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WO 2006/034319 PCTIUS2005/033760 PORCINE REPRODUCTIVE

AND RESPIRATORY SYNDROME ISOLATES AND METHODS OF USE
RELAIRARPLICATIONS 5 The present applicationis a  pC1/US2005/033760
continuation-in-part of Application Serial No. 11/022,262, filed on

December 23, 2004, which claimed the benefit of praovisional applicati
Seﬁamﬂ%a@i&@wmmW%@&é’ﬁé@%?%ﬁ?ﬁ%% AND
teachings and content of each of these_prior applications is incorporated

by reference herein. 10 BACKG‘@@QBT)Q—IE‘ILI’-P@ INVENTION Field of the
Invention The present invention is concerned with new isolated wild-type
PRRS virus isolates and corresponding improved attenuated PRRS

viruses, the uses of such at g%vgy;giggiﬁﬁgges and

immunological compositions; as methods of measuring the

magnitude of viremia, 15 rate of growth, antiho APSEs P41 No. 11/022,262,
combiﬁgﬁ@ﬁ%s?ﬁfe?%ﬁﬁﬁngﬂéﬁalscgﬁla IR uaslgéi.r re particulgrly,0 the

resent jnvention, prayides heds far (cti v - rial No.
i R N R e
SHEDISOIRIR 1, VACKIORS AN I AR 100 RR! FRTAORHANS R nient of cach of these

é clﬁpl %t}healg ‘

an o rior Art Porcine reproductive and respiratory syndrome

virus (PRRSV) i enveloped singls.stkagded RNA virus classified in
e |I§fﬁré)sri§irf?§§eﬂ ﬁ{&:avan%ugh, 1997). It causes a widespread

disease of swine that was first described as "mystery swine disease' in the
USA in 1987 (Hill, 1990). The disease manifests as respiratory illness in

all age groups of swineggaging 8orkadeathHiE SAVENDIDNger pigs and
severe reproductive problems in breeding age females. WO 2006/034319

PGHUSKOAR/IQ33460 2 The dynamic nature of PRRSV allows for
constant change in the disease and provides

‘The present invention is concerned with new solated wild-type PRRS virus isolates and
corresponding improved attenuated PRRS viruses, the uses of such attenuated viruses in vaccines
and immunological compositions, as well as methods of measuring the magnitade of viremia,
rate of growth, antibody response, and combinations thereofin such isolates and viruses. More
particularly, the present invention provides methods for predicting the virulence of new or

previously uncharacterized PRRS isolates, and the attenuation and use of such isolates in

vaccines and immunological compositions.

Description of the Prior Art

Porcine reproductive and respiratory syndrome virus (PRRSV) is an enveloped single
stranded RNA virus classified in the family Arteriviridae (Cavanaugh, 1997). It causes a
widespread disease of swine that was first described as ‘mystery swine disease’ in the USA in
1987 (Hill, 1990). The disease manifests as respiratory iliness in all age groups of swine leading

to death in some younger pigs and severe reproductive problems in breeding age females.
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ample opportunity for the appearance of new isolates (Andreyev et al.,

1997; Murtaugh et al. 1998; Meng, 2000). The fact that PRRSV changes
seveeadily3cavpled with its ability to cause devastating problams;/{en@winsico
producers, makes it an important subject forresearch (Mengeling 30 et al.,
1998; Pejsak et al., 1997) and for the development of vaccines and other
methods of reducing the effects of infettion. Variation in levels of isolate

irul i, . . . 3 ovides
et a1, BB T e T L T et
aﬁg,g%&%gﬁmwiﬁﬁ%g@amé BeenJagshsunsicerssiub(AIBA Mlabugh et al.

ey et al., 2001; Yuan et al., 2001; Murtaugh et al., 2002;
157ehgnnkey@ et e Src2R0PR RINAIBS BRI ngihe SaiRb AR RTHEREY to cause

of PRRS vaccines include the work of Labarque et al., (2003), Mengeling

| el 20050k Noselik stk als (3008} Fhass ateias;how dhaksmaengeling

experimental conditions, modified live PRRS vaccines reduce the amount

* o2d duration.ef viremisas)wel as By ek andduretesiensiafiemdrslentmethods of

challenge. Opriessing et al. (2002) showed that isolates with high amino
rakidsegueneademateayn AW ifapeideadisg fisshacs (ke veaugetlonstrated in
significantly different levels of pneumonia in pigs. Variation in swine
nespanses dPRREVmisarr¢laifeated by, estoyatiatieff(Metngitindeiadical and
2003b). Virulence has been examined in relation to replication rates and
itisriblatitmn 1ol ARG drpeig S d raytie gifainct 99R héan el phageessful (Albina
copper clearing capabilities (Thanawongnuwech et al., 1998), and the
ctaaieriiadeliels ofdhe2 okt Bmmel (HaABU;SlatRED2Y. #Hodde Grelwsaikova et al.,
methods 45 have been deficient in providing effective methods for
20féricBvgitheewiniingetht nafrtnendrelfisactyaiidhBrartsrizes mRRdg the work of
isolates. Accordingly, what is needed in the art is a method of predicting

Labereniénbe P PRAG RS AWIARI3A PR NedekidiahalnEafi ks 4 hese studies

~ method of predicting the virulence of PRRS_isolates based on the rate of

shaw st PRI U BFB Rk RCRAUTBRS, A AR e iReraRifeiftibg amount and

administration or exposure of the isolate to a previously PRRS-free swine.
duspiigi\pA pivemia as well as fever and lung lesions atter virulenit challenge.

Opriessing et al. (2002) showed that isolates with high amino acid sequence homology
in open reading frame 5 (ORFS5) caused significantly different levels of pneumonia in pigs.
Variation in swine responses to PRRSV also are affected by host variation (Mengeling et al.,
2003b). Virulence has been examined in relation to replication rates and distribution of PRRSV
in pigs (Haynes et al., 1997), to macrophage copper clearing capabilities (Thanawongnuwech et
al., 1998), and the anemia levels of the host animal (Halbur et al, 2002). However, these methods
have been deficient in providing effective methods for predicting the virulence of new or

previously uncharacterized PRRS isolates.

Accordingly, what is needed in the art is a method of predicting the virulence of PRRS
isolates. What is further needed in the art is a method of predicting the virulence of PRRS

isolates based on the rate of in vivo PRRS viral growth and/or viremia magnitude in a swine after



The disclosure overcomes the problems outlined above and provides new
isolated wild- type PRRS virus isolates, attenuated versions of such
viruses, and corresponding vaccines comprising the attenuated PRRS
viruses in pharmaceutical compositions. In more detail, the wild-type
viruses as disclosed herein are dengminated SDSU 73, 17198-6 and MN
184, and mixtures thereof. Attenuated versions of these virus isolates,
adminBRRANPISINARCHTRACRBIGESNG pieislighvaied igelates.pre capable of
conferring in vivo immunity against PRRS in swine, without generation of
significant PRRSV clinical signs. Another feature of the attenuated PRRS
isolates as disclosed herein is that they retain a substantial proportion of
the viremia found in ghe\ywiid prattenuated viruses. Thus, the attenuated
viruses exhibit at least about 50%, and more preferably at least about

PO RIdbS RS AAIRIEA RS YA HRRAERLAIRA YIUGES ng%sftmél%ted wild-

way, the attenuated viruses are capable of conferring a more rapid an

type PRRPIRISS Tgﬁ)%‘?eéwgﬂtléﬁﬁ A %}E‘l%n'sr%‘f Yl VIRHRES, A bc%ﬁ (‘:%?t)%ﬁﬁg P¥ocines

a variety of methods, such as repeated serial passage in ce ure,

comprfé%{‘eth%se&&?@at&? ; ‘é"tﬁ?&g& APl %%é%%@caﬁac%% BUARYRSYIHON . A ne
en“rzpera ure-sensitive mutation. ch attenuated viruses may then be

. used. in a variety of immunological compositi i dj cin [
sl e TR % G SR L PO B RL , ane

mixturgs There further e idied ordnactivated ysing methods that are, wel

m I ..
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compaosition as disclosed herein..Examples of immunogeni osijtions,
theat R AP AT R RGOS HERUBR " PR TR BSSE S oY LhTd Mithout
signs fof_ PRRS infgcgtio%n lipgclud vaccines made with Abst-1 or JA-142. 4
generaﬁ%h%‘éf%I S istove R A SIR S vaccines as disclosed herein maybe
stored in a frozen condition until ready for use, without detracting from the
deBpdfe i tidhsalientalid URdtselaeh s diffasebbgeld mithaidgey retain a

problem in the art, inasmuch as prior PRRS vaccines have not been
substagg%g;g%gwgz% %rg@gma found in the wild, unattenuated viruses. Thus, the

attenuated viruses exhibit at least about 50%, and more preferably at least about 75%, of the
viremia exhibited by the wild unattenuated viruses. In this way, the attenuated viruses are
capable of conferring a more rapid and complete PRRS immunity in swine.

The wild viruses can be attenuated by a variety of methods, such as repeated serial
passage in cell culture, gene insertion, gene switching, gene deletion, base-pain substitution, and
temperature-sensitive mutation. Such attenuated viruses may then be used in a variety of
immunological compositions including vaccines using methods that are well known in the art. In
some forms, these attenuated viruses may further be killed or inactivated using methods that are
well known in the art, prior to incorporation or inclusion in an immunogenic composition as
disclosed herein. Examples of immunogenic compositions useful for preventing PRRS infection
or reducing the severity of clinical signs of PRRS infection include vaccines made with Abst-1 or

JA-142.



The disclosure further provides methods for predicting the degree of
virulence of a new or uncharacterized PRRS virus isolate. Such methods
generally involve assessing a new or previously uncharacterized isolate
of PRRS for at least one of the following parameters: rate of viral growth;
magnitude of viremia; antibody respgnse; or combinations thereof. The
results of such an assessment are then used to predict the degree of

VIURNEE, Ok HARIIBW SR BUIQHS A dNGRHAGIRNZRY Inalalem i P8 0RiRadsa frozen
generally involve administering or exposing a PRRS-free swine to a

conditmManiify-ofdhepew fiuRrharacialized RRR2SHAR andRIQMNG Hehe vaccines.

virus to replicate for a period of up to about 15 days, more preferably from

This a8RRIEE 4 2Ry il ks, Hﬁi@%ﬁ*@'ﬂﬁ%ﬁ&%ﬁ&?ﬁ#ﬁ%@%&é&i WADORR been

preferably from about 3-7 days. The mode of administration can be

suitabl@%?ﬁ’@i@h&gr%@g any conventional manner, including oral, intranasal,
intramuscular, intra-lymph node, intradermal, intraperitoneal,

SY'H@ Hianeqls ’f\i@ﬁje? 8?891@%‘&%&&@8{&?{@%&1 %Eg?(ﬁ%%@g%{’%mgﬂ@of anew or

intranasal administration. The amount of the dos tranasa

unchai om}t %g&@%&@%[(gﬁ%%ﬁﬁ”p 80%%%&%%@' %@ég%%ezg&%aab%%?ﬁw%egew or

.5 mlitoa still more prefer een abou and
. ahout 3 ml, and still more I out 2 ml. The concentration of
preie e R S R S S R B e

. referably between about 1.0.to about 4.0 Logo TCID50/ml, and still more
viral g O L B e O R St of
3.0 Log o TCIDSo/ml. At a selected time or times during this replication .
sich e IR TR TR, ST LT AAE PhH hesrepleviously

of the rate qf growth of the administered yirus, viremia magnitude,
nchar g O AR TP B A N (TSRS SRR e

. from these 5 measurements is then compared with the rate of growth, .
SWIne i dua Ry ftuths, %‘?ﬁib%d%%%?teégﬁ?ﬁ%’s‘*%%6‘?‘?0?15))%?1’6%\/9’%’&“5 to
. Charaterized isolate, as a measure of predicted virulence of the new or
replicaig KNGRTIBI ARG AGHE Im SIS IR U AfSErsaRly Frevainbent 12k dys. still more
PRRS viral growth, viremia magnitude, antibody response, and/or

preferalbnBimafoAt o ikedere raratidhnes wetethbaliore dbruwirlediic he mode of

administration can be accomplished using any conventional manner, including oral, intranasal,
intramuscular, intra-lymph node, intradermal, intraperitoneal, subcutaneous, and combinations
thereof, but most preferably through intranasal administration. The amount of the dose for
intranasal adrﬁinistration 1s preferably up to about 5 ml, still more preferably between about 0.5
ml to about 4 ml, still more preferably between about 1 ml and about 3 mi, and still more
preferably about 2 ml. The concentration of virus in each dose should be up to about 5.0 Log;
TCIDse/ml, more preferably between about 1.0 to about 4.0 Log)y TCIDse/ml, and still more
preferably about 2.5 to 3.5 Logip TCIDsy/ml, and most preferably about 3.0 Log;o TCIDsy/ml. At
a selected time or times during this replication period, biological samples are taken from the
swine and measurements of the rate of growth of the administered virus, viremia magnitude,

antibody response, and/or combinations thereof are taken. Data gathered from these



had one of eight different PRRSV isolates administered thereto. Each of
these isolates had a known level of virulence and clinical disease
manifestations. These same characteristics were also measured in swine
which had a combination of all eight jsolates administered thereto. More
specifically, one hundred (100) healthy two-three week old pigs were
divided randomly by weight into ten groups with each group having ten
measuigigsniAlipthsnverenesbav it IRRRS iMfestivhusirgienighiskdey) PRREY and/or
ELISA 2XR (IDEXX Laboratories Inc., Westbrook, ME). Eight of the
combigroups receif/fu aknadm midtchtioncozonh s ofttharvightisolatdsraficigtouplence of
received an administration consisting of a combination of all eight isolates,
the nevaod therastgrolygpe.received an administration Eagle's Minimum Essential
Medium (EMEM) to act as a control group. A sample of each viral
ihsongatiomethsdetiditetbiod titernoiftrrmatid P RIRE faraldyoctivd, tifemohtihegnitude,
administered virus is designed to mimic a natural exposure level of virus.
antiboBigtepitat, satplesintiratfonnodtideodhaeeceniiestetdranvwaiomns timesine which
throughout the experiment. Each sample was analyzed by virus isolation,
had ondWARGLANVERffevarSERRINSCEIASE fdalyiesast thbain. reachef (IRbeRSR)es had a
HerdChek R PRRS ELISA 2XR, and PRRSYV protein-specific ELISA. Virus

knownig&lationwyakRed toranarhal Al2e<klntan MAuliOdsceliiine s aalls Byraasabiics were
diluting serum and combining it with EMEM, gentamicin (Sigma Chemical

also m&Rurt ik QWM MAANA dRURHZANSRIIR VERAU I K QEPlatey aBshisiaBrbdNYeketo.

The dilutions were then incubated and examined for cytopathic effect

(YRE) sphgRRerd-MuenchasalctiatipnARUSRELIB-SCIQERNNA B plite sere divided
RT-PCR was performed using the QIAamp Viral RNA Mini-Kit (r) (Qiagen,

randoniié by (AIRRE RSN BB%%%M%)E@%BQ&%@ lag g Sinolgrivibe @ssaisted for

by Tetracore, Inc. (Gaithersburg, M 0 determine virus quantitation, a

PRRS SRR GHYS e Aevaloned ang | GRNSERYAYRREAT 6 HAKAOWR . Westbrook,

samples weré determined by linear extrapolation of the cycle threshold

ME). ‘g?é‘ﬁ?%? lt%g%go @iPééaﬁ@%&?‘é’%%‘%%%ﬁtlﬁ“o%tQPtﬁ'e Léilélﬁttfﬂgfégphne group

uct. An measurement using ELISA S/P ratios were generated

receivelﬁséggaﬁiggggg%og{)cgﬁﬁ§llg of a combination of all eight isolates, and the last group
received an administration Eagle’s Minimum Essentital Medium (EMEM) to act as a control
group. A sample of each viral inoculation was retitrated for titer confirmation. Preferably the
titer of the administered virus is designed to mimic a natural exposure level of virus. Biological
samples in the form of blood were collected at various times throughout the experiment. Each
sample was analyzed by virus isolation, quantitative reverse transcriptase-polymerase chain
reaction (RT-PCR), HerdChek ® PRRS ELISA 2XR, and PRRSV protein-specific ELISA.

Virus isolation was performed on CL2621 (an MA 104 cell line) cells by serially diluting
serum and combining it with EMEM, gentamicin (Sigma Chemical Co., St. Louis, MO) and
Fungizone (Invitrogen Corp., Grand Island, NY). The dilutions were then incubated and

examined for cytopathic effect (CPE). The Reed-Muench calculation was used to determine



ELISA 2XR using the manufacturer's instructions. PRRSV protein-specific
ELISA was performed using recombinant isolate VR2332 nucleocapsid
(N) and non-structural protein 4 (nsp 4) expressed in 131,21 (DE3)-RP
cells (Stratagene, La Jolla, CA). All pigs were weighed at the beginning
and at the end of the study. Additionglly, on every day of the study, each
pig was evaluated and scored by a veterinarian for clinical signs of PRRS
titers. disease. All resulting data was analyzed statistically and compared on a
group-by-group basis. Nine of the ten groups were subsequently

challenged,asSEIB NN BB IR Rh MOtAVIRHBNES t@aligigen, Inc.,

further evaluation of levels of homologous protection and vaccine versus

ValendMld &/RF REICINGAOUSIIOIGEHRR-HIVRIIEUS EXRORUITHECHEED Db alQWINGe, Inc.

this challenge, the animals were evaluated and necropsied for analysis

(GaithHSHGYTESOIRH 0N ARG MO iSRSt T NE A SRR Bt EXEIRed and

also provides an immunogenic composition comprising an attenuated

concertBRRY %Fﬁlié‘alﬂliﬁoév'h %ﬁ%ﬁ@%%g%té%ﬁg@&?ﬂﬁg& %Qﬂ%%%ﬂ@ﬁl Lugeia cycle

pharmacologically compatible carrier and/or an adjuvant. One example of

enon R A TR P A A R SO i
g%ﬁ%o s disglospre lse provides. an improved method of SeISCHIg A prrs
Vitus iSolate for attenuation and nclusion m an immuné&genic

BLIs SSRROSION. Jhe method generally Induces e Sigbs of ) OBIBIRINArG s v
ISOlateé of unknown viruience; administering a quantity of sal

PRRS.virus isolate into %tgl%ﬁ%tr e swine; cada wing said isoJ[atel to

perfornes e IS SRm AMFRLFSIA Berid oP R AR S Gag -~y HaakeRign 4 (nsp

the rate of viru and/ar,the magnitude of viremia during said
) XD Lo o DAL G5t S G ehagnituce it the
rate of growth and/or, viremia magnitude of a PRRS vjrus isolate of know
é’ﬁ%%;Wéﬁ%l‘fﬁeé%{réﬁtﬁ’iéh%ﬁqgﬁa’t'égf&P‘éﬁ&Hl%ﬁ%‘i iSO B gAY o

immunogenic composition based on its rate of o o )
every day of the study, each pig was evaluated and scored by a veterinarian for clinical signs of

PRRS disease. All resulting data was analyzed statistically and compared on a group-by-group
basis.

Nine of'the ten groups were subsequently challenged a second time with a virus isolate of
high virulence to allow further evaluation of levels of homologous protection and vaccine versus
wild type heterologous protection (live virus exposure concept). Following this challenge, the
animals were evaluated and necropsied for analysis using virus isolation and
immunohistochemistry.

The disclosure therefore also provides an immunogenic composition comprising an
attenuated PRRS virus isolate. In preferred forms, the composition can also include a
pharmacologically compatible carrier and/or an adjuvant. One example of such a composition
would include Abst-1 and/or an attenuated form of a PRRS virus that is predicted to be virulent

by the methods described above.



growth and/or its viremia magnitude in comparison to isolates of known
virulence. According to a first aspect, there is provided a method of
predicting the virulence of a PRRS virus isolate of unknown virulence,
comprising the steps of measuring the rate of virus growth and/or the
magnitude of viremia in a plurality ofsbiological samples obtained, over a
period of about 3-15 days, from an initially PRRS-free swine in which a
quantity of said PRRS virus isolate was allowed to replicate, and

comparing said rate of growth,or viremia magnityde with tf;f rate of |
TSR HSS SOHF FrAIR S ARE BT & PREES I SSLEIURE B BHow mirus isolate for
virulence as a, predictor of virulence of the PRRS isolate of unknown,
attenuafiAn RN HHIRN dHE HRETEREEER SERRR Al atd A RS gradirltsddudes the
be highly virulent for inclusion in an immunogenic compaosition although i
steps ofspl ARISBragRITIRS ihelakiefsakunNERISHEf Bihi RBLE SrBaR RETg B said
avirulent could be used. This is because the isolates predicted to be of
PRRS righdrakpinanies RER Rrdresyiatit) Aoy aasmid imaghitgderlispigiia thpswine fora
which generally induce a more vigorous and protective immune response.
period B {iieingtae! Ardthéesad) arserpstt: Hereile, thaiseieravromiiiehisalagagude of
to use for 7a inclusion in immunogenic compositions will be simplified and
viremighduticglitiobresiodasinganisiy bajd ceip eftaumpiote siseagaimegipdaridhthe rate
PRRS isolates will be increased. As used herein, "rate of growth" refers to
of growitle andasursmenteivituderelri BRI Guer itpha cinf dwirve: Frefengerhnd f) selecting
examples of this measurement are provided in Example 1. "Viremia
an isolmadmitettesiatsused ineleimirafersitoithe wonrentrationositviubasid wiatisgate of
in the blood of swine. Preferred examples of this measurement are also
growtlprodidetsvikampleghi BRI EFcDESCRIR TIQN 106 PHEDRAWINGS.
Figure | is a graph of mean serum virus titer versus time expressed as
logiocr 3250 Afidf @sEA6ME4 31 P GIdd S 2005 M0B 7 dkTRgfdretiigulence of a
swine test of Example 1; Fig. 2 is a graph of mean PRRSV virus
PRRS congepdiationfionkaown virdilenswinergstsilg the steps of measuring the rate of virus

growth and/or the magnitude of viremia in a plurality of biological samples obtained, over a
period of about 3-13 days, from an initially PRRS-free swine in which a quantity of said PRRS
virus isolate was allowed to replicate, and comparing said rate of growth or viremia magnitude
with thé rate of growth and/or viremia magnitude of a PRRS virus isolate of known virulence as a
predictor of virulence of the PRRS isolate of unknown virulence.

It would be preferred to select an isolate that was predicted to be highly virulent for
inclusion in an immunogenic composition although isolates predicted to be of lessor virulence
including those predicted to be avirulent could be used. This is because the isolates predicted to
be of higher virulence had higher growth rates and/or magnitudes of viremia, which generally
induce a more vigorous and protective immune response. By using the methods as disclosed

herein, the selection of which isolates 18] use for



Example 1, as measured by real time RT-PCR; Fig. 3 is a graph of mean
S/P ratios versus time using a commercial ELISA assay; Fig. 4 is a graph
illustrating repeated measures analysis for the commercial ELISA assay
175 and the log70TCID50JmI data of Example 1, wherein the-group
average under the ELISA S/P ratio gurve was plotted against the group
average area under the log10 TCID50/ml; Fig. 5 is a graph illustrating
repeated measures analysis for the commercial ELISA assay an RT-PCR
concentration data of Example 1, wherein the group average area under

inclusiEiE ANt WOBPYasRIoNeH BIAINS NG AR ONRERES.AISAHHIRRN A useful
the RT-PCR concentration curve; 180 Fig. 6a is a graph of absorbance

vacciny%ﬂiﬁtlﬁrﬂ'f@@ti %5%%@%&&@9-?@@@ AARRMNAIABSHRANGEIYS. time,
illustrating the effect ofPRRSV isolate on nsp-4 IgG response, wherein

the datareihemeanyalves Al m&@%@e&%@ﬁwmﬁm&?ﬁ@ﬂ%ver time

Fig. 7 is a graph illustrating repeated measures analysis using the nsp-4

in swifid 19940, LE Qéx@/ﬂgsd@faﬁﬁg %@HH%ME@%W&SWEM&QQ arediremia

under the nsp-4 curve was plotted 185 against the group average area

magnitlﬁ'agf f &QSSQQH&J& UQ(%Q{ %I thH E\ﬁ%;cgrilgra%é-ﬁ @ﬂﬁ?@&%ﬁ?&ﬁ %gtﬂéqﬁggﬁ%? swine.

analysis using the clinical scores and log10 TCID50/ml data of Example
PrefeceMBIRINADG HRUB ANEIAAEACCL NS FUNGEY SERBRGLVE was plotied
against the group average area under the log10 curve; and Fig. 9 is a
graph of the IHC scores for each isolate in this application. 190
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The

Bmgﬁ%‘é’g"g{gﬁ%ﬂ@é %ﬂg%w(r{%d isolates and procedures in

accordance e present invention. It is to be understood, however,

that th | ided by way WO 2006/034319
S L0 GRS AL B A B Ve 1005 S ST et Dsofm

deemed a limitation upon the overall scope of 195 the invention.
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EXAMPLE | Materials and Methods: One hundred healthy 2-3 week-old

pigs were obtained from a PRRS-free commercial 200 herd and were

MR Rsad4atd eterinary Resources, Inc., Ames, lowa, under ders2005/033760
supervision of a veterinarian. Animals received food and water ad libitan.

All of the animal care and laboratory p%rsonnel involved with the study

were blinded to the treatments given to the various groups of animals.
Bigswere iested s igrdzhek(r) PRRS ELISA 2XR (IDEXX Laboratori es

Inc. Westbrook, ME) to determine if any pigs were infected with PRRS V.

All of the. pigs fqribis A0 axarrmeTesied Aagaliveidihe RIgsWeranbeRine test of
randomly divided by weight into 10, groups, with 10 pigs per group. A
Eesalpd ejghtRRRSVbHsedaleseRrBRSRM in this example. These isolates

have been designated VR-2332, Ingelvac(r) PRRS MLV, JA 142,

Inge&ig(B) PREESATPREDSIP 73ioAbsishs MN: 18hgan@dhiko8 0 ET wsessay:

eight isolates span the history of PRRS disease, exhibit a wide 210 range

of virdlendes lepels; Ahdiregre sart el evantelnicdy disbade: noanifesialibNiSA assay
All of the virus isolates grew readily on ATCC cell line CL2621 cells
af@ LRE0d, s A Proplidetaryideibinmde d bediereth thogroNV:Stragenedet Ay FARSA S/P ratio
MA-104 monkey kidney cell line). Three of the primary field isolates,
CYRe X33 21Uk a2 insh th S DSW 78 raisothadnste hedes EHs/ngelvac(r)

PRRS MLV (Boehringer Ingelheim Vetmedica Inc., St. Joseph, MO),

IngeVag (P ) Fraephali s yBdehirnes OneThis tabys v &nibelromniengiStELISA assay
Joseph, MO), and Abst-1 , respectively. These attenuated forms alll
R RAERGPBrraE e daBIefiniBake thiciristhemaug Hessiaiga under the ELISA
passaging to attenuation. The PRRSV isolate ATCC VR-2332 was ]
THLBIHEG P2 04115 RErRYIBERTINE Wseisagendst WAt Botefommggyration curve;

PCT/US2005/033760 .10 culture passage three. The attenuated form of
this virs 48 EorarR GaAY RSP IETRUEMhET AR A ke Ingelvac(r)

PRRS.MLV. The PRRSV isolate JA 142 (ATCC . PTA-6 20
oy AT RO TGS Ki-GiBhed MO SED I ST GBS sqlage onmsp-4

lawa, was isol in . . .
Ig8 reaspon%g, 5 e?glerg L data are the mean values of 10 animals, except where animals died;

Fig. 7 1s a graph illustrating repeated mweasures analysis using the nsp-4 and log,,
TCID;,/mi data of Example 1, wherein the group average area under the nsp-4 curve was plotted
against the group average area under the log,, TCID,,/mli curve;

Fig. 8 is a graph of repeated measures analysis using the clinical scores and log,,
TCID4y/ml data of Example 1, wherein the group average under the clinical scores curve was
plotted against the group average area under the log,, TCID/ml curve; and

Fig. 9 is a graph of the IHC scores for each isolate in this application.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred isolates and procedures in accordance with

the present invention. It is to be understood, however, that these examples are provided by way
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1997 in lowa from a severe "abortion-storm" case of reproductive failure
and was used at cell culture passage five. The attenuated form of JA 142
is &Q%rrz]omo%%@gy sold under the trade-name Ingelvac(r) PRRS 43305033760
has been assigned ATCC No. VR-2638. PRRSV SDSU 73 (ATCC No.
PTA-6322) was recovered in lowa from a severe case of reproductive
disease in 1996 and 225 was used at céll culture passage one. The
attenuated form of SDSU 73, designated Abst-1 (ATCC No. PTA-6320 o
CoHO PGPS (PRI AR R S A soope o
PTA-6321) was obtained from Oklahoma in 1997 from a herd
theparetidiig severe reproductive disease and was used at passage level
four. The PRRSV MN 184 isolate (ATCC No. PTA-6319) was obtained in
2001 from a swine farm experiencing severe reproductive disease and
sow 230 mortality in southern Minrg}??é%ﬁ[p %vas provided by Kurt
Rossow, University of Minnesota, St.”Paul. This isolate was used at a cell
culture aswe of one. Additionally, a pool consisting of a combination of
Mrierinte@d4&B8iuced. On day 0, each of the eight PRRSV isolates- :
and the PRRSV pool were diluted to ()4 Vo3 QRGO TG LREOAthmercial
, ﬁ?i"f», ; 193 BRRIOXMAIEN, erci
in Eagl8%¥ Hﬂﬁ@% és%%t%ﬁﬁ/leegd%un? %MEM) (JRH 235 Bioscience,
enexa, KS) containing A%k, §r§,]]|§g LRigscignce, Lanexa Kkdeatitd supervision of
X t t ) ‘¥ 1 ) L . p
bﬁ%ﬁ%%t‘é’?édﬁlﬁf?aﬁgga y to pll%s at asdose of 2 ml (1 ml per nostril). The

untreated control aroun receiver 21 mliokmadia: ThRmocuinopeRe Hifaisdcare and
8n'6 3Wgﬂapr))l'at(‘aggél]‘cj::lcg)ntaining three-day-old CL2621 cells for titer

?%%@%EH%%%HE&H&Q&@@%QMH@ aehyRethed {raeshs abatd@aB)gitaeto the various |

observedtiters administered to pigs, together with a description ofthe

‘%&6898?311%\4%1&“@' QlationsRiPENBHAITHA40 PRE SEIMSAIN RRIIBEX X\Waboratories
06/034319 PCT/1JS2005/033760 aHV OM-hW-c'rQrv~ivvNTr;

£ 0% stbrook, ME) to determine if any pigs were infected with PRRSV. All ofthe pigs for this

‘example tested negative. The pigs were then randomly divided by weight into 10 groups. with

10 pigs per group.

A total of eight PRRSV isolates were used in this example, These isolates have been

designated VR-2332, Ingelvac® PRRS MLV, JA 142, Ingelvac® PRRS ATP, SDSU 73, Abst-1,

 MN 184, and 17198-6. These eight isolates span the history of PRRS disease, exhibit a wide

range of virulence levels, and represent relevant clinical disease manifestations. All of the virus
isolates grew readily on ATCC cell line CL.2621 cells (CL.2621 is a proprietary cell line oblained
from NVSL, Ames, JA,)} (an MA-104 monkey kidney cell line). Three of the primary field
isolates, VR-2332, JA-142, and SDSU 73, also had attenuated forms, Ingelvac® PRRS MLV
(Boehringer Ingelheim Vetmedica Inc., St. Joseph, MO), Ingelvac® PRRS ATP (Boehringer
Ingelheim Vetmedica Inc., St. Joseph, MO), and Abst-1, respectively. These attenuated forms
all exhibit low or undetectable virulence that was derived by in vifro passaging to attenuation.

The PRRSYV isolate ATCC VR-2332 was isolated in 1991 in Minnesota and was used at cell
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culture passage three. The attenuated form of this virus is commercially available under the
trade-name Ingelvac@ PRRS MLV. The PRRSV isolate JA 142 (ATCC No. PTA-6504),
provided by William Mengeling, National Animal Disease Center, Ames, lowa, was isolated in
1997 in Iowa from a severe “abortion-storm” case of rep'roductive failure and was used at cell
culture passagé ﬁye. The attenuated form of JA 142 is commercially sold under the trade-name
Ingelvac® PRRS ATP and has been assigned ATCC No. VR-2638. PRRSV SDSU 73 (ATCC
No. PTA-6322) was recovered in fowa from a severe case of reproductive disease in 1996 and |
was used at cell culture passage one. The attenuated form of SDSU 73, designated Abst-1
(ATCCNo.PTA-6320), was obtained by 52 passages. The PRRSV isolate 17198-6 (ATCC No.
PTA-6321) was obtained from Oklahoma in 1997 from a herd experiencing severe reproductive
disease and was used at passage level four, The PRRSV MN 184 isolate (ATCC No. PTA-63 19)
was obtained in 2001 from a swine farm experiencing severe reproductive diseaée and sow
mortality in southen; Minnesota and was provided by Kuri Rossow, Universit‘y of Minnesota, St.
Paul. This isolate was used at a cell culture passage of one. Additionally, a pool consisting of
a combination of all isolates was produced.

On day 0, each of the eight PRRSV isolates and the PRRSV pool were diluted to
approximately 3.0 Log,, TCID,y/ml in Eagle’s Minimum Essential Medium (EMEM) (JRH
Bioscience, Lenexa, K8) containing 4% FBS (JRH Bioscience, Lenexa, KS) and administered
intranasally to pigs at a dose of 2 ml (1 ml per nostril). The untreated control group received 2
ml of media. The inocula were titrated on 96-well plates containing three-day-old CL2621 cells
for titer confirmation using the Reed-Muench method (Reed et al., 1938), The observed titers

administered to pigs, together with a description of the virulence level and isolation information,

are shown in Table 1. ,
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PRRS MLV, JA 142 is the parent isolate of Ingelvac PRRS ATP and

SDSU 73 is the parent isolate of Abst-1. Percent Identity Ingelvac
Ingahaos2BE R 2332 PRRS JA-142 PRRS SDSU 73 Abst-1 MN-A8%0s/033760
17198-6 MLV ATP VR 2332 99.7 91.0 90.5 90.0 89.6 86.4 90.4 ingelvac
0.390.7 90.2 89.7 89.2 86.4 90.0 PRRS MLV JA-142 9.7 10.1 99.2 92.7
92.2 87.292.2 290 ingelvac 10.3 10.7 8 91.9 91.4 86.4 91.4 WO
2006/034319 PCT/US2005/033760 13 PRRS ATP SDSU 73 30.9 11.3
7.88.899.587.291.7 Abst-111.511.98.49.40.586.791.2 MN 184

15.5 1pnp el vttt %é@a%a%%ﬁﬁ‘ B2 ek '%ﬁ?&ér%h%}%g analysis

15.9 Percent Divergence At'day 49, of virulefit isolate o

Jehas.pdmicisiried ntangsaly e groues % dnaMN 484 W@ﬁ?waég viras

diluted'in MEM + 4% FCS, such that the concentration 300 wasequal to

9930t (ﬁ&ﬁlﬂ%fsmlJME%&%@M&%@Q&%%&M%JE&@%Q MaRsethe results

plates containing three day old CL2621 cells for testing. The animals were

aaatashia Mol AadheABHaRSIe SRIOD HUAIAN QS MR Individual
Blood samples were collected from each pig in each group by vacutainer
vaBedys dffdseBees were noted and then the % sequence identity was compared between
isolates. As those of skill in the art are aware, blast searching can also be done at various
websites.  For example, the University of Minnesota provides a PRRSV database
(ccgb.umn.edu/cgi-biy/common/web_blast.cgi) that lists sequences from isolates from 1989-
2003. Another frequently used site is the NCBI BLAST hnk found at nebinhm.nib.gov/BLAST,

As shown by the percent sequence identity and the dendogram in Table 2, the virulent
field isolates are quite genetically distinct and represented a diverse group of PRRSV isolates.
In contrast, the parental and vaccine PRRSV pairs were nearly genetically identical. The
pairwise comparison and dendrogram of Table 2 were gencrated using the Lasergene software
suite of sequence analysis tools (DNASTAR, Inc, (Madison, WI)).

Table 2. Pairwise comparisons of ORFS5 nucleotide sequence of virulent and

attenuated PRRSV isolates used in the study. Percent similarity is shown in the

upper right and percent divergence is shown in the lower left of the table. The

dendrograin shows the genetic relatedness of the isolates. The bar indicates 1

nucleotide change per 100 restdues. VR2332 is the parent isolate of Ingelvac

PRRS MLV, JA 142 is the parent isolate of Ingelvac PRRS ATP and SDSU 73
is the parent isolate of Abst-1.

Percent Identity

Ingelvac Ingelvac
VR 2332 PRRS JA-142 PRRS SDSUT3  Abstl  MNIB4  17198-6
MLV ATP

VR 2332 99,7 91.0 90.5 90.0 8%.6 B6.4 90.4
Ingelvac

PRRS MLV 0.3 907 90.2 89.7 89.2 g6.4 90.0

JA-142 9.7 i1 99.2 827 9212 87.2 92.2

Ingelvac 103 107 0.8 9.9 91.4 86.4 91.4



7,15, 21, 28, 35, 42, and 49. Serum was separated from clotted whole

blood by centrifugation at 6000 RPM for 20 minutes. Serum samples

wewe thenodivided for analysis by virus isolation, TCIDSO AsSg¥rs200s/033760
guantitative reverse transcriptase-polymerase chain reaction (RT-PCR),

310 HerdChek(r) PRRS ELISA 2XR, and PRRSV protein-specific ELISA.

The serum samples in this study wereJgrocessed immediately after

collg ié’,('rfi‘ d were chilled on ice within 3 hours of being obtained, The
samples weje stored for a]r?aximu?rrg of 24 hr at 4C and atq-?OC th%rzeaftegri. ;
Serum tedidd bﬂ}?’?{T-PCF% Was frozén at -70C the day of C(%ﬁgction and
stored amtil the testing could be peédormed.at which.time only the ssumbei.2

of sarpfglga%t at %osuld be tested wijthin 24 haurs weyg, 3151 hawed, %61
extracted, and tested. WO 2006/034319 PCT1US2005/033760 14 For the
295 TCIDS @ %sgay, 1900 pl of $érum frét eacHpig was Bded ¥6 a dilufidn
tube containinge8eeEvefzEEMmM + 2%FBS+ 50 pg/ml gentamicin
(Sigma Chemical Co. St. Louis, MO) + 2.5 jig/ml Fungizone (Invitrogen
Corporation, Grand Island NY). This tube was vortexed and 100 pl was
transferred to another dilution tube contain%QOO pl of EMEMm + 3

( - 320

206 FES @BVt gemisiseaeL S igimM Rl g She i e gy o
repeate til g final dilution of 10' was gﬁed. Four.replicates for each .
SR e R R B AV TR oD P FepFehcation
cells), 100 pl per well, at 37C and 4% 2 for eight days..Each wel] th

00 SRR D ESio RO e L AR e S A S pates
using. the Reed- e(;}%% lcyla 'o,r} For vigys isolations, 100,V of, ser 4
e B R R e A T s
a;}'@g}gl%g&gv 1re%_then incubated for one hour at 37C and 4% C_:Ol. N_ext,
500 p?’o EMEM + 2% FBS + 50 pg/ml gentamycin + 2.5 pg/mi Fungizone
was added to each well. The plates were allowed to incubate at 37C with
4% CO2 for eight days and then each well was examined for CPE. To
extract viral RNA from the serum for quantitative RT-PCR, the QlAamp
Viral RNA 330 Mini-Kit'a'(Qiagen Inc. Valencia, CA) was used as

105 Heseiikadiniheddt instructions. For real-time
Blood samples were collected from each pig in each group by vacutainer on days 0, 1, 3,
7,15,21, 28, 35, 42, and 49. Scrum was separated from clotted whole blood by centrifugation
at 6000 RPM for 20 minutes. Serum samples were then divided for analysis by virus isolation,
TCID,, Assay, quantitative reverse transcriptase-polymerase chain reaction (RT-PCR),
310 HerdChek® PRRS ELISA 2XR, and PRRSV protein-specific ELISA. The serum samples in this
study were processed immediately after collection and were chilled on ice within 3 hours of being
obtained. The samples were stored fora maximum of 24 hr at 4°C and at -70°C thereafter, Serum
tested by RT-PCR was frozen at -70°C the day of collection and stored until the testing could be
performed at which time only the number of samples that could be tested within 24 hours were

315 thawed, extracted, and tested.
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PCR, a commercially available real-time, single-tube, RT-PCR assay for

the detection of U.S. PRRSV was provided by Tetracore Inc.

(Gaithershisgs MD) and used to detect PRRSV RNA, A minobgsa@aos/033760
binding (MGB) 5' nuclease probe and primers were designed from the 3'
untranslated region (UTR) PRRSV genomic region by alignment of

GenBank isolates and based 335 on cdfiserved areas of the 3'UTR primer

and probe region. The PRRSV A was transcribed in a single tube.., ..
Vbt KERCTY RO S PR i be
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h§;(¥§$ 2 g ) [}%%inlf %%1 zone’(s V1 rcy\é% %0%2’3%‘[2}% %Iﬂfétj\f\éafﬁfa?ﬁl ‘WF Oi"hls tube was

rescen ctioirwere sét for-autom the baseline
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fraction on. The therma cycler program consisted of 52C for 1800

) D%@r%’g% o IPLI00 5669705 ﬁﬂz%ﬁ%ﬁ.ﬁﬁé&é@éé%%ﬁ%& &dtil a final

ds and 72C for econds. A PCR reaction was

SRusidsrad Pesiive i dhe ryg! e fieshole (Cbn %'ﬁi\‘}i@%e@@ﬁ%%ﬁt%-%ﬂ plates,

cycles. For quantitation, known amounts of serially diluted In vitro

HARSGHRHR MR duEA (10X dis) thoayahpbx B sopiesdhiveresfbi@ight days.

generate a standard ,curve. 345 Copy/ml concentrations of the unknown
SRMRIeEMNErR AelermiradRliveaniedRpolapen afdhe (whvaluesiplolitted using
against the known concentration of the 3'UTR transcript product. Antibody
tiMaasdrenmeninkhi SAGIR ediosvereiganesated fyopesfonming dided to each of the
HerdChek(r) PRRS ELISA 2XR (INDEXX Laboratories, Westbrook, MA)
daphosdingte-the coanufagtivterinsthsctitinspliRRREN: 850 proteirdfiecific hour at
ELISA for The HerdChek(r) was, performed with recombinant isolate
ITR28R2400 ClepcafEsiy {N) aind EdfEvUttatalBBteif4 gt dnehigtinverds pe/ml
expressed in BL21 (DE3)-RP cells (Stratagene) from the plasmid pET

‘F2apiam fusiongsiatemsdontdinifi, alrasinocteoird tinelaly antf i with 4% CO,

carboxyl terminal 6x histidine tag. Denatured proteins were dialyzed in 0.1
fon cigly daglapHigoesvglaniowenics PHMIEDTA and adjusted to a

concentration of 3 mg/ml. .
To extract viral RNA from the serum for quantitative RT-PCR, the QlAamp Viral RNA

Mini-Kit®(Qiagen Inc. Valencia, CA) was used as described in the kit instructions. For real-time

. PCR, a commercially available real-time, single-tube, RT-PCR assay for the detection of U.S.

PRRSV was provided by Tetracore Inc. (Gaithersburg, MD) and used to detect PRRSV RNA.
A minor groove binding (MGB) 5’ nuclease probe and primers were designed from the 3’
untranslated region (UTR) PRRSV genomic region by alignment of GenBank isolates and based
on conserved areas of the 3’UTR primer and probe region. The PRRSV RNA was transcribed
in a single tube using a 25 W reaction volume consisting of Tetracore U.S. PRRSV Master Mix
(18.9 il Master mix, 2 il Enzyme mix 1, 0.1 ul Enzyme mix 2) and 4 pl of extracted RNA. The
reaction tubes were loaded into the Smart Cycler 11° block (Cepheid, Sunnyvale, CA) and

software settings of fluorescent detection were set for automatic calculation of the baseline with
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355 DTT was added to 300 mM and the solution was filtered through a

0.45 m membrane. Reduced protein was added into refolding buffer (100
miolisdagkpH 8.0, 0.5 M L-arginine, 8 mM oxidized glutathjQrey¥¥dz3760
EDTA, 10 M pepstatin A, 10 M leupeptin, and | mM PMSF), filtered (0.22

m) and stirred overnight. The purified protein was concentrated by

tangential flow filtration (Pellicon XL Ultracel PLC 5 kd, Millipore) and

dialyzed against 20 mM Tris HCI, 360 pH 8.0. Proteins.were analyze S
S AGHGHE A 50 AN A PR R o T B Gta R0 seconds,
solutions were stored at -80 C. Protein; ific ELIS f dby..
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buffer, pH 9.6, or with buffer alone, Plates were hlocked with WO

Fhessorsasrd P ATSHB0SIBSS78 Tv DS Rolidicdy ifilkhold (C1) level was

phasphate-buffered saline containing 0.1% Tween 20 (PBST). One 365 ,
RRaRE e o 300 BTN L B R AT BT 15 U ARG Bl foemscrp

ours, after,which, plates were washed with PBST and antibody bindi :
LS By o RO o el Wi D i corve.
oat-anti swine |1gG vy + light chains (KPL ither D). dil

fth
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J Al SR RSACHANS NS FIBRRE Wi LMARASRDALE
‘g‘{:‘{é?g%&ﬁ S%g?ésgévér% tré%@t 450 370 im. Bony Weights AI%?were
ﬂ%mqv%gp%%girst day of study) and day 49 (end of study). Pigs were
weighed on a portable electronic weigh-bar scale system Weigh-TronixTM

modek§ 18 Xlg H\WeIghs Lropl dRed FRINRABIIN mE HERRAIEMASRRS ELISA 2XR

calibrated using certified test weights prior 375 to and after each use.

SlPIERKI SRR R LR Al et GachHRis AR SeRresiYr@ctions. PRRSV

veterinarian for respiratory signs, behavior, and coughing on a scale of
poeilosfouiforeach Minitalrsigiemimabantnativagh recombinant isolate VR2332

nucleccapsid (N} and nonstructural protein 4 (nsp 4) which wér‘e expressed in BL21 (DE3)-RP
cells (Stratagehe) from the plasmid pET 24b as fusion proteins containing an amino terminal
myc-tag and a carboxyl terminal 6x histidine tag. Denatured proteins were dialyzedin 0.1 M Tris
HCI, pH 8.0, 6 M guanidine-HC], 2 mM EDTA and adjusted to a concentration of 3 mg/ml.
DTT was added to 300 mM and the solution was filtered through a 0.45 im membrane. Reduced
protein was added into refolding buffer (100 mM Tris HC), pH 8.0, 0.5 M L-arginine, 8 mM
oxidized glutathione, 2 mM EDTA, 10 pM pepstatin A, 10 uM Jeupeptin, and 1 mM PMSF),
filtered (0.22 um) and stirred overnight. The purified protein was concentrated by tangential
flow filtration (Pellicon XL Ultracel PLC 5 kd, Millipore) and dialyzed against 20 mM Tris HCI,
pH 8.0. Pioteins were analyzed on an Agilent 2100 Bioanalyzer with the Protein LabChip.
Purified protein solutions were stored at ~80 °C.

Protein-specific ELISAs were performed by coating microtiter plates with 100 ng

recombinant protein in carbonate buffer, pH 9.6, or with buffer alone. Plates were blocked with
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- testing was p

given a score of three, maximum clinical illness was a score nine and a

dead animal received a 380 score of 12. Samples from all animals that

di@ddmoﬂm&tqdy were submitted tq the Iowa' Stqte University }(@f‘?ﬁlﬂiﬁ&%ssmo

Diagnostic Laboratory for pathological examination. hrnnunohistological

et aluation of lungs A sample fo lung from each pig was fixed with formalin

on the day of necropsy for testing by imiunohistochemistry and

migroscopic.examination for lesions compatible with 385 PRRSV. This
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data were analyzed by one way ANOVA for over erences among

HRAUMe HOBIORPS Witk PRINYISS Y%;SELBQJH% differences.hg i ??R NERUBE of TMB

groups by Least Significant Difference t test. All tests fo erences
MQ%WDRH#&E@@%M?@W@TQ'g@ghé%ﬁ%nigg&@ﬁ]&ﬁﬁt\é%re read at 450
considered statistically significant at p < 0.05. 395 Some changes were

mmade to the data to facilitate correlation analyses. The Loglo TCIDSO/ml
values listed as <2.00 were set to 1.0. Negative RT-PCR values were set

tody 0Vafpdrsall RT-PCR values were normalized by transformation to log

base 10 before analysis. Control group results were not included in the
correlatibpignatyses: fedulisifo 0 éachdaigofend nenveredo tenddf study). Pigs were
approximate area under the curve using trapezoidal rule. Area under the
caigfedvas 4(G@cdipetetdoictheightire statly periad, wraam thefHe! model 615XL,
observation to day 15, and from day 15 to the last observation, although
(OVtyethérenitirnstUthrpeniod/is)s Tbwsrdte thes figlivescRasnltse M TesHSOIAERs prior

.and Log10O TCID50/rnl quantification

to and after each use.
Clinical Scores
On every day of the study each pig was scored by a veterinarian for respiratory signs,

behavior, and coughing on a scale of one to four for each clinical sign. A normal animal was

. given a score of three, maximum clinical illness was a score nine and a dead animal received a

score of 12. Samples from all animals that died in the study were submitted to the Jowa State
University Veterinary Diagnostic Laboratory for pathological examination.
Immunohistological evaluation of lungs

A sample fo lung from each pig was fixed with formalin on the day of necropsy for
testing by immunchistochemistry and microscopic examination for lesions compatible with

PRRSV. This testing was performed by the Iowa State University Veterinary Diagnostic Lab.

Statistical Analysis
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405 Before exposure on the day of infection no animals tested positive for
PRRSV. At 1 day after intranasal infection, only 13 animals in 5 groups
tested itiye for virus. However, at 3 days after infection all ghjmals

ngr§ %r@g/(%:#é%%with field isolates, except for isolate 17198-6, Werejvirus(m Bszeo
positive with mean log,OTCID50ImI values ranging from 2.1 (SDSU-73) to
3.9 (MN 184). By contrast, animals inodtlated with attenuated isolates

were uniformly negative by cell 410 culture. These results are provided in

© Fig. 1ARahikelovats BIVFERiRINGHAS B c5idg 107 Ferbmannesmeny and analysis.
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isolate 420 viruses were notrecoyered fromeserum. afiat Aay 2 8a a9y iNte Log,,

es W s :
was recgvered tom only two of the virulent field isolate groups, the

ﬁ%‘?bi”Lﬁ%ﬁ%&ﬁ#%&%d@@%%ﬁ&%mfﬂ_b'gehid@r{%@%lmim to 1.0 and
1g. early a

fﬁ/. pigs were nonviremic by vines isolation at days 42 and

%ﬁg@%ﬁ'm@sm@ Yirlent iselains Were.ebsesvedl iascanliseradanigssis. Control
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to higher titers in pigs than were the attenuated isolates. Pigs :

IRERA LD Lhenith LA alate clirBriiipugy e Tehaweld eaeryi papset converted
increase in virus replication beginning before day 3 and reaching a peak

& QVeLAKIAAI0 Sl ddyid: Alinpeaking, tapeldii 84 viresia stedliithe curve was

decreased but still maintained a significantly higher titer (t-test, p<_0.05)

hapal othenisoipiesaty daysBanthe3bstatsienitaioendayw s apb&onedainl 5 to the
all of the remaining virulent groups, namely VR2332, JA
last observation, althongh only the entire study period is shown in the figures.

. Results

Virus isolation and Log,, TCID/ml quantification

Before exposure on the day of infection no animals tested positive for PRRSV. At day
after intranasal infection, only 13 animals in 5 groups tested positive for virus. However, at 3
days after infection all animals that were infected with field isolates, except for isolate 17198-6,
were virus positive with mean log,, TCID,/ml values ranging from 2.1 (SDSU-73) to 3.9 (MN
184). By contrast, animals inoculated with attenuated isolates were uniformly negative by cell
culture. These results are provided in Fig. 1. Peak levels of viremia, from 3.6 to 4.6 log,,

TCID,y/ml were attained on day 7 for four of the five virulent isolates. Isolate 17198-6 peaked
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142, SDSU 73, and the pool (see, Fig. 1). Pigs infected with 17198-6
followed the same general 430 trend described for the MN 184 infected
greuRAvhaRLas closely. Groups of pigs administered the attepsaiedoos/ozs7eo
isolates (Ingelvac(r) PRRS MLV, Ingelvac(c) PRRS ATP, and Abst-1)
followed a different trend. They showed a moderate increase in viral titer
beginning after day 3 that reached a pé&k between.days 7 and 15 at a

o Ao LG aE 70 B 21
CT/15S200 33760 19 435 MN.184-infected graup. The titers
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second eéxposure, there is a steep increase In the viraltiters of the
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or no Increase at all. For example, Abst-1 h 0gs seven
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The other attenuated groups peaked three days after the séco
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second exposure was 1.32 logs seen three days after exposure in

MAR- WS gHRRificRtiaR Oy ReahdiMa R -REB, ey alsnPivenifo W Ingelvac®

also determined by real time RT-PCR since it was possible that 445

PRRWINTON Srledbtalls ovagnaat shesaragfgnallisalales ane Mecaussuated isolate
RT-PCR might be a more sensitive measure than growth on cells for

WHESFR e S@hewRekadidn? st e LAPOSRIrEng rat RSy shwed adifamatity two of
increase in average concentration on day | and all groups peaked above 8

the g afitdrp e enattaysupg e pbollihatdiad VNG rdgradys gs through day 35 (also
concentrations then gradually tapered off through the next several weeks,

sheachingigohcéhtrdiati phslow ddogsianhiobdainddsdsioniae dtge Aliatadt.
isolate exposure groups showed a much less dramatic increase in
conceptradibrinheivaisorbleghisdatantdapsand thephietadesgroug titbrgher titers
never reached or exceeded 7 logs/ml (Fig. 2). The concentrations

inpbigsthien Weraite atteriatad dbelebss frigsgroeqied vate the MN 184 isolate, in particular,

showed 2 very rapid increase in virus replication beginning before day 3 and reaching a peak of

over 4.5 log,, TCID,,/ml on day 7. After peaking, the MN 184 viremia steadily decreased but
still maintained a significantly higher titer (t-test, p<0.05) than all other isolates on days 28 and
35. A similar trend was observed in all of the remaining virulent groups, namely VR2332, JA
142, SDSU 73, and the pool (see, Fig. 1). Pigs infected with 17198-6 followed the same general
trend described for the MN 184 infected group but not as closely.

Groups of pigs administered the attenuated isolates (Ingelvac® PRRS MLV, Ingelvac®
PRRS ATP, and Abst-1) followed a different trend. They showed a moderate increase in viral
titer beginning after day 3 that reached a peak between days 7 and 15 at a viral titer more than

a Jog less than any of the virulent exposure groups and several orders of magnitude less than the
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maintained at fluctuating levels showing a wide range in values in the

weeks following the exposure. The fluctuations were primarily due to

spai@sisaty:high values in a single pig. The 455 three attenuamjﬁ%gg‘;gmwm

exposure groups all peaked on different days of the study. The Ingelvact’

PRRS MLV group peaked at a concentration of 4.31 logs/ml on day 28,

the Ingelvac(r) PRRS ATP group peakél at 6.58 logs/nil on day 3, and

the Abst-1 group peaked at 6.85 logs/ml on day 35, which was the hig{hest .
hen declined

2006/034319 PCT/US2005/033760 20 average concentration of the

\ﬂf[ﬁ@nW&SI]% OB EtpE Wt [IBséhved to be significantly higher 460

(P<0.0\%than the average concentr%tio of the ttenuate%llgsolate :
groups a4 BRSP4 A e SO FABR LTI SR erease
virulent isplate groups was significantly lower (RP<0.05) than that of the, .
A e RS i s B SR S e
Fig. 3, the.h ralLimmune.re ‘ SRS easured,b

?Illeglpd%f‘u% %?)%E‘@R ébéﬁ(é&%&éﬁ%%{lf%&&? f tﬁ OYB. PN df\gs éf?e? the secondl

IP ratios, showed that'the virulent isolate

- SJRORUGALRD VY S'SOER %Oﬁ%la&gié‘?ot.h?h‘%-étﬁéilgf{eg%écpg@g%e (SREH three days

on day 15. By contrast, the attenuated isolate exposure gr erages

MF%&%@@&B’@&E&QM”&%@ RIS JRMARED8IOW0 A Uik %Hﬁfﬁ JRY% e second
The Ingelvac(r) PRRS MLV and.Ingelvac(r) PRRS ATP groups showed

Siive FasyIt RRdavndfrbuihiRe Mk GRaLRdid noi show an average

S/P ratio over 0.4 until day 42. 470 In comparing the humoral response of

ey Rsdnigete yithpdrptentigolater or the pool to groups inoculated with
attenuated isolates, it was clear that the kinetics and magnitude of the

antibogy ERSPONESTHAGASS06 iddagnvitik therlay ehRIRITEPTR, pajdiaulat!Yossible that
between 14 and 35 days after infection. This observation is further
suppostediyg thedorelatinnbetnedor vilessiade velsb @anckhRMEER might be a more
antibody responses determined bypaired comparisons ofHerdChek(r)

SPRRS FeSueAR MR B (R caliootovisithar visuditraitidiieo?, RiftRARxFeigse groups

4 and 5 show that the humoral antibody response is closely associated
shvitiedicadioaetioeertaee antine Rigrdsepeivd tiwitra doriedatiel groups peaked above 8

fogs/ml between days 7 and 15. The virulent exposure group concentrations then gradually
tapered off through the next several weeks, reaching concentrations below 4 logs/ml by day 49,

The attenuated isolate exposure groups showed a much less dramatic increase in
concentration that also began around day 1 and the average group titer never reached or exceeded
7 logs/ml (Fig. 2). The concentrations observed for the attenuated exposure groups were
maintained at fluctuating levels showing a wide range in values in the weeks following the
exposure, The fluctuations were primarily due to sporadically high values in a single pig. The
three attenuated isolate exposure groups all peaked on different days of the study. The Ingelvac®
PRRS MLV group peaked at a concentration of 4.31 lfogs/ml on day 28, the Ingelvac® PRRS
ATP group peaked at 6.58 logs/ml on day 3, and the Abst-1 group peaked at 6.85 logs/ml on day

35, which was the highest titer achieved by an attenuated isolate (Fig. 2). Additionally, the
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coefficient 1=0.858 for virus titration and r=0.794 for RT-PCR. These
associations were highly significant (p<0.0001 in each case). Moreover,
atieBuaigesisates show low antibody responses and viral loggs, 01000
whereas virulent isolates show high responses. 480

PRRSVProtein-Specific ELISA To gain additional insight into the

relationship between differences in PRR&V inocula and humoral immune
responses, the antibody titers against N, the major structural protein, and
R SDEBIEIAT RO PE IR St /DS e 8 PP e e chpresddnthe BErAR#HE bigher |
nonstructural protease, were determined. Fig. 6a illustrates that the '
{tinedics GrirBeficTBet At SN aG B RLpbISE! Hele arRp et tisat Apd 15, but

all groups of pigs, with 485 a peak titer on day.28 followed by a shar
R R o e S A i

se. slightl tween days 42 and 49. The magnitude of the response for
@%&ﬁ?ﬂg%ﬁe’tﬁe‘%gfgﬁ%, HFP(%a%ﬁ%a{S EiSFRMe  HerdChek(r) PRRS ELISA
)gﬂgcri?e% 13 %f%n/f tent with the levels of viremia. The lowest peak
ite ay

rs at were observed in the groups inoculated with attenuated

isolategs %FQV}Q%’\? % hi.ghﬁ_‘set H%ogglsi%%%ﬁg dré@ﬁﬁi%% i{?)fel%%wt.gstrr]r?e sured by ,'

highly virulent M isolate. y e an titer was equivalent in

AL-gEauRE PRGaPHiosMEB4 Andihe pagl.s4dgesing %tlﬁglaﬁ‘é‘%%;@tm group

response to MN 184 may be qualitatively different. Additionally, on

RS RYMVELL S SRy AP IRl QL NEER M BTVES, YOIER IS IEHECIRd dRenuated

the increased standard error at day 49 in the MN 184 group. 495 As
i%%@xg\}f{sﬁﬂg Rpthergs 1RIPANR6 10 RaRIfNYESAURRRNIANIREISKRNE until after

than to N. No anti-nsp 4 antibody was detected before day 21, the overall

dBEPONER: WaSHRAUS PR KT Ve Nk SR PRI 2SIORAN aBoRIBEESH 18 results
the groups receiving Ingelvac(r) PRRS MLV and Abst-I. Moreover, the

omagnisideahinebanti-AspATESPONSE, WaAS R RISPGaTe dvaith davel aky 42.
viremia. The responses to VR 2332, JA 142, MN 184, and the pool were

all eqiivalmptrinitiha lpesicardayE0 0280 dpi dwedebywaldeelira: aotiays 35 the pool
then rising again at day 42, whereas the magnitude, time
to groups inoculated with attenuated isolates, it was clear that the kinetics an‘d magnitude of the
antibody response was associated with the level of vireniia, particularly between 14 and 35 days
after infection. This observation is further supported by the correlation between viremia levels
and humoral antibody responses determined by paired comparisons of HerdChek® PRRS ELISA
2XR S/P ratios to either virus titration or RT-PCR. Figs. 4 and 3 show that the humoral antibody
response is closely associated with viral load over the entire study period with a correlation
coefficient r=0.838 for virus titrgtion and r=0.794 for RT-PCR. These associations were highly
significant (p<0.0001 in each case). Moreover, attenuated isolates show low antibody responses
and viral loads, whereas virulent isolates show high responses.
PRRSV Protein-Specific ELISA

- To gain additional insight into the relationship between differences in PRRSYV inocula

and humoral imnune responses, the antibody titers against N, the major structoral protein, and
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course and duration of viremia varied among these four groups. Fig. 7
illustrates that when examining the repeated measures analysis, data for

the nsp 4 ELISA compared to the Log,, TCIDsdml data, it can be seen
thg‘f(%h;é%ﬂ%tﬁg correlation between level of viremia and nsp 4 PrAoyR/0s3760
antibody response. There was also very little secondary response

following the second 505 exposure on giay 49 to isolate MN 184. Body
weight WO 2006/034319 PCT/US2005/033760 22 There was no

 sigrifivansdiifid ten cerior thesrectral gigitast. arsycofathargrotipBip falidyporges that the

the experiment (P = 0.099). On day 49 pigs inoculated with the attenuated '
Tsodtite At intiaektheidiaig haldemessnanedgireenerely ilerisa infblasayps of pigs, with
higher then all other groups except for the control 510 group (Table 3).

apsek Gietieny 49 26 heesd Wveighesrofesting dnhe Ratiddhdnscpssundich the levels
groups except for the'17198-6 group were significantly lower than the
werrprigienpd(Tanis ishthesiesn \%‘é@‘fﬁé"ﬁ?fﬁe attenuated isolate

exposure groups Ingelvac(r) PRRS MLV and Ingelvac(r), PRRS ATP

d. .
the conti SR ErEl Ui SFEAIy e ARt HRIS), SpHor g dhat Tound in the
A Body Weights, Isolate D Day 49 VR 2332 6.38' 33,5 .

RS S I SR D e R TR R oo roves
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highest titer was attained in pigs infected with the highly virulent MN 184 isolate. By day 49 the
anti-N titer was equivalent in all groups except for MN 184 and the pool, suggesting that the
humoral response to MN 184 may be qualitatively different. Additionally, only 5 pigs survived

to day 49 in each of these two groups, which is reflected in the increased standard error at day

'49 in the MN 184 group.

As shown by Fig. 6b, the IgG response to nsp 4 was substantially different than to N. No
anti-nsp 4 antibody was detected before day 21, the overall response was much weaker, and no

significant response was detected in the groups receiving Ingelvac® PRRS MLV and Abst-1.

. Moreover, the magnitude of the anti-nsp 4 response was not associated with level of viremia.

The responses to VR 2332, JA 142, MN 184, and the pool were all equivalent, with a peak at day
28, followed by a decline at day 35, then rising again at day 42, whereas the magnitude, time
course and duration of viremia varied among these four groups. Fig. 7 illustrates that when
examining the repeated measures analysis, data for the nsp 4 ELISA compared to the Log,,
TCID,,/ml data, it can be seen that there is no correlation between level of viremia and nsp 4
humoral antibody response. There was also very little secondary response following the second
exposure on day 49 to isolate MN 184.

Body weight
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Control 6.48 38.4* Weights are in kg. There were no significant
differences in mean wt at day 0. * Indicates statistically equivalent

Weighisoat3eng these groups on day 49. ** Pool was a mixtureeqaiRiRGs37co
all eight isolates. 530 'Significantly greater than all groups except the

Control group (ps0.05). "Significantly less than the Control group.

Significantly less than all other groups. 2€linical Scores 535 Increases in

averagl_e clinical scores_ were observed in only four of the virulent exposure

groups: IS 145 ne SENfivantitferene AP iB B IIC R Mg dhesanes o day 0 of
were maintained WO 2006/034319 PCT/ 3760 23 throughqut

S2005/0
S REHPIM e TP SRRy é‘&%séf’%‘l%*\?n i Eienadta%@ﬁﬁ@afe&w Abst-1 had the
, had ially n | ¢linjcal s he d i f
R R Bl L e B e e e e AR Ry he contro
b in,thi d h ' imals died in 540
GonE LB ITA R O SEPHErehtRIeh Bl IRIREPARCICHAR Shdture groups
X 179) M i 4 R 233 )
R e R b R S el R B, tne
Angelvacin RRIRS AR O/ /A &@%@&ﬁ%@@?ﬂ%%%e&and Ingelvac®

Abst-1 0710 N/A' 7 MN 1 84 5110 = 50% 23,4] 817198-6°
FUES NA and the control group were statistically equivalent (Table 3).

Table 3. Average Body Weights.

Isolate Day 0 Day 49
VR 2332 6.38! 33.5°
Ingelvac® PRRS MLV 656 346"
JA 142 6.42 3270
lnge!ve;c@) PRRS ATP 6.24 | 35.0%
SDSU-73 6.59 32.9b
Abst-1 6.69 39.4°
MN 184 6.73 23.7°
17198-6 6.36 34.5%
Pool** 6.51 23,0¢
Control 6.48 38.4*

' Weights are in kg. There were no significant differences in mean wt at day 0.
* Indicates statistically equivalent weights ameng these groups on day 49,

** Pool was a mixture containing all eight isolates.

* Significantly greater than all groups except the Control group (ps0.05).

b Significantly Jess than the Control group.

* Significantly less than all other groups.

Clinical Scores

Increases in average clinical scores were observed in only four of the virulent exposure

groups: JA 142, SDSU 73, MN 184, and the Pool. These higher scores were maintained
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Q Pool" 5/10=50% 12,16,17,21,21 10 Controls 2/10* 41,49 555

Attenuated PRRSV 0/30 = 0% Virulent PRRSV 13/60 = 22% All deaths in
treatment groups were attributed to moderate or severe non-suppurative
in¥EEBMEIMmonia due to PRRSV with secondary bacterialpﬁﬁé% FO 033760
560 * Deaths attributed to bacterial pneumonia with no PRRS

involvement. Pool was a mixture contagning all eight isolates. The severity

of clinical disease was highly associated with viral load (p<0.001 for virus _
irationL A% ShayRNIEige Brthmolinicalscowy varsighbatdoae cxposures, had -
groups infected 565 with MN 184 and the Pool. Fifty percent of the pigs in
eashignyup et anchlits:tifmtiordindicatetrnstugie IBverdy IRt RGRSG/Achanges
substantially higher than for all other groups. The differences in viral loaq .. ..
asiiieterminedityaRiERE Fhvvere] lngbiprirE 9 (TS AY BAEs grgnals died in
WO 2006/034319 PCT/US2005/033760 24 correlation of clinical signs
Withsyireibled tddaynRTit ROR Wadlkeds than with virus titration (r=0.556

versus r=0.803, respectively). The clinical scores in group 10 (Control)

increased after the death 570 of two pigs from bacterial pneumonia. Both

pigs were shown tO?&EI}Rﬁ}{@gg%@%@gﬂg}@%'@ochemical staining
; .

of lung tissue, negative virus isolation and real-time PCR analyses, and

the complete lack of sefgganversion by HerdGhekkn PRRS ELISRadXE¥ Death(s)
protein-"specific ELISA. Later findings indicated that various bacterial
pathogens were present in animals that died éjnexpectedly durinﬂfkhe

study these deaths werdlikely attributed to secondary bacterial 575

infection (Table 5). Tableed@HRRS MM ortalit) Hiter Exposure Pid"# Grout)

Cause of-Death Day ofjReath 1710 = 10% 17

4 ngelvac® PRRS ATP 0/10 N/A

5 SDSU 73 2/10 = 20% 9,23

6 Abst-] _ 0110 - N/A

7 MN 184 5/10=50% 14, 14, 17, 23,41

8 17198-6 0710 N/A

9 Pool** 5/10 = 50% 12,16,17,21,21

10 Controls 2110 41.48
Attenuated PRRSV 0/30 = 0%
Virulent PRRSV 13/60 = 22%

All deaths in treatment groups were attributed to moderate or severe non-suppurative interstitial pneumonia due

to PRRSV with secondary bacterial infection.
* Deaths attributed to bacterial pneumonia with no PRRS involvement.

** Pool was a mixture containing all eight isolates.

The severity of clinical disease wés highly associated with viral load (p<0.001
for virus titration). As shown in Fig. 8, the clinical scores were highest for the groups infected
with MIN }l84 and the Pool. Fifty percent of the pigs in each group died, and virus titration
indicated that the level of infection was substantially higher than for all other groups. The

differences in viral load as determined by RT-PCR were less marked (data not shown) and the
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993 JA 142 PRRS & Streptococcus suis 17 580 948 Neg Control
Arcanobacterhon pyogenes & Pasteurella mu/tocida 41 983 Neg Control
AvpyeaRnes:f P. ntultocida 48 922 SDSU 73 PRRS and bacigiahsons/osszeo
pneuntonia* 9 918 SDSU 73 PRRS and Escherichia co/i 23 973 MN 184
PRRS and Actinobacillus suis 14 585 992 MN 184 PRRS and A. suis 14

980 MN 184 PRRS and E.coli 17 971 MN 184 PRRS and E.coli 23 958

MN 184 PRRS and E.coli 41 976 Pool PRRS and A. suis 12 590 970

. PoslairrEchnigalsenswihdradirady i PRES il lanavith vogstipglign (=0.356

PRRS and S. suis 21 969 Pool PRRS and A. pyogenes 21 * T
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listed. WO 2006/034319 PCT/US2005/033760 25 595
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that died unexpectedly during the study these deaths were likely attributed to secondary bacterial

infection (Table 5).

Table 5. Cause of Mortality after E.xposure

Pic & Group Cause of Death Dav of Degth
093 JA 142 PRRS & Streptococcus suis 17
048 Neg Control Arcancbacterium pyogenes & Pastenrella nitocida 43
983 Neg Control A. pyogenes & P, mulrocida 48
922 SDSU 73 PRRS and bacterial pneumonia* ' 9
918 SDSU 73 PRRS and Escherichia coli 23
L MN 184 PRRS and Actinobacitlus suis .14
992 MN 184 PRRS and 4. suis 14
930 MN 184 PRRS and E.coli 17
971 MN 184 PRRS and E.coli 23
958 MN 184 PRRS and E.coli 41
976 Pool PRRS and 4. suis 12
970 Pool PRRS and V §. suis 16
972 Pool PRRS and & suis 17
9935 Pool PRRS and S. suis 21
959 Pool PRRS and A. pyogenes 21

* The diagnostic report indicated “bacterial pneumonia” with no specific agent listed. .
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* = Significant at p < 0.05 605 Discussion One objective ofthis example

was to examine various PRRSYV isolates with known levels of virulence to
determir@iiiivere was a relationship with in vivo replication that-¢aigsh®asso
used to predict the virulence of PRRSV isolates without the necessity of
performing controlled challenge experiments. Additionally, it was of

interest to determine the relationship béfween 610 isolate virulence, levels

nd tpe h}.zjfmoralg;?tibody response. Finally, it may be of

f viremia,
ﬁ’f 3’?’53?%0@&%%%”%3&%’@ Y&ist the PRRSYV isolates that are found to

be virulent,using.the m ds of th t inventjon. It would be a goal

o nave S B B T S S S vms ver
irulent i : ver, such cross:effectiveness may, not be univer,
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identifying prime candidates for vaccine development. In order fo Pes?

PRRSYV isolates under the same conditions it was necessary to use

dosages oflicensed vaccines that were below the minimum immunizing

dogafisteoigharimichdbs U SRAaMAHalwese not representative of a

commercial dose. Also, the intranasal route of'WO 2006/034319

PCTI{&RZaUR/033(EIR Rieda20 dAMMmI AN ORPY Mk v yaccines used in

the stpgty was notpnéaccordandeswith thekdsdaf: Tabel and was only used

to mimic a more natural exposure. The typical commercial dose of the

maoifieficePrms PaZines (Ingelvac PRRS and Ingelvac PRRS ATP) is

much higher than what was used in this experimental trial. These

experimentally low doses of modified live PRRS vaccine do not represent

the actual product dosage and form used in the field and readily explains

S¥&8eported serological response. Using a commercial dose of

vaccine, serolq icafﬂt)iters as measured via the IDEXX assay would be

detect RSP RL PL FHR 0 SRS B A BT Y Aeeiy e e pfen fevels

erol%%i:ca}lorgggonse. gs delag/ed nd lower. This was to be

ol virulence mmine if there was a relationship with in vivo re:pllcr:lt:ecg(r[3 t?lg;[%g{lld be used
to predict the virulence of PRRSV isolates without the necessity of performing controlled
challenge experiments. Additionally, it was of interest to determine the relationship between
isolate virulence, levels of viremia, and the humoral antibody response. Finally, it may be of
interest to develop vaccines against the PRRSV isolates that are found to be ﬁimlent using the
methods of the present invention. It would be a goal to have such vaccines provide some degree
of protection against other virulent isolates; however, such cross-effectiveness may not be
umversal for all PRRSV isolates and further testing would be required. However, it is clear that
the present invention provides an effective tool for .idemif'ying prime candidates for vaccine
developmeiat.

In order to test PRRSV isolates under the same conditions it was necessary to use dosages

of licensed vaccines that were below the minimum immunizing dose established with the USDA

and that were not representative of a commercial dose. Also, the intranasal route of
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but was done to insure consistency of titer administration between groups
and to facilitate the analysis and comparison between virulent and
aganuRigsisplates. Although not specifically 630 addressed ig¢higis200s/033760
Example, the effect of dose is likely much more significant for an

attenuated or less virulent virus than |t is for a virulent field virus that can
quickly grow in and be recovered at ot 4 logs/ml in pig serum within 3 7
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mortality in groups that received isolate MN 184, and anti-nucfeocapsid
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mortality in groups challenged with highly virulent isolates would have

vﬁemwmae%mﬁiﬁtﬂu@m@eﬁmf R s ARJIP AR RMRHSIRIYAIRS ATadily explains
shown no difference in clinical signs and viremia in young pigs 640 :

gRacylted with BRRSM iselate ViRR 333:36dRs 8108 L OH foctt3 « @b sical titers as
101.2 TCID50 per animal. Both the Log10 TCID50/ml and real time
RIsh&Reawtpshovadibhatsheivieenmiaciavelsyvasy significanthiament titers of
groups following PRRSV exposure. This indicates that the growth rate of
apREREVAIELBgSeS thiphetpypit ehssasiensdelafdhanmitosdn dapendenttefexpected,
possible variation WO 2006/034319 PCT/US2005/033760 27 in pig :
bausee @tibility itsinfectianteheadifition: datiaitiation ofitweRR S\py adhptdiiolitate the
to growth on 645 CL2621 cells reduced not only its ability to grow in pigs,
alnlysitendd:thekinet Cstokvirafirnépiicationtemthat pehilevirértlaagtuntegaifically
later times. A similar observation was also made by Chang et al. (2002),
aggesssiagwtias tRearenlentle lnfiietd péeitsd O el wultlirepasgafecofttiy an attenuated

- moderately virulent PRRSV isolate VR 2332 reduced viral growth in pigs

oplées dandgeiorisigthfich itiprae EnrntSigd XA thphran dwwdy eroy Hegagbg recovered
time to peak viremia is not diagnostic 650 for in vitro cell culture gassage
2bPYSF AtteatENOR, RiBESTHE MYHIY Vird Ensistiateresros-Ehndy shsotpermnended

delayed time to peak viremia.
intramuscular commercial dose gives HerdChek® PRRS ELISA 2XR S/P ratios above the 0.4

cutoff by 14 days post vaccination which is one-half the amount of time observed for the doses

. used in this study (Roof et al., 2003). The nominal dose used in this study, 2 x 10* TCID,, per

animal, caused 50% mortality in groups that received isolate MN 184, and anti-nucleocapsid
responses in all groups. Higher doses were not tested since excessive mortality in groups
challenged with highly virulent isolates would have compromised the study objectives. In
addition, previous studies had shown no difference in clinical si.gns and viremia in young pigs
inoculated with PRRSV isolate VR2332 at doses of 10%?, 10°Z and 10*? TCID,, per animal.
Both the Log,, TCID,,/ml and real time RT-PCR results showed that the viremia levels
vary significantly among groups following PRRSV exposure. This indicates that the growth rate

of PRRSV in pigé is a phenotypic characteristic of the virus independent of possible variation
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Overall, virulent isolates showed substantially higher viremia levels in
serum than did attenuated isolates at equivalent doses of inoculation. For

e@@%%gg%gighest observed virus titer in any of the attenuglgggolat@s37s0

exposure groups was 1.22 logs on day 15 in pigs given 655 Ingelvac(r)
PRRS ATP, whereas the lowest titer of any virulent group on day 15 was
2.40 logs in the SDSU 73 group. The p&ak ofviremia at days 3-7 and the

levels of virys detected (all >3.5_ lags/ml) was, hi istent amon
\ﬂrﬂl%?ﬂ%ﬁ??é‘%ﬂié%lﬁf%“é%%o%‘?‘f@%‘h ﬂﬁé@%mﬁt%{a s o growth on
itud d duration, with virus tit till t on days d3 :
CH 55 & Tt aabinst A e P s et R It of vrel
a substanti higher. titer 660 in vi atten r lowly virul
R P B A R mace vy

Vﬁvﬁ%’q‘_%% ea;?gég%i%%nsﬁ%v@&pt YeAV%[} r@‘ﬁrﬁiéﬁ f{é\%(g E%E!?l PN passage of the

P aynes et al. 1997). The groups showed a wide

M%%%%Xt&&p&fﬁﬁ&%o?}{f?ﬂ theisecend 2¥posuR MR e MM 84 isQlatgd delayed

For example, there was no virus detected in the MN 184 or pool group,

%%H?fﬁgﬁ\f G0 tecely e ing M. 1 B ireiata Hidgly ith SRH D& $66Rit8hot diagnostic
S

t-1 665 confers very little protection following exposure to MN 184.

fheseipbsenations e bs diditvedheisoneaR!hai omalaratiolate 17198-6 also

exposure confers more protection than does heterologous exposure. WO

JNHOIHBLIR GRAISRAN5/R33TH0 28 The homologous virulent exposure

was more protective and the heterologous virulent exposure was less
protectiverhutstillomaselnee ectivel thastshtalisteiegdusmadtendatecerum than did
exposure. The real time RT-PCR results were statistically very similar to
therbagl0ilCias0/ saliGalént elesittso fiiskcalingith &bbethnmiet ek ghesisisrved virus
relative levels of infectious virus among groups. The Pearson correlation
tuefiicient dfofwettartngeR BROCReapoh o I FOIRS O2irbdaygy datdSwaPigs given
0.89 and for the average real time RT-PCR and Logt, TCID50/ml results

nasl ;:88 PRIS AdRcemtmto he usstdistepiinsdibyssarameordapBRvas 2.40 logs
may have been several orders of magnitude higher than log10 TCID50/ml

ieileeSSUSE sraipe Buorpskip1ikemip difers Ackend dhe saploriy s detected (all >3.5

frequency of viral particles containing the tagget amplicon a{lﬁq\]particles, )
tper e ranhighly consistent among virulent PRRSV isolates, though MN 184 was significantly

greater in its magnitude and duration, with virus titers still present on days 28 and 35, This
supports the concept that highly virulent PRRSV isolates replicate to a substantially higher titer
i vivo than do attenuated or lowly virulent isolates, but they do not establish a direct quantitative
relationship between level of virulence and level or rate of in vivo growth among wild-type
PRRSV (Haynes et al. 1997). The groups showed a wide variety of protection from the second
exposure with the MN 184 isolate. For example, there was no virus detected in the MN 184 or
pool group, both of which received the MN 184 isolate initially. It can be seen that Abst-1
confers very little protection following exposure to MN 184. These observations farther solidify

the concept that homologous exposure confers more protection than does heterologous exposure.
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infectious on CL2621 cells, and the presence of neutralizing antibodies
that could lower infectivity (Dianzani et al., 2002), However, neutralizing
antipomlycasumikely to account for the difference, because it WasoRsR6YR85760
at all time points, including times before which an.anti- PRRSV antibody
response had been produced. 680 The copies/ml values determined by
real-time PCR were higher than the infétious titer values measured in

Il culture by TCI 5{)/m|. This is because a standard curve based.on the
s B S e S R B e R R R posare
ey ampliies 8, 9anamic seaue0ee:oh e MR IR AN 0P Rosure.
INfectious virions. Biologic assays such as cell culturé do measure the

presengg QLINTREINY.PRAVEYES, hEX ’R%BE’&I?UQ&%&MP & HIEGIRUSTCID, /mI

685 particles present in a preparation. Factors that could affect the

QI OHG L SHE AR GRIRIHIYFR 1 SROAIRAS ARG Y MR- ARHRQSIESamong groups.

which may neutralize virus, have been observed in other studies,

HRdesesimasing. s amadRbLIeeiQUs NTUSCReAAU! ;$i rABIDRPHRY Mdata was

sera. Alternatively, some non-infectious or replication-defective virus may
heopsageRt wich waiddeaitatiactepchy Mahes OmenupRergsWOwas 0.88. The
2006/03431.9 PCT/US2005/033760 29 690 hi general, the ELISA
ahsanations,supp akhsisaneepicthaithe Mapotude oiie Bugai@leral orders of
immune response is related to the level of viral replication during acute
infggtia. hibher thranthbdpdicieshinvkigs Brapckiltesisaicadhitrgtififonrabip between
A slower and less intense humoral immune response was triggered by
ttheforilaiusé attd uatietty cosdsotaiabe dreceampliasiandnemidee that are fully
intense Immoral immune response was triggered by the virulent isolates.
ihrfieaticlitiomt i 86 B et hserd atio s aise d e ongidisth antibédast teo could lower
factors, isolate type and infectious dose, impact relative S/P ratio values

lifettey icid@imek(Dt PR RO T LB 2XRNAIbaY!s thdeiySyentiselydo sheswnt for the

_in Fig. 3 indicate a clear positive or negative average group response, it is

diprsremtrsapstél thiasvasanriy oG I MGy BIcki Mg mSobsBIsigdiich an. anti-
within attenuated virus groups were positive before day 21, and some

FRES Y teboruremaprsiipe besnancdicstgative up to day 21.

The COpieS/m} values determined by real-time PCR were higher than the infectious titer

values measured in cell culture by TCID,/ml. This is because a standard curve based on the

_ copies of genome of the virus is routinely used for quantitative PCR which directly amplifies a

genomic sequence of the virus rather than known infectious virions. Biologic assays such as cell
culture do measure the presence of infectivity, however, they may not count all of the infectious
particles present in a preparation. Factors that could affect the infectious titer such as cell culture
conditions and in vivo antibodies, which may neutralize virus, have been observed in other
studies, underestimating the amount of infectious virus measured in TCID;y/ml in sera.

Alternatively, some non-infectious or replication-defective virus may be present which would

be reflected by higher copy numbers.
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700 Analysis of specific antibody responses to N and nsp 4 show that
immune responses to PRRSV vary in intensity independently of the
inQeyhatingsispdate. Antibody responses to the N protein in aniggls;thakm33760
were inoculated with the highly virulent isolates MN 184 and JA 142

showed a trend similar to that of all the isolates but to a higher magnitude.
Pigs inoculated with MN 184 and JAI 42%also had the highest viral titers,

as shown in Figs. | and 2. This indicates 705 that the level of humoral

- immun FEBRES b eRasa o BRBSAr ERRFR S R s KR the bumoral

measured by viral t| er. Inteﬁ[b tln%Iy the ilme course of response was th he trend
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all of the isolates la tter]}J tﬁd an vnrul t .The t| e course of
re ONSe WHS trigoere ¢ celi-culture cniale lfl‘%lﬁISD tes wihcreas a faster and more
I-nsp 4 response was equivalent in all of the groups déspite
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the anti-N antibody response. All pi ad low anti-nsp 4 responses as

SROWRIRLE s of d MEh AA0ONR B LG L A2 2Q0RINAR (92 8 hR&3Gus dose, impact

observations indicate that some of the PRRSV proteinis elicit a more

TORNRE JESRABSE ARG RASH MRS B R IBHICSI AL SIPOSUILISA results

isolate virulence. However, the 715 observations also indicate that the

INAGNiER of thadmmunas ﬁ§ﬂ90§8rtﬁe§3€wgﬁ%zﬂ’§@’g=}86}9ﬁé§iﬁbﬂ@tﬁ iRSHortant to
likely related to the virulence of the exposure isolate, or the ability of the ,

nSejatke Jariseplioatadnsivavidaisaimpesshig:that diierercamicantinegibups were
response might be due simply to genetic differences among isolates that
pesullibedifietancesdniantigenis reaetivityisuchdbgd rantihediegdikecipd day 21.
against N and nsp 4 of other isolates do not react or react poorly to the

720 recohbinaftprofeinstibegressedifeom Halate:pRAB3Z thatimeneme segonses to
to coat the ELISA plates. However, several lines of evidence suggest that

'RR& $Yseryeuiviéeicnivdspimdntilyodyheieiatetiegisanmuaotigitatisponses to the N

relevant responses. Isolate MN 184 shows the greatest genetic difference
Hrgimn VR2382s dbatierarnineddtsd ORI Bedugipansoist yatlhias M highast JA 142

anti-N antibody response.
showed a trend similar o that of all the isolates but to a higher magnitude. Pigs inoculated with

MN 184 and JA142 also had the highest viral titers, as shown in Figs. ! and 2, This indicates

. that the level of humoral immune response may be related to the viral load in acute infection as

measured by viral titer. Interestingly, the time course of response was the same in all groups,
even though the time to peak titer was delayed for highly virulent isolate 17198-6 and the
attenvated isolates. The nsp 4 antibody response, by contrast, was low at all of the time points
and for all of the isolates, both attenuated and virulent. The time course of anti-nsp 4 response
was equivalent in all of the groups despite differences in the time to peak viral load among
groups, as observed for the anti-N antibody response. Al pigs had low anti-nsp 4 responses as

shown in Fig. 7.
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Kapur et al. (1996) showed previously that relative differences among
PRRSV isolates in one 725 open reading frame are also present in other

open reading frames. Additionally, individual proteins contain co
aNProMeddtrved regions (e.g. Kapur et al., 1996) and extengf\j/%e]gggxg%%sﬂm
immunogenic reactivity may be directed toward the conserved epitopes
(Ostrowski et al., 2002). Nevertheless JgLISA results based on antibody
reactions with purified PRRSV proteins may be affected by genetic and

antigepig.yaaipn.and theseetegtsome sifubcBRHNRT edoBisfotdiviy pfrore robust -
730 recombinant proteins was performed, but no differences were ‘
QbssREgheMarRR EhinApigies: contdtbwith mpnsefoldelitor infsited However, the
proteins. It was noted that at approximately 4 to 5 weeks after inoculation, .
gotelativaly dregadiiany aastimipeimdtibOdy opmesestonsste themprgmuposenic
nsp 4 proteins occurred. A similar peak of |to 2 weeks followed by a =~ .
gorling ieTiaolhetiyerbadivityrweassprévhsusipoiste eyt mcsdha ahilifgsf (he isolate to
(2002) for GP5, the major envelope glycoprotein. Taken together, these . vt
apsesations sligdesis tostibheshaisfifasads IRGRIGAY VisRPRIBRRIARE hRefs simply o
does not represent the full picture of the pig's WO 20061034319 . b that
RGTHL G2R0RES3TEMohinihe resyb i@ G RIS Y et it Al ,
immune response as measured by the HerdChek(r) PRRS ELISA 2%(Roorl to the
suidiot shrevred sl Neaansiane fealicdiestrlaty FORVIEy - REJGEed ™™
growth and mortality were the key correlates of virulence and viral in wi
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exposure groups most likely reflectegaa difference in.the ability ofa 1 1cvels reflect
HRResyy sk lgaq%ﬁ?eé%nﬁ Jegesi Sérxhierencem 1%[?0 y levelsrefle

h%eo SETVE ﬁl
uce a more severe illness in the

pig. These observations are consistent wj reviouslv r
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daily weight gain_ (T 2003). The clinj ol anime onse
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edta creases shortly after the

inoculationgﬁgg{eesgség S eVioTS %WH%%IQQV%WA%%%@??@WEOiates in one

Krreruehal XP0sUre animais. This increase in clinical signs was

proteins contain conserved and nonconserved regions (e.g. Kapur et al., 1996) and extensive
immunogenic reactivity may be directed toward the conserved epitopes (Ostrowski et al., 2002).
Nevertheless, ELISA results based on antibody reactions with purified PRRSV proteins may be
affected by genetic and antigenic variation, and these effects must be considered. Refolding of
recombinant proteins was performed, but 1o differences were observed between ELISA plates
coated with nonrefolded or refolded protems.

It was noted that at approximately 4 to 5 weeks after inoculation, a relatively large
decrease in the antibody response to both the N and nsp 4 proteins occurred. A similar peak of
1 to 2 weeks followed by a decline of antibody reactivity was previously noted by Foss et al.

(2002) for GP5, the major envelope glycoprotein. Taken together, these observations suggest

that the response to individual viral proteins likely does not represent the fusll picture of the pig’s
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184, SDSU 73, and JA 142, respectively. In contrast, the attenuated
exposure groups incurred no deaths. The relationship between rapid viral
gravsthv@ndadiral pathogenesis under the same 750 conditions f-vik&doas/a33760
exposure were most evident in comparing the groups exposed to MN 184
and Abst-1. The inoculation titers were virtually the same, 4.10 logs/nil

and 4.18 logs/ml, respectively, and yet3&s indicated in Fig. 8, there were
remarkable differences in the way the two isolates affected pigs. The
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clinical signs. By contrast, the MN 184 isolate replicated to extremely high
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same as an Infection with't gsmge Isolate having the highest growth - ,
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differences between virulent and attenuat V isolates s

RORSe IRtatpRshin hetwesn thevirienss of a0 is/ale,aRtiisImVRy weight gain

growth and replication. When administered at equivalent doses in pigs,

{hadmare sy entdsolaies siew LOghRal s, Hiers AN RdBERnowed rapid

concentrations that are exponentially higher than the attenuated isolates. ‘
iﬁ’&i@a?&@%fﬂiﬂiﬂe&&ﬂ%&%%?%%ﬁi{%i@ﬁﬂ&’rﬁﬂéﬁf?%@ EAMRA the scores of the
immune response. The virulent isolates negatively affect weight gain and
dfichiaeNighs Aealld ains AN MM IecaNe s AiNiGAlaigNs a5 0erRIaIaddebserved
the attenuated isolates. In conclusion, the example and tests in the :
dereseindsapicationsnaic aethahatizldaiedyanste dralpntd RSP RIBIRSates MN
induce remarkably different clinical signs, as well as immune responses

1B70SIh&Udisemih iatessityspootsadifferences, ahe attrbetetigpdeaapilitpofcurred

the virus to replicate in vivo, a phenotypic characteristic that can be
nméeturediguahtitatibghbatveerunpsbynplescaritl mdyiral pathogenesis under the same

conditions of viral exposure were most evident in comparing the groups exposed to MN 184 and

Abst-1. The inoculation titers were virtually the same, 4.10 logs/ml and 4.18 logs/ml,

. respectively, and vet, as indicated in FFig. 8, there were remarkable differences in the way the two

isolates affected pigs. The Abst-1 isolate was nearly inert, it hardly replicated in vivo and caused
no clinical signs. By contrast, the MN 184 isolate replicated to extremely high titers in vivo and
caused severe clinical signs, resulting in the death of 50% of exposed animals. Also notable, the
group of pigs exposed to the pool of all virus isolates showed about the same virological, clinical,
and immunological responses as pigs exposed to MN 184. This finding indicates that the most
rapidly replicating virus in a mixed infection is likely to outcompete other isolates so that the net

result is essentially the same as an infection with the single isolate having the highest growth

potential.
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be developed for predicting the virulence of PRRSV isolates. EXAMPLE 2
775 This example provides several methods of attenuating PRRS isolates

asywyellgasiyeyr inclusion in immunogenic compositions. Mategalsw@nshsozazeo
Methods: A vaccine preparation is formulated incorporating a modified or
attenuated live virus for the 780 immunization of swine from infection by
PRRS. The PRRSV virus for the vaccirng preparation is propagated in the

MA-1 ti II li ATC 621 T
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hﬁ%rurlpt lpe Paong{g)m et\gvne%g% I3 a %geo fq 1@&@@5&5@@ rX/w t%r% Wlt drcphcat:on

ed at appr tey & cells are then' inocula
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WO 2006/034319 US2005/0 60 33 785 virus Is allowed to abSorb
R0 R seble R 24 hRMESn AL DS iR rbB ArowihePedicdR chanded ifBiftes. The

maintenance media consisting of MEM to which has been added 4% fetal

KRIEREIMRHNERe ThE R0V ?@%%iﬂéﬂ@f%@iﬂlhﬁﬁ%@@@ﬁa&?s& ThEvirulent

virus is allowed to grow until 50% of the MA- 104 cell sheet is destroyed

iatBensiHp chNareaRlBHS: NS irPae P UNEs RAth PIRPAHE thRE sPRFSBBRical signs
onto another flask of MA-104 cells. This process is continued through 25 '

apassperd &f FOQtbeuNiEdssaddRe cell line. The virus is then propagated
another 12 times at about 31' C. as opposed to 35-37 C., using the same

techuigiehsias, desertins ahovestt hetht Rseassage is drozeivadoiv ittenuated and
small aliquots and designated as the Master Seed Virus. The following
vaelsnidriR ¢ s tadsiod tberpnafesbéddififethadlidicedia; a83%cH aEagtese responses
Minimum Essential Medium (MEM) from JRH Biosciences, #200-2041 b.
tifeethffealh Serurit{F CBsérdiffeliRibt bios eietivesico Grosbih gnetize forwalp replicate in
planting-MEM+10% Fetal Calf Serum
vivo, a phenotypic characteristic that can be measmed quantitatively in serum samples and may

be developed for predicting the virulence of PRRSYV isolates.

EXAMPLE 2
This example provides several methods of attenuating PRRS isolates as well as their

inclusion in immunogenic compositions.

Materials and Methods:

A vaccine preparation is formulated incorporating a modified or attenuated live virus for the
immunization of swine from infection by PRRS. The PRRSV virus for the vaccine preparation
is propagated in the MA-104 continuous cell line, preferably ATCC No. CL2621. The cell line
is grown in flasks containing MEM, to which is added 10% fetal calf serum. The pH of the
media is adjusted to approximately 7.2, and incubated at approximately 37° C. The cells are then

inoculated with the virus by adding about 1 mi of a frozen inoculum to the fluid media. The
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d. Maintenance media-MEM 4% Fetal Calf Serum e. Trypsin-Versene IX

800 f. Sodium Bicarbonate 5% or saturated II. Tissue Culture: Cell line
used:MAs184.(African Green Monkey Kidney cells kept within,2Q- passagsseo
levels (passage 58-78) 805 Ill. EQuipment: 75cm tissue culture flasks
Incubator set at 35-37 C. Incubator set at 3 C. WO 2006/034319
PCT/US2005/033760 34 Centrifuge 839 IV. Method Used to Attenuate
PRRSYV Virus Grown at 25-37 C. A. Preparation of Tissue Culture S

) tock:
6l VBRSO AR B R DB = chaveed

e A e U Pl SRR Pt
e e kb e B S
S S B SRR A or
AN O T8 5 o e Borh e ik Nave e S seees of
tﬁg E{%Eu?r:% t%v%éﬁqg‘)é.fof}yes%ms is then propagated another 12 times at about 31° C. as
opposed to 35°-37" C., using the same techniques as described above. The 2th passage is frozen
down in small aliquots and desi gnated‘ as the Master Seed Virus.

The following sets forth the details of the preferred method.

1. Media:

>

. Bagles Minimuim Essential Medium (MEM) from JRH Biosciences, #200-2041

b. Fetal calf serum (FCS) from JRH biosciences

(o]

. Growth media for cell planting-MEM+10% Fetal Calf Serum
d. Maintenance media-MEM 4% Fetal Calf Serum

. Trypsin-Versene IX

o

£ Sodium Bicarbonate 5% or saturated

I, Tissue Culture:
Cell line used: MA-104 {African Green Monkey Kidney cells kept within 20 passage
levels (passage 58-78)
1II. Equipment:
75¢m tissue culture flasks
Incubator set at 35°-37" C.

Incubator set at 3° C.
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g. Adjust pH of 50m1 of media in flask to 7.2 pH and then add Iml of virus
into media and put flask at 35-37 C. (can be done also without C02). 825

h.viesdANours, media is discarded and flask is refed with SOsplRfNMEM 33760
4% FCS 7.6 pH and put back at 35-37 C. i. 24 hours after this fluid

change, CPE should be showing and, when 50-60% holes are present in
cell sheet, freeze down. j. Thaw out abd¥e bottle and take | ml of this fluid
and pass into new 75cm bottle 830 as listed above to make next passage
of viruS1Hi¥ghove procedure is carried out for a total of 25 times, grown

at 35-37 C. WO 20061034319 PCTIUS? 3;033760- 35 e‘,tgjS d Used to
Attthuate PREEEYA S Eﬁrf)‘ﬁﬁ?%\?‘%]‘?@@% §$§9§8&Y%‘¥%‘ 9::1?%5-37

C. is used to_ make passage 1 fg{ Yiruss?r wn at 31 C. A. Preparation of
Tissue‘ﬁ‘CuItu1]?é“3§%’51 n Hé r§o A-104 75em?2 stock bottles are
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sheet using 1 Oml of Trypsin-Versene by incubatioirat 3

C. for 5-10 mig%larzo %aﬁ%@ ]g%%%l"lls gpbrgtg ttle and centrifuge 270xg for

5-10 minutes.. ecant supernatant and resuspend the cells in 5-1

Oml of growth m &éMEMI#ﬁ%’t E&@i&nﬁkﬁ%ﬁﬁ&@&%ﬁaﬁon at37° C.

MEM 10% FCS which is then dispenséd into four” 75cm bottles, SOml per
fgpg@d?gi%g@plit. Bottles are then kept at 35-37. C. until needed (can be
one also without C02) 845 3 or 4 day old bottles which have formed a

full cell sheet age. Ao [eAUY LT Hs@e ShadiMalintd OF G sfimaginda.

flask to 7.2 pH and then add | ml of virus into
d. Decant supernatant and resuspend the cells in 5-10ml of growth media (MEM

10% FCS).

¢. Put all cells into 200ml of MEM 10% FCS which is then dispenséd into four
75cm bottles, 50ml per bottle fora 1:4 split. Bottles are then kept at 35°-37° C. until ;aeeded {can
be done also Witho:ljt CO,).

f. 3 or 4 day old boitles which have formed a full cell sheet are now ready for use.

g. Adjust pH of 50ml of media in flask to 7.2 pH and then add 1ml of virus into
media and put flask at 35°-37" C. (can be done also without CO,).

h. After 24 hours, media is discarded and flask is refed with 50ml of MEM 4%
FCS 7.6 pH and put back at 35°-37° C. |

i. 24 hours after lth;'s fluid change, CPE should be showing and, when 50-60%
holes are present in cell sheet, freeze down.

j. Thaw out above bottle and take 1ml of this fluid and pass into new 75cm bottle
as listed above to make next passage of virus.

This above procedure is carried out for a total of 25 times, grown at 35°-37° C.
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media and put flask at 31 C. (can be done also without C02). h. After 24
hours, media is discarded and flask is refed with 50ml of MEM 4% FCS

7R PEbanA AW back at 31 C. 850 i. 24 hours after this fluid changgs5Rks3760
should be showing and, when 50-60% holes are present in cell sheets,

freeze down. j. Thaw out above bottle and take | nil of this fluid to make
next passage of SIRS VR-2332 virus. This above procedure is carried out

forat tg{e f]ﬁ2times at 3#.%% The 12th passa %f 855 C. n o moye

e B ey VS P Rate broH S s a1 35737
qggéo %‘31%;<E’C;rs's‘a’52ﬁ°9?4,‘?3%758w§% tA_He%uation of PRRS virus by
eéne Defetion Bhaskined'in theart may attenuate PRRSV through the

conveptional,method of gen letione Ggnerally, this method involves
the d§étion i())Ife aé%hoél Wgﬁﬁ Codes g)r tfwe virulent 860 phenotypes of the

virus. Spoh A methegmaybe adapied fmOlSUph IR eRCSSIRS RDImAL::
al. (U.S. Pat."App. No. 20020012670) or Schall et al (U.S. Pat. No.

6,740,324), thesteachings,2pd (fglgaﬁgﬁ%r%mz}ch are incorporated by

reference herein. Attenuation o virus by Temperature-Sensitive

Mutation 863 Qng;skilied daithe-arh My iR teas/ BRRSY theesidn at 37° C.

the conventional method of temperature sensitive mutation. Generally,
rihis. rasigsdavolves causing a mutation that limits the temperature range
in which the virus is active. For example, the method of Skiadopoulos et

al., "ldentificatinen@f¥edasiens: Gonteibydiventafihe TrnperatureSaoskive,
Cold-Adapted, and Attenuation Phenotypes of the Live-Attenuated
Cold-Passage B&ciapdridstantmnB asaigfianka B0V ius:il capdidat@edia (MEM
Vaccine", 73 No. 2 Journal of Virology 1374, (February 1999) may be

1attapisy. for use with PRRSV. The teachings and content of Skiadopoulos
et al. are incorporated by reference herein. :

e. Putall cells into 200ml of MEM 10% FCS which is then dispensed into four
75cm bottles, 50ml per bottle for 1:4 split. Bottles are then kept at 35°-37" C. until needed (can
be done also without CO,).

f. 3 or 4 day old bottles which have formed a full cell sheet are now ready for use.

g. Adjust pH of 50m} of media in flask to 7.2 pH and then add 1ml of virus into
media and put flask at 31° C. (can be done also without CO,).

h. After 24 hours, media is discarded and flask is refed with 50mi of MEM 4%
FCS 7.6 pH and put back at 31° C.

i. 24 hours after this fluid change, CPE should be showing and, when 50-60%
holes are present in cell sheets, freeze down.

}. Thaw out above bottle and take 1ml of this fluid to make next passage of SIRS
VR-2332 virus.

This above procedure is carried out for a total of 12 times at 31° C. The 12th passage of 31°

C. grown virus is designated Master Seed Virus for vaccine production.
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Attenuation of PRRS virus by Generation of an Infectious Clone 875 One
skilled in the art may also attenuate PRRSV through the conventional
metheseisagnerating an infectious clone. This method generglly inualvgs; 760
the creation of a full-length eDNA clone of the desired viral genotype, said
clone also being virulent in the target animals. For example, the method
of Nielson et al., "Generation of an Infedtions Clone of VR-2332, a Highly
Virulent North American-Type Isolate of Procine Reproductive and
Respiratory WO 2006/034319 PCT/US2005/033760 37 880 Syndrome
Virus", 77 Journal of Virology 3702 (Mar. 2003), maybe adapted for an
attérigaetionardiBR driPRRSYETHEE R hings and content of Nielson et al.
are incorporated by reference herein. Attenuation of PRRS virus by Gene

IndePicHH8S BribeshillEYrHIfEURE i AN L B SRISEI I Gisdhpd of gene

the conventional method of gene insertion. This method %‘enerally

R RRSTALE A P AR I8 CIHCS IR EFH IR e for the virlent
athogenic.phenotypes of said virus. For example, the methad of Schall et
BRI R R, 7SR5 S ) B R o Gt Eives et ol
sipn qf PRRSY. T ings a f Schall.et r .
ol A0 T KRR B bR kg oo and
conBsttvtian e ?Aégfp%' S0 ALY Asp. gltenuate PRRSV through the
conventional methods of cod n and base-pair substitution. Generally,
codon or base-pair substitution involves substituting a codon or base-pair
with a different codon or base-pair such that the viral gene now codes for

a 800 RIGIN RIS LS AheApihoasnigtys Al theayius, For example, the

method of codon substitution of McAuliffe et al., "Codon Substitution

Muigationgatil WR BRSKIANSP te ki RobyRerase-RIotei: Qbiimahal method of
Parainfluenza Virus Type | Yield Viruses with a Spectrum of Attenuation

zéﬂé%égé%mﬁmrﬁa&@&%ﬁemm@t@m i ¥ itreoivéScdeurpal Qb MIrelas limits

the temperature range in which the virus is active. For example, the method of Skiadopoulos et
al., “Identification of Mutations Contributing to the Temperature-Sensitive, Cold-Adapted, and

Attenuation Phenotypes of the Live-Attenuvated Cold-Passage 45 (¢p45) Human Parainfluenza

Virus 3 Candidate Vaccine”, 73 No. 2 Journal of Virology 1374, (February 1999) may be adapted

~ for use with PRRSV, The teachings and content of Skiadopoulos et al. are incorporated by

reference herein.

Attenuation of PRRS virus by Generation of an Infectious Clone

One skilled in the art may also attenuvate PRRSV through the conventional method of
generating an infectious clone. This method generaily involves the creation of a full-length
cDNA clone of the desired viral genotype, said clone also being virulent in the target animals.
For example, the method of Nielson et al., “Generation of an Infections Clone of VR-2332, a

Highly Virulent North American-Type Isolate of Procine Reproductive and Respiratory
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(February 2004) may be adapted to create a gene substitution method for
attenuating PRRSV. 900 Also, Hurrelbrink and McMinn, "Attenuation of
Muengayoy/adlsysEncephalitis Virus by Site- Directed Mutagenesigfii&®os033760
Hinge and Putative Receptor-Binding Regions of the Envelope Protein”,

75 Journal of Virology 7692 (August 2001) and Elbers et al. (US Pat. App.
No. 20020012670) provide methods offBase-pair substitution that may be

d ted .crea WO 2006/ 34 05/03376
R PR e Rt TR e bt TR e RPE PURREIR s gttemated
\I;éusrlroerl%r 3 giﬁ lYleac I.nng aa]g? el enrtsoﬁ\?g}s%rfe oi égog%t@ed bécﬁtgy reference

reference hereiri. Attenuatio Virus b ifRene
fzonstructs One skilled in the art may also attenuate PRRSV through the
conventional method of chimeric constructs. Generally, a chimeric
construct is one that contains genes from different 910 species in order to

induce an antigenic response in a host cell, For example, such a construct

May REGHEAS fﬁm%rz& ng hs.method,ef Harris et al . (U.S. Pat. App.
No. 20040157307) to create a chimeric construct with PRRS genes.

IncorRRrAQNRIRIBNNAIEHE RRRISOIBHES IR TIMUNL 88N Entional method of gene
compositions: 915 After new isolates are attenuated, preferably by one of

itheraathads heted abayei e iteminiadrisal 3RS ean eI e RRIRQRich inhibits
into compositions effective at providing an immune response against

W pieigaalaipenehPRRS: 0 drefe ratianns, SuchansaRdsitions:will (U.S. Pat. No.
provide an animal receiving an effective amount of the composition,

TSN enity hewiditytad Ainsi AR RStethfact otrs DU T IRES Ui dteaatigy sdlcontent
reduce the severity of clinical signs of PRRS infection 920 in vaccinated

adichdlsthhtaas ersoliseapaé bilyedorpasad:taor infected by a virulent PRRS
isolate. Preferably, such clinical signs will be prevented by the
administration of an effective amount of the.immunogenic composition or
vaccine. In some forms, the attenuated PRRS isolates will be used to-
prodgeecgan affiBASiviewitussvatinenin which the attenuated isolates are
used in their livé state in the immunogenic compositions. In other forms,

th& erenlled dethess maxainasdiwinalg PRRSV through the conventional methods of codon

and base-pair substitution. Generally, codon or base-pair substitution involves substituting a
codon or base-pair with a different codon or base-pair such that the viral gene now codes for a
protein which limits the pathogenicity of the virus. For example, the method of codon
substitution of McAuliffe et al., “Codon Substitution Mutuations at Two Positions in the L
Polymerase Protein of Human Parainfluenza Virus Type 1 Yield Viruses with a Spectrum of
Attenuation In Vivo and Increasgd Phenotypic Stability In Vitro”, 78 Journal of Virology 2029
(February 2004) may be adapted to create a gene substitution method for attenuating PRRSV.
Also, Hurrelbrink and McMinn, “Attenuation of Murray Valley Encephalitis Virus by Site-
Directed Mutagenesis of the Hinge and Putative Receptor-Binding Regions of the Envelope
Protein”, 75 Journal of Virology 7692 (August 2001) and Elbers et al. (US Pat. App. No.

20020012670) provide methods of base-pair substitution that may be adapted to create an
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925 or inactivated prior to their incorporation into immunogenic

compositions. References WO 2006/034319 PCT/US2005/033760 39

The teachings and content of each of the following reference

inYEYHYF4E By reference herein. 930 Albina, E., Piriou, L., u@tg??sEzfosmss?m
Cariolet, R., L'Hospitalier, R., 1995. Immune Responses in Pigs Infected

with Porcine Reproductive and Respiratgry Syndrome Virus (PRRSV).

Vet. innnunol. Inmamopathol. 61, 49-66. Andreyev, V. G., Wesley, R. D., .
MengalinpRNSY. idbraalhdiethibggend KoMent 96 McdgEfs e alie Hurrelbrink and

" Variation and Phylogenetic Relationships of 22 Porcine Reproductive and

Respisateny [SyadronieadiusoPRREyFdicstdiigBased on Sequence .
Analysis of Open Reading Frame 5, Arch. Virol. 142, 993-1001.

Cavanagh, D., 1997. Nidovirales: a New Order Comprising Coronaviridae

and Arteriviridae. Arch. Virol. 142, 629-633. 940 Chang, C. C., Yoon, K.

J., Zinarverivanf BRBS Harior/s oChiigsn FERM SO C. M. T,

Murtaugh, M. P., 2002. Evolution of Porcine Reproductive and Respirator
Syrfdrerseligitus m.aﬁgrséopﬁwﬁvrwagsgﬁ&ghﬁ fgf@é{gj.%%f’ WA %‘33}. théthod of
4750-4763. Grebennikova, T. V., Clouser, D. F., Vor\i%%ld

.C. .
e jmen baars’ different
whisierikesHTICtMEIREBINY; HFPIMeTSERIRICMS, (R ey‘i"p%.aB.S, gREGom e

S. F., Zaberezhny, A. D., Aliper, T. L, Ne,polﬁo ov,E.A.. 9 fruct
H{‘é‘ﬂ a 8%%%1&,1%1 i é)ngxax% léggﬁacoz}s ruct may

QEahiorisaiRABISIEARGH BT ARSA Kdd eveftant
Passages of North American Parcine Reprogugctiye. a | cate
Sy AR NARIE S AT TG T30 SO0 o RO UgRA 37307 0 cret

E.Riva, O. Turriziani, I_a%@g\%onelleié S. Tyring, D. Carrasco, H. Lee, D.
RGBRFICFBERS YBOEst M &8V, S. Baron. 2002. Is Human

Immunodeficiency Virus Rna Load Composed Of Neutralized Immune
Complexes? JounalofinfectiousDiseases: 185:1051-

~ Incorporation of attenuated PRRS isolates into Dmunogenic compositions:
After new isolates are attenuated, preferably by ome of the methods noted above, the
attenuated isolates can be incorporated into compositions effective at providing an immune
responsc against virulent iselates of PRRS. In preferred forms, such compositions will provide

an animal receiving an effective amount of the composition, protective immunity agains PRRS

infection. Such protective immunity will reduce the severity of clinical signs of PRRS infection

in vaccinated animals that are subsequently exposed to or infected by a virulent PRRS isolate.

Preferably, such clinical signs will be prevented by the administration of an effective amount of

the immunogenic composition or vaccine. In some forms, the attenuated PRRS isolates will be
used to produce a modified live virus vaccine, in which the attenuated isolates are used in their

live state in the immunogenic compositions. In other forms, the attenuated isolates will be killed

or inactivated prior to their incorporation into immunogenic composiions.
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1025 42 Claims 1. A method of predicting the virulence of a PRRS virus
isolate of unknown virulence, comprisifig the steps of measuring the rate

of virus growth and/or the magnitude of viremia in a plurality of biological
samples obtained, over a period of about 3-15 days, from an initially
PRRS-free swine in which a quantity of said PRRS virus isolate was

allowed to replicate, and comparing said rate of growth or viremia

i{ellglrsntude with the rate of growth and/or viremia magnitude of a PRRS

virus isolate of known virulence as a predictor of virulence of the PRRS
isolate of unknown virulence. 2. The method of claim 1, said period being
lbetweaenfrdmdaliquitBetond HaysuBnthef mettos vflaiok:k, dnakudingnthBulence,
égg&gfﬂyggg%ggfthe magnitude of viremia during said period, and

comparing such magnitude with the viremia magnitude of said known
PRRSVIL Wolkte o Fnertemadgras TR Bty ey virtigality of
being Biphikipao seplmeobinitan, arimaliwoeddofedaive by hdbysaliexposuistiaily
5. Thermetheet ofglain kvigaidPRESYViISBRINRRYIABIE (Qh1ate was allowed to
adminj_%rl%t}itpg a% a method selected from the group consisting of oral,
intranasal, intramuscular, intra-lymph node, intradermal, intraperitoneal,
subcutSHEBHES & Eon PSR TNEIERR BlPHE PatBdlsielaint osaldand/or
viremizsieingnmeasuredfby BRIGH FEIDH0kN, dbYkesse virulence as a predictor of
transcriptase:ROIEEasE LhAIN Feaction, BRRR.specific ELISA, PRRS
protein-specific ELISA, and combinations thereof. 7. The method of claim

1, further including the step of observing said swine for clinical signs of
ZPRR ST afteratmiistration fisahdtPRR Sdsolhtet 3 to 7 days.

3. ‘The method of claim 1, including the step of measuring the magnitude of viremia
during said period, and comparing such magnitude with the viremia magnitude of said known
PRRS virus isolate.

4, The method of claim 1, said quantity of said virus being similar to the amount an

animal would receive by natural exposure.

5. The method of claim 1, said PRRS virus being suitable for administration by a
method selected from the group consisting of oral, intranasal, intramuscular, intra-tymph

node, intradermal, intraperitoneal, subcutaneous, and combinations thereof,

6. The method of claim 1, said viremia being measured by Log;, TCIDsy/ml, reverse
transcriptase-polymerase chain reaction, PRRS specific ELISA, PRRS protein-specific

ELISA, and combinations thereof. ‘

7. The method of claim 1, further including the step of observing said swine for clinical

signs of PRRS infection after administration of said PRRS isclate.



43 8. The method of claim 7, said clinical signs including respiratory
signs, behavior, coughing, and comQ@ations thereof.:9. the method of
claim 1, further including the step of predicting that the PRRS isolate wiill
be of high virulence when its rate of growth or viremia magnitude are
similar to that of a isolate with high virulence. 10. The method of claim 1,

furthel*h'n%l%%'ncg e step-of predicting tﬁ;g&tk}ﬁcﬁ;@ﬁ isolate, will be qh Woor,
virulence when its rate of growth or vireniia magnitude are similar t6 t
copgiin s BT BTIBR OTUIERER: it. The method of claim 1, said amount of

PRRS virus being up to about 5 ml of inocula having a viral concentration
Of Upltﬁe met 0 rIL cialzllllj?,oi{lrlgfier including the step of predicting that the PRRS isolate
will be of high virulence when its rate of growth or viremia magnitude are similar to that of a

1solate with high virulence,

i0. The method of claim 1, further including the step of predicting that the PRRS isolate
will be of low virulence when its rate of growth or viremia magnitude are similar to that of a

isolate of low virulence.

11, The method of claim 1, said amount of PRRS virus being up to about 5 ml of inocula

having a viral concentration of up to 5.0 Log,o TCIDsp/ml.



