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Asunto : Solicitud de patente para AISLADOS DE VIRUS
DEL SINDROME REPRODUCTIVO Y RESPIRATORIO
PORCINO Y METODOS DE USO

Solicitante : BOEHRINGER INGELHEIM VETMEDICA, INC
CONTESTACION OFICIO No. 5034
l. Yo, Emilio FERRERO, en mi condici6én de apoderado de 1la

sociedad solicitante, BOEHRINGER INGELHEIM VETMEDICA, INC, doy
contestacién dentro de 1la prérroga solicitada al requerimiento
efectuado po:.': este Despacho mediante Oficio No. 5034 notificado por
fijacién en lista el 4 de mayo de 2007, en la siguiente forma:

1.1. Cesién de los inventores:

Presento documento de cesisén del derecho a 1la patente
efectuado por los inventores MICHAEL B. ROOF, ERIC M. VAUGHN y WESLEY
JOHNSON en favor de la sociedad BOEHRINGER INGELHEIM VETMEDICA, INC.

Se presenta este documento en original, el cual fue
debidamente suscrito, notarizado y legalizado por Apostille.

1.2. Aclaracifn del niimero de la zrioridnd de fecha 20[09‘2005:

NIT 860.041.387-3
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ABOQADOS

A este respecto informo al Despacho que, en el tr&mite de la
fase internacional se presentd el correspondiente documento de
prioridad de la solicitud 11/230.723 en Estados Unidos de América, de
fecha 20 de septiembre de 2005, a la cual se hizo mencisn en el
petitorio en este asunto; sin embargo, la correspondiente forma
PCT/IB/304 ain no ha sido expedida.

Por lo anterior, dentro del té&rmino previsto en el numeral
5.2.6 de la Circular Onica, me permito presentar copia certificada de
la solicitud en mencif6n, junto con una traduccién simple al espafiol,
con el fin de que sea tenida en cuenta en este asunto.

Adjunto igualmente el recibo No. 07-34,370 de fecha 2 de mayo
de 2007, que acredita el pago de la tasa legal respectiva fijada por
Resolucidn No. 36155 del 28 de diciembre de 2006.

2. En consecuencla, comedidamente solicito a Usted proseguir con
el trimite de este asunto y ordenar la publicacién de la solicitud de
la patente identificada en la referencia.

Seflora Jefe,

EMILIO FERRERO
T.P.A. No. 31.929

COLO 15149 841 004 3
scr/scr/
ID-000026/WPC15149
Cne M-2007-00005671




March 12, 2007

SECRETARY OF STATE

BOEHRINGER INGELHEIM
ATTN: JEANNE E. ROGERS

900 RIDGEBURY RD.

PO BOX 368

RIDGEFIELD, CT 068770368 USA

APOSTILLE
(Convention de La Hague du 5 octobre 1961)
Country: United States of America
This public document has been signed by: TONYA WILLIAMS
Acting in the capacity of: NOTARY PUBLIC

Bearing the seal/stamp: NOTARY PUBLIC IN AND FOR THE STATE OF
IOWA

CERTIFIED
at: DES MOINES, IOWA, UNITED STATES OF AMERICA
date: FEBRUARY 28, 2007

by: the Secrctary of State of the State of Towa, United States of America

No. 07-062467
10 Signature

4 \ uDpe2- A. {Y)p.uABJ |
MICHAEL A. MAURO  SECRETARY OF STATE (|

Prisinden.
Suryttad Papar

62467
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CESION

Yo, (nosotros) abajo firmado (3)

1. Michael B. ROOF
2. EricM.VAUGHN
3. Wesley JOHNSON

a-)’b

Case 10-064

ASSIGNMENT

I (we), the undersigned

1. Michael B. ROOF
2. Eric M. VAUGHN
3. Wesley JOHNSON

Domiciliado(s)
[ 1]

1. 3222 Tupelo Circle, Ames, 1A 50014, USA
2. 509 Ash Avenue, Ames, IA 50014-7067, USA
3. 1210 25th Street, Ames, 1A 50014-7067, USA

1. 3222 Tupelo Circle, Ames, IA 50014, USA
2. 509 Ash Avenne, Ames, IA 50014-7067, USA
3. 1210 25th Street, Ames, IA 50014-7067, USA

Declaro(amos) bajo jummento ser dnico(s) y verdadero(s)

.:m:(u) de Ia invencién:

state(s) under oath to be sole and true inventor(s) of the invention:

“Porcine reproductive and respiratory syndrome isolates
and methods of use”

declaro({amos) asi mismo que cedo{emos) y transfiero{erimos), sin

state ns well, that assign, without reservations or limitations in favour

Limitacién, a favor de la socieded of Beehringer Ingelhelm Vetmedica, Inc.
Boehringer Ingelhelm Vetmediea, Inc.
constituida y existento do conformidad con las leyes de 2 corporation constituted and existing in conformity with the laws of
USA USA
domiciliads 2621 North Beit Highway, St. Joseph, Domiciled in 2621 North Belt Highway, St. Jaseph,
MO 64506, USA MO 64506, USA

todos Jos derechos inherentes a dicha invencidn y que la citads
Compaiifa queds facultads pars solicitar en su nombre la patente de
invencién comrespondiente en ls Repiblica de Colombia

all rights inherent to said invention and that the sbove mentioned
company herebry is ensbled to apply, in its name, for the corresponding
patent invention, in the Republic of Colombia

Dado y firmado hoy/Given and signed this "—Q}Q N>} \ A00F-
@in _ AaES  “IBUA

Firma/Signature

S fi‘mﬁl« [

Michael B. ROOF EricM.V

© CAVELIER ABOGADOS
WPPODED |- 374

Wesley JOHNBON



. CERTIFICACION NOTARIAL (INDIVIDUO)

On this 29"'&

A2

Case 10-064°

NOTARIAL CERTIFICATION (INDIVIDUAL)

Alos dias del mes de dayof _Fzaropayq 2607
de200 __ Ante mi, Notario Piiblico de 2007 __ before me, a Notary Public of
The State of Iowa
comparecié(eron) personalmente personally appeared  Michael B. ROOF
Eric M. VAUGHN
Wesley JOHNSON

2 quien{es) doy fe de conocer y me consta que es{son) la(s)
persona(s) firmante(s) del documento que preceds, y quien(es)

to mo known, and known to me to be the person{s) who executed
that foregoing document, and who has(have) legal capacity to

tiene{n) capacidad legal para otorgario execute it.
NOTARIO PUBLICO-NOTARY PUBLIC
7 Notary Public
APOSTILLE
(Convention de La Haye du 5 octobre 1961)
I, CoUDMTY: .ocvererserersssarsnstrsnssmssssesensessessemsnnsnsennnnse
This public document
2. hasbeensigned by ........cccoiiieiiiiiinicnnieinasincenesesnienn
3. actinginthecapacity of ..........cccvviveiiicrereceiennerrnierrene
4 bears the seal/stamp of .........cc.cvcieciireieniiiniirrn e
Certified
5. Bt 6.the...coovveiiiriiniiecinaien
S - 2
T [ R
9.  Seal/stamp 10. Signature

/y ’ ’op

CAVELIER ABOGADOS

WPPODED1- 374



TRADUCCION OFICIAL No. 04.17/07a realizada por Diego Vargas, Traductor
Oficial, Resolucién No. 0001 de 1999 del Ministerio de Justicia,

registrado ante el Ministerio de Relaciones Exteriores de Colombia.

A continuacidén se traducen los sellos y legalizaciones de un
documento de cesidén mediante el cual 1. Michael B. ROOF, 2. Eric M.
VAUGHN, 3. Wesley JOHNSON, domiciliados en 1. 3222 Tupelo Circle,
Ames, IA 50014, Estados Unidos de América; 2. 509 Ash Avenue, Ales IA
50014-7067, Estados Unidos de América; 3. 1210 25th Street, Ames, IA
50014-7067, Estados Unidos de América, respectivamente, declaran bajo
juramento ser Unicos y verdaderos inventores de la invencién
“Aislados de virus de sindrome reproductivo y respiratorio porcino y
método de uso” y declaran que ceden sin limitacién a favor de la
sociedad Boehringer Ingelheim Vetmedica, Inc., una sociedad
constituida y existente de conformidad con las leyes de los Estados
Unidos de América y domiciliada en 2621 North Belt Highway, St.
Joseph, MO 64506, Estados Unidos de América, todos 1los derechos
inherentes a dicha invencién y que la mencionada compafiia queda
facultada para solicitar a su nombre 1la patente de invencién
correspondiente en la Repuiblica de Colombia.

Dado y firmado el 28 de febrero de 2007, Ames, Iowa.

Firma Ilegible Firma Ilegible Firma Ilegible
Michael B. ROOF Eric M. VAUGHN Wesley JOHNSON

CERTIFICACION NOTARIAL (INDIVIDUQ) del 28 de febrero de 2007 por
medio de la cual se certifican las firmas de Michael B. ROOF, Eric
M. VAUGHN y Wesley JOHNSON en el anterior documento y su capacidad
legal para otorgarlo.

Firma Ilegible

Notario Puiblico
1/21/08
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SECRETARIO DE ESTADO

BOEHRINGER INGELHEIM
ATE: JEANNE E. ROGERS
900 RIDGEBURY RD.

PO BOX 368
RIDGEFIELD, CT 068770368, ESTADOS UNIDOS DE AMERICA
APOSTILLA
(Convention de La Haque du 5 octobre 1961)
f‘ah_
1. Pais: Estados Unidos de América
2.

Este documento publico ha sido firmado por: TONYA WILLIAMS
e
Ngare

3. Actuando en calidad de: NOTARIO PUBLICO
— - |
— ™
1. Lleva el sello/estampilla de: NOTARIO PUBLICG; hf—}' PARA EIE%TAII) CE IOWA
X =
CERTIFICADO gg‘ wn :a
: Q2 L <=2
5. en: DES MOINES, IOWA, ESTADOS UNIDOS DE sANACPCBu =2
Extooo W
6. fecha: 28 de FEBRERO de 2007 Fegaiace iy
FPra o
7.

por el Secretario de Estado del Estado de Iowa, Es

8. No. 07-062467

i

9. Sello/estampilla

o
10. Firma: . = 2
2 - 3
oD m o e
*° E’O,’ =8, 3 22
4 =288 = ==
= Sen
o SE
o= U 2m
) o 2 =
b Q = s m
"@ @ Firma Ilegible =
’4#},0 ot MICHAEL A. MAURO SECRETARIO DE ESTADO

Es traduccién fiel y completa de la cual se deja copia en esta
oficina para su confrontacién.

Unidos de América

DVZ/ID-8752/WPCLO02G/COLO 15149-841-004-3 / tes? /2—, L{‘/)—v
/3265 F.VARGAS Z.

TRADUCTOR E INTERPRETE OFICIAL

ESPARNIOL - INGLES — INGLES - ESPANOL
RES. 0001 DE ENERO 4 DE 1999

MINISTERIO DE JUSTICIA

2
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United States Patent and Trademark Office

fa ?

April 04, 2007 I N 0
iy

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPYFROM  Ri¥
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK i

OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT e
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A a
FILING DATE UNDER 35 USC 111. %

pli g

APPLICATION NUMBER: 11/230,723
FILING DATE: September 20, 2005

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY L
1 APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS ey
CONVENTION, IS US11/230,723

By Authority of the

Under Secretary of Commerce for Intellectual Property L
and Director of the United States Patent and Trademark Office

£ EdbaD

L. EDELEN
Certifylng Officer




ress Mall Label No. EV 722668008 US

 UTILITY PATENT APPLICATION TRANSMITTAL

(Large Entity) - -
Wit Mibaiil
1 COMMISSIONER FOR PATENTS

P.0. Bax 1430

Alexandria, VA 22313-1430

wmitted herewith for filing under 35 U.S.C. 111(a) and 37 C.F.R. 1.53(b) is a new utlliity patent application for an
ntion entitied:

J.8. PTO

&
M~

OOF, MICHAEL
'AUGHN, ERIC
OHNSON, WESLEY

1130

 CONTINUATION APPLICATION, check appropriaie box and supply the requisite information:
Continuation (1 Divisional @ Continuation-in-part (CIP) of prior appfication No.: 11/022,262
iich is a:
Continuation [ Divisional 0O Continuation-in-part (CIP} of prior application No.:

le'ulsa:

Continuation [1 Divislonal (1 Continuation-in-part (CIP) of prior application No.:

Hosed are:
Application Elemants

1. ﬂ Flling fee as calculated and transmitted as described below

r. @ Specification having 45 pages and including the following:

a. @ Descriptive Title of the Invention
b. @ Cross References to Related Applicationa (if appiicable)
~ & O Statement Regarding Federally-sponsored Research/Development (if appiicable)
d. O Reference to Sequence Listing, a Table, or a Computer Program Listing Appendix
o. B Background of the Invention
. B Bref Summary of the Invention
" g. B Brief Description of the Drawings (if fied)
h. @ Detalled Description
. @ Claim(s) as Classiied Below
]. @ Abstract of the Disclosure

Page10f4 POTULAGREVGS

Copy provided by USPTO from the IFW image Database on 0403/2007
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Docket No.
35241-CT1P1
Total Pages In this Submission

UTILITY PATENT APPLICATION TRANSMITTAL
(Large Entity)
(Only for new nonprovisional applications under 37 CFR 1.53(b))

L I A

Application Elements (Continued)
Drawing(s) {when necessary as prescribed by 35 USC 113)
- @ Formal Number of Sheels 10
Number of Sheets

Newly executed (original or copy) 0O Unexecuted
Copy from a prior application (37 CFR 1.83(d)) (for cantiuationtivisional appiication only)
With Powerof Attommey L1 Without Power of Attomey

DRELETION OF INVENTOR(S)
Signed statemnent attached deleting inventor(s) named in the prior appfication,
see 37 C.F.R. 1.83(d)(2) and 1.33(b).

incorporation By Referance (usable if Box 4b Is checked)

The entire disciocsure of the prior application, from which a copy of the oath or declaration Is supplied under
Box 4b, Is considered as being part of the disciosure of the accompanying application and Is hereby
incorporated by reference therein.

CD ROM or CD-R in duplicate, large table or Computer Program (Appendix)
Application Data Sheet (See 37 CFR 1.76)
Nucieotide and/or Amino Acid Sequence Submission (¥ applicable, af must be inciuded)
O Computer Readable Form (CRF)
0O Specification Sequence Listing on:
.. O CD-ROM orCD-R (2 coples); or
. O Peper
O Stetement(s) Verifying identical Paper and Computer Readsble Copy
Accompanying Application Paris

Assignment Papers (cover sheef & documeni(s))
37 CFR 3.73(B) Statement (when there la an assignee)

English Transiation Document (¥ applicable)

Information Disclosure Statement/PTO-1448 (1 Coples of IDS Citations
Preliminary Amendment

Retumn Receipt Postcard (MPEP 503) (Should be specificelly temized)
Certifiad Copy of Priority Document(s) (¥ foreign priority is claimed)
Certificate of Melling

O FistClass B Express Mal (Speciy Label No.): EV 712668008 US

;zzags'“
4
:

D

p e OO0

BROROO0DO0O0O

Magulofd PETULRGREVID

Copy provided by USPTO from the IFW image Daiabase on 04/03/2007
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i UTILITY PATENT APPLICATION TRANSMITTAL 2824 145'3;

(Large Entity)
:  (Only for new nonprovisional applications under 37 CFR 1.53(b)) Total Pages In this Submission \

Accompanying Application Parts (Continued)

7. O Additional Enclosures (plesse identify below):

Request That Application Not Be Published Pursuant To 33 U.S.C. 122(b)(2)

8. O Pursuant to 35 U.S.C. 122(b){2), Applicant hereby requests that this patent application not be
published pursuant to 35 U.S.C. 122(b){1). Applicant hereby certifies that ths Invention disclosed in
this application has not and will not be the subject of an application flied In another country, or under
a multilateral intemational agreement, that requires publication of applications 18 months efter filing
of the application.

Waming

An applicant who makes a request not to publish, but who subsequently files in a forelgn
country or under a mulitiiateral intarnational agreement specified in 33 U.5.C. 122(b)}{2)}(B)D,
must notify the Director of such filing not later than 45 days after the date of the flling of
such foreign or international application. A failure of the applicant fo provide such notice
within the prescribed perfod shall result in the application being regarded as abandoned,
uniess it is shown to the satisfaction of the Director that the delay in submitting the notice
was unintentional.

Pagedofd POILLRGREVID

—

Copy provided by USPTO from the [FW Image Database on 04/03/2007



* UTILITY PATENT APPLICATION TRANSMITTAL
(Large Entity)
{Only for new nonprovisional applications undsr 37 CFR 1.53(b))

Total Pages in this Submission l

Fee Calculation and Transmittal
CLAIMS AS FILED
For #Flled fAllowed #Extra Rate Fee
il Claims 20 ~20 = 0 x $50.00 $0.00
p. Claims 3 -3a 0 x $200.00 $0.00
liple Dependent Claima (check Iif applicable) [ $0.00
Ul # of Pages In Specification 45 Tofal # of Drawing Sheets g
il # of Sheets | 54 Appilcation Skxe Fee .
Baslc Fee $300.00
Search Fee $500.00
Examination Fee $200.00
HER FEE (speclfy purposa) $0.00
TOTAL FILING FEE $1,000.00
A check in the amount of $1,000.00 to cover the filing fee is enclosed.
The Director Is hereby authorizad to charge and credit Deposit Account No. 19-0522
as described below.
O Charge the amount of as filing fas.
@ Credit any overpayment.
O Charge any aditional flling fees required under 37 C.F.R. 1.16 and 1.17.
T Charge the lssue fee set In 37 C.F.R. 1.18 at the malling of the Notice of Allowance,
pursuant io 37 C.F.R 1.311(b).
Payment by credit card. Form PTO-2038 Is attached.
WARNING: Information on this form may become public. Credit card Information should not be
included on this form. Provide credit card information and authorization on PTO-2038.
, Signatare
TRACEY 8.
»i: SEPTEMBER 20, 2005 HOVEY WILLLIAMS LLP
2405 GRAND BLVD., STE. 400
tomer Number: 46,444 KANSAS CITY, MO 64108
Pagrdofd POIULRGREVOS

Copy provided by USPTO fram the IFW image Database on 04032007
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Application of: Docket No. 315241-CIP1.
ROOF, Michael et al _ Customer No.: 46,444
Serial No. : Group Art Unit No:
Filed: September 20, 2005
PORCINE REPRODUCTIVE AND Examiner:
RESPIRATORY SYNDROME ISOLATES
AND METHODS OF USE

Commissioner of Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TRANSMITTAL

Transmitted herewith are: Express Mail Transmittal (1 pg); Check in the amount of
$1,000 for Large Entity Application Fee (1 pg); Utility Patent Application
Transmittal (Large Entity) (4 pgs); Specification (41 pgs); Claims (3 pgs); Abstract
(1 pg); Drawings (10 pgs); and return postcard (1 pg)-

EY 722668008 US

Respectfully submitted,

Date: September 20, 2005 B,W

Tracey S. Truitt, Reg. No. 43,205
HOVEY WILLIAMS, LLP

2405 Grand Boulevard, Suite 400
Kansas City, Missouri 64108
816/474-9050

ATTORNEYS FOR APPLICANT(S)




PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME ISOLATES AND

-. -.-. METHQDSQFUSE _

RELATED APPLICATIONS
The present application is a continuation-in-part of Application Serial No. 11/022,262,
filed on December 23, 2004, which claimed the benefit of provisional application Serial No.
60/611,824, which was filed on September 21, 2004. The teachings and content of each of these

prior applications is incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field of the Invention _

The present invention is concerned with new isolated wild-type PRRS virus isolates and
wm improved attenuated PRRS viruses, the uses of such attenuated viruses in vaccines
and immunological compositions, as well as methods of measuring the magnitude of viremia,
rate of growth, antibody response, and combinations thereof in such isolates and viruses. More
particularly, the present invention provides methods for predicting the virulence of new or
prev;ously 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 {Cavansugh, 1997). It causes a
widespread discase 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.

Copy provided by USPTO from the IFW [mage Database on 04/03/2007



2
The dynamic nature of PRRSV allows for constant change in the disease and provides
ample opportunity for the appearance of new isolates (Andreyev et al., 1997; Murtaugh et al.
1998; Meng, 2000). The fact that PRRSV changes so readily, coupled with its ability to cause

devastating problems for swine producers, makes it an important subject for research (Mengeling

* et al., 1998; Pejsak et al., 1997) and for the development of vaccines and other methods of

reducing the effects of infection. Variation in levels of isolate virulence were demonstrated in
lung lesions, and death in swine (Halbur et al., 1996), but efforts to link biological and

immunological differences to specific genetic differences has been largely unsuccessful (Albina

K¢

et al., 1998; Key et al., 200]1; Yuan et al., 2001; Murtaugh et al., 2002; Grebennikova et al.,

2004). Studies examining the safety and efficacy of PRRS vaccines include the work of
Labarque et al., (2003), Mengeling et al., (2003a), and Nodelijik et al. (2001). These studies
show that under experimental conditions, modified live PRRS vaccines reduce the amount and
duration of viremia as well as fever and lung lesions after virulent 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 PRRSYV 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

Copy provided by USPTO from the IFW Image Database on 0A/03/2007



3
administration or exposure of the isolate to a previously PRRS-free awine.

SUMMARY OF THE INVENTION
The present invention 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 phlnmeel.nical compositions. In more detail, the

wild-type viruses of the invention are denominsted SDSU 73, 17198-6 and MN 184, and

mixtures thereof. Attenuated versions of these virus isolates, and complete vaccines comprising
the sttenusted isolates are capable of conferring in vivo immunity against PRRS in swine, without
generation of significant PRRSYV clinical signs.

Another feature of the attenuated PRRS isolates of the invention s that they retain a
substantial proportion of the viremia found in the wild, unattenuated viruses. ' Thus, the
attenuated viruses exhibit at least about 50%, and more preferably at leut_ about 75%, of the
vuuma exhibited by the wild unattenuated viruses. In this way, the attenuated viruses are
capable of conferring a mon-e 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
according to the present invention. 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.

Copy provided by USPTO from the IFW nage Database on 04032007



4
It has also been discovered that the vaccines of the invention may be stored in a frozen

condition until ready for use, without detracting from the desirable characteristics of the vaccines.

This addresses a continuing problem in the art, inasmuch as prior PRRS vaccines have not been

suitable for frozen storage.

The present invention further provides methods for predicting the degree of yinllence 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 response; or combination’ thereof. The results

of such an assessment are then used to predict the degree of virulence of the new or previously

uncharacterized isolate. The methods generally involve administering or exposing a PRRS-free

swine to a quantity of the new or uncharacterized PRRS isolate and allowing the virus to

“replicate for a period of up to about 15 days, more preferably from about 2-12 days, still more

preferably from about 3-10 days and still more preferably from about 3-7 days. The 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 administration is preferably up to about 5 ml, still more preferably between about 0.5
ml to about 4 ml, still more preferably between about ] ml and about 3 ml, and still more
preferably about 2 ml. The concentration of virus in each dose should be up to about 5.0 Log,,
TCIDy/ml, more preferably between about 1.0 to about 4.0 Log,, TCID,/ml, and still more
preferably about 2.5 to 3.5 Log,, TCID,/ml, and most preferably about 3.0 Log,, TCID,/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 thercof are taken. Data gathered from these
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. _measu}ements is then compared with the rate of growth, viremia magnitude, antibody and/or

combinations thereof for a known and charaterized isolate, as a measure of predicted virulence
of the new or unknown isolate.

Using the methods of the present invention, the rate of PRRS viral growth, viremia

magnitude, antibody response, and/or combinations of these characteristics were measured in

" swine which had one of cight different PRRSV isolates administered thereto. Each of these

isolates had a known level of virulence and clinical discase manifestations. These same
characteristics were also measured il:l swine which had a combination’ of all ecight isolates
administered thereto.

More specifically, one hu.ndred (100) healthy two-three week old pigs were divided

randomly by weight into ten groups with each group having ten pigs. All pigs were tested for

‘PRRS infection ﬁling HerdChek ® PRRS ELISA 2XR (IDEXX Laboratories Inc., Westbrook,

ME). Eight of the groups received an administration of one of the cight isolates, one group
received an administration consisting of a combination of all eight isolates, and the last group

received an administration Eagle’s Minimum Essential 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 49=day-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
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titers.

RT-PCR was performed using the QlAamp Viral RNA Mini-Kit ® (Qiagen, Inc.,
Valencia, .CA) and PRRSV was detected using a single-tube assay by Tetracore, Inc.
(Gaithersburg, MD). To determine virus quantitation, a standard curve was developed and
concentrations’ of the unknown samples were determined by linear extrapolation of the cycle
threshold values plotted against the known emcemntion of the 3' UTR transcript product.

Antibody measurement using ELISA S/P ratios were generated using HerdChek ® PRRS .
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 BL21 (DE3)-RP cells (Stratagene, La Jolla, CA).

All pigs were weighed at the beginning and at the end of the study. Additionally, on
every day of the study, each pig was evaluated and scored by a veterinarian for clinical signs of
PRRS discase. All resulting data was analyzed statistically and compared ona group-by-group
basis.

Nine of the ten groups were subscquently 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 anslysis using virus isolation and
immunohistochemistry.

The present invention 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.
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The present invention also provides an improved method of selecting a PRRS virus
isolate for attenuation and inclusion in an immunogenic. The method generally includes the steps
of a) obtaining a PRRS isolate of unknown virulence; b) administering a quantity of said PRRS
virus isolate into a PRRS-free swine; c) allowing said isolate to replicate in the swine for a period

of from about 3-15 days; d) measuring the rate of virus growth and/or the mnsnitudg of viremia

" during said period; €) comparing said rate of growth or viremia magnitude with the rate of growth

. likelihood of having a useful vaccine that protects against the virulent PRRS isolates will be .

and/or viremia magnitude of a PRRS virus isolate of known virulence; and f) selecting an isolate

for attenuation and inclusion into an immunogenic composition based on its rate of growth and/or

its viremia magnitude in comparison to isolates of kmown virulence. It would be preferred to

sclect 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 rpedicted 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 repsonse. By using the methods of the present invention, the selection of

which isolates to use for inclusion in immunogenic compositions will be simiplified and the

increased.

As used herein, “rate of growth™ refers 1o the measurement of virus replication over time
in swine. Preferred examples of this measurement are provided in Example 1. “Viremia
magnitudes” as used herein, refers to the concentration of virus circulating in the blood of swine.

Preferred examples of this measurement are also provided in Example 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a gmph of mean serum virus titer versus time expressed as log,, TCID,y/ml
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for the swine test of Example 1;

Fig. 2 is a gmaph of mean PRRSYV virus concentration in serum in the swine test of
Example 1, as mecasured 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
and the log,, TCID/ml data of Example 1, wherein the group average under the ELISA S/P ratio
curve wplotwil against the group average area under the log,, TCID,,/ml;

Fig. 5 is a graph illustrating repeated messures analysis for the oorr!men:ill ELISA assay
an RT-PCR concentration data of Example 1, wherein the group average area under the ELISA
ratio curve was plotted against the group average area under the RT-PCR concentration curve;

Fig. 6a is a graph of absorbance versus time for Example 1;

Fig. 6bis a graph of absorbance vs. time, illustrating the effect of PRRSV isolate on nsp-4
IgG response, wherein the data are the mean values of 10 animals, except where animals died;

Fig. 7 is a graph illustrating repeated mensures analysis using the nsp-4 and log,,
TCIDyy/ml data of Example 1, wherein the group average ares under the nsp-4 curve was plotted
against the group average area under the log,, TCID,,/ml curve;

Fig. 8 is a graph of repeated measures analysis using the clinical scores and log,,
TCID,,/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. Itis to be understood, however, that these examples are provided by way

/.\U‘U\
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_ . of illustration only, and nothing therein should be deemed a limitation upon the overall acope of

the invention. - . . -

EXAMPLE |
Materials and Methods: _
One hundred healthy 2-3 week-old pigs were obtgined from a PRRS-free oummmial.
herd and were maintained at Veterinary Resources, Inc., Ames, lowa, under the supervision of

a veterinarian. Animals received food and water ad libitum. All of the animal care and

lnborltory personnel involved with the study were blinded to the treatments given to the various

groups of animals. Pigs were tested by HerdChek® PRRS ELISA 2XR (IDExx Laboratories

Inc. Westbrook, ME) to determine if any pigs were infected with PRRSV. All of the pigs for this

"example tested negative- The pigs were then mndomly divided by weight into 10 groups with

10 pigs per group.
A total of cight PRRSYV 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 CL2621 cells (C1L2621 is a proprietary cell line obtained
from NVSL, Ames, IA,) (an MA-104 monkey kidney cell line). Three of the primary field
isolates, VR-2332, JA-142, and SDSU 73, alu; had attenuated forms, Ingelvac® PRRS MLV
(Bochringer 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 vitro passaging to attenuation.

The PRRSY isolate ATCC VR-2332 was isolated in 1991 in Minnesota and was used at cel]

AP
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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 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 Mllly 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 lowa 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

(ATCC No. PTA-6320), was obtained by 52 passages. The PRRSV isolate 17198-6 (ATCCNo.
PTA-6321) was obtained from Oklahoma in 1997 from a herd experiencing severe reproductive
disease and was used at passage level four. The Pl_!RSV MN 184 isolate (ATCC No. l.’TA-63 19)
was obtained in 2001 from a swine farm experiencing severe reproductive disease and sow
mortality in southem Minncsota and was pm.vided by Kurt Rossow, Univerlit'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,/ml in Eagle's Minimum Essential Medium (EMEM) (JRH
. Bioscience, Lenexa, KS) 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 CL262] 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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Table 1 Virulence and Inoculation Titer of Isolates.

245 Group Isolate Year Isolated Virulence*** Titer log,, TCIDg/ml
1 VR 2332 1991 Moderate 34
2 Ingelvac® PRRS MLV* USDA license 1996 Attenusted VR2332 302
3 JA 142 1997 High KRk}
4 Ingelvac® PRRS ATP* USDA hiconse 1999 Atienuated JA 142 414
250 5 SDSU T 1996 High 275
6 Abst 1* Attenuated 1999 Attenuated SDSU 73 418
7 MN 184 2001 High 410
8 17198-6 1997 High 281
9 Pool** N/A High in
255 10 Control N/A _N/A N/A
* atienuated PRRSV 1solates.
** Mixture contmimng all of the esght 1solates
*¢* Summary of lung lesions reported in Symposium on Emerging Drscases, Rome 2003
260
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The isolates were then compared to determine their genetic similarity throughun analysis

of their percent sequence identity. Sequence identity was determined by submitting virus

samples to the University of Minnesota Diagnostic Laboratory for sequence analysis. The results

of ORF 5-6 were provided and then compared to a PRRS virus consensus sequence. Individual
base pair differences 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-bin/common/web_blast.cgi) that lists sequences from isolates from 1989-

2003. Another frequently used site is the NCBI BLAST link found at ncbi.nlm.nih.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 isalates.
In contrast, the parental and vaccine PRRSV pairs were nearly genetically identical. The
pairwise comparison and dendrogram of Table 2 were generated using the Lasergene software
suite of sequence analysis tools (DNASTAR, Inc, (Madison, WI)).

Table 2, Pairwise comparisons of ORFS nucleotide sequence of virulent and
attenuated PRRSYV 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
dendrogram shows the genetic relatedness of the jsolates. The bar indicates 1
nucleotide change per 100 residues. 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 Jdentity
Ingelvace ingelvac
VR 2332 PRRS JA-142 PRRS SDSU7I3  Absi-] MN 184 17198-6
MLV ATP
VR 2332 99.7 91.0 90.5 0.0 29.6 86.4 204
Ingelvac
PRRS MLV 03 90.7 90.2 89.7 892 264 90.0
JA-142 9.7 10.1 99.2 92.7 92.2 872 922
Ingelvac 103 10.7 08 919 914 364 914
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PRRS ATP . . .
SDSU 73 10.9 113 78 88 ) 99.5 87.2 91.7
Abst-1 11.5 11.9 a4 9.4 0.5. . 86.7 912
MN 184 15.3 15.5 144 15.5 144 15.1 86.1
17198-6 105 10.9 a8 9.7 90 9.6 15.9

Percent Divergence

At day 49, 2mi of virulent isolate of PRRS MN 184 was administered intranasally to
groups 1-9. The MN 184 isolate was diluted in 'MEM + 4% FCS, such that the concentration
was equal to log 3.0 +/- 0.5 per ml. The diluted challenge virus was titrtaed on 96-well plates
_ containing three day old CL2621 celis for testing. 'l‘he animals were evaluated for 14 days*

and then necropsied.

Evaluation of Viremia

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. Serum was separated from clotted whole blood by centrifugation
at 6000 RPM for 20 minutes. Serumn samples weré then divided for analysis by virus isolation,
TCID,, Assay, quantitative reverse tmnscriptase-polymerase chain reaction (RT-PCR),
HerdChek® PRRS ELISA 2XR, and PRRSYV 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 for a 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

thawed, extracted, and tested.
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For the T(?ID,. assay, 100 pl of serum from each pig was added to a dilution tube

comaining 900 pl of EMEMm +2% FBS + 50 pg/m! gentamicin (Sigma Chemical Co. St. Louis,
MO) + 2.5 pug/ml Fungizone (Invitrogen Corporation, Grand Island NY). This tube was

vortexed and 100 ) was transferred to another dilution tube containing 900 ul of EMEMm +

2% FBS + 50 pg/ml gentamicin + 2.5 pg)ml Fungizone. This process was repuned_umil a final

" dilution of 10 was reached. Four replicates for each dilution were plated on 96-well plates,

containing the CL2621 (MA 104 cells), 100 ul per well, at 37°C and 4% CO, for eight days.

Each well then was examined for cytopathic effect (CPE) and the titers were determined using

the Reed-Muench calculation. For virus isolations, 100 pl of serum was added to.each of the '

duplicate test wells containing MA 104 cells. The plates were then incubated for one hour at

37°C and 49&. CO,. Next, 500 pl of EMEM + 2% FBS + 50 pg/ml gentamycin + 2.5 pg/mi

'Funglzone was-added to each well. The plates were allowed to incubate at 37°C with 4% CO,

for elght days and then each well was examined for CPE.
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.

PRRSYV 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 (] reaction volume consisting of Tetracore U.S. PRRSV Master Mix
(18.9 gl Master mix, 2 pl Enzyme mix 1, 0.1 pl Enzyme mix 2) and 4 pl of extracted RNA. The
reaction tubes were loaded into the Smart Cycler II® block (Cepheid, Sunnyvale, CA) and

software settings of fluorescent detection were set for automatic calculation of the baseline with
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the background aubln;:tion on. The thermal cycler program consisted of 52°Cfor 1800 seconds,
95°C for 900 necond;. and 45 c'ycles at 94°C for 30 seconds, 61°C for 60'seconds and 72°C for
60 seconds. A PCR reaction was considered positive if the cycle threshold (Ct) level was
obtained at < 45 cycles. For quantitation, known amoun;s of serially diluted in vitre transcript

RNA product (1 x 104 through 1 x 10° copies/jl) were used to generate a standard curve.

Copy/ml e;mcentratio:is of the unknown samples were determined by linear extrapolation of the .

Ct values plotted against the known concentration of the 3"UTR transeript product.
Antibody Measurement

_ELISA S/P ratios were generated by performing the HerdChek® PRRS ELISA 2XR
(INDEXX Laboratories, Westbrook, MA) according to the manufacturer’s instructions. PRRSV
protein-specific ELISA for The HerdChek® was performed with recombinant iuola'te VR2332
nucleocapsid (N) and nonstructural protein 4 (nsp 4) which wab expressed in BLZI' (DE3)-RP
cells (Stratagene) from the plasmid pET 24b as fusion proteins containing an amino terminal
myc-tag and a carboxyl terminal 6x histidine tag. Denatured proteins were dialyzed in 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 um membrane. Reduced
_ protein was added into refolding buffer (100 mM Tris HCI, pH 8.0, 0.5 M L-arginine, 8 mM
oxidized glutathione, 2 mM EDTA, 10 pM pepstatin A, 10 uM leupeptin, and 1 mM PMSF),
filtered (0.22 pm) 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. Piotcins were analyzed on an Agilent 2100 Bioanalyzer with the Protein LabChip.
Purified protein solitions 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

A
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_.2.5% nonfat dry milk in phosphate-buffered saline containing 0.1% Tween 20 (PBST). One

- hundred pl of a 1:2000 dilution of serumn was applied to duplicate wells for 2 hours, after which

plates were washed with PBST and-antibodybinding was detected by incubation with horseradigh
peroxidase-conjugated goat-anti swine 1gG (heavy + light chains (KPL, Gaithersburg MD)

diluted 1:5000 for 1 hour, followed by washing and color development with 100 p! of TMB

" substrate (KPL). Reactions were stopped with 1 M phosphoaric acid and plates were read at 450

Body Weights

All pigs were weighed on day 0 (first day of study) and day 49 (end of study). Pigs were -

weighe.d on a portable electronic weigh-bar scale system Weigh-Tronix™ model 615XL,

(Weigh-Tronix Inc., Fairmont, MN). The scale was calibrated using certified test weights prior

'to and after each use. Co .

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 s score of three, maximum clinical illness was a score nine and a dead animal réceived a

score of 12. Samples from all animals that died in the study were submitted to the Iowa State
University Veterinary Diagnostic Laboratory for pathologicil examination.
L histoloeical evaluati rl

A sample fo lung from each pig was fixed with formalin on the day of necropsy for
testing by immunohistochemistry 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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All data were imported into SAS version 8.02 for data management and analysis.

Summary statistics including mean, standard deviation standard error, median and' frequency

distributions were generated for-all out come variables as appropriate. Weight, RT-PCR, and

Log,, TCID,/ml data were analyzed by one way ANOVA for overall differences among the

\* treatment groups with pairwise testing for differences between treatment groups by Least

" Significant Difference ttest. All tests fordiffﬂeneubﬂwemmupswmduigmdutwo-sided.
tests. Differences were considered statistically significant at p < 0.05. .

Some changes were made to.the data to facilitate correlation énalyses. The Log,,
TCID,/ml values listed as <2.00 were set to 1.0. Negative RT-PCR values were set to 1.0 and .
all RT-i’CR values were nollmaliz-ed by transformation to log base 10 before analysis. Control
group results were not included in the correlation analyses. Results for each pig were wnvemed
‘to an approximate area under the curve using trapezoidal rule. Area undermecurve was
t.:omp-uwd for the entire study period, from the first observation to day 15, and from day 15 to the

last observation, although 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 1 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) to0 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,,

TCIDy/ml were attained on day 7 for four of the five virulent isolates. Isolate 17198-6 peaked
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on day 15. Titers remained near or above 2 log,, TCID4/ml in all virulent virus groups for 21

days except for JA 142-infected pigs which had titers below that level.
The levels of viremia in the pigs inoculated with attenuated PRRSV isolates were lower

than in pigs inoculated with virulent field isolates. The group means of the attenuated isolates

peaked at titers over a log lower than the peak of the lowest virulent group titer. The Abst-1 °

isolate, with the exception of day 3 post inoculation, was never re-isolated. Ingelvac® PRRS

MLYV viremia fluctuated between 0.5 and 1.0 log, TCID4/ml from days 7 to 28, and Ingelvac®

PRRS ATP varied between 0.4 and 1.2 log,, TCID,y/ml from days 7 to 28. Attenuated isolate
viruse!wmnotmeoveredﬂum serum after day 28, and virus was recovered from only two of
- the virulent field isolate groups, the pool-infected and MN 184-infected pigs through day 35 (also
shown in Fig. 1). Nearly all pigs were nonviremic by virus isolation at dayzs 42 and.49.

Ovenall, the more virulent isolates were observed to replicate faster and to higher titers
in pigs than were the attenuated isolates. Pigs infected with the MN 184 isPIIte. in particular,
showed a very rapid increase in virus replication beginning before day 3 and reaching a peak of
over 4.5 log;o TCID,/ml on day 7. After peaking, the MN 184 viremia steadily decreased but
still maintained a significantly higher titer (i-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 log less than any of the virulent exposure groups and several orders of magnitude less than the
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_ MN 184-infected group. The titers observed in these attenuated exposure groups then declined

' exposure, whereas MN 184 had a titer of zero. The other attenuated groups peaked three days

to zero on or before day 15 (See Fig. 1)

--‘When comparing the group means after the second exposure, there is a very steep increase
in the viral titers of the attenuated groups, whereas the virulent groups show a smaller increase

or no increase at all. For example, Abst-1 had a titer of 3.76 logs seven duys after the second

after the second exposure. The highest titer observed in any virulent group after the second
exposure was 1.32 logs seen three day;l after exposure in JA 142.
Virus quantification by Real Tame RT-PCR

Levels of viremia were also determined by real time RT-PCR since it was ponible that

growth on C1.262] cells was not the same for all isolates and because RT-PCR might | be a more

'lmmwe measure than growth on cells for viremia. As shown in Fig. 2, virulent exposure groups

showed a dramatic increase in average concentration on day 1 and all groups peaked above 8
logs/ml between days 7 and 15. The virulent exposure group concentrations then gradually
tapered off through the next several weeks, reaching concentrations below 4 loga/ml by day 49.

The attenuated isolate exposure groups showed a much less dramatio 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 logs/m! on day 28, the Ingelvac® PRRS
ATP group peaked at 6.58 logs/ml on day 3, and the Abst-] group peaked at 6.85 loga/ml on day

35, which was the highest titer achieved by an attenuated isolate (Fig. 2). Additionally, the
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average concentration of the virulent isolate groups were observed to be significantly higher .

- (P<0.05) than the lvmse concentration of the attenuated isolate groups-on days 3 and 15, but
on day 49 the average concentration of the virulent isolate groups was significantly lower
(P<0.05) than that of the attenuated isolate groups. .

HerdChek® PRRS ELISA 2XR

As shown by Fig. 3, the humoral immune ‘response to PRRSV, as measured by

HerdChek® PRRS ELISA 2XR S/P ratios, showed that the virulent isolate exposure group

averages rose above the 0.4 cutoff for a positive result on day 15. By contrast, the attenuated
isolate exposure group averages were negative and all th'reegroupsmnnined below 0.4 until after

day 21. The Ingelvac® PRRS MLYV and Ingelvac® PRRS ATP groups showed positive results
on day 28, but the Abst-1 group did not show an average S/P ratio over 0.4 untit day 42.

In comparing the humoral response of groups infec.wd'with virulent isolates.or the pool
10 groups inocillated with attenuated isolates, it was clear that the kinetics and magnitude of the
anﬁbociy response was associated with the level of viremia, particularly between 14 and 35 days
after infection. This observation is further supported by the comrelation between viremia levels
and humoral antibody responses determined by paired comparisons of HerdChek® PRRS ELISA
2XR S/P ratios to eiéher virus titration or RT-PCR. Figs. 4 and 5 show that the humoral antibody
response is closely associated with viral load over the entire study period with a correlation
coefficient r=0.858 for virus titra.tion 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.
PRRSY Protein-Specific ELISA

To gain additional insight into the relationship between differences in PRRSV inocula

and humoral immune responses, the antibody titers against N, the major structural protein, and
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_nsp 4, an essential but minor nonstructural protease, were determined. Fig. 6a illustrates that the

kinetics of the nucleocapaid anti-N 1gG response were nearly identical in all groups of pigs, with

" a peak titer on day 28 followed-by & sharp decline in the next 7-14 days, after which the levels

were maintained or rose slightly between days 42 and 49.

The magnitude of the response for each isolatc was similar to that found in the

' HelﬂChekQ PRRS ELISA 2XR results, and consistent with the levels of viremia. The lowest

peak titers at day 28 were observed in the groups inoculated with attenuated isolates, and the

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 agsin 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,,
TCIDy/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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Theuwunosiglﬁﬁuntdiffe}enceinthemunwdg!:tofanyoftlngmupsondnyOof "

the experiment (P = 0.099). On day 49 pigs inoculated with the sttenuatedisolate Abst-1 had the
highest mean weight, which was significantly higher then all other groups except for the control

group (Table 3). Also, on day 49, the mean weights of ail the virulent isolate exposure groups

except for the 17198-6 group were significantly lower than the control group (Table 3). The °

mean weights of the attenuated isolate exposure groups Ingelvac® PRRS MLV and Ingelvac®

PRRS ATP and the control group were statistica'lly equivalent (Table 3).

Table 3. Average Body Wghtl.
lclate Dav0  Dayes
VR 2332 6.38' 33.5
Ingelvac® PRRS MLV 636  34.6°
JA12 . 642, 2.7 '
Ingelvac® PRRS ATP 624 35.0¢
SDSU-73 _ 6.59 329
Abst-1 6.69 39.4°
MN 184 6.73 BT
17198-6 6.36 34,5%
Pool** ' - 6.51 23.0°
Contro] 648 ag4*

! Weights sre in kg. There were no significant differences in mean wt at day 0.
* Indicates statistically equivalem weights among these groups on day 49.

** Paol was a mixture containing sl cight isolates.

* Significantly grester than all groups except the Control group (p<0.0S).

* Significantly less 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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throughout the study while the remaining groups, both virulent and attenuated exposures, had “.

" essentially normal clinical scores for the duration of the study. The only major cause of changes

in the average clinical scores observed in this study occurred wl_:en one or more animals died in

the associated treatment group (Table 4).

-Table 4. Mortality of Pigs after Exposure

Isolatc Mortality Day(s) of Death{s)

Group

1 VR 2332 /10 N/A

2 Ingelvac® PRRS MLV ™10 N/A

3 JA 142 1710 = 10% 17

4 Ingelvac® PRRS ATP o/10 -N/A

5 SDSU 73 " 2n0=20% - 9,23

6 Abs-1 . ono N/A

7 MN 184 5/10=50% 14, 14, 17, 23, 4}

8 17198-6 - 10 N/A

9 Pool** ' 5/10 = 50% 12,16, 17,21,2)

10 Cantrols 219° 4,48
Attenuated PRRSV 030 = 0%
Virulent PRRSV 13/60 = 22%

All deaths in treatment groups were attributed to moderste ol severe non-suppurative interstitial pneumonia due
to PRRSV with secondary bacterial infection.

* Deaths attributed to bacterial preumonia with no PRRS involvement.

** Pool was a mixture containing all eight isolates.

The severity of clinical disease was 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 MN 1'84 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 vimal load as determined by RT-PCR were less marked (data not shown) and the
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correlation of clinical signs with viral Joad by RT-PCR was less than with virus titration (r=0.556

versus r=0.803, respectively). The clinical scores in group 10 (Controf) increased after the death

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

specific ELISA. Later findings indicated that various bacterial pathogens were present in animals

that died unexpectedly during the study these deaths were likely attributed to secondary bacterial

infection (Table 5).

Table 5. Cause of Mortality after Exposure

Rig# Gmm Cause of Dexth

993 JA 142 PRRS & Streptococcus suls
o438 Neg Control Arcanobacterium pyogenes & Pasteurella multocida
983 Neg Comtrol A, pyogenes & P. multocida
922 SDSU 73 PRRS and bacterial pncumonia®
918 SDSU 73 PRRS and Escherichia coli
73 MN 184 PRRS and Actinobacillus suis
992 MN 184 PRRS and A. suis

980 MN 184 PRRS and E.coli

971 MN 184 PRRS and E.coli

958 MN 184 PRRS and E.coli

976 Pool PRRS and A. suiy

970 Pool PRRS and V & suiy

972 Pool PRRS and S suis

995 Pool PRRS and S. suis

€% Bool PRRS and 4. pyogenes

* The diagnostic report indicated “bacterial pneumonia™ with no specific agent lised.

 analyses, and the complete lack of seroconversion by HerdChek® PRRS ELISA 2XR or protein-

17

41

48

23
14
14
17
23
41
12
16
17

21
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Immunohistological evaluation of lungs

Although the mean IHC scores and PRRSV lesions obsérved for individual groups were

not significantly different, a significant difference was seen when comparing THC scores

according to virulence. For mean IHC scores and PRRS-C lesions see Fig. 9 and Table 6.

Table 6: Mean JHC Scores Based on Virulence.

ariable AVIR Mean —Nlllﬁeln TH'(TVA-p Value

HC R.36 | ) 1
* = Significant at p < 0.05
Discussion

One objective of this example was to examine various P'RRSV isolates with known lcvels
of virulence to determine if there was a relationship with in vivo replication that could 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 virulent using the
methods of the present invention. 1t would be a goal to have such vaccines provide some degree
of protection against other virulent isolates; however, such cross-effectiveness may not be
universal for all PR_R-SY isolate_s_-and further testing would be required. However, it is clear that
the Mt invention provides an effective tool for identifving prime candidates for vaccine
development.

In order to test PRRSV isolates under the same conditions it was necessary to use dosages
oflicensed 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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_.administration of the MLV vaccines used in the study was not in accordance with the USDA
-label and was only used to mimic a more natural exposure. The typical commercial dose of the

. modified live PRRS vaccines (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

" the reported serological response. Using a commercial dose of vaccine, serological titers as

measured via the IDEXX assay would be detectable by day 14. In this trial using titers of

approximately 3 logs, this serological response was delayed and lower. This was to be expected,

WY

but was done to insure consistency of titer aministration between groups and to.facilitate the

analysis and comparison between virulent and attenuated isolates. Although not specifically

addressed in this Example, the effect of dose is likely much more significant for an _atl:enuated

'or less virulent virus than it is fm- a virulent field virus that can quickly grow in and be reeomd

at over 4 logs/ml in pig serum within 3-7 days of exposure. The higher reeommended
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 diffen:-.nce in clinical signs and viremia in young pigs
inoculated with PRRSV isolate VR2332 at doses of 10*2, 102 and 10*2 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 PRRSYV in pigs is a phenotypic characteristic of the virus independent of possible variation
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in pig susceptibility to infection. In addition; attenuation of PRRSYV by adaptation to growthon .

CL2621 cells reduced not only its ability to grow in pigs, but altered the kinetics of viral
replication so that peak viremia occurred at later times. A similar observation was also made by

Chang et al. (2002), who showed that even a limited i:eriod of cell culture passage of the

moderately vitulent PRRSV isolate VR 2332 reduced viral growth in pigs ‘and delayed

significantly the time t6 peak viremia. However, a dell):ed time to peak viremia is not diagnostic
for in vitro cell culture passage or for attenuation, since the highly virulent isolate 17198-6 also
showed a delayed time to peak viremia.

_ Overall, virulent isolates showed substantially i:igher viremia levels in serum than did
attenuated isolates at equivalent doses of irioculation. For example, the highest observed virus
titer in any of the attenuated isolate exposure groups was 1.22 logs on day 15 in .pigl given
Ingelvac® PRRS ATP, whereas the lowest titer of any virulel'lt-gmup on diy 15 was 2.40 logs
in the SDSU 73 group. The peak of viremia at days 3-7 and the levels of virus detected (all >3.5
logs/ml) was highly consistent among virulent PRRSYV isclates, though MN 184 was significantly
greater in its magnitude and duration, with virus tite.rl still present on days 28 and 35. This
supports the concept that highly virulent PRRSYV isolates replicate to a substantially higher titer
in vivo than do attenuated or lJowly virulent isolates, but they do not establish a direct quantitative
relationship between level of virulence and level or rate of in vive growth among wild-type
PRRSYV (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 inthe MN 184 or
pool group, both of which received the MN 184 isolate initially. Int can be seen that Abst-]
confers very little protection following exposure to MN 184. These observations further solidify

the concept that hamologous exposure confers more protection than does heterologous exposure.
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_ . The homologous virulent exposure was more protective and the heterologous virulent exposure

was Jess protective, but still more protective than the heterologous attenuated exposure.

The real time RT-PCR results were statistically very similar to the Log,, TCIDyy/ml
results, indicating that both methods measure relative levels of infectious virus among groups.

The Pearson correlation coefficient between the RT-PCR and Logo TCIDs/ml day 7 data was

" 0.89 and for the average resl time RT-PCR and Log,, TCIDy/ml results was 0.88. The

concentration values determined by real time RT-PCR may have been scveral orders of

magnitude higher than log,, TCID¢/ml values for scveral reasons, including differences between

. the frequency of viral particles containing the target amplicon and particles that are fully -

infectious on CL2621 cells, and the presence of neutralizing antibodiés that could lower

infectivity (Dianzani et al., 2002). However, neutralizing antibody is unlikely to sccount for the

'd:ﬂ'eleme because it was oblerved at all time points, including times before which an,.anti-

PRRSV antibody response had been produced.
The copies/ml values detmined by real-time PCR were higher then the infectious titer

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

. copies of genome of the virus is routinely used for quantitative PCR which directly amplifiesa .

genamic 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,/ml in sera.
Altermatively, some non-infectious or replication-defective virus may be present which would

be reflected by higher copy numbers.
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In general, the ELISA observations support the concept that the magnitude of the humoral

immune response is related to the level of viral replication during acute infection." The trend

. indicated in Figs. 4 and 5 illustrates this relationship. A slower and less intense humoral immune

response was triggered by the cell-culture attenuated virus isolates, whereas a faster and more

intense humoral immune response was tnggered by the virulent isolates. In ad:_ﬁtion these

" observations also demonstrate that at least two factors, isolate type and infectious dose, impact

relative S/P ratio values in the HerdChek® PRRS ELISA 2XR. Although the ELISA results

shown in Fig. 3 indicate a clear positive or negative average group response, it is important to

N

note the variability among individual animals. Some pigs within attenuated virus groups were

positive before day 21, and some pigs in the virulent groups remained negative up to day 21.

Analysisofspeciﬁcmﬁbodyrespmuéstondmp4showthatimmunereqponnsto

'PRRSYV vary inintensity independently of the inoculating isolate. Antibody responses to the N

protein in animals that 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 JA142 also had the highest viral titers, as shown in Figs. 1 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
attenuated 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. All pigs had low anti-nsp 4 responses as

shown in Fig. 7.
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These observations indicate that some of the PRRSV proteins elicit a more robust

response from the host immune system regardless of exposure isolate virulence. However, the
observations also indicate that the magnitude of the immune response to the more immunogenic
proteins is likely related to the virulence of the exposure isolate, or the ability of the isolate to

replicate in vivd. It also is possible that differences in antibody response might be due simply to

genetic differences among isolates that result in differences in antigenic reactivity such that

antibodies directed against N and nsp 4 of other isolates do not react or react poorly to the
recombinant proteins expressed from isolate VR2332 that were used to coat the ELISA plates.
However, several lines of evidence suggest that the observed differences in antibody levels reflect
immunologically relevant responses. Isolate MN 184 shows the greatest genetic difference from
VR2332, as determined by ORF 5 comparisons, yet has the highest anti-N antibody response.
Kapur et al. (1996) showed previously that relative differences among PRRSYV isolates in one
open reading frame are also present in other open reading frames. Addit.iomlly. individual
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 resulis 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 po differences were observed between ELISA plates
coated with nonrefolded or refolded proteins.

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 GPS, the major envelope glycoprotein. Taken together, these observations suggest

that the responase to individual viral proteins likely does not represent the full picture of the pig's
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_immune response to PRRSYV since the humoral immune response as measured by the HerdChek®

- PRRS ELISA 2XR does not show a similar transient peak of antibody reactivity.

Reduced growth and mortality were the key correlates of virulence and viral in vivo

growth rate. The lower mean weight observed in the virulent isolate exposure groups most likely

reflected a difference in the ability of a PRRSYV isolate to replicate in vivo and induce a more

" severe illness in the pig. These observations are consistent with previously reported data that

PRRSYV infection may cause anorexia with a 25 to 40 percent reduction in daily weight gain

(Thacker, 2003). The clinical scores of animals exposed to the virulent isolates showed rapid

increases shortly after the inoculation, whereas there was virtually no change in the scores of the

attenuated virus exposure animals. This increase in clinical signs was reflected in the observed
death rates of 50%, 20%, and 10% in the virulent exposure groups receiving PRRS isolates MN

'184 SDSU 73,'and JA 142, respectively. In contrast, the attenuated exposure groups incurred

no duths The relationship between rapnd viral growth and viral pathogenems 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 yet, as indicated in Fig. 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 2 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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The notable in vivo differences between virulent and attenuated PRRSYV isolates shed °.

light on the relationship between the virulence of an isolate and its in vivo growth and replication.

When administered at equivalent doses in pigs, the more virulent isolates show Log, o TCIDy/ml

titers and RT-PCR concentrations that are exponentially h.igher than the attenuated isolates. The '

virulent isolates induce 8 more rapid and intense humoral immune response. “The virulent *

isolates negatively affect weight gain and induce higher death rates and more severe clinical signs

as compared to the attenuated isolates.

In conclusion, the example and tests in the present application indioate that attenuated and . .

vimlq:t PRRSYV isolates induce remarkably different clinical signs, as well as immune responses
that differ in intensity. These differences are attributed to the ability of the virus to replicate in
vivo, a phenotypic characteristic that can be measured quantitatively in serum lampl'es and may

be developed for predicting the virulence of PRRSV 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 fomlmlated incorporating a modified or attenuated live virus for the
immunization of swine from infection by PRRS. The PRRSYV 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
nedia is adjusted to approximately 7.2, and incubated at approximately 37° C. The cells are then

inoculated with the virus by adding about 1 m] of a frozen inoculum to the fluid media. The
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_virus is allowed to absorb onto the cells for 24 hours. At this time, the growth media is changed
to a maintenance media consisting of MEM to which has been added 4% fetal calf serumn, pH 7.6.
The environment is preferably between 35°-37° C. The virus is allowed to grow until 50% of the

- MA-104 cell sheet is destroyed by the virus. The sample is then frozen down, and prepared for
\* passage onto another flask of MA-104 cells. This process is continued through 25 passages of
" the virus in the cell line. The virus is then propagated another 12 times at about 31° C. as-
opposed to 35°-37° C., using the same techniques as described above. The.12th passage is frozen
down in small aliquots and deuignne(i as the Master Seed Virus.
The following sets forth the details of the preferred method.
1. Media:
a. Eagles Minimum Essential Medium (MEM) from JRH Biosciences, *}'zoo-zm
b. Fetal calf serum (FCS) from JRH biosciences
c. Growth media for cell planting-MEM+10% Fetal Calf Serum

d. Maintenance media-MEM 4% Fetal Calf Serum

e. Trypsin-Versene IX

f. Sodium Bicarbonate 5% or saturated ‘

II. Tissue Culture:
Cell line used: MA-104 (African Green Monkey Kidney cells kept within 20 passage
levels (passage 58-78)
11J. Equipment:
75cm tissue culture flasks
Incubator set at 35°-37" C.

Incubator setat 3° C.

NXA
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Centrifuge
1v. Method Used to Attenuate PRRSV Virus Grow at 25°-37° C.
A:- - Preparation of Tissue Culture Stock: _
5 to 7 day old MA-104 75cm? stock bottles are l];lit 1:4 in the following manner:

_s. Pour off all media (50ml per bottlc).

b. Reniove the cell sheet using 10ml of Trypsin-Versene by incubation at 37° C.

for 5-10 minutes.
c. Remove cells from bottle and centrifuge 270xg for 5-10 minutes.

d. Decant supernatant and resuspend the cells in 5-10m! of growth media (MEM

e. Putall cells into 200ml of MEM 10% FCS which is then dispem.:d into four
75cm bottles, 50m] per bottle fora 1:4 split. Bottles are then kept at 35°-37" C. until ;leeded (can
be done also without co,). ' |

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

g. Adjust pH of 50m] of media in ﬂuic to 7.2 pH and then add 1m] 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 _this 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 1 ml 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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Method Used to A.ttemute PRRSYV Virus Grown at 31° C. Vinus passed 25 times at 35°-37° -.
C.isueedtomnkepissagelfervirusgrownat:’-l'c. '
A. Preparation of Tissue Culture Stock:
5 to 7 days old MA-104 75cm? stock bottles are eplit 1:4 in the following manner:
"a. Pour off all media (SOml per bottle).

b. Remiove the cell sheet using 10ml of Trypain-Versene by incubation at arc..
for 5-10 minutes. ' |

c. Remove cells from bottle and centrifuge 270xg for 5-10 minutes.

d. Decant superuatant and resuspend the cells in 5-10ml of growth media (MEM
10% FCS).

e. Putall cells into 200ml of MEM 10% FCS which is then diepensed 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 or4 day old bottles which have forrned s ﬁll cell sheet are now ready for use.

g Adjust pH of 50ml of media in ﬂui: 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 S0ml 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.

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

This above procedure is carricd 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 Gene Deletion

One skilled in the art may attenuate PRRSV through the conventional method of gene

deletion. Generally, this method involves the deletion of a gene which codes for the virulent

phenotypes of the virus. Such a method may be adaptedﬁmnofmhrefameeln_Elbﬂletal.
(U.S. Pat. App. No. 20020012670) or Schall et al (U.S. Pat. No. 6,740,324), the teachings and

content of which are incorporated by reference herein.

Attenuation of PRRS virus by Temperature-Sensitive Mutation

One skilled in the art may also attenuate PRRSV through the conventional method of
temperuture sensitive mutation. Generally, this method involves causing a mutation that 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-Attenuated Cold-Passage 45 (cp4S) 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 attenuate PRRSV through the conventional method of
generating an infectious clone. This method generally 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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Syndrome Virus™, 77 Jowurnal of Virology 3702 (Mar. 2003), may be adapted for an attenuated -

vertion of PRRSV. The teach'ings and content of Nielson et al. are incorporated by reference

herein.

Aftenuation ofﬁ}iks virus by Gene Insertion

One skilled in the drt may also attenuate PRRSV through the conventional method of gene

insertion. This method generally involves the insertion of 8 gene within the virus which inhibits

the pathogenic phenotypes of said virus. Far example, the method of Schall et al. (U.S. Pat. No.
6,740,324) may be adapted for such an attenuated version of PRRSV. The teachings and content

of Schall et al. are incorporated by reference herein.

Attenuation of PRRS virus by Substitution T

One skilled in th;: art may also attenuate PRRSV through the oonvmtiona! 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 lncreased 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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_ attenuated PRRSYV igolate. The teachings and content of McAuliffe et al., Hurrelbrink and

McMimn, and Elbers ¢t al. are incorporated by reference herein.

Attenuation of PRRS virus by Use of Chimeric PRRS Constructs

One skilled in the art may also attenuate PRRSV through the eonventionnl_method of

" chimeric constructs. Generslly, a chimeric construct is one that contains genes from different

species in order to induce an antigenic response in a host cell. For example, such a construct may
be created by adapting the method of Harris et al . (U.S. Pat. App. No. 20040157307) to create

a chimeric construct with PRRS genes.

_ Incorporation of attenuated PRRS isolates into immunogenic compositions:
After new isolates are attenuated, preferably by one of the methods noted above, the
;ﬂm;med isolates can be incorporated into compositions effective at providing an immune
response against virulent isolates 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, i;'l 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 compositions.
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We Claim:

virulence, comprising the steps of administering a quantity of said PRRS virus isolate into PRRS-

free swine, allowing the virus to replicate in said swine for a period of from about 3-15 days,

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 between from about 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 administered .virns being similar
to the amount an animal would receive by natural exposure.

5. The method of claim 1, said PRRS virus being adminstered by a method
sclected from the group consisting of oral, intranasal, intramuscular, intra-lymph node,
intradermal, intraperitoneal, subcutaneous, and combinations thereof.

6. The method of claim 1, said rate of growth or viremia magnitude being
—measured in a biological sample from said swine.

7. The method of claim 1, said viremia being measured by Log,, TCID,y/ml,
reverse transcriptase-polymerase chain reaction, PRRS specific ELISA, PRRS protein-specific
ELISA, and combinations thereof.

8. The method of claim 1, further including the step of observing said swine

for clinical signs of PRRS infection after administration of said PRRS isolate.

1.  Amethod of predicting the virulence of s PRRS virus isolate of unknown

measuring the rate of virus growth and/or the magnitude of viremia during said period, and -

comparing said mte of growth or viremia magnitude _with the rate of growth and/or viremia
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9. The method of claim 8, said clinical signs including respiratory signs,
behavior, coughing, and combinations thereof.
' 10.  The method of claim 1, further including the step of predicting that the

PRRS isolate witl be of high virulence when its rate of growth or viremia magnitude are similar

‘\* to that of a isolate with high virulence.

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.

up to ni:out 5 ml of inocula having a viral concentration of up to 5.0 Log,, TCID/ml:
13, An immunogenic composition comprising an attenuated Pl}llls virus
"isolate and a phn.rmacologically compatible carrier, said attenuated isolate being selected.from
;he gl"oup consisting of Abst-1, and attenuated forms of a PRRS virus predicte;l to be virulent by
the method of claim 1.
14.  The composition of claim 13, said attenuated isolate being Abst-1.
15.  The composition of claim 13, said PRRS virus predicted to be virulent by
the method of claim 1 being sclected from the group consisting of ATCC VR-2332, ATCC PTA-

6504, ATCC PTA-6319, ATCC PTA-6321, and ATCC PTA-6322.

16. A method of selecting a PRRS virus isolate for attenuation and inclusion
in an immunogenic composition comprising the steps of:
a) obtaining a PRRS isolate of unknown virulence;

b) administering a quantity of said PRRS virus isolate into a PRRS-free swine;

11.  The method of claim 1, further including the step of predicting that the

12.  The method of claim 1, said administered amount of PRRS.virus being
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days; - !
d) measuring the rate of virus growth and/or the magnitude of viremia during said

period;

and/or viremia magnitude of a PRRS virus isolate of known virulence; and
1) sclecting an i_lolate for attenuation and inclusion into an immunogenic
composition based on its rate of growth and/or its viremia magnitude in

comparison to isolates of known virulence.

17.  The method of claim 16, step (f) further including the step of selecting an isolate

" having a similar rate of growth and/or viremia magnitude to a highly virulent isolate.

18. The method of claim 16, further including the step of attenuating the selected

virus.

19. The method of claim 18, said virus being attenuated by a method selected from
the group consisting of repeated serial passage in cell culture, gene insertion, gene switching,

—~gene deletion, base-pain substitution, and temperature-sensitive mutation.

20.  Themethod of claim 18, further including the step of incorparating said selected

virus in an immunogenic composition.

€ eompanng said rate of growth’or viremia magnitude with the rite of growth

c) aliowing said isolate to replicate in the swine for a period of from about 3-15 °
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ABSTRACT OF THE DISCLOSURE
A method of predicting the virulence of a new or uncharacterized PRRS virus isolate is

provided wherein the isolate is injected into swine and allowed to replicate for a period of from

'\" about 3-15 days. During this period, the rate of virus growth and/or the magnitude of viremia

magnitude of a PRRS virus isolate of known virulence, as a measure of the virulence of the new

or uncharacterized isolate. Additionally, a method of selecting an isolate for inclusion in an

compositions incorporating attenuated forms of viruses predicted to be \nru.lent. ,

" s determined, and this data is compared with a comresponding ;growth rate and/or viremia

J\"B("

immunogenic composition based on the predicted virulence is also provided, together with |
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1. Un método para predecir la virulencia de un alslado de virus del SRRP
de virulencla desconoclda, que comprende las etapas de administrar una cantidad de
dicho aislado de virus del SRRP a cerdos sin SRRP, permitiando que el virus se
replique en dichos cerdos durante un perlodo de aproximadamente 3-15 dias, midiendo
la tasa de crecimiento del virus y/o la magnitud de la viremla durante dicho periodo, y
comparando dicha tasa de crecimiento 0 magnitud de la viremia con la tasa de
crecimiento y/o magnitud de la viremia de un alslado de virus dal SRRP de virulencia
conockia como un Indicador de la virulancia del sislado de virus del SRRP de virulencie
desconocida.

2. El método de la relvindicacién 1, en el que dicho periodo es de
aproximadaments 3 a 7 dias.

3. El método de la relvindicacién 1, que Incluye la etapa de medir |a

magnitud de la viremla durante dicho periodo, y comparar dicha magnitud con la

magnitud de la viremia de dicho alslado de virus del SRRP conocldo.

4, El método de Ia relvindicacién 1, en el que dicha cantidad de virus
administrada es simBar a la cantidad que recibiria un animal por exposicién natural.

5. El método de la reivindicaclén 1, en el que dicho virus del SRRP se
administra por un método selecclonado del grupo que conslste en administracidn oral,
intranasal, Inframuscular, Intra-ganglio linfatico, Intradérmmica, Intraperitoneal,
subcutdnea, y sus combinaciones.

8.  El método de la relvindicacién 1, en el que dicha tasa da cracimiento o
magnitud de la viremia se miden en una muestra bioldgica de dicho cerdo.

7. E! método de la relvindicacién 1, en el que dicha viremla se mide por el
Log10 DICT50/ml, reaccién en cadena de la polimerasa con franscriptasa inversa,
ELISA especifico para SRRP, ELISA especifico para proteinas de SRRP, y sus
combinaclones.

8. El método de la relvindicacién 1, que ademés Incluye la etapa de



observar en dicho cerdo los signos dinicos de Iinfeccidn de SRRP después de
administrar dichos aislado de virus del SRRP.

9. El método de la relvindicacién 8, en el que dichos signos clinicos
Incluyen signos respiratorios, de comportamiento, toses y sus combinaciones.

10. El método de la reivindicacién 1, que ademés incluye la etapa de
predeck que el alslado de virus del SRRP serA muy virulento cuando su tasa de
crecimiento o la magnitud de la viremia son similares a las de un alslado con virulancla
alta.

11. El método de la relvindicacidon 1, que ademés Incluye la etapa de
predecir que el alslado de virus del SRRP serd poco virulento cuando su tasa de
crecimiento o la magnitud de la viremla son simliares a las de un alslado con virulencla
baja.

12. El método de la relvindicacién 1, en el que dicha cantidad administrada

de virus del SRRP es de hasta aproximadaments 5 ml de Indculo que tiene una
concentracién virica de hasta 5,0 Log,, DICT»/ml.

13. Una composicién Inmundgena que comprende un alslado de virus del
SRRP atenuado y un vehiculo farmecolégicaments compatible, selecclonéndose dicho
alslado atenuado del grupo que consiste en Abst-1 y formas atenuadas de un virus del
SRRP que se ha predicho que es virulento por ¢l método de la relvindicacion 1.

14, La composicién de la relvindicacién 13, en la que dicho alslado
atenuado es Abst-1.

15. La composicidn de la relvindicacion 13, en la que dicho virus del SRRP
que se ha predicho que es virulento por el método de la relvindicacidn 1, se selecciona
del grupo que consiste an ATCC VR-2332, ATCC PTA-6504, ATCC PTA-8319, ATCC
PTA-8321, y ATCC PTA-6322.

16.  Un método de seleccidn de un aislado de virus del SRRP para atenuar e
incluir en una composicidn iInmundgena, que comprende las etapas de:
a) obtener un alsledo de virus del SRRP de virulencla desconocida;



b) administrar una cantidad de dicho aislado de virus del SRRP a un cerdo
que no tiene SRRP;

c) dejar que dicho alslado se replique en el cerdo durante un periodo de
aproximadaments 3-15 dias;

d) medir la tasa de crecimiento del virus y/o la magnitud de la viremia
durante dicho periodo;

e) comparar dicha tasa de crecimiento 0 magnitud de la viremia con |a tasa
de crecimiento y/o magnitud de Ia viremia de un aislado de virus del SRRP de
virulencia conocida; y )

N selaccionar un alelado para atenuer @ incluir en una composicidén
Inmunégena basandose en su tasa de crecimiento y/o su magnitud de la viremia
comparado con los alslados de virulencla desconocida.

17.  El método de la relvindicacién 16, en el que la etapa (f) ademas Iincluye
la etapa de selecclonar un alslado que tiene una tasa de cracimiento y/o magnitud de
la viremia similar a un aislado muy virulento.

18. El método de la relvindicacién 16, que ademés Incluye la etapa de

atenuar el virus selecclonado.

19.  El método de la relvindicacidn 18, en el que dicho virus se atenda por un
mébdoselecdmadodelgmpoquécumhhmpmudadosmpeﬂdouanaﬂﬂvo
celular, insercién génica, camblo génico, delecién génica, sustitucién de par de bases y
mutacién sensible a la temperatura.

20. El método de la relvindicacién 18, que ademés Incluye la etapa de Incomporar
dicho virus seleccionado en una oompon!clﬂn inmunbgena.
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