl es
having viral titers as w_as 103 virus Accordi ngly

i nf ect ed sarﬁﬁFeégo%hﬁmE@fﬂﬂ%ﬁtllpfgi‘é@l%(ﬂ)@ Ilgdﬁﬁlp?@ﬂeﬁ} Hf=R has ﬁﬁate%ls wel |
as fromd he BRERALALHEN g@lonkd Afifes geﬂbgo@&érvlsm FidiRGAPRR ﬁespa&é
reln

descri bed he 0 use or ‘exanpl’e, standar bri zatlon
met hods, as combdmiag anhd lifaicd hasmhntié’@knsqmpmcncm(fdnmcmeamgdargequmbem 030 based
anplification (NASBA) and in assays that utilize branched DNA nol ecules. 3
WO 03/ 0027532 US02/ 20684 Accordingly, in one enbodi nent, the subject

invention is dir eﬂ{e%foxteoth@rer?éﬁllaﬁig a%ecﬂﬁﬁ%dé%gloBHl@Htrbeél'idb@é’&%g%sﬁc19

infection in a biologrcal sanpl e.
tests to detect parvovirus B19 in v1remlc samples in order to prevent transmission of

15 the virus through blood and plasma derivatives or by close personal contact.

Summary of the Invention

The present invention is based on the discovery of unique primers and probes
for use in nucleic acid-based assays, as well as on the development of a sensitive,

20  reliable nucleic acid-based diagnostic test for the detection of parvovirus B19 DNA in
biological samples from potentially infected individuals. The techniques described
herein utilize extracted sample DNA as a template for amplification of conserved
genomic regions of the B19 sequence using transcription-mediated amplification
(TMA), as well as in a 5' nuclease assay, such as the TagMan™ technique. The

25  methods allow for the detection of B19 DNA in viremic samples having viral titers as
low as 10° virus particles/ml. Accordingly, infected samples can be identified and
excluded from transfusion, as well as from the preparation of blood derivatives. The
probes and primers described herein are also useful in, for example, standard
hybridization methods, as well as in PCR-based techniques, nucleic acid sequence-

30  based amplification (NASBA) and in assays that utilize branched DNA molecules.
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conprises: (a) isolating nucleic acid froma biol ogi cal sanple suspected of
containing 5 human parvovirus B 19 DNA, wherein the nucleic acid conprises
an RNA t awget/oozegjuence; (b) reacting the isol ated parvoviPCoaSBR/a@sfucl ei c
acid with a first oligonucleotide which conprises a first priner
conprising a conpl exi ng sequence sufficiently conplenentary to the
3'-termnal portion of the RNA target sequence to 10 conplex therewth,
wherein the first primer further conprises a pronoter for a DNA- dependent
RNA pol ymerase 5' and operably Iinked to the conplexing sequence wherein

the reacting is done er, condi s t hat rov;de for. th rmati on_of an
ol i gonucl eoti de/ t%?‘@éi{ngbédﬂéﬁ&émi’eg’ﬂeé‘% tla‘-'rr“d‘ Jest v eRtiogs dire tosgylﬁ?tg‘ggl S:

(c) extendi flﬁdfe{éeuﬁgaﬁt earP;Fz{rUF\ﬁrds'Bl@rlnFeéﬁ&f‘ﬁ'aoJlol'b fesltgarg@wsrmn&t%d 15 RNA

target sequence as ate to give a first pri ext ensi on product
conpl enent arcpntpoiseshe RNA target sequence; (d) separating the first DNA

primer extension oduct frgmth et . sequence an enzyne

Bhi ch seect vel v lBaiAtne ubdE A bRISK, sERdE s oS pEChiatEns  Dua
priner extenginfh fAFRAUGE BID IDNA, WRGORthOhiciao bl e@hFﬂges aBRNWitGBetcoONpri ses
a second priner conprising a conplexing sequence sufficiently

conpl ement arsgqeaRcehe 3' -term naI portion of the DNA primer extension

product to COWDO(E?rea(%%‘ ﬁ arvo%?&ghtlb%ﬂaefcm%}d Wg{tﬁg for the

formati on of an SRUC ar get sequence co initiation of

DNA synt heSIcﬁ;goﬁﬁaleaideeﬂdmgarﬁmﬁeBa ﬁmpmmummﬁnsﬁﬂi@a smpleﬂmgrseqmnce n a DNA
ext ensi on reaction Ive a _Seco I’I nmer. extensi on pr oduct ,

t her eby produsigiently qoena&ra%réarm the@ertermal aeaeﬂ QE he FNA trgptseavense fo ( g)
using t %@Mﬁ@gﬁ%&m SRinMHL P bﬁ QPé rfks & Iﬁcﬁéﬁ%} a proyence

using a ynerase reco I zes e pronoter
sequence; afegefdent RBIANgplyinerabNR and ppersblgﬂmkedam the ;complexmgae@ie;ace cally

repeating Stvs}l?esreiglt%l)le regc(:)tir;[gols Elgx)le Lf'nd\é\Pco% 1t9091§ zha:t3 prov1c{el%50&1/ orma ion of an
oligonucleotide/target sequence complex and initiation of DNA synthesis;
(c) extending the first primer in an extension reaction using the
15 RNA target sequence as a template to give a first DNA primer extension product
complementary to the RNA target sequence;
(d) separating the first DNA primer extension product from the RNA target
sequence using an enzyme which selectively degrades the RNA target sequence;
(e) treating the DNA primer extension product with a second oligonucleotide
20  which comprises a second primer comprising a complexing sequence sufficiently
complementary to the 3'-terminal portion of the DNA primer extension product to
complex therewith under conditions that provide for the formation of an
oligonucleotide/target sequence complex and initiation of DNA synthesis;
(f) extending the 3'-terminus of the second primer in a DNA extension reaction
25 to give a second DNA primer extension product, thereby producing a template for the
DNA-dependent RNA polymerase;
(g) using the template to produce multiple RNA copies of the target sequence
using a DNA-dependent RNA polymerase which recognizes the promoter sequence;
and (h) using the RNA copies of step (g), autocatalytically repeating steps (b)
30 to (g)



to anplify the target sequence. In certain enbodi nents, the nethod further
conprises the steps of (i) adding a | abel ed oligonucl eotide probe to the
product ovogBem76h), wherein the oligonucl eotide probe i ®Crarspt/amentary to
a portion of the target sequence, under 5 conditions that provide for the
hybri di zati on of the probe with the target sequence to form a probe:target
conplex; and (j) detecting the presence or absence of |abel as an

i ndi cation of the presence or absence of the target sequence. In

addi tional enbodinents, the |label is an acridiniumester. 10 In yet further
enbodi nents, the first and second priners, and the probe used in the

met hods aboveampbiydbe taygl sequshe® he VP1 regi on of the human parvovirus B19

genone, such as f . . I ' j i be.any one of

L gures 2A 20 ofh Pl EpBGKRHE, BEm A RAHETRR R B Sdpe br 1Y 07
directed to a net{)ostidirig dabeled bhigpnutkotidmprobpeartieprodust dB5&pi(hf, &dfetedm i n a
bi ol ogi cal sanple. The. pethod co ises: (a) i.solating nucleic acid froma
bi ol ogi cal é%ﬁﬁ!@ngﬂgﬂé‘gf@ﬂb%‘ﬁ cey {ea}qqraﬁgt%%%%af %ﬁg?}sse@efge,w,er
wherein 4 he | @vi g : WwiRleRaset sellenc8asrt i Ng
the i solstat eégg‘gkl%ﬁlr gggeeiga%%%r@&;%o&ﬂﬁ%beﬂ ?gt g%rggtl ig%err\lucl eoti de
whi ch conpr ifems a ardbiertargetmoimpdex; endpr i si ng a conpl exi ng sequence

sufficiently conplenentary to the 3' -term portion of t RNA t ar get
sequence 1o comi SHEEHE: BRPrHEmReE ARReS Helaps! BE e [isalon PRt or ses
a pronoter fRup@nEINGFihelepeadeqienddNA pol ynerase 5' and operably |inked to

t he conpl exi ng sequence, wherein the first priner conprises a sequence

derived from t he Ipefiditiondl eopdiments, hedehohisanpsplieiwn ester- any one of Fi gures
2A-2U oy, Figures ;11A-1 t ' ' . RN .t hat
provi defq or the flglyﬁta@ll%%%&% oadgﬁ%r{t:s?g%«%%{é %néftsl% e qg}g% ,%gglg ﬁééeﬁ%gr%%l ex

and i niti at itegmetho@Nebos¥ Atddsived from) the MPeandgiog of the Huivas paproivires Bi9 an
ext ensi on reacti on usi ng the RNA target sequence as a tenplate to gi ve a
first DNA prEep@ne.srelasirem the prlvucleotide scavencershictidyin Ay PRROIRNEES £ dat

SEQUENCE, U or11A-11Z.
In another embodiment, the invention is directed to a method of detecting
15 human parvovirus B19 infection in a biological sample. The method comprises:

(a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises an RNA target
sequence;

(b) reacting the isolated parvovirus B19 nucleic acid with a first

20  oligonucleotide which comprises a first primer comprising a complexing sequence
sufficiently complementary to the 3'-terminal portion of the RNA target sequence to
complex therewith, wherein the first primer further comprises a promoter for a DNA-
dependent RNA polymerase 5' and operably linked to the complexing sequence,
wherein the first primer comprises a sequence derived from the polynucleotide

25 sequence depicted in any one of Figures 2A-2U or Figures 11A-11Z and the reacting
is done under conditions that provide for the formation of an oligonucleotide/target
sequence complex and initiation of DNA synthesis;

(c) extending the first primer in an extension reaction using the
RNA target sequence as a template to give a first DNA primer extension product

30 complementary to the RNA target sequence;

5



5 WD 03/002753 PCT/ US02/ 20684 (d) separating the first DNA priner

extensi on product fromthe RNA target sequence using an enzynme which

sel ecti vewp odegr7atles the RNA target sequence; (e) treati n@CrhusSom&spri mer
extension product with a second oligonucl eotide which conprises a second
primer conprising a conplexing sequence sufficiently 5 conplenentary to the
3'-termnal portion of the DNA priner extension product to conplex
therewith, wherein the second prinmer is derived fromthe pol ynucl eoti de
sequence depicted in any one of Figures 2A-2U or Figures 11A-11Z and the
treating is done under conditions that provide for the formation of an

ol i gonucl eot i de/ t(dy @earatlsgth@éhet@ﬁérmme@t eamslﬂmptqdachfmmﬁiemtslsgﬁt hesi s;

10 (f) extending the 3' -t th
reacton toNIE: SugabP Do et el ERERT b KRl e s et oauci ng

a tenplate for tt(ggNA gmmqjﬂmamteaﬁbwﬁrdaaewnm @}edend BUgMiRIdEEP! at e to
produce nultiple copies of the target sequence using a DNA-dependent

RNA pol yner mcwmwseée@gqﬁnéeemheompw ePO@EI&&’@Bé%QUCHQ%S‘%fﬁ@e‘EtM usi ng
the RNA Op'oﬁﬁlpgém&t 1§ fhe-3:- ?e%&%fg, ¥h bP BIINA SRR RBnabe BRalblp 10 (9)

to anpli ar ge sequence; I'ng an acridinium es
ol i gonucl eotdodrplqa;rthaewtth WhﬁemrtMsucbnd)pSnmextierien(im frammeqmiyndclfotxde

ol i gonucl eoti de probe is.conple ar rtlon of 0 tar
sequence ancfe‘tl‘FFé‘c‘]?)?%%tet?gl %rqnﬁg’gg 5“6‘%1 %6&5% éﬁéWéE &lepi cted
in any one 193?1@ ﬁﬂ"eﬁéot%ﬁw%'s’lth g?ﬁfvﬁierfoﬁ 1€ fV i8N o$ a@gﬁl uh'l%%die/ i tions

t hat provide or the hybridization of the probe with The target sequence
to form a prselpencacgeplex endrpiitetionah N4 yyrdegsesct i ng t he presence or absence

of | abel,as an i cat f,th t he t
fsequencL(T e ﬁgﬁﬁ%ﬁﬁééfﬁ@ﬁrf i‘fﬁgrﬁr}?wtﬂm ﬁ@ﬁ%&%ﬁ%ﬁ%ﬁ et oo
or anpli | 1Redbly tHgane ® o
conpri rsrgs m()ggle?asolggt i ﬁmﬁ%ﬁé{l@éeﬁdgwggll d%f rd(i)lﬁtlca bi olqg(g)gl cal saﬁrr%)llae stpect ed

of cont ai ni AeNA-dependent RNA polymerase;
(g) using the template to produce multiple RNA copies of the target sequence

using a DNA-dependent RNA polymerase which recognizes the promoter sequence;
15 and (h) using the RNA copies of step (g), autocatalytically repeating steps (b)
to (g)
to amplify the target sequence;
(i) adding an acridinium ester-labeled oligonucleotide probe to the product of
step (h), wherein the oligonucleotide probe is complementary to a portion of said
20  target sequence and the probe is derived from the polynucleotide sequence depicted in
any one of Figures 2A-2U, wherein the probe is added under conditions that provide
for the hybridization of the probe with the target sequence to form a probe:target
complex; and
(j) detecting the presence or absence of label as an indication of the presence
25 or absence of the target sequence.
In yet another embodiment, the invention is directed to a method for
amplifying a target parvovirus B19 nucleotide sequence. The method comprises:
(a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises an RNA target

30 sequence;



human parvovirus B19 DNA, wherein the nucleic acid conprises an RNA target
30 sequence; 6 WO 03/002753 PCT/ US02/ 20684 (b) adding one or nore priners
capabl e ovOlglood7as zi ng to the RNA target sequence, wherei RCTHESODZSSHOr nore
prinmers are derived fromthe pol ynucl eoti de sequences depicted in any one
of Figures 2A-2U and Figures 11A-11Z; (c) adding an oligonucl eoti de probe
capabl e of hybridizing to the RNA target 5 sequence 3' relative to the one
or nore primers; (d) extending the one or nore prinmers using a pol ynerase.
In certain enbodi nents, the RNA target sequence of step (a) is reverse
transcribed to provide cDNA and the nmethad can further conprise anplifying
the CcDNA using (b 3ddingene ormarp pHEgEsGapible @M}Znéﬁtoég?%&ﬂ tfgetgap | i gase

chain 10 re ' S CHOZR ' eis a
thernnstablgg&%%ﬁ?%g%éée, sugﬁkgggigﬁ&ﬁgggﬂﬁﬁﬁfgE%Fb&ggagggﬁgﬁgggse or Vent
pol yner ase. skqueneetdiepicesdain aeyboelof®igtues 2AHJ pud Figaread@ArslZ&. col i DNA
polynerase |, Klenow fragnment of E. cqli DNA pol ynerase | T4 DNA

pol ynerase. In céf aﬁdﬁlgsar%g&oﬁ‘éﬁ?‘ggﬁﬂ’r%éam? M%@ th%ﬁ@ﬁ 3E&ftabove,
an interqal ot LQlivd & tRE 8Nd Si&H Ehdrdt €rnal control can be derived
fromthe sec?ﬁi%ge ofr F%“g,;ure 12 (SEQ()DHEIE_IKI])1 NQ’QZ). I n addi ti onal enbodi nents,
the internal cont(dp¢xtouing ths ese SEQorel MinN@s 99ing h pokydwraseonal enbodi nent s,
the invention is directed.to a h r detectin human parvovirus B 19
infection in a bilBe _lﬂﬁwbgglfﬂﬁ"g?h‘fﬁﬁl}r‘rg?ﬁ%&e%‘be%‘? S?@&%&?S? sol ati ng
nucl ei ¢ aci drah§@iPed tdpRVRRI ENA sadHeendhshettfethdfcofPrit@impRfinghtean
parvovirus B 19 DNA, wherein the nucleic acid conprises a target sequence;

(b) reacti ngDNWe upigs pabyaerass chynireagdom(RB-PRIRY (o8 peymaetaic wpp Hgasegheiact abl y

| abel ed, pro ffhei c t - idizing with
the tar 1g(gt qgaé:?fﬁlék%g,ﬁé\/\;ﬁg#%i ﬁl@‘ﬁ%%grgbgg{éxﬁngs?é%% \lf}é‘g&?go{rgnat eergl\égt% t;)li[r%ucl eoti de
sequences dgplghease, Such2s batyot dindtedflto Fag polgmerie i Vamcpolyrgeraes Iw1A- 117, and
further wherein the reacting is done under conditions that Igrovi de for the
formation Ofadgltlﬁp@tp@}l{og}tgg%ts,éléeqmgmgrase is E. coli DNA polymerase I, Klenow

fragment of E. coli DNA polymerase I, or T4 DNA polymerase.

In certain embodiments of the various methods described above, an internal
15  control is provided. The internal control can be derived from the sequence of Figure
12 (SEQ ID NO:92). In additional embodiments, the internal control comprises SEQ
ID NO:90.
In additional embodiments, the invention is directed to a method for detecting
human parvovirus B19 infection in a biological sample. The method comprises:
20 (a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises a target sequence;
(b) reacting the isolated parvovirus B19 nucleic acid with a detectably labeled
probe sufficiently complementary to and capable of hybridizing with the target
sequence, wherein the probe is derived from the polynucleotide sequences depicted in
25  any one of Figures 2A-2U and Figures 11A-11Z, and further wherein the reacting is
done under conditions that provide for the formation of a probe/target sequence
complex; and
(c) detecting the presence or absence of label as an indication of the presence

or absence of the target sequence.



conpl ex; and (c) detecting the presence or absence of |abel as an

i ndi cation of the presence or absence of the target sequence. 7 WD

03/ 002753wB@3HuB82/ 20684 | n further enbodi nents, the invecomiusn2/e@sdi rect ed
to a pol ynucl eoti de conprising a nucl eoti de sequence conprising any one of

t he nucl eotide sequences depicted in Figures 2A-2U or Figures 11A-11Z. In

addi ti onal enbodi nents, the invention is directed to a pol ynucl eotide, as 5
above, wherein the nucl eotide sequence consists of the nucl eotide sequence

depicted in Figures 2A, 2B, 2C, 2D, 2E, 2F, 2G 2H, 21,2J, 2K, 2L, 2M 2N
20, 2P, 2Q 2R, 2S, 2T, 2U, 11 A 11 B, 11 C, | ID, 11 E 11 IF 11 G 11

H 111, 11 J, 11 I furtheriembodimgnts, the invention is directed to a polynucleotide

L1110, 1 i LS, AU R B it

enbodi nent s, ectrnve ynu I de

conpri si ng alepiteddaaFigieesSEARRGFig@sPIisiing. any one of the nucleotide
sequences depicted in Figqures 3A-3C or, 4A-4C. |.n additional enbodi nents,

the invention is lnieAdiEeadl embodinatty ednemsticads dtectedis g@olymeleetids: ehe
nucl eot i e SERUERIRAL IR Mol (Rl cbrRk Hems RALEARR HTRhEL Btbicttd

Fi gures 3A- or In gures n anot her enbodi ne I nvention
i s directed ihfigmes2 A, 2C€), 8Dt 2PELK) 2Gn2H, 2Ic2h 2Ks 2Ln2Mo2Na2@y 2B 2R, egi on

barvovi rus 85 3TN EATE Mo D AREXIRLRRG, bbb aa by 75
nucl eoti des.{ 1N} 1660 1 £,1 1&TP PRI MDY BT, 110L 1PYOIPVEN 1X eAYOH: 112t he T7

pronoter and said polynerase is T7 RNA pol ynmerase. Additionally, the human
20 parvovirus B 19-s8hdaitticr embedimentsethasybibet thvention kredikgpted toagi on of t he

human rvavirus, B.19 genone, such.as fromthe polynucl eotide sequence
Gemr oy B 1 Dol IsRdDs St RYTERR st duBd A Bng M bR bERE O eThe
enmbodi ment s, nutlestilyegaéndes dégictdd ERigads 3A-3C bopauc. eot i de pri mer
consisting of a T7 pronoter operabl éﬁl i nked to_a human parvovirus B

19- speci fic 25 cdnpidifiony exbhgduncnss, Sre invration ivdirestedds apohmupigetidans des,
wherein the alﬂgoar&/herein the nucleotide sequence consists of the nucleotide sequence depicted
in Figures 3A-3C or in Figures 4A-4C.
15 In another embodiment, the invention is directed to an oligonucleotide primer
consisting of a promoter region recognized by a DNA-dependent RNA polymerase
operably linked to a human parvovirus B19-specific complexing sequence of about 10
to about 75 nucleotides. In certain embodiments, the promoter region is the T7
promoter and said polymerase is T7 RNA polymerase. Additionally, the human
20  parvovirus B19-specific sequence may be from the VP1 region of the human
parvovirus B19 genome, such as from the polynucleotide sequence depicted in any
one of Figures 2A-2U or Figures 11A-11Z.
In yet further embodiments, the invention is directed an oligonucleotide primer
consisting of a T7 promoter operably linked to a human parvovirus B19-specific
25 complexing sequence of about 10 to about 75 nucleotides, wherein the human
parvovirus B19-specific complexing sequence is derived from the polynucleotide
sequence depicted in any one of Figures 2A-2U or 11A-11Z.
In another embodiment, the invention is directed to an oligonucleotide probe
comprising a parvovirus B19-specific hybridizing sequence of about 10 to about 50

30 nucleotides linked to an acridinium ester label. In certain embodiments, the human

8



parvovirus B 19-specific conpl exi ng sequence is derived fromthe

pol ynucl eoti de sequence depicted in any one of Figures 2A-2U or 11A-11Z.
| n anot hewoaataissrent, the invention is directed to an ol ipgoruset/zwsd de
probe conprising a parvovirus B 19-specific hybridizing sequence of about
10 to about 50 30 nucleotides Iinked to an acridiniumester |abel. In
certain enbodi nents, the human 8 WD 03/002753 PCT/ US02/ 20684 parvovirus B
19-speci fic hybridi zing sequence is fromthe VP1 regi on of the human
parvovirus B 19 genone, such as fromthe pol ynucl eoti de sequence depi cted
in any one of Figures 2A-2U or Figures 11A-11Z. In yet an additional
enbodi nent , ptan@vims/BMismiﬁcshsdiddéaimge@qumca isjfralgrtb@VPd; regign of Ge iman

conpri sing one or onu eser i bed her n, and

et uct § ondanesiruf B e Spatudren s Benp ol b aER PR R I Y e s
the test ki tonkWfFi@FesQAPUIoy Féls DIA-gonucl eoti de probe conprising a
parvovirus B 19-specific hybridizing sequence of about 10 to about 50

nucl eoti des |inkdd Yﬁfcﬁnaﬁﬁidﬁtﬂnﬁ]cﬁmh@hﬁl@gt e invgption is digelsd tpdiagnorsic test pect s
of the Ry €S Wtcolp{é)&%@g ohd.o ore a%%ﬁ‘@&e? HBQA&nﬂst hétefh! gnggehpcuton

fol | ow ng de scrlp I on dr aw ngs. ri scr|p§| on of
the Fi gures foi @idecting the alagn@gbwmalmaartammnﬂﬁ)dmmé olre toft KitWartherman

parvovirus B 19 , genone, depicting the various codi n gi ops, of e virus.
Three PCR frcawﬁ%ssané}héomﬁe% .P&%&OH@H@%WW&HB% P"éll‘{'}]“ dta@

correspondi r B19
genone desc ;glg%&egc@yp%%gi 1e@§) aHBQﬁ!' 30 @&%oﬁra%ﬁllxﬁ%gg%%; a%ﬁéﬂnégﬁéé% lg{bggne wth

applr ox![ mat el y 3t7CT Hepe mdt7d1h%r4a21b®ts7c€f0h¢)me$magwemcm wéd}rbeegmo mhdggt up@nb i
nucl eotj de positio I VOVi.r ys enone described in
Shade eitod Ireérejlce Fﬂ *8?01%("?%%?&@%{ %‘f‘i&&? .and gHac é%f/a%f "% pproxi mately 214

bp corresponding to 20 nucl eoti de positions 4728-4941 of the parvovirus B
19 genone described in Shade et al., J. Virol. (1986) 58:921-936. Figures
2A through Wﬂ@ﬂ_&maepl ct DNA sequences from various

bar vovi rus B 19 ipggl 55, uilk b eSS SEONRNE R IRTESARANTLDS b0

nucl eot i de p05| € parvovirus genone described in
Shade et al. g,endme,\ﬂebihhng the various coding regions of the virus. Three PCR fragments are

15 depicted, one with approximately 700 bp, corresponding to nucleotide positions 2936-
3635 of the parvovirus B19 genome described in Shade et al., J. Virol. (1986) 58:921-
936; one with approximately 370 bp within the 700 bp fragment, corresponding to
nucleotide positions 3073-3442 of the parvovirus B19 genome described in Shade et
al., J. Virol. (1986) 58:921-936; and one with approximately 214 bp corresponding to

20  nucleotide positions 4728-4941 of the parvovirus B19 genome described in Shade et
al., J. Virol. (1986) 58:921-936.

Figures 2A through 2U (SEQ ID NOS:1-21) depict DNA sequences from
various parvovirus B19 isolates which include sequences corresponding to nucleotide
positions 2936-3635 of the parvovirus B19 genome described in Shade et al., J. Virol.

25 (1986) 58:921-936 (the 700 bp fragment from Figure 1). Figure 2A (SEQ ID NO:1)
is the corresponding sequence from isolate CH47-26; Figure 2B (SEQ ID NO:2) is
the corresponding sequence from isolate CH48-29; Figure 2C (SEQ ID NO:3) is the
corresponding sequence from isolate CH33-2; Figure 2D (SEQ ID NO:4) is the
corresponding sequence from isolate CH33-3; Figure 2E (SEQ ID NO:5) is the

30  corresponding sequence from isolate CH33-4; Figure 2F (SEQ ID NO:6) is the

9



2 5 (1986) 58:921-936 (the 700 bp fragnent fromFigure 1). Figure 2A (SEQID
NG 1) 1is the correspondi ng sequence fromisolate CH47-26; Figure 2B (SEQ
ID NO 2) WO 03tbsgorrespondi ng sequence from i sol at e CHA8P2I/USHR/N68E 2C
(SEQID NO 3) is the corresponding sequence fromisolate CH33-2; Figure 2D
(SEQID NO4) is the corresponding sequence fromisolate CH33-3; Figure 2E
(SEQ ID NO5) is the 30 correspondi ng sequence fromisolate CH33-4; Figure
2F (SEQID NO6) is the 9 WD 03/002753 PCT/ US02/ 20684 correspondi ng
sequence fromisolate CH42-7; Figure 2G (SEQ ID NO7) is the corresponding
sequence fromisol ate CH42- 18 Figure 2H QIDNOX8) is the
cor r espondi fgTISERPUEINESCAYCHAT ﬁ@@llaq ate G2 EFlglF'F@@@E IN NAF) DO, 9) is the

correspondi I - 10) is
fhe 5 corr eausaaiiEREReLiatt ko e ool AR A UTsEO IO RE AR M 0 1)
is the cor roeﬁpqmldmg ss@mneﬂﬁenﬂis@mnei@mzatse Fighite 8] (SHQID &@R) s8k«) | D NO 12)
is the corresponding sequence fr e CH2- (SEQ I D NO 13)
s the cor OGEBIBNIN seuten tamis e (IS rewe ib@?ééﬁﬁm gm

NO 14) is t I I E@—Iﬁ; e 20 (SEQ
| D NO 155)S i rs&%{rﬁ lhaﬁl ?ggg%ﬁgﬁgé@é%aﬁelng?lgﬁgﬁ gso | at ekép-lilil)%%élr:l gure 2P

(SEQ | D NO. ]oﬁ)resp;)ntlimg seﬁlmnpeﬁpmnsblatg GlEg6drigaref2L OB Be 126 the2; Fi gure
2 SEQ I D NO 13- 27;
i 6 2R ( Seaemohtist sagines T g LEsRE BE RGN Rebt ar e

CH14- 33; Fi gliespdrdingk&yuidacdNFomSiolhte GHL10;F05ure SPOSHQID SEX NS thef rom
i sol ate CH62- 2; F| ure T (SEQ ID NO 20) is the 15 corres?\&) i Nng sequence

from i sol at eogegpendingsaauence fipm iselate SEB-1 1:Nigwe)2Q SEQED N1 3)ds Hondi ng

sequencg, fro I sequence
fo? theﬁ)apprglﬁrfeéfpatn eIt”é %ﬁc%%o@%ﬁt??&éﬁ%%& lélﬁg\%g (lg)lr:‘\agi)zur el%??%,\‘rh gm |
parvovi rus Bok@sponding s2quidnde frémeisslag GHIG22; Higura 2®(BEQIIEN@)17)detHer agment

correspondi ng to nucl eoti de gom tions _217-4893 of 20 _Shade et al J.
Virol . (1986Pmsgpogdinggsguenspaomdsrieiildlidepl: dimae eBAPERIY NRel®) isthgovi rus B

19 full-Ten Ioﬂegp%(ﬁgmg% cifde FrBﬁﬂ?ol%'(ﬁ-blm%ﬁe b@(éEQ\fB ﬂOQ@gls\{ﬁg pl us

additional 5" an ransl at ed sequences
corresponding sequence from isolate CH62-2; Figure 2T (SEQ ID NO:20) is the

15 corresponding sequence from isolate CH64-2; and Figure 2U (SEQ ID NO:21) is the

corresponding sequence from isolate CH67-2.

Figures 3A-3C (SEQ ID NO:22) show a sequence for the approximately 4.7
kbp PCR fragment shown in Figure 1 from parvovirus B19 clone 2-B1. The sequence
is a 4677 nucleotide fragment corresponding to nucleotide positions 217-4893 of

20 Shade et al., J. Virol. (1986) 58:921-936. The sequence depicted contains the
parvovirus B19 full-length open reading frame which encodes NS1, VP1 and VP2,
plus additional 5' and 3' untranslated sequences.

Figures 4A-4C (SEQ ID NO:23) show a sequence for the approximately 4.7
kbp PCR fragment shown in Figure 1 from parvovirus B19 clone 2-B6. The sequence

25 is a 4677 nucleotide fragment corresponding to nucleotide positions 217-4893 of
Shade et al., J. Virol. (1986) 58:921-936. The sequence depicted contains the
parvovirus B19 full-length open reading frame which encodes NS1, VP1 and VP2,
plus additional 5' and 3' untranslated sequences.

Figures SA (SEQ ID NO:24) and 5B (SEQ ID NO:25) show the NS1

30 nucleotide and protein sequences, respectively, from parvovirus B19 clone 2-B1.
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Fi gures 4A-4C (SEQ I D NO 23) show a sequence for the approximately 4.7 kbp
PCR fragnment shown in Figure 1 from parvovirus B19 clone 2-B6. The sequence
25 is a M003mmbeoti de fragnent correspondi ng to nucl eot iPdE/Uyso2d68HNS
217-4893 of Shade et al., J. Virol. (1986) 58:921-936. The seguence
depicted contains the parvovirus B19 full-length open reading franme which
encodes NS1, VP1 and VP2, plus additional 5 and 3' untranslated
sequences. Figures 5A (SEQ ID NO 24) and 5B (SEQ I D NO 25) show the NSI 30
nucl eoti de and protein sequences, respectively, from parvovirus B19 clone
2-B 1. 10 WD 03/002753 PCT/ US02/ 20684 Fi qures 6A %SEQ I D NO 26) and 6B
(SEQ I D NO 27) sHugireneAREQIDANQ6) ard 6B PN 2 pehoshthe Pl espect i vel vy,

{om ar VOV 6 5 AO0E Safirkee, FEROUIER, Eon{ SR M02Rneond1 7B (SEQ D

NG 29) show e and protel’n sequences, respectively, from
parvovirus B 19 digures ZARSEQ ID NO@8) end BA(REBRIDINIDIIQ) S tied/I@B ( SEQ | D

NG 31) show the NS1 nucl eotide and protejn_sequences, respectiyely, from
parvovi rus Bolegfl @dZP-rB@!n SeﬂPﬂl‘}F_%éﬁe%ﬁ?t("S Qﬁpﬁ%@%"?‘)‘w%}g C%B’e Zsﬁég | D NO 33)
show t hes VP! nuclf@g\hw@%ggﬁqmt:@!a@) §1%8§2§E%Q1IDVI@GB‘?F§H0‘6%%N§1V om

parvovirus B19 cl ohe 2- Figures” 10A ( I'D NG 34) and 1B (SEQ I D
NO 35) shownuhleotR2andioteirciegutricds respectjyebt &om paevpiens &9 dawsPeB6i vel vy,

f i .19 - Ei . 1 Z | D

NOB: 65-87)  dept ot IERA SRqRERIBRPrsAE 2R TR THINEN M 8538 sl at es

whi ch i ncl UGRCREAMCIHIESoRAT Jcg6HRBS reiPedtiveRl GofO dreteyirup BIOtRHRY-BE36- 3635 of
t he parvovirus B19 genone described in Shade et al., J.. Virol. (1986)

58: 921- 936 (the 7igurppleA FRAP NOSMH mdyliFe(SEQ IENQI? D shox theF®2| D 15

NG 62) js th . i j - o Fl 11B (SE
D o 5 PR EIRASERaEs sk Rl B TS Bg R B (1

(SEQ ID NO 64) iRKgirbel cAthresgionidl (HECs HY NOS:62-87)0depics DINA eedabAdes!ffond! ;
Figure 11D (SEQ ID NO 65) is the correspondi ng sequence fromisol ate
B19SCL2- 1; Magaperarveyirus $HE isqlpteqmhish inglude ssguenses comssppiding tedwglsatde 1 r om

20122 SOk PO B IE SSEUNRIAD Skl S 52001

(1986) 58:921-936 (the 700 bp fragment from Figure 1). Figure 11A (SEQ ID

15 NO:62) is the corresponding sequence from isolate CH80-1; Figure 11B (SEQ ID
NO:63) is the corresponding sequence from isolate CH81-3; Figure 11C (SEQ ID
NO:64) is the corresponding sequence from isolate B19SCL1-4; Figure 11D (SEQ ID
NO:65) is the corresponding sequence from isolate B19SCL2-1; Figure 11E (SEQ ID
NO:66) is the corresponding sequence from isolate BI9SCL3-1; Figure 11F (SEQ ID

20  NO:67) is the corresponding sequence from isolate B19SCL4-3; Figure 11G (SEQID
NO:68) is the corresponding sequence from isolate B19SCL5-2; Figure 11H (SEQ ID
NO:69) is the corresponding sequence from isolate B19SCL6-2; Figure 111 (SEQ ID
NO:70) is the corresponding sequence from isolate B19SCL7-3; Figure 11J (SEQ ID
NO:71) is the corresponding sequence from isolate B19SCL8-2; Figure 11K (SEQ ID

25 NO:72) is the corresponding sequence from isolate B19SCL9-1; Figure 11L (SEQ ID
NO:73) is the corresponding sequence from isolate B19SCL9-9; Figure 11M (SEQ ID
NO:74) is the corresponding sequence from isolate B19SCL10-2; Figure 11N (SEQ
ID NO:75) is the corresponding sequence from isolate B19SCL11-1; Figure 110
(SEQ ID NO:76) is the corresponding sequence from isolate B19SCL12-1; Figure

30 11P (SEQ ID NO:77) is the corresponding sequence from isolate B19SCL13-3;
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NG 68) is the correspondi ng sequence fromisolate B19SCL5-2; Figure 11H
(SEQ ID NO69) is the correspondi ng sequence fromisolate B 19SCL6- 2;
Figure 11WO03BQ75D NO 70) is the correspondi ng sequence PCBrISITl6st e
B19SCL7-3; Figure 11J (SEQID NO 71) is the correspondi ng sequence from

i sol ate B19SCL8-2; Figure 11K (SEQ ID 25 NO 72) is the correspondi ng
sequence fromisolate B19SCL9-1; Figure | IL (SEQID NO73) is the
correspondi ng sequence fromisolate B19SCL9-9; Figure 11M (SEQ ID NO 74)
is the correspondi ng sequence fromisol ate B19SCL10-2; Figure 11N (SEQ 1D

NG 75) is the correspondi ng sequence fromisolate B19SCL11-1; Fi(%ure 110
(SEQ | D NO Fapured QHSEQID NG Hhids thy cewerpending seqyencesmmadsolats BEoSGD14-

m9sa13 3 LHEGD BSIEER IR BhRiEagh SRR B el T N 7) i s
t he corresp@diSal 1563 Fnee 11$ SEQ 3D IND:80)HE Hrdohrbspohdirfg @ytienct fiolR ( SEQ | D

NG 79) is the correspondi ng. sequen %b(irom i sol.ate B19SCL15-3; Figure 11S
(SEQ | D NO 8#plate B1ORELL62% %hﬁ%éﬂ R k&1 X5 Hip corrsspondineseamsate 6- 2;
Figure 1.AT ( : : 51t § } Nie)y- i sol ate
81980_1%5-11; I gtljérocg1 téi?llJ Iéi(ipllbﬁ%%&gzl)be@? heﬂébd@gésjg%;c frﬁ%ogglgg]ence from
i sol at e B19S€ished frof igelnte BIDSCLIED; FiguOl BBYSEQ IDANO:88pisrtbs pondi ng

cort espond! igresmmaeserront rom s gHeSet 1 e TGO pia 4G o)
i s the corrqppestispeh@EREsR e IFRMsbRed Bi%ﬁm%géillﬁgSEQQDlﬁlﬁzéﬁEQ | D

10 NO 86) is the correspondi ng sequence fromisol a B19SCL22- 11; Figure

11Z (SEQ | Os Mg ®mpspondmgsequencefporisnlag BO§GEALS; Fievm 1 00($HQ@ IB19SCL2- 14.
Fi I.D. NO 92 . | . .
nter nal® comVe) (s @kssbiRigh Sl | Blale BRROEELL IR L 580, o

15 Detai | ed IDaNOr8Md the cofrespbrdihg v&akbhdTrobl &opitéBIISELDA4t he present

i nvention wll e%oy, unl ess otherw se indicated, conventional nethods of
cheni stry, bi ochdigwerly (SEQIDMIViP2ndemnia an exemplanyessdusrge fiomwhishen wi t hi n

the skill of: i I . - LN the
liter a!t ure. 1@%&1"%1 ?%rolﬁ@ﬁ%g%ﬁ%ﬁ%ﬁﬁ@ﬁﬁg%tgéﬁﬁ%ﬁﬁa; lt’yg‘lha?ﬁo\}}bl .1 &Il (B N
Fi el ds and

15 Detailed Description of the Invention

The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, recombinant DNA techniques and
virology, within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Fundamental Virology, 2nd Edition, vol. I & II (B.N. Fields and

20 D.M. Knipe, eds.); A.L. Lehninger, Biochemistry (Worth Publishers, Inc., current
addition); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd Edition,
1989); Methods In Enzymology (S. Colowick and N. Kaplan eds., Academic Press,
Inc.); Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to Molecular
Cloning (1984).
25 4
It must be noted that, as used in this specification and the appended claims, the

IR INT
a

singular forms “a”, “an” and “the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “an antigen” includes a mixture of
two or more antigens, and the like.

30 The following amino acid abbreviations are used throughout the text:
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20 DM Knipe, eds.); A L. Lehninger, Biochem stry (Wrth Publishers, Inc.,
current addition); Sanbrook, et al., Ml ecular Coning: A Laboratory
Manual (2W0 0Ba@0276HN, 1989); Methods In Enzynol ogy (S. ColPomiusk2/20664 N.

Kapl an eds., Academ c Press, 1Inc.); digonucleotide Synthesis (N Git,
ed., 1984); A Practical Guide to Mdlecular Cdoning (1984). 25 It nust be
noted that, as used in this specification and the appended cl ai ns, the
singular forns "a", "an" and "the" include plural referents unless the
content clearly dictates otherw se. Thus, for exanple, reference to "an
antigen” includes a mxture of two or npre antigens, and the like. 30 The
fol l owi ng ami no aci dMapibeedadB)ons are Jyeminh Asg@Rbut the text: 12 WO
03/ 002753 PCT/ US02/ 2 | - Ala ( i g (R) Asparagine:
Asn (N) Aspartic acﬁ%%g%?ﬁ% StEII’leAAQPE@%@)R%’& mne: Gn (Q
Gutamc acid: Qu (@stdﬁheymy@ec) d y (G) Glutdhsdd: dineQ) H s (H) |sol euci ne:
Ile (1) Leucine: Leu (L) Lysine: & Met hi oni ne: Met (M

Phenyl al ani ne: Phe (qd)ltanpﬁsé‘l’lﬂn@u(ﬁ?o ( PClgdpefdy (Sar () Threoni ne: Thr
(T) Tryp§ophan: Trp r@si ne: Tyn a Val 1.

Def i ni t:o%ns In descrlfggc%gt X( esent [ %%/&e%{%clmgéhhle?ﬁe foll ovm ng ternms wll
be enpl oyed, and arle:ucmbzelmje(dL)to be defliysmd: lags (K)di cat ed bel ow. 15 The

o1 dues and are noMPFR lbeMea?lw i nt e GgRE el Droduct . Thus,

peptides, ol igopeptp ggse: Ped nul ti nRfife: RAE) he Iike, are included
within the definition. Both uI I -length proteins and fragnents thereof are
enconpassed by the ddfreoning: dir (T) Tryptophan: Trp (W)

10 Tyrosine: Tyr (Y) Valine: Val (V)

1. Definitions
In describing the present invention, the following terms will be employed, and
are intended to be defined as indicated below.

15 The terms “polypeptide” and “protein” refer to a polymer of amino acid
residues and are not limited to a minimum length of the product. Thus, peptides,
oligopeptides, dimers, multimers, and the like, are included within the definition.
Both full-length proteins and fragments thereof are encompassed by the definition.
The terms also include postexpression modifications of the polypeptide, for example,

20  glycosylation, acetylation, phosphorylation and the like. Furthermore, for purposes of
the present invention, a “polypeptide” refers to a protein which includes
modifications, such as deletions, additions and substitutions (generally conservative in
nature), to the native sequence, so long as the protein maintains the desired activity.
These modifications may be deliberate, as through site-directed mutagenesis, or may

25 be accidental, such as through mutations of hosts which produce the proteins or errors
due to PCR amplification.

A parvovirus B19 polypeptide is a polypeptide, as defined above, derived from
a protein encoded by the B19 genome, such as from the nonstructural proteins, NS1

and NS2, as well as from the proteins which form the viral capsid, VP1
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The terns al so include postexpression nodifications of the pol ypeptide, for
exanpl e, 20 glycosylation, acetyl ation, phosphorylation and the I|ike.

Fur t her nowe,030@75pur poses of the present invention, a "pecCyasprreel refers
to a protein which includes nodifications, such as deletions, additions
and substitutions (generally conservative in nature), to the native
sequence, so long as the protein maintains the desired activity. These
nodi fications may be deliberate, as through site-directed nutagenesis, or
may 25 be accidental, such as through nmutations of hosts which produce the
proteins or errors due to PCR anplification. A parvovirus B 19 pol ypeptide
i s a pol ypefdeprteximatelydf] painoasissdn leagih) oY P2 (sproximatelt £14aeine 3aidg by t he

B 19 genone, h r.om: t i . A NP2, as
vell as fronsia p@?@?‘%@‘%ﬁ%ﬁ’qﬁrwﬁg 5‘%%“%&%2*52*}%8@@#% Figﬂ%g\%/ 002753
PCT/ US02/ 2068£ein.( Zh@pelypéptide nyedatdt baphysicaligiddavedfrommpgivoyiras BYWbut may
(approxi mately 554 am no acids i Iengé(ﬁ). Representative NS 1, VPl and
VP2 sequencd$ sypibetieably or gepombinanty, peaduged) Moregyer; the pp eﬂ&i%@b%? de need

not be pyysigally ﬁgﬁ%‘g’g’z e I\%ﬁb@@ﬁéf%(\iifdé% 18 shlinsAHA isOBYes. REndMBdriagt i cal |y

or recombi nantly pro reover, the polypeptide nay be S5 derived from
any of the wanserusl parvaceble negi®ishée knavai betwesidtheseaitraine snd fsotatasized, inf

and. 1 gorREPSL T BARRY R TS AR B PR SeaN B Fopes

derived from:$ibgs®Rill AfGIaish Wdrée dTA¥GueAcdh@oldglree, Ahind Q6ideBge&nbOMI 0gy,
e.g., amno acid sequence honol o%y of nore than 30% preferably nore than
€

40% when t Hemolegysefquensdlean ¥e preferablygnes thandfs, whan ths Brpseguendsgarcer m
516 of [y PEREhdE Tffsclod ehnila e ol Pie lypBiachechIt8 sHAUL OUE ARV OY| 1 U5

B 19 strains I SO e conp sequences Tor the

above pr ot eidng oftheampuPparverius B 9Btrhfhs ahd &ohisesaMheicsRbRtegenatypes kibwn.
See, e.g., Shade et al., J. Virol. (1986) 58;921-936;. Gal]linella et al., J.
Virol .  Met Hgéencasofes theaboygproteins of ppany piggiovirds, Bl @ sieaing andhiselatey akgi r us B19

der Lot 1 Tt S £ L, PN e By, AL N0
"anal 0g" andveémrudsai1893yAf213-21d. Maleogrcaplitopesaftdm pervoeirus/Al 9 dasvedffrdnhe
15 these regions are also known. See, e.g., U.S. Patent No. 5,436,127; and International
Publication No. WO 91/12269.

The terms “analog” and “mutein” refer to biologically active derivatives of the
reference molecule, or fragments of such derivatives, that retain desired activity, such
as immunoreactivity in diagnostic assays. In general, the term “analog” refers to

20 compounds having a native polypeptide sequence and structure with one or more
amino acid additions, substitutions (generally conservative in nature) and/or deletions,
relative to the native molecule, so long as the modifications do not destroy
immunogenic activity. The term “mutein” refers to peptides having one or more
peptide mimics (“peptoids™), such as those described in International Publication No.

25 WO 91/04282. Preferably, the analog or mutein has at least the same immunoactivity
as the native molecule. Methods for making polypeptide analogs and muteins are
known in the art and are described further below.

Particularly preferred analogs include substitutions that are conservative in

nature, i.e., those substitutions that take place within a family of amino acids that are

30  related in their side chains. Specifically, amino acids are generally divided into four
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reference nol ecul e, or fragnents of such derivatives, that retain desired
activity, such as immunoreactivity in diagnostic assays. In general, the
term "anawog@3/00xfers to 20 compounds having a native pol ypeptisde2®eguence
and structure with one or nore amno acid additions, substitutions
(generally conservative in nature) and/or deletions, relative to the
native nolecule, so long as the nodifications do not destroy inmunogenic
activity. The term"nutein" refers to peptides having one or nore peptide
mmcs ("peptoids”), such as those described in International Publication
No. 25 WO 91/04282. Preferably, the anal og or nuteln has at, | east the sanme
i mrunoact i vifempiliesss (Preiditat iasrarisis ad gluamue; (G Basi¢ orlyvivgepranipe Y§uas; de

anal ogs and o] urt her bel ow.
Particul arl )’%O%If}gar ed(,:@'ila?‘ﬁ1 @o\\éjgsimaegg‘}l&%é?{oq u@-{ﬁl‘étﬁrﬁ n@?ﬁ&ﬁl%lﬁ%?éé conservative
in nature, metRioninehogsoshansind @) inuharged pdlat al@yqjh@a@mglﬂm glaarhime) |y of

am no acids that are 30 rel ated A nu]%hel si de chains. ecifically, amno

aci ds are g&NBIFRL) SPrIRE YITEIMNG, HYTBSiRG heni %@e%@@‘%s WESH20684
faniliess ( Js))nféﬁfngé Elasmﬁ&lsﬁaafr&ﬁ&t?c Ahdo 9&&1& amie%amﬁ?ez ithéRhsombly! YSi ne,

arginine, histidine; (3) non-polar -- alanine, valine, Ieucine,
i sol euci ne, gm:chd;talvie thqzbIaamplamdamplaeemmvfﬂegnmmthtwq}pxcmﬂmrvaham@n( 4)

uncharged pol a i ne | ut am ne, teine,.serine
threontne, "agntaisuth bebfFraf R ARt SRAE S simiesi Ao 5

soneti mes clgsigdchieptlofsn AhidBREIGYiBN SeuchGhifiSreldted arRapidewill hoti Have @asonabl y
predictable that an isolated replacement of |eucine with isoleucine or

val i ne, an radipreffast en iiettiolagigalipctiyit. & orgxumpleoie nelyrertidepfdetpiesemayr a
simlar 1&°”%E£1M<i’et t% abloﬁtpé ?@‘éﬁ%@}vaﬁée & hAd ?? r@'«fﬂ r?m {%@a@ \Sﬂsﬂﬁh F@'Ary

rel at ed am no6" aci ve a major e ogl ca
activity. Fwwmptmdlmut 1525 pohsgpafite dmmcdnmata&tarmaq ac1dl@ulbstmit1tﬁie aip to

about 5-10 conserva i ve or. non-conserva |ve n # stitutjons, or
even up to #BYiHeESDIVERAZy SalNgas Hie é}‘\fgtt ‘?/’é‘og‘ﬂ-‘ﬁd"f&@iﬂa
substituti Ori ctorO fdlﬂh‘?ﬂ@ért hel werny ﬁet%ﬁmn% ?eélél{&%fft‘ﬁe hBRcAED T ed
function of ecu e remains “intact. One of skill 1n the art may

readily det enuerasﬁhata@nooﬂsram‘ chahge bpteferece t@Hopp/Ntfmdssmdﬂm-Doahtﬂteol erate

change g%/ reﬂ‘lc)etgev[]lcﬁekno%vnln%e;/yt)ods and Kyte-Doolittle 15 plots, well known
in the t :

By “isolated” is meant, when referring to a polypeptide, that the indicated
molecule is separate and discrete from the whole organism with which the molecule is
found in nature or is present in the substantial absence of other biological macro-
molecules of the same type. The term “isolated” with respect to a polynucleotide is a

20  nucleic acid molecule devoid, in whole or part, of sequences normally associated with
it in nature; or a sequence, as it exists in nature, but having heterologous sequences in
association therewith; or a molecule disassociated from the chromosome.

A polynucleotide “derived from” or “specific for” a designated sequence refers
to a polynucleotide sequence which comprises a contiguous sequence of

25 approximately at least about 6 nucleotides, preferably at least about 8 nucleotides,
more preferably at least about 10-12 nucleotides, and even more preferably at least
about 15-20 nucleotides corresponding, i.e., identical or complementary to, a region
of the designated nucleotide sequence. The derived polynucleotide will not
necessarily be derived physically from the nucleotide sequence of interest, but may be

30  generated in any manner, including, but not limited to, chemical synthesis, replication,
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By "isolated" is meant, when referring to a pol ypeptide, that the indicated
nol ecul e i s separate and discrete fromthe whole organismw th which the
nol ecul e woo03paarsdl i n nature or is present in the substancalusatysmssce of

ot her bi ol ogi cal macro- nol ecul es of the sane type. The term "i sol at ed"
with respect to a polynucleotide is a 20 nucleic acid nolecule devoid, in
whol e or part, of sequences normally associated with it in nature; or a
sequence, as it exists in nature, but having heterol ogous sequences in
associ ation therewith; or a nol ecul e di sassociated fromthe chronosone. A
pol ynucl eot i de "derlved from or "specific for" a de5|gnated sequence

refers to ae\mmqﬁrﬂpéummnde trgBsegipten WiRFItls basadn the infarmationipgeieded Bequence

f 25 | t about
o nuct oort qehRafitce e bhEE R B 00lon D BN HeRLALGIEIS Herdlod! 85 2007
mor e pref er abthy itrhay @eetsent&labuta sehse2@ anantismise deentatamrefSipoordiging, i . e.

i dentical or corrpl enentary to, a region of the designated nucleotide
sequence. TP hawelegt ‘pol ynucl eotide will not necessarily be derived

physicaldy from g sdPatiefao %Mb?&%?mﬁﬁlahﬂl KRl w%%l%’iﬁ%legﬁde

generated in any manner,” including, but not I'imted to cal synthesis,
replication twobBlwﬁE})tﬁlB}’rﬁGlzﬂ& WDB@O@tB%Bdlypcmldelswemmmrl ption or
transcription, whic sed e inf i on rovi d b e _sequence
of “bases i n-pikgaL heeFRER Bt b RTsD s arElseY BT Reret St e

such, it maysobepsefedl eﬂltemﬁb@tss%seowp@fbrm}ataeaseeb&msemw%on of the
ori gi nal pol ynucl eot i 5 "Honol ogy" refers to the percent simlarity

bet ween two ppdbn;ahlycatéwi 2houbP0%¢ ang st preserebly at 1?9$tebplet§5%%%[§muene¢ t Wo
pol'y pepfd de sﬁ%ﬁ.ﬁ?%@% aacgeq'ned %ﬁ%ﬁh‘%ﬁf‘é %gh%é}lfeg nR% 9 I‘CIL % her when

t he sequences ex 1"€8s pre e eas bout 75%
mor e pref er dldmol@douk eastretamu"secﬁeﬁée%ﬁ(owmgrcefhpreedmldyntay td thespeafial DNP% and
nost preferably at |east about 95% 98% sequence 10 sinmilarity over a
defined | engt ROLPeRHle SRAYDER es. As used herein, substantially horml ogous

al so refers o SquEGaS-ahAN 10 &gimdéﬁéecﬂlﬂe% i8¢ 1J udiliRia8 B GhnfioR or

pol ypepti de sequence ntit ers to an exac
nucl eot i de- taotdrtioedneiad iacid corresmmdmlce of two polynucleotldes or polypeptide sequences

15  respectively. Percent identity can be determined by a direct comparison of the
sequence information between two molecules by aligning the sequences, counting the
exact number of matches between the two aligned sequences, dividing by the length
of the shorter sequence, and multiplying the result by 100.

Readily available computer programs can be used to aid in the analysis of

20  homology and identity, such as ALIGN, Dayhoff, M.O. in Atlas of Protein Sequence
and Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358, National biomedical Research
Foundation, Washington, DC, which adapts the local homology algorithm of Smith
and Waterman Advances in Appl. Math. 2:482-489, 1981 for peptide analysis.
Programs for determining nucleotide sequence homology are available in the

25  Wisconsin Sequence Analysis Package, Version 8 (available from Genetics Computer
Group, Madison, WI) for example, the BESTFIT, FASTA and GAP programs, which
also rely on the Smith and Waterman algorithm. These programs are readily utilized
with the default parameters recommended by the manufacturer and described in the
Wisconsin Sequence Analysis Package referred to above. For example, percent

30  homology of a particular nucleotide sequence to a reference sequence can be
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acid-to-am no acid correspondence of two pol ynucl eoti des or pol ypeptide
sequences, 15 respectively. Percent identity can be determ ned by a direct
conpar i sowoaB/ob1re3 sequence i nformati on between two nol eculpeg/usp2/2068gni ng

t he sequences, counting the exact nunber of natches between the two

al i gned sequences, dividing by the length of the shorter sequence, and
multiplying the result by 100. Readily avail abl e conputer prograns can be
used to aid in the analysis of 20 honol ogy and identity, such as ALI G\,
Dayhoff, MO in Atlas of Protein Sequence and Structure M O Dayhoff ed.
5 Suppl. 3:353-358, National bionedical Research Foundation, Washington,
DC, whi ch adzprwinedaisingdlag hametognahgorthgoef Smith add Watarman snth adaferlhan
Advances in I.tgfthd 2:482-28%i 19§%k%§re &&&%%e anal ysis. Prograns for
det er mi ni ng SRUICIEBPICFEY 2 &8P BRI SBI BGFolde PO ap e in the 25 W sconsin
Sequence Anal ysi sArakdaghodVe 8iablishing patednt Abmeloky dinternaick Cof the prudémr

G oup, Madison, W) for exanple, the BESTFIT, FASTA and GAP prograns, which
al so rely orinyensiosps torse e NARBREHenackagsafipregramsrerpyaighicd dy dhes Universitsadi | y

utilized: w ef.aul r . gmﬁg e . r and
describg% iﬁﬁ?W%R ég%ﬁg%ﬁeikggg%géé%%g?y5|s ggkgégkgé?errghg@%aggove.

For exanpl e, InteHi@eetics3hch (vioingiyn VitwaCAdr Fromuthds suite olf padkiages the §udthee to a
ref erence seguence can._be 16 WD 03/Q02753, PCT/ US02/ 20684 term ned using
t he honol ogy\géqeﬂ”ﬁ‘?‘} i‘lﬁ?ﬁ“gfﬂ %%W“?K’gﬂ’eaﬁ%_@ﬁ%a R%mﬁetaﬁfaéﬁlﬁeg %rctE}Fi ng table
and a gap peRafify/tale (BIrexHFleeOl! FHRnBeRdil AN, edRidM8ion FRhNBLUne, and

est abl i shing percent honology in the confext of 'the present " invention is
to use t he NMRBROAspacKagethsfdaprgegemated thoMaichhvalde tofletts&saduenaer sity 5 of

Edi nb , | oped John,F. Colli Sh S St K .
G st i il ea TRyOIRRE o Qe RERIE aroefams OF spaIRe psp et R pr iy sui e e
of packages yeRecaEedltncibbire Eémral B IGRWntiA MheCaH) férexampledathah@iemes aul t

parameters are used for the scoring table (for exanpfe, gaghﬂopen penal ty
of 12, gap exe&awiipBLAGTanssd with default parametgrsy dior gramplg)BLASEM ande dat a

B oar am. 1 ort <P L P et R E BN RN te P PR sodest ffaapet 701 ©
sequences arfitegenha] dtynk rdoth; icotofihe6@rdxpedt 81 10e Ktk € BIaDSUN®BL; al i gnnent
15 Descriptions = 50 sequences; sort by = HIGH SCORE; Databases = non-redundant,
GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + Swiss protein +
Spupdate + PIR. Details of these programs can be found at the following internet
address: http://www.ncbi.nlm.gov/cgi-bin/BLAST.

Alternatively, homology can be determined by hybridization of

20  polynucleotides under conditions which form stable duplexes between homologous
regions, followed by digestion with single-stranded-specific nuclease(s), and size
determination of the digested fragments. DNA sequences that are substantially
homologous can be identified in a Southern hybridization experiment under, for
example, stringent conditions, as defined for that particular system. Defining

25 appropriate hybridization conditions is within the skill of the art. See, e.g., Sambrook
et al., supra; DNA Cloning, supra; Nucleic Acid Hybridization, supra.

“Operably linked” refers to an arrangement of elements wherein the
components so described are configured so as to perform their desired function. Thus,
a given promoter operably linked to a nucleic acid sequence is capable of effecting the

30  transcription, and in the case of a coding sequence, the expression of the coding
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programis BLAST, used with default paraneters. For exanple, BLASTN and
BLASTP can be used using the follow ng default paraneters: genetic code =
st andar d; wofoslobEs3 = none; strand = both; cutoff = 60; expect/usod@esdat ri x
BLOSUVB2; 15 Descriptions = 50 sequences; sort by = H GH SCORE; Dat abases
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS transl ations +
Swiss protein + Spupdate + PIR Details of these prograns can be found at
the following internet address: http://ww. ncbi.nlmgov/cgi-bin/BLAST.

Al ternatively, honol ogy can be determ ned by hybridization of 20

pol ynucl eoti des under conditions which form stabl e dupl exes between

honol ogous  segeinoewhet tiel poowead tlepscriptjers factons, wiot Farg preggng- The proteadergysedi fi ¢
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supr a. }TSQOerCé)ghg Sfﬁlklkglé%‘asr e é%&?%&gﬁtrg%?%&rfg@ﬁé%lﬁ%t% t %ﬂg%lec'r%égﬁ \%\ﬁggi n the
conponent s swnsidaed i‘Ggedatdy finkalifto gieroedingGequent® performtheir desired
function. Thus, _a given pronoter | i nked .t nycleic acid

operabl y . 0.
sequence i s capabRECHPOBRREAE Hifg hceFan t%%sigl?%’&"r‘i?‘ﬂ? AgAm ?Fdl‘?q e case of
a coding se RleolilkEo SRbRRS 'c%mefviﬁabeelﬁ@%tﬁaic}& WA QR #PWhich, by

PCT/ US02/ 2068 sequence when the proper transcripti'on factors, etc.”, are
present . Theipuooiitsorigieedmaniptlatien sowot hsgadated wiithall drer partoresitthaci d

o Y o o eription.and/

cxpr o5ibn tobugleBiedrih WO €] fanbe o BT FechBlaiBy 2 st

transcri bed wiglgp&e o @@@téﬂ@opﬁcﬂmﬁd@ﬁiewpdlﬁ@pgat@Eﬂfd@éecs&q&@moﬁnd the
an ep

5 codi ng sequence, as can transcribed introns, ronot er seqguence

can still beofageepsmbieans golyspeleeiisley In genesal; the gence!l iniseishiy clangd end then
 Bocorbi nant . . . C
ecoml nan.e&g%%*e%%ﬁ%aﬂ%ﬁﬁ%?ﬂﬁ%;a% ,Ei?scﬁbéw%h@{eﬁ‘@. THRLES %kéapﬂ%?”s a

pol ynucl eot i genomc, sem s or - synt I'C origin
which, by wxpteseesalie fotsigmpérgito pesdus@ihiepudtaini under expresstionssmditiaised with al |
or @ pO{St Fon of tllzgcontrol element” refers to a polynucleotide sequence which aids in the
transcription and/or translation of a nucleotide sequence to which it is linked. The
term includes promoters, transcription termination sequences, upstream regulatory
domains, polyadenylation signals, untranslated regions, including 5'-UTRs and 3'-
UTRs and when appropriate, leader sequences and enhancers, which collectively
20  provide for the transcription and translation of a coding sequence in a host cell.

A “promoter” as used herein is a regulatory region capable of binding a
polymerase and initiating transcription of a downstream (3' direction) nucleotide
sequence operably linked thereto. For purposes of the present invention, a promoter
sequence includes the minimum number of bases or elements necessary to initiate

25  transcription of a sequence of interest at levels detectable above background. Within
the promoter sequence is a transcription initiation site, as well as protein binding
domains (consensus sequences) responsible for the binding of RNA or DNA
polymerase. For example, promoter may be a nucleic acid sequence that is
recognized by a DNA-dependent RNA polymerase (“transcriptase”) as a signal to

30  bind to the nucleic acid and begin the transcription of RNA at a specific site. For
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10 polynucleotide with which it is associated in nature. The term
"reconbinant” as used wth respect to a protein or polypeptide neans a
pol ypept iwe opoatsted by expression of a recomnbi nant pol yRaglzsor/2wes | n
general, the gene of interest is cloned and then expressed in transforned
organi sns, as described further below The host organism expresses the
foreign gene to produce the protein under expression conditions. 15 A
"control elenent” refers to a pol ynucl eotide sequence which aids in the
transcription and/or translation of a nucleotide sequence to which it is

| inked. The termincludes pronoters, transcription term nation sequences,

upst r eam r edimding sych nsaTipiases gensraldereanise DO whighds doublerstrapded in e
Cequences angrior Sbrbristibhe BRthoferschloiee AREARIBRREERE ot JORAGH

transcri pti qseqassketto &nsianddribad)afecdnatdst dogbketranderle IndiviaduabBNAcdépendend

"pronoter" as _used herein is a regulatory.region capable of binding a
pol ymer ase aH PR }fqlg{ﬁqeﬁéecpg%lﬁg&p’gf&t}’agd f%l?am?é? eSS W@FFE%‘% ?W)

nucl eotigle | SEQUANGEHRRQERALCylih PoRsbtinger eto. For purposes of the present
invention, a prondbter sequencCe includes the m ni mum nunber of bases or

el ement s nedessaipyiono WhentansR¥A polymeagsdindsttd e prashotar ssquersadeimtiate nt er est

at | evel s detectabl e above background. Wt hi the pronoter.sequence is a
raneori pt | GHIFHTIATOR: o POmpLr Sl nalkpalt e fFapPiea TRy isafimt R
(consensus SRERNICEEscHFS pesthicéd Befedy will @obinblddO thadéeqbifteor DNA

pol ynerase. For exanple, pronoter nay be a nucleic acid sequence that is

recogni zed by a BNeomEpsenenee ‘fdigacts dhe transerdtion” of anyeleotisiessauoncawhgn si gnal

to 30 bjnd t | e iq . ' I PLI . RINA: a
speci 1119'si FOARE P gl 5 0y B B Rkl SHERTE MPhRES wEietln
transcri pt aseguegesieral |y require DNA which is doubl e-stranded in the
portion conpri si gg“t he prompt er _sequence apnd its conpl enent; . the tenplate

portion (sequence PHAsERPAFd QDAY TRERSE Ko e BB HE Srdhesirieiad.
oL a5 Mo S Bk By Bl DN S B 7 o
pronot i ng t rfeoms & c@t arshbactiephage TRNANAGiolyreerase All kuewn DNA-depemdemsr
Sequence to L ahL AL e L et Ll o LSL RLQTP! S 20GHRISE. (halet Part of
suitable conditions, a DNA-dependent DNA polymerase may synthesize a
complementary DNA
copy from an RNA template.
A “DNA-dependent RNA polymerase” or a “transcriptase” is an enzyme that
20 synthesizes multiple RNA copies from a double-stranded or partially-double stranded
DNA molecule having a (usually double-stranded) promoter sequence. The
RNA molecules (“transcripts”) are synthesized in the 5' to 3' direction beginning at a
specific position just downstream of the promoter. Examples of transcriptases are the
DNA-dependent RNA polymerase from E. coli and bacteriophages T7, T3, and SP6.
25 An “RNA-dependent DNA polymerase” or “reverse transcriptase” is an
enzyme that synthesizes a complementary DNA copy from an RNA template. All
known reverse
transcriptases also have the ability to make a complementary DNA copy from a DNA
template; thus, they are both RNA- and DNA-dependent DNA polymerases. A primer

30  isrequired to initiate synthesis with both RNA and DNA templates.
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the RNA transcripts produced thereby will not include that sequence. A
control sequence "directs the transcription” of a nucleotide sequence when
10 RNA orwDN4voprsynerase will bind the pronoter sequence @ad/US0zn®84 i be t he
adj acent sequence. A "DNA-dependent DNA pol ynerase" is an enzyne that

synt hesi zes a conplenentary DNA copy froma DNA tenpl ate. Exanpl es are DNA
polynerase | fromE «coli and bacteri ophage T7 DNA pol ynerase. Al known
DNA- dependent 15 DNA pol ynerases require a conplenentary priner to initiate
synt hesis. Under suitable conditions, a DNA-dependent DNA pol ynerase may
synthesize a conplenentary DNA copy froman RNA tenplate. A "DNA-dependent
RNA pol yner ase” g}ill\&ﬁsqlﬂaﬁ@arepaﬂa% at dagrades HieRINA nogtian ofan RYAMINNA zes
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copy from arfrdia RNADRNSAsomplex. Adisowtivelyy/tbe RNAsedh suyispnplyest hefiNAave t he

bility t k. I DNA t | ate; . thus. .th
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to initiat eggﬁtﬁurﬁ@ﬂ&mm both RNA and DNA tenplates. 19 WO 03/ 002753

PCT/ US02/ 20 "RNAse H' is an enzyne that degrades the RNA portion of an

RNA: DNA dupl ex. Trhedermes, pphayclgeidaye ‘adiganiiratidss e sudeic agign gad ¢ Mbst

reverse,tr | £ . ' : FYIJY In
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cgradation prlr'larr%/ar; Es"tsrtljctureloi} tllseenqglré?ulle.ojilhgs, the term includes triple-, double- and single-

stranded DNA, as well as triple-, double- and single-stranded RNA. It also includes
modifications, such as by methylation and/or by capping, and unmodified forms of the

214

15 polynucleotide. More particularly, the terms “polynucleotide,” “oligonucleotide,”
“nucleic acid” and “nucleic acid molecule” include polydeoxyribonucleotides
(containing 2-deoxy-D-ribose), polyribonucleotides (containing D-ribose), any other
type of polynucleotide which is an N— or C-glycoside of a purine or pyrimidine base,
and other polymers containing nonnucleotidic backbones, for example, polyamide

20 (e.g., peptide nucleic acids (PNAs)) and polymorpholino (commercially available
from the Anti-Virals, Inc., Corvallis, Oregon, as Neugene) polymers, and other
synthetic sequence-specific nucleic acid polymers providing that the polymers contain

nucleobases in a configuration which allows for base pairing and base stacking, such

as is found in DNA and RNA. There is no intended distinction in length between the

b2 N1 29 &

25  terms “polynucleotide,” “oligonucleotide,” “nucleic acid” and “nucleic acid
molecule,” and these terms will be used interchangeably. These terms refer only to
the primary structure of the molecule. Thus, these terms include, for example, 3'-
deoxy-2',5'-DNA, oligodeoxyribonucleotide N3' P5' phosphoramidates, 2'-O-alkyl-
substituted RNA, double- and single-stranded DNA, as well as double- and single-

30  stranded RNA, DNA:RNA hybrids, and hybrids between PNAs and DNA or RNA,

20



froma RNA:DNA conplex. Alternatively, the RNAse H may sinply cut the RNA
at various locations such that portions of the RNA nelt off or permt
enzymes twowam2183 portions of the RNA. The terns "pol ynueCeatSonzness

"ol igonucl eotide,” "nucleic acid" and "nucleic 10 acid nolecul e" are used
herein to include a polyneric formof nucleotides of any |ength, either

ri bonucl eoti des or deoxyribonucl eotides. This termrefers only to the
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e e R MEHE R, Bt ARG SR e or moPf i Gariall oo diifing nUC! &1 ©

acid nol ecul’e™ 1nc ydeoxyr 1 bonucl eot'| des cont ai ni ng
2- deoxy- D- r innokejidespatlyin hratug irtahidestide aoodi fidationg sudhras Jfos ejampde) thaseher

type of polynucl eotide which is an or C-glycqside of a purine or
pyri mi di ne H‘éigbt,‘n"%é’fgﬂgé‘flﬁ%ges &%g-yWEth}l_ E‘Eﬂﬁ?%‘?’%f%gpci}?égl_?ﬂi’a?séﬁf’i di ¢ backbones,
for exanpl e1phB§B(b)é?a[H1iqgteg,Q:afb%nﬁtes feggltweiﬁﬁleguﬂ EnAgddEnKaBNAR)), and

pol ynor phol i'no ommer cial 'y avai fromthe Anti-Virals, Inc.,

Corval li s, @hegphorothivatseiesgiorgbihjoatassetc.yrand atithapositoyglyt dhetged linkages
sequence-speci fic.nuclei.c acid ner.s vi di that,the polyners contain
el eobases (b ATUHAHGRs R b PO b PR med B s Gon i
stacki ng, syphdar®enditick H4aR at, To R pfd¥ins (T@iiding Sudleaskd) texmeked
distinction in I ength between the 25 ternms_"pol ynuc| eoti de, " o

"ol i gonuc! eantibedies, signal peptdese pely-Lahygineite).dhese avthyintasealdersi(e 2 aefding.hese
terms wll d_Jj nt hangea t ref.er.. e primary
struct ule of P ot BPE ARAEAR: ool dBRTE R, Blelle rElSlenPEIeLdE bt £
deoxy-:2', 5" -ohiNAtive hiegds] @ax)y thobecuitdiniag iatke/ 1d6's, those witlomplified tinliagese.g.,

2' -0 al kyl - substituted RNA, double- and singl e-stranded DNA, as well as
doubl e- and dphagmemsric auclas deids.rate). 2pRsll rRRROfied orms o th pylymslegtidteen
PNAs and ; 5?@ ; LoD 4.igand al so include
known typgs\l%(g;%ﬁv |Tielott:l§?'i %ﬁéagééug%’zé@rﬁg%é Iabgﬁ@g\?mflch are known in the
art, methylation,Aswepheteirs thestem titargehnudleio neid oegiomt @ “tdrgetmacieat acidll | y

oo e T Xa%ﬁét%g%hgglgicvgc}dhmo L0 Lt B RS b ba SRRl SR 9B Sueh

nucleic acid may be either single-stranded or double-stranded and may include other

sequences besides the target sequence, which may not be amplified. The term “target
sequence” refers to the particular nucleotide sequence of the target nucleic acid which
is to be amplified. The target sequence may include a probe-hybridizing region
20  contained within the target molecule with which a probe will form a stable hybrid
under desired conditions. The “target sequence” may also include the complexing
sequences to which the oligonucleotide primers complex and be extended using the
target sequence as a template. Where the target nucleic acid is originally
single-stranded, the term “target sequence” also refers to the sequence complementary
25  to the “target sequence” as present in the target nucleic acid. If the “target nucleic
acid” is originally double-stranded, the term “target sequence” refers to both the plus
(+) and minus (-) strands.
The term “primer” or “oligonucleotide primer” as used herein, refers to an
oligonucleotide which acts to initiate synthesis of a complementary DNA strand when

30  placed under conditions in which synthesis of a primer extension product is induced,
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wi th uncharged |inkages (e.g., nethyl phosphonates, phosphotriesters, 5
phosphor am dat es, carbamates, etc.), with negatively charged |inkages
(e.qg., pWogphwm7st hi oat es, phosphorodithioates, etc.), aneChuSh2/pwsitively
charged |inkages (e.g., am noal kl yphosphor am dat es,

am noal kyl phosphotri esters), those containing pendant noieties, such as,
for exanple, proteins (including nucleases, toxins, antibodies, signal
peptides, poly-L-lysine, etc.), those with intercalators (e.g., acridine,
10 psoralen, etc.), those containing chelators (e.g., nmetals, radioactive
nmetal s, borgn, . oxidative metals, etc¢.), those containing al kylators, those
with nodifi d@-Iip H%@d%j@%en%f‘leg!l{c?eoa%ﬁag&r?&b@ﬂqr@a?&%i@fv‘&m&egﬁg Fué't%?%, as wel |
as unnodi fi I [ ' ' :ohN

parti cul ar, %Q{rs d‘ggpgwlﬁé%ﬁﬁ%{?gigggg@ihgsn%sﬁtg{géggﬁ@?%? ﬁ?k%ﬁgmtog’rar%q'tar get
nucl ei ¢ aci daltegneentration. "Trerpyater nupreferablysingle-strdddadeomesinainm efficgincy aci d

nmol ecul e with a "target, K sequence" .t e [ified. rget cleic acid
may be eit hé?_ag’ipHéF%‘gg’k P%ﬁﬁ@ﬁﬁf“%@%ﬁ’é@%ﬁ&éﬂg ngp ‘ﬁ‘ﬁ{ﬂq'?'@mﬁ‘g%& her
sequences begimigss Eﬂ?tr%ﬁé(gﬁse?ﬁﬁﬂéfi'ﬁ(’sﬁgnme%}e BBiYig iSdd 0rafaR! dxltéRtbn The term
"target sequence" refers to the particular nucl eotide sequence of the

t ar get nucl giredusts. dlhihdenaturatgontséeptie typagsallly feffeeted T beat by enaysdiguatively gy

i ncl ude a probe-hybri.dizjn [ 2 tai ned.wi.thin the target nol ecul e
with which é:af)r?egb&e{l?\'ﬂflflg apcgﬁ,r#oggvg?cgy gelﬁ%%‘%ﬁm' Ekrlll#%’ra 8eQF el conditions. The
"target SequoRpitmdmMyad s Genpletelkid cohplexesby Bydrogen tadiignedsbiidizsdvrch t he

ol i gonucl eotide prinmers conpl ex and be extended u_si_ng%_ the target sequence
as a tenpl atvéth (wsderaplatedo gieqerrimirdeaplateomplexsiop imitiation qf gynthesis Y 8t r anded,
the termp "t q . hef . 25 to
the "t aret Tebunari@RWANaSs cBeARALS Y ki SRoo ARG AR BRETRRIAINS 27 get
nucl ei ¢ acixiénd somplegienatyl ty thiotempiatsinrthe prdesstoi ®N A synthésis: get sequence”
refers to both the pl +) and mnus, (-)..strands.. The term "prinmer" or
"ol i gonucl eot _de_"pﬂ%?éimeg& thes'edn HIPBY ror PE%‘F“;‘PGPBd%WO%SI fesnitt eot i de

whi ch acts tembfikd dodhstised OF aﬁél'yﬁudi’éotﬁe%%hﬁé@ﬁﬁo%,}’th%nﬁh{s%’}ﬂmm@ébid 30
pl aced under conditions in i Ch synthesis of a prinmer extension product is
i nduced, 21 sidd8¢ 0ORPEMeRETY I0S0m RUGRAd sdquence presentia thy tergshuecleif acid

nucl eot {§ies a(fllggrte(f1 ”quel }}/0 yl{lfcfe%%ihg rré_g{o?l(sj of br%gesalggy {)e gcyn(%lposgg of' DNA, and/or

RNA, and/or synthetic nucleotide analogs. When an “oligonucleotide probe” is to be

used in a 5' nuclease assay, such as the TagMan™ technique, the probe will contain at
least one fluorescer and at least one quencher which is digested by the 5' endonuclease
activity of a polymerase used in the reaction in order to detect any amplified target

20  oligonucleotide sequences. In this context, the oligonucleotide probe will have a
sufficient number of phosphodiester linkages adjacent to its 5' end so that the 5' to 3'
nuclease activity employed can efficiently degrade the bound probe to separate the
fluorescers and quenchers. When an oligonucleotide probe is used in the TMA
technique, it will be suitably labeled, as described below.

25 It will be appreciated that the hybridizing sequences need not have perfect
complementarity to provide stable hybrids. In many situations, stable hybrids will
form where fewer than about 10% of the bases are mismatches, ignoring loops of four
or more nucleotides. Accordingly, as used herein the term “complementary” refers to
an oligonucleotide that forms a stable duplex with its “complement” under assay

30  conditions, generally where there is about 90% or greater homology.
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DNA or RNA pol ynerase and at suitable tenperature, pH netal concentration,
and salt concentration. The priner is preferably single-stranded for

maxi num eWwoiogioe216yy in anplification, but nmay alternativelPgThES02/20684

doubl e-stranded. |f double-stranded, the 5 prinmer is first treated to
separate its strands before being used to prepare extension products. This
denaturation step is typically effected by heat, but may alternatively be
carried out using alkali, followed by neutralization. Thus, a "primer" is
conplenmentary to a tenplate, and conpl exes by hydrogen bondi ng or
hybridization with the tenplate to give a priner/tenplate copplex for
initiati on of synthsdemes HybHdizg’ M%}é@zonwﬁ?femtbggawﬂ%af tmRlexes
addi ti on of . i . j : enentary to
t he tenpl at eb%%gétnﬁ{eyc%%Sggée)i%ﬁg?cg%ﬁ&&gyah{ﬁﬂe\g?lgﬁﬂyé&nﬂéaeﬁe etl8 gm he term
"probe" or "whiplexeseladWhisde-Cpickibese pagrirey: Vliere aprisier gbudezesowith tasgel of a
pol ynucl eoti de, as_defined above, that contai.ns. a cleic acid. sequence
conpl enment ar§FRRjatE), sich emplexes rshé'&iﬂgﬁ@ée ?Wﬁ%‘g?ﬂy ?tir’}’ti‘? syt YePIIRYRE ei ¢ aci d

15 anal y4 e. fh&idakynral 5ok bdend BRAQIyREraf 8 MEEaRNRyRBBERESed of DNA,
and/ or RNA, ana/ or&gyntbﬁ}gt |gc nucl eotide r?}lmal ogsf1 When gfri\m"ol i gonucl eoti de

probe" is to be Asuestdiharen,she totns (‘bindivgpeatefers ta firshand segombyhientivs

techni que, the prope.w.l.l.contaipn at .least one fluaorescer and at |east one
quencher -wni'ef sPetnrlSiaa 0Pt Ehtbed suan B3R neR el BoBAGfEg RS ol yner ase
used in the dapaslé bPHrMmhgOnRBic 4dd deiles. aspeciHbihdingtof the fiedt méhber of

ol i gonucl eoti de sequences. In this context, the oligonucl eotide probe wll

have a suf fthe biadingmainse theoteconbapmberiof shedrinding paig ik a sample ésqvidesced By 5'  end
so that{the b . 3 (VA L GJ: egr ade
the bouhl priphBirtar IV EERRREACDIAE ILafLRKES of Bfc forsd Si{Hredle

ol i gonucl eotdffisitpamabspetificitg éanitm othhecohifdnette dhthie garaplel tTheibliddikpebaweémbl y

| abel ed, as described below,. 25 |t wi ]| be appreci d that the hybridi zing
sequences ndBemMEBeRAfhgRipdiagpair iphypicalbepenepyalgnt @@?S&W%@n&xaﬁlﬁér?%ybn ds.

I'n many sit Liﬂ&iicﬁ’t@§oth§1hﬁ§’é, ?fllehtﬂ?ﬁé ‘dﬁﬁrlYi‘t)J %ole&]gé’MQ&g?tf %D et e seAin 10% of

the bases are m smatches, ignoring |dops o our _ e nucl eot i1 des.
Accor di ngl y,toasfeunditstrmdesecondmeerlparsiof cloinging pem; respettivdfers to  an
ol i gonug] eoti de that, for,

assay 30 condi ti onf¥ *¥i§eh g‘?aﬁ?ﬁ‘ii’%@%j@ﬁéﬁé ?Vggtgﬁég{i% @@g/g %e‘gf? glté?delrj ndet
honol ogy.  Zterchangeably herein and refer to a molecule that will selectively bind, through
chemical or physical means to a detectable substance present in a sample. By
“selectively bind” is meant that the molecule binds preferentially to the target of
interest or binds with greater affinity to the target than to other molecules. For
20 example, a DNA molecule will bind to a substantially complementary sequence and
not to unrelated sequences.

The “melting temperature” or “Tm” of double-stranded DNA is defined as the
temperature at which half of the helical structure of DNA is lost due to heating or
other dissociation of the hydrogen bonding between base pairs, for example, by acid

25  or alkali treatment, or the like. The T, of a DNA molecule depends on its length and
on its base composition. DNA molecules rich in GC base pairs have a higher T, than
those having an abundance of AT base pairs. Separated complementary strands of
DNA spontaneously reassociate or anneal to form duplex DNA when the temperature
is lowered below the T,,. The highest rate of nucleic acid hybridization occurs

30  approximately 25°C below the T,,. The T, may be estimated using the following
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WO 03/ 002753 PCT/ US02/ 20684 The ternms "hybridi ze" and "hybridi zati on"
refer to the formation of conpl exes between nucl eoti de sequences which are
suf fici erwby3omtpd enentary to form conpl exes via Wat son- ECiralsobases
pairing. Were a prinmer "hybridizes" with target (tenplate), such

conpl exes (or hybrids) are sufficiently stable to serve the primng 5
function required by, e.g., the DNA polynerase to initiate DNA synthesis.
As used herein, the term"binding pair"” refers to first and second

nol ecul es that specifically bind to each other, such as conpl enentary
pol ynucl eotide pairs capable of formng nucleic acid duplexes. "Specific
bi ndi ng" of relatonshipstTueRBSrt FLGHE Bl gt HallP62h/) M. Bisk e nkiMer of
t he binding pair 4 i ’ i pei: he first
menber to the se&ﬂ‘ﬁ@%@f? gg)lc\%\{dgg vgr ga@%}&hé %T%ég% gfrdﬁggg? ?IIT trlllziltB y and
speci fi city itdlaed fromod subject ahg comntonly inclulies awibpdies proldecddi bydha guthet ween

t he nenbers of the binding pair is typically noncoval ent. Unless the
context cl eappjeal ?%‘i‘éﬁlﬁsat@l@s‘nglflﬁﬁ%ﬁé‘@%{g‘{qﬁ atr%lr(%wng]f ¢ Artepd sfude hugnotyng

"target analphig t@fﬁob’cﬁ?@asﬁﬁageinﬂn, feal nBHERS, uﬁ*ﬁefl%c{n%%na’i‘ﬂﬂv, $aepthatAaer s of a

bi ndi ng pair, respectively. The terns "specific-binding nolecul e’ and
"af finity ndymphlleid, sameplasefihe skingvectetionsecilihe skiwrespiratory, intbtaral tanda

nol ecule that will selectively bind., thro chem cal .or sical ,means to
- det oot abl EeulipinaRe B st g il lant s, SAER, BosiEl aR{ME} HioIfE N an
that the nmol@eulsoliendaltireRbastRidntPintkding bubgottlmiiglto @bnditipiedRedia Or bi nds
wth greater affinity to the target than to ot her nol ecules. For 20

exanpl e, a Drolting fsemitke gromth of gelfs eed tssgepiatcaiuieanedjum ot Esembmadt sequence
and noj,to [ es. The "nmelting tenperature” or "Tin" of
doubl e-{s rancgg%%m&?g&ﬁ&hl%ﬁ%d as the tenperature at which half of the

hel i cal struct ur eAvise®Néreirg theastmattigbel barlde@tietigblerlabetit fefer tolh asdeiuddt | on of

t he hydrogen bagndi ng between base pairs, . for exanple, by acid 25 or al kali
treat ment, &apaeof ‘?QE@.UO?H@C}F@W&["% WM&{P}@%&H&@% flnpresqeshigt h and

on its base ¢oMMARkddoRs c%]déﬁalhf’e&%?%é#, %g'zgjéﬁb {osPASE eRAIMSc i &s2 hi gher

Tmthan those having an a nce o pairs. Sepdrate

conpl ement arenzghe arhdsitons, chiokphpest dyes ouilyions avtd solat legaods @rmgabtin,o f orm
dupl ex whep the tenperature, is.|lower eloqw the T,,,. The highest
rate of lhucl®i4nsEEPRAYIBOr BREIeRS) 8?58‘88‘3?5 %ﬂe Itoerm Huorescer” tefers to'a

substance or a portion thereof which is capable of exhibiting fluorescence in the

detectable range.

II. Modes of Carrying out the Invention
20 Before describing the present invention in detail, it is to be understood that this

invention is not limited to particular formulations or process parameters as such may,
of course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments of the invention only, and is not
intended to be limiting.

25 Although a number of compositions and methods similar or equivalent to
those described herein can be used in the practice of the present invention, the
preferred materials and methods are described herein.

As noted above, the present invention is based on the discovery of novel
primers and probes and diagnostic methods for accurately detecting parvovirus B19

30 infection in a biological sample. The methods rely on sensitive nucleic acid-based
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30 approximately 25 C below the T,,,. The T,,, may be estinmated using the
followng 23 WO 03/002753 PCT/ US02/ 20684 rel ationship: Tn, = 69.3 +

0. 41( CC) woMaromrs3 et al . (1962) J. Mol. Biol. 5:109-118). pAg/usemoocherei n, a
"bi ol ogi cal sanple” refers to a sanple of tissue or fluid isolated froma
subj ect, that commonly includes antibodi es produced by the subject.

Typi cal sanples that include such anti bodies are known in the art and
include but not 5 limted to, blood, plasma, serum fecal matter, urine,
bone marrow, bile, spinal fluid, |ynmph fluid, sanples of the skin,
secretions of the skin, respiratory, |ntest|nal and enitourinary tracts,

tears, sali datection technipersdhatellpy identifisation afingpevirys BAY tasget auslsieacks  of in
vitro cell qjﬂzg” limted to conditioned
nmedi a resul %kﬁ&%lﬁ% t kEU&R%Phg@ﬁl S ang pﬁésues in culture medi um
e.g., r econb| nantmi;@mz:&laf She mmdltcﬁlhlereumlwmmhattastenﬁeﬂ regieds vithimi the t he terns
"l abel " and "detectable | abel” Lef e({? Oh a nol efog capabl eslgimdet egtl on,

i ncl udi ng, ipatvonss Bl fgenagng whic Siahls, targethiop drgnostic fevs grs an

chem | urg neseales def naﬁ@@p%ssﬁe iR 2 BErenRIV YR SRR AR B pAVSVIRR

cofactors, “enzyne | tors chrormphores dyes, netal ions, netal sols,
| i gands (e B19 1hfeot10mmb1<115gma] suimplesstrepaw di n or hapt ens) and the i ke.

The term "fl uorescer' Eg&s to a SQ g 81@ al?(gortlonther i_ch is
capabl e of exhi bi'tfYRy “T‘F BE‘B’@FFC‘E‘ ote§ described ahays e 1rdRiuglfc agaes of
Carrying 0UtbaEé@l%sszf‘é%ltth@ﬂeté’&m%‘iff%hﬁlaﬂ@&ﬁbvi@hmm hedpiof $€ Bloldgidagnt i on i n

detail, it is to be understood that this inventionis not limted to
partlcul ar fsamplebat i ons or process paraneters as such may, of course,
vary.

S be. un [$ h is for
t he pur posén Bflglﬁggffrp B nég::aenpaIg ? ?%uf?)a‘?steé ngl eéé &rs éﬁg?%g&§%\?gﬁ{(f%ﬁnonl
and is not ithé ﬁﬂﬁ‘@dnia&l}bﬁﬂldbrﬁdghﬁgt ot&ﬁe ﬁdlﬁ/bﬂﬁ@m@ gunohecoftspoadingso t i ons
and net hods sim |l ar equi val se described herein can be used in

the practi céluélleotl‘l*ﬁepcﬁité@éﬁtwﬁﬁ%ﬁf $}8‘ﬁe CE He birek 9881382 kP&l Shand net hods
are descr i Dagoighifd Qqubtielof Gl BR8N Fonf A REERAIParl SWRAE Psdicbared on the

di scovery o
depicted in Figures 3A-3C and 4A-4C herein. As explained above, this fragment

15 contains the NS1, VP1 and VP2 coding regions.

Particularly preferred primers and probes for use with the present assays are
designed from highly conserved regions of the parvovirus B19 genome to allow
detection of parvovirus B19 infection caused by a variety of isolates. As described
herein, a highly conserved region of the parvovirus B19 genome is found within the

20 700 bp region spanning nucleotide positions 2936-3635, numbered relative to the
parvovirus B19 genome described in Shade et al., J. Virol. (1986) 58:921-936. This
region is found within the VP1 region of the genome. The sequence of this region
from 21 different parvovirus B19 isolates is shown herein in Figures 2A-2U. The
sequences from an additional 26 isolates are shown in Figures 11A-11Z herein. A

25 comparison of the sequences shows that this region displays from about 98% to
99.5% sequence homology from isolate to isolate, making it a highly desirable target
sequence. Also desirable for the design of primers and probes is the 370 bp region
found within VP1 which spans approximately nucleotide positions 3073-3442,
numbered relative to Shade et al., J. Virol. (1986) 58:921-936, as well as the 214 bp

30  fragment depicted in Figure 1 which occurs within the 3' portion of the 4.7 kb
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prinmers and probes and di agnostic nethods for accurately detecting
parvovirus B 19 30 infection in a biological sanple. The nethods rely on
sensi ti vewousloei7s3 aci d- based 24 WD 03/ 002753 PCT/ US02/ 20@84/uSdz@st i on
techni ques that allow identification of parvovirus B 19 target nucleic acid
sequences in sanples containing small anmounts of virus. In particular, the
i nventors herein have characterized regions within the parvovirus B 19
genome which are desirable targets for diagnostic tests. Priners and 5
probes derived fromthese regions are extremely useful for detection of
parvovirus B 19 infection in biological sanples. Parvovirus B 19 priners

and probes degoenbend sppesmucigosde Besitions 47281431 b naibgredgalstive toesHhage et dr t he
det ection of B 19 infection in biological sanples. 10 In
parti cul ar, p?u%? %259\8%%@2 for use in these assays are preferably
derived from t heThpiT Kby, o ép yind! 370 k;bre‘gromgmteamry éthanghfromadditiond 19

genone correspondl ng to . nucl eotide p05| tions 21% d78 of Shade .et al., J.

Virol . (198dsolags esng pestionsigfdhe parvpwpisiRie ssaumnss Jrithim thess pafigpiag rom t wo
differ enst PaE Mg ds nﬁéﬁl p@ﬁlr@atcﬁ nsuEh aQ&Bg&&eﬂselnlsea feraﬂra%svems%&mgd 4A-4C
her ei n. a| n ove, ra nment cont ai ns t he 1 and
VP2 codi ng rRaganoNss 4353&31;196;144,583 QObaEf /ﬁBS%Ilﬁalandﬂaasd@ndhqaseqbeE% plrovui% Wi th

par vovirus. BOR yRRONE PR PR aELe B F BRSOV R BT et on

caused by a¥ey hilex1iRd cdxﬁ;ﬂbﬁ%@tﬁrys%ﬁsd?‘%ﬁéﬂldﬂp syficgt Bh éhuliepfiles conserved
regi on of the parvovirus B 19 genone is found within t e 20 700 bp region

spanni ng nucplr@dnw@lm meﬁliltmml 20R61R1Bynuglepidesynthasiger, el laweditye
par vovi 19..gen des d
58: 921- 936. Ef fign ESaP&HPf ?%Sm&ﬁ%% {%h“é’%gﬁaflo‘rkeogf'\%érﬁ%afw({'ﬁ‘g%}elﬁlgrre The

sequence of stediueslcé SQIRTOR. $depBig? Jaydirdrhar @nl. (PSU1Y Pvdd. WanlBAIRA. iISsoUsHes i s
sequences from.an additional 26

shown herein in Figures 2A-2U. The
i sol ates ar é%_s"rmxf“ 358% ﬂng‘aﬂwe@mc%ﬁlzw Becs; pyepasebey isQ)atsdrthensandte qlopred
sequences s S I @Q% quence
honol ogy fr g% i sg g#abtl{%&llcgg.ﬁg zlri%cgﬁ Ehﬂlél%lu% o) hluifrsg%é%gﬁ? 2(9;[h§s/8 of

skill in the art, and the selection of an appropriate clonlng vector is a matter of ch01ce

15 Suitable vectors include, but are not limited to, plasmids, phages, transposons,
cosmids, chromosomes or viruses which are capable of replication when associated
with the proper control elements.

Recombinant clones are readily identified by restriction enzyme analysis and
polyacryamide or agarose gel electrophresis, using techniques well known in the art,

20  and described in the examples below.

Primers and probes for use in the assays herein are derived from these
sequences and are readily synthesized by standard techniques, e.g., solid phase
synthesis via phosphoramidite chemistry, as disclosed in U.S. Patent Nos. 4,458,066
and 4,415,732, Beaucage et al. (1992) Tetrahedron 48:2223-2311; and Applied

25 Biosystems User Bulletin No. 13 (1 April 1987). Other chemical synthesis methods
include, for example, the phosphotriester method described by Narang et al., Meth.
Enzymol. (1979) 68:90 and the phosphodiester method disclosed by Brown et al.,
Meth. Enzymol. (1979) 68:109. Poly(A) or poly(C), or other non-complementary
nucleotide extensions may be incorporated into probes using these same methods.

30  Hexaethylene oxide extensions may be coupled to probes by methods known in the
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sequence. Al so desirable for the design of priners and probes is the 370 bp
region found within VPI which spans approxi mately nucl eoti de positions
3073-3442v0 ptamyes ed rel ative to Shade et al., J. Virol. @CI86)2/288H021- 936,
as well as the 214 bp 30 fragnment depicted in Figure 1 which occurs within
the 3' portion of the 4.7 kb 25 WD 03/002753 PCT/ US02/ 20684 fragnment and
spans nucl eotide positions 4728-4941, nunbered relative to Shade et al., |
Virol. (1986) 58:921-936. The 4.7 kbp, 700 bp and 370 bp regions are

readily obtained fromadditional isolates using portions of the par vovi rus
B 19 sequence found within these Bal’tl cular 5 reg ons._as priners in
reactions s@&h Gead ¢idd 19 e el ricnl 136321032054 . §. Ratgng OF“a?%gl(Nos

hor ot ot DEVerk O oAt b i B Bro0B P DR o ARA L ERAUENOE MBI o]

herein. Anot taini eoti de sequences Wth t

sequences iak (b98@Meedleirn2y: ¢’tﬁ$p47@ﬁe ﬂypmyllysehcspmhemquémpmmgl ﬁy:ntﬂ@ofc
ol i gonucl eot i des duc d.in.a co vent.i onal mat.ed o | eot.i de
synt hesi zer, ef‘merl&&e Sd?ﬁ igden sthtar?n@ 6%% 4@&“9&98 r‘F WH2eYand

ampl i fioati g fraﬁgl}eof{ﬁeg%eﬁq smcﬁmﬁ%tlé@s 1oﬁ§%@aﬁj1eﬁgaa B eenI8E stafRdl- »
Jayaraman et a 991) Proc ) 88:4084-4088. Once the

sequences hamvgel&e@he }:yrpmahp@be os‘rmltlm)ﬂaag@df betwiegn Idaf) teclestidesdngi such aainy

sui tabl e vecgto replicon nmer.ou | oni n rs are known to those of
skill in th %"{Q’%Q E[ldns(—f? Ia%(g?riyol %P%SWSS%S‘P&Saﬁ? t88%Y oni ng vector is a
matter of choi ce.Mdfeowtt thabtsbey 8l BeSoupled tidabeldbr dafebtid Thardtreed 1t O,

pl asm ds, phages, transposons cosm ds, chronpbsones or viruses which are

capabl e of meysrilgaeans knquve foralesiuatizangeligonnelpotides withggestive Sinctignalisics ment s.
Recombi pant gf;gn hie AERALA xfagﬁat IFo] rsséérsf ﬁ)kﬁi@ &Y iiRpRl VS| S

and polyacryamde or agarose gel el ec FOpNr &si S, n| ques wel |
known in thEfoxa]mbtmylalﬁh@mdbmahatbﬁﬂoaclﬂvé hhmesaeml d&nblﬁhnmscﬁm emeymatic)d
probes for use in the assa grel n. are degdjve fromthese EE&uences and

are readi |y %ylfehadsnsg 1455? gattaphed ¥ia v €6 e @ Brokn ¢
synthesi s v'f% cgghg’épa%gm gsi S8 LRAITh Hide e@tﬁqu St 580 diikeDiabant Nos.

4,458, 066 an eaucage et a (1992) Tetrahedron 48:2223-2311;
and Appl i ed and Chollet et al. Nucl. Acids Res (1985) _1_3 1529-1541 which discloses biotinylation
15 of the 5' termini of oligonucleotides via an aminoalkylphosphoramide linker arm.
Several methods are also available for synthesizing amino-derivatized
oligonucleotides which are readily labeled by fluorescent or other types of compounds
derivatized by amino-reactive groups, such as isothiocyanate, N-hydroxysuccinimide,
or the like, see, e.g., Connolly (1987) Nucl. Acids Res. 15:3131-3139, Gibson et al.
20 (1987) Nucl. Acids Res. 15:6455-6467 and U.S. Patent No. 4,605,735 to Miyoshi et al.
Methods are also available for synthesizing sulthydryl-derivatized oligonucleotides
which can be reacted with thiol-specific labels, see, e.g., U.S. Patent No. 4,757,141 to
Fung et al., Connolly et al. (1985) Nucl. Acids Res. 13:4485-4502 and Spoat et al.
(1987) Nucl. Acids Res. 15:4837-4848. A comprehensive review of methodologies
25 for labeling DNA fragments is provided in Matthews et al., 4nal. Biochem. (1988)
169:1-25.
For example, probes may be fluorescently labeled by linking a fluorescent
molecule to the non-ligating terminus of the probe. Guidance for selecting
appropriate fluorescent labels can be found in Smith et al., Meth. Enzymol. (1987)
| 30  155:260-301; Karger et al., Nucl. Acids Res. (1991) 19:4955-4962; Haugland (1989)
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25 Biosystens User Bulletin No. 13 (1 April 1987). Qther chem cal synthesis

nmet hods include, for exanple, the phosphotriester nethod described by

Nar ang etwalosjoodss h. Enzynol. (1979) 68: 90 and t he phosphradiest/ersssret hod

di scl osed by Brown et al., Meth. Enzynol. (1979) 68:109. Poly(A) or

poly(C), or other non-conplenentary nucleotide extensions may be

i ncorporated into probes using these sane nethods. 30 Hexaet hyl ene oxi de

extensi ons may be coupl ed to probes by nethods known in the 26 WO

03/ 002753 PCT/ US02/20684 art. Cload et al. (1991) J. Am Chem Soc.

113: 6324-6326; U.S. Patent No. 4,914,210 to Levenson et al.; Durand et al.

(1990) Nucl df@dmwlﬂwescmt BB eBbReseared Ghsmicads (MeleculgriRygess, Inst,. Let t .

27:4705-470 [ II rlner re in £t ween
ig‘tuigaédg 8?'?6 %ﬁegéj Elgﬁl%g ga scein 211]1}{3 d&%ﬁﬁesﬁ%ergp

10-75 nucl e TS &S0 Bn ypically
5 in the ranggh &fdlaﬂégéﬂelmulas P%&nﬂN@l 4,918, 84xBardang, et anob;ameﬁ)eagsg) bet ween

the stated ranges. The typi cal robe is inther bet ween 10-50

nucl eot i des 100k$d-164uend &E Ai‘éRé@ RO AIEY- 10HE%%adZ(a TEEdgrh bet ween
t he statge d r_&ﬁ??an&ﬁkﬁﬁ%er the probes nmay be coupled to Iabels for
detectlon ere’are several nmeans known for derivatizing oligonucleotides

wi th reactive funcdditisrallyprebes caf befdbeled patinart acridmiad dster GXE)afsirg thebel . For
exanpl e, several roaches are _availahl e for Rhiot bes, so that
radi oacti ve tethlllib‘te%g‘?,séﬁ?e d el pHﬁFWé%‘B‘@ﬁlogleéﬁ O ?éba} 1295'9%1? pesdrfldense
| abel s can %y%&éaﬁgg%ith}ﬂ B PHbE! Qee 288, Ntﬁs&h et aBY( P93 “Btedtion ofNuCl . Aci ds

Res. (1978) 63- 384 whi ch di scloses the use of fefritin-avidin-biotin
| abel s; andkdﬂuhmhmtEsmrs by Chimdhmings¢ease’ ’Red\(onésraﬁ@ Pricbings Bipttirgiandphi ch

di scl os Iat f.the 5 .1 cl eot i ia an

am noal K| p 5§ 6V’§ ﬁﬂ&%‘p .%aﬂg:mncé% g‘lm ﬁbelgﬂbdagoguléoﬁfi %d@§9 | abl e for
synt hesi zi ngApmMiPRIGARITitVAL | BrRHzatidh IPISBtRInERSs dyl(ﬂPMtochmrﬁl Tieadi |y | abel ed
by fluorescent or other types of conpounds erivatized by am no-reactive

groups, suchPodunérasn Ghaie Raaetios, MullisetebxgdsudtiridianseacBostass MaeWeeksst see,

e.g., Connol

(1887) Nucl .2 'AQ? 'sg é”slt‘%)%ﬁ\gﬁg‘gigﬁ gﬁ'ﬁ%éﬁ ]ﬁ?ﬁ’f ent‘”"ﬁlaﬁ}%gp %zggoz%%o

M yoshi et aAn AEMablBOGS ca e ditestly astadhed ) thefpesbesisitighwainticlegtide-based
| -derivatized oli onucl eotides which can be reacted with

¢ ﬁ: LPYS{%M flinker apeehemigppthateallgws plpcementpidhe lakgl at any7lopatiopwityn the
probe. See, e.g., U.S. Patent Nos. 5,585,481 and 5,185,439.

In certain embodiments, an internal control (IC) or an internal standard is
added to serve as a control for target capture and amplification. Preferably, the IC
includes a sequence that differs from the target sequence, is capable of hybridizing

20 with the probe sequences used for separating the oligonucleotides specific for the
organism from the sample, and is capable of amplification. The use of the IC permits
the control of the separation process, the amplification process, and the detection
system, and permits the monitoring of assay performance and quantification for the
sample(s). A representative sequence from which the IC can be obtained is shown in

25 Figure 12. The IC can be included at any suitable point, for example, in the lysis
buffer. In one embodiment, the IC comprises M13 ssDNA containing a nucleotide
sequence from a parvovirus B19 and a unique sequence that hybridizes with the
probe, for example, comprising sequences from the VP1 region, where the target
sequence is modified by substituting or deleting 5-20 bases or more, preferably 5-15

30  bases, such as 5, 10 or 15, bases or any number within these ranges. The substituted
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Fung et al., Connolly et al. (1985) Nucl. Acids Res. 13:4485-4502 and Spoat
et al. (1987) Nucl. Acids Res. 15:4837-4848. A conprehensive revi ew of

met hodol ogpas/0e5535 or | abel ing DNA fragnments is provided i RCVHISOhz0684 et al .,
Anal . Biochem (1988) 169:1-25. For exanple, probes may be fluorescently

| abel ed by linking a fluorescent nolecule to the non-ligating term nus of
the probe. @uidance for selecting appropriate fluorescent |abels can be
found in Smth et al., Meth. Enzynol. (1987) 30 155:260-301; Karger et al.,
Nucl . Acids Res. (1991) 19:4955-4962; Haugland (1989) 27 WD 03/002753

PCT/ US02/ 20684 Handbook of Fl uorescent Probes and Research Chem cal s

(Mol ecul ar  Pr dbletsd basss preferablyeaseur oy thepntiredengthl of thedrigsicseavencapeihs i ncl ude

el Ao bV S NGRS Rhecs BEIRS IRGSAA, W pucnL 1
Xg\w i OESIXI , rgeblgs ca%TEE?SﬁSA th D D5, e them ng the
t echni ques éé%‘%%ﬂ?%@&y be seRptituteet Withy f 0’6%7@%@‘? @é@g%#\s&gééﬁkﬁ(@g‘%gg togbe
pl aced & gsg Crlﬁgigbplmhteﬁcn the probe. See, e.g., Nelson et al. (1995)

"Detection um Esters by Chem | um nescence"” in Noni sotopic
Probing, Blotti n@lmrsdhd@u@equnmaddg;onl(ﬁy ukchude piotiee dpecioaidehe mteﬁ’ndss San

Di CA; Nel " ti

Pr g? gCtI on ﬁ??aﬁ‘fr‘l((ﬁlta bfbhﬁf%yfiaﬁ‘héﬁg %ﬁv{??}@}%}g@%ﬁgﬁ@&@ &t i bﬁ?éll\/ljl lis et
al . (eds.) g&&ﬂ@l«aﬁ%ﬁflonmsae%uplwmﬁ’i&ed@&c%le @bel th4thd diffefIneFom(th983)

29: 1474 1479: Berry et al din. Chem (1988) 34:2087-2090. An AE

mol ecul e ¢ ardetmtal:llerleml Ifgr the taagdi senuence: Ha epbedinants wiere Sie-detrstablst bl ipas ed

15 link ar che t y location
w thi n fhe. TgrGnemol e IC°Gh thgu @it SEFRRRboRleniclfy s B Bl Sy 225 P
certain enbqrtedBon Studiesl rwlealn@thempy nohbér FEXhelC ﬁ!mchmibed’mﬁlmtﬁtfaﬂdaﬂd i's
added to serve as a control for target capture and anpllflcatlon

Pr ef er abl y, theyargetdetegtzan g égteﬁn@éﬁb)é Heating{he 16 vwithe ixqd Ihoktarget ar get
sequence, ﬁlsf@apw & o owépéﬁ 'aﬁa Qgtaﬁgngmglgsa{%gefa@éaeofcﬁmﬁﬁg GesmpRest for

separ at i ng t | gonuc eot | ecl
internationally accepted IU For parvovirus B19 quantitation, an eight member panel

15 of 8000 IU - 125 IU can be used.

In another embodiment, an IC, as described herein, is combined with RNA
isolated from the sample according to standard techniques known to those of skill in
the art, and described herein. The RNA is then reverse-transcribed using a reverse
transcriptase to provide copy DNA. The cDNA sequences can be optionally

20 amplified (e.g., by PCR) using labeled primers. The amplification products are
separated, typically by electrophoresis, and the amount of radioactivity (proportional
to the amount of amplified product) is determined. The amount of mRNA in the
sample is then calculated by comparison with the signal produced by the known
standards.

25 The primers and probes described above may be used in polymerase chain
reaction (PCR)-based techniques to detect parvovirus B19 infection in biological
samples. PCR is a technique for amplifying a desired target nucleic acid sequence
contained in a nucleic acid molecule or mixture of molecules. In PCR, a pair of
primers is employed in excess to hybridize to the complementary strands of the target

30  nucleic acid. The primers are each extended by a polymerase using the target nucleic
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organismfromthe sanple, and is capable of anplification. The use of the
|C permits the control of the separation process, the anplification
process, wWod3vIsiet ection system and permits the nonit @CragonLocsssay
performance and quantification for the sanple(s). A representative
sequence fromwhich the IC can be obtained is showm in 25 Figure 12. The IC
can be included at any suitable point, for exanple, in the lysis buffer.

I n one enbodi nent, the I C conprises ML3 ssDNA contai ning a nucl eotide
sequence froma parvovirus B 19 and a uni que sequence that hybridizes with
the probe, for exanple, conprising sequences fromthe VPl region, where
the target asidpga@riemplate. nihiekteagion prosdypis bieeame tagged peaenees thegnsslvepatiglses or

W th n't hesd pasiad Pl dne BagR etk A8e "N Pl e B Pelssl Hkga " or
del et ed basestepd&f By apblymetsseiranaies cylcleds espliehted td googidiricilytiheedsartiget

sequence such that only 2 or 3 consecutive sequences are replaced, . Thus
for exanpl e nupgber pltatest pgpencedprletides- iTiemMM@wI%%EQ | D

NG 91), 4 he - is it e,
AGCTAGA(%FG%&@E%&%%%L&%%%E%%F %%%3‘“3%’% i HieCit dtdtfhs b aeB %ﬁ’pepgd’rt ey
addi ti onal | ynniset ald@dp) BEBPropecisf(Academi¢ Reess, N2 1 H20); Tatlanda®D (1 C probe),
thereby facilitating capture when. using.,the |1 C probe.. The | robe can
optional ly @lmﬁ%ﬂm«f feﬁ“é"'ﬁelie"élﬁpd’mcg’l Sa”d@“”‘f&'é‘fnolnsmd?f@e%eprfgcﬁ’?"gm t he
detectabl e |/Q%?+acfhPMfPH&sérﬁétQ&t(e&s?)qmrﬁ@ss, DR fRanikiBe Bt 619888 NBnk-be

abel 1s

det ect abl e | 0 a fluorophore, the | C can be quantified
spect r ophot @G24t168cas well asid Wb§. PateritiNosf 4,681 L6 ¥i684.202 and 889 By$i cal |y, the

copy nupyper of the | i Qe L [ LR 4.t h ection
i s det eﬂfn’ ned by Pipfﬂglg\#?aﬁéquﬂgﬁgq\%‘f%n%%ﬁ (ﬁ{éﬁnwgg?detpgl%%ﬁgﬁ%re erably at
the | ower engs tagdd ndclsdtiiedagiebnesifolss dnsplified Sorddnesd sayh dhat thelryeraisSasep! e of

internationally accepted |U For parvovirus B 19 quantitation, an eight
menber paneleactigther, camhquimey extending|toyard theythers e pofynyplsotids sagploidi ment , an

| C, as descr] i i I i hm%, | . sanpl e
according t & IXQ? %ﬁ%%@&{ﬁgﬁﬁq, Eﬁéﬁl“@ﬁmﬁe?t@ t sb g dgz%hg{éﬁdﬁé{%ws%@dar t, and
descri bed hefigers whivh arfiNfrebent ilheolar excesss Rdlyraasaativh éckatedyzed imtheever se

15 presence of the four deoxyribonucleotide triphosphates (INTPs -- dATP, dGTP,

dCTP and dTTP) using a primer- and template-dependent polynucleotide
polymerizing agent, such as any enzyme capable of producing primer extension
products, for example, E. coli DNA polymerase I, Klenow fragment of DNA
polymerase I, T4 DNA polymerase, thermostable DNA polymerases isolated from

20 Thermus aquaticus (Taq), available from a variety of sources (for example, Perkin
Elmer), Thermus thermophilus (United States Biochemicals), Bacillus
stereothermophilus (Bio-Rad), or Thermococcus litoralis (“Vent” polymerase, New
England Biolabs). This results in two “long products” which contain the respective
primers at their 5' ends covalently linked to the newly synthesized complements of the

25 original strands. The reaction mixture is then returned to polymerizing conditions,
e.g., by lowering the temperature, inactivating a denaturing agent, or adding more
polymerase, and a second cycle is initiated. The second cycle provides the two
original strands, the two long products from the first cycle, two new long products
replicated from the original strands, and two “short products” replicated from the long

30  products. The short products have the sequence of the target sequence with a primer
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transcriptase to provide copy DNA. The cDNA sequences can be optionally 20
anplified (e.g., by PCR) using |abeled priners. The anplification products
are sepawetoa@o276ypi cal ly by el ectrophoresis, and the anowatr/usb2/20684

radi oactivity (proportional to the amount of anplified product) is

determ ned. The ampbunt of nNRNA in the sanple is then cal cul ated by
conparison with the signal produced by the known standards. 25 The priners
and probes described above nay be used in polynerase chain reaction
(PCR) - based techni ques to detect parvovi rus B 19 infection in biological

sanples. PCR is a technique for anmplify 8 a desired target nucleic acid
sequence C(ﬂﬁ@@ﬂhr@d iQn %ChGMIBP@I&E¢1@W itignd typ lﬂﬁ&ﬁrﬂg‘é’tﬁﬂem%ﬂ’es I'n

PCR, a pair f e
conpl enment ar@ stra bgg[)g?l{ ?tﬁ)%@lé:?%&tqaf?}g nucl el C%g@?&é%@@h&? %o‘ggétg are each
ext ended by rempRiing@ tiksendusithgpretious aydysetTszpﬂhemmbé‘xgot\AQ)ﬂm@thESS

PCT/ US02/ 20684 _acid as a tenplate. The extensi py od cts bec rget
sequences t HFORBENDS the et SeAprnse SEVAEXRORCEHt %"Y‘ﬁ"eﬁaﬁg Yilfralbrelt Sﬁagg’epbﬁr and.

New pringrs @Eﬁngﬁ‘aﬂt @Xﬁﬁb%ﬁl@{}%%ﬁ%ﬁl@%ﬁﬁaﬁxcﬁr reog Vi®RERATEmeANd t he

cycle is repeated to geonetrical I ncrease the” nunber of target sequence
mol ecul es. The Pm\lkentwdnefamphﬁnﬁbyfrewe@ ttansaybingthe T NA SntacDINAegdences i n

a sanple is nown has been describe I nni s
ot AT (ede. PemeerBREROR SREARIRL A fesprolibort, HBgny™ehaymineks duyme

Pol yner ase GRa} B 1R8T6 KTh stefSisCdeléribRaiiP e Patdt Nyt 9822, 770), mRNAPRRy A
Practical Approach, MPherson et al. f(eds) |RL Press, Oxford: Sal ki et

al . (1986) Ndsoerevagseltraggribesksintped DN A sfollawed by amﬁﬂc %8R ligapeghain o5,

gl ?ggnﬁg‘feg{]?%f’imﬁ Eé‘%él‘mﬁsgﬁg?s?anid%s %lr?ge ' uc eo(lglﬁéyéeyéé‘%ﬁzg?gtto be

anplified, aog4.ented such that their 3' ends face each other, each priner
extending toward the other, The pol ynucl eotide sanple i.§ extracted and
denat ured, pref erBis §uosgeemisal’ nuglpreidgiayi knormpsihe FaQM?%t g% second

primers whi ;QCG Opﬂhﬁzqgagb& eo'&av%fgﬁm%%cfﬁ ARkE{e? d%ﬁteh?fo??gﬁ%_%zed in

the 15 pres Xyribonucl eot | e tri phosphat es S --

dATP, dGTP, aciiZhRyetndiahitd,Rrimess agl propes deeived fronh regiops of the geyewidenB 19

pol'y nucl eot | gde%ome described herein can be used in TagMan™ analyses to detect the presence of
infection in a biological sample. Analysis is performed in conjunction with thermal
cycling by monitoring the generation of fluorescence signals. The assay system
dispenses with the need for gel electrophoretic analysis, and has the capability to
generate quantitative data allowing the determination of target copy numbers.

20 The fluorogenic 5' nuclease assay is conveniently performed using, for
example, AmpliTaq Gold™ DNA polymerase, which has endogenous 5' nuclease
activity, to digest an internal oligonucleotide probe labeled with both a fluorescent
reporter dye and a quencher (see, Holland et al., Proc. Natl. Acad.Sci. USA (1991)
88:7276-7280; and Lee et al., Nucl. Acids Res. (1993) 21:3761-3766). Assay results

25 are detected by measuring changes in fluorescence that occur during the amplification
cycle as the fluorescent probe is digested, uncoupling the dye and quencher labels and
causing an increase in the fluorescent signal that is proportional to the amplification of
target DNA.

The amplification products can be detected in solution or using solid supports.

30  Inthis method, the TagMan™ probe is designed to hybridize to a target sequence
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pol ynmeri zi ng agent, such as any enzyne capabl e of producing prinmer
extension products, for exanple, E. coli DNA polynerase |, Klenow fragnent
of DNA pwbyn®o2rse |, T4 DNA pol ynerase, thernostabl e DNAPp®IUSIE2@GSES

i solated from 20 Thernus aquaticus (Taq), available froma variety of
sources (for exanple, Perkin Elner), Thermus thernophilus (United States
Bi ochem cal s), Bacillus stereothernophilus (Bio-Rad), or Thernococcus
litoralis ("Vent" polynerase, New England Biolabs). This results in two

"l ong products” which contain the respective primers at their 5 ends
covalently linked to the newy ynthe5|zed conpl enepts of the 25 original

strands. Thevithemghe dspired B(‘E&rpéodl@ t Fherd' erd of the d 2gMap o) BrAkS $UNARS ondi ti ons,
e.g., byl 0%&#9@&? HEFBR, A end SARL H/%E mo&e@i%p{e NERdoggent . of

addi ng nore a secon isinitia e second cycle
provides t hQ:xtdn@lonQﬁdl gcbmahs s dyamdswill djl&:ntmﬂlelfbmgsspefmd m‘ithe 5 flosropharef i r st
cycle, two nem/Iong product repllcat dfro or| étrands, and two

m t
"short prodR4T¥e SuBFRAPEH PEW ﬁF‘E’Hﬂr‘tH’@SI H‘@fe%nblf‘g d%i’% Rort products

have t he se f 2753
peTT Usog) 2008 G wilh S ok &%Siggﬁﬁgdﬁ?ﬁ%ﬂgﬁh%%@ﬁ?n a%&é% RIS

| ong productfmommommslutsed,an1rmmitsaurﬁludn®celmbw§hdmanmea&mmd equal to the-
nunber of long a d shor

t
Cycle, Thus. ¢ ho lanBekos RhemegFa TR s shessrien gusttibal 8f pBbScequence

grow ex pone%s@d st Wattbne 3R 1eCit@h8ed Fn€drafaBbh WhelPGihybridiZed Gdlefd thd out Wi th
a commercially available thermal cycler, e.g., Perkin Elnmer. RNAs may be

ampl i fied bygueeshsr melachlgris near isnoughita therepexter madecaisnia quareh the Aupreseantadr m ng
PCR CR) .-..as _d b
used(fo &bo%q?t%étsrgggr?e%s ag(gléglt)@legollgrﬁ\h \Eﬁi&%%é)}(enta?%%ﬁégp%fg le%gtzo% rrRNZa )r/raye

al so be revepafrinafaswhéBbridided t6 Piget fpolynaviectideysuals janticrquendhep | i gase

chain 10 reaction (RT-AGQ.CR) as described by Marshall et al (1994) PCR
Meth. App. 4ngleculgis, nora@ﬂmrﬁércéf@eﬁn@lgé ‘to thedepertes melecwe tojgigtgh the t he

LT S8 LR o, ARG 9OS it ks Bt
derived fr omohﬂgmanmspﬂletré;&)rmanwmulewsd Budther molecule on the probe exhibit
15 different fluorescence signal intensities when the probe is hybridized and
unhybridized. As a result, it is possible to determine whether the probe is hybridized
or unhybridized based on a change in the fluorescence intensity of the reporter
molecule, the quencher molecule, or a combination thereof. In addition, because the
probe can be designed such that the quencher molecule quenches the reporter
20  molecule when the probe is not hybridized, the probe can be designed such that the
reporter molecule exhibits limited fluorescence unless the probe is either hybridized
or digested.
Accordingly, the present invention relates to methods for amplifying a target
parvovirus B19 nucleotide sequence using a nucleic acid polymerase having 5' to 3'
25 nuclease activity, one or more primers capable of hybridizing to the target B19
sequence, and an oligonucleotide probe capable of hybridizing to the target B19
sequence 3' relative to the primer. During amplification, the polymerase digests the
oligonucleotide probe when it is hybridized to the target sequence, thereby separating
the reporter molecule from the quencher molecule. As the amplification is conducted,

30 the fluorescence of the reporter molecule is monitored, with fluorescence
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15 genone described herein can be used in TagManTM anal yses to detect the
presence of infection in a biological sanple. Analysis is perfornmed in

conj unct iwp 084002753 hermal cycling by nonitoring the gener 2Cirarsonto684
fluorescence signals. The assay system dispenses with the need for gel

el ectrophoretic analysis, and has the capability to generate quantitative
data allowi ng the determ nation of target copy nunbers. 20 The fl uorogenic
5' nucl ease assay is conveniently perfornmed using, for exanple, AnpliTaq
GoldTM DNA pol ynerase, whi ch has endogenous 5 nuclease activity, to

di gest an internal oligonucleotide probe | abeled with both a flugrescent
reporter dysomasondigséniraccyrsmee ofpioleinacid mplificatipng dhe xeparter melggulksci . USA

1991) 88! 7276, 72 |
(21 37%31 376633%ffssa83rf@‘§€"1 {"’g‘?ﬂ% %@éhﬁgw%%‘erﬁbgﬁn%g ?f.e‘(naé’g?%éhr?&'%%“}en

fluorescencaythat occur during the anpllflcatlon cycle as the fluorescent
probe is digested uncoupllng the d qﬁgncher beI and causing an

increase in the fWhikbsdength %ﬁ@ﬁ&l‘“‘?ﬁé’ﬁ‘ 123 FS?)‘bYatrV’ot & Pradg Spqpemnces are
anpl i fi cat i QeQhg A figh A vezh@w@mm {ehfiREAR (A plideF &qulReget ected in

sol ution or using s orts. In this nethod, the TagManTM probe is
desi gned t o Henbe,itbk pmnemequuapsgm: gsmdbnbeg@lhmheatmzamnw / US02/ 20684
within the 51 rﬁ roduct. The. 5' end of tﬂ*@ 3% I\/Leo contains a
f1 uor escent ryBEB Yo 689 er gequcriges g 4n fe Tepge of bspveen orbuI? d &%Se'ﬁp%’vent
probe ext e@ﬁdr@@}ﬁmyqﬁme&laﬂge &f 20y4s. thttypichl prébeais edthe hgndel dfoe@ERAN0E Of
the 5 fluorophore. "During subseguent anplification, the 5 fluorescent

| abel is cl sQwadleoftidesilong nBore ¥ d§e40ucleotidesan danghl- ease acti vi ty is
pr esent n the r ggtsolf)cfl SupREﬁlgE | 311585' tﬂ%oﬁ%)%[u ?tlécf ;H’?B Bgﬂ)g alrtfc E(I.i fe? t#:n an

|ncrease in fluorescence i Ch o€an Icu

ol i gonucl eotsbHE suppoltan aafi ey i haghere. Bucéxahipw, tﬁehﬁolw @bgbe ettichedtd the at
| east one S|ngle stranded conf ormati on_when unhybrldlzed where the

quencher nolsebdiFeppiogt hyatiackipeni ghthed' phe terapeg! nutlepiiend theprobe bR enlid he
) Horescencaudhi MGBBrIaatt! fe Paﬂqu%a%hec}]{beché’ \IRO0H6bE8Y FKB! Phen 3l SO

exists in at Jeast tion bridize o atarg
pol ynucl eot isderes tecdisthiet the bﬁ)bq frencthe lsohdmippom &he Snkeytis paally aolleaml 164 ose
enough tSO ' h3% artoenrl)g 1rnt lgrrlgtgorkgr%lf)lreefe}aglyqat ?ea(s:thl 5t-?(? atoms in length. The required
length of the linker will depend on the particular solid support used. For example, a
six atom linker is generally sufficient when high cross-linked polystyrene is used as
the solid support.
A wide variety of linkers are known in the art which may be used to attach the
20  oligonucleotide probe to the solid support. The linker may be formed of any
compound which does not significantly interfere with the hybridization of the target
sequence to the probe attached to the solid support. The linker may be formed of a
homopolymeric oligonucleotide which can be readily added on to the linker by
automated synthesis. Alternatively, polymers such as functionalized polyethylene
25 glycol can be used as the linker. Such polymers are preferred over homopolymeric
oligonucleotides because they do not significantly interfere with the hybridization of
probe to the target oligonucleotide. Polyethylene glycol is particularly preferred.
The linkages between the solid support, the linker and the probe are preferably

not cleaved during removal of base protecting groups under basic conditions at high

30  temperature. Examples of preferred linkages include carbamate and amide linkages.

33



fl uorescence of the reporter nolecule. By adopting these hybridized and
unhybri di zed conformations, the reporter nolecule and quencher nol ecule on
t he probewexhiom7s3 15 different fluorescence signal inten®Criuse2/adsen t he
probe is hybridized and unhybridized. As a result, it is possible to
determ ne whether the probe is hybridized or unhybridized based on a
change in the fluorescence intensity of the reporter nolecule, the
guencher nol ecule, or a conbination thereof. In addition, because the
probe can be desi gned such that the quencher nol ecul e quenches the reporter

20 nol ecul e when the probe is not hybridized, the probe can be designed

such that the rdpampdss ofprefetaddypssnfisphid syppeits &f immebilizetiemekthan| ess t he
be is either hybridized. di i t ti
el ates t o (LERBIRASE ol indlha ARSI EhorP SREL WATblhres) Ay BURRE Mudiicn ' O

sequence usicagted pblyslyeine baedsdcdiRllosepiydGE abdniige Rel dnd adtivatetbdertrah.ease
activity, one or nore %i mers .capabl e of hyhridizing to the target B 19
sequence, and an fsriagstuiled descripeoneighe TaaMam[ asey, rasentyand ogditiong i t ar get
B 19 segue L t] I Rr £ iqf | R 1e

pol yner gsge Ellg g&%{%ﬁﬁﬁg’ é%ﬁﬂ%@#&%ﬁgﬁt}r e']%(ftd gbgh%gﬁrt?‘tk%i gfg%t;l/ '?iiq lez’};d;d to the
t arget sequenge, Utth@nehtyNee FAB&BABS, 72301, epdb§ 826,991 ecul e from t he

guencher nol ecul As the a i ficati %n%‘ln?) ggnduct ed,, 3 t%g fl %gr.escence
of the reporter CRETN IS Prro ATHIGRE] PR FrE RO © U¥2 WB°83F 002753
PCT/ US02/ 2068 rarfsefip@siPRediafRd ahplifiBRicAqIM A LAR68/sOTMA pr&idesdGhéthod of

anplification. The reporter nolecule is preferably a fluorescein dye and

t he quencheridensifiging targétaupleistasidadsiqyenses prostatrimeery dyell amppnts in i biolegieglh of

nat "tk haowel | S RediEnees Ml lioRl F BB Rl B BRLBEYT S, 20

the priner SREHENC IS paftiRuleMTRVIAlS ¥n IsemMgial, hlidbathftic Ri€lbie asquesCes.
Typically, the primer sequences are in the raggfe_ of between 10-75
1

nucl eot i des ammdicatiopsystenyhpieanipyoyide meee thamgbilben BdAeopiepipf attgigeical pr obe

el nok T2t BBl P USEF e e USROS AR TR GBS 15 0
probe nay bebadricaohe@d thrgetdaguence in a biological sample. The assay can also provide a
15 quantitative measure of the amount of target sequence over a concentration range of
several orders of magnitude. TMA provides a method for autocatalytically
synthesizing multiple copies of a target nucleic acid sequence without repetitive
manipulation of reaction conditions such as temperature, 1onic strength and pH.
Generally, TMA includes the following steps: (a) isolating nucleic acid,
20  including RNA, from the biological sample of interest suspected of being infected
with parvovirus B19; and (b) combining into a reaction mixture (i) the isolated nucleic
acid, (ii) first and second oligonucleotide primers, the first primer having a
complexing sequence sufficiently complementary to the 3' terminal portion of an
RNA target sequence, if present (for example the (+) strand), to complex therewith,
25 and the second primer having a complexing sequence sufficiently complementary to
the 3' terminal portion of the target sequence of its complement (for example, the (-)
strand) to complex therewith, wherein the first oligonucleotide further comprises a
sequence 5' to the complexing sequence which includes a promoter, (ii1) a reverse
transcriptase or RNA and DNA dependent DNA polymerases, (1v) an enzyme activity
30  which selectively degrades the RNA strand of an RNA-DNA complex (such as an
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solid support in a variety of manners. For exanple, the probe may be
attached to the solid support by attachnent of the 3' or 5 termnal

nucl eot i wWO®B/004163 probe to the solid support. More preferablusp2/edees probe
is attached to the solid support by a |inker which serves to distance the
probe fromthe solid support. The linker is usually at least 15 15 30 atons
in length, nore preferably at |east 15-50 atons in length. The required

|l ength of the linker will depend on the particular solid support used. For
exanple, a six atomlinker is generally sufficient when high cross-1inked
pol ystyrene is used as the solid support. A wide variety of linkers are
known i n t h&Mhse Khand(viay RHEA pelxmerase whichapcoghizes thg pspmeShucl eot i de pr obe

to the solid suppart i . i does
not significantl %er?f)ren}Pg?Aeté %‘tﬁ%rc{ﬁ%orﬁ?g{%%ﬁcr? 0 nﬁaﬁsgégt%g%%t%gg%uence
to the prob&hetrémcbe thiktord Béncubhted usdgp ponditionshehdrebiykar oligoputleotidertmepdt of a
honopol ynmeri ¢ ol i gonucl eoti de_whjch can. be readily added on.to the |inker
by ut ot SHIEPFT RASTASE, eREl Hab RO Ting R R g YAte gecPRAEPTS

pol yet hy§ eng;2fidf o esinubRBtiReripRGPhaes dfddok PSdnucRUtde PRhWYPRLRs Plof a

preferred over honopol yneric oligonucl eoti des because they do not
si gni fi cant IpgripdbEtime seffigienhta frevidg briltifile eepiesofdhe tapged bequence: Hhet ar get

ol i gonucl eoti de. Pol yet hyl en | icol i.s particul arl referr.ed. The

i nkages. betGetin AeGseurT s ERIFe s egiions afebds BT FRBHARIRAN! of er abi y
not cl eaved sghBilitP 8f FRBBMAEonBionBRS Budl RURCEIMEbnBAsRFMENSRT whiksitc condi ti ons
at high 30 tenperature. Exanples of preferred |inkages include carbamate
and ani de | iredageSmoddBatign onagprsoreTeastion condtans durmghesousse ¢fithe er r ed

vpes ol SOy TR e ARG 8100t 0 MBS Sl i
pol yst yr ene apeamstantislly isbthsmnal ayd eludasubstamtinliye cgatanaivthicasttenygihtand p#ext r an.
For a detail ed description of the TagManTM assay, reagents and conditions
for 5 use tihereacHon servenienly doggot FHyITE R dgaturafspp £iep (Q9Parai i, Sci |
5. 576 980, ThO A BouT P o by D e R e, .oy 70 b used
as a basis for tSuiakleDNPAipohrmeatcainethdampterdeitrasiripases vi¢h aswaars. TVA
provi deISS a rrr%erl](%qas%sis virus (AMV) reverse transcriptase (available from, e.g., Seikagaku

America, Inc.) and Moloney murine leukemia virus (MMLV) reverse transcriptase

(available from, e.g., Bethesda Research Laboratories).

Promoters or promoter sequences suitable for incorporation in the primers are
nucleic acid sequences (either naturally occurring, produced synthetically or a product
20  of arestriction digest) that are specifically recognized by an RNA polymerase that

recognizes and binds to that sequence and initiates the process of transcription

whereby RNA transcripts are produced. The sequence may optionally include

nucleotide bases extending beyond the actual recognition site for the RNA polymerase

which may impart added stability or susceptibility to degradation processes or

25 increased transcription efficiency. Examples of useful promoters include those which

are recognized by certain bacteriophage polymerases such as those from

bacteriophage T3, T7 or SP6, or a promoter from E. coli. These RNA polymerases

are readily available from commercial sources, such as New England Biolabs and

Epicentre.

30 Some of the reverse transcriptases suitable for use in the methods herein have
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identifying target nucleic acid sequences present in very small anmounts in
a biological 10 sanple. Such sequences may be difficult or inpossible to
det ect uswog3@bz7egt assay nethods. In particular, TMA is pam/isszbdesnal ,
autocatal ytic nucleic acid target anplification systemthat can provide
nore than a billion RNA copies of a target sequence. The assay can be done
qualitatively, to accurately detect the presence or absence of the target
sequence in a biological sanple. The assay can al so provide a 15
guantitative neasure of the amobunt of target sequence over a concentration
range of several orders of magnitude. TMA provides a nethod for

aut ocat al yt iap &N 4se Hyoetitibs sudhrag AMMIepsree Eosrantasst Iampghoateveiubeei ¢ aci d

¢ hout e . g ) . i o
Cenper at ur e PRSPl BRI biginalIOURK & L3R o0, EARRIASEHE SO MATAMYE B0
steps: (a) irs@rsttrddgeriptadeds GsedciRNAsedDis readilydivagatifont, e@mBektesdd ol ogi cal

sanple of interest suspected of being infected wth parvovirus B 19; and
(b) conbi ni AgseaelbLabrd¥qees on i xture (i) the isolated nucleic acid, (ii)

first and second ﬂeimﬂ%ggfggsf@om&m%hes& Hﬁtﬁddma%ge}gg%tg & WhtRY P

conpl exi ng sequence suffic conplenentary to t rm nal portion
of an RNA tpasdyet additjoal cepies 6f the emgaitsequience hraugplthe atove(dejcribed and) , to

conplex therewith, 25 _and the. second, prinmer hayi a _conpl exi .sequence
suffici ent | Y% %F@ﬁeﬁﬁ%wg%ls i atgly%pgﬂﬁmgﬁﬁﬁagﬁpioaﬁmg?u@ﬁaé%yﬁ t
sequence of yitkuf HEMeEIRR refdchRulyaXSdTBliS: of dMAnding readti6E6hditichs SREMPAEX
therewith, wherein the first oligonucl eotide further conprises a sequence

5' to the cdemppariurg phletpréngtenglhiastthe likd. udes a promoter, (iii) a reverse
canserpace, O SO DI ASESIE T PR ST e R e 1 o
(such as an segfen¥¥Rg ORybR1aZzatn RGN/ stpRBt2aRHic JHNbaR s elaittiophorasis RNA
pol ymer ase whi ch recogni zes the pronoter. The conmponents of the reaction
m xture may MRSS ERAABOMEHY s thepeumstogs cagy uss Meterogeneriis 0p RempgTRepisdornatsi s
ocubated USSR Lo R Ak At gt el Lor 0ot seaverce |
(i ncludi ng ri bonu@ilegmntietshld methbd oplett@mnds thedsorftardeo sequbnwtspdefic _
o PhosPhe allontretice bromse denived Hom the 4.7 Kbpy 700 by 370 By a2 bp ' P! € COP! €8

fragments described above. The probes may be used in hybridization protection

assays (HPA). In this embodiment, the probes are conveniently labeled with

acridinium ester (AE), a highly chemiluminescent molecule. See, e.g., Nelson et al.

(1995) “Detection of Acridinium Esters by Chemiluminescence” in Nonisotopic

20 Probing, Blotting and Sequencing, Kricka L.J.(ed) Academic Press, San Diego, CA;

Nelson et al. (1994) “Application of the Hybridization Protection Assay (HPA) to

PCR” in The Polymerase Chain Reaction, Mullis et al. (eds.) Birkhauser, Boston,

MA; Weeks et al., Clin. Chem. (1983) 29:1474-1479; Berry et al., Clin. Chem. (1988)

34:2087-2090. One AE molecule is directly attached to the probe using a non-

25  nucleotide-based linker arm chemistry that allows placement of the label at any

location within the probe. See, e.g., U.S. Patent Nos. 5,585,481 and 5,185,439.

Chemiluminescence is triggered by reaction with alkaline hydrogen peroxide which

yields an excited N-methyl acridone that subsequently collapses to ground state with

the emission of a photon. Additionally, AE causes ester hydrolysis which yields the

30  nonchemiluminescent —methyl acridinium carboxylic acid.
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reacti on advant ageously takes place under conditions suitable for

mai ntaining the stability of reaction conponents such as the conponent
enzymes awo 0300216t requiring nodification or nmani pul ati @eTAfS0Z/2884 | on
conditions during the course of the 10 anplification reaction. Accordingly,
the reaction may take place under conditions that are substantially

i sothermal and include substantially constant ionic strength and pH  The
reaction conveniently does not require a denaturation step to separate the
RNA- DNA conpl ex produced by the first DNA extension reaction. Suitable DNA
pol ymerases include reverse transcriptases, such as avian 15

nmyel obl ast osi s viWhen tha¥\B molegelesecavalenty aitpthad o § aveleic apideréeom e. g. ,

Sei kagaku Anerica,. |nc. nd .Mpl opey nuri.ne | eykem N US . reverse
transcri pt adWarQ¥RSisrapd én%r %?g‘??{neBceng%O&% %Eegéﬁec#ﬂg%%&a%‘\’/% ¥s) .
Pronot er s OrexREtRIEInileAEHASNE Gf tatget ARl 404, thOfdd GOABhy@dlysik it fcallyi Ner s
are nucleic acid sequences (either naturally occurring, produced

eS d
synt het i cal Irgdused.a Thus yridizaipangrunhybridized A ldheledi nyels ganthgdetegted
specifically.r nj by . RNA, Q! g .recogni zes and binds to
t hat seg]%lencdéregﬁn)ggll Al’clll gé‘t éé%tﬁ té pr%gefés{rgﬁ{g?l% ? lr%ﬁ%%trulglgti on whereby RNA
transcripts are [HPAgesdallyltmssagieinciellowingaipsofaitieyAE-fabelederoteis! eot i de

bases extendi ng beyond the actual. recognition_site far the RNA pol ynerase
whi ch may i fyARdizadyad the R pﬁ}elslwéag SUptomfor @@Wg taégq‘aaatn?l Bepr ocesses

or 25 incregg ﬁ%ﬂgﬂﬁ@ bitibRs e Adde %d@&ﬁﬁﬁh%&u@%ﬁ%ﬁ&i&m@&@ﬂ%er s

i ncl ude those are recogni zed by certain bacteriophage pol ynerases
such as thoswdfalymed. Thistreadtiop tekge afipxinvatady 5$P60 nunutes. pFlewstmeming om E.

coli. These RNA pol r S .ar eadi ly avai ]l able fr commer ci gl, . sour ces,
such as!tow TENBLERPCRIH Ab s detiriedmpinl oL sb Safh of e Praon dbi
transcri pt ases, mkkstaAPloRihRElyUS® 5 secédis. PRIfaBly, fheldeiidteliay AyddRsiBdp3s 002753
PCT/ US02/ 2068 an e H activity, such as AW reverse transcriptase. It

may, howevercontistedatdliesaats temperatigelasethe bradizatRNAal®. typicslly bt #Etor0 ¢Ql |
e bt oot BRGNS BRF RS A I Gl B ot o1
temperature. This allows elevated pHs to be used, for example in the range of 10-11,
15 which yields larger differences in the rate of hydrolysis between hybridized and
unhybridized AE-labeled probe. HPA is described in detail in, e.g., U.S. Patent Nos.
6,004,745; 5,948,899; and 5,283,174.
TMA is described in detail in, e.g., U.S. Patent No. 5,399,491. In one example
of a typical assay, an isolated nucleic acid sample, suspected of containing a
20  parvovirus B19 target sequence, is mixed with a buffer concentrate containing the
buffer, salts, magnesium, nucleotide triphosphates, primers, dithiothreitol, and
spermidine. The reaction is optionally incubated at about 100 °C for approximately
two minutes to denature any secondary structure. After cooling to room temperature,
reverse transcriptase, RNA polymerase, and RNAse H are added and the mixture is
25 incubated for two to four hours at 37 °C. The reaction can then be assayed by
denaturing the product, adding a probe solution, incubating 20 minutes at 60 °C,
adding a solution to selectively hydrolyze the unhybridized probe, incubating the
reaction six minutes at 60 °C, and measuring the remaining chemiluminescence in a
luminometer.

30 The oligonucleotide molecules of the present invention may also be used in
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5 The RNA transcripts produced by these nmethods may serve as tenplates to
produce additional copies of the target sequence through the

above- deswpioBma7s3rechani sns. The systemis autocatal ytic &od/usaphiesd cati on
occurs autocatalytically wthout the need for repeatedly nodifying or
changi ng reaction conditions such as tenperature, pH, ionic strength or
the like. 10 Detection nay be done using a wde variety of nethods,

i ncluding direct sequencing, hybridization with sequence-specific
oligoners, gel electrophoresis and nass spectronmetry. these nmethods can
use heterogeneous or honogeneous formats, isotopic or nonisotopic |abels,
as wel | as mucleitasidseguengetbasedanplificntiomBVASREA).hBhis gretlnd is 0FUROKE t he use

of target seguen c ucl r romthe
4.7 kb, - 7000 R SRR Bl hfroort T A ABRLE ) LAIRARL Bimol bl COT) (00
may be used 1sd1hdsmia[ iudpllﬁédt@ﬂ oph epezifid mlelascswspxbﬂaé\RNA dopibd of thebodi ment ,
the probes are conveniently |apeled with _ acridiniumester (AE), a highly

chemi | uni nedwekic apl. cEhp 1628 or gonducting.NAgR Aginclyde a first JPA prmer dathipn of
Acr i di nigim BSif %f@%ﬁ?g%ruzamﬁeas&‘é@ggnw g?rh‘ﬁél‘ &%ﬂ@tﬁn&?}p{%@wﬁse Bl otting

and Sequenci'ng, aL.J Aca ess, San D ego, CA | son et
al . (1994) "]Npm\ﬁAqmlymeras]ac NT#Rs andbiNTR'z dUsiopn NASH As darigo amassta pf slhlgle) to

PCR' in The P | t Mul. | t Bi
Boot on s RRUATUSR at Behepstea o Siaderaerssd Ry SIS, oBgbiRIEee L
din. Chem s(r%%@e%)DNﬁ‘mﬂ%m&?@m Yt p¥E cithe SSHICA isérveld aftelnplad Faghed to

the probe using a non 25 nucl eoti de- based 1inker arm chem st ry that aI I ows
pl acement ofsynthesis aﬁeﬁrsaﬂbl\é‘h 9tranddb'aﬁl¢1tgatlm pfma ﬁrs{c hemgr esntainiggan RNY.

Pat ent 5,585,481 an m.n engc d

react i oﬁ@w (AOTAPR AT RO tﬂno %@% ggan Sg‘?’g %t alﬁe%n e tedélﬁl- net hyl
acridone t haym@iéls 6FalSdtbhy, c@ﬁipn@:ﬁ@mytmNgrmmibgsmhgatwntdfa sefdgstings] on of
a photon. Additional li; AE causes ester hydrolysis which yields the 30

noncheni | unitaedidrgin a }?yﬁtr‘%i@lefi artivedRN A diobansrpsePrampter sﬁ%@nme@sstmzws
PCT/ US02/ 20 I
aci d probe, qﬁﬁér ?P‘gm S TS rlaatg;?l Fa?e“f ?tﬂeﬁﬁgﬁé 8ﬂ%§%la§g%§§n%ﬂ%%ng n\lj\(vieﬁl 'fhe

AE- | abel ed pémbatd the ssRNA, with the a1d of a RNA polymerase The NASBA technique is

15 known in the art and described in, e.g., European Patent 329,822, International Patent
Application No. WO 91/02814, and U.S. Patent Nos. 6,063,603, 5,554,517 and
5,409,818.

The parvovirus B19 sequences described herein are also useful in nucleic acid
hybridization and amplification techniques that utilize branched DNA molecules. Ina

20 basic nucleic acid hybridization assay, single-stranded analyte nucleic acid is
hybridized to a labeled single-stranded nucleic acid probe and resulting labeled
duplexes are detected. Variations of this basic scheme have been developed to
facilitate separation of the duplexes to be detected from extraneous materials and/or to
amplify the signal that is detected. One method for amplifying the signal uses

25 amplification multimers that are polynucleotides with a first segment that hybridizes
specifically to the analyte nucleic acid or a strand of nucleic acid bound to the analyte
and iterations of a second segment that hybridizes specifically to a labeled probe. The
amplification is theoretically proportional to the number of iterations of the second
segment. The multimers may be either linear or branched. Two general types of

30  branched multimers are useful in these techniques: forked and combed. Methods for
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exactly conplenentary to the target nucleic acid, the rate of AE hydrolysis
is greatly reduced. Thus, hybridized and unhybri di zed AE-| abel ed probe can
be det ectwo 03/0ai76ct|ly in solution, wthout the need for playaiSozbo6ss
separation. HPA generally consists of the follow ng steps: (a) the

AE- | abel ed probe is hybridized with the target nucleic acid in solution
for about 15 to about 30 mnutes. A mld alkaline solution is then added
and AE coupl ed to the unhybridi zed probe is hydrolyzed. This reaction
takes approximately 5 to 10 m nutes. The renaining 10 hybrid-associ ated AE
is detected as a neasure of the anmpunt of target present. This  step takes

appr oxi mat elnyaking @ﬁdsu%%léfﬁﬂ@ed PREfisREH) YS}Ole?‘H‘*eS Ae KNy Ht tihﬁla"‘ﬁ‘%l Asicyi®rd st ep

is conduct ure as the hybridization step, typically
at 50 to 70‘:}‘((#265‘é ter na |vé{3§;§%ﬁslecond differential hydrolysis step may be

conduct ed at r oorintaaather apeot of thEhneenabh,awe oehmrabﬁtﬂlemds descitedubeds; arkor
exanple in the r e of _10-11, ield er. di.ffe ces |

rate of hyd®sr §P§‘9‘i9é’l"%g€ﬂ th%?qea?ez‘\é}gh%ﬂ ani§ith |r | ﬂ%ﬂ%‘ﬂ lﬁéleléfﬁtgf’%d‘sffpobe
HPA is descrijbgthdcA Q&Hﬁb&aﬂeﬂ am?)hﬂcatloH (PM AR aRIp1INP e nubleROstide4er

5,948, 899; and 5, 28% iS described in detail in, e.g., US. Patent

No. 5. 399, 48fetection,dhen zemitcmaelve Olﬁclelclay‘lgltwllrlg@é@ assay i peofoamed fnUcI eic aC| d

xed Wi i h EBtpRePy BERE EG ey FOK, d gl ) B8R CRHBITE 0,

nucl eoti de tTHuphRERhARE B19RAN BEEFecifbally bed iﬁl@ltlfvéllbr deftO®dd ev@ewhbmlinee. The
reaction is optionally incubated at about 100 C for (gprom mat el y t wo

mnutes to mlwtwtb@@émeﬁnys st Ve andaHeatitis Fovirysg far §xaraple:

and’ ol i ur o 1A BEed R IBGHLR, esfin A B0 KTRKARE noltth SDedBLD SE050
can then be gresdysicbfRyriatibanaidmamgfonhets proiiontn inakiklarn gTlee gbovbe sol uti on,

i ncubating 20 mnutes at 60 C, . adding a sol uti o sel ectivel y hydrol yze
the unhybr i dicsPtiond e, meraly RBAideasghitanceand gsp §fﬂi lmtbﬁﬁréganar@aca?y C, and

measuring thg, odi ﬁg@k%&gbs@g&wg BSRE RARRg qhed veell wnrmrzg% 30 The

ol i gonucl eot | ecu ent I'nvention may SO be used in 37
WO 03/ 002753 PCT/TsQbb268684ribed assay reagents, including the primers, probes, solid

15 support with bound probes, as well as other detection reagents, can be provided in
kits, with suitable instructions and other necessary reagents, in order to conduct the
assays as described above. The kit will normally contain in separate containers the
combination of primers and probes (either already bound to a solid matrix or separate
with reagents for binding them to the matrix), control formulations (positive and/or

20  negative), labeled reagents when the assay format requires same and signal generating
reagents (e.g., enzyme substrate) if the label does not generate a signal directly.
Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for carrying out the assay
usually will be included in the kit. The kit can also contain, depending on the
particular assay used, other packaged reagents and materials (i.e. wash buffers and the

25 like). Standard assays, such as those described above, can be conducted using these

kits.
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nucl ei ¢ aci d sequence-based anplification (NASBA). This nethod is a
pronoter- directed, enzymatic process that induces in vitro continuous,
honogeneow® oatnok753 sot hernmal anplification of a specific necraiSo2/z2mB4d to
provi de RNA copies of the nucleic acid. The reagents for conducti ng NASBA
include a first DNA priner with a 55" tail conprising a pronoter, a second
DNA prinmer, reverse transcriptase, RNAse-H, T7 RNA pol ynerase, NTP's and
dNTP's. Using NASBA, |arge amounts of single- stranded RNA are generated
fromeither single-stranded RNA or DNA, or double- stranded DNA. Wen RNA
is to be anplified, the ssRNA serves as a tenplate for the synthesis of a
first DNA strand By Expengsaatabn of a first priner containing an RNA 10

pol ymer ase recogmy il i i %éﬁg Afedt ser Lhe tenplate
for the synt hes{EséI%‘?géesésxtedfglg}%@fg%np enenO?largﬂ, Q%%lrﬁgﬁgﬁﬁlg%gﬁsoﬁgati on of
a second priinesntionr Fhelbtdnided are affeied fbrallugtatise geghosastoniye aiNdrepot ymer ase
pronoter site, and the strand serves as a tenplate for the

econd _DNA
synt hesi s ofln"leaﬁi‘?j’emé‘l’i‘ﬂbﬁ‘ﬁs“‘c‘?ﬂﬁ qf e Qrie?.eg{ mtV_EWfﬂnefPéf‘y ¥ ssRNA, with the aid
of a RNA pol yner asfors Hage DbeaBARadeas RAGEE Sechifacy WithsRQIB: fohubib@rsaisbd g,

described in, e.g., European Patent 329,822, I nternational Patent

Appl i cat i on aNmuntADtedipeOR@ts etca) Hutlsogie erperamentalsstor gnddsyigoy, sheuldsdaf 517 and
5,409, 818. The parvovirus B 19 sequences described herein are al so useful
in nucleic é’(?flffeﬂ?ﬁf\é P’V&fjg%rti on and anplification techniques that utilize

branched DNA nol gguhéEfilowihglexdRphs SéneyMesvetepuachastdydih icOinaitdiAsoarssy
si ngl e-stranded anal yte nucleic acid 1s hybridized to a | abele

. , d .
si ngl e- st r arrddiseflizacerdingleithe wepacturess' disediions. nYjitrospidilese filipipand bs like e
detecte Var i ati J ggﬁi have been devel oped to
facili tg(%e ?ééprg%ias ?gﬁﬂéﬁeht "Z“ up g&czaglg@gsﬁé detected from extraneous
mat eri al s and/ or Thoheigplaiidryof DN Asfirgpnadntd, bedept whelemereticall D82e net hod f or
anplifying the signal uses 25 amplification multiner tgat are
pol ynucl eot iTA@EPHAYNS IV are e age@rﬁéwgttoma@arﬁqueewa%ﬁees gabopk gt aly to the

anal yt e nuclgi 16 or n : i ]! W” yte and
iterations g?bga' ?g%g}]cglogga%éﬁe:é, ?hgﬁ%%s‘?fzcgg ]glgg i fll céalﬁfeillbtké&g%{ abel ed
probe. The feagnient iandbthenbioboglidatoragtrite adn be prdpsed framabmimerdiblesupplidyrer of
iteratipns of the second  segnent. The nultinmer be ei | i near or
br anchel - TaBIgRHLIE RS OR oo e T« DABRS Srdet DAV Fopertece
techni ques: {Qtkgfhraaforiead gellet hods for

Example 1
Parvovirus B19 Nucleic Acid Extraction for PCR

20 Human serum samples that had previously tested positive for human
parvovirus B19 by either IgM or PCR tests were obtained from commercial sources
and used to isolate DNA for subsequent PCR experiments. Samples were stored at -
80°C until used.

DNA was extracted from 0.2 mL of serum using the QIAamp DNA Blood

25 Mini Kit (QIAGEN, Valencia, CA) following the manufacturer’s specifications with
the following considerations. Carrier DNA was added to the lysis buffer to enhance
nucleic acid binding and yield. In particular, an amount of 5.6 pg per sample of poly-
adenylic acid 5’ (Sigma, St. Louis, MO) or poly-dA (Roche, Indianapolis, IN) was
added. Additionally, parvovirus B19 DNA was eluted with 200 pL of buffer AE

30 (Qiagen) instead of water.
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38 WD 03/002753 PCT/ US02/ 20684 maki ng and using branched nucleic acid

nol ecul es are known in the art and described in, e.g., US. Patent No.

5, 849, 481wolomp/oer1ss her aspect of the invention, two or nor@Cefusbhizoesest s
descri bed above are perforned to confirmthe presence of the organism For
exanple, if the first test used 5 the transcription nmediated anplification
(TMA) to anplify the nucleic acids for detection, then an alternative
nucleic acid testing (NAT) assay is perforned, for exanple, by using PCR
anplification, RT PCR and the like, as described herein. Thus, parvovirus
B 19 can be specifically and selectively detected even when the sanple
contains other organisns, such as HV, and Hepatitis B virus, for exanple.

10 As is readily apparent, design of ghe gssays described herein are
subject to a great deal of variation,‘i?%é_many formats are known in the

art. The above deetxtipn bbHPavenimsBIONuclgc dvidiPokiting: SpmpleatoeP@Rd one of

skill in the art can readi nodify the describe rot ocol s, using

techni ques wel | k%%‘feﬁenfh}éRé?’rP‘?edf%éwﬁﬁ% ag%%@?ﬁﬁpé?f%é@?%rlgagents,

i ncl udi ng t e oBldn B Ghe MEMBE HescBkl th delal BUBROWAs Weli fo RAPRE RIgARes ofas el |
as other detection reagents, can be provided in kits, wth sultable

i nst ruct i onsiparediroathlyr700dwe s Ebbryandstgdmt (see, Figuse tlerHigh FedehituBxpandd’CRissay's

as descri bed,above. The, kit wil L nornal contajn j eparat e contai ners
he" combi nARPETF Stes st ety raPBEUES e Rle A 25° BB AbpBREREY S
matrix or sepabptftagnint RofredeRd 15 rubleotidd Whsitibnk D936-363 3 bthePariovirus cont r ol
formul ati ons (positive and/or 20 negative | abel ed reagents when the assay

format requiBldszename dgsranbsd gnshadgehalr dt Vingl (1984)8%:9231-030.9The enzyne
A o . . ) : ! .
(o0, W) CBRAFap@S R B R PR 76 of FERR s posiliaes ' on°

usual 'y w | 13442, The hpistedimartely BT Kbl fragniheiskd 4670 anckbsde agmhaitn, dependi ng on
the particular assay used, ofher. packaged reagents fi\nd materials (i.e.
wash but f er SORREPOPREEIS Do Reyde PopisEe 1 485 )Sads tiflad Hingsd 8scr i bed
above, can bg.gqnéhgcted using these kits. 39 WO 03/002753 PCT/ US02/ 20684

In order to amplify the B19 fragments of approximately 700 bp, 370 bp and

15 214 bp, the primers shown in Table 1 were used.
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[11. Experinmental Below are exanples of specific enbodinents for carrying
out the present invention. The exanples are offered for illustrative

pur poses wolog/002assl are not intended to limt the scope ofPCrhsopem@sent
invention in any way. 5 Efforts have been nade to ensure accuracy wth
respect to nunmbers used (e.g., anounts, tenperatures, etc.), but sone
experinental error and deviation should, of course, be allowed for. In the
foll owi ng exanpl es, enzynmes were purchased from conmmercial sources, and
used according to the manufacturers' directions. Nitrocellulose filters and
the like 10 were also purchased fromcomercial sources. In the isolation
of DNA fragments, except where noted, Eahle bNA nani pul ati ons were done
according to standard procedures. See, Sanbrook et al., supra. Restriction
enzynmes, T4 DNA ligase, E. coli, DNA polynerase |, Klenow fragnment, and

ot her bi ol o@rimkr r eageSegaeween be purchased froRCRpredwttal sugpénensicl5 and
used according to the manufacturers' directions. Double stranded DNA
fragments Wé&8¥%separated on agarose gels. Exanple 1 Parvovirus B 19

Nucl ei ¢ Acid Extraction for PCR 20 Human serum sanpl es that had previously
tested positive for human parvovirus B 19 by either IgMor PCR tests were
obt ai ned fr o/ oNABGAAGT TEHINGEAS GTAO BEQIPANG:3®) | sol aB@OUPNA f or subsé@uent

PCR experi ) :‘?H@ = 8 unti | ed. DNA was
extracted Pﬁ%trﬁso. E@ﬁéﬁﬁ%ﬁg( e‘D&%%:;"ﬁp DI\lA%%%od 25 M ni VIzilt

(Q AGEN, Valencia, CA) follow ng the manufacturer's specifications with

the foll ow RgrsorRAEgGRIATARGAA LAGECRIA AINAED@S Nodded 210t he | ysis buffer to
enhance nuc‘\%Pe{\}\% acid binding and yield. In particular, an anount of 5.6 ¢
per saanQe of 'p Izy- adenylic acid 5 (Sigma, St. Louis, M) or poly-dA
(Roche, | ndiN@Ra8pdiiTSTTCANATMEISCTAHACTACTAGERID DAEP) v, 2pdvovi rus B 19 DNA was
eluted withgQRph of buffer AE 30 (Q agen) instead of water. 40

K-1sp ATAAATCCATATACTCATT (SEQ ID NO:40) 700 bp
15  VPI/VP2

K-2sp CTAAAGTATCCTGACCTTG (SEQ ID NO:41) 700 bp

VP1/VP2

20
For this experiment, PCR was performed in a final volume of 100 pL using 2 pL of
purified parvovirus B19 DNA (purified as described above), 0.2 mM of each deoxy
nucleotide triphosphate and 1.25 units of Pfu DNA polymerase (Stratagene, La Jolla,
CA). The amplification profile involved denaturation at 94 °C for 2 min., primer

25  annealing at 37 °C for 3 min. and extension at 72 °C for 3 min. for 35 cycles. A 3-
min. preincubation at 94 °C to ensure initial denaturation and a final 7-min.
incubation at 72 °C to ensure the full extension of fragments preceded and followed,
respectively, the 35 PCR cycles. PCR products were electrophoresed on 7%
polyacrylamide gels, stained with ethidium bromide and visualized under an UV

30  source. Purification of amplified fragments was carried out using the QiaQuick PCR
purification kit (QIAGEN).
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WO 03/ 002753 PCT/ US02/ 20684 Exanple 2 Detection of Parvovirus B 19 Nucleic
Aci d- Positive Sanples by PCR Two different PCR procedures were used to
anplify paowesd27es B19 5 fragnments. One net hod, descri bedPcCa/user/aicB4 bel ow,
was used to anplify fragnents of approximately 700 bp, 370 bp and 214 bp
(see, Figure 1). High Fidelity Expand PCR (Roche) was used to anmplify
fragments of approximately 4.7 kb. The approximately 700 bp fragnent
corresponds to nucl eotide positions 2936-3635 of the parvovirus B19 genone
described in Shade et al., J. Virol. (1986) 58:921-936. The 10
approximately 370 bp occurs within the 700 bp fragnent at nucl eotide

pos: ti opz 3?\?®te to arpelifishe $10 bbb ﬁagrnvntmgmﬁ@fgm when the 718G bp f
oL e, iR U OISR e B O20980 b BRen FAAPRAS o

fragment s ofusadfirakd meted PCK 08ndprim8rédGhbwn anTabld 3. 214 bp, the priners shown

in Table 1 were used._ 41 WO 03/.002753 / US02/ 20684, Table 1 Priner Se uq
ence PCR product 8B FidejtyExpaad PCR Gr’f%mﬁ WABs-usechigommptify es R oVARFEE Y SEQ | D

VP2 5 GRATCU AP AN AR SE0' | B NG D8) 2T B 20 URAREA Vba. 5.

K
NO. 3§
GTTGTTCATATQSFHEFE%A@’QGEQQGTMG@M%@CAWI) BEQ KD N@p2) and

ATAATOCAT ATACTCATI  SEQ.LD N 0h 200\ PR ) (Bl 1R P used

following the vendor’s recommendations. Amplification conditions were 94 °C for 1

min., 50 °C for 2

10 min. and 68 °C for 4 min. for 35 or 45 cycles. A pre-incubation at 94 °C for 2 min.
and a post incubation at 75 °C for 7 min. were also included. The PCR products were
separated on 1% agarose gels and purified using the PCR Purification kit (Promega,
Madison, WI).

15 Example 3

Cloning of Parvovirus B19 DNA Fragments
The PCR fragments were cloned into TOPO-TA vectors (Invitrogen, Carlsbad,

CA). Cloning into these vectors is highly facilitated when the amplified DNA
contains a single deoxyadenosine (A) at its 3’ end. Accordingly, a catalytic reaction
20  to add the 3’ (A) overhead was used. The reaction mix contained 1.25 mM of dATP,
0.5 units of Taq polymerase (Perkin Elmer, Boston, MA) and proceeded at 72 °C for
15 min.
PCR fragments were cloned into the pCR2.1-TOPO vector using Invitrogen’s
TA cloning kit (TOPO™ TA Cloning® Kit with One Shot TOP10 Electrocompetent
25 Cells) following the manufacturer’s specifications. Bacterial cells were incubated at
37 °C on Luria Broth plates containing ampicillin at 100 pg/ml, 0.66 mM IPTG and
0.033% X-Gal. A number of white colonies were inoculated in 4 mL of Luria-Broth
ampicillin (100 pg/ml ) and incubated overnight at 37 °C with shaking. Three mL of
the overnight cultures were used to prepare plasmid DNA using the QIAprep
30  Miniprep kit (QIAGEN). Recombinant clones were identified by restriction enzyme
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VPINP2 20 For this experinment, PCR was perforned in a final volune of 100 L
using 2L of purified parvovirus B19 DNA (purified as descri bed above), 0.2
nmV of eacwodsm#y753 nucl eotide triphosphate and 1.25 units ®CTRfS02/DNA4

pol ynerase (Stratagene, La Jolla, CA). The anplification profile involved
denaturation at 94 Cfor 2 mn., prinmer 25 annealing at 37 Cfor 3 mn. and
extension at 72 Cfor 3 mn. for 35 cycles. A 3- mn. preincubation at 94 C
to ensure initial denaturation and a final 7-min. incubation at 72 Cto
ensure the full extension of fragnments preceded and fol | owed,

respectively, the 35 PCR cycles. PCR products were el ectrophoresed on 7%

pol yacr yl anagalygjemath ZaoRl few Fingland and Biqlahsh prsh Gerobrgnypmidasn Yed under an

UV 30 source, | i ' Iiof agnments was carried out using the
Q aQui ck chgmjéggré%liegeg{.ﬂb@ﬁe%? %8%&&%60&%2 WD 03/ 002753 PCT/ US02/ 20684
Nest ed PCR to anph bfder tdéet@ntindthe BIOA fseqegneastof teesclqressf largemthomhesroft he 700 bp
band was not visualized on.the pol yacryl am de | s. Th b mat eri al
tns e { GRASTIE WU TR TRIESoRE Wrie PR ks Ao T Anrdby DYGA SpghiceTRel | ¢ y
Expand ( AMYBSs-HEEhH 8.02MBINI BT ANat DA MEMAIT Buckokd taggnent  of
GhanD R, aaemiMpt- g Fidelity Exp@ﬁdd e (F‘ioé’hef%r‘fd ori mers

H cks-5 (5' CEEBaIRTATCOAATCCEDAGR1Y fraSEMts Mahprrdorined ndingdnciyplisd

(5" TTGTGITA GICTTATAGG3, ) ((SEQ.I 3) were used follow ng the
vendor's recURWEIRESt 8%@%&%&?&&3??%@0#&“@%5? e 94 Cfor 1 nin.,
50 C for 2 10 m rrigaBeh ABhrbusP?U4SBQND NOS: 135 )@epi#bDBYCc@Eenchs from 21
pre-incubation at 94 C for 2 mn. and a post incubation at 75 C for 7 mn.

vere al so i mehedids BiésoRtr, pudlingd empliBedandsepugngedes dnscribedabare sediglel s and
e B P T P TR 9 n g 15 Exar

described in Shade et al., J. Virol. (1986) 58:921-936 (the 700 bp fragment from
Figure 1 and described above). Figure 2A (SEQ ID NO:1) is the sequence from
isolate CH47-26; Figure 2B (SEQ ID NO:2) is the sequence from isolate CH48-29;
Figure 2C (SEQ ID NO:3) is the sequence from isolate CH33-2; Figure 2D (SEQ ID

15 NO:4) is the sequence from isolate CH33-3; Figure 2E (SEQ ID NO:5) is the
sequence from isolate CH33-4; Figure 2F (SEQ ID NO:6) is the sequence from isolate
CH42-7; Figure 2G (SEQ ID NO:7) is the sequence from isolate CH42-18; Figure 2H
(SEQ ID NO:8) is the sequence from isolate CH42-19; Figure 2I (SEQ ID NO:9) is
the sequence from isolate CH46-23; Figure 2J (SEQ ID NO:10) is the sequence from

20 isolate CH1-1; Figure 2K (SEQ ID NO:11) is the sequence from isolate CH1-6;
Figure 2L (SEQ ID NO:12) is the sequence from isolate CH2-8; Figure 2M (SEQ ID
NO:13) is the sequence from isolate CH2-10; Figure 2N (SEQ ID NO:14) is the
sequence from isolate CH2-11C; Figure 20 (SEQ ID NO:15) is the sequence from
isolate CH5-13; Figure 2P (SEQ ID NO:16) is the sequence from isolate CH7-22;

25 Figure 2Q (SEQ ID NO:17) is the sequence from isolate CH13-27; Figure 2R (SEQ
ID NO:18) is the sequence from isolate CH14-33; Figure 2S (SEQ ID NO:19) 1s the
sequence from isolate CH62-2; Figure 2T (SEQ ID NO:20) is the sequence from
isolate CH64-2; and Figure 2U (SEQ ID NO:21) is the sequence from isolate CH67-2.

30 Figures 11A through 11Z (SEQ ID NOS:62-87) depict DNA sequences
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The PCR fragnments were cloned into TOPO TA vectors (Invitrogen, Carl sbad,
CA). doning into these vectors is highly facilitated when the anplified
DNA contwions/oe27s3 ngl e deoxyadenosine (A) at its 3' end. ARcaarw2/ogsy, a
catalytic reaction 20 to add the 3' (A) overhead was used. The reaction m x
contained 1.25 mM of dATP, 0.5 units of Taq pol ynerase (Perkin El nmer,
Boston, MA) and proceeded at 72 C for 15 min. PCR fragnents were cloned
into the pCR2.1- TOPO vector using Invitrogen's TA cloning kit (TOPOTM TA
CloningR Kit with One Shot TOP 10 El ectroconpetent 25 Cells) follow ng the
manuf acturer's specifications. Bacterial cells were jncubated at 37 C on
Luria Brot h fmaeesdditenal 2hipagoxing B11 jsplites purdisdgamplifies 29d ssaneneed@isand

0. 033% X- Ga'des&m%agpﬁ h%igfgogﬁsrﬁ%ghg% ag@bg)osl ﬁé’is% 35l Of

Luria-Broth "anpic overnight at 37 Cwth
shaki ng. Thrpeﬁvcmru@Bwtgbmmw&fsndihgﬂmin&hhdamak Mlﬂ)lL(SQSB)tScS X198 (€hepl asm d

Coent {12 DpOBedrerient BRmdHEyT and desiiPed sk shepen AR QB SIS ysi s
with EcoRl  (hewqkaeaRn %ﬁtﬁcﬂb@hs)plgﬁé 17%/0(99@1@%@% ?’sethQEedtue/ﬁcea{%}hose

gel el ectrophre5| s as descri bed above. In order to detéerm ne
sequences ofisdlite GHYRrBFighrard g€ (ARQUMNOEH) isthe sequdscef frammisodato BbPS@h1- cl ones

50 1 mht EDTRjEE T O S RIARNG AT Bt FRBCREmaR e RS | HRb T

parvovirus Bs Ihﬁmﬁ§th%§qu@ﬁéémmm&BmQS@mAppigluaﬁl1 mymems IVbdeI
373 (or I\/bdgl % DNA Sequencer system Fi 8ures 2A througP:?NglU SEglﬁl
ified,

NosI f21) dé\BDét7)@Mh@§eé1q9@mf@§nfSPkamlﬂ9S%ﬂ~ okigpigs! 16 (BEQ
el eot [Ule” goaRfie ABRGEyAR FSSeT S 8 miAheY b MLOTDNG BT e SAMBed oy  ,

Shade et al .isolate BYOSQIL6- Z(,FQg‘i@é 1 B§SERIHPRO:10) h@th@@&ldeﬁce‘ fragrisitef rom Figure

1 and descri bed above ure 2A is the sequence from
i sol ate CHABBSCLE Y @rgé {SEQ D g\?ﬁbgébblsﬂse Steﬂ‘ée“%&%h‘é‘é‘a SH &%t e

g*gﬁr (239 50 ( gg%[ Fﬂﬁﬁ (6EBRD QON@) N the Sedudfc SR QT8 B195E1.69! Bl HIS- 2
(SEQ ID NO:73) is the sequence from isolate B19SCL9-9; Figure 11M (SEQ ID
15 NO:74) is the sequence from isolate B19SCL10-2; Figure 11N (SEQ ID NO:75) is the
sequence from isolate B19SCL11-1; Figure 110 (SEQ ID NO:76) is the sequence
from isolate B19SCL12-1; Figure 11P (SEQ ID NO:77) is the sequence from isolate
B19SCL13-3; Figure 11Q (SEQ ID NO:78) is the sequence from isolate B19SCL14-
1; Figure 11R (SEQ ID NO:79) is the sequence from isolate BI9SCL15-3; Figure 11S
20 (SEQ ID NO:80) is the sequence from isolate BI9SCL16-2; Figure 11T (SEQ ID
NO:81) is the sequence from isolate BI9SCL17-1; Figure 11U (SEQ ID NO:82) is the
sequence from isolate BI9SCL18-1; Figure 11V (SEQ ID NO:83) is the sequence
from isolate B19SCL19-1; Figure 11W (SEQ ID NO:84) is the sequence from isolate
B19SCL20-3; Figure 11X (SEQ ID NO:85) is the sequence from isolate BI9SCL21-
25 3; Figure 11Y (SEQ ID NO:86) is the sequence from isolate B19SCL22-11; Figure
11Z (SEQ ID NO:87) is the sequence from isolate B19SCL2-14.
Sequence comparisons revealed approximately 98% to 99.5% sequence
homology of this 700 bp sequence between the various isolates.
Figures 3A-3C (SEQ ID NO:22) show the sequence for the approximately 4.7
30  kbp PCR fragment shown in Figure 1 and described above from parvovirus B19 clone
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15 NO 4) is the sequence fromisolate CH33-3; Figure 2E (SEQ ID NO5) is
the sequence fromisolate CH33-4; Figure 2F (SEQ ID NG 6) is the sequence
from i solwbDe3/n@#2-7; Figure 2G (SEQ ID NO 7) is the sequecaaisvz/eosss sol at e
CH42-18; Figure 2H (SEQ ID NGO 8) is the sequence fromisolate CH42-19;
Figure 21 (SEQID NGO 9) is the sequence fromisolate CH46-23; Figure 2J
(SEQ ID NO 10) is the sequence from 20 isolate CHl-1; Figure 2K (SEQ ID
NO 11) is the sequence fromisolate CH1-6; Figure 2L (SEQ ID NO 12) is
the sequence fromisolate CH2-8; Figure 2M (SEQ ID NO 13) is the sequence
fromisolate CH2-10; Figure 2N (SEQ I D NQ 1;% is the sequence fromisolate
Cl2-11 C FigBieThosqasame|dopigted inthe figuresis ad8d( apcleotidedmemesb| at e CH5- 13;
Figure 2P ( i i : 2 O/Rd t . v Figure 2Q
(SEQ I D NO %E%éqggl}ﬁ%é@%ﬁ%&g@?@giﬁ?ﬁﬁ?%%366}“5@% %73? i g’ﬁ‘?’g(lggeg’( SEQ ID
NO 18) is t8:%9msenkhefsequentsddpidted EdntalnSthe phivguires BB (UBERngth ogén 19) i s

the sequence fromisolate CH62-2: Fjgur T EQ.1.D NGO 20) i s the sequence
from i sol atféadipgrame which W@%ﬁﬁ%w%’%é@g I\é%&%ﬁ f?élflgy%?ﬁg uence from

i solate 67~ i 1 doal 143 i, ct DNA
sequencesgH }E%avﬁﬁgg‘%%‘%%sP%%g 2%{%6 défnélef%lr om %&Egﬁtgﬁgﬁﬂﬁ%&g% VOVi rus

B19 i sol at edn theut nbn-edding nggiorf beteeemuliciavtide pestiorn367 ahdsidBidf ¢l Bbdve, whi ch

correspond to nucl eotide p@sifi 6- ] arvovi rus B19 genone
doscr i bed i iCGfERERIERPTES bY ng&e\;?&fﬂf ?’?rféggﬁfg%ég.gé%?‘%gﬁ (the 700 bp
fragment from Fi qyp@eds A0 ID BES2RBYR)the Sqaetice fadie affrekintatdi462) is
5 the sequence fromisol ate 0-1; Figure 11B (SEQ I D NO 63%@! s the
sayeace

sequence fr dbpiPER Ergmenishown irFFigureel from pasE@IpEBARCEHAY 2186.t
f i te B 15 4., Ei I ; | S:.d f
o S5 Ay SR SRR B RO eI, T

B19SCL3-1; Rhaus et allF KiidQ1086) DB 7936, sTHeweqseddel epicted Eaitains tHeat e

B19SCL4- 3; Figure 11G %@EQ ID NO 68) is the 10 sequence fromisol ate
B19SCL5- 2; Mageveuy BlLP fdltgngth oen seadingsframe which gaerdss NSdnv Pil aad APz,

B19SCL6- 2; Fj s ' { L Sieh He e QBnk

B19SCL7- 3: rﬂ‘%‘@‘tﬁ%‘ 5( gE% | ‘%“ﬁ%@% sbuehls. Jh taBinEnt sl 80 Hffined
B19SCL8- 2;  aniagditiendliiicleBdg inDh&S) ritd)codmgtragios bewear audleatideipositiah 867
B19SCL gi 51’ Falng%%g 0% 'ghlé B19 sequence reported by Shade et al., J. Virol. (1986) 58:921-936.

Example 4
Cloning and Expression of Parvovirus B19 NS1. VP1 and VP2 Recombinant Proteins.

Fragments encoding NS1, VP1 and VP2 (see Figure 1) were amplified using
20 the 4.7 kb fragment of parvovirus B19 cloned in pCR2.1-TOPO (described above). In
particular, PCR primers (see below) were designed to PCR out the NS1, VP1, and
VP2 regions of parvovirus B19. To facilitate the cloning of these regions into yeast
expression vectors, Xbal, HindIll and Sall restriction sites were introduced in the
primers as required.
25 The primers used to clone and amplify parvovirus B19 fragments for yeast
expression of NS1, VP1 and VP2 recombinant proteins were based on the sequences

obtained above and were as follows:

NS1-5 (sense primer)
30 5’ATACTCTCTAGACAAAACAAAATGGAGCTATTTAGAGGGGTGCTTCAAGTTTCT3® .
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(SEQ ID NO 73) is the sequence fromisolate B19SCL9-9; Figure 1 1M (SEQ ID
15 NO 74) is the sequence fromisolate B19SCL10-2; Figure 11N (SEQ ID

NO 75) i swohg/ooxssjuence fromi sol ate B19SCL11-1; Fi gure 1POT(USEIRU6BY NO 76)
is the sequence fromisolate B19SCL12-1; Figure 11P (SEQ ID NO 77) is the
sequence fromisolate B19SCL13-3; Figure 11Q (SEQ ID NGO 78) is the
sequence fromisolate B19SCL14- 1; Figure 11R (SEQ ID NO 79) is the
sequence fromisolate B19SCL15-3; Figure 11S 20 (SEQ ID NO 80) is the
sequence fromisolate B19SCL16-2; Figure 11T (SEQ ID NGO 81) is the
sequence fromisolate B19SCL17-1; Figure 11U (SEQ ID NO 82) is the

sequence frdmQ UV B19SCL18-1; Figure 11V (SEQ ID NO 83) is the sequence
fromisolate B19SCL19-1; Figure 11IW(SEQ ID NO 84) is the sequence from
isolate Bl -ﬁgmiamg%%%Be 11X (SEQ ID NO 85) is the sequence fromisolate
B19SCL21 25 3; Figure 11Y (SEQ ID NO 86) is the sequence fromisol ate
BT0SCL22- 1 B AP TATECORITO SRR MBI S APETIRCAMILAREGAPY SR DG

B19SCL2-314. Sequence conparisons reveal ed approxi mately 98%to 99. 5%

sequence h | of this 700 bp sequence between the various isol ates.
Fi gures 3A—§%q(5ggée’llsf)pﬁtﬁ5r§2) show t he sequence for the ag‘?r oximately 4.7

30 kbp PCR faEitAASRIRACAMALEAARATCAHd AGRDANGTHEFAABETETEF @M paFVovi r us
B19 clone 48edf® Q034602753 PCT/ US02/ 20684 2-B 1. The sequence depicted in
the figures is a 4677 nucl eotide fragnent corresponding to nucl eotide
positions 217-4893 of Shade et al., J. Virol. (1986) 58:921-936. The
sequenct0 depiRALEed (adirsermt prnephe par vovi rus B19 ful |l -1 ength open reading

frame whi ch eaceflefsigabrTNEAATGRErodReacREsTRRIdTGR0hcRATRAYSBQ 1D

untransl ated_sequences. The fragment sequenced contai ned an additional
nucl eotide Y%*Phe 5 non-codi ng regi on between nucl eotide position 367 and
368 of the B 19 sequence reported by Shade et al., J. Virol. (1986)

58:921-936. H, o) 48,46 (SEQ I D NG 23) show the sequence for the
appr oxi mat el %‘é,{}y Kbp PCR fragment shown in Figure 1 from parvovirus B 19
ol one 2186, %@%T&M%ww&%mwweﬁw TOFAGHERCCABFAE b ondi ng to

nucl eoti de pesQiDW08E)217-4893 of Shade et al., J. Virol. (1986) 58:921-936.
The sequence depicted contains the

PCR primers were synthesized, purified and suspended in 300 pL of dH,0 and

their optical densities at 260 nm determined. The reaction mix contained 0.25 ng of

20  template, 100 pmol of each primer, 10pL of 1.25 mM of each ANTP and 1 unit of Taq
polymerase (Perkin Elmer, Boston, MA) in a final volume of 50 pL. Amplification
conditions were 94°C for 1 min., 50°C for 2 min. and 68°C for 4 min. for 35 cycles. A
7-min. post-incubation at 75°C was added to ensure the full extension of fragments.
Aliquots of 5 L were used to check PCR synthesis by electrophoresis on 1% agarose

25  gels. The entire PCR product was then electrophoresed and fragments exhibiting the
expected sizes were purified from the gels using the PCR Purification kit (Promega)
following the vendor’s recommendations. Approximately 0.8 ng of purified PCR
DNA was digested with the appropriate restriction enzymes (Roche) for 3h at 37°C
and the products were further purified using the Promega PCR Purification kit.

30 Plasmid pBS24.1 was used for heterologous expression of the parvovirus B19
recombinant proteins. This yeast expression vector contains 21 sequences and

inverted repeats (IR) for autonomous replication in yeast, the a-factor terminator to
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parvovirus B 19 full-1ength open reading frame which encodes NS 1, VP 1 and
VP2, plus additional 5 and 3' untransl ated sequences. The fragnent
sequencedwomned7aed an additional nucleotide in the 5 necTasd/mgss egi on
bet ween nucl eoti de position 367 15 and 368 of the B19 sequence reported by
Shade et al., J. Virol. (1986) 58:921-936. Exanple 4 O oning and
Expression of Parvovirus B19 NS1, VPl and VP2 Reconbi nant Proteins.
Fragnents encodi ng NS1, VPl and VP2 (see Figure 1) were anplified using 20
the 4.7 kb fragment of parvovirus B 19 cloned in pCR2.1- TOPO (descri bed
above). In particular, PCR prinmers (see below) were designed to PCR out the
NS1, VP1, arf:@survpznwé@ﬁlemer@#naﬁan AAslithe yeags lewl-dwad PRAI fof selecttone Theoni ng of

e e o TR by B SR B end B0 B bR,

pri mers usednlQelet@ifind) @oﬁgmbhdame@af MoM|996)S‘mpit&sfbﬁ agHRSogds Gerst
expression of NS 1, VP 1 VP2 reconbi nant_proteins were based on the

sequences dlpducieid Yassl elns Keorgieriagineeriog | AideNg Desigp sad Leoductingr ) 30

5' ATACT S@A@A @@% %Ii ARG 46y, 03/ 002753
PCT/ USO 2@@ 8 i 1 I\%@% QS@- ant i - :sll-e pri E?§grk VR
GAGTATGT CGAC[’IZ]JA(BT CRTAMICPBSAAAGET nrgamﬂmmmn ﬁtﬂi@phﬁkpﬁﬁr}dﬁm wathVP 1-5
SN (sense pr.iner. )
S ATACTCAAGEPTIRERRASEARiss ek ivs shasresse ABobreias et rgindiznapelis; p NO. 46)
10 VPALL-3 (Iﬁ]'%t_}_lhdéremégoxﬂ'itid}ﬁ 'dcommended by the vendor The di é}:ested and urlﬁed PCR
5' GAGTATGT CGA! CACGGCTTT (%Iﬁl Qp NG 47)
VP2- 5SN ( senfsmnpnisweery mixed with BamHI/Sall digested pB824 1 and w1th a DNA fragment

10 containing the yeast hybrid promoter ADH2/GAPDH (Cousens et al., Gene (1987)

61:265- 275) digested with either BamHI/Sful or a BamHI/HindIll, depending on the

restriction sites present in the PCR fragments to be cloned. Ligation was carried out
with the Roche Rapid Ligation kit and protocol. The ligation mix was then used to
transform E. coli HB101 competent cells and transformants were selected in Luria-
15 Broth plates containing ampicillin at 100 pg/ml after an overnight incubation at 37°C.
Several colonies of each transformation were picked and inoculated in 3mL of Luria-
Broth with ampicillin at 100 pg/ml and incubated at 37°C with shaking overnight.
Plasmid DNA was prepared using 1.5 mL of cultures and the QIAprep
Miniprep kit (QIAGEN). Recombinant clones were identified by analytical restriction
20 enzyme analysis with BamHI-Sall. Large-scale preparations of recombinant plasmids
were made to perform sequencing to confirm the nucleotide sequence of the cloned
parvovirus B19 fragments.
Yeast expression plasmids exhibiting the expected sequence for NS1, VP1 and
VP2 were used for yeast transformation as follows. Competent Saccharomyces
25 cerevisiae AD3 cells [Mat a, trpl+, ura3-52, prbl-1122, pep4-3, prcl-407,
[cir’],::.pDM15(pGAP/ADRI ::G418" )], leu2(AAD)] were transformed with plasmid
DNAs encoding for NS1, VP1 or VP2, cloned as described above. Selection of yeast
recombinants was achieved by two rounds of uracil-deficient plates followed by one
round of leucine-deficient plates after incubation at 30 °C for 48-72 hours. Cultures

30  were then grown in leucine-deficient media and then in YEP supplemented with 2%
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15 5' ATACTCAAGCTTACAAAACAAAATGACTTCAGITAATTCTGCAGAAGCCAGCACT3  (SEQ ID

NG 48) PCR prinmers were synthesized, purified and suspended in 300 gL of
dH20 and woOhgio0276pt i cal densities at 260 nm determ ned. TRETSaLL(68N0 M X
contained 0.25 ng of 20 tenplate, 100 pnol of each prinmer, I OL of 1.25 nM
of each dNTP and 1 unit of Taq pol ynerase (Perkin Elner, Boston, MA) in a
final volunme of 50 L. Anplification conditions were 94C for 1 mn., 50C
for 2 mn. and 68C for 4 mn. for 35 cycles. A 7-mn. post-incubation at
75C was added to ensure the full extension of fragnents. Aliquots of 5L

were used to _check PCR synthesjs by gl ectrophqgresi 9 ose , 2b gels.
The entire I-’é'@?oﬁ? Gachuantgs &t {]h?ﬁ"t&%‘cﬁf% &”éég{f”%@gg?bé%%gy)ﬁﬁf fting
the expect %f&?%ﬁ&k}’iﬁre@‘(pféﬁibﬁ betheki@mbiRAt Sdtdin/Si Ng the PCR Purification
kit (Promega) ol lowng the vendor's reconmendati ons. Apgtom mately 0.8 pg

of purified PCR ThdAequemcel fgetheadrionsroteins feopp opdifisrent isotatesiace showreimzy mes

(Roche) for 3h at C._ and t.he product er T Y t he
Promega PCR lﬁﬁ?ﬁe? ?igt ihbﬂar%ﬂlgr,ggg S;%An@ﬁgyﬁ?aﬂ% Sgisjég&g(??l\@?gfol ogous
expr essipn GholviBe N8I YiOVlebtike dBEProteiRGafitnb&ahiespsctitvelyNfom Parwoviraasi 9
expression vector contains 2 sequences and inverted repeats (IR) for

aut onormous reégne ZBii Higures 6/657Q 1P NO:30X adioB (SEQ FR NQ:31) shew4lre ¥iPl03/ 002753

PCT/ US02/ 206 Wl ! i eu2-d and
Uraa or el Lleo e bR RaR ARk, dpb VA, Bobhry it €10 afiRRARA 202 T 20
gene are al Sghee3RSEQID NODBgad VTBIGSEQMID 14@120% shomnthierVHE2 metdotid¢ Bhd huant es
et al. (1996) "Expression of Heterologous, Ge ro s_in Yeast." In:
Prot ei n Engifie&H wgverx&ews&eﬁw&%@gwerupﬁia&fﬂ(nae%f?{-5F@Haeﬁ§3rfs§<2 J. L.
Cl el andy@nd j i b : 9- 161.
Pl asni d”gssz@ NEER) fng S%Z%‘%Sﬁ e S *s*%?i’ma‘?%“é’ﬁ%%%%%ﬁ*@?@;? Buendd: 10
units of calrbspentiwsdy,ifrom phrivayiruseB PhdemhaBas Figubes &k (SERIDNEMA2) and 9B

| ndi i I h [ ti . ded by th dqr..Th

i geat odandSEoH NDGEhehe HREBRL el 850 PRRGEI g e Gpr ST Y i Bot e

pBS24. 1 and yiidviras BN cldnd 2Bt Figﬁ&sqgnt(sEQimwom%mmB on@cgim_mog@pt er

ADH2/ GAPDH (Cousens et al., Gene (1987) 61:265- 27 R digested with either

BarHl / Sf ul  chow tBaNPR Ingleatide andpepteindeaesness, ragpectively, from parvovirus B19
15 clone 2-B6.

Example 5
Detection and Quantitation of Parvovirus B19 DNA by TagMan™

A sensitive diagnostic method for the detection of parvovirus B19 infection
20  was designed as follows. In particular, TagMan™ PCR technology was used to detect
and quantitate parvovirus B19 DNA. Quantitative PCR requires efficient extraction
of nucleic acid. The volume of plasma/serum used for DNA extraction also
influences the sensitivity of detection. Two approaches were used to isolate nucleic
acid from 0.5 ml of plasma/serum. In particular, DNA was extracted by (a) binding to

25 silica; and (b) annealing to target-specific oligonucleotides.

(a) Isolation of nucleic acid by binding to silica.

In the presence of high concentrations of chaotropic salt such as guanidinium
isothiocyanate, nucleic acids bind to silica. Small sized nucleic acids bind more

30 efficiently to silica under conditions of acidic pH. The bound nucleic acids are
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restriction sites present in the PCR fragnents to be cloned. Ligation was
carried out wth the Roche Rapid Ligation kit and protocol. The ligation
mx was twensnes®83to transformE. coli HB 101 conpetent @€TIESIAE84
transformants were selected in Luria 15 Broth plates containing ampicillin
at 100 g/m after an overnight incubation at 37C. Several colonies of each
transformati on were picked and inoculated in 3nL of Luria- Broth with
anpicillin at 100 g/m and incubated at 37C with shaki ng overnight. Plasmd
DNA was prepared using 1.5 nmL of cultures and the Q Aprep Mniprep kit

(Q AGEN) . Reconbi pant. cl.ones re identjfied by.analytjical .testriction 20
enzyne anal fgﬁ?“sle * HY gllﬂ-iﬂ) \i\tfgliﬁgqedgib%@ﬁ’rét ﬁ%ﬁ’ﬁ TRORS: °r econbi nant

pl asm ds vergpdRGor O REkasdd s@l%%f‘fé?ﬁ'lﬁr §iﬁc§${@$ﬂy’ fachiitfeWadn@fpidnde sequence
of the cloned parvovirus B19 fragments. Yeast expression plasn ds

exhi bi ting tdhsiomepepstofdudeigaerddeolatim. Msmegnefie brsewas usgpro panteredbed f or
yeast transforpmation, as foll ows. ,Copnpetent Sac I es, 25 .cerevi si ae AD3
Lerts [t el e i TRELEDhnpaE EORRATAGR guRiigy ©)

. . pDML5(p GARARRAL ﬁg%i&ﬁcébartibl@yZ(AAD)] were transformed with plasmd

DNAs encodi ng for 1, VPl or VP2, cloned as described abaove. Sel ection of
yeast reconbiedssis Bukferased weefem Qganaio ! sl @ushany,NE). | Thig bisisibafler pl at es

fol |l oned by T - . e ne- def i ¢l . er i t 30 C
for a5 72 nognginseifitfim iHRLORRAELS CURRlzEbRlRE Aleiilo REANEREIE 2 g
t hen i n YEP BNgekeThadacrgent TritdfoX- 1B MEhaIadilats3hd0ibeedS02 sAihifidatiqgl ucose
(Pichuantes et al., Prot e'é‘gei: Struct. Fugct. Geneth. %%989 6: 324-337) for
48h  bef or e %A diuntpgratignekcell sgyctyre anddueicarprgiciisnthus Feeasigucipitacid quences

for theyari i f.r.0; i | : I LR gur es
510, 1 parfit s e Epita a0 Ao thidnE (gl SR RERE TR ki 8CEC,
the NS 1 nud&ivni kddfeands psediteicitsthg bemabmucldie sqié.c FoN®bing nhicleinapal vovi rus B
19 clone 2-B .1, Figures 6A (SEQ ID NO 26) and 6B (SEQ I.D NO 27). shgw t he
VP1  nucl eotifl@iofh fiegeicarso g ONA wgﬁgetﬁwg? by P?réqﬁ%%ﬂm}\%h? B 19
clone 2-B l.PCJEiaglalégc';in@bglgg,Q I D NO 28) and 7B (SEQ I D NGO 29) show the VP2
nucl eotide and ’ protein sequences, respectively, fromparvovirus B 19 cl one
2-B 1. Figures 8A (SEQ

15 b) Isolation of nucleic acid by annealing to target-specific oligonucleotides.

Although use of magnetized silica greatly facilitates rapid and easy handling
during the washing and elution steps, isolation of nucleic acid is still laborious and
time consuming. Therefore one-step capture of specific nucleic acid target from
plasma or serum using magnetic beads was used. In order to make this applicable for

20  awide variety of viral nucleic acid capture tests, generic magnetic beads coupled with
oligo dT were used. Sera-Mag magnetic oligo (dT) beads (Seradyn, Indianapolis, IN)
with an oligo dT length of 14mers were used in combination with Capture
oligonucleotides containing 20 poly A's at 3' end contiguous with the parvovirus-

specific sequence used (designated at the end of the sequence specified below).

25
The antisense capture oligonucleotides used were derived from the 700 bp
fragment and were as follows:
VSPC1 - AAAAAAAAAAAAAAAAAAAAATCCTTAACAGCAATTTCTGATA (nt 3492-3514) (*)
(SEQ ID NO:49)
30
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10 1D NG 30) and 8B (SEQ I D NG 31) show the NS1 nucl eotide and protein
sequences, respectively, from parvovirus B19 clone 2-B6. Figures 9A (SEQ
| D NO 32)weand/o@Bs3 (SEQ | D NO 33) show the VP1 nucl eoti de &ed/yson2meBh
sequences, respectively, from parvovirus B19 clone 2-B6. Figures 10A ( SEQ
ID NO 34) and | OB (SEQ ID NGO 35) show the VP2 nucl eotide and protein
sequences, respectively, fromparvovirus B 19 15 clone 2-B6. Exanple 5
Det ection and Quantitation of Parvovirus B19 DNA by TagManTM A sensitive
di agnostic nethod for the detection of parvovirus B 19 infection 20 was
designed as follows. In particular, T n PCR technol o used to
detect and ‘Ghghtfpated |W@ﬁ‘§%&w®%ﬁ?ﬁ%%t gwg)qui res
ef ficient exsg@mweno) of nucleic acid. The vol une of plasma/serum used for
DNA extraction also influences the sensitivity of detection. Two approaches
were used to isolate nucleic acid fromO.5 m of plasma/serum In
particul ar, VSRE3 vARALAAAMAMMAARMAA T TG RGARSACSBACT TGO 0t 3834366P)
anneal i i t gst@rged:sspeci fic ol i gonucl eotides. (a) Isolation of nucleic
acid by binding to silica. In the presence of high concentrations of
chaotropic salt such as guanidinium isothiocyanate, nucleic acids bind to
silica. SnalVSPE} zaNAMGARARALEAMSAMMAINABY IO CFOASTETIGASHT G (vt 8734i371% a under
condi tions Qfr@mWb:62)pH. The bound nucleic acids are 49 WO 03/002753
PCT/ US02/ 20684 efficiently eluted in |low salt, alkaline pH buffer at high
tenperatures. The substitution of magnetized silica for regular silica
gr eat | yl& aciVSPCat £5AMASM A SMIAA SAAATEITGIAERECEICTAGET Ai(h 32013808 sol at i on. A
nmagneti c baggeyasnesgd to capture the nucleic acid-bound silica particles,
thus elimnating centrifugations required to 5 sedinent regular silica
particles. The lysis buffer used was from O ganon- Tekni ka (Durham NC).
Thi s | ysis busPCer AASORLSARSA SABAASAAAABCCEOTAAATYEICIGEGE (ot 3838LA8BT)| | ze
pr ot ei ns anq ];E(?ﬁ)cﬁ(i):g@te RNases and DNases. The detergent Triton X-100
further faci ?I ates t'he process of solubilization and disintegration of
cell sthucture and nuclear proteins, thus releasing nucleic acid.

VSPC7 - AAAAAAAAAAAAAAAAAAAACTCCTAATGTGTCAGGAACC (nt 3910-3929)

(SEQ ID NO:55)

(*) Nucleotide numbers are according to Shade et al., J. Virol. (1986) 58:921-936.
20

The magnetic beads were suspended in Novagen lysis buffer (Madison, WT)
and a series of seven capture oligonucleotides (VSPC1-VSPC7, described above)
were tested individually or in combination, to capture parvovirus B19 DNA from a
panel obtained from the FDA Center for Biologic Evaluation and Research, U.S.
25 Department of Health and Human Services (FDA-CBER).

(c) Washing the beads with a wash buffer.

Following capture, the beads were washed with a buffer containing 10 mM
Hepes buffered to pH 7.5 in 0.3 M NaCl,, and 0.5% NP-40. After treatment of serum
30  with lysis buffer, hybridization, magnetic adsorption of beads, and removal of lysis
buffer, 1.5 ml of the wash buffer was added to the beads. Following the usual
vortexing, magnetic adsorption, and removal of the wash buffer, the beads were

washed a second time in 0.5 ml of the same buffer, so that the magnetic beads can be

51



10 The lysis reagent was acidified to enhance nucl eic acid binding, and 50
| of alkaline elution buffer was used to elute the bound nucleic acid.

Fol | ow ngwowaloed763 aci d i sol ation, the presence of parvoviPCoHASDM6SES
determ ned. by perform ng TagMan TM PCR, as descri bed bel ow. 15 (b)

I sol ation of nucleic acid by annealing to target-specific oligonucleotides.
Al t hough use of magnetized silica greatly facilitates rapid and easy
handling during the washing and el ution steps, isolation of nucleic acid
is still laborious and time consum ng. Therefore one-step capture of
specific nucleic acid target from plasma _or serumusing nmagneti c heads was
used. | n or dempegfedeREcasy Suspapiion BalfiOdnk o Unigersal Hi(Rebuttsricen(ringps 3l the)
nucl ei ¢ aci r - B ' ikgo dT
vore used. S beint I30ban BSAE LF: FRRERANINORRHRAPAR RthBieRils, §
wi th an ol i goTatjMdreY gtadte foi ddwéceomsbywBagMars € dORnasatestnibredtbelow . whevieraCapt ur e

ol i gonucl eot i des cont.aini 20 pol .S at 3' end nti guous.wth the

par vovi r us- @%B?‘ﬁ?%‘dg58&%30%%8'%6?&?@%?38% Eﬁ‘% Sé%gecgeﬁ Bhe sequence
speci fied bepawlan™3ssdfle anti sense capture oligonucleotides used were
derived fromthe 700 bp fragnment and were as follows: VSPClL -

AAAAAAAAAAAAAAAAAA AT TIET, Tha CardtanT Taubmelaga amptifigyeptiged tayget nycleicged | D

NG 49) 30 50 ﬁigSIO 2753 PCI/ USEZ/ 206841{%%1/%5%‘"93}’%8%5”%%@ BH;‘I\E?rSO) Vepca

- AAAAAAAAAARRARAIRAAGAS RESHICROT KB ALHIECI (2 pattodARB BEGLific prin®ieQ | D
NO 51) VSPCA - TAAAATGCTGATTCTTCACTTGC (nt 3737- 3759)

(SEQ | D NO 52ith 2 §7wspasfer scapgnsaAnaden i sgusraaR NACranigony esme TAGSYA ( nt

3789-3808)  {RRrh® MA@ mplification primers (VSA1-A3, described below), derived from
the 700 bp sequence corresponding to nucleotides 2936-3635 of the parvovirus B19
genome described in Shade et al., J. Virol. (1986) 58:921-936 were tested for their

ability to amplify. The primers were as follows:

15 Sense strand amplification primers
VSAI-AATTCTAATACGACTCACTATAGGGAGAAGGCCATATACTCATTGGACTGT (nt 2942-
2961) (SEQ ID NO:56)

VSA2 - AATTCTAATACGACTCACTATAGGGAGAAGGCCAGAGCACCATTATAA (nt 3272-
20  3288) (SEQ ID NO:57)

VSA3 -AATTCTAATACGACTCACTATAGGGAGAAGGCACAATGCCAGTGGAAA (nt 3317-
3333) (SEQ ID NO:58)

25 VSP2-GTGCTGAAACTCTAAAGGT (Anti-sense Primer- nt 3424-3442) (SEQ ID NO:59)

RNamplifire kit (Qiagen) reagents were used to examine amplification
efficiency using 50 copies of the parvovirus DNA as target in a final volume of 20
mLs. The amplification primers were tested individually or in combination using
30  VSP2 as the second primer. Following one hour incubation at 42 °C as recommended
by the manufacturer, an aliquot of the amplified material was diluted 100 fold, for

detection by the TagMan™ assay to assess the efficiency of the amplification primers.
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VSPC6 - AAAAAAAAAAAAAAAAAAAAAGCCCTCTAAATTTTCTGGG (nt 3838-3857) (SEQ ID
NO 54) 15 VSPC7 - AAAAAAAAAAAAAAAAAAAACTCCTAATGTGTCAGGAACC (nt 3910- 3929)
(SEQ | D Nwo5B)0175) Nucl eoti de nunbers are accordi ng to Shada/sn2/ales4 J.
Virol. (1986) 58:921-936. 20 The nmgneti c beads were suspended i n Novagen
| ysis buffer (Madison, W) and a series of seven capture oligonucleotides
(VSPC1- VSPC7, described above) were tested individually or in conbination,
to capture parvovirus B 19 DNA froma panel obtained fromthe FDA Center
for Biologic Evaluation and Research, U S. 25 Departrrent of Health and
Human Services (FDA-CBER). (c) Washing the beads with a wash buffer

Fol | owi ng cdbeembinationoliagrmplificationuiaersany $A2 &H%MSMWE%MSQ%W%M@IYW

Hepes buf f erd and 0.5% NP-40. After treatnent of
serum 30 wi ?ﬁc&lgsﬁpg&gai?ig ﬁ%g{r\‘ﬁg{?ﬁzgatl on, magneil c adsorption of beads,
and renoval of Iy1§1e$ehmiﬁ‘he>rof the 5aqMa16f” astay, thashitdilityef theRCR gdatrd and he
beads. Fol |l owi ng.the usual rtexin ic a and .renoval of
the wash bufR&PPURYE reActigR 09%1?%0“5\%‘?%8%@%8&%’&5? ?FB%I fﬁﬁg w@niainipg thene sane
buffer, $0 trakp HIEmBRAREIHed REGRS Wfrg,ﬁné& iMRIARINROP PR AT AUGERA2 0684

corrpact ed, for easy suspension in 10 of Universal PCR buffer cont ai ni ng
all the reageNSé ahd VP2lregivag)(sem Fa@s’«aﬂr) PR atnpdifisatiointrhinedye deraed froza DNA

wer e transf T ate fo ect on b

descri bed bgﬁ%&gléﬁg}@?ﬁ%g%ﬁ %‘?T%&‘@%fﬁ“&%‘{ iﬁ% ¥\R‘/‘g€‘gwbtf’3}48&? S at
capturing BL9 asyipst ﬁ@B@ﬂsS@M1593EaMpTéébﬂssaﬂuorh§beﬁﬁgﬂd rahiditehad ZagManTM
t echnol ogy arrpl i fi es&aﬁp%ijred tar et nucleic acid anplicons. An

al t er nat i ve represpi P ﬂﬁeb%laﬁ tained fiogy Glen %emComratwph&@rhng, _
anpl i figat| WAO%QBH&%S%hgﬁﬁe(ﬁ%Qﬁé ﬁéﬁ%f?ﬁde s%q{?&fc}é?é@exr 3% lq#ﬁieo%ﬂ@fi fic

primer “Wwth 0 generate I cons
using T7 RNAhe primers from the parvovirus B19 sequence.

VSP1- GGAGGCAAAGGTTTGCA (Sense Primer- nt 3334-3350) (SEQ ID NO:60)
15 VSP2-GTGCTGAAACTCTAAAGGT (Anti-sense Primer-nt 3424-3442) (SEQ ID NO:59)
VSPPR1-XCCCATGGAGATATTTAGATTZ (Probe-nt 3379-3398) (SEQ ID NO:61)

Vpara 8: TCCATATGACCCAGAGCACCA (nt3262-3460) (SEQ ID NO: 88)

20
Vpara 9: TTTCCACTGGCATTGTGGC (Anti-sense Primer- nt 3313-3331)(SEQ ID NO: 89)
Vparal0: X AGCTAGACCTGCATGTCACTG Z, where X is Fam and Z is Tamra. (nt3286-3310)
(SEQ ID NO: 90)

25 The plasmid DNA concentration was estimated spectrophotometrically, and

serial dilution was performed to obtain 5,000-10 copies/20 pl. The reaction mix in a
final volume of 50 pl contained 20 pl sample, 1X Gold Taq amplification buffer
(Perkin Elmer) with 3.2 mM MgCl,, 300 uM each of dNTPs, 1 pmol each of the
amplification primers, 0.4 pmol of the probe, and 1 unit of AmpliTaq enzyme. The
30  reaction conditions included 10 min at 95 °C to activate the enzyme followed by 45

cycles of 30 secs at 95
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10- polynerase. Three anplification prinmers (VSALl-A3, described bel ow),
derived from the 700 bp sequence corresponding to nucl eotides 2936- 3635 of
t he parvowiorad®oBi® genone described in Shade et al., J. VWOTaliso2/&886)
58:921-936 were tested for their ability to anplify. The prinmers were as
follows: 15 Sense strand anplification priners

VSAL- AATTCTAATACGACTCACTATAGCGAGAAGCCCATATACTCATTGGACTGT (nt 2942- 2961)
(SEQ I D NO 56) VSA2 - AATTCTAATACGACTCACTATAGGGAGAAGGCCAGAGCACCATTATAA (nt
3272- 20 3288) (SEQ I D NO 57) VSA3

- AATTCTAATACGACTCACTATA GAAGGCACAATGCCAGTGGAAA (nt 3317- 3333) (SEQ ID
NO 58) 25 VSPra A Segupncs Dsteciery - nt  3424- 3442) ( SEQ

I D NO 59) RNanplyif:i I : )+ AGPShi '
anplification ef[fTslfnlé% glﬁ 35}‘&“&2?%‘3%3’)‘6’%% es o hlg\ﬁg&ﬁgﬁﬁ%&g%?%@%@gdw& get
in a final \aaldimeprobe ¥SPPRi sas fEWwas dOpbpits/esby varepdetavtabie. viinee the sareple
individually or in conbination using 30 VSP2 as the second priney.

Fol | owi ng onv®luyetivas ¢ ubde adnakyolume of aQ uks thisvegaseta that plasma samplst act ur er,
an aliquot qf i fd i i 0 tection
by the %529 N&r?lil g%@é%%e%dsggse § w%kg%?gﬂén%lgﬁyﬂ goélfl(g{r)r%ﬁtﬁa%egﬁqgn
primers. 52 d@cHd/HYORiGMBnPERChIRNAER (Fifde patvavdiniisahightitarfvitueo anpl i fication
prinmers, VSA2 and VSA3 with VSP2, was highly efficient at generati ng RNA
anpl i cons. Phsmagssm volumes of S0 aoidd/ascxtracted erg used-fer analysisi 1ity of the
PCR priners and U I J d i ng

ol asi d DNA cont TR CEER G BB DAY MG RafBle b SRERIS
fragment i nclagiem™ teehMitdgy éaeced assfowwsISD capies per ablGyl Iman atvi@ptrtegi ons ( see,
Figure 1). PCR anplification primnmers derived fr the VP1 region, as

det ai | et belSticlalfeing nieleld aciprnd Ammyaptiey theviral DM Jeadascianiattied 1ol 3
Virol. (198 1924 - 934, ents 5' -fluorescein phosphoramdite and Z
represents %ﬁ‘é‘% La?lﬁ%?&gg?%ﬁ%%st%g{pﬁ%d from d en Research Corporation,
Sterling, 10 VA Atverdingtharoyedasnarparesime Blhsequegtrs anfl deteeticreapsaysce ref er
to the nucleotid

in . o :
using tﬁgse sequences have been disclosed. From the foregoing, it will be appreciated
that, although specific embodiments of the invention have been described herein for
15  purposes of illustration, various modifications may be made without deviating from

the spirit and scope thereof.
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the prinmers fromthe parvovirus B 19 sequence. VSPl- GGAGGCAAAGGTTTGCA
(Sense Primer- nt 3334-3350) (SEQ ID NO 60) 15 VSP2- GTGCTGAAACTCTAAAGGT
(Anti - senwe BODITE3 - nt  3424- 3442) (SEQ I D NO 59) PCT/US02/20684
VSPPR1- XCCCATGGAGATATTTAGATTZ (Probe-nt 3379-3398) (SEQ I D NO:61) Vpara 8:
TCCATATGACCCAGAGCACCA (nt 3262-3460) (SEQ I D NO 88) 20 Vpara 9:
TTTCCACTGGCATTGIGEC (Anti-sense Primer- nt 3313-333 1) (SEQ I D NO 89)

Vpar al 0: X AGCTAGACCTGCATGICACTG Z, where Xis Famand Z is Tanra.
(nt3286-3310) (SEQ ID NO 90) 25 The plasm d DNA concentrati on was
estimated spectrophotonetrically, and erial dilution was perforned to
obtain 5,000-10 copies/20 |. The react ix ina final volune of 50 |
contained 20 | sanple, 1X Gold Taq anplification buffer (Perkin Elner)
with 3.2 mM MgC1l2, 300 M each of dNTPs, 1 pnol each of the anplification
primers, 0.4 pnoll. oAmdﬁmqnfabEctiag\UumampﬂrVowdfus/Bﬂﬁl infeatjoremza/prelogiiak 30
reaction condlt ons.,in Cged 10.mn at 95 Cto activate the enzyne fol | oned
by 45 cycl éé“‘Be 53d %@é OMHRISHIE: WD 03/ 002753 PCT/ US02/ 20684 C,

alternatgng with PlsS]atlﬂg Aic1éBhcid fRh PBIIGHIEHR siRbI8 GhspecteWDF BehtdiRgPr | Mer
pair VSP1 and VSP2 |cthener ated a 109 bp PCR product and the probe

VSPPR1, as flewmaapar@virgpBd8/DNAayheeinsaidaeleicasiccongirireean RaAstargete  vol ume
was 20 L in a final volune of 50 Ls, this suggests that plasma sanples 5
cont ai ni ng a594®%as 50 copies/m of parvovirus B 19 DNA coul d be extracted

and detected by (Eﬁgdy&mthndbﬁsawﬂmbmlmSM%umafc\@mwulsaiﬁssta high titer
virus, plasma/serum vol unmes of 50 coul d be extracted and used for
anal ysi s. whrggnw%@otlﬂwl@ﬂmrwr%@iﬁrmnslfgcwsm&a £PRlesingsequeneD 6

copi es/ i) ﬁ%@-ﬂw Eﬁﬁé}ﬂéﬂt Yo i1 ?érﬁlﬂxafgoxfé%ﬁlo?ﬁl&%@gqg}'gglssegﬁénc@?é ay. In

an attenpt to ate t nuclei ¢ acl I munot 1t e viral DNA
| oad was quamnptlea;t thdreimith, wRereinadaidafintsi Iimmjgr ﬂlﬂhéﬂdomnswmﬂ)mmoteﬁcfm DiNZgl v,

novel human (PG%Q ent ﬁﬂA 1%1%&%?%‘% opergbri %ﬁef to the coﬁgl%e%%g sequence,
wherein said reacting is done under conditions that provide for the formation of an
oligonucleotide/target sequence complex and initiation of DNA synthesis;

15 (c) extending the first primer in an extension reaction using the
RNA target sequence as a template to give a first DNA primer extension product
complementary to the RNA target sequence;

(d) separating the first DNA primer extension product from the RNA target
sequence using an enzyme which selectively degrades the RNA target sequence;

20 (e) treating the DNA primer extension product with a second oligonucleotide
which comprises a second primer comprising a complexing sequence sufficiently
complementary to the 3'-terminal portion of the DNA primer extension product to
complex therewith under conditions that provide for the formation of an
oligonucleotide/target sequence complex and initiation of DNA synthesis;

25 (f) extending the 3'-terminus of the second primer in a DNA extension reaction
to give a second DNA primer extension product, thereby producing a template for the
DNA-dependent RNA polymerase;

(g) using the template to produce multiple RNA copies of the target sequence
using a DNA-dependent RNA polymerase which recognizes the promoter sequence;

30 and
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usi ng these sequences have been disclosed. Fromthe foregoing, it wll be
appreciated that, although specific enbodinments of the invention have been
descri bedwbes®d2753 or 15 purposes of illustration, variousPeodisht/zmsi ons may
be made wi thout deviating from the spirit and scope thereof. 54 WO

03/ 002753 PCT/ US02/ 20684 Cains 1. A nethod of detecting human parvovirus
B 19 infection in a biological sanple, said nethod conprising: 5 (a)

i solating nucleic acid froma biol ogi cal sanple suspected of containing
human parvovirus B 19 DNA, wherein said nucleic acid conprises an RNA
target sequence; g)b), reacting the isolated parvovirus B 19 nucleic acid
with a first ol iGontieg thstRNA copies A %Em@ai%a@mca@( repRAtHE SIPS AP si ng a
conpl exi ng s(g uence 10 sufficiently conplenentary to the 3'-term nal
portion of tfe RNA target sequence to conplex therewith, wherein said first
primer furthemamplifipthesagetsegueamwat er for a DNA- dependent RNA pol ynerase 5'
and operably linked to the conpl exi ng sequence, wherein said reacting is
done under conditions that provide for the formation of an

ol i gonucqd eot i de/ tarpgl me@eY 8NEASInT P TRARX cafpridifd tHeatdp@Br0f DNA synthesis; 15
(c) extending the first priner in an extension reaction using the RNA
target sequence g% addiegrplabeksdiobgepugteotidé probe takia ppedugkef sem(ghsmmeiproduct
conpl ementary.t1q.the RNA target sequence:. (d) separati the first DNA

o merext erfgidligsPEa RO S (ISR Gy S p R BT RAA Bedh Skttt y e

whi ch sel ectiindet sordena ées pidvadeRdI e af BEdiz@RAUTREID, prad wigh sdid eagdtng t he DNA
primer extension product wth a second ol igonucl eotide which conprises a
second pri neededspiq Brmg robwidgctsomplescidence sufficiently conpl ementary
to the 3y-term nak | r I t onpl ex
t her ew under (a:(ltl)n(%?{clhgggl % r%%en%rac?\%ﬁ eC% g? faP ﬁ)édtsgl g?frlr@gﬁt%%%gw eé)r{gé%ncg

ol i gonucl eotdrabédnae gethesagetasqeencanpl ex and initiation of DNA synthesis; 25
(f) extending the 3 -term nus of the second priner in a DNA extension
reaction

3. The method of claim 2, wherein said label is an acridinium ester.

15 4. The method of claim 2, wherein said first and second primers, and said

probe are derived froni the VP1 region of the human parvovirus B19 genome.

5. The method of claim 4, wherein said first and second primers, and said
probe are derived from the polynucleotide sequence depicted in any one of Figures

20 2A-2U or Figures 11A-11Z.

6. The method of claim 1, further comprising providing an internal control in
step (b).

25 7. The method of claim 6, wherein the internal control is derived from the
sequence of Figure 12 (SEQ ID NO:92).

8. The method of claim 6, wherein the internal control comprises SEQ ID
NO:90.
30
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to give a second DNA priner extension product, thereby producing a tenplate
for the DNA-dependent RNA pol ynerase; (g) using the tenplate to produce
mul ti pl e WA3oagses of the target sequence using a DNA- deparserizosRNA

pol ymer ase whi ch recogni zes the pronoter sequence; 30 and 55 WD 03/002753
PCT/ US02/ 20684 (h) using the RNA copies of step (g), autocatalytically
repeating steps (b) to (g) to anplify the target sequence. 5 2. The nethod
of claim1 further conprising the steps of (i) adding a | abel ed

ol i gonucl eoti de probe to the product of step (h), wherein said

ol i gonucl eoti de probe is conplenentary to a portion of said target

sequence, under Sboﬁqmqthqskﬁsfmtﬁ&tmg)hmwmwmrBé%pfspﬁlm in hiplegisel sai d
probe with sajd,tar to forma probe:target conplex; and 10 (j)
detecting thsgh%%eéggégg;eet%oﬁiecg)g‘g%%%é' of | abel as an indication of the presence
or absence of thga})iaolgehg fedeiencid.fromn a bindogied katplekugpeatedoleondiringi n sai d

| abel is an acridiniumester. 15 4. The nethod of claim 2, wherein said
first and sdB@E®DIFTOYENE B13 NAqvhereigsgidauglels agid sapapnses gipRMetaigst 1 1 egi on
of the hynargeggg\égvi rus B 19 genone. 5. The nethod of claim4, wherein said
first and sec nél primers, and said probe are derived fromthe

pogynucl eot i de sdbpeactngltbpisotatel panvevips B8 noleie agidweith a 20st2A- 2U or Fi gures

conirol i1 SgpRe ot cuihsi e e PR SRRl nar
control is deriy&aly dotipléhichtar§eEHRBEErRinalh&HI6R ol the(FOFER ANy Sike t-  The

met hod of claim6, 'wherein the internal control conprises SEQID NGO 90. 30
complex therewith, wherein said first primer further comprises a promoter for a DNA-

10 dependent RNA polymerase 5' and operably linked to the complexing sequence,
wherein said first primer comprises a sequence derived from the polynucleotide
sequence depicted in any one of Figures 2A-2U or Figures 11A-11Z and said reacting
is done under conditions that provide for the formation of an oligonucleotide/target
sequence complex and initiation of DNA synthesis;

15 (c) extending the first primer in an extension reaction using the
RNA target sequence as a template to give a first DNA primer extension product
complementary to the RNA target sequence;

(d) separating the first DNA primer extension product from the RNA target
sequence using an enzyme which selectively degrades the RNA target sequence;

20 (e) treating the DNA primer extension product with a second oligonucleotide
which comprises a second primer comprising a complexing sequence sufficiently
complementary to the 3'-terminal portion of the DNA primer extension product to
complex therewith, wherein said second primer is derived from the polynucleotide
sequence depicted in any one of Figures 2A-2U or Figures 11A-11Z and said treating

25 is done under conditions that provide for the formation of an oligonucleotide/target
sequence complex and initiation of DNA synthesis;

(f) extending the 3'-terminus of the second primer in a DNA extension reaction
to give a second DNA primer extension product, thereby producing a template for the
DNA-dependent RNA polymerase;

30 (g) using the template to produce multiple RNA copies of the target sequence

57



56 WD 03/ 002753 PCT/ US02/ 20684 9. A nethod of detecting human parvovirus B
19 infection in a biological sanple, said nethod conprising: (a) isolating
nucl ei ¢ awDWM3002983 a bi ol ogi cal sanpl e suspected of contai RCEGISOHRNEEN
parvovirus B 19 DNA, wherein said nucleic acid conprises an RNA target 5
sequence; (b) reacting the isolated parvovirus B 19 nucleic acid with a
first oligonucleotide which conprises a first prinmer conprising a

conpl exi ng sequence sufficiently conplenmentary to the 3'-term nal portion
of the RNA target sequence to conplex therewith, wherein said first prinmer
further conprises a pronmoter for a DNA 10 dependent RNA pol ynerase 5' and
oper abl y | i nisig 2 DNPhéensodgt BN golsmgrasawdich rogegnigenths premeter saqupndesrer

any oneof i gur dagaf SeRe AN AP0 ShERILPRen SERFRGE SRR "

under conditions thlggt provide for the formation of an
ol i gonucl eoti de/target sequence conplex and initiation of DNA synthesis;
15 (c) ext erdipp@plifh@etargeseqieang®r i n an ext ensi on reaction using the RNA

target Sﬁeq“encteoa(f)hgdw Alrfai 'Qm%t\éﬁla%efeh%ggoﬂﬁféoﬂﬁé P&»‘Be?ﬁ@%@?éd;{&t md“‘:t

conpl enent ary arget sequence, Separating t

primer ext ernsipqih),wietkin saitl odgoddeioRidprloae (patompdamertargdo aporignad seidzy me

whi ch sel ectively degrades .the RNA target sequepce; 20 (e) treati.ng.the DNA
primer ext eﬁgqgshéyeave%_se%lg g ﬁr%beé%%wag oA e YaBelpeHide sghyedRe FiFises a
second pri Mgh 260BRE bPEiaGred 2807 bPFﬂBHN%s 3@AUANC Y herdd L5 Bobk Ys addedRhgFENt ary
to the 3'-termmnal porfion of the primer extension product to conplex

therew t h, wheditions that prosule dorthe hjbrilization o sdid prbbervath sakrbtapgst sequeneddi de

sequence, depi cted i.n_any, one .of Figures 2A-2U or Figures 11A-11Z and said
treati ngoz w??“&@ﬁ%be(}ﬁ’iéi*coémﬁ’f’taflgns that provide for the formation of an

ol i gonucl eot i de/ t(@rdaedcting RYRERRcCR EBse aNHEbEINs tah Mdicutiodfof MY presentdesi s;
(f) extending the 3 -term nus of the second priner in a DNA extension
reaction t ®rgbseaceokibiesaaetDRINGSEs- mer ext ensi on product, thereby producing
a tenplate for the

10. The method of claim 9, further comprising providing an internal control in

15 step (b).

11. The method of claim 10, wherein the internal control is derived from the
sequence of Figure 12 (SEQ ID NO:92).

20 12. The method of claim 10, wherein the internal control comprises SEQ ID
NO:90.

13. A method for amplifying a target parvovirus B19 nucleotide sequence,
said method comprising:

25 (a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein said nucleic acid comprises an RNA target
sequence;

(b) adding one or more primers capable of hybridizing to the RNA target
sequence, wherein said one or more primers are derived from the polynucleotide

30 sequences depicted in any one of Figures 2A-2U and Figures 11A-11Z;
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DNA- dependent RNA pol ynerase; 30 (g) using the tenplate to produce nmultiple
RNA copies of the target sequence 57 WO 03/002753 PCT/ US02/ 20684 wusing a
DNA- dependenis/oRNAs pol yner ase whi ch recogni zes t he pronot erCIdpozae84 and
(h) using the RNA copies of step (g), autocatalytically repeating steps (b)
to (g) to anplify the target sequence; 5 (i) adding an acridi nium
ester-1abel ed oligonucl eotide probe to the product of step (h), wherein
sai d oligonucleotide probe is conplenentary to a portion of said target
sequence and said probe is derived fron1the polynucleotide sequence

depicted in any one of quures 2A- 2U 1A ph rein said
probe is added urfgk3ddi ’c%OBW‘sle‘{tW&tpr y l?ﬁﬁ?r fiﬂiﬂa&%?tof sai d
probe with sgjdibasget:isel @st%e&ﬂnoéqmwrgn a probe target conplex; and (j)

detecting the presence or absence of I|'abel "as an indication of the presence
or absence of t hdd) extgmslingsthgueaoemofctriniére usieg hpdlynferaseai m 9, furt her
conprising providing an internal control in 15 step (b). 11. The nethod of
claim 10, wherein the internal control is derived fromthe sequence of

Figure 1 (SEQ I Q4N@h%2ﬂethc?cpof1c2almme wn%iéﬂpdleqiN& 'ta%%éf‘sé&hen@@@f ﬁéﬁ‘?a‘) e

internal control conprises SEQ ID . hod for anplifying a
target parvavvﬁrmtrglsqr@qtid@Pmdecl@hééquence sal d nethod conprising: 25 (a)
i solating nucleic acid froma biol ogi cal sanple suspected of containing
human parvovirus B 19 DNA, wherein said nucleic acid conprises an RNA

target sequence;15( MheastdhdDo A4, fRtier Pérnpdisg aaphdyig the cDXNN iighgi ng to
the RNA target sequence, wherein sai d one or nore prinmers are derived from

t he pol ynucinséymerase chgingersitionRI-RH) @taéﬂnmtwpd&géseoqham 1sagtion RA-20U and
Fi gur eslollA &(]}ECR).

16. The method of claim 13, wherein the polymerase is a thermostable

polymerase.

15 17. The method of claim 16, wherein the thermostable polymerase is Taq
polymerase or Vent polymerase.

18. The method of claim 13, wherein the polymerase is E. coli DNA
polymerase I, Klenow fragment of E. coli DNA polymerase I, or T4 DNA

20  polymerase.

19. The method of claim 13, further comprising providing an internal control

in step (b).

25 20. The method of claim 19, wherein the internal control is derived from the

sequence of Figure 12 (SEQ ID NO:92).

21. The method of claim 19, wherein the internal control comprises SEQ ID
- NO:90.
30

59



58 WD 03/ 002753 PCT/ US02/ 20684 (c) adding an ol igonucl eoti de probe capabl e
of hybridizing to the RNA target sequence 3' relative to the one or nore
priners; yo)osenriendi ng the one or nore priners using a polrgmarsazeessd 14.
The nethod of claim 13, wherein the RNA target sequence of step (a) is
reverse transcribed to provide cDNA. 15. The nethod of claim 14, further
conprising anplifying the cDNA using polynerase chain reaction (RT-PCR) or
asynmetric gap ligase chain reaction (RT- 10 AGLCR). 16. The net hod of
claim 13, wherein the polynerase is a thernnstable pol ymerase. 15 17. The

nmet hod of claim 16, wherein the thernostable polynmerase is Taq polynerase
or Vent polyneragd: Apolymyedeqiide H%P’éﬁm%la&}lﬁ?‘l@e S\ﬁﬂ‘éﬁr“é? ROPRESIRSH PG se | s
E. coli | VIR ggﬁ% VA nmerase |, or
T4 DNA 20 r?(gﬁ%rrer agﬁagiéélpeﬁ%ga %tfﬁ% o} %Fgﬁmﬁigpglgu?theppg{)zr/rprl sing
providing an internal control in st ep (b) 25 20. The method of claim 19,
wherein the |nter aI con r ol mthe se ce of Fiqure 12
(SEQ I D NO. 92) . h@PﬁSﬁ“‘E‘r Pffé’:‘ e‘iﬁH‘eﬁ“&M clpBd Seqdiencd COBSiStS: o

conpr i ses S%@tﬂequcm@ua@seq%@n&%ep@teq%@;gzges@APCT/ US02/ 20684 22. A

pol ynucl eoti de conprising a nucl eoti de sequence conprising any one of the
nucl eotide sequences depicted in Figures 2A-2U or Figures 11A-11Z. 23. The

pol ynucl eot i de Oééﬁlé[ﬁ%g)]oﬁégflg?tg% fﬁl 34! wﬁckﬁloé[ai(fj nuc?eo%gng%eﬁgencsoingitstss 5 of

t he nucl eotide s
of the nucleotide sequence depicted in Flgure 2B.

10 25. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2C.

26. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 2D.
15
27. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2E.

28. The polynucleotide of claim 22, wherein said nucleotide sequence consists

20  ofthe nucleotide sequence depicted in Figure 2F.

29. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2G.

25 30. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2H.

31. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 2I.
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24. The pol ynucl eotide of claim 22, wherein said nucl eotide sequence
consists of the nucleotide sequence depicted in Figure 2B. 10 25. The
pol ynucl ewDiod®©oys3 cl ai m 22, wherein said nucl eoti de sequemlce/usorsicss s of
t he nucl eoti de sequence depicted in Figure 2C. 26. The pol ynucl eoti de of
claim 22, wherein said nucl eotide sequence consists of the nucleotide
sequence depicted in Figure 2D. 15 27. The pol ynucl eotide of claim 22,
wherein said nucl eoti de sequence consists of the nucl eotide seguence
depicted in Figure 2E. 28. The polynucl eotide of claim 22, wherein said
nucl eoti de sequence consists 20 of the nucleotide sequence depicted in

Figure 2F. 29. TR2. pdepelenelsetidrolsiag 22, whorein sppbpucleptidg seusieq eapsistie
sequence congi . I i e depicted in Figure 2G 25 30.
The pol ynuc&gglief%gleggld%P%ur@nﬁ%éfég%%ﬁgi n sg?g nucl eoti de sequence consi sts
of the nucl eotide sequence depicted in Figure 2H 31. The pol ynucl eoti de of

claim 22, wherein_said nucl eotide uence.consi sts . of. the nucl eotj de
sequence depi ct ed; J}FiPQBPECIQQFIE%SM’ VP ysteptide SHUSBERPISEE  The
pol ynucl got iog‘%&{uc‘féoahgg en gﬁ;itéa iaFghropg! eoti de sequence consists of

t he nucl eotide sequence depicted in Figure 2J. 33. The pol ynucl eoti de of

claim 22, wherein said nucl eotide sequence consists 5 of the nucleotide
sequence depicted jn Fiqure 2K. 34. The, polynucl eotide aof claim22, .wherein
2aid nucl eoti de S e NERER T cpm e VbR s Bt st @hR sty -
Figure 2L. 17 tidbnuclddfid® 9équenie ®pickdlien Fhgugé aim 22, wherein said nucl eoti de
sequence consists of the nucl eotide sequence depicted in Figure 2M 36.

The pol ynucl eoti de of claim 22, wherein said nucl eoti de sequence consi sts

of the WCl eot | de_,’5§ %"é%%%ugl%mi&et cﬁ%lziir@l fZi, R Nid nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2M.

36. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 2N.
15
37. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 20.

38. The polynucleotide of claim 22, wherein said nucleotide sequence consists

20 of the nucleotide sequence depicted in Figure 2P.

39. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2Q.

25 40. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 2R.

41. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 2S.
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15 37. The pol ynucl eoti de of claim 22, wherein said nucl eotide sequence
consists of the nucl eotide sequence depicted in Figure 20. 38. The

pol ynucl ewoiod@oz3 cl ai m 22, wherein sai d nucl eoti de sequerca/consiests 20
of the nucl eotide sequence depicted in Figure 2P. 39. The pol ynucl eoti de of
claim 22, wherein said nucl eotide sequence consists of the nucleotide
sequence depicted in Figure 2Q 25 40. The pol ynucl eotide of claim 22,
wherein said nucl eoti de sequence consists of the nucl eotide seguence
depicted in Figure 2R 41. The polynucl eotide of claim 22, wherein said
nucl eoti de sequence consists of the nucleotide sequence dgﬁ%cted in Figure

2S. 30 61 WO 03/ G323 pobynueletidefeium 225 Wheten s9¢ Puleqtids SPAHenest cansisism 22,
wher ei n Saiqf%%ﬁhﬁﬁ%¥9§ﬂ%ﬁQH%Qﬁ%kﬁgﬂﬁEﬁgﬁeQT'the nucl eoti de sequence
[ . . The

depicted in Figure ol ynucl®ot1 de of claim?22, wherein said
nucl eoti de sequence consists 5 of the nucl eotide sequence depicted in

O 2 o oo, R o S, Th BB i LD R BT 1o
45. The gol ypued siRtdofiRe quehd d8pRted ittFeaE DUSai d nucl eoti de sequence
consists of the nucleotide sequence depicted in Figure 11B. 46. The

pol ynucl eoti de of claim 22, wherein said nucl eotide sequence consists of

t he nucl eoti de seguence depicted in.Fi e . 11.C .15 47 . The pol ynucl eoti de
of “cl'am 22, ahorbh rinene e B ¢/uEs Snbbinssid PudonckPEaRBCIRIBSEY ! e
sequence depjrghesuddotitie gefuende depictedBn Figige DAYy nucl eoti de of cl ai m 22,
wherei n said nucl eoti de sequence consists 20 of the nucl eotide sequence

depicted in Figure 11E. 49. The pol ynucl eotide of claim 22, wherein said
nucl eot 1(51 € sequense l%%rf)%'lﬁ'ﬁﬁleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11B.

46. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 11C.
15
47. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11D.

48. The polynucleotide of claim 22, wherein said nucleotide sequence consists

20  of the nucleotide sequence depicted in Figure 11E.

49. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11F.

25 50. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11G.

51. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 11H.
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of the nucl eotide sequence depicted in Figure 11F. 25 50. The

pol ynucl eoti de of claim 22, wherein said nucl eotide sequence consists of

t he nucl ewDiodeozesjuence depicted in Figure 11 G 51. The poryusoviwses i de of
claim 22, wherein said nucleotide sequence consists of the nucleotide
sequence depicted in Figure 11H 30 62 WO 03/002753 PCT/ US02/ 20684 52. The
pol ynucl eoti de of claim 22, wherein said nucl eotide sequence consists of

t he nucl eoti de sequence depicted in Figure 111. 53. The pol ynucl eoti de of
claim 22, wherein said nucleotide sequence consists 5 of the nucleotide
sequence depicted in Figure 11J. 54. The pol ynucl eoti de of claim 22,

wherei n sai d nuclBetihedobayglenide fskimsd2s wheiein $ied purleatide seRucaeR ERNSISE
depicted in o'%itlgeuﬁt?clejoﬁﬁe sé@eﬁ@deﬁﬂ?%ﬁﬁlﬂﬁ#gllﬁ)“ de of claim?22, wherein said
ts  of then

nucl eoti de sequence consi eot’i de sequence depicted in Figure
11L. 56. The pol ynucl eotide of claim 22, wherein said nucleotide sequence

consists of the nuc| eotjde sequence. depicted in. Fi re.11M 15 57.. The
pol ynucl eot i de of53c&g? H?lﬁ’?‘,‘d?mglfe&rt]ﬁﬁgﬁﬁg"ﬁ F@éﬁﬁddﬁlgg’@ﬁ%%&el&?r‘@f‘%‘f@ of
the nucleot i e, SRAHRMEE sdfRh&d Reictel iiFgui-e 11LN. 58. The pol ynucl eoti de of

claim 22, wherein said nucleotide sequence consists 20 of the nucleotide
sequence depicted in Figure 110. 59. The pol ynucl eotide of claim 22,

wherein said nucleotide sequence consi of .t he, nucl eat i de _seguenc

depi ot ed i n Fi gurd- 1115 PoRiglsotide of Siinze whgisin 1t BYCTeqtde sBSREGRIRER, sai
nucl eoti de sEUMERESdEiADSédikeice d¥hictdiEinFiglreP1kde sequence depicted in Figure
11Q 61. The pol ynucl eotide of claim 22, wherein said nucl eotide sequence

consists of the nucl eotide sequence depicted in Figure 11R 30

10 55. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11L.

56. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 11M.
15
57. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11N.

58. The polynucleotide of claim 22, wherein said nucleotide sequence consists

20 of the nucleotide sequence depicted in Figure 110.

59. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11P.

25 60. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11Q.

61. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 11R.

30

63



63 WO 03/002753 PCT/ US02/ 20684 62. The pol ynucl eotide of claim 22, wherein
sai d nucl eoti de sequence consists of the nucl eoti de sequence depicted in

Fi gure 1180 0880273he pol ynucl eotide of claim 22, wherein sa&ca/usovbmsti de
sequence consists 5 of the nucleotide sequence depicted in Figure 11T. 64.
The pol ynucl eotide of claim 22, wherein said nucl eotide sequence consists
of the nucl eotide sequence depicted in Figure 11U. 10 65. The

pol ynucl eoti de of claim 22, wherein said nucl eoti de sequence consists of

t he nucl eoti de sequence depicted in Figure 11 V. 66. The pol ynucl eoti de of

claim 22, wherein said nucleotide sequence consists _of the nucleotjde
sequence depi ct ed2 Theipghmucleqtidg of piang22, wherephtaldmraleoside §RAUSRCIORSIFIS22,

wherei n sai %E%A&%?ggseg@g&%h%&c@ NsiEShge 17§ the nucl eotide sequence

depicted in Figure e polynucteotide of claim 22, wherein said
nucl eoti de sequence consists 20 of the nucleotide sequence depicted in

Figure 11Y. 69. The pol ynucl eoti de. of. cl.aim 22, erein said nucl eot|de
sequence consi st sg1 f etpﬁg‘”lﬂﬁlg‘??té (?f(fgm?eifugﬁlﬁrél ’&‘fci‘??t‘fiﬁ S?ﬂ“ﬁﬁ?eecofilf{.s 25
70. A pod ynuglueodiceie a0 sRfubsdpRidus IFegit der.sequence conprising any one

of the nucl eotide sequences depicted in Figures 3A-3C or 4A-4C. 71. The
pol ynucl eotide of claim 70, wherein said nucl eotide sequence consists of

t he nucl eoti de sequence depicted in.Figures 3A-3 3 VWO 03/ 00275

bt Usoz: 20684 13- T golaRs b st Shedhi snclselite SR Bl R R oot i de
sequence consFitsd sucRotitlf SequeideaRbictkal if FagignceUdepi cted in Figures 4A-4C 73.
An ol i gonucl eotide primer consisting of a pronoter region recognized by 5

a DNA- dependent RNA pol ynerase operably linked to a human parvovirus B 19-
10 65. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11V.

66. The polynucleotide of claim 22, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figure 11W.
15
67. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11X.

68. The polynucleotide of claim 22, wherein said nucleotide sequence consists

20 of the nucleotide sequence depicted in Figure 11Y.

69. The polynucleotide of claim 22, wherein said nucleotide sequence consists

of the nucleotide sequence depicted in Figure 11Z.

25 70. A polynucleotide comprising a nucleotide sequence comprising any one

of the nucleotide sequences depicted in Figures 3A-3C or 4A-4C.

71. The polynucleotide of claim 70, wherein said nucleotide sequence consists
of the nucleotide sequence depicted in Figures 3A-3C.
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speci fic conpl exi ng sequence of about 10 to about 75 nucl eotides. 74. The
ol i gonucl eotide primer of claim73, wherein said pronoter region is the T7
pronot er wWAM3sEA78 pol ynerase is T7 RNA pol ynerase. 10 75. PThAIS02/20684

ol i gonucl eotide priner of claim73, wherein said human parvovirus B
19-specific sequence is fromthe VP 1 region of the human parvovirus B 19
genone. 76. The oligonucleotide prinmer of claim75, wherein said human
parvovirus 15 B 19-specific sequence is derived fromthe pol ynucl eoti de
sequence depicted in any one of Figures 2A-2U. 77. An oligonucl eotide
priner consi stingr0fThR pbiynatiestideast ciimr 7 heteindetdiniodeotide Bequencaameigis I us
B19-speci fic conpl exi ng sequence, of about 10 to about 75 20 nucl eoti des,
wher ei n sai ®fitmiislgpside seauengs depictrddpdiguesddfpl exi ng sequence is deri ved
fromthe polynucl eoti de sequence depicted in any one of Figures 2A-2U or
Figures 11 A-11 Z. 78. An oligonucleotide probe conprising a parvovirus B
19-speci fic 25 hyis:iAh gligugusledtiderprenafcoadistittg dfd gromateoregidlrecngnizedtbyde s

i nked to an acridiniumester  |abel. 79. ]’.h | i gonucl eoti de praobe of

ol ai m 78 wHePSndepsndens RN Domeesr pretably limkedioartiman nappiids By sequence
is fromthe é{;’ ifi E@ﬂgfeszm%fse%& cAOHIBuPR ABLALUS mafoBdS. genone. 65 WO

03/ 002753 P %882 20684~ 80. The ol igonucl eotide probe of claim?79,
wherein said human parvovirus B 19-specific hybridizing sequence is derived

from the pol ynucl got.j,de sequence depicted in,any one.of Fiqures. 2A-2U or
Fgures 10a- 117 B gtie o Eanirnsde pESRE St i 72 SHrPL R prom Gl SBIN cot | de
primer accorygé g pkéinoter #idBaidpolPiekasdis I7UHATA Posyrhsiseconduct i ng t he

di agnostic test. 82. The diagnostic test kit of claim81, further
conpri stthhg an oligonucl eotide probe conprising a parvovirus B 19-specific

hyor! di 2i ng_sequensenal; 3BAteotide bRnkPoPARNM 73 Yiltdh §ak hifiin bhREGHd © 2N

acridi nium ester 1"abe
B19-specific sequence is from the VP1 region of the human parvovirus B19 genome.

76. The oligonucleotide primer of claim 75, wherein said human parvovirus
15 B19-specific sequence is derived from the polynucleotide sequence depicted in any

one of Figures 2A-2U.

77. An oligonucleotide primer consisting of a T7 promoter operably linked to
a human parvovirus B19-specific complexing sequence of about 10 to about 75
20  nucleotides, wherein said human parvovirus B19-specific complexing sequence is
derived from the polynucleotide sequence depicted in any one of Figures 2A-2U or

Figures 11A-11Z.

78. An oligonucleotide probe comprising a parvovirus B19-specific
25 hybridizing sequence of about 10 to about 50 nucleotides linked to an acridinium ester
label.

79. The oligonucleotide probe of claim 78, wherein said human parvovirus
B19-specific hybridizing sequence is from the VP1 region of the human parvovirus

30 B19 genome.
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83. A nethod for detecting human parvovirus B 19 infection in a biol ogical
sanpl e, said nethod conprising: (a) isolating nucleic acid froma

bi ol ogi cawogaspd7e3 suspect ed of contai ning 15 human par voviPCOaISB2/2@8DNA,
wherein said nucleic acid conprises a target sequence; (b) reacting the

| sol ated parvovirus B 19 nucleic acid with a detectably |abeled probe
sufficiently conplenentary to and capabl e of hybridizing wth the target
sequence, wherein the probe is derived fromthe pol ynucl eoti de sequences
depicted in any one of Figures 2A-2U and Figures 11A-11Z, and further

wherei n sai d reagpi Neiofigethictifige prUe bf c1aine 79, vigeih Raid hRvipderoviras t he
formation of a probe/target sequence conplex; and (c) detecting the

presence or Blfswacific bybridipag saqueare isdarives frem thy palaicigolide seauenesr absence
of the tar gedtepl%Feglilg Oy ond Figures 2A-2U or Figures 11A-11Z.

5 81. A diagnostic test kit comprising an oligonucleotide primer according to

claim 73, and instructions for conducting the diagnostic test.

82. The diagnostic test kit of claim 81, further comprising an oligonucleotide
probe comprising a parvovirus B19-specific hybridizing sequence of about 10 to

10 about 50 nucleotides linked to an acridinium ester label.

83. A method for detecting human parvovirus B19 infection in a biological
sample, said method comprising:
(a) isolating nucleic acid from a biological sample suspected of containing
15 human parvovirus B19 DNA, wherein said nucleic acid comprises a target sequence;
(b) reacting the isolated parvovirus B19 nucleic acid with a detectably labeled
probe sufficiently complementary to and capable of hybridizing with the target
sequence, wherein the probe is derived from the polynucleotide sequences depicted in
any one of Figures 2A-2U and Figures 11A-11Z, and further wherein said reacting is
20  done under conditions that provide for the formation of a probe/target sequence
complex; and
(c) detecting the presence or absence of label as an indication of the presence

or absence of the target sequence.
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