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f(Syndroggr(eSIr RS)], because r@gﬁé@é&@ﬁgxgﬁ;ﬁpﬁ é@tpf’gaﬂhg}&ﬁ i dentify the

causative agent. MSD has L“cusanua of sw ne

-t hr oughout North Anerica and Europe. Once one pig is infected with MSD,

‘that one pig can spread the MSD to an entire herd within 15 three to seven

‘days. From 1987 to 1991, the swij ~ ! 4 | I'ions of dollars
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respiratory ‘di
O her reproducﬂﬁW%risﬁqnmmmEcagped b@anDone pig ls lnfected Wlth MSD;

that one pig can spread the MSD to an entire herd within

15 three to seven days. From 1987 to 1991, the swine
industry has lost millions of dollars in revenue as a
result of MSD. A recent study estimates that MSD causes
a financial loss between $250 and $500 per inventoried
sow.

20 MSD causes multiple symptoms in swine. The
first symptom -of MSD in a breeding herd of swine is
usually anorexia and mild pyrexia. In addition, the herd -
animals may exhibit bluish discolorations in their skin, -
especially in their ears, teats, snout, and the frontal

25 portions of their necks and shoulders. The affected skin
may become irreparably damaged. However, the most
devastating symptom of MSD is the reproductive failure
that occurs in a breeding herd of swine. MSD causes sows
to bear stillborn piglets; undersized, weak piglets with

30 respiratory distress; or piglets vwhich die before they
are weaned. Other reproductive symptoms caused by MSD
include early farrowing of piglets, a decrease in
conception rates, failure in some sows to cycle, and a
reduction in the total number of piglets found in a

35 litter. It has been estimated that the number of pigs
lost from reproductive failure is about 10 to 15 percent
of the annual production of pigs.:

Research has been directed toward isolating the
causative agent of MSD. A number of potential bacterial
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i nclude early farrow ng of piglets, a decrease in conception rates,
failure in sonme sows to cycle, and a reduction in the total nunber of

pi dtets found in a 35 litter. It has been esti.mated that the number of

L pigs- | ost fromreproductive failure is about 10 to 15 percent of the
lannual production of pigs. Research has been directed toward
I sol ating the causative agent of MBD. & nunber of potential bacteri al

-2- pat hogens have been isolated. However, the types of ‘
potential bacterial pathogens have varied between sw ne- ~ produci ng
farms. Viral i | K ag._i.ncl. f en Nt
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Therefore, it is an objective of the invention
10 to provide a vaccine and sera which, when administered to
a breeding swine herd, will reduce the presence of MSD in
: their population. Another object is to provide a method
| of treating a population of swine with the vaccine to
eradicate MSD from the swine population. Yet another
15 object is to provide a method for diagnosis of MSD.

g : SUMMARY OF THE INVENTION
These and other objects are achieved by the
present invention which is directed to a vaccine and sera
20 for prevention and treatment of mystery swine disease and
to a method for its diagnosis in swine.
The vaccine is derived from an infectious agent
g _ that will infect swine with mystery swine disease (MSD).
: The infectious agent is obtained from an inoculum of
25 processed tissue of swine infected with the disease,
preferably lung tissue. Preferably, the infectious agent
is the product of an in vitro mammalian cell culture such
as a simian cell line infected with the inoculum of the
i infected swine tissue. Preferablj; the inoculum contains
_ 30 biological particles no greater tﬁan about 1.0 micron in
! size, more preferably 0.5 micron,'ﬁost preferably no
| greater than 0.2 micron. It is also preferable that the
inoculum has hééh neutralized withiantibodies to common

swine diseases.
35 According to the préesent. invention, a tissue
homogenate obtained from piglets in SIRS-affected herds



. SUMVARY OF THE | NVENTI ON These and ot her objects are achi eved

. by the present invention which is directed to a vaccine and sera 20 for

t prevention and treatnent: of nystery swi ne di sease and to a nmethod for
its diagnosis in Swne. . _ The vaccine is derived from an
I nf ecti-ous agent t hat . mnll infect swne with nystery sw ne di sease
(MVBD) . The infectious agent i s obtai ned=from an i nocul um of 25 processed
ti ssue of swine infected with the disease, preferably lung tissue.
Preferably, the infectious agent is the product of an in vitro mamal i an

cell culture such . sim an e Lnf |t he.
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_affected herds. A viral agent has been recovered from
10 the tlssue ho_'genate. The viral agent causes a disease
' that mlmlcs SIRS in piglets and- pregnant sows. The viral
| aant has np; yet been classified. However, the viral
aganttis'a“faéfidious, non-hemagglutinating enveloped RNA
virus. A v1ral agent causing SIRS has been dep051ted on
15 July 18, 1991 w1th the American Type Culture Collection
in Rockv;lle, Maryland under the accession number ATCC

VR-2332.

_ 'Thé'éerum for treatment of infected swine
carries mammallan antibodies to the MSD. It is obtained
20 from the bloo"-plasma of a mammal (non-swine and swine)
pre-treateg} h the above—descr;bed infectious agent.
‘Alternatively, the serum is formulated from
monpclgnal*a bodies to MSD produced by hybridoma

methods. - . . : -
25 - _ _;ff3“ iethod for diagnosis of MSD is based upon
. ' ' ospecific antib§ﬂies for MSD. The method
ation of a filtéied homogenate of a lung
-a biopsy samplégor similar samples
iopsy) from otﬁéi tissue and the

30 1mmunospec1f ‘antibodies folloﬁéd by application of a

conjugaté N pﬁllcatlon of sugh detection techniques as
ELISA; RI outhern, Northern, Western Blots and the
35 like w111_d se MSD. m“,;w
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5 0.22,*or 0.1 pm inoculum becane anorectic and devel oped m croscopi c
ung l-esions,simlar to | esions seen in SIRS- affected herds. The sanme
i nocul'um al so caused - ““reproductive effects identical to those seen in
SIRS- - .- affected herds. A viral agent has been recovered from- 10 the
ti ssue-honpgenate. The viral agent causes a di sease that mmcs SIRS
in pigléets and pregnant sows. The viral _4_ agent has not yet been
classified. However, the viral. agent is a fastidious, ]

non- hermaggl uti nati ng envel oped RNA virus and has been deposited on
July 18; 1991 with the 15 Anmerican Type Culture Collection in Rockville,
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MSD produced by hyhridoma, - . nethods. 25 . . The, et hqd f.or

di agnosi s of 5|\/§E3"¥?§°&£§£§‘%dﬁrus- treeqelagy ?ﬂﬁh%‘éb%%iﬁ“éiﬁﬁ?i %g&”’es
for MSD. The matheed spowalls depositdd maitonthé Améiidam elypentg2naie of
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( honmogenat e or?:%?_‘é“ﬁé%‘t% St fa}ﬁt:rht sSugéTg%dw% }é éé%%f#%?%érﬁ%%{ﬁ IE:IB
ant i bodi es fol L6896 landapid i 1AIDn wEspectiveknpwn det ection techni que for
the conjugate fornmed by this conbination. [|nmmobilization or

precipitation of the conj ugate and application of such detection
t echni ques 48 ELI SA; RIA; SoutBRIBF BESEREPHIONMestern Blots and the

35 like will diagnose KS@iguré 1 shows the cytopathic effects observed

‘REPLACEMENT SHEET _ . .
: _ with SIRS virus VR-2332. Figure 1lA: Non-infected,

unstained cell monolayer. Figure 1B: Infected monolayer
with small granular rounded and degenerating cells
15 observed three days post-innoculation with the 6th

passage of the SIRS virus.
Figuie 2 shows the direct immunofluorescence

staining of SIRS virus-infected MA-104 cells.
Figure 2A: Non-infected cell monolayer. Figure 2B:

20 Infected cells with intense, often granular cytoplasmic

fluoreécen¢e7observed three days post-innoculation.

FiQﬁre 3 shows the density gradient profile of
SIRS virus purified on CsCl density gradients. Peak
virus infectivity occurs at 1.18-1.19 g/ml.

25 | 'Figﬁ;e 4 shows an electron micrograph of virus
particleS'pbserved in CsCl gradient fractions of density
1.18-1.19 g/ml. Figure 4A: These four particles are
spheri¢aig.60§65 nm in diameter. Two particles are
"empty”,;shéwing electron-dense core (arrows), and the

30 otherltwo~pa"”i¢les are complete; Bar = 100 nm.

Figure 4E;f1mm no-gold electron @icroscopy of SIRS virus
with hyperiﬁmgne rabbit sera and%anti—rabbit IgG labeled
with gqldfﬁéf%iéles. Note presence of core particle
approximaﬁélyﬁ25—30 nm in diametér within the virion.

"~ 35 Ba# = 50 nm. o o
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- 4: 12AUGL999 Accordi ng to the present invention, _
. therapeutic and di agnostic methods enploying anti bodies to MSD
i nvol ve nmonocl onal anti'bodies-(e.g., 1gGor IgM to: t'hﬁ‘sSheetHﬁtBauﬁt R&Er i bed

“fastidious, non- hemaggl ut i nati ng 5 envel oped RNA- V|r ] bodles
rare obtained from the hybridonmas designated SDOW 1§ HI’H

~deposi-ted with the American Type Cul tare Col | ection

1992 .wirth accessi on nunbers HB 10996 and HB 10997, respectlvely 10
BRI EF : DESCRI PTI ON Figure 1 shoms the cytopathic effects
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tpost -innocul atio e\gélt ?:e (tt&elOGééh ngégge of the SIRS virus.

Figure 2 shows MTUNoT IUor eséeénce staining of SIRS
vVirus-infected MA-104 cells. . Figure 2A: Non-infected cell nonolayer.
Flgure 2B 2§ |nfected cophfafrih pRGRRIPTION OF N UWWENMIG! asni C
.fluorescence observed thr %yre 3

‘shows’ the density gradi erﬂet}ﬁmﬂl%tb@n ofsthe GF‘Pﬁ? pér MY STy, SHEH
density gradi ei$eReAK MSD ViKY BOERCHE FELYuDECUr AcBbrdihg- tolrg/ nl . 25
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partlcles a r | mmuno- go el ectron
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iIgG Lap6|6d More specifically, the infectious agent is a fastidious,
| non-hémagglutinating enveloped RNA virus and
zooPathogenie mutants thereof capable of causing swine

15 infertility and respiratory disease in swine. The
isolation of the infectious agent is a major breakthrough
and discovery. It enables the production of vaccines,
antibody sera for treatment of infected swine, and
diagnostic methods.

20 The vaccine is composed of an inactivated or
attenuated MSD infectious agent, derived from an inoculum
processed from infected swine lung tissue or other swine
tissue exhibiting the characteristic lesions of MSD.

. Functional derivatives of infectious agent, including

25 subunit, vectbr, recombinant, and synthetic peptide
vaccines, or the iike, are alse'envisioned. A multi-step
procedure is ﬁtilized in developing the MSD vaccine. The
MSD 1nfectious agent is first obtalned as an inoculum by
separatlon and isolation from infected swine tissue, /

30 preferably the lung tissue. The MSD infectious agent is
then treated using known vaccinological techniques to
form a vaccine against MSD.

The MSD infectious agent is preferably isolated
as an indculate.from lung tissue of pigs which exhibit

35 rapidihreathipg-due to the MSD (other tissue such as
fetal tissue;meyjalso be used to recover virus). Such




Mﬁih gotd particles. Note presence of core particle approxi mately 25-30
hm i n diraneter within the virion. 35 Bar = 50 nm

REPLACENVENT SHEET c 5 1. 2AUG 1999:;-
Figure 5 shows the tenperature stability of SIRS virus at 4[err]C (open
trlangles) 37[err]C (open circles), and 56[err]C (closed circles).

5 o DETAI LED DESCRI PTI ON OF THE I-NVENTI ON

Detern1nat|on of the cause of Mystery Sw ne D sease (MSD) has been
difficult. According to the present invention, however, the isolation

200 Short O bR EhE R BS S LR I S S 10

SWi ne |nfertlIi19DGn§l$§SQ|#atbhynsyn@n@ﬁsoplcaﬂﬁweQﬂﬁmyﬂﬁdxﬂQE/ t he
i nfectious age“ﬁhiékénéésélgé&!ﬁr sep'%%'é t&gr@gal %;‘n'?fl‘até R RRIORSE RNA

virus -~ capable of causing swne 15%infertility d reSpiratory disease in
swi ne.. . The pagrephaged: degepgratdnguseddent and dehais 15y dhMatiarh

and di scoverys é}_ﬁa@é@kﬂ ephébe aheﬂlaetceeasahc\gaciﬁuﬂeate th@ntprwc@rceffor
vicel e < b oniE g5t “IhPeus 2BRs aadnE0 " Bt RIIRES ridBue, paing Y
agent, derived ¥esions oficthisnsortpmeyesded beonsedf ot ddodwitee thendisSD
}ISSUG or ot hery s e ous agent.
| ' The lung or other swine tissue is then
10 homogenized with a pharmaceutically acceptable agueous
: solution (such as physiological saline, Ringers solution,
'Hank'’s Balanced Salt Solution, Minimum Essential Medium,
and the like) such that the tissue comprises 10 percent
weight /volume amount of the homogenate. The homogenate
15 is then passed through filters with pore diameters in the
0.05 to 10 micron range, preferably through a series of
0.45, 0.2 and 0.1 micron filters, to produce a filtered
homogenate containing the MSD infectious agent. As a
resuit, the filtered homogenéte contains biological
20 particles having a size no greater than about 1.0 micron,
preferably no greater than about 0.2 to 0.1 micron. The
filtered Homogenate can then be mixed with Freund’s
incomplete adjuvant so that the production of antibodies
can be stimulated upon injection into a mammal. .This
- 25 mixture can be used as an inoculum for development of MSD
in swine or further study of the MSD infectious agent.
After obtaining a filtered homogenate
containing the infectious agent, the infectious agent can
be inactivated or killed by treatment of the filtered
30 homogenate with a standard chemical inactivating agent
such as an aldehyde reagent including formalin,
acetaldehyde and the like; reactive acidic alcohols
including cresol, phenol and the like; acids such as
benzoic acid, benzene sulfonic acid and the like;
35 lactones such as beta propiolactone and caprolactone; and
activated lactams, carbodiimides and carbonyl



tissuevexhibiting the characteristic |esions of NMSD. Functi onal
‘derivatives of infectious agent, including 25 subunit, vector, reconbinant,
‘and” synt heti c peptide. vaccines, or the |like, are also envisioned. A
multi-step: procedure is utilized in devel oping the MSD vacci ne. The
:MsD i nflectious agent is first obtained as_an inocul um by separation and
I.solation frominfected swine tissue, 30‘%Teferably the lung tissue. The
MBD i nfiecti ous agent is then treated using known vacci nol ogi cal

t echni ques to form a vacci ne agai nst MSD. The MsD
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‘lung or other eofi kbet indesctivuhagend tomiganlertin réproghaenisedoisdal |y
;acceptable aqUeRESdetails of the cell culture attenuation technique are
given below.
10 | The killed or attenuated infectious agent is
then diluted to an appropriate titer by addition of a
diluent adjuvant solution for stimulation of immune
. responise. The titration is accomplished by measurement
against MSD antibody in an immunologic test such as an
15 ELISA, RIA, IFA or enzyme.substrate detection test as

described below.

To produce a purified form of the infectious
agent, the filtered homogenate described above can be
inoculated into a series of in_vitro cell preparations.

20 cell preparations with mammalian organ cells such as
kidney, liver, heart and brain, lung, spleen, testicle,
turbinate, white and red blood cells and lymph node, as
well as insect and avian embryo preparations can be used.
Culture media. suitable for these cell preparations

25 include those supporting mammalian cell growth such as
fetal calf serum and agar, blood infusion agar, brain-
heart infusion glucose broth and agar and the like.
Preferably the mammalian cells are monkey kidney cells,

~ most preferably African green monkey kidney enbryonic

30 cells -- monkey kidney cell line (MA-104).

' After inoculating the cell preparation with the
filtered homogenate and growing the culture, individual
clumps of culﬁured cells are harvested and reintroduced
into sterile culture medium with cells. The culture

35 fluid ffom the final culture of the series provides the
purified form of the virnlent infectious agent. Also,



sol ution (such as physiol ogical saline, Ringers solution, Hank' s
Balanced Salt Sol ution, MninmmEssential Medium and the |ike) such
that' the tissue conprises 10 per cent wei ght/vol une anount of the
honogenat e. The honpgenate 15 is then passed through filters with pore

di aneters in the 0.05 to 10 mcron range, preferably through a series of
0.45, 0.2 and 0.1 micron filters, to produge a filtered  honogenate
contalnlng the 1SD i nfectious agent. As a result, the filtered
honbgenat e contai ns bi ol ogi cal 20 particles having a size no greater t han
about 1.0 micron, - preferably no greater than about 0.2 to 0.1 mcron.
The filteredafteoyensaricen ahareprared thavestFriavel keen nadenpthee

adj uvant so thatubh@dr Qﬁiﬁtﬁé)g%fﬁwrﬁntﬂb@(ﬂ@ﬁture AL e Sd1T8d9é@JaN@08he

injection into c be u ed as i noculum f or
evel oprrent of RABLY. dsed: g et iRar i By Hite gieis:
agent. celluAlrespeliizisni ngm thid eﬁ'mimmgﬂtmtmfecmm aa@éﬂﬁ t he

|nfectlous agen t i_nfectiqus, a be | |V, killed by
treat ment of shéapl F’?ﬁ&%#&%&gﬁ% eq}ﬂr}t the ndlg"?ed ﬂhﬁﬁq cé’fom the
i nactivati ng agéafferipgcispecias aiuddhyme pmag@tﬂs ithed ypimief exd Edam, of

acet al dehyde anﬁhﬁhstkbh atb8aGh Eﬂ%ﬁ%ﬁd@ fiohol s i ncl uding creso
phenol and the [ acl s suc enz I c acid, benzene sulfonic aci d

and the |ike; 35 Iactonespﬁ’&b'ﬁla’@aﬁetaaltmb@&mls&ﬁaoﬁ@nam Exadead one; and
activated | act apRrofighbadel Brdehedith et agent as an antigenic

e 10 substance to raise an immune response in mammals. The
culture fluid or inoculum prepared as described above can
be administered with a stimulating adjuvant to a non-
swine mammal such as a horse, goat, mouse or rabbit.
After repeated challenge, portions of blood serum can be

15 removed and antigenically purified using immobilized
antibodies to those disease specific antibodies typically
found in the serum of the bled animal. Further treatment
.0f the semi~purified serum by chromatography on, for
example, a saccharide gel column with physiological

20 saline and cellection of proteinaceous components of
molecular weight at least 10,000 provides a purified
polyclonal sera for use in treatment.

Monoclonal antibody sera can be produced by the
hybridoma technique. After immunization of a mouse, pig,

25 rat, rabbit or other appropriate species with MSD
containing cell culture lysate ér‘gradient—purified MSD
as described above, the spleen of the animal can be
removed and converted into a whole cell preparation.
Following_the @ethod of Kohler and Milstein (Kohler et

30 al., Nature, 256, 495-97 (1975)), the immune cells from
the spleen cell preparation can be fused with myeloma
cells to produee.hybridomas. Cnlturation'of the
hybridomas and testing the cultﬁre fluid against the
fluid or inoculum carrying the- infectious agent allows

35 isolatioh'of=;he'hybridoma culture producing monoclonal
antibodies to the MSD infectious agent. Introduction of



di‘het eroar omat i ¢ conpounds such as carbonyl diim dazol e. I rradiation

'such as with ultraviol et and gamm i rradi ation can also be used to
inactivate of kill the infectious agent. Alternatively, the infectious
-agent 5 can be attenuated by its repeated growth in cell culture from
‘non-swi ne mamal or avian origin so that bhe ability of the infectious
agent :to virulently reproduce is |ost. The details of the cell culture
attenuation technique are girven bel ow. 10 The killed or
attenuat.ed i nfectious agent is then diluted to an appropriate titer by
addi ti'on of a ¢hdlifHeRiadrh WRES EALULESRLbALuA! bFULAE! ABse saBinas
response. The titration is acconplished by neasurenent agai nst MsD

anti body in an WihuRAUYIGE t2 ReslEAnasl afrexth pEALOR) h}’bFFﬂ"B\a -enzyne.
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ccel I s and | ynph node I nsect ryo preéparations
can be used.. antibagwe mm@MQ@blPlé a onur hesedevivedr hpbradi eed 23 ine

include those syRRY éﬁgﬁgﬁﬁégycgglagrg&gho§u§BMa§ e fetal calf serum

:and agar, bl ood |nfu510n brdl n- heart i nf tsi op. g ycose broth and
‘agar and the ||1R‘|§'un°91|ﬁ}1?é’f3ér'h-bl yEXaBP R ReRPGhoRRE | anELROGIRR o FOKithRey
cells, . mot ipreicyidsy a‘Hdﬂ@aﬁbﬁ@ﬂﬂS n@ﬁ&eﬁfoﬁben@uagnaﬁwnba 3gpow |1 - -

: key ki dn I th | |
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‘i ndi vi dual ¢mumpap@11ndﬁnnnximnnéeaemalhamwsbmédeandccerdingdmoe¢he
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culture of the*Series provi uri ormo eviru
i nfecti ous ageAnd Aheyapeutic composxtlons and methods, including

15 passive immunization and antl-ldlotype vaccine
preparation.

The vaccine of the present invention is capable
of preventing and curing MSD infections found in the
swine population. For effectivé'prophylactic and anti-

20 infectious use in vivo, the MSD vaccine contains killed
or attenuated MSD infectious agent and may be
administered alone or in combination with a
rharmaceutical carrier that is compatible with swine.

The vaccine may be delivered orally, parenterally,

25 1ntranasally or intravenously. Factors bearing on the
vaccine dosage include, for example, the age, weight, and
level of maternal antibody of the infected pig. The
range of a given dose is 10 to 10’ Tissue Culture
Infective Dose 50 per ml, preferably given in 1 ml to 5

30 ml doses. The vaccine doses shbﬁld be applied over about
14 to 28 days to ensure that thefpig has developed an
immunity to the MSD infection.

The MSD vaccine can beﬂadministered in a
variety of different dosage formé. An aqueous medium

35 containing the killed or attenuated MSD infectious agent
may be desiccated and combined with pharmaceutically



after a series of repeated harvests have been nade, the culture can be

gr@mn the culture fluid collected and the fluid used as an inocul um
for a culture of a different cellular species. In this fashion, the
infective agent 5 can be attenuated such that the culture fluid fromthe
differing species culture provides the purified form of t he attenuated
i nf ecti ous agent. : Pol ycl onal “anti body sera can be produced
t hrough use of the infectious agent as an antigenic 10 substance t.o raise
an i mune response in mamals. The culture fluid or inoculum prepared

as descri bed ab%\é‘éeiﬁf.'&ble HifeAdd Rk 55 £&REs WAk ﬁuﬁféﬂ&h%té?egn@gl H¥@At ako a

non- - sSwi ne such as .a horse, goat, nouse or

r epeat ed challeﬁg tﬁﬁﬁﬂlﬁﬁﬁFQﬁ'tﬁQﬁﬁF rEATROAA TRy Sed W vibakg g1

antigenically pdnitb edblsitsy |aﬁpxhx1es:eahd tlentliilosli esThase tmsmbﬂnaeasns

specific antibo s . tyni ¢al | qnﬁ

Further treat me%?g l%?) t% ﬁségnlq Jplcj)l I ed I£serum by cﬁloén%ﬁ)%g%y on, for

exanpl e, a saBchgregusgsioladliam sialh Pratsittiess Revders A1 ngolutions

collection of PeghehBARAAKY GYTRONGUE fed ol UP Wi anbidlY - drifRtlq
o ycl onal

10, 000 provides a purified sera for use In treatnent.
‘Monocl onal ant | B88§*ser FPEER Dpr"(?diﬁ:‘étf RPYAeFS oM AR IGARS RamiRRIe.
After inmmunizatsadtablg swesten@id)or flavored by various known agents to

promote the uptake of the vaccine orally by the pig.

10 For purposes of parenteral administration, the
killed or attenuated MSD infectious agent can be combined
with pharmaceutically acceptable carrier(s) well known in
the a¥t such as saline solution, water, propylene glycol,
etc. In:this form, the vaccine can be parenterally,

15 intranasally, and orally applied by well-known methods
known in the art of veterinary medicine. The MSD vaccine
can also be administered intravenoﬁsly by syringe. In
this form, the MSD vaccine is combined with
pharmaceutically acceptable aqueous carrier(s) such as a

20 saline solution. The parenteral and intravenous
formulations of MSD vaccine may also include emulsifying
and/or suspending agents as well, together with
pharmaceutically acceptable.diluent to control the
delivery and the dose amount of the MSD vaccine.

25 , The method for diagnQSis of MSD is carried out
with the polyclonal or monoclongi antibody sera described
above. Either the antibody sera or the biopsied tissue
homogenate may be immobilized by contact with a
polystyrene surface or with a surface of another polymer

30 for immobilizing protein. Thezbiher of the antibody-sera
and homogenate-is then added, inéubated and the non-
immobilized material removed, foi example, by washing. A

.labeled species-specific antlbody for the antibody sera
is then added and the presence ‘and quantity of label

35 determined. The label determination indicates the
presence of MSD in the tissue assayed. ‘Typical



25 rat » rabbit or other appropriate species with MSD cont ai ni ng cel

iculture lysate or gradient-purified MSD as descri bed above, the spl een
of the animal can be  renobved and converted into-a whole cel

:prepar ation. Fol l owi ng the nethod of Kohler and MIstein (Kohler et 30
al., Nature, 256, 495-97 (1975)), the imupg_cells from t he spl een cel
preparation can be fused with nyel oma cells to produce hybridonas.

Cul turation of the hybri domas and testing the culture fluid agai nst the

fluid ar inoculumcarrying the infectious agent allows 35 isolation of the
hybri doma cul t uembpddoienitsg aforddlsonedthodnindotiesthe ehzyiSlinkedt i ous

agent . 1 ntroduc ' hy. -”fggﬁb' ) t oneum of
t he host speci e%sﬁlﬂﬁng\ntsflfbgrn g’dl?cses X p‘e%lf]%%}ﬁ)e’allb%é owt %@%ﬁgegfygﬁfﬁ%ﬁa
Col | ection of themypefluereisgentyjasshy blokEA ¥1 Jerthexpnt SPwERRra heand

‘monocl onal ant i peg¥eta Bhet Thdtiddissayp. agent. Also, cell culture
‘super nat ant fgon1the hybr | cell "culture c Preferably the

be use
‘monocl onal antibody is?¥ On&@é@@"ﬁi‘% %ﬁﬁ"?ﬂ?&esdga}’\'fgbe% }eetEate|ine

wherein the antspedifie ambbd®mentsgMf Wit invefairag) OBFhé NexdnEI®s ¢
monocl onal antibodi es_to_the 18 infeg;iou§fa ent_.for_ SIRS are .nmonocl onal
anti body SDOW FP¥eV&Ry & . Meant, b (L HRY FRR SCWE Qs KA el sewher e

in t'hi s applimeentapnnehdchohals deerbdiildy adeoratiterized hien the
: foregoing disclosure.
10
EXAMPLE 1
The MSD infectious agent may be characterized

by determining physiochemical properties (size,
sensitivity to lipid solvents, and sensitivity to

15 protease) by treatment of the inoculum followed'by the
inoculation of gnotobiotic pigs. to determine if the MSD
infectious agent remains pathogenic. .

A, Materials
20 Gnotobiotic pigs. Derivation and maintenance

procedures for gnotobiotic pigs have been described in
Benfield et al., Am. J. Vet. Res., 49, 330-36 (1988) and
Collins et al., am. J. Vet. Res., 50, 824-35 (1989).
Sows can be obtained from a herd free of reproduction

25 problems including MSD. Litters with stillborn and/or
mummified fetuses should not be wused.

MSD inoculum (MN90-~SD76-GP2, referred to herein
as MNSD90x76-L or MNSD90x76-P). Trachea, lung,
30 turbinates, tonsil, liver, brain, and spleen can be

collected from nursing pigs in a Minnesota swine herd
spontaneously infected with MSD (Collins et al.,
Minnesota;§g;#e Conference ggrgVeterinarians, Abstract,
254-55 (1990)). A homogenate of these tissues

35 (designatedjmﬂ?89-35477) has been prepared in Hank'’s
Balanced Salt Solution without antibiotics and 0.5 ml can




present*invention can be enployed in various diagnostic and therapeutic
conposi tions and methods, including 15 passive inmunization and

anti-idi otype vacci ne. preparation. The vaccine of the
present invention is capable of preventing and curing MSD infections
found in the sSw ne popul ation. For effective prophylactic and anti- 20
i nfectious use in vivo, the MSD vacci ne Qpﬂjgins killed or attenuated
MBD i nfectious agent and may be adm ni stered al one or in conbination
with a . pharnmaceutical carrier that is conpatible with sw ne. The
vacci ne'may be delivered orally, parenterally, 25 intranasally or

i ntravenously. Bectiotsalpasmally dmddiel ated aocioethdoesagtay-frldidnotobiotic

exanpl e, the agg, Laht. .« -4 evel n ' f t ' cted
pi g. The ran %g\(%?lt% é]ll’s\‘/"'egid(?osgel al%sseﬂﬁgeurlrr?]aéﬁ qlloe[&gﬁﬁﬂ%jgcsdtje' [ ?ﬂ?feﬁ'
| nfective Dose €8)per Inbcujaskedr gidiglejisyaran devaliop B EEal wioars. amde

vacci ne doses shoulgsBepakPhie8d oNee!s MAUr to Whd<k Thdlawsed arenense that
the pig has devel oped nity to the MSD infect.ion. The

p an I mmu /| .

MBD vacci ne canSBEREARPRRSLE: ddferted RLGS ot OIS it *JONRFEr f or ns.

An aqueous nedi i1 8éngohtairti aadt be-adin |fadnorc aisee uattebiEld Hiaes | cans

agent  may be ggs;817688.a"2: 621 dASY Wt MY ! thoculation
and pooled to prepare another homogenate. This second
homogenate can then be inoculated one additional time in

10 gnotobiotic pigs. Again, the same tissues may be

'~ collected and homogenized, except that lung tissue can be
prepared as a éeparate homogenate because MSD can be
ideali} reproduced from the lung homogenate. This lung
homogenate represents the second serial passage of the

15 original inoculum (MN 89-35477) in gnotobiotic pigs
(Collins et al., 71st Meeting of the Conference of
Research Workefs in Animal Disease,. Abstract No. 2
(1990)). Two filtrates can then be prepared using 0.20
um filter (Gelqan_Sciences, Ann Arbor, MI) and 0.10 pm

20 filter (Millipore Corp., Bedford, MA). These filtrates
can be aliquoted and stored at -70 C. Aall filtrates are
free of bacteria and no viruses should be observed on

direct electron microscopy using negative stained
preparations. '
25 '

Control inoculum. Homogenates of lung tissues
prepared from two mock-infected gnotobiotic pigs can be
used as inocuium in control pigs. This control inoculum
can be prepared as 0.20 and 0.10 pm filtrates as

30 described fdr the MSD inoculum. '

Necropsy procedures and histopathology. Pigs
can be euthanized seven days afﬁer the original
inoculation aé previously described in Collins et al.,

35 71st Meetingﬁgfjthe Conference of Research Workers in
Animal:Diseasé;fAbstract No. 2 (1990). Tissues can be




‘accept abl e inert excipients and buffering agents such as | act ose,

:stiarch,” cal ci um carbonate, sodiumcitrate formed into tablets, capsules
and the |ike. These conbi nations may al so be fornmed into a powder or
.suspended in an 5 aqueous sol ution such that these powders and/or

sol utions can be added to animal feed or to the animals, drinking

wat er .. These MSD vacci ne powders or sol ut+bhs can be sui tably sweetened
or flavored by various known agents to pronote the uptake of the
vaccine orally by the pig. 10 For purposes of parentera

‘admi ni stration, t _ killed or attenuated D i nfectious, agent can be
‘conbi ned mﬁ?ﬂgiﬁSFﬁﬁeeéﬂﬁegHﬁ?aﬂﬁﬂﬁﬁ%ﬂﬂqggiﬁF?QHQ%Sm Bk @BRn in
‘the art such aspséteseedolfuiri QAghwainticrdyanpicexgiittiion as edésciibeld s

form the vaccip be_patenterally, A54ntr al | otal Ly, l'i ed
by wel | -known n%{?hggghgskﬁ&mﬁam é%—a’ir—ﬁ—v?t—m ., Vet eass"'na?'?—/%/ %ﬁiekx%ﬁﬁemo
vacci ne can 3pecibensdnani beeced liented divams | tuthinatesgetonsil, this
form the MSD:VvagGgLig~l SkGQERin ] ti . accept abl e
‘agqueous carriDs_er s?&gﬁgﬁ ’é?(s‘}gggzo%gﬂ‘% slélllﬁ;[]ia{)ﬁ. Iﬁe' %fecynlt%h_l and
intravenous  dbaphragmahicolohsp)vadwant ndtidaest isplesie ekiveriying
and/ or suspendi 8goREERY SaasdRRhi, HeORINE, Wildum, ANHBGRYALR! Y

ose

‘acceptabl e diluent to _control the delivery and t he anount of the

MSD vacci ne. 25descending §RioRet RIPIH A HFRENILTIC BR ROHeFed out
-wihth th_ebpgl ycl Thés -eOtihQ’Q’g_é_Bf eaal b@wtﬂﬁmgeﬁr a:df&nférb@kambim@%ifigt agr
't he anti body a or the biopsied tissue . 0 nat e _nma e i mobilize

by cont act i HLATRE BEEreeEPERete, Rk e, drithoordRtRLeeE

pol ymer 30 for emeebhalitig, pinterstitilad gnesmcoriiahdymphdpdssacytic and
honogenate is t d, 1 LA6H P@%%- : L@myyl'%ggg terial
renmoved, for ef%ﬁ%?gfgﬁ9 %g@%#ﬁg&ﬁgn%%qugg é%ﬁ%fgé-qué% e gﬁtibody
for the anti bodieRa%btisS i§ Ppreschlded L@Sd onge GRle PENEONFAS tONINY ty of

| abel 35 deter raﬁwrvéaeihaggbneshebﬁisw iFCHUC Pigs Hom HEW$SNGetRf
NBDlrlthetlfsue assayed. 8ICfL . .
: 15 MSD inoculum {-ol ins et al., Minnesota Swine Conference
for Vetgrinagians, Abstract, 254-55 (1990)). Fecal

contents'may also be collected and examined for virus

particles as previously described in Ritchie et al.,
Arch. Gesante. Virus-forsche, 23, 292-98 (1968). Blood
20 can be collected for immunologic assays and tissues and

cultured for bacteria as described in Example 3.

B. Infectious Agent Isolation
'Lﬁné'tissue and combined brain-spleen-liver-

25 kidney tissu?éfbbtained from an infected piglet in an
SIRS—infectea?herd were homogenized separately. Ten
percent homogenates of tissue were used. The individual
homogenates were mixed with Minimum Essential Medium

~ (MEM) coﬁtai?ihg_gentamicin at about 100 pg per ml. Both °

30 samples were centrifuged at about 4000 .x g for about 25
minutes. 'Thé supernatant was then removed and filtered
thIOugh'a.O.AS_micron filter. The tissue and lung
homogenates wére then combined, and the combined material
was used to infect various tissue culture cell lines.

.35



enbodi nents of this nmethod include the enzyne |inked | munosor bent assay

(ELI.SA); radi oi munoassay (RIA); I mmunof | uorescent assay (I FA);

Nort hern, Southern, and Western Bl ot i munoassay. 5 The
follomnng exanples further illustrate specific enbodi nents of the

i nvention. The exanpl es, however, are not nmeant to limt the scope of

t he I nvention which has been fuIIy characterized in the f or egoi ng

di scl osure. 10 “XAMPLE 1 The MSD
i nfecti ous agent may be characterized - by determ ning physiochem cal
properties (size, sensitivity to lipid solvents, and sensitivity to 15

prot ease) by treatnment of at.he Zinhaqitizen et iamed wd Rests ivenn| cdiducoéd
gnot obi oti c pigs tergine_Li.th us_agent i .
o 15, Fnd) BTaptit Bolbhes o PHUERRECRRZOTY chERolbined

pat hogeni c.
and nmai nt enancemategiadegasednooulgteidlingo cwo dothdes lderfuddsarelded in

Ry IR
free of reproé ué@ﬁéﬁlonally, to one bottle of each cell line about 2.5
mg of trypsin was added. All other remaining conditions
were the same for each bottle of cell line. Serum was
not in the culture medium. The inoculum was 1 ml. All
bottles were held for seven days at approximately 34°C.
:10 The results were recorded at the end of seven days.
After freezing and thawing, a sample was taken for a
second passage in the same cell line. The remaining
material was frozen and stored at about -60°C.
In test no. 2, the combined material was
15 inoculated into one bottle of the same cells as were used
in test no. 1. However, the cell sheets were only 20-40
percent confluent at the time of inoculation. The media
contained about 10 percent fetal calf serum. Again, the
inoculum was 1 ml, and the cultures were incubated at
20 about 34°C for approximately seven days. The results of
both test no. 1 and test no. 2 are summarized below:



25 problens including MSD. Litters with stillborn and/or mumm fi ed
:fetuses shoul d not be used. MSD i nocul um ( MN9O- SD76- GP2,
‘referred to herein =~ as MNSDOQOx76-L or MNSDOOx76-P). Trachea, |ung, 30
,turbinates,tonsil, liver, brain, and spleen can be coll ected from
.nursing pigs inaM nnesota swine herd spont aneously infected with MSD
‘(Collins et al. M nnesota Swi ne Confekence for Veterinarians, Abstract,
254-55 (1990)). A honobgenat e of these tissues .35 (designated M 89:35477)
has been prepared in Hank's Bal anced Salt Sol ution wi thout antibiotics
and 0.5 nm can -12- -

‘intranasally i ES%EII 5‘?‘58 |Ur? t hr ee- day- oﬁecftgr%qo?‘obll otic p??f%t sg'us?ng a
‘gl ass Nebul i zeBoyind Warbana;g (RYdi ng, CA). 1 nocul ated piglets can
.develop clinic n Rﬁ@groscoplc | esions.simlar to those _
iobserved in th ?éligg Réﬁ?a eous i nfected pigs. Lungs, l'i ver, Kkidney,

“spl een, heart HﬂﬁkﬁYaKNeFPdnﬂﬁ gnot obi otic pi gs can be col | ect &d
‘ei ght days abtménk&¢ Qvéqbqatwn@oculatlon and pool ed to prepare anether
honogenate. This second Bonn nate can then be inocul ated one

“addi ti onal tlnEaPhnelglgﬁSWb pigs. Again, tHe same tissues may be
col |l ected and bosogaei IPR2a9X®ddneyhat | ung ti ssue- can be -

Mink Lung ' - -
Ferret Lung = -
10 Bovine Lung -
' Buffalo Lung | - -

Bovine Kidney - (MDBK) - -
Swine~ﬁesticle (ST) - -
Monkey Kidney (MA-104) - +

15 Human Rectal Tumor (HRT-18) - NT
Human Lung , NT -
+ = CPE effect

no CPE effect
20 NT = not tested

There was no cytopathic effect observed in test
~ no. 1 in ahj:éi the cell lines evaluated. In test no. 2,
25 however, smell clumps of MA-104 cells began to swell and
form "weakaheleS" in the monolayer around the edges of
the bottle;,ﬁffuid was separated from the bottle, passed
into a new be:_le of MA-104 cells (again 20-40 percent
cell sheet),;and then subsequently passed a third time.
30 The cytopathlc effect (CPE) became stronger with each
passage. The above-descrlbed procedures were repeated
-for the MA-104 cell line employing a full cell sheet.
CPE was also observed. Further testing demonstrated that
the viral”ége:_ will also grow at 37°C. The presence of
35 serum may'be :elpful for the initial isolation of the
viral agent. ﬁbsequent passages of the viral agent in
~ the MA-104° c line will produce the CPE without the
presence qi'se;gm. Howevexr, more pronounced CPE is




préparea as a separate honogenate because MSD can be | deal Iy reproduced

fram the | ung honogenate. This |ung honogenat e represents the second
serii al passage.of the 15 original inoculum (MN 89-35477) in gnotobiotic
pigs -~ (Collins et .al., 71st Meeting of the Conference of Resear ch
Wor'kers ‘in Ani mal Disease, Abstract No. 2 (1990)). Two filtrates can

t hen be prepared using 0.20 pmfilter_{g£l man Sci ences, Ann Arbor, M)
and 0.10 pm 20 filter (MIlipore Corp., Bedford, MA). These filtrates

can be aliquoted and stored at -70 C. Al filtrates are free of bacteria
and no viruses should be observed on direct electron m croscopy using

negati ve stai nedbserpeepariath ah we of serum in mtgmiwtimowmdiom for

Honogenat es of EHQQMSLE%Qe%ell Bﬁgﬂgred fromtwo nock-infected gnotobiotic
pi gs can be used as i nocul'udm’in control pigs. -This control inoculum

can be prepared as 0.20 af&#e0ViFyleAdshy ias Rassagebei®cHinas g the
MBD i nocul um  MA-104 cell 1iNeCKARIY UG ChE efevildping dptthaledgydays gs

can be euthanjpzed seven days after, the arigin J.noculati.on as
previously dedcf bBanFﬁgeo%F'?’ﬁsaé‘fi z%?e,ar'?ép‘nglhelvé:éttieﬁg °b3"la‘lf'ﬁgaﬁnf erence
of Research Wré&ppsokdmatAdiymalh12s dage, (ARStyact The. v2ra198§ent Wwiddues

Fan be- also grow in additional simiaﬂ'%%ll lines.

2. In vivo testing. A third passage harvest
10 was used to inoculate two three-day-old gnotobiotic
- piglets{ Both piglets were exposed intranasally, one
with 1 ml and the other with 2 ml. The piglets were
observed for seven days, and then were euthanized.
Tissue samples were collected for

15 histopathologic examinations and for recovery of the
viral agent. The histopathology report confirmed that
lung lesions in the infected piglets were identical to
lung lesions from piglets known to have SIRS. The tissue
samples were processed as before, and then cultured on

20 20~40 percent and 100 percent monolayers of the MAa-104
cell line with bovine fetal serum. The viral agent was
again recovered.

A. third passage harvest was also used to
inoculate sows in oxder to verify that the reproductive

25 effects of the'Qisease can be'dﬁplicated and confirmed.
Pwo multiparéusfsows were inocuiéted intranasally at 93
days of gestation. The sows delivered litters with 50
percent stillbirth piglets (8/13;and 6/14 stillborn/live)
on days 112 and 114 of gestatiq@; respectively. Seven of

30 the stillborn piglets were partial mummies and the
liveborn piglets were weak and failed to nurse
vigorously. The viral agent wés'recovered from tissues
of the stillborn piglets. .

The viral égent has been recovered from three

35 herds known to have SIRS. AntiBody titers to the ATCC
VR-2332 agent have been identified in these same herds.



cdl | ected, fixed in neutral buffered fornmalin, and processed for |ight
‘micr oscopi ¢ exam nation as described in Collins et al., Am J. Vet.
‘Res., 50, 827-35 (1989). Speci mens can be collected fromturbinates,
‘tonsil, 5 trachea, brain ,thynus, lung (apical, cardiac,

-di aphragmatic | obes), heart, kidney, spleen, liver, st omach, duodenum
jejunum ileum. ascendi ng and descendilidg col on, bl ood and nesenteric
I'ynph nodes. These tissues can be processed and then exam ned using a
10 light m croscope to determ ne whet her |ynphonononucl ear

‘encephal’itis, interstitial_pneunpnia, |ynphoplasmacytic rhinitis,.

| ynphonononucl ear myocar dWttRowgh jehexe are geps: Aifferensessdm CliRicms
%canhb.e co%i St@ﬁd!?é, i(.e)JlrJ,lsafzywh' é@tlx§p6jihﬂBSQBSb! tnéee%oeéf,pmﬂ rad hferds
‘Wit 15 Din um ins_et _al. nesota .ne nf erence or
Vetori nac t ans. SGn 4 Parngglat abtns tha prevatiiff SRIRTCR) %5 shak

col | ected and dheniNeartd dmerxicen andpBuropees dispaeesoasky camsed eyl in
Ritchie et al. C .g§§a e -fars 3 ). Bl ood
20 can be coh e’t % f aﬁ{)e_r Q’iu'm*run’oIngogflacyﬁaé‘gg?/{slgépgg?fgéﬁggagﬁag%a%éﬁfur ed for
bacteria as deenviedeped RB2amnilms. as exemplififedt byuthrgdeposdsl ATGA
Lung tissue anqu%_ ioned brain-spleen-liver- 25 kidney tissues, obtained

e

froman infect -blglét in an SIRS-i nfected herd were honpgeni zed

separately. Ten per cent honopgenates of tissue were used. The individual
‘honogenat es wer eggnMetEV1n) MFURPHRIESOEGFRCTLOBS dAGENT CRARATTERIZAITYION
gentam cin ib bout, ° pq per 0 sanples were centrifuged at
‘about 4000 ; : anc &% 2 The supernatant was then renoved
.and filtered t hrough a.0. £=lligs orcfandell Fakiheskidnapd(CREK),

Pomgenel e uchEpkBY Ay o B | G FRIUES BBLGIBL 57gaed o
appropriate cell culture flasks. The CRFK and MA-104
cells were propagated in Eagle’s minimum essential media

15 (MEM).(avéilablé from Gibco Laboratories, Grand Island,

'~ NY) supplemented with 10 percent gamma-irradiated fetal
bovine serum (FBS) (available from JRH Biosciences,
Lenexa, KS), 1 percent penicillin-streptomycin and 2.5
pg/ml of amphotericin B. MA-104 cells were propagated in

20 the same media supplemented with 10 percent FBS and 50
ug/ml of gentamicin. The FBS and cells were confirmed
free of bovine virus diarrhea virus (BVDV) using
previously described methods of Mayer et al., Vet.
Microbiol., 16, 303-314 (1988); Smithies et al., Proc.

25 Annu. Meet. U.S. Animal Health Assoc., 73, 539-550
(1969); and Vickers et al., J. Vet. Diagn. Invest., 2,
300~302 (1990). ‘

2. The source of the VR’2332 isolate (SIRS
30 wvirus). The~30urce and isolation of the SIRS virus for
this Example is set forth below. Virus used in this
study was on the 5th to 7th passage in MA-104 cells with
titers of 10° to 10° TCIDs,/ml.

35 Gnotqﬁiotic pigs. Gnotobiotic piglets obtained
by closed hije#btomy were maintained in stainless steel



. 35 ' -14- 1. In vitro

testlng Two tests were conducted using 75 cnferr] plastic bottles. In
test no. 1, the conbined- - material was inoculated into two bottles of
full cell sheet of each of the cell lines |isted below. 5
Additionally, to one bottle of each cell Iine about 2.5 nmg of trypsin
was added. All other remaining conditions were the sane for each bottle
of cell line. Serum was not in the cultifie medium The inoculumwas 1
m. Al bottles were held for seven days at approxinmately 34[err}C. 10
The results were recorded at the end of seven days. After freezing and

t hawi ng, a sanp]e was take or ..S€ n the Sane cell line.
The renmai ni ng duﬂﬁtgzzg Z%a%i;ﬁi?éﬁéi? qﬁfm@§¥§%Q§ﬁuas rﬁ?fiy

In test no. 2, déscci nbgt gtals P .1%Y ul Wtﬁﬁi}.e of
the sane cells g3, vpsg.¥59d(1978) .1 ©¥neAschatdbie iine Wil it e ot Saster ©

only 20-40 pETcent con time of inoculation The nedia
cont ai ned aboutanl@l%%ﬁc'éﬁﬂpﬁé'ﬁﬁpr@aptf 38°Gmanggaigs were fed,gapamrspded

m, and the o3l mG@Staese eaﬁﬂaebgdlatnlm ARBet iFdfrer h@deor iney axidmy el y

Egrga/days The éggflégag; wergoéol %e%opr%o%n%ot%&%a%%me%t%ﬁ? summar i zed

inoculation and at necropsy, and were inoculated onto
sheep blood agar, tergitol-seven agar and brilliant green
agar in aerobic and anaerobic atmospheres. Feces

10 collected at necropsy were also examined for viruses by

' negative contrast electron microscopy as described by
Richig et al., Arch. Gesante. Virus-forsche, supra.

Source of Inoculum. A 160-~sow farrow-to~finish

15 hexrd in West'Cehtral Minnesota experienced an ocutbreak of
MSD with typical MSD symptoms. A live sow, live neonatal
piglets and stillborn fetuses were submitted to the
Minnesota Veterinary Diagnostic Laboratory for
examination including gross necropsy, histopathology and

20 routine microbial investigation. An inoculum was
prepared for experimental use with several tissues from
clinically ill neonatal pigs. More specifically, two
live and two dead 7- to l0-day-old piglets obtained
during the epizootic from the affected herd were

25 necropsied and specimens were collected for diagnostic
examinations. The live piglets were euthanized by
intravenous injéction of euthanasia solution before
necropsy. A 10 percent homogenate (MN89-35477) of brain,
lung and tonsil pooled from each pig was prepared using

30 Hank's Balanced Salt Solution (HBSS) containing 100 IU
penicillin, 100 pg/ml streptomycin, and 5 pg/ml
amphotericin B.

_ Expggimental Transmission. A series of 14
35 gnotobiotic pigIEts was challenged at three days of age
with pooled tissue homogenates. Each piglet was




‘Cel | Line Used Test No. 1 Test No. 2 'Bovine Tur bi nate
.(.BT) Fel i ne Ki dney (CRFK) Monkey (Vero) Kidney 5 Monkey (Vero) Lung
- "% Cani ne Kidney (MDCK) Por ci ne (PK2a) Ki dney M nk Lung Ferret

iLung 10 Bovi ne Lung Buf fal o Lung Bovi ne Ki dney ( MDBK) Swi ne
‘Testicle (ST) Monkey Ki dney ( MA- 104) 19 +
15 Human Rectal Tunor (HRT-18) ke NT Human Lung
NT ~ + = CPE effect - = no CPE effect 20 NT  not tested

There was no cytopathic effect observed in test no. 1 in any of the cel

;Llnes evaluateQﬂ“}ibﬁﬁéﬁ ﬂﬂtrgﬁagﬁﬁ gmﬁyeﬁseSGElb Thpprs PulMakthaiebds
‘began to swell orm " wea in the nDnoIaye around the e es
of : to a glass Nebulizer placed in front of the nares of t
: pig. 1Initially, two gnotobiotic piglets were inoculated
with 0.5 ml each of the unfiltered inoculum (MN89-35477),
5 monitored for clinical signs of disease, and were
euthanized by électrocution seven days post-exposure
(PE).
' A 10 percent homogenate (designated MNSD-1) of
lung tissues'pooled from the aforementioned gnotobiotic
10 piglets was blind passaged by exposing each of three
*  gnotobiotic piglets to 0.5 ml of homogenate, one piglet
receiving O,S:ml of unfiltered homogenate, the second
recei&ing 0.45 ym filtrate, and the last one receiving a
0.22 ym filtrate. The piglets were euthanized by eight
15 days PE and tissues were collected for histologic
examination} for further passaging in gnotobiotic
plglets, and for virus isolation.
A 25 percent suspension of lung (MNSD90x76-L)
and a composite of brain, liver and kidney (MNSDS0x76-P)
20 of the'plgiet inoculated with 0.45 pm filtrate of MNSD-1
was prepared using phosphate buffered saline contalnlng )
0.5 mg/ml each of kanamycin, streptomycin, and
vancomycin. ‘Six gnotobiotic piglets were inoculated with
lung homogenate MNSD90x76-L; four piglets received a 0.45
25 um filtrate and two were given a 0.1 pm filtrate. Three
uninfected,fbontrol gnotobiotic piglets were inoculated,
one piglet with a 0.45 pm filtrate of uninfected
gnotobiotic piglet tissue homogenate in HBSS and two
piglets with HBSS alone.
30 -
Vlrus Isolation. Tissue homogenates
(MNSD90x76-L and MNSD90x76-P) were centrifuged at 1500 x
g at 4°C for 20 minutes. The supernatant was diluted 1:1
with minim#m essential medium (MEM) containing 10 ug/ml
35 gentamicin};ﬁiXéd thoroughly using a Vortex mixer and
recentrifuged:at 4500 x g at 4°C for 30 minutes. The




the bottle. Fluid was separated fromthe bottle, passed into a new
bottl e of MA-104 cells (again 20-40 percent cell sheet), and then
subsequently passed-a third tine. 30 The cytgpathic effect (CPE) became
stronger with each passage. The above-descri bed procedures were repeated
:for the MA-104 cell line enploying a full cell sheet. CPE was al so
observed. Further testing denonstrated that the viral agent wll also
grow at #+37C. The presence of 35 serumlnﬂ?QEehelpful for the initia

I sol ation of the viral agent. Subsequent passages of the viral agent in
the MA-104 cell line will produce the CPE wi thout the presence of serum

However; nore pigy @ﬂ%@:‘in@%a'ss collt cted and fJ. tmrﬁfﬁ%d&ﬁr&t@%ysﬁnm

I.ne.

serumin the gro medi um for 4L
viral agent was% §'§§gedTé‘|egH€tllttlrﬁé"$~°t nf”ccﬁ‘é 1‘“‘9 MR A S5 B9%e wi t h good
CPE devel opi ng hombgenatésy wered caimmafeahgmd | Mcarnih tgrdatrare  Cdret indeus

obtained is @Rr‘il}ag‘ihi-&oi 1/ % r%gss LK TR wasMond 3 féieéﬁz wi Il
al so grow in adgl ional sim an ﬁ f’ VI VO
testing. A thbr ﬁlpaksagethaﬁ\ﬁe-éto psarqnas: s Hueith ewiod iy engo of MA-104

Fhree_day ol d 9p@§9Ri Abhtaining 50 ml of MEM (pH 7.5) with 10 percent
' fetal bovine serum (FBS). Cell cultures were maintained

at 34°C for seven days. If no cytopathic effect (CPE)
was observed within seven days, cultures were frozen,
10 thawed and inoculated on MA-104 cells and incubated as

above.

Virus Titration. Virus titration was done in

896-well, flat-bottom microtiter plates. Serial 10-fold

15 dilutions of virus were prepared in MEM with 2 percent
FBS. After three days, the cell growth medium was

. drained from the microtiter plates, 200 pl of the virus

dilution was placed into each of five wells, and the
plates were incubated at 37°C in an atmosphere of 5

20 percent CO,. After three days, media in wells with no CPE
were replaced with MEM supplemented with 2 percent FBS
(pH 7.5) and a final reading was made on the fifth day of
incubation. Titers were calculated by the method of Reed

et al. in Am. J. Hyq., 27, 493-497 (1938).

25
3. Other viruses. Attenuated poliovirus,

available ffom Dr. Roger Koment, Department of
Microbiology, University of South Dakota School of
Medicine, Vermillion, SD, was propagated on MA-104 cells

30 to a titer of 10°® TCIDs,/ml and;the Shope strain of
pseudorabies virus, available from National Veterinary
Services Laboratory, Ames, IA, was grown on CRFK cells to
a titer of 10°7 TCIDs,/ml. These viruses were used as RNA
and DNA virus controls in studies to determine the

35 nucleic acid type of the VR2322 isolate of SIRS virus.



.piglets. Both piglets were exposed intranasally, one with 1 m and the
‘other with 2 ml. The piglets were observed for seven days, and then
wier'e eut hani zed. ~ Tissue sanples were collected for 15

‘hi st opat hol ogi c.exam nati ons and for recovery of the viral agent. The

‘hi st opat hol ogy report confirnmed that lung lesions in the infected
piglets were identical to | ung -1 esi ons _hrom pi gl ets known to have SIRS.
-The tissue sanpl es were processed as before, and then cultured on 20
20-40 percent and 100 percent nonol ayers of the MA-104 cell line with
bovine fetal serum The viral agent was agai n recover ed. A
third passage harvest was 4l soPuepdrition bfoanitdisersows MR-RABRZ isolatetly

that the repr Od%&éé’fngfgéegkstﬁf TVRQBQngg? %not}f‘es‘iﬁl&' > at(jtggter

‘confirnmed. I par ous |ntranasa
days of gestati P TEIDsell Wefas ekvactivated wth 8025 ppeFest fanmabingh

piglets (8/13 aﬂﬁ}@.‘cﬂ-‘h 51 'Jriﬂ?rﬁféhﬁa)'s 1n88m 4&9.1&&3&0%3;1,4 a3id gestabbof,
;respectlvely Seven of . 30 tge stillborn hg mg partl munm es apd
the - 1iveborh %%y ieGks w@aﬁuaﬁaepaﬁ dviEhnd, 830 SIR§RenS{en
¥ihr al agfnt was a{]tﬁwb wlelt rométroauss forheﬁ.xt hge%sl LI hﬁutlispu@ qihﬁepars?dRS
The viral agent has be over omthree e n o0 have

Ant i body titers1id’ﬁﬁ% R£g§3;ag§eﬁP3ﬁ5§é°Beénalaeﬁrgyk%d in these

sane herds. neutrallzlng titer. -17-

10 5. Virus neutralization test (VNT). MA-104
: cells were seeded in flat-bottém, 96-well microtiter
plates for the VNT. Serial two-fold dilutions of each
serum (100 pl) were prepared in MEM diluent and mixed
" with an equal volume (100 pl) of isolate VR-2332

15 containing 100-300 TCIDs,/100 ul.. Each mixture was
incubated at 37°C for one hour, and 200 pl of each serum-
virus mixture was added to triplicate wells. Microtiter
plates were incubated for an additional three days at
37°C, examined by light microscopy for cytopathic effects

20 (CPE), and the endpoint titer expressed as the reciprocal
of the highest serum dilution which neutralized CPE.

The following polyclonal antisera, unless
indicated otherwisé, were prepared as described for the
VR-2332 isolate (except viruses were not inactivated) and

25 used in the VNT: the Miller strain of transmissible
gastroenteritis; porcine rotaﬁirus serotype 4
(Gottfried); porcine rotavirusfserotype 5 (0OSU); porcine
reovirus serotype 1; porcine enterovirus serotypes 1-8,
available from National Veterinary Services Laboratoxry,

30 Ames, IA;.monoclonal antibodyfto porcine parvovirus,
available from American Type Culture Collection,
Rockville, MD; encephalomyelo¢arditis virus, available
from Dr. W. christianson, Department of Clinical and
Population Sciences, University of Minnesota, St. Paul,

35 MN; pseudorables v;rus, avallable from National
Veterinary Services Laboratory, Ames, IA; Easterxn,



Although there are sone differences in clinical signs, i.e., cutaneous
cyan05|s of the ears, tail and adder in European swi ne, the prevailing
opinion is that the North American and Eur opean di seases are caused by
5 the sane virus, a fastidious, non-henmaggl utinating envel oped RNA vi rus
as exenplified by t he deposit ATCC VR- 2332. EXAMPLE 1A - FURTHER
| NFECTI QUS AGENT CHARACTERI ZATI ON 10 A. Materials and Met hods
1. Cells Crandell feline kidney (CRFK)~22- nonkey kidney (MA-104) cells
were grown at 37[err]Cin appropriate cell culture flasks. The CRFK and
MA- 104 cells mere propagated in Eagle's mnimum essential nedia 15
(MEM.. (avail rom G.bco Laboratories, G.and I.s]
suppl ement ed vﬁb?? rbe?‘&% ?eﬁﬁﬁﬂﬁlf—"f’r EGUArsy ern&e(,ﬁhal OVI nle%ef R (PBS)
(avai | abl e fromaiielRmwski antébody DBEnéera BVRS) debquuilsshtby Mayer et
penicillin-str to | _ : g/ arphot.qr n B\ 04 cells
wer e propagate %ficfoélo 1%1 (%3 @{%d (%gﬁd)lo%perceerllt FBS and
50 [err]g/manﬁeqyﬁﬂSNﬁtﬁﬁﬁ 4ﬁél¢BQl§nér@ﬂ Natienale JFEamgRry free of
bovi ne virus sdls@fdl%énﬂasoﬁiﬁ/ mnag mpr e\ﬁb@qalav %eﬁicrl&&cicrret hods of
Mayer et al., Vet M cr obi ol ig?l 1988 'Sy t %§ et al.
Proc. 25 Annu. qﬂgﬁﬁrng?aﬁﬁnY%E“Fbaﬁ?ﬁl o€ r?@ 39 ¥554-2LXUTG9) :  and
Vi ckers et al. De@aJﬁMEnﬁ)aiﬂml¢ﬁahﬁblog?, Un;@@&s&&& Ef9®duth Dakota
2. The source so] at Vkkus). The source and

[ §Ch§i° S\é\% r%gsglf r?é ?ﬁ‘(:%'@lgg bbs set forth below. Virus

| sol ation of t
used in this study was on the 5th to 7th passage in MA-104 cells with

?iters of 1Qberr] to 10“%7] ﬂ%@é&@réiégtron microscopy (DEM). Cesium
chloride gradient fractions were examined by DEM for
virus -particles as previously described by Benfield et
al., J. Clin. Microbiol., 16, 186-190 (1982); Horzinek,
”"Non-arthropod-borne Togaviruses” (Acad. Press, London,

15 1981); and Richie et al., Arch. Gesante. Virus-forsche,
supra, and examined on an electron microscope (Hitachi
HU12A, Hitachi, Tokyo, Japan) at a potential of 75 kV.

7.  Immune electron microscopy (IEM). Immuno-

20 gold labelling was done using goat anti-rabbit IgG gold
colloidal particles (5 nm). Briefly, virus was
concentrated at 40,000 x g for 30 minutes at 4°C, the
rellet was resuspended in 50 pl of distilled water, and
25 pl was placed on a piece of parafilm. A collodion

25 carbon-coated grid was floated on the drop of virus for
15 minutes, blotted dry with filter paper, and placed on
a 25 pl drop of rabbit anti~SIRS sera for two minutes.
Grids were washed in two changes of 0.1 percent bovine
serum albumin (BSA)-Tris buffer for five minutes each and

30 floated for 15 minutes on a drop of gold-labeled
antirabbit-IgG. After six washes in BSA-Tris buffer for
two minutes each, and two washes in distilled water, the
grids were negatively stained and examined as described
for DEM.

35



35 oa Ghotobi otic pigs. Ghotobiotic piglets obtained by cl osed
‘hysterotony were maintained in stainless steel t ubs
‘covered by flexible filmisolators as previously descri bed by M ni atas
‘'O.P. et al., Can. J. Conp. Med., 42, 428-437 (1978). The isolators
were mai ntai ned at an anbi ent tenperature of 30[err]C and pigs were fed
‘recommended 5 anmounts of comrercial mlk substitute three tinmes a day.
‘Fecal swabs were collected prior to expeﬂ%ﬁﬂnal i nocul ati on and at
necropsy, and wer.e i nocul ated onto sheep bl ood agar, tergitol-seven
agar and brilliant green agar in aerobic and anaerobi c at nospheres.

‘Feces 10 col l ected at negropgy Wei§ G55 ¢ f W'!Psﬁ%bé(bilﬁty
cnl e <

‘negative contrast electrom ) , et al
Arch. Gesante. ®frVB-23Bacheolatigr £0 hemagglutinate sheeRr: FO3hocHFERL A

'160-sow farrow ¢e£i8i Shoh8eherdti, N Y tGe i idedMpHEs Hianex peypeneed  an
out br eak of VSD wi th typical D E%E?tons. A live sow,. |liye neonat al
piglets and sti®rebr n2ngt GRACkRB, ETTHRATILS Fah&etewy H& Wt erinary

Di agnosti ¢ Labosgapayrdf @ethods. Two-fold dilutions of the 5th to 7th

passage of the VR-2332 isolate of SIRS virus were
prepared in phosphate-buffered saline (pH 7.2-7.4) in U-
bottom microtiter plates. Equal volumes of a 1 percent
suspension of washed erythrocytes from each of the above

10 species were added to each virus dilution, incubated at

B 4°, 22° or 37°C; and read after one to two hours when
erythrocyte controls (containing no virus) had settled
into a button on the bottom of the well.

15 9. Immunofluorescence (ImF). Indirect or
direct ImF staining of isolate VR-2332 infected and
uninfected MA-104 cells was done using the polyclonal or
monoclonal antibodies tested by VNT. Swine influenza,
available from National Veterinary Services Laboratory,

20 Ames, IA (type A, HIN1l) and hog cholera virus polyclonal
antisera, available from National Veterinary Services
Laboratory, Ames, IA, were also used. Scrapings of the
cell monolayer were removed at 72 hours PI with a sterile
inoculating loop ImF staining as previously described by

25 Benfield et al., J. Clin. Microbiol., supra. Positive
control slides were stained either with convalescent
antisera from a sow (VNT titer 1:256) or a monoclonal
antibody (SDOW 12 or SDOW 17, described herein) to the
VR-2332 isolate of SIRS virus.

30

10. Piltration studies to estimate the size of
isolate VR-2332. Clarified-infected cell culture
supernatants were filtered through 0.45 pm (Schleicher
and Schnell, Keene, NH), 0.20 pm (Schleicher and Schnell,

35 Keene, NH), 0.10 pm (Millipore Products Div., Bedford,
MA) and 0.05 pm (Millipore Products Div., Bedford, MA)




exami nati on including gross necropsy, histopathology and 20 routine

m cr,obi al i nvestigation. An inoculum was prepared for experinental use
with several tissues from clinically ill neonatal pigs. Mre
specifically, two live and two dead 7- to 10-day-old piglets obtained
during the epizootic fromthe affected herd were 25 necropsied and

speci nrens were collected for diagnostic exan1nat|ons The live piglets
wer e eut hani zed by I nt ravenous |nject|03 of eut hanasia solution before
necropsy. A 10 percent honpgenate (M\89-35477) of brain, | ung and tonsi

pool ed from each pig was prepared using 30 Hank's Balanced Salt Sol ution
(HESS) ‘contai ni " 1o U Tné)emf:éé{wltg&{smgfaiesaxa@paﬁeafln and 5

g/ m anphoterjicin B erinmental Trapsm ssion A serles

p .
of 14 35 gnotomﬁi%Q?%ﬁkﬂ%ﬂ@?%wﬂ?%ﬁﬁw+%ﬂ%eﬂshfgtﬁr%ﬁcﬁ%§%t%F FRAY {p

pool ed tissue hq&&@@sﬁsxy d%#&ribéHEﬁeﬁﬁﬁd of Cottral, Manual of
i19- chal | se -f a rubberlmngbat ached E?
eS¢ WO

gl ass Nebul i zer S5 ' At af
gnot obi oti c pi5gl8 s(GmreJJmaImJ\at eRtesszthilc&, nfY eakth7®f . t hee lﬁﬂ-rfoéded

i nocul um (IMNB9 | | ease, and were
eut hani zed by e?"%bt o6 d‘nqu'é't/e cetgn;ﬁ%osjfé%ég%asé s Rlefdd _
significant.

11. Gradient purification of isolate VR-2332.

.10 The VR~2332'isblate of SIRS virus from clarified culture
supernatant was concentrated by centrifugation (Beckman
SW 41 Ti rotbr) at 200,000 x g at 4°C for 16 hours
through a discontinuous sucrose gradient consisting of 2
ml of 20, 30, 40, 50, and 65 percent sucrose (wt/vol) in

15 TNC buffer (10 mM Tris, 100 mM NaCl and 2 mM CaCl, pH
7.8). Culture supernatants were also extracted with
1,1,2-trichlorotrifluorocethane (Sigma Chemical Co., St.
Louis, MO), concentrated by ultracentrifugation at
100,000 x g at 4°C for one hour, and purified on cesium

20 chloride density gradients (1.20 g/ml) as described for
the sucrose gradients. Fractions from either gradient
were harvested from the top, the refractive index
determined usiﬁg a refractometer, and selected fractions
diluted in-Haﬁk's Balanced Salt Solution for virus

25 titration as described above.

12 ~Chloroform and fluorocarbon inactivation.

Equal volumes of SIRS virus (VR-2332) and chloroform were
mixed perledlpally for 30 minutes at ambient room

30 temperature and then centrifuged at 500 -x g at 4°C for 15
minutes. Similarly equal volumes of 1,1,2-
trichlorotﬁifiuoroethane and SIRS virus were mixed on a
vortex for five minutes and centrifuged as described for
the chloroférﬁftreated virus. After centrifugation, the

35 aqueous phase 6f each treated sample was harvested,
diluted, and a microtiter assay used to determine the




(PE). * A 10 percent honpgenate (designated MNSD-1) of | ung
‘tissues pooled fromthe aforenenti oned gnotobiotic 10 piglets was blind
‘passaged by exposing each of three gnhotobiotic piglets to 0.5 m of

‘honpgenat e, one pigl et receiving 0.5 m of unfiltered honogenate, the
‘second receiving 0.45 [err]mfiltrate, and the |last one receiving a

0.22 [errlmfiltrate. The piglets were euéganlzed by eight 15 days PE and
ti ssues were collected for histologic am nation, for further passaging
in gnotobiotic piglets, and for virus isolation. A 25
-percent .suspension of |ung (MSDIOx76-L) and a conposite of brain, liver

-and ki dney (MSRR25661R) ngﬂg idEedi o ety |nq&ui@@egomutheauéél@ﬁ]ﬁkdtrate
-of MNSD- 1 was, prepared usin phosph%%e buffered salipe containing 0.5

‘ng/m each of Kdit&@H Gfn traatadt GRMPFeAntP UNVERRBRYCYHTUSi ¥2Fnot obi oti ¢

piglets were |&@ﬁ&y@g@édmgﬂgnlfi¢aﬁthoanenate IMNSDOOx76-L; four piglets
‘received a 0.45 25 [err]mfiltrate and two were given a 0.1 [err]m.

filtrate. Three uni nfected, control gnotobiotic piglets were

‘inoculated, 5 one pigIeu3MttEfiéthSwaighdhithatefoDNgthrgggqun

.gnot obi otic pi |s§§$ zt_uygzge £ d& ?ﬁﬁ?ﬂ _9Db BSS
-al one. 30 q =81ake ola |on |ssueqﬁg%%gﬁﬁa%eggbg§?ﬁ%gggsg76-L
‘and MNSD9OX 76- r?)aunsr)ea@ehmﬁqmmratc 185D known gl@hlh@%ﬁ o8 BhRutes. The

.supernatant wa l E}a%‘ioh bt o tﬁfﬁé&ﬁ“%@@&%‘tﬁ@t IERipie (EN)
.containing 10 m 35 gentam cin, n1xg€ thorou %;uslng a Vortex
mi xer and reE’éﬁPFFﬁuQ’éd:hat hes ®¥GeRE ian Aethe 3% reiridates. The

10 (Basternbrook, Viroloqy, 19, 509-520 (1962); and Reich et

" al., Proc. Natl. Acad. Sci., 47, 1212-1217 (1961)).
Pseudorabies and poliovirus were used as the known DNA
and RNA virus controls in this experiment. Cells (CRFK
or MA-104) were seeded in 96-well microtiter plates and

15 duplicate wells were inoculated with 100 ul of ten-fold
dilutions of pseudorabies virus, poliovirus or SIRS
virus, respectively. After a one-hour absorption period
at 37°C, media containing unabsorbed virus was removed
and replaced with either MEM (untreated virus controls);

20 MEM supplemented with 40 or 150 npg/ml of BUDR; or MEM
containing 2, 10 or 20 pg/ml of mitomycin C. Microtiter
plates were incubated at 37°C for an additional four
days, examined by light microscopy for CPE, and the virus
titer calculated as described previously by Cottral,

25 supra (1978). A 1000-fold reduction in virus infectivity
titer compared to the untreated control was considered

significant.

14. Temperature stabi;ity of SIRS virus. A 2
30 ml1 aliquot of ﬁirus in MEM was.iﬁcubated either at 4°C or
in water baths at 37° and 56°C fér at least five days.
Aliquots from each tube at the three different
temperatures vere collected at 15, 30, 60 and 120 minutes
and then at 12-hour intervals from 12 to 120 hours.
35 Virus samples were diluted ten-fold in MEM and virus
titers calculated as described above. '



-20- " supernatant was collected and filtered through a 0.45 [err]m
Tllter The filtrates fromlung and ti ssue pool honogenat es were
conbi ned and i nocul ated onto conti nuous cell line MA-104. Virus
isolation was done in 75 cnferr] 5 flasks with 20-40 percent confl uent
monol ayers of MA-104 cells containing 50 mMl of MEM (pH 7.5) with 10
percent . fetal bovine serum (FBS). Cell cultures were nmaintained at
34[err] C for-seven days. If no cytopathi e2éff ect (CPE) was observed
wi thin seven days, cultures were frozen, 10 thawed and inocul ated-on
MA-104 cells and incubated as above. Virus Titration.
Virus titration was done in 96-wel |, flat-bottommcrotiter plates.
Serial 10-fold 15 dilutions of virus were prepared in MEN with 2 percent
FBS. After three dResulte cell growth nedium was ~drained fromthe

mcrotiter plates, 200 [€ r]I gf !

each of five wells, and t$e = L
at nosphere of agalggigggn TN§e¢P$ stwtted ahremaa&ys;onaded chumeslgﬁmtr1

no CPE Welge ﬁ'egﬁsacqvqii"ééﬂ rh%%éef%cﬁp{t:ﬁ nf? ?Qﬁ%& ha309§r gRBt rgﬁ§1nde§::$:'o'tfer .

7.5) and a fin readlﬁgﬁﬁ % |ncubat|on
were cal cul at e sl mengkayer (Bigure i )Anl e pygbery9f 493-497

(1938). 25 rounded céiléliﬁﬁréﬁéé@Eénd/ﬁaﬁyuaéﬁﬂspaécamerpﬁknotlc t
ni,versity

avai l able fromDr. Ro % artne
of South Dakot 41&:K&H % éi QRi%X?¥|YﬁFh¥ﬁ)tVﬁstﬁrgﬁﬁ 8% Son
MA-104 cells pI. By five to six days PI, CPE was evident in 100
10 percent of the monolayer. Infectivity titers varied from
10° to 10’ TCIDso/1 ml on the 5th and 7th serial passage of

virus, respectively. No CPE was observed in uninoculated

MA-104 cells (Figure 1A).
Fluorescence was not observed in uninoculated
15 MA-104 cells (Fiqure 2A). Figure 2B demonstrates the
intense, diffuse fluorescence observed in the cytoplasm
of inoculated MA-104 cells stained with either
convalescent sow sera, rabbit antisera or monoclonal
antibody (prepared to the VR-2332 isolate of SIRS).

20
2. Effects of lipid solvents on the

infectivity of SIRS virus (isolate VR-2332).

Pretreatment of virus with chloroform eliminated

infectivity (titer reduced from 10° to <10! TCID;s/1 ml),
25 whereas fluorocarbon treatment had no significant effect.

3. Hemaqgqlutination. Virus did not
hemagglutinate erythrocytes from 11 different species
irrespective of the temperature of incubation.

30

4. Estimation of the size of the SIRS virus by
filtration. Virus titers were unchanged after filtration
through 0.45, 0.20 and 0.10 pym filters. However,
infectivity titers were reduced 1000-fold (10° to 102

35 TCIDso/1 ml) after passage through a 0.05 pm (50 nm)
filter.




.30 to*a titer of 108 TCID50/nm and the Shope strain of pseudor abi es

v%rus, avail able from Nati onal Veterinary Servi ces Laboratory, Anes, I|A,
. was grown on CRFK cells to atiter of 10[err] TCI D50/ m . These viruses
" were used as RNA: and DNA virus controls in studies to determ ne the 35
nucleic acid type of the VR2322 isolate of SIRS virus.

-21- 4. Preparation of amgjsera to VR-2332-isolate.

Passage five of the VR2322 isolate of SI virus (titer 10[err]
~TCDerr]/m) was inactivated with 0.25 percent fornalin, mxed 1:1 with
- Freund's inconplete adjuvant, and a rabbit 5 was injected subcutaneously
"with 2 nl of this suspension at two-week intervals for six weeks.

Ant i sera prepar ed. tw% we%@%ects_o % ﬁhi ié}}éqgn flgé 18n of

neutralizing titer.
MA- 104 cellthaeSERseededs n1Onﬁytnhecwnfém¢¥E4¢Yrﬁ€r%h¢tQNA vigpgyes
for the VNT. NE?A%%&P 16l doflid H&édﬁ?ed’fbfa&ﬁhersmw&é%&&h ytih pere

prepared in and m Xxe w t h“an equal volu 10 n* %I) of
i sol ate VR- 2332@5@@@&@@@@ o0 PRI oGNS/ (RIA [RRYFO )Ea%"ffg é‘rewas
i ncubated at 3y¢hpepBhe %@&eOW%ﬂ“affeéﬂgh cihdfﬁéﬂinéﬁtﬁﬁfﬁtﬁﬁr@@home WifT US.

m xture was added to triplicate wells. M crotit
the SIRS virus was probably RNA f%ables 1 and 2).

6. Virus purification. Virus bands were not

10 detected on_sucrése gradients, and peak virus titers (10“
TCIDso/1 ml) were recovered from fractions with buoyant
densities of 1.18 to 1.23 g/ml. This peak virus titer
was 1000-fold less than the infectivity titer (10’
TCID;o/ml) of the virus suspension before purification.

15 Cesium chloride gradients yielded a single, faint,
opalescent band at a buoyant density of 1.18 to 1.19
g/ml. Peak virus infectivity of 1.3 x 10° TCIDs/1 ml,
which was 130 times higher than peak infectivity from the
sucrose gradient, corresponded to this visible band

20 (Figure 3).

7. DEM of purified SIRS virus particles.

Pleomorphic, but predominantly spherical virions were
observed by DEM in the CsCl fractions (1.18 to 1.19

25 g/ml). Virions were 48 to 80 nm (average of 25 particles
= 62 nm) in diameter and consistgd of complete, electron
traﬁslucent or empty (electron dense center) particles
surrounded by a thin membrane or envelope (Figure 43).
[A 40 to 45 nm diameter isosahedral nucleocapid with

30 short surface projections of about 5 nm in length was
observed.] These particles contained cores that were 25
to 35 nm in diameter (Figure 4B). Virions were immuno-
gold labeled if the rabbit hyperimmune antisera and gold-
labeled anti-rabbit IgG were used as primary and

35 secondary antibodies (Figure 4B). Virions were not gold-




§plates‘mere I ncubated for an additional three days at 37[err] C, exam ned
by Jight mcroscopy for cytopathic effects 20 (CPE), and the endpoint titer
$expressed as the reciprocal of the highest serumdilution which
neutralized CPE. The follow ng polyclonal antisera, unless
indicated otherwi se, were prepared as described for the VR- 2332 isol ate
(except viruses were not inactivated) and-28-used in the VNT. the Mller
strain of transm ssible gastroenteritis; porcine rotavirus serotype 4
(CGottfried); porcine rotavirus serotype 5 (OSU); porcine reovirus

; erotype 1; porcine enterovirus serotypes 1-8, avai |l abl e from Nati onal
Veterinary Servilebeleshdmattdrey, ammmflwﬁmmamymifmet anpdperae
iparvovi rus, avalilsdlag of unAyerican Type Culture Col | ecti on,

'Rockvill e, MD; encephal onyel ocarditis virus, avail able fromDr. W
‘Christianson, Department of Cinical and Popul ati on Sci ences, University

of M nnesota, St. Paul, 38. NNAntmgﬁhicﬂre$ataaqgﬂ_gg&ﬂﬂ§ﬂ&§Li£QB§th|ona

Veterinary Segvi cgs Lagorﬁtoré;! h%r;esvl}&egast}ﬁ#}l[ ra to known porcine
-22- S % VI ruses,

nmonocl onal ant i ¥édyusE89and mmmmwmy@ﬂ diot neufiralige or

Mcrobiol., 16, :308t344chl38Rs VAW antigdt 6] il fectidd!Ha- A | 8oL gs from

Nat i onal Veterinary
Convalescent sow and hyperimmune rabbit antisera had

neutralizing antibody titers of 1:256 and 1:512,

10 respectively.

9., Effects of temperature on the infectivity

of the SIRS virus. Virus infectivity for MA-104 cells
was reduced 50 percent after incubation for 12 hours at

15 37°C and completely inactivated after 48 hours of
incubation at 37°C and 45 minutes incubation at 56°C
(Figure 5). Infectivity was unchanged after one month
incubation at 4°C or four months at -70°C (data not
shown). Lung tissue collected from gnotobiotic pigs

20 infected with SIRS virus and homogenized in Hank’s
Balanced Salt Solution retains infectivity for pigs for
at least 18 months.

Results indicate that isolate VR-2332 is a
fastidious, non-hemagglutinating enveloped RNA virus,
25 which can be tentatively classified as a non-arthropod

borne togavirus belonging to an unknown genera.

The presence of an RNA genome of the SIRS virus
was confirmed by the ability of this virus to continue to
replicate in the presence of 5-bromo-2-deoxyuridine and

30 mitomycin C, which are known to inhibit the replication
of DNA and one family of RNA viruses (Retroviridae)
(Easterbrook, supra (1962); and Reich et al., supra
(1961)), but not other RNA viruses. Our provisional
classification of the SIRS virus as an RNA virus agrees

35 with the observation that this virus replicates in the




.5 .Services Laboratory, Anes, |A; rubella; and lactic dehydr ogenase

EV|rus available fromDr. W Cafruny, Departnent of M crobi ol ogy,
:Unlver5|ty of . Sout h Dakot a School of Medicine, Vermllion, SD 10
i6. Direct electron mcroscopy (DEM. Cesium chl ori de gradient '
fractions were exam ned by DEM for virus-particles as previously
described by Benfield et al., J. din_gdlcrobiol., 16, 186-190 (1982);
Hor zi nek, "Non- art hr opod- borne Togaviruses" (Acad. Press, London, 15
1981); and Richie et al., Arch. Gesante. Virus-forsche, supra, and
.exam ned on an el ectron m croscope (Hitachi HUL2A, Hitachi, Tokyo,

Japan) .at a pot eytticglaxm Zif kihe cell as indicafed bynthe presenge of

“m croscopy (I|EM, 5! s done using goat
‘anti-rabbit 1gG g(ﬁdé (ﬁ%&% a?‘tgl c){) ﬂ?% n; Briefly, virus was
‘concentrated at 40,000 x FhHerVRBRIBhuieelate 198, BIRS YAZEUS igeheat was
resuspended in ii%bhqrer] butf xsiépéﬁi\}@ﬂyv@ﬁsﬁleaﬁer loR {Jéi-ﬁbhswéi R i3k Ch N
a piece of para iim A collodion 25 carbop- cpg} 8? | oat ed t he
drop of virus3fé’ 2nd57R°Qut esThe thewpe 2 IFE?‘SprEP %doé& Teed
on a 25 [errh&sdmc,&hdaab &ipﬁ:[ﬁatfcbﬁﬁ ﬁ@fapf@pagmmhnutesne viGhigls
were washed in two Chan%ﬁgﬁﬁ ser

ercent bovi ne
(BSA)-Tris buff ERIEESTY %t%’ég‘égéﬁ%nﬁe%ezf'?dﬁ‘éf%ﬁ ?8?’955tﬁ:aﬁu13675 Con a
drop of gol d- Iabﬁﬂedprodmdslhﬂjhérlgﬁ}usﬁyrmlésx vRsfiesgemaBSanTidiss buffer

for two m nu £t r
wer e negat I vel ygg?gﬁ%g%nanﬁé\ﬁn% \é%%b‘? escril b%%&&ﬁ’o%‘@i@ ?/{eggg)ensg 28
10 virus isolation for short periods of time, otherwise the
sample can be frozen for several months or longer.

EXAMPLE 2
The purest form of an inoculum with the MSD
15 infectious agent as determined from experiments in
Example 1 may be used to transmit the MSD agent to
pregnant sows to reproduce the reproductive form of the

disease syndrome.

20 Discussion. Recently, transient anorexia and
premature farrowing (both prominent clinical signs of MSD
in the field) was induced in 2/2 sows inoculated with the
same MSD inoculum, which produces respiratory lesions in
gnotobiotic pigs. In addition, 15/29 (52 percent) of the

25 pigs were stillborns and the remaining 14 pigs were weak
and did not nurse well. No gross or microscopic lesions -
were observed in the stillborn pigs or the placenta and
isolation procedures to detect microbial agents are now

in progress. Therefore, the experiment described below
30 tests whether the reproductive form of MSD can be
transmitted to sows by intranasal inoculation and whether
interference with fetal viability results from
replicatioﬁ in maternal tissues but not fetuses.
Experiments in Example 1 provide information on
35 how the inoculum can be treated (filter size, organic
solvent extraction and/or protease digestion) to provide



-23- 8. Hemaggl utination test (HAT). The ability of

VR-2332 i solate to hemaggl utinate sheep, goat, sw ne, cattle, nouse,
rat, rabbit, gui nea pi g, hunan type "O', duck, and chi cken erythrocytes

was deternlned using 5 standard nethods. Two- fold dilutions of the 5th to
7th passage of the VR-2332 isolate of SIRS virus were prepared in
phosphate buffered saline (pH 7.2-7.4) in U bottommcrotiter plates.
Equal "vol unes of a 1 percent suspen5|1ﬁptﬁ washed erythrocytes from each

of the above 10 species were added to each virus dilution, incubated at
Alerr],-22[err] or 37[err]C and read after one to two hours when

erythrocyte copirols_(containin Vi ). ha ttled tton on
t he bottom of Eﬁ% Rﬁg#’ st f%gm 5t the I{#S aqerp%,u St Y é‘sc?é:rlllc&teu%t a(r?'f—’)qa”
Indirect or viradcagenf)st aiBeicagsel theoMADe agRm33@si hogdt & and

uni nf ect ed W—}Qﬁp%gtaﬂa o%n‘in“ ﬁtg}ig@o'alﬁﬁ %nglg gbductriwcﬂ

anti bodi es teste mﬁne |n avai | from.Nat i ona
‘Veterinary Ser3fgd§ EHBBFat6Fy}52@eﬁﬁ§§arWAtPtfﬁ@?&d“HFNE?eaﬁ&tﬁﬁﬁ'éFHFéra

virus pol ycl®net theaﬁynaebﬁhe avaifhatherf Femilfgt tkaal tHet enifearyiober vi ces

‘Laboratory, Anes al so _uysed. _Scrapi.n of the cell nonol ayer
were renoved at9 @%thﬁﬁmgﬁﬁlpH?FﬁlgesFépﬁﬁegf 91%H'dculatlng | oop | nF staining
as previously descri bed hy926dBgngieskdtdbnal. sow. i€l unedMasr thieol ., supra.

Positive  comffol; Rbhfgt YRiSa3! BLBRAsE' 1RCLsWpblsEBINaLESCent

experimentally induce abortion in these animals

10 inoculated with the MSD infectious agent. Sows can be

h purchased from a commercial herd free of ongoing
reprd@uctive problems and MSD. Complete epidemiologic
records on this herd can be computerized and information
on gestation times, litter sizes, and average number of

15 stillbirths can be made available for comparative
studies. Groups of three sows each can be intranasally
inoculated at 93 days of gestation with either the 0.20
pm filtrate (positive controls), a pathogenic but
modified inoculum as dictated by results from Example 1,

20 a 0.20 ym filtrate of the control inoculum (negative
cbntrol), and a control inoculum modified as indicated by
results of experiments in Example 1. Each group of sows
can be housed in separate isolation rooms and examined
daily until gestation is completé. Temperatures and

25 clinical signs (anorexia, respiratory problems such as
coughing, sneezing, panting, and’'increased respiration)
can be noted daily. Sampling of sows can be restricted
to a pre- and post- farrowing blbod sample for serology.
The actual date of farrowing can’ be noted and the number

30 of stillborns, mummified fetuses, live “weak” pigs and
live “normal” pigs determined. Fetuses can be examined
for gross and microscopic lesion§ as described in Example
1 and fetal tissues processed for microbiologic assays as
described in Example 3. The fetal sera can also be

35 assayed for the presence of gammaglobulins and antibodies
to PPV and EMCV (Joo et al., In ?roceedinqs of the




~antiseta froma sow (VNT titer 1:256) or a nonoclonal - antibody (SDOW 12
tor . SDOW 17, described herein) to the VR-2332 isolate of SIRS virus. 30

{10 F|Itrat|on studies to estimate the size of i sol ate VR-2332.
‘Clarified-infected cell culture supernatants were filtered through 0.45
‘[err] m (Schl ei cher and Schnell, Keene, NH), 0.20 pm (Schleicher and
Schnell, 35 Keene, NH), 0.10 [err]m (MII|]jpore Products Div., Bedford,

MA) and 0.05 [errelm (M Ilipore ProductsTHVv., Bedford, MA)

-24- - filters. The infectivity titer before and after filtration
was determ ned using a mcrotiter asSsay and a previ ously descri bed
‘met had ‘of Cott ndal: af . {a i f Y/

M cr obi ol gy, 435+ M9NeR: ndf pigea 48k RO 062 ﬁ( %g%}( A

100-f ol d r@ﬂchP@netnaﬂnﬁeéUuMgsthiﬁﬂLAMQExsﬁﬁidekedl01 4s{yBPPI)dant .
11. Gadient ppigfi pakhoni%k tadl ¥ ofzeddd fdP dne Q@@%'ﬁ&fﬁisﬂ&

SIRS virus fron1c|ar|f|ed cul ture su rnatant was concentr at ed
“centrifugati orPRBeBRFRALLILY BRFRFdRd, & th 3R RRPS RLIE AR PEC for
16 hours  5teithHghised agantheueyssuey Qmmwbcenﬁoleqnﬁgml ng of 2

microscopic and microbiologic examination as described
for the fetuses.
The 0.2 ym and the modified filtrates of the
MSD inoculum are pathogenic for sows and induce anorexia,
10 possibly a mild fever, and premature farrowing with a
large number of stillborn and weak pigs in each litter.
This illustrates evidence that the inoculum contains the
MSD agent. Sows inoculated with the control inoculum
farrow near term and have litter sizes within the normal
15 range for the hexrd of origin as detérmined from the
available epidemiologic database on this herd. No
lesions in the stillborn pigs are found and a high rate
of mortality among the surviving weak pigs within one
week aftexr birth is observed.
20
EXAMPLE 3
Tissue samples collected from gnotobiotic
biglets inoculated with the MSD inoculum and euthanized
at various times post-inoculation can be used to isolate
25 and identify the MSD infectious agent to determine the
sequential development of lesions, and to ascertain
whether the MSD agent is immunosuppressive.

Immunofluo:escence assays on frozen tissues and

30 inoculated cell cultures. Immunofluorescence assays on
frozen tissues and cell scrapings can be done as
previously described in Benfield et al., J. Clin.
Microbiol., 16, 186-190 (1982) and Benfield et al., Am.

; J. Vet. Res., 49, 330-36 (1988). The frozen tissues and
% 35 cell scrapings can be screened for PPV, EMCV (See Example
5 4 for definition of acronyms) and the MSD agent(s).




m. of 26, 30, 40, 50, and 65 percent sucrose (w/vol) in 15 TNC buffer (10

mv-Fris, 100 MM NaC and 2 mM CaCl, pH 7.8). Culture supernatants were
al'so extracted with 1,1, 2- trichlorotrifl uoroet hane (Sigma Chem cal Co.,
St. - Loui's, MJ, concentrated by ultracentrifugation at 100, 000 x g.
at 4[err]C for. one hour, and purified on cesium 20 chloride density
gradients (1.20 g/m ) as described for t he sucrose gradients. Fractions
from ei ther gradient were harvested frgpithe top, the refractive index
determ ned using a refractoneter, and selected fractions diluted in
Hank's. Bal anced Salt Solution for virus 25 titration as described above.
12. Chl orof orm and fl uorocarbon inactivati on. Equal volunes of SIRS
virus (VR 2332)Camibgates ofornPRE¥r end EMCVed@rgerivediledllley atothgo Sautth es at

anmbi ent room B%Aﬁwrﬁﬂﬁsl aﬂﬂséﬁee ﬁ%@tn_@rfc%g%@dablé%oétgcata%ﬁéﬁor%ﬁ
tricghlorotrifl uoroethape and

m nut es. S|n1larl qﬂﬁ“ vol unes of 2-
SIRS virus weré une s%ﬁ?té? EBPtPPQQt&Fn@F8§ 548 C&nPri as
descri bed for frdetméllmﬁé@tnfbmabedtner NSD Ahbenleent r ffvodptiigen,cdahe 35
oror o sl ST R P e ol ok e
-25. booster of the MSD inoculum in Freund’‘s incomplete
adjuvant at two and four weeks after the initial
inoculation. Sera can be harvested from this pig two
weeks after the last booster. A control sera is also
.10 prepared in two gnotobiotic pigs using the control
. inoculum and the same immunization protocol described for
the MSD inoculum. These sera can be used as primary
antibody and goat or rabbit anti~porcine immunoglobulin
conjugated with fluorescein isothiocyanate as secondary
15 antibody to detect MSD antigens in frozen tissue sections

and cell cultures.

Serologic assays. Sera collected from control

and inoculated pigs can be assayed for the presence or
20 absence of antibody to PPV and SIV (hemagélutination
inhibition), Leptospira (micro-agglutination), and EMCV
{(viral neutralization) (see Example 4 for definition of
acronyﬁs). Previous results indicated that serology to
other common microbial agents wéie negative (Collins, et
25 al., 71st Meeting of the Conference of Research Workers

in Animal Disease, Abstract No. 2 (199%0)).

Immunologic assays. -Tissues and blood can be

. collected from MSD inoculated aﬁd control pigs so that
30 their immunological status can be detexrmined. Porcine
leukocytes can be isolated'froﬁiperipheral blood by

single step discontinuous gradiéht floatation on
Histopaque 1077 as taught by Péébovitz et al., J.
Immunol., 134, 37-44 (1985). éélls from lymph nodes,
35 spleen and thymus can be spilled into single cells by
moderate mincing of the ;issueéfand collection of the




.remainfng virus infectivity. A 100-fold reduction in titer of treated

conpared to untreated virus was consi dered significant. 5
13. Effects of inhibitors of DNA viruses on i sol ate VR-2332. The
‘conpounds 5- brono- 2- deoxyuri di ne (BUDR) and mtomycin C are known

‘inhibitors of the replication of DNA viruses, but do not inhibit RNA
viruses with the exception of the Retroviridae 10 (Easternbrook, Virology,
19, 509-520 (1962): and Reich et al . ~3roc. Natl. Acad. Sci., 47,
-1212-1217 (1961)).  Pseudorabies and poliovirus were used as the known
'DNA -and RNA virus controls in this experinment. Cells (CRFK or NMA-104)

‘wer e seeded i t ligat e e

‘i nocul at ed wi '[]lﬂg%b xllt ‘Igﬁ? g%gﬁeggﬁgﬁg ng]rié o%rstl' 0 %l rus,
pol i ovirus or HRS37 91‘/3 ubl98@pectively. After a one- hour absor ption
period at 37[err]C, nii‘éii:élz.ﬁénléhkb&?té“@h%ﬁbb?ﬁeél Idah WS det@mefhed and

replaced with either eated yirus cont Ienented
WO a0 or 10094R9 2 ernel SEoRoRar IRERL SRRGROSikE, avEL HPIS e

[err]g/m of5 ntHe Ameridan 'MrpeoCuILenre Cpllaltaemmr @nidn Jolaat é?zMeﬁ?[ err ]dC
for an additional r days, n n, o or n
the virus tY wgz{ %.Jﬁlctiﬁ‘é’t asﬁégScr ?ggggp}ég%ﬁlg} %@%&%@g{ tersalf %)Etré%pr a
(1978). A 100(héa:slth:elmmct¢fmtdmalli Tuseﬂ.ﬂ;fsecpCDEt YyMSA4L;i Hammeahsmrgdet o t he

untreat ed-contyyol Wag C 52Y Tmmah8BLEh6RNT 1, 107-21 (1986
Tenperature stabif i o[ virus 1'n’ MEM was
i ncubat ed ei t halpar/qlass CHrMHC depqrdentnBt Aelaf 3PCOA (74md Belerr] C
for at |eaglp frhutthedR)et al. Alvaﬂotﬁm&xﬁﬁaleammaua a@hotlhe thr,ea 351141 ent
t enper atur.es were collected a ? LFI § and then at
12- hour |nterJ&I%%’r@ﬁﬁt??%xﬁ?Os‘ﬁBﬁngsgg N ats 1S gaﬁf} cdepepdemt & ed

~ten-fold in Maummyi\pan$ (74-2-11; Ibid), macrophages and granulocytes
(74~ -22- 15a; Ibid), thymocytes and perlpheral B cells,
pChl (76-7-4; 1Ibid), and pig MHC class II antigens

15 equivalent to human DRw (MSA3; Hammerberg et al., Vet.
Immunol. Immunopathol., 11, 107-21 (1986)) and DQw (TH21A
and others (VRMD, Pullman, WA; Davis et al., Hybridoma
Technology in Agriculture and Veterinary Research, Rowman
and Allanheld, 121-50 (1984)). Isotype-specific

20 monoclonal antibodies to pdrcine immunoglobulins are also
available (Paul et al., J. Vet. Res., 50, 471-79 (1989)),
and can be used at twice minimum saturating concentration
for indirect fluorescent staining of leukocytes from
peripheral blood, lymph node, and Peyer’s patches (Hurley

25 et al., Vet. Immunol. Immunopathol., 25, 177-93 (1990)).
To achieve two-color analysis, cells can also be stained
with rPE-labeled avidin after being tagged with biotin-
bound (Pierce kit #21333) antibodies. Cells can be
analyzed by flow cytometry or a two-color analytical

30 fluorescent microscope (PTI FSCAN system). Co-detection
in the 488 nm laser line on the flow cytometer or using
the dual analytical fluorescent microscope can easily be
‘attained. Intensity of cellular fluorescence and
pexcentage of positive cells can also be determined.

35 In vitro functional assays such as lectin
mitogenesis with concanavalin A, pokeweed mitogen (PWM),




titers calcul ated as described above.

- 26- B. Results 1. Cytopathic effect of isolate

VR- 2332 on MA- 104 cells. The CPE started as snall, rounded clunps of

5 cells, which appeared to be raised above the renalnder of t he .
uni nf ected nonol ayer (Figure 1B). The nunber of rounded cells increased
and many cells becane pyknotic and d% tached fromthe nonol ayer within
two to four days Pl. By five to six éays PI, CPE was evident in 100
10 percent of the nonolayer. Infectivity titers varied from 10[err] to
10[err] TG Derr]/I mM on the 5th and 7th serial passage of Vi rus,

respectively. adeBEyuaﬁaahaggl&dihﬁnuqbnmgql&hﬁdbe pelifiottédcealsl s (Figure

- g |ated 15 MA-104
R e L A RERT NI

fl uorescence ob8&+véd(1888he cghumgeaﬁspecdﬁlcnmnuvatgd Acedd cells

anti body (pr epa? S TE°E neo VY 3935e SRY 3TEP pRiglliga’ as€ed Sholanoc! On

Effects of |3 precheigents Bncehd proliferative assays can be performed
with E. coli and §. typhimurium LPS or anti-

immunoglobulin as reported in Symons et al., Int. Archs.
Allergy Appl. Immun., 54, 67-77 (1977). In vitro
antibody production, induced with PWM, can be

10 accomplished and quantitated as described in Hammerberg
et al., Am. J. Vet. Res., 50, 868-74 (1989). Macrophage
production of IL-1 after 48-hour exposure to E. coli LPS
can be measured in the mouse thymocyte assay (Mizel,
Immunological Rev., 63, 51-72 (1982)). IL-2 production

15 by PHA-stimulated lymphocytes can be measured as
described by Stott et al., Vet. Immunol. immunopathol.,
13, 31-38 (1986). An isotype~-specific anti-lysozyme
ELISA can be done utilizing the monoclonal antibodies to
porcine immunoglobulin isotypes (Paul et al., Am. J. Vet.

20 Res., 50, 471-79 (1989)).

To assess in vivo antibody production, three
piglets inoculated with MSD and three inoculated with
control inoculum can be injected with a 2 percent
suspension of sheep erythrocytes and a 10 pg/ml solution

25 of bovine serum albumin at separate sites at 5, 7, 10,
14, and 24 days after their original inoculation. Pigs
are euthanized at 24 days after the original inoculation,
tissues are collected for histopathology as described in
Example 1, and blood is collected to assay for antibody.

30 The total antibody level and the specific IgG and IgM
responses to each antigen can be measured by antigen-~
specific radial immunodiffusion or ELISA. Antigen-
specific plaque assays can be performed on spleen cells
to assess the frequéncy of B cell clones in the infected

35 and control animals (Kappler, J. Immunol., 112, 1271-85

" (1974)).




- infectivity of SIRS virus (isolate VR-2332). Pretreatnment of virus with
¢ chl orof orm el i m nat ed I nfectivity (titer reduced from10[err] to
~<10[err] TADerr]/l m), 25 whereas fluorocarbon treatnent had no

. significant effect. 3. Hemmggl utination. Virus did not

- hemaggl utinate erythrocytes from 11 different species I rrespective of
the tenperature of incubation. 30 -35- 4. Estimation of the size of
the SIRS virus by filtration. Virus titers were unchanged after
filtration through 0.45, 0.20 and 0.10 [err]mfilters. However,
infectivity titers were reduced 1000-fold (10[err] to 10[err] 35
TCIDlerr]/1 mM) after passage through a 0.05 pm (50 nn filter

-27- 5. Effects of Diakphkebators on replication of

the SIRS virus. Only the infectivity o Vi I US ot gbies, was
reduced by either BUDR QRIBGidNg: n e Q9£;m9¥e§ﬂ+%a?¥%%rg§8§glﬁgv#gus
(RNA control ) paegaireo|iiper innfhe? 3k iven niot afdmotediotidi pagi b9 ahat the
genome of 5 418,35 WD \_’Posr RiLbabl Y, RVa §ASPL £6 ded§ne) and for
further characterization of the antigenic properties of

MSD.

Backqround. Previous studies done in

10 gnotobiotic pigé at South Dakota State University in
collaboration with the University of Minnesota indicated
that pooled tissue homogenates from field case MN 89-
35477 induced lung lesions in gnotobiotic pigs. Pooled
tissue homogenates from these pigs have subsequently been

15 used to produce clinical disease and respiratory lesions
characteristic of MSD in three-day-old gnotobiotic pigs
(Collins et al., 71st Meeting of the Conference of
Research Workers in Animal Disease, Abstract No. 2 (1990)
and Collins ep;al., Minnesota Swine Conference for

20 Veterinarians, Abstract, 254-55 (1990)). Lung and tissue
homogenates were prepared from this second passage of the
original inocula in gnotobiotic pig (90 X 75) to produce
a second inocula. The second inocula can Xe used as
inocula and antigen to produce the hyperimmune sera in

25 this experiment.

Procedure to Accomplish the Objective
Gndfﬁﬁiotic pigs. .Gndtobiotic pigs can be
derived and maintained as previously described in
30 Benfield et al., Am. J. Vet. Res., 49, 330-36 (1988) and
Collins et al., Am. J. Vet. Res., 50, 827-835 (1989).




6.: Virus purification. Virus bands were not 10 detected on sucrose

gradi ents, and peak virus titers (10[err] TG Dlerr]/I m) were recovered
fromfractions with buoyant densities of 1.18 to 1.23 g/m . This peak
virus titer was 1000-fold less than the infectivity titer (10[err]

TCI D50/ m) of the virus suspension before purification. 15 Cesium chloride
gradients yielded a single, faint, opgéescent band at a buoyant density
of 1.18 to 1.19 g/m. Peak virus infectivity of 1.3 x 10[err]

TG Derr]/1 m, whi ch was 130 tinmes higher than peak infectivity from

t he sucrose gradient, corresponded to this visible band 20 (Figure 3).

7. DEMof purified SIRSpMJIds AN dd b EShyper DhEQRRT O£, bw}pgfggﬂﬁhgantly'

spherical virions were _ VT the. csC_fractions (1.18 to
1.19 25 g/ m ) Serg; FaghLndeRarad B0 it ti3bi Aot 8Fu bt 29 t PP es = 62
nm in di aret gnoaobiowis Hied af desgtdhed sbeeeronPigs teamsthemnbeor enpty
(el ectron denge._cente rticles . . surrounded, b i r

envel ope (Fi ggllgeRA)a. Iij>°°'|Os[q; L5 A HN cﬁ’%ngtrglr %{Eg‘%%%e%%-%ugﬁqg%g%%i d
with 30 shobtasdrflasd rfojFestinuiis dincahupiete djuvash@t Whsand dbserved.
These par{| ¢l g8yE0R 3B 0T il Eide PPt 1od O(iipr TUM | dnd i died e

(Figure 4B). rions were | nmuro- g abeled i f the rabbit

hyperi nmune ahfP8dra The @diddshoulidyydieny etk illemi3nd RESAIE LIRSS
primary and 3%4s8g98daky 13 adites (HHIWL¥Bnoci 4t 615, WeB&rd104h@@l d-

be harvested and dispensed into appropriate aliquots and
10 frozen at -20'C.

Serologqy. The hyperimmune sera can be tested
for thetprésence'of antibodies to common pathogens of
swine as commonly done in most diagnostic laboratoriis.

15 This sera can be tested for antibodies to Hemophilus,
Brucellosis, Leptospira (6 serovars), pseudorabies (PRV},
parvovirus (PPV), encephalomyocarditis virus (EMC), and
Swine Influenza Virus (SI}). '

20 Results. The pig used for preparation of the
antisera was pig #4B (experimental number 90 X 238).
This pig was inoculated on 11/1/90 and observed daily for
clinical signs until killed on 11/29/90. Clinical signs
are summarized in Table 1. Unfortunately the continuing

25 degenerate condition of the pig mandated that it be
euthanized after:dnly one booster on 11/13/90. The pig
was euthanized 16 days after the initial booster on
11/29/90.

Serology results were négative for all the

30 above agents except PPV, which had a titer of 16, 384
(See Table 2). A pretitered sera on this pig was not
conducted. .

Samples_of lung, heart, brain, kidney, colon,
small intestine,. turbinates, spleen, stomach and trachea

35 were collected Whén the pig was necropsied. These
samples were evélﬁated and it was found that the lungs



. -28- | abel ed in the absence of the rabbit hyperi mune antisera

 t.o i solate VR-2332. . 8. Anticenic relationship of SIRS virus
+to* 5 antisera fromother viruses. Antisera to known porcine vi ruses
- and various togaviruses did not neutralize or react wwth SIRS virus
~antigen in infected MA-104 cells. Conval escent sow and hyperi nmune
"rabbit antisera had neutralizing antibody titers of 1:256 and 1:512,

10 respectively. 9. Effeéls of tenperature on the

infectivity of the SIRS virus. Virus infectivity for MA-104 cellts was
reduced 50 percent after incubation for 12 hours at 15 37[err] C and

conpletely inactivat,ed after, 4 f j i : 37 I a 45
m nut es i ncub%oc% alfl%éfJé? rlﬁf§ Pg%ﬁﬁ%rce)fﬁépg?%?g%??@? ?gmégbl}%(%%a%ed
after one nonttthat sewmubsithnfield|easds of BBBr nonths at -70[err]C (data

not shown). Lung tisSspigs %ﬁgﬁigdo%reﬂlgn@wgk%éﬁtp&aﬁfigmi nhagtied with,
n S

SIRS virus and honogeni zed in Bal anced Salt Sol ution_retains

infectivity f@tustigs fidrat anrinfectious agept. is present in ghe segond

indicate that jirehdlf PARATR i6 @an ihastédtDinicadndbseagel anidnati ng
envel oped RNA_ virus, 25 whic égn be ten%atively.clasgifi d as a £
non- art hr opod 1S ifis &% s BRPSR PRI EAniBinkA RﬁaSeﬁ5F§§ °©

"The presence ofsan RNA genone of the SIRS virus was confirmed by the
ability of this virus to continue to



replicdte in the presence of 5-brono-2-deoxyuridine and 30 mtonycin C,
which are known to inhibit the replication of DNA and one fam |y of RNA
viTuses (Retroviridae) (East er brook, supra (1962); and Reich et al.,
'supra (1961)), but not other RNA viruses. CQur provisional

classification of the SIRS virus as an RNA virus agrees 35 wth the
observation that this virus replicates in the

- 29- cytoplasmof the cell as indré8ted by the presence of Vi rus
antigens detected by InF. The VR-2332 isolate of SIRS.virus is
heat  labile, but relatively stable for long periods of time at 5 4[err]
and -70[err]C. The thernolability of this &irus at 37[err]C has
practical applications for propagation Lyirus, suggesti ng that
growt h at tenmbeta ures |Ghwsrvdtaiodsd|[efrifoculateéd Pi g Vi rus

yi el ds. Refriqu jon is %éﬁi&%I nt for preservation of diagnostic

speci nens for Virus isol ation short periods of tine, otherw se the
sanpl e can be jfyrgzen forp {pvigidty 8Si %, | 9P9RT0,5 ml of above

EXAMPLE 2 & Tihsﬁ?_eoqwaesds &gm&éuﬁ&éﬂ%ﬂlymw;sm.the MSD 15
infectious agent as determ ned fromexperinents in

11/2 Not observed.

11/3 This pig has 2 times as much milk in bowl as
the control-pigs. I’'m not sure how well the
pigs are eating or if the agent is the cause of
the anorexia. Feces normal.

11/4 May be a little slow but alert and strong, 1/2
milk left, feces soft and brown.

11/5 9 a.m.: strong, alert, drank most of milk,
feces mucoid and brown (2).

4 p.m.: strong, alert, drank most of milk,
feces mucoid and brown (2).

11/6 9 a.m.: strong, alert, drank 1/2 of milk, feces
brown mucoid (2).

6 p.m.: strong, alert, 1/2 of milk left,
feces loose yellow brown (2).

11/7 9 a.m.: strong, alert, drank most of milk,
feces light brown mucoid (2).

3 p.m.: strong, alert, drank most of milk,
feces light brown mucoid (2).

11/8 2 p.m.: Alert, does not drink milk as well as
controls, slower than controls, mucoid yellow
feces.

11/9 8 a.m.: Alert, still does not drink as

aggressively as controls, pasty feces.
S p.m.: same observation as 8 a.m.
11/10 6 p.m.: alert, vigorous, rubs snout

aggressively against feed pan, feces brown
loose, not eating like controls.




Exanpl*e 1 nmay be used to transmt the MSD agent to pregnant sows to

. rieproduce the reproductive formof the di sease syndrone. 20 -

- Discussion. Recently, transient anorexia and premature farrow ng (both
. prom nent clini.cal signs of MSD in the field) was induced in 2/2 sows
~inoculated with the  sanme MSD i nocul um which produces respiratory

l esions in gnotobiotic pigs. In addition, 15/29 (52 percent) of the 25
pigs were stillborns and the renaining Iigpigs wer e weak and did not
nurse well. No gross or mcroscopic |esions wer e observed in the
~stillborn pigs or the placenta and | sol ati on procedures to detect

m cr obi al agents are now I n progr The tg, the experinent

~descri bed bel ow 30 tests whet her théﬁig%$ugﬁgéégegforn1of MSD. can be
itransmtted to sows by intranasal inoculation and whet her i nterference
with fetal viahifjity results §romm.: a®ertgavigdrousyirabaalsnbugsues but
not fetuses. EXpeigoeoasly nagaanpke féedr pangde fieoksr paiston, on
35 how the inoculumcan be trestedatingtaes weid, asr gantrols,ssitiddt milk
“extraction and/or protease dipespanp)byoépBOvpdm. controls had

. - 30- t he purest form ofitibhehédbDeaging.for an inoculum (i.e.,

11/12 9 a.m.: alert, but not as aggressive as

' controls, after 5 minutes the controls
have .cleaned pans Xut this pig still has
at least 2/3 of milk in bowl. Some snout

rubbing.

11/13 Inoculated with 90 X 75 1g & pool using
nebulizer (.5 m) and sp. IFA (I ml) at 4
p.m. Alert but not as aggressive as
= controls, still has 1/2 pan of milk but
controls have consumed all their milk. No
snout rubbing, feces pasty.

-11/15 7 p.m.: alert but not as aggressive as
controls, still east slow, rough hair
coat, but gaining weight like controls.

11/16 to Not much change, alert but steady
11/24 ~ declining in activity

1 p.m. (11/24): respiration seems to be
more rapid, hair coat is rough, not
gaining weight like controls.

11/29 Euthanized ~ blood collected for H.I.
sera. Usual times collected for
histopathology including tonsil. Blood
collected for lymphocyte mitogenic assays.
No gross lesions noted. Set up turbinate
explant cultures.




viral &gent). Because the MSD agent has both a respiratory formin

iyoung pigs and a reproductive formin adult swine, it is necessary to
‘reproduce the latter form 5 of the syndrone to further verify that the

‘i nfectious agent is the putative cause of MSD. ‘A 93-day
‘gestational sowis used as the experinmental animal because it is
‘possible to experinental ly induce abortion in these aninmals 10

inocul ated with the MSBD infectious agent40-Sows can be pur chased from a
‘conmerci al herd free of ongoing reproductive probl ens and MSD.. Conpl et e
epi dem ol ogi c records on this herd can be conputerized and information

on gestation.times, litter sizes, and e,nunber of 15 stillbirths can
be nade avail able for conparative s?¥ Bfg.zc}oups of three sows each can

be intranasally [ noculﬁtte%aé 9§e9€%509f198§ﬁ§£i:8§ % ;lhgegi ther the 0.20
pmfiltrate (positive co , ' d i nocul um as
di ctated bysresultg_froghgﬁgnghg ﬁfﬁg&zl(% ﬂyggiltrate of the contro

a

i nocul um (negative control), a control 1noculumnodified as
indicated by resul ts gqfi n@X BREHN 1DrybdRA & L deagdt treoup of sows

.can be housed in separate isolation roonms and exam ned daily until

gestation is conpl gte. Eaiper apwr es ndydtdsecl i nical signs (anarexia,

respi ratorygprobl ens such as coughing, sneezing, panting, and increased

respiration) can.be getiad @Vl ¥ nSgyarlivey of sows can be restricted

to a pre- and post- farrow ng bl ood sanple for serol ogy. The actual date

of farrowi ng can bB.not 8d¢iardPPNe-nmelgati¥® of stillborns, nmunmm fied

fetuses, live "weak" pigs and live "normal" pigs determ ned. Fetuses can

be exam nelp for6gr osSwaneg Broreddeépic Neg&tdve as described in Exanpl e

1 and fetal tissues processed for m crobiologic assays as described in

Exanpl e 3. The fetdt sePHiBEBNLEP$ESPAr952assAPIREINE t he presence of

gamagl obul i ns and_anti bodi es to PPV and EMCV (Joo et al., In Proceedings
8. Swine EPI - negative

of the
: 20

EXAMPLE 4A -~ MONOCLONAL ANTIBODY PREPARATION
Mouse immunization. Eight weeks before the
date of hybridoma fusion, inOCulate BALB/c AnN mice IP
.25 with a 1:1 suspension of antigen in Freund'’s complete
adjuvant (CFA). The amount of antigen used is dependent

on the immunogenicity and toxicity of the antigen. Use a
maximum of 0.3 ml CFA per mouse. Five weeks after the
initial immunization, boost mice with antigen in CFA.

30 One week prior to the fusion, im@ﬁnize mice IP with
antigen in saline. Two days before the fusion, inoculate

mice IV with antigen in saline.

Mveloma cells. Maintaiﬁ mouse myeloma cells

35 (P3/NS-1/1-Ag4-1 (ATCC TIB 18)) on Dulbecco’s Modified

Eagle Media (DMEM) with 10 perceﬁﬁ fetal bovine serum.

Approximately 10’ to 10° cells arégrequired for fusion
with B cells obtained from one tyﬁical mouse spleen.

Immediately prior to hybridoma fusion, harvest myeloma
40 cells from a log phase culture inio a 50 ml centrifuge

tube and pellet cells by centrifugation at 200 x g for

five minutes. Remove the supernaﬁant and wash cells




o -31- = Mystery Swi ne Di sease Conmittee Meeting, 62-66 (1990); and

i Kikmet al., J. Vet. Dagn. Invest., 1, 101-4 (1990)). Pigs born live can

- be* observed for one week and nDrbldlty and nortality recorded, after

~which these pigs can be 5 euthanized and the tissues collected for |ight

~m croscopic and m crobi ol ogi c exam nation as descri bed for the fetuses.
The 0.2 [err]mand the nodified f||trate§ of the MSD i nocul um are

- pat hogenic for sows and i nduce anorexia, 1o possikbly a mld fever, and
"premature farrowing with a | arge nunber of stillborn and weak pigs in

each litter. This illustrates evidence that the inoculumcontains the

- MBD agent . SOW&ldE“%Eﬁﬂ‘%bﬁﬁﬁrEféé ﬁﬁﬁﬁrﬁbll8963|H?‘cen%%&&@&dﬁ%ﬂ L& m
~and have I|ttg&%5|zes W thint nornaL;15 range for the herd I n as

“determined fréRMe Reguspend ctheipe SFoéFenBé%ﬁbﬁgelgn ?%l%O%éQ L1

| esions in thdnstl Imbarerym ofred epgpMnd and a high rate of nortality
~anong the surviving weak pigs within one week after birth is observed.
20 EXAMPLE 3 Ti ssue sanpl es

col l ect ed fﬁon1gnoto@<ﬁ§§9 tioml ef sSpheen| hywphocybeshe MSD i nocul um and
eut hani zed at Var'ouf%dﬂr{’é%ﬁé@séh ’}[BSH%Q% ”c&ﬂ?%ﬁ&”é§9158alﬁ%'nata%d25

and identify the MSD in t1 ous agen et et m ne
_ immerse in 70 percent ethanol for several minutes.

Remove the spleen by aseptic procedure and transfer it to
a sterile petri dish containing 5 ml cold serum free

10 DMEM. Use a scalpel blade to slit the spleen along the
long axis and gently scrape along the length of the
spleen to release the splenocytes into the media. Use a
pipette to transfer the free cells and media to a 15 ml
centrifuge tube, leaving the spleen casing behind. Allow

15 the tissue debris in the tube to settle for five minutes
and transfer the single cell suspension to a fresh tube.
Centrifuge cells for five minutes at 200 x g, discard the
supernatant and wash the pellet again with cold serum
free DMEM. Resuspend cells in 1 ml serum free DMEM and

20 store cells on ice until fusion.

Fusion. Add the spleen cells to the centrifuge
tube containing the myeloma cells and centrifuge for five
minutes at 500 X g. Remove all the supernatant and

25 loosen the celifﬁéllet by tapping on the side of the
tube. Keeping_éil reagents and cells at.37°C, add 1 ml
50 percent polyethylene glycol solution (PEG 4000, Gibco,
Grand Island, NY) dropwise to the tube over a one-minute
period with génﬁlé mixing. Allow the mixture to stand at

30 37°C for one minute. Add 1 ml wﬁrm serum free DMEM
dropwise over one'minute with geﬁtle mixing. Finally,
add 20 ml serum-free ‘DMEM dropw1se over four minutes,
then 1mmed1ate1y centrifuge cells.at 200 x g for five
minutes. Dlsga;q,;he supernatant and resuspend cells in

35 47 ml DMEM coh;giﬁing 20 percent fetal bovine serum, 0.2
units/ml insuliq,:b.s mM sodium pyruvate, 1 mM



sequent’i al devel opment of |esions, and to ascertain whet her the MSD

'‘agent is i mrunosuppressive. | mmunof | uor escence assays on
frozen tissues and 30 inoculated cell cultures. |nmunofluorescence assays
on frozen tissues and cell scrapings can be done as previ ously
‘described in Benfield et al., J. din, M crobiol., 16, 186-190 (1982)
and Benfield et al., Am J. Vet. Res., 49, 330-36 (1988). The frozen

tissues and 35 cel | scrapi ngs can be scidened for PPV, EMCV (See Exanple

4 for definition of acronyns) .and the MSD agent(Ss).
- 32- _ Conj ugates for PPV and EMCV are available at the South

Dakota Ani mal PL56238: Reogatah 90ty Dt pbab LA Qokont 121" iy | MTUNG

sera in gnoto% can be ur est orm of the

S
MBD i nocul um acig®. pﬁgg éQnPerEGBé|N@¥95ﬂ§@eéYWEPP§H§§aW9913andA@ﬁe gi ven

a subcut aneougl volBMABSHEr cahat Qﬁs&é@asu&%%wﬁhbn wE'lQBnde th@CQWPJw%tlQ.,
era can

adj uvant at t%f qg f our weeks aft the init ocul ati Qn
be harvested F+3HTPRFEOR; fipaye cu éﬁspéﬁFgﬁ thénFég 8o T¥ECTR cont r ol
sera is al sp délprepatedli velMoagdotiobubsite plgtedsang3?he aadt a0l

percent CO, (SDMEM).
Following overnight incubation, remove 0.5 ml

of media from each well without disturbing the cell
layer. Add 1 ml SDMEM containing 1 x 10°“ M hypoxanthine,
10 4 x 10”7 M aminopterin, and 1.6 x 10> M thymidine (HAT) to
each well and continue incubation at 37°C and 10 percent
CO,. Continue to replace 1 ml of used media with 1 ml of
fresh DMEM + HAT three times weekly for two to three
weeks. When significant clone growth is apparent, assay
15 the wells for the presence of specific antibody by ELISA,
indirect FA, or other appropriate assay systems.

Cloning. Primary wells testing pbsitive for

specific antibody should be subcloned immediately to

20 obtain a stable cell line and avoid overgrowth by other
clones. Resuspend cells from selected primary wells and
perform cell counts using trypan blue stain and a
hemocytometer. Make dilutions of the cells to obtain a
final concentration of about 2 cells/ml in SDMDM + HT.

25 Use normal spleeh-cells obtained from non-inoculated mice
as a feeder layer by adding 50 pl packed cells per 100 ml

media.
Add 250 pl of cell suspension to each well of

96-well plates and incubate at 37°C and 10 percent CO,.
30 Clones should be visible in two to three weeks and
supernatants from wells containing single clones are
assayed when éignificant growth is'apparent. Repeat the
cloning procedure with wells testing positive for
specific antibody. Slowly expand selected clones to
35 tissue culture flasks for further characterization and

cryopreservation.



. i nocul*um and the sane i mmuni zati on protocol described for t he MsD

- ipoculum These sera can be used as prinmary anti body and goat or rabbit
~anti-porcine i nmunogl obulin conjugated with fluorescein isothiocyanate
~as secondary 15 antibody to detect MSD antigens in frozen tissue sections

- and cell cultures. Serol ogi ¢ assays. Sera collected from
control and i nocul ated pigs can be assayed for the presence or 20
absence of antibody to PPV and SIV (hemagid-uti nati on i nhibition),
Leptospira (mcro-agglutination), and EMCV (viral neutralization) (see
Exanple 4 for definition of acronyns). Previous results indicated that
serology to ot-her common m crobial agents were negative (Collins, et 25
al ., 71st Meeting of the Conference of Research Wrkers i n Ani mal

Di sease, Abstract No. 2 A$839@pE. Production. PrimenBKIBy Amdsaise with

Ti ssues and bl can_hbe coiLecte rLOm i nqcul a ed, and | pigs
so that 30 the ‘?girﬂ‘ﬁuﬂﬁf'gﬁﬁggl g&'tvgfhgm];équelygge se?’n%%r?extcf orC|ir:1£e)£]"t'é8
| eukocyt es carwisgh | spbriddmar celper.i plaress dudbiidoma siedgds andpwash
di sconti nuo i f hoakati QR ced HaSUORIAUE: ;K 7 Bfsd pught by
Pescovitz e#§59&$gjsﬂ£h #ﬁﬁ%n%[g?llgf? 37-44 51985ff Cél S fﬁpn1l¥nph.
nodes, 35 spl RecuspendyradlsaAnhEBSS ANCY inRCH1AtRyIRFIE_] iRe 1RoWéFbt e
m ncing of the ¢4 sHepand atald eeiian ofyHdif ascites production is
apparent (usually one to two weeks after inoculation)
drain by inserting a 16 G 1-1/2” needle ventrally in the
10 inguinal region. Hold the hub of the needle over a
centrifuge tube and drain ascites into the tube.
Centrifuge ascites fluid at 200 x g, filter through a 0.2

nm filter, and store frozen.

15 EXAMPLE 4B - SIRS MONOCLONAL ANTIBODIES
(SDOW 12 AND SDOW 17)

The SDOW 12 (ATCC No. HB 10996) and SDOW 17
(ATCC No. HB 10997) monoclonal antibodies to the SIRS
virus were prepared using the above standard monoclonal

20 antibody production protocol. The antigen used for mouse
immunization was passage 6 SIRS virus (VR-2332) grown on
MA-104 cells obtained from Boehringer Ingelheim Animal
Health (BIAH). For each immunization, mice were
inoculated with 0.3 ml of gradient purified virus with a

25 titer of 10° TCID,;,/100 pl.

An indirect fluorescent antibody (IFA) assay
was used to detect specific antibody in hybridoma primary
wells and clone wells. Acetone fixed virus infected and
non-infected cell monolayers in 96-well tissue culture

30 plates were used for the IFA. Cell culture supernatants
and ascites fluids from these hybridomas produced bright,
granular cytopiaSmic fluorescence in SIRS infected cells.

Preliminary characterization of these
monoclonal antibodies included immunoglobulin isotyping
35 and radioimmunoprecipitation of SIRS viral proteins. The
SDOW 12 and SDOW 17 monoclonal antibodies are both of the



- 33- g resultant cell suspensions (Hurley et al., Cancer Res., 47,

3729-35 (1987)). Por.ci ne | eukocyt e phenotypes can be

det er mi ned usi ng a panel of nonocl onal antibodies available through 5
the Anerican Type Culture Collection and Joan Lunney (USDA Beltsville,
MD). These include antibodies for the measurenent of total T cells,
pCD2 .(MSA4; Hammer berg et al., Vet. Inmmnol. |nmmunopathol., 11, 107-21
(1986), hel per/class || NMHC dependent44F cells, pCD4 (74-12-4; 10 Lunney

et al., Vet. Imunol. Inmunopathol., 17, 135-144 (1987),
cytotoxi c-suppressor/class | MHC dependent T cells, pCD8 (74-2- 11; | bi d)

macr ophages and granul ocytes (74-22-15A; 1bid), thynpcytes an
peripheral B CEQES isotypey (Fhey-alsepPayh Rirdpig ﬁ+€g ¥Qs¥lFF anti gens

15 equi val ent pﬁobuﬂﬁnoERWaGNE&&mdﬂwpmadmpniaﬁldﬁ Vet . | mrunol

| munopat hol ., 11, 107-21 (1986)) and DQw ( TH21A "and ot hers ( VRVD,
Pull man, WA; Davis et al., Hybridom Technol ogy in Agriculture and
Vet eri nary Research, Rowran and Al | BHRHREE 121-50 (1984))

| sot ype-specd fi c 20 nonogl.opal b 0 r noglobuilns are
al so avac$able ( Paul @bggg p§§BE QQhQEeE ,&%bgb%gfhggu(1989)) and
can be used atgrerebietirnpigsstusyt Wa§ usdeEvakeni 6 shofpithatyifigkd

fluorescent Stﬁﬁﬁéfﬂaﬂfcbﬁ!hoﬁﬁtﬁ§eErQG‘lnfﬁ@klﬁhﬁrébubboﬁﬁe | ynph node
and Peyer's patches (Hurley 25 et al VE ngg Innunop%thol
177-93 (1990) jXeSPiNRLATK| EQBPPREDEPSr tARAPYLPLOMEe LS IEAR-AFES E@*Eialned

W th rPE-| abelm@b@dmﬂﬂnsaﬁﬁyrubenggcbaggadlwnah keanied- pigsbwasd (Pierce
Cvo- col or - Ao YHTEaraRen  FRoRBERERE T, b obhoy SrpTY > ERRRNLpERES betin @
Co- det ect i on ln|gn¢tmbﬂ@81qnpkgsecouidebener&Oﬂhéﬂdcynoﬁﬁnﬁﬁn@ﬂQﬁﬁkm
the dual anal yljeal TANQT ePRENIYM & BEEGRENEABoRAELLYYPRas undertaken

to defermine -if the reproductive failure component of the

syndrome could be experimentally reproduced.

15
Material and Methods
' Field case. See Source of Inoculum in Example

1A.

20 Gnotobiotic study. Six hysterectomy-derived
gnotobiotic ﬁiglets were inoculated intranasally at three
days of age with the field inoculum (10 percent
homogenates, various tissues). Filtered (0.22 pm) and
unfiltered inoculum were used. Two control piglets were

25 inoculated with media only. Clinical signs were
monitored daily and the pigs were euthanized eight days
post—inoculétion, except one animal which was held for
the production of hyperimmune serum. Tissues for virus
isolation and histologic examination were collected at

30 necropsy along with sera which was screened for
antibodies to leptospira, chlamydia, eperythrozoon,
Aujeszky’s diseaée virus, porcine parvovirus,
encephalomyocarditis virus, hemagglutinating encephalitis
virus, swine inﬁluenza virus, bovine respiratory

35 syncytial virus,3canihe distemper virus, bovine viral
diarrhea and hog cholera. The original inoculum and



attainkd. Intensity of cellular fluorescence and percent age of positive

.cells can also be det er mi ned. 35 : In vitro functional assays such
. as Iectln_ m t ogenesis with concanavalin A pokeweed m togen (PW),
2-34- : and phyt ohaemaggl utinin (PHA) can be perforned as descri bed.
.in Hamrerberg et al., Am J. Vet. Res., 868-74 (1989).
"Antigen-specific in vitro T cell rengnses to lysozynme can al so be
nodel ed after their 5 technique. B cell proliferative assays can be
per f or ned with E. coli and S. typhinmuriumLPS or anti -
i munogl obulin as reported in Synons et al., Int. Archs. Allergy Appl .
I nmmun., 54, 6E1§Zu(ek9'f3:bm IghotidBiotic ﬁf@lb@§YW@f@dﬂﬁbCﬁmateddumWth

"PWM can be 10 _acconplished and quanti d as g bed in_Hammer ber
ot al.. Am JEOUEENURES. angh primAby qabbolingE FopnERESS PARPAATR Y or
1 L-1 after 48ahdmtlenpo@mmednadidcimmuﬂdéiectrannnberaeaepyeﬂasn t he nouse
‘thynocyte asssér%ghﬁgl, | mmunol ogi cal Rev., 63, 51-72 (1982)). IL-2
i nul a

‘production 15 ted | ynphocytes can be measured as - described
by Stott etSal., Vet. |nmmunol. Innunopathol., 13, 31-38 (1986). An

I sotype-specific anti-| ¥32ug s ondY ! dof‘ﬁré’é'ébﬁb@ﬂt&'&?xal 28-
:nmonocl onal anti bodi es t lin 1sotypes (Paul et al.

Am J. Vet. 20aRegld weaned| pAgs 109wy )a farm w;th no history of MSD
were intranasally inoculated with 10 percent lung

homogenates from affected gnotobiotic piglets. A lung

10 homogenate from a negative gnotobiotic pig was used as
inoculum for a control. Piglets were monitored daily for
clinical signs and were necropsied eight dgys post-
inoculation. Sera/tissues were processed as described
above.

15

Pregnant sow study. Eight multiparous sows

with known hiétorical due dates from a farm free of MSD
were used in this study. Three weeks prior to the
expected farrowing date, six sows were intranasally

20 inoculated with affected gnotobiﬁtic lung homogenates and
two sows with negative lung homogenates. Clinical signs
were monitored daily. The sows were allowed to farrow

naturally and when possible the farrowings were attended
in order to collect presuckled ééra from live born pigs.
25 Sows and live pigs were euthanlzed shortly after
farrowing and tissues were collected for histopathology
and virus isolation. Sera or fetal thoracic fluids were

also collected.

30 Results

Field study. No gross lesions were seen at
necropsy. Microscbpic examinatiﬂn of nursing piglets
revealed necrotizing interstitigi pneumonia and
lymphomononuclear encephalitis. The fetuses did not have

35 lesions but thé sow did have a mild encephalitis.



To assess in vivo antibody production, three: piglets inoculated with MSD
and.three inoculated with control inoculumcan be injected with a 2

per cent suspensi on of sheep erythrocytes and a 10 [err]g/m solution 25
of bovine serumal bumin at separate sites at 5, 7, 10, 14, and 24 days .
after their original inoculation. Pigs are euthanlzed at 24 days after”
the original inoculation, ti ssues are, collected for histopathol ogy as
described in Exanple 1, and blood is 3§Tlected to assay for antibody. 30
The total antibody |evel and the specific 1gG and I gM responses- to each
antigen.can be neasured by antigen- specific radial immunodiffusion or

ELI.SA. Ant'geﬁlcr05¥3¥35ié3é&éﬁ&ﬁh€§§ﬁ¥§1@aﬂo@eyﬂéié0&6331@@168'een cells
to assess the freqyenc of B cell clones in the Tnfected 35 and control

ani nal s (KappF&SUL¥S | mmnol ., 112, 1271-85 (1974)). .
i- 35- EXAMPLE 4 Obj ective. The

Gnotobiotic pig to an  Snushicefs BRE Y ile TG Slree o
for  furtBeandhdesetleetaticugiofha e cortgeriveprdaes tpestof MBD.
: inoculation. Controls remained normal. Microscopic
lesions were found in the principals inoculated with
filtered or non-filtered material. The lesions were
similar to field cases and included: necrotizing
10 interstitial pneumonia (6/6 [six out of six piglets]),
lymphoplasmacytic rhinitis (4/6), lymphomononuclear
encephalitis (2/6) and myocarditis (1/6). No etiologic
agent was identified either by pre- and post-inoculation

serology or through inoculum/tissue examination.

15
Conventional weaned piqg study. Clinically, the

principals became dull and anorexic two days post
inoculation. The animals appeared chilled even though
adequate heat was provided. One pig had an elevated

20 temperature (41.5°C) six days post-inoculation.
Interstitial pneumonia, encephalitis and myocarditis were
found in the principals but not the control.

Pregqaﬁﬁ sow study. Clinically, only two

25 principals shdwed.any significant temperature rises
(1.5°C) day threé or five post-inoculation. However,
anorexia was npted in 4/6 sows at day four or five post-
inoculation. Three sows farrowed up to seven days early
and three sows farrowed on time. Over 50 percent of the

30 fetuses from infected sows were born dead while the
controls had normal litters. Both stillborns and late-
term mummies.wére found in infected litters. Laboratory
findings were not conclusive--no specific agent has been
identified and no:lesions have been noted in fetuses to

35 date. |



Backgrbund. Previous studies done in 10 gnotobiotic pigs at South Dakota

YState University in col | aboration with the University of M nnesota

“i'ndi cat ed t hat pool ed ti ssue honbgenates fromfield case MN 89- 35477
"induced lung | esions in gnotobiotic pigs. Pool ed ti ssue honogenates from
-t hese pigs have subsequently been 15 used to produce clinical disease and
‘respiratory | esions characteristic of_,MSD in three-day-old gnotobiotic
pigs (Collins et al., 71st Meeting of the Conference of Resear ch
‘Workers in Animal Disease, Abstract No. 2 (1990) and Collins et al.,

M nnesota Swi ne Conference for 20 Veterinarians, Abstract, 254-55 (1990)).
‘Lung and tissue hOﬂDgEDﬁh@&ghEh© @@ayaﬁxbérmnaﬁdu éﬁxxmmha@ssagﬁ of

‘'t he original ,inocpla.in Q IQtIC p| 9Q X, ./5) to roduce econd
Thocul a The SASREER 4 AR Ra AG, Ralbdest sl oA B Skt tfed
.produce the hypgrermimeetably to ahotdmbaoa:dpnranmmOnventlcﬁtmquiq@ to
“Acconplish th t ﬁ}gﬁ biotic pigs
-can be- der?\/l{%'ﬁ%dfirgjl'%t gllﬁggegs fﬁfgmvfyé‘% escrl ed in %0 Benfiel d et
al ., Am J. Svgiespazatony agdorepredgghivend Ormﬂlﬂﬂlﬁﬁpeﬂe%ﬁ Am J. Vet.
'Res., 50, 827 &3-dd¥&d: The agent involved appears 1nfectlous 36-
filterable at 0.22 um and is seemingly fastidious.

Discussion

10 MSD is an important emerging disease not only
in the United States but also throughout the world. 1In
order to study the disease in a controlled setting,
gnotobiotic pigs were inoculated intranasally at three
days of age with tissue homogenates from a farm

15 experiencing tne clinical signs of MSD. Microscopic
lesions similar to field cases including necrotizing
interstitial pneumonia and to a lesser extent
lymphoplasmacytic rhinitis, lymphomononuclear’
encephalitis 6f myocarditis were seen in principals but

20 not controls. Using lung homogenates from the
gnotobiotic pigs, intranasal inoculation of conventional
four-week-old weaned pigs produced similar lesions.
Multiparous pregnant sows were also inoculated with
gnotobiotic lungnhomogenates three weeks prior to their

25 due dates. cliniéally these soﬁs went through a period
of anorexia and farrowed up to seven days early. Over 50
percent of thé'fetuses were either stillborn or in the
beginning stages of mummification. The findings
indicated the disease associate with the infectious agent

30 can be isolated and transmitted experlmentally with field
tissues to gnotobiotic pigs and from gnotobiotic pigs to
conventional weaned pigs or pregnant sows. This study
provides a model for both the respiratory and
reproductive ﬁg;ms of the disease which will lead to

35 further investigntions of the pathogenesis and diagnosis
of MSD.
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Sanpl es of |ung, heart, brain, kidney, colon, smal | Thi $’EéﬂHa£1§e

tturbinates, spleen, stomach and trachea 35 were coll ect
_ necrop5| ed. These sanpl es were eval uated and it was ﬁ ungs
- 37- fromthis pig had | esions of severe pneunonia typ| hat
seen with field cases of MSD. 49 The results of this exper| ment
confirminitial studies that an infectious agent is present in the second
5 inocul a_bhecause it can induce clinical disease and l esi ons typical of
t hose observed in natural cases of IVBD.
- 38- international Appilcation No: PCT/ /!
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Ootionsl Sheet in connection with ln-o Y fem set 10 on page— line. of the @ don L
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Table 1° Date Cbservations of Inocul ated Piglet (904238) 10/29 T

Surgery 11/1 Pig inoculated i.n. with 0.5 m of.ab Has Been Reptace,q

i nocul a using Nebulizer at 5:00 p.m 11/2 Not ob;’serM} J®

This pig has 2 tines as nmuch mlk in bow as cot Hr S
I"mnot sure how well the Ri,gs are eating or if the agent TS the
cause of the anorexia. Feces normal. 11/4 May be a little
slow but alert _and strong, 1/2 mlk left, feces soft and brown.
11/5 - 9 a.m: strong, alert, drank nost of mlKk, feces nucoid
and brown (2). 4 p.m: eth@ag apli@tdh Nodpemk nmostr of m |k,

feces nucoi F—and—b#ewn—M@——-&-a—m——s%ag—&ke&&—dm*-ﬂZ of
mlk, feces brown nucoi MIERPORGANISMS 6 p.m: strong

Al ert, 1/ 2 [0f i dobi Bl Lo tr e merorsanem s o of £5€S. 1. 0058_ VL LOWWDLONRL(2) . | 11/ 7
9 a.m: str t—drank nmost of milk f j

nucoid (2).| & PHTNEATOR O eNT b m: strong, alert, drank nost of milk,
feces |ight| bfowrteprreDieyged)e saemons son {7t (SIRS virus) BIAH-001
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18 July 1991 | VR 2332
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11/8* 2 p.m: Aert, does not drink mlk as well as contrdls,

. skower than controls, mucoid yell ow feces. 1\79“ —8_a. m

- Alert, still does not drink as aggressively a ol s, pasryw~
f eces. _ 5 p.m: sane observation as 8 a &@0
p.m: alert, vigorous, rubs snout =51~ aggresswv A!W ”WEd
pan, feces brown | oose, not eating |like controls:
- 39- Table 1 Cont'd 11/11 6 p. m
alert, Vi gemelss sl Ys . vi gorously agai nst feed pan
feces pasty, not eating as well as controls, still mlk
in pan, by 6:30 p.m controls had finished eating 11/12

9 a.m: aherta Ricditie BuRGHBRSSENL e in prevention 6PMhystéryafter 5

m nut es the control
dlsease, comprising:

an inactivated or attenuated infectious agent
derived from swine tissue infected with mystery swine
disease in combination with a pharmaceutical carrier.

2. A vaccine according to claim 1 wherein the infectious
agent is obtainéd_from an inoculum of a filtered
homogenate of swi@e lung tissue infected with mystery
swine disease.
3. A vaccine according to claim 2 wherein the
homogenate has been purified by neutralization with
. antibody sera to swine diseases selected from the group
i,consisting of hemophilus, brucellosis, leptospire,
parovirus, pseudorabies, encephalomyocarditis,
enterovirust swine influenza and any combination thereof.

4. A vaccine according to claim 1 wherein the infectious
~agent is obtained from the cell culture medium of in
‘vitro cultured, avian, insect, or mammalian organ cells,
}primary or continﬁous, treated with an infectious agent

isolated from thefs#ine lung tissue known to have swine

infertility and respiratory syndrome disease.

5. A vaccine according to claim 2 wherein the filtered
‘homogenate contains biological particles having a size of
no greater than 1.0 micron.

6. A vaccine accordlng to claim 5 wherein the size is
no greater than 0.5 micron. '

7. A vaccine according to claim 1 wherein the ——--—
infectious agent is a virus. Beenkeﬂird

\\I\\\\\\\\\\\\\\\ I



have cléaned'pans Xut this pig still has at least 2/3 of

ml-kv in bow .. Some snout rubbing. 11/13 | nocul at ed
with 90 X 75 Ig & pool using nebul i zer (.5 manmd sp--TFA(1"
m) at 4 p.m Alert but not as aggressive -
controls, still has 1/2 pan of nmilk but coﬁ?“{"H“IM'ﬂ”m”l |“| :
consuned‘aLI their mlk. No -52- snout rubbi ngi-:feCas '
.11/ 15 7 p.m: alert but not as aggressive as S

controls, still east slow, rough hair coat, but gaining

wei ght like controls. 11/16 to Not much change, alert but steady

11/ 24. declining in activity 1 pm (11/24):
respiration ﬁ?ePBAtGaE@#nelaccordln to”&ﬂﬁlhﬁﬂi?#e&@hh @Q&% N&gﬁ&“??; ?Og
gai ni ng melg ke .controls ani ze oad col |l ecte
for HI. fas ldmussePS“‘B?H‘&lggth&éé‘a&&ﬂgec?t“é’ &r rll W

hi st opat hol ogy i ncluding tonsil. Bl ood coIIected for

'tﬁpglhg;{te e @toqeﬂ'&aééi?ﬁésaf:co%‘dlnig to_claibl®10198%eliASkARS Noted. Set up
infectious agent is a blologlcally pure culture of swine
infertility and respiratory syndrome virus ATCC VR-2332
and zoopathogenic mutants thereof.

10. A vaccine according to claim 7 wherein the virus has
been purified by gradient or serial cell culturation.

11. A serum éuitable for treatment of swine infected
with mystery swine disease, comprising:

the semi-purified blood serum of a mammal inoculated
with an infectious agent derived from swine tissue

infected with mystery swine disease.

12. A serum ac¢ording to claim 11 wherein the infectious
agent is obtained from an inoculum of a filtered
homogenate of swine lung tissue infected with mystery

swine disease.

13. A serum according to claim 11 wherein the infectious
agent is obtainéd-from the cell culture medium of in
vitro cultured;névian, insect, or mammalian organ cells
treated with anffpoculum obtained.f:om swine lung tissue

infected with m&éfery swine disease.

14. A serum according to claim 13 wherein said cultured
mammalian organ cells are a simian cell line.

15. A method for diagnosis of mystery swine disease in
swine, comprising:
obtaining. a’ lung tissue sample from the swine,

forming a?iiquid homogenate of the sample, 77
: . This Sheet Has Been Relilaced
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' -40- * Tabl e 2 Ant i body Tests

v of Inoculated Pi gl et 5 1. Swi ne influenza - negative 2.
Swi ne Encephal onyocarditis - negative 3. Swiineg APPR:-. negat1ve"io
4. Swi ne PRV - negative ' 5. Swi ne PPV - neg mm”m

~Swi-ne ‘Brucella - negative -535SW ne Leptosplr MQE”

8. Swi ne EPI - negative 20 EXAVPLE 4A -  NVONGCLONA| ¥ B0
- PREPARATI ON Mouse i mruni zation. Ei ght meeks before the dat e

of hybridoma fusion, inoculate BALB/c AnN mice IP 25 with a 1:1 suspension
of antigen in Freiddlisg cengl Piguid hdnogentteCEs) a Veesadouitr of antigen

used is depende on the | y,an X it tigen. Use
2 i OB S R Pt hofacor Tp S8t aft shmERsTIRRY | 0T
i mmuni zat i omixdous, nice with antigen in CFA. 30 One week prior to the

?1‘:“5! on, '”mm: Zte d8cfnd R Y the imABbLIEHelNmidkuR8. aTHBOndwinehef ore the
.fusion, inoculate .
. mammalian species antibody serum to mystery swine disease

to form a complex,
adding a labeled anti-species antibody to detect the

complex.

16. A method according to claim 15 wherein the nonswine
mammalian species antibody is a monoclonal antibody.

17. A method according to claim 15 wherein the labeled
anti-species antibody carries a radioactive or color

producing enzyme label.

18. A method according to claim 16 wherein said
monoclonal antibody is SDOW 12 or SDOW 17.

19. A method for diagnosis of mystery swine disease in
swine, comprising:

forming a liquid homogenate of a sample suspected of
harboring the mystery swine disease infectious agent
tissue sample from the swine,

adding to the liquid homogenate an immunoreactive
antibody which is immunospecific for mystery swine
disease virus, |

detecting the presence of a precipitate of an
antibody-antigen complex.

20. A method according to claim 19 wherein said antibody
is SDOW 12.

21. A method according to claim 19 wherein said antibody
is SDOwW 17. _ e e
heet Has Been RTlact.d
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mce LV with antigen in saline. Myel oma cells. Maintain
nouse nyeloma cells 35 (P3/NS-1/1-Ag4-1 (ATCC TIB 18)) on Enlhprpn e___f_
Modi fi ed Eagle Media (DVEM with 10 percent fetal boviné serium

Approxi mately 10[err] to 10[err] cells are required for fu l!“ M mﬂMH“m
cells obtained fromone typical nouse spieen. | medi at:el
hybri doma fusion, harvest nyeloma 40 cells froma | og phase: cu ‘ture 1nto a
50 m centrifuge tube and pellet cells by centrifugation at 200 x g for
five mnutes. Renove the supernatant and wash cells

-41- tfilce wik Methandh draloEm 2 SR WERCEINR TR T3 PR ofiPas

above. Resusipeed iviaadeeldetatteami et ed ngsd Ol efed t todd[sgent ceths) in 1
m serumfree | sol ati on of Spleen Lynphocytes

. 5
Eut hani ze th@egggggq&VQﬁﬁ%ﬁQEﬂ di sl ocati on and immerse in 70. percent
et hanol for severaZJdenitriLﬂyésxg swiRenpleng heim%ehﬁ\bsngasidpttﬂeem@cedure and

transfer it bf§gc&§e5 igge 10
DVEM Use a éggf)peal'ar Itegirdﬂ Q%tqr%n% p‘feen al ong tc{? | ong ya%s and
gently scrapéparesg t he Iength of the

homogenizing the swine lung tissue with a

pharmaceutically acceptable aqueous solution to form a

mixture;
filtering the mixture through a series of filters to

produce a filtered homogenate containing the MSD
infectious agent; and

Enactivating or attenuating the MSD infectious agent
in the filtered”homogenate to produce the MSD vaccine.

23. A method according to claim 22, wherein the
homogenate is filtered to contain particles having a size

no greater than about 1.0 micron.

24. A method according to claim 22 wherein the size is

no greater than about 0.5 microns.

25. A method according to claim 22 wherein the size is

no greater than about 0.1 microns.

26. A biologically pure culture of a fastidious, non-
hemagglutinating, enveloped RNA virus, said culture being
capable of affecting swine infertility and respiratory
disease in swine, together with all zoopathogenic mutants

thereof.

27. A monoclonal antibody produced by a murine derived
-hybrid cell line wherein said antipody is capable of
specifically binding to at least one antigenic
determinant of a fastidious non-hemagglutinating,

T'ms Sheet Has Been RTlaoed .
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' spleen*to rel ease the splenocytes into the nedia. Use a pi pette to
“tranSfer the free cells and nedia to a 15 ni centrifuge_tube, |eaving

' the spl een casing behind. Allow 15 the tissue debris in t he tube:to settle

e G Tuge 2o ST e S0 005 " SR

supernatant and wash the pellet again with cold serum free ]
Resuspend cells in 1 nm serumfree DVEM and 20 store cells on ice unt|I

fusi on. enveloped RﬁﬂsbﬁfusAdéabﬁblépreﬁfﬁébbiﬁg)ddnn&mwnr|fuge

‘tube containin é;the elﬂgi and cegtr fug@ for H!%F m nutes at 500
X g. Renove igHieRtel ke t%ﬁ?P&FBtﬁgyl SSERSERAT &YE 1 et by tapping on
~the side of the tube Keeping all reagents and cells at 37[err]C, add 1
. m 50 per, ent | en (o] 4 and
-I'sland, NY) h%’%%af g{aﬁé%gé?; EEEBQ&G%E 2o Qﬁ%eﬁnlpoﬁ\%' Itn?lregt |l e

‘mxing. Al Imd ta:ntmbnd.nr ei$ oant ampuacgldobyidnf golecala Rf EhenddyBeni war m
rserum free gﬁgyl {y pw se over one mnute with gentle mxing. Finally,
cadd 20 m s e M dropwi se over four m nutes, then i medi atel'y
-centrifuge cells at 200 x g for five m nutes. Discard the super nat ant

-and resuspend cell sydibcfoddl ngn@ygmafoababmm@gw;opeﬂmm X%t al bovine
.serum 0.2 units/m _insulin 5 sodi um pyruvate, 1 nM
- 42- designated SDOW 12.

30. A monoclonal antibody according to claim 27
designated SDOW 17.

31. A biologically pure culture of swine infertility and
respiratory syndrome virus, ATCC VR-2332, said culture
being capable of affecting swine infertility and
respiratory dlsease ln swine, together with all
zoopathogenic mutants ‘thereof.

32. A vaccine composition comprising modified, live
swine infertility and respiratory syndrome virus, ATCC
VR-2332, and a pharmaceutically acceptable carrier, which
virus has been modified to render the virus non-

zoopathogenic in swine.

33. A vaccine composition comprising killed or
inactivated swine infertility and respiratory syndrome,
ATCC VR-2332, and a pharmaceutlcally acceptable carrier.

34. A method of immunizing swine against swine
infertility anqggespiratory syndrgme which comprises
administering to swine a vaccine composition as recited

in claim 32.

35. A method of immunizing swine against swine .
infertility and resplratory syndrome which comprlses

This Sheet Has Been Replaced
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oxal oacetl c acid, 2 mML-glutam ne, non-essential amno ____acids,—ahd-10——
per eent NCTC-109 | ynphocyte nedia. Add 1 m vol une of cell sus :
to the wells of two 24-well, flat-bottomtissue cul turlﬂlﬂlw jﬁ“rin l’ims
a myeloma 5 cell control wel | and i ncubat e plates at 37

percent CJerr] (SDVEM . -B6H owi ng over ni ght™1 ncubatl on

renmove 0.5 mi of nmedia fromeach well w thout disturbing the cell

layer. Add 1' mM SDMEM containing 1 x 10[err] M hypoxanthine, 10 4 Xx

10[err] M amélﬂﬁxgié{?eri‘ﬂg !1;9 s%xfx%[ & Lkigkhﬁy@o ?B%x@i‘ég atsO]recd,O%tacPh wel |

and continue 1 ncubation a err and ercen nue to
replace 1 m ¥t akatmndd;a vmthlm of fresh DMEM + HAT three tines
weekly for two to three weeks. WWen significant clone growth is
apparent, assa 15 the wells for the presence_of specific anti bod){L

ELI SA, nd&-ect® MEtRed PheBrappreprndt &5qdasyngysydpg, infertility

d oni ng. Prl Ry Mﬂ@raesfy ngyﬂ@ﬁomeveli-@g, ATepevRERB3ant WHQéYl shoul d be
subcl oned |rmed| atel tp 20 obtain stable cell _lin and avo ergrowth
by other s’cfé?)‘é‘ﬁgaﬁibﬁ’gsg]??omg‘é?egf‘ea 5}1? !Fé‘ 3

performcell saxemi safjss:l:tgiamy@amblm 'shal prasdnee ofhea:omyt brrewer. Make

col s/ i n Sovoer o Sy ididn end P"?‘*e%ﬁ%“é?ﬁﬁ%ﬁ% Faegiatad ceny

non- i nocul at degitcat ahpnty 34&EH ko I%ﬁ/ WYt bHIERG 59 Phservedacked cells

per 100 mi medi a. Add 250 [err]l of cell suspension to each
~wel | of g wel | plates and incubate at 37]err]C and 10 ercent CJerr]
30 Cl ones shddrd F&e/mgthad ias (TRF ied e sS&gpere p@ﬁa?éﬁf-imfrom
wel |'s cont ai pehd 3iing 9 sCiManeser e assayed when significant growth is
apparent. Repeat the cloning procedure with wells testing positive for
i



~speciffc antibody.. Slowy expand sel ected clones to 35 tissue culture
 flasks for further characterization and Cryopreservati on.

T -43- Ascites Production. Prime BALB/c AnN mice with 0.5
m pristane given IP two weeks before inoculation wi th hybridoma cells.

' Harvest hybridoma cells and wash 5 once with Hank's Bal anced Salt Sol ution
(HBSS) . Resuspend cells in HBSS and inoculate prinmed mce IP with
10[err] to 10[err] viable cells. Wen ascites production is appar ent
(usually one to two weeks after inocul ation) drain by inserting a 16 G
1-1/2" needle ventrally in the 10 i ng#s?ﬁadregi on. Hold the hub of the
“needl e over a centrifuge.tube and 'drain ascites into the tube.
.Centrifuge ascites fluid at 200-x g, filter through a 0.2 nmfilter, and
store frozemritlekbsirs vaccirdeXahBlL &iddhosisSl REEMINOCLONAL ANTI BODI ES

: (SDOW 12 AND SDOW 17) The SDOW 12 (ATCC No. HB 10996) and SDOW

17 (ATCC No. HB 10997) nonocl ona& ant i bodj es t8 t he %I RS
The invention includes a vaccine and sera Ior treatment

of Mystery Swine Disease (MSD), a method for producing the
vaccine, methods for diagnosis of MSD, a viral agent that will
mimic "mystery swine‘disease" and antibodies to the wviral
agent useful in diagnosis and treatment of MSD. The serum
contains mammalian antibodies which are effective in treating

MSD.

(Figure 3)



V|rus Were prepared using the above standard nonocl onal 20 anti body
'proguctlon protocol. The antigen used for npuse | mruni zati on was passage
.6 SIRS virus (VR-2332) grown on MA- 104 cel I s obtai ned from Boehri nger

I ngel hei m Ani mal Health (BI AH). For each imunization, mce were

I noculated with 0.3 ml of gradient purified virus with a 25 titer of
10[err] TCID{err]/100 [err]. 5 An indirect fluorescent antibody
(1 FA) assay was used to detect speci}ic anti body in hybridoma prinmary
wells and clone wells. Acetone fixed virus infected and non-i nf ect ed
cell nonolayers in 96-well tissue culture 30 plates were used for the |FA.
Cel | culture supernatants and ascites fluids fromthese hybri donas
produced bright, granul ar cytoplasmc fluorescence in SIRS infected
cells. Prelimnary characterizatron of these nonocl onal
ant i bodi es i ncl uded i mmunogl &g otyping 35 and

r adi oi nmunopr eci pitati on of vﬂr protelns The SDOW 12 and SDOW 17
nmonocl onal anti bodies are both 9&;&&&« TN .
- 44- | gG i sotype. They,;"a}' Y;f‘::b@
on rad|0|rmuunopreC|p|tat|on-.= { ‘.

protein
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EXANPLE 5 5 Three pilot studies are described. A gnot obi oti c
iplgvstudy was undertaken to show that field mat erial could be used to
‘infect and cause the respiratory conponent of the syndrone in germfree
pi gs. A second study using conventional weaned pigs was 10 undertaken to
determine if the respiratory di sease seen I n gnotobiotic pigs could be
repr oduced i n conventi onal pi gs. And2f/i5nal |y, a pregnant sow study was
undert aken to detlermne if the reproductive failure conponent of the
syndronme coul d be experinentally reproduced. 15 Mat eri al and Net hods
Field case. See Source of Inoculumin Exanple 1A 20

Gnhot obi otic study. Six hysterectony-derived gnotobiotic piglets were
‘inoculated intranasally at three days of age with the field inoculum (10
per cent honogenat es, various tissues). Filtered (0.22 pm and
unfiltered i noculumwere used. Two control piglets were 25 inoculated with
‘media only. Cinical signs were nonitored daily and the pigs were

‘eut hani zed ei ght days. post -i nocul ati on, except one ani mal which was held
for t he production of hyper /) m Ti ssues for virus i sol ation
-and hi stol ogi c exam nation we 5‘,” at 30 necropsy along with sera
‘whi ch was screened for anti§
.eper yt hrozoon, Auj eszky' s d¥§
iencephal onyocarditis virus, heg
‘influenza virus, bovine respirg
.virus, bovine viral diarrh

3 s Vi rus, sw ne
cani ne di stenper
gi nal inocul um and
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-45- # tissues fromgnotobiotic piglets were inocul ated onto

cont Pnuous and primary cell lines for three passages. In addi tion,

- direct and inmunoel ectron nicroscopy was performed. 5

- Conventional pig study. Three conventional 28- day-ol d weaned pigs from
;a farmwith no history of MSD were intranasally inoculated with 10
percent: | ung honogenat es from af f etsed gnot obiotic piglets. A lung 10
honbgenate from a negative gnotobiotic pig was used as i noculum for a
control. Piglets were nonitored daily for clinical signs and were
necropsi ed ei ght days post- i nocul ation. Seral/tissues were processed as
descri bed above. Pregnant sow study. Ei ght mnulti parous
SOWs with f]g;vn BTstorlcaI due dates froma farmfree of MSD wer e
used in this hree weeks prior to the expected farrow ng date,
Si X sows were |ntranasally 20 inocul ated with affected gnotobiotic |ung
honogenat es and two sows with negative |ung honbgenates. Cinical signs
were nmonitored daily. The sows were allowed to farrow natural ly and when
possi ble the farrowi ngs were attended in order to collect presuckled
sera fromlive born pigs. 25 Sows and |live pigs were euthani zed shortly
after farrow ng and tissues were collected for histopathol ogy

140000 r l I |

/100ul)

s 38§ §

20000 -

VIRUS TITER (TCID

1.12 1.16 1.20 194

CsCl DENSITY (g/ml)
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and vitus isolation. Sera or fetal thoracic fluids were al so col | ect ed.
30 RBsults Field study. No gross |esions were seen at
neéropsy. M croscopi c exam nation of nursing piglets reveal ed necroti zi ng
interstitial pneunonia and | ynphonononucl ear encephalitis. The fetuses
.did not- have 35 lesions but the sow didaWdve a m|ld encephalitis.

-46- M cr obi ol ogy xamnation did not yield conclusive - results.
Gnot obi‘oti c study. Thg:&é;ea ecame anorexic 5 and devel oped rough
hair coats three days pos$-; | WRSE SEREED| s r oMAEREAY ¥ .

M croscopi c | esi ons ‘\wais [ R &) SR G
filtered or non-filteret J AEAD AE T wgeddomity el d
cases and included: ! : 2 e * out of

six piglets]), | ynmphd
encephalitis (2/6) and




agenLiﬁas identified either by pre- and post-inocul ation serol ogy or

t hgolgh i nocul unf ti ssue examination. 15 Conventi onal weaned
pig study. Cinically, the princi pal s becanme dull and anorexic two days
post -. inoculation. The aninmals appeared chilled even though adequat e

“heat. was provided. One pig had an el eva¥féd 20 tenperature (41.5[err] C six

~days post-inocul ation. Interstitial pneunonia, encephalitis and
~myocarditis were found in the principals but not the control.

Pregnant sow study. Clinically, only two 25 principals showed any
significant tenperature rises (1.5 C) day three or five

post -i nocul ati on. However, anorexia was noted in 4/6 sows at day four or
five post- - inoculation. Three sows farrowed up to seven days early

and three sows farrowed on tinme. Over 50 percent of the 30 fetuses from

i nfected sows [e gfrn dead while the controls had normal litters. Both
still borns an te termnmumm es were found in infected litters.

- Laborat ory findings were not conclusive--no specific agent has been
identified and no | esions have been noted in fetuses to 35 date.

. -47-
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P o7 Tees d‘é d o T %‘*”0- W:
AIThough no causatf POy aamihas been i nti fied, t _' in r& o
suggest.! MSD can bgmmiMﬂ%mﬁ? perimental ly; ([t gﬁ@t O:bl otk € b E,zd
conventional pigs (usi ng}yfl §$d tiissues from onem_f@ g Hot [ p;ed o
respiratory and reprpd@Q N MSD were i Eeprisdd "5ced P"gﬁ% agtgn? gt e g

{

i nvol ved appears i ff gctious; - - erabl4 at 0. 22 umand is seenin I¥ o
fasti dious. Dijsctusston t0. .: MSD i s aq iy Ypor an e i ‘{___m___,__,,__.;
di se not only | _In the Ujired—states but al So-throughou In
oeder- to study the disease in a controlled $ghlsbiaGuoncason bt Ot i G pi gs

wet e:ri nocul at ed |I-H4+a-nas-a4+y~a%—+h+ee—@+s—ek—age—«ﬁh-+fﬁue——
honogenates froma farm 15 experi enci WFRIRFEUAIAMCal signs of MsD,

Mecr oscopi ¢ | @ BiuiN GroeS clideduadilun $aGu uf.i.slmd-.-sas.es..i_ncl.ud-i--ng.- S0 Blikedbionn(
interstitial pnelmOmGsnands i aAmresser—extent Tynprlupl ASTTACYTTC

rhinitis, |ynpho
prlnCIpaIs but 2
gnotoblotlc pi gs

NORULL R menes LDERRDALIGT S OF Iy0CAL dlishhs yer e seen ip

IhiTanasal i nocul ation of conventional f our - week-jol d
:vveaned pi gs prod ced SMPRICAY TWRES COUTYRE COLINGIXONpar ous pregnant sows werje
al s_o'"l nocul ated W gnotobigtic lung honmbgepnates three weeks priarfto
'+ 25 due dat 4=s“"‘0'1'111"c “'l"h'éS"e‘"S‘UWS“"mﬁht t hrough a period of

anoreX|a andgf ar f owed ag ’ﬂg? gSarly. Over 50 percent of the
1 R osﬁacéy”l Lt

fetuses were ®ither s begi nni ng stages of

“munmi:fi cation. The~Fipéi ng I ndi cated thg -e-ease’ ass %Rgt e with the
i nfectious agent |30 can bé&’*BiMi®F and transnitted exfetiiBntal Iy with
field ti ssues T;.QuQ.HQIAQGb:QI-r[oGs -pJ.:gs...ana..u,am.gmmm.m.a s .px..gsm:.a..... =
: cothl onal weape 31 eg
- for.both the respi rat ory and reproductl ve forms of t he d| sease V\:hl ch
~will-:dead to 35 further investigations of the pathogenesis and di agnosi s

of I\/BD
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5 1. _LAvaccine suitable for use in prevention

: di sefise’ (MsD), conprising: an inactivate

- agent deri.ved fromsw ne tissue infected

- di sease in conbinati‘on with a phar maceut
the infectious agent is a virus having the

. characteristics of a virus deposited un .
 VR-2332. 2. A vaccine according to claim1 wherein the inféctious 15
' agent is obtafnedistemtdy inepndduned thé |respiyatoryhghgaepredickiyeae

- lung tissue i phemked AisitRg Y )ﬁ.ntraﬁél‘éé‘ﬁlg'ﬁﬁééﬁlated in3 gnckoRAGHE 1@
~according to claim2 wherein the honpgenate 20 has_been rified by
i neutralizati oﬁlﬁﬂﬁﬁsaﬁﬂdo(ﬂﬁ?gé@r‘}i: t}PWS - s‘%ﬁ?l%"}a:f'gﬁ%{ge?lggﬁé:& &P fromthe

groug COBSIStiﬁGCﬁlﬁth hardplEititer intl tawed, or epidspiced, (Barsqvirus,
~pseudor abi e epha ocardi,tis ﬁnt oVi I s an

“any conbi na |8n ?he?go qﬁZﬁ m) inpcu g%cﬁﬁgaa% m%?ﬁﬁctgngla n1?’§here|n
the infectioumicrosegpdt ﬂmn@bﬂasmnhérsxnil&rce¢lleELOUSeSﬁenlwm<SIRSr
vitro cul t Y ins Jggﬂ o) primary or
cont i nuous, gg%gaeﬁ P%Qgﬁ |n |ous agenltﬁg%léggg §§L%§8n1the SW ne

|l ung tissue knennonChave §ﬁﬁ$§h3ﬁk§qnﬂ#Q%ﬂ to BRRSEeSPRRalBr ¥ IRGTdr one

di sease. af PectédV AETURE a%%%{nlg dgoritl A48 2abRT peBoVBeet lroned

. honogenat e contalns i ol ogical particles having a size of 35 no:.greater
"t han 1 0 [%erhe(ﬁigsgﬁ)homogenate. The viral agent causes a disease

that mimics SIRS  in piglets and pregnant sows. The viral
agent has not yet been classified. However, the viral
‘agentmis a fastidious, non-hemagglutinating enveloped RNA
virus and has been deposited on July 18, 1991 with the

15 American Type Culture Collection in Rockville, Maryland
under the accession number ATCC VR-2332.

. The serum for treatment of infected swine
carries mammalian antibodies to the MSD. It is obtained
% 20 from the blood plasma of a mammal (non-swine and swine)
pre-treated with the above-described infectious agent.

. Alternatively, the serum is formulated from
monoclonal antibodies to MSD produced by hybridoma.
methods.

25 The method for diagnosis of MSD is based upon

" the use of immunospecific antlbodies for MSD. The method
calls for combination of a flltered homogenate of a lung
biopsy sample or a biopsy samplequ similar samples
{homogenate or biopsy) from othe?ftissue and the

30 immunospecific antibodies followe&Tby application of a
known detection technique for th:ICOnjugate formed by
this combination. Immoblllzatlo, r precipitation of the
conJugate and application of suchgdetectlon techniques as
ELISA; RIA; Southern, Northern, Western Blots and the

35 like will diagnose MSD. REPLACEWEN]‘uBﬁz SG
.3.. to paged 7.
paged &. !




ferr],. -~ 6. A vaccine according to claimb5 whefgt o
greater than 0.5 [err]m (mcron). 7. A vaccin®g céCSMﬁﬁﬁeé Wl him 1
wherein said virus is 5 a fastidious, non-hemaggl utijngti ng envel oped RNA

Vi rus. 8. A vaccine according to,claim1l whefeifn t2AUGI988ti bus
agent is a biologically pure culture of swine infergifi
respiratory syndrone virus ATCC VR-2332. 10. 9. inhg to
claim8 wherein the virus has been purified by @gradient or serialj cel

culturation. = 10. AdBidiaty (€6 €hégpAsiénel iAVERLiYns WeRerdpesRdSe: i n
15 sw ne, conpr ?d&ré% . __Obtaining a,ll ung _%LgS(ge sag'gl ﬁsf)rom t he

swi ne, a 59 e o1 IPHEPGAMBP e addi ng
the liquid hémvgdvat eonpcd oreslseintfidrodies | perodi ) | Eg@gon ¥gMal tamtee al to
form an i MoRRGEed2R T fast idious, fdhlindgglifeihavPhyl i zed mxture
a nonocl onal ant 1 body derivable fromthe hybridoma cell [ine having the
5 enveloped RNA virus. These antibodies are obtained from

the hybridomas designated SDOW 12 and SDOW 17, deposited
with the American Type Culture Collection on March 27,
1992 with accession numbers HB 10996 and HB 10997,

respectively. . )
10 BRIEF DESCRIPTION

Figure 1 shows the cytopathic effects observed
with SIRS virus VR-2332. Figure 1lA: Non-infected,
unstained cell monolayer. Figure 1B: Infected monolayer
with small granular rounded and degenerating cells

15 observed three days post-innoculation with the 6th

passage of the SIRS virus. _ _
Figure 2 shows the direct immunofluorescence

s staining of SIRS virus-infected MA-104 cells.
Figure 2A: Non-infected cell monclayer. Figure 2B:
20 Infected cells with intense, often granular cytoplasmic
fluorescence obser#ed three days post-innoculation.
Figure 3 shows the density gradient profile of
SIRS virus purified on CsCl density gradients. Peak
virus iﬁfectivity occurs at 1.18-1.19 g/ml.
25 Figure 4 shows an electron micrograph of virus
particles observed in CsCl gradienﬁ fractions of density
1.18-1.19 g/ml. Figure 4A: These four particles are
spherical, 60-65 nm in diameter. Two particles are
“empty”, showing electron-dense co@e (axrrows), and the
30 other two particles are complete. Bar = 100 nm.
Figure 4B: Immunoégold electron miéroscopy of SIRS virus
with hyperimmune rabbit sera and anti-rabbit IgG labeled
.with gold particles. Note presencé'of core particle
approximately 25-30 nm in diameté:fwithin the virion.

35 Bar = 50 nm.



: ATCC deposit accessi on nunber HB 10996 or HB 10997
.di sease to forma conplex, 25 addi ng a | abel e
'to detect the conpl ex. 11. A method accorgdi
‘the | abel ed anti-species antibody cagries a radj oac
“produci ng enzyne | abel . 12. A nmethod for di aghokj
di sease in swi ne, conprising: form ng
ti ssue sanple from 35 sw ne suspected of harboring
di sease i nfectious H4enre 5 shows the rfemperature Shﬂbiﬁgtﬂbcﬁhe

l'iquid honpbgeggkrs @ﬂrb%“ﬁ%oq@écqbﬂén triHHdRedly, der+apbgehr erhes

g%ﬁ%ﬁéq@¥%|

EPLACEMENE SHEET " body

wherein
r 130

3w ne
liquid honngenate of a

hybri doma cel | I|ne haV|n t he ATCC deposit accessi on nunber HB 10996
or HB 10997 wAREh9° K§1Pﬁﬁﬂn6§§&%35c:for mystery sw ne di sease virus, 5
detecting the presence of a precipitate of an ant i body- anti gen conplex.

13. A method of making . ME3-43° BechPPEPOR' BF #e 1nvenTION

10

15

20

Determination of the cause of Mystery Swine
Disease (MSD) has been difficult. According to the
present invention, however, the isolation and growth of
the infectious agent causing MSDihas been achieved. As
used herein, “infectious agent"'refers to a virus capable
of causing swine infertility and respiratory syndrome.
More specifically, the infectious agent is a fastidious,
non-hémagglutinating enveloped RNA virus
capable of causing swine
infertility and respiratory disease in swine. The
isolation of the infectious agent is a major breakthrough
and discovery. It enables the prbdpction of vaccines,
antibody sera for treatment of infected swine, and
diagnostic methods.

The vaccine is composed of an inactivated or
attenuated MSD infectious agent, derived from an inoculum
processed from infected swine lung tissue or other swine
tissue exhibiting the characteristic lesions of MSD.

_ Functional derivatives of infectiOus agent, including

25

30

35

subunit, vector, recomblnant, and synthetlc peptide
vaccines, or the like, are also env1sxoned A multi-step
procedure is utilized in developrng the MSD vaccine. The
MSD infectious agent is first obtéined as an inoculum by
separation and isolation from 1nfected swine tissue,
preferably the lung tissue. Th MSD infectious agent is
then treated using known vacc1nolog1cal techniques to

form a vaccine against MSD.

The MSD infectious agent is preferably isaolated
as an inoculate from lung tlssue of pigs which exhibit
rapid breathing due to the MSD (other tissue such as
fetal tissue may_also be used to recover virus). Such



I nactivated or. attenuated MSD i nfectious agent, the method 10 conpri sing:

|dent|fy|ng swine lung tissue having thickened aveol ar sept ae,
|degenerat|ng cell s and debri.s-in:aveol. ar : spaces; QF SEEE? ng
|the sw ne | ung tlssue

‘solution to forma WImmlltﬂm"m,mneulE : ftaée#?/ngctcﬁegigﬁéu?; fhrjoug

series of filters to ™ ™" -5f-F't-er ed hormogenat € dont 2iAIGPPhe | MED
i nfecti ous agent; wher ei n the NBD infectious agent is ja |20 virus havinglthe

i mmunol ogi cal characteristics of a virus deposi t ed der—ATCC accesdi on
'No. VR2332, and i nactivating or attenuating the MSD infectious
agent in the filtered honbgenate to produce the MSD vacci ne. 25 14. A
et hod according &% Ia|n113 wherein the honogenate is filtered to
ccontain particles V|ng a size no greater than about 1.0 [err]m
(mcron). 15. A method according to claim13 wherein the size is no
30 greater tdany abou%.Q&édiﬂéqéﬂﬂﬂgﬂﬁé”far use 1n1£% #éﬂ@i@ﬂd ?Cﬁgégég?
‘to claim 13 wherein the size 1s no greater than "about O. m Crons

35 17. A biol ogi 8¥ipe fdeeasq tWSDlof IPRRTREINGYI ng t he Lnnunological

characteristics of a wnlyinadeaesited dindRitenuated. infectious agent derived
from swine tissue infected with mystery swine disease
in combination with a pharmaceutical carrier; wherein
10 the infectious agent is a virus having the
immuhological characteristics of a virus deposited -
under ATCC accession no. VR-2332.

2. A vaccine according to claim 1 wherein the infectious

15 agent is obtained from an inoculum of a filtered
homogenate of swine lung tissue infected with mystery
swine disease. .

W%

3. A vaccine according to claim 2 wherein the homogenate
20 has been purified by neutralization with antibody sera to
swine diseases selected from the group consisting of
hemophilus, brucellosis, leptospire, parvovirus,
pseudorabies, encephalomyocarditis, enterovirus, swine
influenza and any cowmbination thereof.
25
4. A vaccine according to claim 1 wherein the infectious
agent is obtained from the cell culture medium of in vitro
cultured, avian, insect, or mammélian organ cells, primary
or continuous, treated with énfinfectious agent isolated
30 from the swine lung tissue known to have swine infertility
and ‘respiratory syndrome diseaSe.

5. A vaccine according to claim 2 wherein the filtered
homogenate contains biologicalfparticles having a size of
35 no greater than 1.0 pm (micron).



a1 66ting swi e fm“umﬁﬁmim o d oLt ure, bel nd ERPAPERIENG SHERT
I
M L0

| The biol ogically pure- digiiar to claim17 wherfei n the virus
"is swine infertility and®réspiralor syndone virus hdviingl1 2AUGERs; 1
' accessi on nunber ATCC VR- 2332. 10 19. A nonocl onal} anti body

. produced by a mnurine-derived hybrid cell |ine wherein {saig—anti body IS
- derivable from the hybridoma cell |ine having the depdsit accessian

. number HB 10996 gr HB,1 .. an gg@@h f ifi . i ndi.ng. t
-l east one anti ge%i'c gét g’r%%z%gﬁlt igg: ad % ?:%Sit%?% S{Jgﬁ}yr?&ﬁéﬁaﬂéu%l% iJ('r)lsgﬁIlo
- envel oped RNA vi ggsater thasa§l.& ¢ difiedomg swine infertility and

respiratory di sease in sw ne. 20. A nonocl onal anti body accordi ng

to claim19 wherein 20 said antibody . .is an i nogl ohul i n nol ecul e, of the
type 1 gG or fgm A vadeipe Acggrbing 0 S s e s
live swine 5 i af€akithiidiypuand noespieraigylo tsipedrione envalogead/ IRNA tier@s.
 deposit accessi on nunber ATCC VR-2332, and a pharmaceutical ly
acceptabl e carrier, which virus has been

: 8. A vaccine according to claim 1 wherein the infectious

agent is a biologically pure culture of swine infertility
and respiratory syndrome virus ATCC VR-2332.

10
9. A vaccine according to claim 8 wherein the wvirus has
been purified by gradient or serial cell culturation.

10. A method for diagnosis of mystery swine disease in
15 "swine, comprising:
obtaining a lung tissue sample from the swine,
fofming a liquid homogenate of the sample,
adding the liquid homogenate to a vessel for
immobilizing a viral material to form an immobilized
20 mixture, i
adding to the immobilized mixture a monoclonal
antibody derivable from the hybridoma cell line having the
ATCC deposit accession number HB 10996 or HB 10997 to
mystery swine disease to form a complex,
25 " adding a labeled anti-species antibody to detect the
complex.

11. A method according to claim 10 wherein the labeled
anti-species antibody carries a radioactive or color
30 producing enzyme label.

12. A method for diagnosis of mystery swine disease in
swine, comprising: o
forming a liquid homogenate of a tissue sample from
35 swine suspected of harboring the mystery swine disease
infectious agent,



nodi fied-to render the vi rus non- zoopat hogem C in swne. z@%héf
‘ vacci ne conposition cgﬂﬂ, mﬂ“m i nacti vat ed |\ Bt
i and respiratory syndr ll""l ng the deposit acde S|on nunb A
I VR- 2332, and a phar naceutti.cdl | atcept ablss carrier. %‘5%
P of a vacci ne conposition as recited in claim35 21 for thel rranuf actur_e_____ f
! a nmedi canent for inmunizing SW ne against swine inferti'TTy and 1
frespiratory syndr one. [err] 24 The use of_a _vaccine '
- conposition as recitedddify ddNthe 14%n] JEUH QCIAT BnfilinSrdBSE £AGEN
: for immunizing svmne ai nst. swi ne’ | and resplrator
. syndr one. ﬁfﬁf!@fak&%vﬁw atfm &wmm@ eRite time ul%‘l%"blflgathe

_Vvirus according mgzi aiemds&t ittt d S G | Mgnised: N3 109961f@ftmbl 1y99mdwhich

;i respiratory syndr, oma virus havi t nol-pgi c char act erl stics of
i the virus deposi t'& *GHHEY ’Jﬂé]T’%C Q‘@Eé&%ﬁt—o Lﬁfﬁ’el? TR
- conprises inogul ating detedtlmg/ltrhes preserdag lobra garea:mltsaheetof)faxsi m an

cells in theégggﬁggyiéﬁtfggﬁuggébfbéyitabIe growt h nmedi um and

13. A method of making a MSD vaccine containing an
inactivated or attenuated MSD infectious agent, the method
10 comprising:
identifying swine lung tissue having thickened
aveolar septae, degenerating cells and debris in aveolar
spaces; -
homogenizing the swine lung tissue with a
15 -pharmaceutically acceptable aqueous solution to form a
mixture;
filtering the mixture through a series of filters to
produce a filtered homogenate containing the MSD '
infectious agent; wherein the MSD infectious agent is a
20 vwvirus having the immunological characteristics of a virus
deposited under ATCC accession No. VR2332, and '
inactivating or attenuating the MSD infectious agent
in the filtered homogenate to produce the MSD vaccine.

25 14. A method according to claim 13, wherein the
homogenate is filtered to contain particles having a size
no greater than about 1.0 pm (micron).

15. A method according to.claim 13 wherein the size is no
30 greater than about 0.5 pm (microns).

16. A method according to claim 13 wherein the size is no
' greater than about 0.1 pm (microns) .

35 17. A bioclogically pure culture of a virus having the
immunological characteristics of a virus deposited under
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~until CPE is.obser} 26\‘The met hod as recited
' the siman ceL

| lm 27. Use of a derfi-purified bl ¢od
' serum of a manmal ;. 20. ¢ Nge th an i nf ent i-ous agent |deq RwEéG i99%m
i SW ne tissue |nfected mnthsny$tery sw ne di sease, fqgr |the

. manufacture of a nmedicanent for thé treatnment of sw ne - rnfected-wrth

. nystery swi ne disease; wherein the |nfect|ous agent |is a virus havi ng
the i munol ogi carée a@&%rs%&to?{ 'n%t ' ‘iﬁz c:>.f3 :#f&i A8PASiAE DS f;[Iaﬁ?le of

accessi on - no. VR-2332. A e dlagn05|s ofT nys

swine disease |naffec§WPﬁbSW&Q@pMQﬁQﬁfllyiy and RﬂﬁRﬁ?ﬁqﬁfziqkﬁ@P$$s%%e

sanple fromthe gwine. formng a |iquid honbgenate of the sanple;

i ncubating the honbgenate with a cell preparation under conditions

effective to culture the cells; processing the cell culture to

- provide a cel$ 338.scfhg bjologically pure culture according to claim 17
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“the cell scraping mnfﬁj%tgﬁb&&ﬁP% is swine Jim¥ertility and re&§MFECHEY

syndrome virus hav1ng the deposit accession number ATCC
VR-2332.

—+

10 19. A monoclonal antibody produced by a murine-derived
hybrid cell line wherein said éntibody is derivable from
the hybridoma cell line having the deposit accession
number HB 10996 or HB 10997, and capable of specifically
binding to at least one antigenic determinant of a

15 - fastidious non-hemagglutinating, enveloped RNA virus,
capable of affecting swine infertility and respiratory
disease in s&ine. '

20. A monoclonal antibody according to claim 19 wherein
20 said antibody is an immunoglobulin molecule of the type
IgG or IgM.

21. A vaccine composition comprising modified, live swine
infertility and respiratory syndrome virus having the

25 deposit accession number ATCC VR-2332, and a
pharmaceutically acceptable carrier, which virus has been

modified to render the virus non-zoopathogenic in swine.

22. A vaccine composition comprising killed or
30 inactivated swine infertility:and respiratory syndrome
virus having the deposit accession number ATCC VR-2332,

and a pharmaceutically acceptable carrier.

23. The use of a vaccine composition as recited in claim
35 21 for the manufacture of a medicament for immunizing
swine against swine infertility and respiratory syndrome.
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immunological characteristics of the virus deposited under
ATCC accession number VR-2332,
the virus on a full or partial sheet of simian cells in

which comprises inoculating

the presence of serum in a suitable growth medium and
incubating the inoculated cell sheet at about 34°C to 37°C
until CPE is observed.

26. The method as recited in claim 25 wherein the simian
cell line is MA-104.

27. Use of a semi-purified blood serum of a mammal
inoculated with an infectious agent derived from swine
for the
manufacture of a medicament for the treatment of swine

tissue infected with mystery swine disease,

infected with mystery swine disease; wherein the
infectious agent is a wvirus having the immunological
characteristics of a wvirus deposited under ATCC accession
no. VR-2332.

28. A method for diagnosis of mystery swine disease in
swine, comprising:

obtaining a lung tissue sample from the swine;
forming a liquid homogenate of the sample;

incubating the homogenate with a cell preparation

" under conditions effective to culture the cells;

processing the cell'culturé to provide a cell
scraping;
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3.

contacting the cell scraping with a support for
immobilizing to form an immobilized cell scraping;

adding to the immobilized cell scraping a monoclonal
antibody derivable from the hybridoma cell line having the
ATCC deposit accession number HB 10996 or HB 10997 to
mystery swine disease to form a complex between the viral
agent in the immobilized cell scraping and the antibody;
and |

detecting the complex.

29. The method according to claim 28, wherein in the
incubation step, the homogenate and the cell preparation
are incubated until a cytopathic effect is observed, and
the cell culture showing the cytopathic effect is

‘'processed to provide a cell scraping.

30. The method according to claim 28, wherein the cell

preparation is a simian cell line which is MA-104 or a
derivative thereof.

31. A method of diagnosis of mystery swine disease in
swine, comprising:

obtaining a lung tissue sample from the swine;

contacting the lung tissue sample with a support to
form an immobilized tissue sample;

adding to the immobilized tissue sample, a monoclonal
antibody derivable from the hybridoma cell line having the
ATCC deposit accession number HB 10996 or HB 10997 to
mystery swine disease to form a complex between the viral
agent and the antibody;

detecting the complex.




