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INTRODUCTION

The history of the infectious bovine rhinotracheitis virus (IBR wvirus
J - ’

Herpesvirus bovis) is a fascinating exzrple of the ability of a virus to

persist in an aninal population for many years causing a single dicease
entity, and then to erupt into many syndromes when favorable circumstances
are provided. The IBR virus is now recognized as a najor disease-
producing agent in cattle throughout the vworld, but the pathogenicity of
the virus for hosts other than cattle and laboratory animals has not

been intensively investizated., The isolation of IER virus from naturally-
infected swine by Saxegaard and Onstad (91) has shown the versatility

of the virus and has raissd the question of whether Ferpesvirus bovis

is responsible for clinical disease in swine.

In Towa there are large numbers of cattle in which infectious
bovine rhinotracheitis is enzootic and there are large numbers of swine
in close association with the cattle., These would seem to be the
ingredients necessary for the introduction of IBR virus into the swine

population if this is possible, The purpose of this study was to inves-

D

tigate the possible presence of a strain of IBR virus in the swine

population of Iowa as shown by the presence of IER antibodies in swine

sera, and to determine the pathogenicity of IBER wvirus for swine,
McKercher (59) has stated,.. "new viral isolates should be

characterized fully so that their disease-producing potential may



be delineated fully. Provision should be made also for comparing new
viral isolates with knowm viruses from the corresponding and related
natural animal host species, In time, this comparison should be

extended to include viruszs considered to be of an exotic nature, Only
through a better understanding of the behavior of viruses under different
physiologic and environmental conditions can their role in disease be

understood fully.*



REVIEW OF THE LITERATURE

The diszase known a8 "infectious bovine rhinotracheitist or "IERN
is a ralatively now diccas? of cattle which was recogrdzed as a
distinct dissase entity only twonty years ago vhen Miller (69)
deseribed an scuta tppar-rospiratory diszac2 of cattle that appcared
in 1950 in a feediot in northeran Colorado. The infection was charactor-
ized by high terperatwrs and by localizad or gensralized areas of acute
hyporemia of the respiratory tract that often bocems affocted by
caseation necrosis, The cause was precuied {o btz a virus. Ths
disease persisted in the feedlot for soveral Years and other veoter-
inarians obzerved a similar discase in other feadlots in northorn
Colerado, For ssvaral years the dicsase appearcd to ba confinad almost

exclusively to beef cattle which had bcon on fezd for at lecast three weeks,

0

Changes in the nature of tha diszac2 wera reportzd in 195L by Miller (69)
when 1t was recognized by veterinary practitioners in younz calves and in
dairy herds,

I;l October 1953, an upper respiratory dicsass eppoared suddenly
in a large dairy herd in Los Angoles County, California, This outbreak
and subsequant outbreaks were daseribed by Schroader and Moys (92)
end by Mekercher, et al. (60). 1In the following four months the
diseass gpread to 52 herds in tho countles surrounding Los Argeles,
Of the 13,108 cattle in these herds 1002 wors infscted and 30 deaths
oceuwrrd, In Jenuvary, 195! tho disaass appearad in a hard 350 miles
from Los Angsles, Tha diosass resppearad in a fecdlot of 10,000 ecattle

in this sawe area in Septorber,



Chow, et al. (15) working in Colorado, transmitted the diseass by
inocculation of cattle with nasal and tracheal socretions and exudates
and eplenic tissua frem field cases, Tasy succesded in reproducing
tho infection using bactaria-frea inceula in susceptible catble and
concludad that the czusative zgent was a virus,

MeIntyre (55) rcproduced the Colifornia diseace by inoculation
of blood, feees, pooled saliva and nasal matsrial fren infocted cows.
McKercher, ot al. (61) also demonstrated that the disease could be
transmitted by intrenasal incculations of nasal washings froa infected
cattle. Thoy suggasted that the causativo agent was a virus and that
the discass was possibly identical with the Colorado dissacz, They
named the dissase infectious bovina rhinotracheitis (IER).

Madin, York and }McXercher (50) isolated the virus in bovins
embryonic kidnoy coll culiures from nasal washings from naturally
infccted boel and dairy cattle in California and beef cattle in
Colorsdo, They were succzssful in repreducing infectious bovins
rhinotrachzitis usirg tissus-culiure-propagated virus, Yerk, et al.
(131) wore successful in isolating a viral sgent in bovin2 erbryonic
tissuve~-culture cells from uppor respiratory tissuss of cattle with
infectious bovins rhinotracheitis, They were gble to reproduce the
dis2ase with the tissue-cultursz-propageted virus, Brown and Cabasso

(6) tranamitted IBR to susccptible cattle using tissus-culturo-



propagated virus administeresd intranasally, conjunctivally or intra-
tracheeally,

Immunolozical studiss conducted by leKercher, et al. (62)
established that the ecuts upper respiratory discasa of California
dajry cattle, the respirztory diczass of California bzof cattlo
and the rhinotrachsitis of Colorazdo feedar cattle wers one dissase
entity.

Descriptions of the discase in the lato 1950's by lMcKercher (57),
Brown, et gl. (8) ard Jencen, et 21. (37) indicate that infectious
bovire rhinotracheitis (IBR) was confined to concentratad cattle
operations such as the large western fesdlots and the large Califcornia
dairies, The diseass was characterizad by a sudden oncat and a high
temperature of 103%F. to 108°F, Anorexia was often present, A profuse
serous to mucoid nasal discharga doveloped and the visible naszl
micosa was hyperemic. Coughing and dyspnsa occurred. The prinary
lesions were confined to the upper respiratory tract. The nasal
mucosa was congested and swollen and in advancaed caces there was
rmucopwrulent and fibrinous exudate on the swrface, Removal of the
exudate somstimes revealed necrotic arsas of the rucosa, The trachea
had locelizad areas of inflanmation ard hemorrhage. IMuccpurulent
and fibrinous exudate was precent in severe cases and ar2as of necrosis
wera precent, In advenced casss a diphtheritic nombrane covercd

the necrotic rmeosa of the trachca znd larynx, Chow, et al, (17)
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conducted an epizootiological study in a large Colorado fecdlot
fecding 25,000 ~ 30,000 cattle amwelly, There were 3,20 cattle
infected and 203 died, The infeciion bacane evidant only after the
cattle had been in the lot for at least 10 days and the clinical
course of the diszase lactod 3-7 days,

Early studies of the IBR virus by Csbacso and Brovm {6, I0)
and by Yerk and Schwarz (110) shouwed that intramusculer incculation
of IBR virus did not preduce illness in s sceptible cattle, They
also showed that these animals developed gppreciable levels of anti-
bedies and were irmmnz to subs2quent challenge by intranasal inocu-
lation., There was no evidence of Spread of the virus to susceptible
contact cattle, A1l of thess features vere evidence that an effective
vaccins could bs developed., Subsequantly Kendrick, et al. (L6),
Schwarz, et al. (93) and Brown and Chow (7) reportsd on tho davelop-
ment and fiold trials of vaccinas produced by medifying IER virus by
rapid passege in tissue culture. Rosnor (8l) réported in 1968 that
20 million dos2s of IDR vaccins are usod anmally,

Infectious bovine rhinotrachsitis (IER) virus was considared in
the late 1950's to producs only a dizaasa of the upper respiratory
Ssysten as the nams indicates, A scemingly incongrucus relationship
was demonstratod when Gillespie, Baker and Wagnor (26) in 1958 and
Gillespie, et al. (28) in 1959 reported that the virus isolated

from a localized genital infection, infectiocus pustular wvulvovazinitis



(IPV) was identical to the infectious bovin2 rhinotracheitis (IIR)

virus., It was shown that the IPV virus produced no respiratory
symptens or very mild respiratory symptems when inoculated intra-
nzasally although virus cculd be recovered from the nasal passages.
The IBR virus produczd lesioas of a pustular vilvevaginitis when
inoculated into the vagina. Immunological studies in cattle,
reciprocal serum-nsutralizaticn tests and ths growth characteristics
of the viruses in tissus culture estzblished that the IER and IPV
viruses were identical., McKercher, et al. (66) confirmsd thess
results,

The relationship batween the IER and IPV viruses answered the
perplexing questions raisad by scema of the early serological surveys.
IBR was constantly assoclated with large concentrations of cattle
as cscen in the western feedlots and the California dairy herds. No
reports of the diseas2 in the eastern areas of the United States
had been made, yet antibodies to tha IBR virus woere found in cattle
in New York dairy herds by Gillespie, et al. (28) and Gillespie,
lee and Bzker (27). In fact Gillespie, lee and Baker (27) in 1957
found IBR antibedies in the serum obbainad in 1941 from a calf in a
dairy herd in Princston, Na=w Jerscy,

Infectious pustilar vulvovaginitis was not a now diessass. It
had been previcusly termed coital exanthema, vesicular veneraal
disease, vesiculax vaginitis, coital vesicular exanthema and Blzzchen-

susschlag bafora the nae of infocticus pustular vudvovaginitis (IPV)



was proposed by Kendrick, ct al. (h3). McKercher (59) corpared three
virus strains isolated from cattle affected with Blzischznausschlzg in
Austria, East Germary and Bolgium with an IE? virus isolated from
California dairy cattle affected with a respiratory infection and
found the four isolatzss to b2 irmunologically homog2nous, Reisinger
and Roimann (83) in 1928 rcported on the experimental transmission of
the diseass by intravaginal inoculation of bacteria-frza material.
Greig, et 21. (32) in Canada isolated a cytopathic agent in tissue culture
from cows infectezd with coital exanthoma and reproduced the infection by
intravaginal inoculzation of the tissue-culture-propagated agent.
Kendrick, et al. (43) isolated a virus from an outbreak of IPV in a New
York dairy herd and were able to reproduce the diseass, They describzed
the developrent of small areas of nacrosis of the epithelium with an
influx of nsutrophils that result in the characteristic pustules. The
pustules may coalesce to preduce large ulcers coverad with exudate,
Both the vagina and vulva are involved but the lesions are usually
more diffuse in the vagina., A febrile response and nsutrephilia are
present. An antibedy response occurs in about tiwo wesks,

Diseases clinically identical to infectious pustular viilvo-
vaginitis have been reported from various areas of the country since
the early part of the century. 1In fact tho diszase, Blischenausschlag

was reported in Eurcpe in the 1880's, In 1933 Witte (107) reported




on the incidance of Blischenzusschlag which vwes first observed in
Germany in 1886 in an epizootic in which there were epproximately

4,000 reported cases. Tne highest incidence was in 1896 when 9,500
cases were reported. Jonzs and Iittls (L0) in 1927 described cases of

a granuler vagimitis in cous originzbing in Chio and Oregon that had
been shipped to MNaw Jersay, Mohler (70) described a dissass clinically
similar to IPV in a Special Report on Diszases of Catile frem the Burcan
of Amimal Industry, U.S.D.A. in 1923, Parker (77) in 19C0 described

an infectiocus pustular vulvar disecase in cattle in Kansas,

Thus it beccmes evident that infectious bovine rhinotracheitis
was actually a2 new dicscase manifestation of a long-established virus,
However, additionzl distinet clinical entities causesd by the IER~-IPV
virus have beén obssrved, Conjunctivitis had baen listed as a clinical
sign in scme of the early reports of ths dissase by Jensen, et al.

(37) and McKercher, et al. (61). MoKercher, et al, (6L) reported

in 1958 on the experimantal infection of cattle by oculor instillation
of TIBR virus, A mild temperatire increase, lacrimation and a slight
nasal discharge were observed, Virus was recovered from the nasal
and ocular secretions, Abinanti and Plummer (1) in 1961 isolated

IER virus from th2 ocular and nasal secretions of four animals in a
group of yearling beef cotile affected with a conjunctivitis. Tho

affected cattle had a slight to moderate clear nasal discharge bub
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no respiratory syrptens were evident. In 1961 Cuin (81) also reported
an outbresk of conjunctivitis in a grovp of feader cattle in a public
stock yord. fbout two~thirds of the aninals develeped a savere
palpebro-conjunctivitis about two weeks aftor arrival and no other
symptems were detectad, IBR virus was isolated in tissus culture
fron the ocular secretions of ssveral of the affccted eyes. Rosner (E5)
reportad that fecdor cattle coming into 2 terminal merket for resale
to catlile feeders becam2 regularly affected with a conjunctivitis,

E2 also reported an ocutbresk of conjunctivitis in a lot of feeder
cattle on a faxm, In both instances diagnosis was made by virus
isolation from the ocular secretions. MNckKercher, et al. (68) have
posulated that the cenjunctiva mzy be a site vhere viral persistence
and rmltiplication may cccur in spite of circulating antibodies.
Infection of the conjunciiva mzy occur by extension from the nasal
passages by wgy of the lacrimal ducts, The virus may persist in the
conjunctiva bacauce the antibody level in the conjunctival secretions
is very low sinc2 there is a contimuous fluching of the ocular and
conjunctival swrfaces by the tears., Virus isolations from the nasal
passages in the immund animal mzy be the resuvlt of virus baing washed
down the lacrimal ducts frem the ccular tissuzs,

A more sariocus involvcoment of the eyes was reported by Hughes,

et al. (36) and St. Gzorgs (98) in which a keratitis followod tha

conjunctivitis ascociated with the rospiratorsy syndrome of the IER
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virus, The cornsal involvemant ranged from corneal opacities of varying
severity to vlceration and cornzal cysts. IBR virus was isolated from
nasal and conjunctival secretions, Hughes, et 2l. (3%6) reported isolating
IBR virus from the aqueous humor of on2 eye, St. CGeorge (98) isolated
IER virus for 55 days from the conjunctival sac of one cow,

Involverznt of the digestive tract by the IER-IPV virus veries fron
severe gastro-intestinal lesions concurrent with the respiratory infection
to syrmtoms and lesions idantical to those of rmcosal disease (BVD-!D).
Baker, et 21, (L) and McEntes (53) reported the effects of IER virus on
newborn calves., Administration of the virus by the intravenoue route,
by feeding or by contact exposure, resulted in a terperature elevation,
excessive salivation and ancrexia., Pustuwlar lesions and areas of hypereria
were present in the oral cavity and on the tongus., Calves that survived
the infection began eating and subsequently developed respiratory signs.
Focal areas of necrosis, ulecration and n2utrophilic infiltration of
the rmicosa and submmcosa wers present from the cral cavity through the
rurzn, McEntee (53) obsorved that may of the calves develeped broncho-
pneuronia from inhalation of milk due to laryngeal edema, Thomson and
Savan (102) reported on outbreaks in 1-2 week old calves in two herds in
which there vwas epithelial necrosis invelvinz tha region of the oral
cavity through the rumcn in addition to respiratory involverant., York
(109) also cbserved that IBR virus mzy preduco lesions in the oral

cavity or in the gastro-intestinal tract in very young calves. Gratzek,
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et 21, (29) isolated a strain of IFR virus from a Peyor's patch of

a c2lf which had died with lesions {ypical of rmcosal diczass (BVD-ID).
Another virus relatsd to the bovinez virus diarrhea (BVD-ID) group was
also isolated from the calf. However, Peter, et al. (78) preduced

a diszase similer ‘{0 bovine virus diarrhea (BVD-1D) by experinental
inoculation of calves with the IFRQ strain,

In Dacember, 1960 several calves in a herd in Australia died
after showing nerveus symptons and Johnsteon, et 2l. (39) investigated
the epizootic. In a herd with about 100 calves, mostly L-5 months old,
about half of the calves died in a period of six wesks after showing
nervous symptoms, Microscopic examination of the central nervous
systen showed tho presence of a nompurulent meningo-cncephalitis,

A virus was iéolated from brain tissus of affected calves and was
identified as IER virus by French (23, 2L). Exporimental studies by
French (23), Hall, et al. (34), and Jchnston, et 21. (38, 39)
revealed that the virus had a preodilection for the central norvous
gystem, tracerebral inocculation produced an encephalitis, Ad-
ministration by the intranasal route resulted in a mild rhinitis and
& meningo-encephalitis, Intraveginal administration preduced lesicns
of infectious pustular vulvovaginitis (IPV) and the infecticn romadined
localized in the vagina, On2 calf acquired a rhinitis and subczguent
reningo~-encephalitis presunably from nacal contazt with the infected

vaegina of another heifer, travenous inoculation of this strain of
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IBR virus failed to-elicit any syrptems. In 1963 Borenfus, et al. (5)
described a2 gporzdic cplicotic of roningzo-encophalitis in a large
California deiry hzrd in which eleven 5-6 nonth old heifers died over
a two year peried. The heifers died a2bout 3-L dzys following the onset
of nervous signs. IBR virus was isolated from brain tissuz, cerebro-
spinal fluid 2nd other tissues from five of the affected calves.

There was no clinical evidzsncs that other cattls in ths herd had

been affected with any of the IER syndromss. Gardiner and Nairn (25)
describad a szcond outbrozk of monirge-encephalitis in Australia in
196, About a third of a greup of 50 calves were affected following
weaning., Most of the affccted calves died sevoral days after the
onset of the diseas2 and IER virus was recovarsd frem brain tissue,
Yone of the IBR syndromzs had been observed previously in the area.

In ona of the carly outbrezizs of infectious btovine rhinotracheitis
(1955) Jensen, et 21, (37) observed chortions in some of the feedlot
heifers, A similer observation was nade by Broim, et al. (8) in
1957. Abortion did not attain real siznificance as a manifestation of
IBR infection until the dicsase spread frem the feedlots and bzcams
established in breeding herds,

A case history of IBR sbortion in a large California deiry herd
was described by Ormstez (75), Kennasdy and Richards (47) and McKerche
and Wada (67). A rospiratory infection and conjunctivitis develepcd
in a group of calves. On the swne premises 61 chertions occurraed

in 283 pragnant hoifers that had shovn no signs of previous illrass,
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The abortions cccurrad after the fifth month of pregnancy and IER
virus was isolated from seven fetuses,

Lukas, et al. (L9) isolated IBR virus frem 152 fetuszs from 28
premisss over a two-year poricd, Abortions were obszrved in herds
with bhistories of IER vaccinztlon, upper respiratory infections,
conjunctivitic alons, rhimitis alone or with no previous clinical
signs of IER. Sattar, et al. (88) reported on tha isolation of IBR
virus from six fetuses in three Chio herds. One herd had a history
of respiratory infection four wecks previously, orne herd had been
vaccinated for IBR and the third herd had no previous signs of
illness, Kahrs and Smith (L1) describzcd abortion in a New York
dairy herd with a pravicus history of wupper respiratory infection,
Two animals in ths herd were affected with IPV infection without
showing any evidenca of respiratory infection. IER virus was isolated
from nasal discharge, vaginal rmcosa and placenta,

IBR vaccin2 was incrirminated as a cause of abortion and subsa-
quently this was proven, McKercher (58) had reported in 1962 that
over the previous 12-18 months abortions had occwrrad following
vaceination of cattle with the modified live wirus IBR vaccines, He
suggested that pregnant animals not be vaceinated., Iukas, et al.
(419) and McKercher and UWada (67) obsarved IBR sbortions in hords
with a history of IBR vaccination., Kennady and Richards (L7)

doscribed an abortion oubtbreak in a besf herd vacecinated for IER.
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The abortions occurred 23-52 days after vaccination and none of tha
cows under 5 months sborted. Sattar, et al. (€8) reported zbortion
LO-70 days following IBR vaccination., XcFeely, et al. (5L) described
an gbortion epizootic in a large herd in Pennsylvania that hed besn
vaccinated with IER vacecinz, The first abortion occurred 13 dgys
following vaccination and the last cccurred L8 days post-vaceination,
The stage of gestation ranged from 103-207 days.

The characteristics of JER abortion epizootics under field
conditions have been substantiated by experinental studies by MceKercher
and Wada (67), Kennedy and Richards (L7), Owen, et al. (76), Chow,
et al. (16), Molello, et al. (71), Sattar, et al. (89) and Kendrick
and Straudb (LS). An incubation period varying from 13 to €l dsys
occurs before abortion is produced., Experirontally, sbortion has
been produced by intranasal, intravenous and intramuscular inoculation
but not by intravaginal inoculation. There are no signs of irpending
abortion, Fetusess are most susceptible to infection during the first
and third trimesters of pregnancy and most fetuses are aborted after
the sixth moath of gestation, Dzath of the fetus usually cccurred
in utero 2;-1i8 hours prior to expulsion, Expulsion is ths result
of the death of thz fetus rather than the effect of the virus on the
uterus or placenta, Tre most characteristic lesions in the fetus

are fecal necrosis of the liver and spleen.
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Mare and van Rensburg (52) in South Africa investigated herds
affected with an infectious infertility involving both bulls and
cows, Ssveral viral agents wera isolated and IER-IPV virus was
recovercd from several herds, The bulls showed ccute inflammation
of tha penis and preputial mucosa, soiminal vesiculitis and erchitis.
Spermatogenesis was affected and infertility persisted for soveral
months, The cows had an acute cervico-vaginitis withcut the pustule
formation secen in IPV infection, A mild vaginitis and infertility
persisted for several months, Experimental incculation of the IBR
virus strain reproduced the natural diszasss in both bulls and cows,
Intranasal inoculation of this strain of IBR virus by Haré (51)
resulted in a response very similar to that obsarved when the IPV
strain is inoculated intranasally.

In 19€h Studdert, et 2l. (100) described infectious pustular
vulvovazinitis (IPV) virus infection of the penile and preputial
mucosa of bulls, The nurbsr of pustules obcerved were comparatively
fever than obgarved in the female and obvious signs of infecticn
were not alwagys obcerved unless the penis was exteriorized, Virus
was isolated for 10-1ly d=ys following infection and in on2 case for
23 long as 25 days. The bulls were rasistent to re-infection, In
1965 Hz1lig (35) reported an outbreak in South Africa in which a
pustular vulvovaginitis was observad in the cows and a pustular
balanoposthitis was observed in the bulls. Saxezaard (90) described
a moderate purulent balancposthitis in tiwo bulls in a Norwegian artificizl-

. o)

breeding stud., Virus isolation abtempts were mede on all of 24 bulls
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though none of the others showed lesions., IBR-IPV virus was isolated

0]

from each although all required extensive passages in tissue culture.

Since the IBR virus has become rather ubiguitous in the cattle
population and since semen-processing methods are also excellent for
virus preservation, the effect of using semen contaminated with IBR-
IPV virus for artifical insemination was studied by Kendrick (L42)
and Kendrick and McZntee (l)i). Only ons of 12 animals conceived
from insemination with the contaminated semen. A necrotizing endo-
metritis was observed and an abnormally short estrous cycle vas
consistently found, Cystic corpus lutea wvere observed in five heifers,

The effect of the IBR virus on the bovinez udder was described by
Greig and Bannister (31). The experirentally inoculated udders showed
acute inflarmmation, swelling, reduced millk secretion and abnormal
milk, Virus was isolated for 1C-15 days following exposure.,

Since the first reports of infectious bovine rhinotracheitis
(IBR) in Colorado and California the distribution of the respiratory
disszase has becomz almost world wide, One of the first reports that
infectious bovine rhinotracheitis was present in the less concentrated
cattle operations was by lclercher and Straub (65) in 1940, They
isolated IBR virus from a cow in a large herd of range cattle in
Nevada, Chow (1) also reported the isolation of IBR virus fronm
range cattle in Colorado in 1951, Antibodies to IER virus vere

found in sera of cattle widely distributed in the range areas of

Colorado. Clinieal infectious bovine rhinoitracheitis was first
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reported in the eastern states by Van Kruiningen and Wolke (105)

in New York in 1963. Newverns, et al. (72) conducted a serolozical
survey arnd found ISR antibedies in bovinz serum sarples from 28 of 31
states, Of 2,150 sarples tesied, 759 or 357 had IER antibodics,
Studdert, et el. (101) in Ontario reported the isolaticn of IER
virus in 1961 fron feedlot catile affected with upper respiratory
infection, Greig (30) in 1561 reported on a sarological survey of
422 foarms in southern Ontario in which 8,137 of the 1,365 serunm
sarmles vere positive for IER antibodies, He felt that tho incidence
of IPV was insufficicnt to account for the high incidence of IBR
antibodies., Niilo, et al. (73) reported that 377 of the bovine
cerum sarples tested in a study in Alberta were positive for IER
antibedies., In 1966 Curtis, et al. (19) reported an increased
incidence of IER from the case rocords at the Ontario Veterinary
School since 1961,

In Now Zealand the isolation of IER virus from a cow with nasal
cataxrrh and the experimental reproduction of the dissase was reported
by Webster and Manktelow (106) as early as 1959. In 1966 Fastier
and Hansen (22) examined cara frcm 118 cows salected for a past
history of nasal catarrh and found 81.67 poscessod antibodies to
IBR virus, L% to BVD-MD virus and 987 to parainfluenza 3 virus,
Snowdon (95) rcported that the presence of dis2ase conditions ressrbling
clinical IER and clinical IPV in dairy cattle in Australia verc first

observed by practitiorsrs in 1959, He investipgated outbreasks of IPV
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in s2ven herds and IER in two herds and recoverad IER-IPV virus
from 33 vaginal, 7 preputial and § nasal specinans,

IER virus vwas recovered from a bull affected with an upper
respiratory infection by Liess, et 21l. (48) in Cormany in 1960,

In the United Kingdom Darbyshire, et 2. (20) isolated IER virus
from conjunctival swabs obtained from two hexds of cattle affected
with conjunctivitis and rhinitis, The incidence of IR dees not
appear to be high in the United Kirsdom since Dawson and Darpyshire
(21) in 196l reported an incidence of IBR antibodies of only 2.1%
in 2,000 bovine sera,

Electron-nicroscopic studies of the IER-IPV virus particles by
Tousirds, et al. (103), Armstrong, et al. (2) ard Grimyer, et al.
(33) show that several sizes of particles are present during viral
replication. Viral replication begins in the nucleus of the cell,
In the nucleus are found small particles LO-}}5 mu in size which are
the mucleoids and larger particles 110 mjLin size consisting of the
micleoid surrounded by a singzle rombrane, the capsid, As the larger
particles pass from the mucleus to the cytoplasm of the cell a sacond
menbrans or envelope is acquired from the miclear rerbrzne, The
size of the maturs viral particle is 136-150 mt., The infectivity of
the virus particle is believed to be related to the acquisition of
the envelope,

In tissue culture the IZR-infacted c2lls boccra ceparated fron

the adjacant c211s and develep a round gromler appe2erance, These
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cells soon becomz dotached from the surface, In 1963 Stevens and
Groman (97) and Scbina and Parker (87) describzd a plaque-assay
system for IGR virus in MDBK cells. In 1963 Rowhandeh and ierder
(86) described plague preduction by IER virus in BEIK cell cultures
using Dulbsccols agar-overlzy mathed and Poistleth'.raith’c‘s liquid=~
overlay m2thods, In 1957 Chzatham ard Crandell (13) describad
Cowdry Type A intranuclear inclusions in IDR-infected tissue cultures
of human amnion cells. In 1959, Crandell, et 21, (18) demonstrated
intranuclear inclusions in the epithelial cells of the respiratory
tract of calves inoculated with IER virus, The inclusions occurred
as ezrly as 36 hours end persisted throvzh 60 hours after inoculation,
Armstrong, et 2l. (3) suggested that the IER-IPV virus is a
bovine member of the Herpesvirus group on the basis of its cytopathic
effect in tissue culture, its sznsitivity to ether and its size,
morphology and growth cycle as observed with electron microscopy.
Andreves (2) placed the IER virus in the same group with the other
Herpesviruses. Hall, et 21. (3l4) suzgested that the infectiocus
bovine rhinotracheitis (IBR-IPV) virus b2 given tho binamial nama.

Herpesvirus bovis.

Plurmar (79) serologically compared nmorbers of the Ferpesvirus

grownp, Herpes sirmlex, B-virus, pscudorasbies, IBR and equin® Herpes

virus types 1 and 2 wero compared and the only cross neutralization

that occwrrod was that of Herncs sirmslex by B-virus antisarum, He
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also demonstrated, as had Carricheel and Barnes (12) that there was
cross complement fixzation between ecquine Herpesvirus type 1 and IBR
virus,

The host cell ranze of IBR virus in tissue culture is extensive,
Madin, et al. (50) prepagated IBR virus on bovine erbryonic kidney
(BEK) cell cultures as well as bovine testicle and lunz cell cultures,
They were not able to propagate the virus on Hela, KB, L or chick
fibroblast cell cvliures. Cabasso, et al. (10) were able to adapt
IBR virus to Hela cclls by alternate passeges betucen BEK and Hela
cell cultures, McKercher and Saito (63) reported a host c2ll range
of IBR virus as kidney and teosticle cell cultures of bovins, ovine
and rabbit origin; kidnsy cell cultures of egquing, porein2, caprins
and feline kidney cells; bovine lunz and lyrph node; and Hela and
human amnion cells.

Early attcompts at isolating the IBR virus by MeKercher, et 2l,
(60) and Chow, et al. (15) showed that mics of all ages, rabbits
and chicken embryos were not susceptible to infection with the IER
virus., McKercher, et al. (6h) in 1958 reported further on host
range studies in which sheep, goats, swin? and horses were inoculated
intranasally or intravenously with IDR virus, Symptoms were observed
only in the goats. A teaperaturs increacss and hypsremia of the nasal
rucosa was observed in 211 of the goats, Soveral developed anorcxia
and on2 goat had a szvere reaction charactarized by dspression, nasal

Fy

dicchergo and respiratory distress. IER virus was recoverzd on the
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5th, 10th and 20th days post-inoculation, Antibedy titers ranged
from 1:7 to 1:26. The IBR antibody titers of the poolcd sera of
the animals of thz other species wera 1:8 in the swine, 1:10 in
ths horses and 1:11 in the shecp.

In 1966 Van Houweling (1Ch) inoculated 1 goats intranasally and
3 goats intracercbrally with IER virus, There was no clinical evidencs
of infection and serum antibodies to IBR virus were not detected. IER
virus was recovercd from nasal washings of six gozts on the fifth
post-inoculation day.

Onstad and Saxegaard (74) in 1967 dascribzd outbreaks of apparently
contagious vaginitis and balanitis in YNorwegian swine herds. A purulent
vaginal discharge wes obscrved in the sows a few dgys after breeding
and in tho boars there was swelling of the prepuce with an intermittent
purulent discharge, Saxegaard and Onsted (91) reported on tho isolation
of IBR virus from a boar affected with a balanitis and from thrce sows
affected with veginitis., In addition IBR virus was isolated from the
vagina of a healthy sow from a hsrd that had ncver experienced the
vaginitis-balanitis syndrome. Virus isolations were made on primery and
sccondary pig kidney cell cultures,

Woods, ot al. (108) exposad pigs to IBR virus by various routes.
Tha clinical rospons: consistzd of a temporature riss, depression and
variable lyrphocytosis. Virus was not rccovercd from any of the pigs.

Ons pig doveleped an IER antibody titer of 1:k.
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The time of the initial appoarance of the IBR-IPV virus as a
dissase-producing azent in cattle is unlmown., However, the history

virus cavead a localized genital infection

cr

of the virus indicates tha

for over sixty years befcore conditions produced en alteration in the

(5]

virus and the eppearance of new discase syndromas, An explanation

of the factors involvad in the alteration in the virulence of the
IBR-IPV virus has been propored in reports by McKercher, et 2l. (66)
and McKercher (56, 59). The cattle herds in Europe for the most

part are small and relatively segrogatad. The genital infection

was ofton spread betieen herds by the use of a common bull, Since

the herds were scmall the cpportunity for the virus to acquire &n
affinity for the respiratory tract was very limited and if a respiratery
infectlon were to occur the developmant of antibodies would tend to
maintain the infection within the isolated herd and prevent the spraad
to other herds, The virus vas probably transported to the United
States from Europe by genitally-infected cattlz. The genital infection
persisted in the eastern United States for many years until cattle
husbandry undcrwent drastic changes aftar VWorld War ITI. The sppearanco
of huge feadlots and large confinemant dalry opsrations provided large
concentrations of cattle favorable for the estazblichment of eavere
diseass problems. It is speculated that the IER-IPV virus was intro-

duced into these opsrations by genitally-infected cattle, but since
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the feedlot cattle were reproductively inactive the opportunity for
the maintenance of the genital infection was not present. However,
the respiratory system proved to be an effective portal of entry, and
it is possible that by the rapid passazz of the virus thnrough a larg
number of animals and by the selection of the viral population which
had a predilection for the epithelium of the respiratory tract a new
disease entity was developed, Later the virus acquired the ability

to invade the bloodstream and other tissues and new syndromes appeared,
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MATERIALS AID 1ETFOD3

Cell lines

MD3K: The lMadin-Darby bovine-kidney cell lins (}DBX) was used in

the propagation of infectious bovine rhinotracheitis virus strains, in the
serun-virus-neutralization tests and in the virus isolation procedures.
The cells were pronagated in 250 milliliter plastic tissue culture
flasks® with the growth mediunm of Minirum Essential lMedium (Eagle) with
Earle's saltsb (M=i) and 5% newborn calf seruﬁb. After trypsinization
with a 0,2% trypsin-versene solution the cells were diluted 1:2 in groiwrth
medium and one milliliter was inoculated into disposable glass tissue-
culture tubesc, five milliliters were inoculated into 35x10 mm, plastic
tissue-culture platesa or 2C milliliters were inoculated into 250 milli-
liter plastic tissue-culture flasks, Monolayers usually developed in
L8-72 hours,
ST: A swine-testicle cell line (ST) developed by Dr. A. .
McClurkin, MNational inimal Disease Laboratory, U.S.D.A., Ames, Iowa,
was obtained after the Pregnant Sow Pathogenicity Experiment (Experiment
No. 3) was concluded, A number of selected sarples fron Experiment
No. 3 were inoculated onto ST cells in an atterpt to re-isolate virus.
The cells were propagated in 250 milljliter plastic tissue-culture

flasks with the growth medium of MEM with 107 revborn-calf serum. After

Ckimble Glass Company,
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trypsinization with trypsin-versens solution tho cells were diluted 1:2
in growth ma2dium and on3 millilitsr was inoculated into disposable glass
tissue~-culture tubss for usz in virus isolation proceduras, Monolayers

develepad in 72-96 hours.,

Trypgin-vercens solution

A trypein-verssne solution was uced to remove tho cells from the
surface of the flasks aftor propagation of the IDBX and ST c21l linas,

The forrmlation was 23 follows:

Trypsina 2 g.

NaCl 8 g.

KHZPOh 0.2 g

Na HPO, 1.15 g.

Ethylenadiamine tetraacatéc acid, 1 g
disodium salt (EDTA)

H20 Q.8. 1 liter

Growth medium

Minimum Esssntial Medium (Eagle) with Earls's salts (}MEM) was usod
as growth madium for both the MDBK c21l line and the ST coll lins, Five
per cont nowborn-calf serum was zdded to the madium used in propagating
the MDBK cells and 10% newborn-calf szrum was usad for tho ST cells, Mo

antibiotics wers addzd to the growth madium.

By 5 2 .
Difco laboratoriss, Inc,, Dotroit, Mich,
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Maintenanca me divmg

Minimra Essantial Madium (E2zle) with Earlet's salts were use
without the addition of sarum for the nmaintenance of th2 ¢3]11 monolayors.,
The maintenance medivm usaed in the virus isolation precedures contained
200 undts of peniciliin and 200 rdcrograrms of streptoryein per milli-

Jiter of r=diuvn,

Ager-ovorlzy radiun

A double concentration of Minimum Essontial Madiwm (Eagle) with

a

Earle's salts was corbinad with en equal volusms of 1,87 lloblo-agar .
This was usad as an ager-cverlay radivw giving a £inal concentration

of 0.9% agar.

Neutral rod ager-overloy radiun

—

A szcond agar overlay containing 1:10,0C0 nzutral red was edded to
the c¢2ll monolayer in the 35x10 rm, plaostic tissus-culture plates after
three days to differentiate the virus plaques mors clearly. The follow-

inz formmlation was uced:

Neutral red 01 ge
Agar 10 g.
H,0 q.8. 1 liter

®Difco Iaboratories, Inc., Dotroit, Mich,



Saline solution G (Puck, et al., €0)

}120

Gluccsa
Phenol red
NaCl

KCL

KH2P0h

HgSOh o T H20

CaCl 2 H,0

2 * 2

Cleaning fluid (antibiotic solution)

milliliter,

A fserum=-virus-nzutralization test

rhinotracheitia virus antibodies were absant,

bE. Re. Squibb and Sons, Inc., Yew Brunswick,

1 liter
11 g
5 mg.

8 g.
0.l g.
0.29 g.
0.15 g.
0.15 g.

16 mg.

Imnediately efter collection the naszl, conjunctival and genital
tract swabs were placed into three milliliters of Earle's Balanced Sz21t
Solution” containing 5% fetal calf serum” and 1,000 units of penicillin,
1,000 micregrams of streptenyein and 20 milligrams of Fungi:oneb per
was conducted on each

lot of fetal-calf serum in order to dzoterminz that infectious bovins

%Grand Island Biological Cemparny, lNew York, N.Y.

New Jersey.
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Virus titraiion

Tenfold dilutions of the virus were made in Zarle's salt solution,
Each dilution of wirus was inoculated onto two tubes of MDBE cell mono-~
layers, 0.2 milliliter of virus dilution to each tute., After an adsorption
period of one hour at 37°C. the virus solution was poured off and the tubes
vere washed tiwice with 1.5 rmilliliters of Earle's salt solution, Then 1.5
milliliters of maintenance mediwm was added and the tubes were incubated
at 370C. for four dzys. The tubes were examined microscopically and the
cytopathic effect was classified, The titer of the virus was determired

by the method of Reed and luench (82).

Virus strain

Trhe strain of infectious bovine rhinotracheitis virus (Uerﬁesvir3§
bovis) used in this study was isolated from the pooled livers of tio
aborted bovine fetuses in lMarch, 1965, lNineteen iberdeen Angus cows
experienced abortion in a group of 33 cows, the a2bortions occurring at
T-+~85 months of pregnancy. The cows had been vaccinaited for brucellosis
and lentospirosis Two aborted fetuses were submitted to the Iowa Vet-
erinzry Diagnostic Laboratory. lNo gross lesions vwere observed in one
fetus and a mild icterus was seen in the other. Racteriolozical cultures

of the stomach contents and livers were negative, Infectious bovine

rhinotracheitis virus was icolated on tissue cultures of primary boviu

Q.

BEE
41VeTrs,

teaticle cells from the poole
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Virus purificatiocn procedures

Tne original isolate of infectious covlnu rhinotracheitis virus

" - . -0 ;
(Herpesvirus bovis) desisnated as IBR-Fetus was stored at -90 C, until

used in this study. After two passages on !D3K cell cuvltures the virus
was cloned three tines for purification using the following procedure
each "time,’

Tenfold serial dilutions of the virus vwere made in salines solution G.
One milliliter of each dilution was inoculated onto iDBK cell monolayers
growm in 35x10 mm. plastic tissue-culture plate The cells had teen
washed with five milliliters of saline solution G prior to inoculation,
After an adsorption period of one hour the plates were vasned twice with
five milliliters of saline solution G, The monolayers were then overlayed
with five milliliters of agar-overlay medivm, The plates were incubated
at 37°C. in a rwridified atnosphers containing 59 co,. After 3-bL dzys
of incubation a suitably isolated plaque, at least 10 rm. distant fron
the nearest placue, was removed with a pipette znd placed in one milli-
liter of saline solution G. This was then inoculated onto a monolayer
of MD3K 1s in a 30 milliliter plastic tis culture flask™, After
an adsorption period of one hour, five milliliters of maintenance mediun

. : - - o
was pipetted into the flasks and they were incubated at 37 C. The flasks

were examired daily and when €CF or rnore of the cells shoved a cytopathic

o

ffect (CPE) the virus was releaced by alternately freezing and thawing

the infected cells three tinmes. The fluid was removed and centrifuged
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at 2500 r.p.n, for 15 rinutes to remove the celluler debris, The super-
natant fluid was uszd in tenfold serial dilutions as the inoculum for
the subsequent cloning proczdures,

After bsing clonad three times the virus had undergona eight passsges.
Allarga volumz of virus was preducsd on the ninth passage for use in animal
inoculation., After clarification by eantrifugation for 15 mimutes at
2500 r.p.m. and testing for bacterial storility ths virus was dispensed
into vials and stored at -90°C. until ussd. Additional sa mples were
taken for sterility testing at this tirs,

Sarmples obtained for sterility testing were inoculated onto bleood-
agar plates, S:cbouraud doxtrosa-agar plates and tryptose broth. The
blood 2gar plates and the tryptose broth wers incubated for 72 hours
at 3?°C. and fha Sabouraud agar plates were incubated at 2500. for on2
#eek. Al1] samples were ncgative for bacteria and fungi.

To confirm that the virus stroin bteinz used was Herpesvirus bovis, a

serum-virus-n2utralization tecst was done using the ninth passage level of
the IBR-Fetus strain of virus and anti-szrum to tha Los Angeles strain of
IBR virus (IBR-LA). The concentrated IER-LA anti-s2rum completely

neutralized the IBR-Fetus virus with a titer of 1.5x 7 101350 per millilitar,

Preperation of IRR-Fetus virus and ¢21l controls for the intracercbral

incenlation emerimant (Fmperiyent Yo. 2)

Forty-sizht hour old tubs eultures of }DBK c2lls wor2 ussd to pro-

pars tho virus and control inccumluns, A 10'1 dilution of Sth passsg
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IBR-Fetus in saline solution G was used to inoculate 12 tubes, 0,1
milliliter per tube, The control tubes were inoculated with 0,1 milli-
liter of saline solution G. After a one hour incubation period the tubes
were washed once with 1,5 milliliters of saline solution G and then 1.5

milliliters of maintenance medium was added, After 1,8 hours incubation

5 . . . .
at 37 C, the virus was harvested as described previously. The cell controls

vere treated in an identical fashion., The fluids from the infected and
ron-infected cells were centrifuged at 2500 r.p.m. for 10 minutes and
the supernatant fluid was removed for use in inoculation. terility
testing of the final material was done as previously described and the

; o ;
prevared inoculums were stored at -90°C, until used,

Frenaration of ISR-Fetus anti~-serunm

Five rabbits vere bled and serun-neutralization tests were conducted
to confirm the absence of antibodies to ISR virus prior to inoculation of
the IBR-Fetus virus., The rabbits were then inoculated with ninth nassage

IPR-Fetus virus with a titer of L.6x107

TCIDSO ver milliliter using the
following schedule,
Day %o, 1 1 ml, intravenous (i.v.) 4 1 ml.

intramscular (i.m.)

3 1ml, 1.ve # 1 mle 1om,
5 lml, i.v. +# 1 ml, i.m,
7 1l ml. i.v.

26 1nml, i.v.

1O 1nl. i.v,
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Blood was collected asopiically on dsy no. 50. The blecd was allowed
to clot at room temperatura ard thon centrifvzed. The serum was inactivated
at 56°C. for 30 minutss., Serum-virus-noutralization tzsts wore conducte
on the rabbit scrum and it was determined that the noutralization index

(NI) was 1x103.

Experinzntal snimals

Pathogenicity experiment (Experimznt No, 1):

Eight Yorkshire pigs were obtainad from the closad swins herd at the
Jowa State University Veterinary lMedical Rescarch Instituta, This herd is
fres of kmowm swine pathogens. The pigs were weanzd at three weeks of age
and moved into the isolation facilities. FEach of the animals was idontified
vith a tattoo muber in the right ear.

nale

Pig No., 1

2 female

female

male

male
- male

fenale

o =3 o 5w
1

- male
The pigs were allowed to zdjust to their now environusnt for 15 days
and pre-inoculation szmples were collectad for bactorioclogical, virological

and heomatological exardnation. 1agal swabs were obtainsd and excained for
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bpacteria, particularly of the genera Pasteurella, Boriclella and Myco-

plasma, An jlerobacter species was isolated from pig no. 2 and a Kleb-

siella species was isolated from pig no. 7.

[ S—

lasal swabs, conjunctival swabs and vaginal or preputial swabs were
obtained for virus isolation 11 days, 5 days and 1 day prior to inoculation,
Dlood samples were collected in heparin tubes for virus-isolation attermts
from the buffy coat, Virus-isolation attempts were made on MDBK cell
cultures in tubes. lNo viruses were isolated from the pre-inoculation
samples,

Blood samples were also collected for the determination of total
leucocyte (.BC) counts, differential leucocyte counts and packed cell
volume (PCV).

Serum sarples were obtained one day prior to inoculation for anti-
body titration.

Rectal temperatures were taken twice daily.

Two male ilolstein calves, two months old, were purchased from a
private source, These animals were used to determine that the IBR-Fetus
strain of virus was in fact pathogenic to calves. They vwere moved into
the isolation cuarters 12 days prior to inoculation with virus. Rectal
temperatures vere taken twice daily. Blood sammles were collected every
second day of the pre-inoculation period for the determination of W3C
counts, differential leucocyte counts and PCV. A serum sample was
obtained and tested for the presence of infectious bovine rhinotracheitis

(IZR), bovine virus diarrhea (3VD) and parainfluenza -3 (PI,) antibodies.

£
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An IBR titer of less than 1:li, a2 BVD titer of 1:16 and a P13 titer of
1:32 were found.

Nasal, conjunctival and preputial swabs, and bufiy coabt samples wers
collected from the calves 11 doys, 5 days and 1 day prior to inoculabion
for virus isolation attompts on MDBK cell monolgysrs. No virus isolations

vere made, Nasal swabs were also cellected for bacteriological examination

and FPasteurella rulteocida was isolated fream both ecalves,

Intracerebrzl inoculation exverinznt (Exvzrinant lo. 2)

Four pigs that had beoen maintained under conditions eof isolation
since weaning at three wveeks of zge were pleoced into the isolation

facilities five days prior to incculation, The pigs were 6-8 wesks old,

Pig no. 11 -~ male - 8 weeks old

12 - pale - 7 weeks old
3
it

Sarmples were taken one dgy prior to irccuwlation for bactsrioclozical,

female~ 7 wezks old

male - 5 wecks old

virolozical and hematolegical examination as done on the pigs in experinont
no., l. No viruses or pathogenic bacteria were found on the pre-incculation
samples, Rectal temperatures wers taken twice daily, A pre~inoculation

serum sarple was cobtained {or IBR antibody titration.
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Precnant sow pathogenicityv exveriment (Exmeriment No. 3):

A Hampshire sow (no. 15) and a Yorkshire sow (no, 16), both approx-
imately one year old, were obtained from the SPI" herd maintained at the
Veterinary ledical Research Institute at Iowa State University. The
Hampshire sow was 3L days pregnant and the Yorkshire sow was 23 days
pregnant,

The sows were maintained 2, days in the isolation area prior to
inoculation., Nasal, conjunctival and vaginal swabs were obtained 12
days, 9 days, 6 days and 1 day prior to inoculation of the virus. No
viruses vere isolated from the pre-inoculation swabs., Rectal temper-

atures were taken daily,

!nimal isolation facilities

The isolation facilities used in Esmeriments no. 1 and no. 2 con-
sisted of a small building containing two rooms, each approximately
16 feet by 2C feet in size,

The outer room was entered through a door from the outside and the
inner room could only be entered through a door from the first room.
Each room had its ovm air exhaust system. The pen walls were made of
smooth concrete and were four feet high. The floors were concrete.

The control pigs were kept in the outer room. The infected pigs
and calves were kept in the inner room. The two pigs receiving the same
injection were kept together in the same pen as vere the two calves, llo

bedding was used and the pens vwere washed down with water tirice daily,



Protective clothing and boots were put on irmedintely aftcr entering

the building. Hands and boots were disinfected in a solution of Nolvasan~,
The control pigs were examined and the samples were taken after the pen
had been washed down, The pigs were then given feed and water. Hands
and boots were disinfected again and the protective clothing and boots
vere removed., The inner room was entered immediately. After entering the
inner room protective clothing and boots were put on., The animals in
each pen were examined and samples were collected after the pen had been
washed down. Before each pen was entered, hands and boots were disinfected
in a lNolvasan solution. After all animals had been examined and sampled
they were given feed and water, The protective clothing and boots were
removed and left in the room. Exit was made through the outer room to
the outside in a direct manner,

The sows used in Experiment no. 3 were kept in an isolation wing of
a barn., Each sow was keot in a pen approximately four feet by ten feet in
size. The wooden walls of the pens were three feet high., Straw bedding
was used in the pens. The sows were examined and the samples were collected

each afternoon. They vwere given feed and water tiwice daily.

I3R~-Fetus virus inoculation of exmerimental animals

Experiment no, 1: The pigs were allotted to each group by random

selection except that the stipulation was made that one male and one female

were to be in the group to receive the intracerebral and genital inoculations.

*rort Dodge Laboratories, Fort Dodge, Iowva.
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Pigs no, 8 (male) and no. 3 (female) were 21lotted to the control
group and did not rescesive any virus,

Pigs no. 6 (male) and no, 2 (female, received one milliliter of
IBR-Fetus virus by the intravenous route.

Pigs no., 5 (male) and no. 1 (male) were inoculated with one milli-
liter of IBR-Fetus virus into the right nostril.

Pigs no., I (male) and no. 7 (female) received IER-Fetus virus by

intracerebral inoculation and by inoculation into the genital tract. One

milliliter of virus was placed into the prepuce cr into the vagina. For

the intracerebral inoculation the frontal area was shave
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a surgical soap and then swabbed with alcohol. Xylocaine

local anesthesia by making a subcutaneous injection in the area of the
inoculation site. A skin incision, 1-1.5 cm. in length was made 1-1.5 cm.
to the right of the midline with a scalpel. An intramedullany pin drill
with a 1/8 inch intramedullany pin expossd 1/2 inch was used to drill
through the cranial wall, A 22 gauge cne inch needle was inserted into
the hole to a depth of one inch and one milliliter of IBR-Feius virus was
inoculated. The skin incision was closed with a single suture of Suprahida
synthetic suture material.

Both calves (no. 9 and no, 10) were inoculated with ons milliliter
of IBR-Fetus virus into the right nostril, 0.1 milliliter into the right
conjunctival sac and one milliliter into the preputial sheath as a control

on the pathogenicity of the IB2 virus strain being used.

a ; ; ; % . .
Jensen-Salcbury Laboratories, Kansas City, lo.
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One milliliter of IBR-Fetus virus used in the inoculation of the pigs

and one milliliter of the wvirus used in the calf inoculation were returned
to the laboratory and titrations wsre done on DBK cells to determine the
minimum titer of the virus used in this experiment, The MDBK cells were
inoculated with the virus within 3-4 hours after the virus had been usac

in the anim2l inoculations and the titer was 1.hx106 TCIDSO per milliliter

5

for the virus used in the pigs and L.1x1C TCIDSC per milliliter for the

virus used in the calves. Prior to uss in the experiment the titer of the

R-Fetus virus had been determined as 1.6x107 TCID50 per milliliter.

Experirment no., 2: The pigs were divided into two groups by the

rethod of random selection. The control pigs were designated as no, 11
(male) and no, 12 (male, and the pigs destined to receive the IBR-Fetus
virus were no. 13 (femzle) and no, 1l (male).

The methods of trephining and intracerebral inoculation were as
described in Experiment no. 1 excent that the volume of the incculum was
reduced to 0.5 milliliter, The control pigs were inoculated with 0.5
milliliter of inoculum prevared from un-infected ¥MDBK cells, The other
two pigs were inoculated with C,5 milliliter of tenth passage IBR-Fetus

rus,

Exveriment no, 3: The sows were placed into sepvarate pens in the

isolation facilities. The Harmshire (no. 15) was 57 days pregnant at the
time of inoculation and the Yorkshire sow (no. 16) was L3 days pregnant,
Four milliliters of 12th passage IBR-Fetus virus was inoculaved into the

ear vein., A sannle of the virus was retained from the inoculun and the
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Nasal swabs were obbtained by inserting a cotton-tipped applicator
into the nostril to a depth of 2-3 inches and epplying a rotary rmotion
before withdrawing it. PBoth nostrils were swebbed with the same appli-
cator. The nostrils wers cleanzd with a piece of cotton dampened with
70% othyl alcchol prior to swzbbing.

Conjunctival siwabs were obtained by inserting the cotton-tipped
epplicator into the conjunctival sac bzhind the lower eyelid, A rotary
motion was zpplied to the applicator btefore it was removed from the
conjunctival sac.

The preputizl opening was cleaned with an alechol swab and a cotton-
tipped applicator was inserted and rubbed over the surface of the preputial
cavity. The wvulva was cleansed with an alcohol suab, The labia wore
parted and the cotton-tipped applicator was incserted to a depth of 3-L
inches and rotatzsd.

A five milliliter blood szmple was cbtained by bleeding from the
anterior vena cava. A portion of the blcod sample was placed into a tube
containing EDTA for henatological procedures, The remainder (three milli-
liters) was placed into a tube containinz heparin for separation of the
buffy coat. The heparinized sample was drawn into a syringe and the
gyringe was placed in a refrigerator in an upright position for four hours,

A U-shaped needle was placed on the tip and the upper lgyer of sarunm in
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the syringe was forced out. The bulfy coat was collected in a vial
coﬁtaining cne nilliliter of cleaning fluid.

The swabs were placed in vials containing thres milliliters of
cleaning fluid imnsdiately after they were collected and held in the
fluid for spproximately onz howr before bzaing removed and discearded,

If tubes of cell cultures vere available, the sarples were often
inoculated onto c2ll cultures within seversl hours after collection.
If cells were unavailable, the sarmles were frozen and held at -20%.

Tubas of MDBX ec=l1) cultures were incculated with 0,2 nilliliters

o

By

of the sample fluid., Two tubes were inoculated with each sample, After
an adsorption peried of one hour 1.5 milliliters of maintenance madiun
was zdded to each tubs after the inocuwlun was poured off. The tubes
were incubatod at 3?00. and wore examined microscopically each dzy.

After onz wesk 21l of the tubes were frzeze-thawed three times
and the fluid was incculated onto fresh c¢2ll cultures in tubes, A1l
samples were carried through four passages on MDBK cells before being
considzred as negative,

Aftsr completion of Experiment no, 3 a swine testicle cell line (ST)
was cbtained, A selectad number of samples from the sows in Experiment
no. 3 were inoculated onto tube cultures of ST colls. The tubes were
incubated for ten dzys at B?OC. The samples were passzged twice on

-

ST cells,
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Serum-virus-neutralization tests

Pre-inoculation serum samples were obtained from all animals. Post-
inoculation serum samples were obtained at weekly intervals from the pigs
and calves in Experiment no. 1 and at monthly intervals from the sows in
Experiment no., 3. The serum was inactivated for 30 mimtes at 56°C, Two-
fold dilutions of serum were made in Earle's salt solution. Approximately
200 pfu of IBR-Fetus virus was added to an egqual volume of the serum
dilution and allowed to incubate at room temperature for one hour. The
final result was a fourfold dilution of the serum beginning with a 1l:h
dilution and continuing through a series of nine dilutions with a final
dilution of 1:102L. One-half milliliter of the serum and virus mixture
was inoculated onto each of two 35x10 mm, plastic tissue culture plates
of MDEK cell monolayers. The plates were incubated for one hour at
37°c. Five milliliters of the agar-overlay medium was added after the
adsorption period. The plates were incubated at 37°C. in a humidified
atmosphere containing 5% 002.

The plates were overlayed with five milliliters of the neutral red
agar-overlay medium after 72 hours of incubation and the plates were kept
in the dark for 8-12 hours. The plagues were then counted and an average
for the two plates in each dilution was calculated., The dilution of
serum which produced a reduction nearest to 50% in the average number of
plagues was considered to be the titer for the sample. This method was
used in order to aid comparisons between sarples and between animals.

211 of the serun sarples obtained from one individual animal were

tested simultaneously.
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Serological survey

Most of the swine serum samples submitted to the Iowa Veterinary
Medical Diagnostic lLaboratory for leptospirosis testing during the period
of 29 November 1967 to 19 December 1967 were retained to test for the
presence of IBR antibodies., A total of 1220 swine serum samples were
examined,

The serum was removed from the blood samples and frozen at -20°¢.
Prior to testing the serum specimens were thawed and inactivated at
56°C, for 30 minutes.

Initially all of the samples were screened at a dilution of 1:L
using the procedures described previously. If there was a 50% or greater
reduction in the rmumber of plagues at the 1:L dilution, the samples were
tested at higher dilutions in order to determine an end point. The
titration was done as described previously for the serum-virus-neutral-

ization test.

Post mortem samnles

The pigs were destroyed by electrocution. At the time the gross
pathological examination was conducted, 1-2 gram samples of tissue were
obtained aseptically and placed into three milliliters of cleaning fluid.
The specimens were then frozen at -20°C. The following specimens were
collected: lung; bronchial lymph node: tracheal swab; tonsil; brain;
kidney; liver; spleen; testicle or uterus and ovary; adrenal; mesenteric

1lymoh node; conjunctiva.
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Experiment No, 2

Pig no.

Experimsnt ¥o. 3

;
Tissua specinens

Ll

1 (intranasal)
(control)
(intraceredbral)
(intranasal)

(intravenous)

® oo W oW

(control)

10 (cell culture)
12 (cell culturs)
13 (virus-infected)

1y (virus-infected)

Sow no, 16
16 I (pizlet)
16 J "

B v

16 1, 1

16 A "

16 F n
1

U

i

o
tJ

were also collected and placed into 1C7 formalin
solution for prepsration for nicroscopic examination,

The animals were nscrcpsicd on the following schedule,

18 dzys post-inoculation

31 dagys " "
11 days " "
3l days " "
18 dgys ¢ "
17 days "

2}y hours post-inoculation
72 hours " "
72 hours " "

24y hours n n

86 days post-inoculation
villborn

Stillborn

Stillbern

2ly hours post partun

8 days post partum

8 days post partun

6 hours post partum

t partum

pos

6 hours



i
¢
;
2

L5

The frozen tissua spocimens were thaved and macerated in a tissue

grinder, After the tissue debris had settled, the supernatant flwid
from each specirsn was inoculated into two tubss of 1D3X cell cultures,

After an adsorption psried of cne hour the ccll cultures were washed twice
with Earle's balanced ealt solution and maintenance modium was eadded,

. = G 0, : .
The tubss were incubated at 37 C. for one wesk and were examined daily.

Each tissue specimen was passoged three times in MDBK cells before being

considered negativs,



Serolorical survey

A total of 1220 samples of swine serum consisting of 123 accessions
from 108 Iowa swine herds were tested for the presence of IBR antibodies.
The mumber of samples tested in an individual herd ranged from one to 12L.
There were 478 males, 199 females and 2);3 animels of unknown sex., There
were LSl animals under one year of age and L17 animals over one year of
age. The age was unknown in 349 animals.

There were 32 herds which had one or more animals (‘latle 1) with an
IER antibody titer of 1l:4 or higher. 4 total of 773 animals were tested
in the 32 herds and 139 animals had antibodies to IBR "irus. There were
76 herds in which no animals with IBR antibody titers izre detected. A
total of L7 animals were tested in the 76 negative herds,

The 139 positive animals had IBR antibody titers ranging from 1:L
to over 1:102L.

l:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1c2h >1:102L
107 22 5 e 1 0 1 1 1 1
Since the test records accompamying the blood samples to the laboratory

were often illegible or incomnlete, the are and sex could not be deter-
mined in almost one-third of the animals, Any trend relating to a particular
age or sex incidence would be difficult to determine and would not be

highly reliable. As seen in Table 2 the incidence of positive animals



Table 1, Summary of 32 Iowa Swine herds having animals with IBR serum
antibody titers.
Age Sex
Herd No. under 1 year unknown M ¥ unknown 1:h 1:8
No. Tested 1 year or over
;i ! 2 2 2
N 8 L L 2 6
5 L L L 2
6 39 39 39 2
5 5 5
8 28 28 13 15 1(F) 2(M)
13 5 5 1 L 1(M)
2l 10 10 10 2 2
25 32 32 32 2
8 8 B8 3
26 2k 2L 6 18 1U(F)
29 L7 L7 47
5 5 g
2 ' 2
26 26 26 6 1
Lo 53 n L2 1 k2
L2 7 7 7
7 7 T 1
51 20 20 12 8 1(M)
sh 2l 2y 2k
22 22 22
60 29 29 1 28 1(M) b L
62 9 9 L &5 1(F)
11 13 e 6 1(M) 2(F)
67 21 2l 2§ : A
Th 3 3 3 1
75 L7 L7 2 L5 1(M) 10(F)
77 2 2 2 2 |
79 77 i § 56 21 15(M) 7(F) 1(M™)
L7 L7 L7 8 5
81 13 13 13 6
8ly L k I 3
88 25 25 25 7
90 1l 1 1
91 32 32 329 1(M) 8(F)
93 2 2 2 2
9L 18 18 18 3 1
98 7 7 1 6 (M)
102 b § 4 1 y
107 3L 3L 34 2
108 2 2k 2 A




1:16 1:32 1:64 1:128 1:256 1:512 1:102  »1:1024

2(1 yr. F)

1(F)

1(8 mo. M) 1(2 yr. F)

1(M)
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Table 2, Sumary of serological survey of 1220 Iowa swine, Animals with IBR serum
antibody titers clasgified by age and sox,

inder 1l year unknown H F unlmown Total
1. yept or ovor
1:h 1,2 28 37 38 118 21 107
1:8 L 6 10 6 T 9 N
1:16 3 2 2 1 2 2 -
1:32
1:6L 1 1 i
1:128
1:256 3 1 1 =
1:512 i i | L £
1:102) ] 1 ;|
1:102Y 1 : | 1
Total L9 e L9 L7 60 32 139

Togted L5k L7 3l9 178 499 . b3 1220
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in the age and sex groupings appear to correspond fairly well to the age
and sex groups in the total test population.

All blood samples of satisfactory quality were selected from those
received at the Diagnostic Laboratory over a period of approximately one
month., This resulted in a good geographic representation of the state
except that possibly northeast Iowa and south-central Iowa were not well
represented (Figure 1). Herd no. 79 in the north-central area is a breed-
ing herd for a firm engaged in producing hybrid hogs as is herd no. 5L in
the northwest area. It is interesting to note that herd no. 8 in close
proximitr to herd no. 79 has the same breed of hybrid hogzs. Herds no, 51,
€7 and 108 in northwest Iowa also have these hybrid hogs. One might specu-
late that there would be traffic of hogs between some of these farms,

Seven of the herds have two or more sevarate submissions of samples
(Table 1). Herd no. 29 had four separate accessions with positive samples
found on two of the submissions., Eighty animals were tested in this herd
and there were eight animals with IZR antibodies. Herds no. 25, 62 and 79
had positive samples on both subrmissions., There were L3 positive samples
among the 164 that were tested in these three herds. FHerds no. 6, 42 and

5L had positive samples on only one of the two submissions.

Exveriment lo. }: Pathogenicity gg the IBR-retus virus

Clinical signs

Pigs no, 2 and no., 8 which were maintained as uninoculated controls

remained clinically normal throughout the period of observation., Body



Figure 1, Locations of the Iowa swine herds surveyed for the presence of TIBR antibodies,
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2l; Swine herds having serum samples with IBR antibodies.
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Figure 2, Morning and evening body temperatures of pigs no. 3 and no. € which were
maintained as uninoculated controls.
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termeratures remzined within the normal ranze (Figure 2). Fi
observed for the entire 31 dov pericd of the experirient and pi
ooserved for 17 deye before it was Hlled and necronsied

..... Tiie

Eoth calves thai were inoculsted to prove the pathogenicity of the

virus developed clinical monifestations of an acute

infectious bovine rhinoitracheitis infection., Calf no., 9 develcned

S, 4 slight micous nasal discharge developed in the right
nostril on day no, 1 and by the fourth ds 'y the nasel discharge was very
pronounced, bilateral and micopurulent. The naszl disc harge persisted until

the twelfth dzy., Erosions appeared on the naszl rmucosa and on the external

nares on the fifth post-inoculzation dzy. These erosions had disappeared by
\ dey no. 12, Illo erosions vere visible in the riouth, Dyspnea was present on

dzys no., 7 and & and auscultation of the lungs revealed rmild moist rales.
4 slishti serous discharge of the left ere and a rmicous discharze of the

right eye zpnezred on the third day, Yrperemia and suelling of the con-
purulent. Dy the tenth vost-inocnlation dav the oculsr discharge hzd suv-
sided and the eye: sppearcd grossly norn2l except for a slight h

the conjunctiva of the right eve,
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L8 hours, returned to normal at 60 hours and then remained avove 103 7,

from the third until the eleventh post-inoculstion izy with a maximum

rise to luu F, on the evening of the fourth day (Figure 3).
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A slight mucons discharge froa both nestrils develeped in czlf no. 10
on the day folloring irocvlation, By the fifth post-inoculation doy there
was a moderate zzount of rmcopuruvlent dischargs2 which dzereascd to only a

slight amcunt by doy ne. 8, but which porecisted for six more days. The
nasal rmucosa was congested and erosions eppcered on the fifth day. By
the tenth dey the nasal hypsromicz had subsided and the erosions had healed,
T’m‘eé dzys after iroculation a mucous discharge devsloped in the right eye
and the serous sscretion was increased in the left eye. The conjunctiva
I of the right eye developed a marked hypercmia and the discharge becane
purulent in charactsr, Thoe hypcremia end exudation had subsided from
oth eyes by the tenth dsy, hovever a slight rmcopurulent discharge con-
tinuad in the right eye for another week. From the fifth to the eighth
post-inoculation doy the calf exhibited lethargy and depression, The
gppetite was markedly depressed on the second day and it remainzd poor
for eleven days. The tody temperature was 103°F. on the first dzy, then
rose to 105°F, and remsined obove 103°F, until the twelfth day (Figure 3).

Pig no. 1 which reccived the intranasal inoculation of the IER-Fetus
virus rcncinaed elinically normal throughout the period of observation.

The body terperature remesined in the normal range except for a rise to
104.2%F. on the evening of the 1lth dey of the post-inoculation period

(Figure ). Pig no. 1 was destroyed on the 18th day and a nscropsy

was performe




Figure l, Morning and evening bedy temperatures of pigs no. 1 and no. 5 which received the
IBR-Fetus virus by intranasal inoculation,
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Pig no. S which also received the intranasal inoculation, developed
hyperemia and swelling of the conjunctiva of both eyes on the fifth day
after inoculation and again on the 1lth dgy. The body temperature remained
within normal limits (Figure L). The pig was destroyed and necropsied
after 31 dagys,

Pig no. 2 received the virus by the intravenous route. This pig was
clinically normal throughout the period except for anorexia on the 1llith
day. The body temperature remained within the normal limits except on
the evening of the llith day when it was 10L°F, (Figure 5). The pig was
observed for the 31-day period of the experiment and was not destroyed.

Pig no. 6 also received the intravenous inoculation of the virus,

A mucopurulent nasal discharge was present on the 13th and 1hth days.

The body temperature was 104°F. on the eveming of the llith day (Figure 5).
No other clinical signs were observed over the 18-day period of observatian,
A post mortem examination was conducted at the end of this period.

Pigs no. 4 and no., 7 which received the virus by the intracerebral
and genital routes exhibited evidence of central nervous system involvement.
Twelve hours after the inoculation pig no. L was hypersensitive to stimm-
lation., The pig did not eat and was lethargic and depressed, preferring
to lie down. There was a bilateral mucopurulent nasal discharge and a
yellowish mucous exudate in the prepuce., On the second dgy the appetite
was improving and the pig was more alert and less sensitive to stimuli,

The rhinitis had subsided but the posthitis was still evident. The

appetite was good on the third dgy but an increased thirst was evident in

the evening. On dgy no. 4 the appetite remained fairly good. The bilateral
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mucopurulent nasal discharge became pronounced, The nasal rmucosa was
congested and it bled readily when the nasal swabs were inserted. The
pig was alert and active on the fifth day and the appetite was good.
However, there were signs of hyperpnez and posterior incoordination was
evident, On day no, € the respiration rate was still ravid. Posterior
incoordination was more pronounced and the pig had a tendency to "knuckle"
over at the fetlock joints of the hind legs. The tail was frequently held
arched over the back. The rectum anneared to be very relaxed and flaccid
and the animal tended to defecate small amovnts of feces frecuently,
The posterior incoordination had subsided by day no, 8. The pig apneared
to be clinically normal vhen it was destrored and necroosied on the
eleventh dgv following inoculation. The bodr termerature rose to 106.5°F.
twelve hours after inoculation but returned to the normal range after 36
hours, From the fourth through the eighth day the body temperature
remained above 103°F, reaching a maximum of 1C5.2°F. on day no. § (Figure 6).
Twelve hours after the intracerebral inoculation pig no. 7 was very
lethargic and deoressed but was hypersensitive to physical stimulation,
The pig did not eat and its temerature was 105, 8°F, (Fizure 6). On the
second day a slight vaginal discharge was evident and the body temperature
had returned to normzl. The pig was eating well on the morning of the
third day but by evening it would not eat and vomiting was observed,
The pig showed posterior incoordination and had a tendency to circle

when moving wvith its head inclined towards the right. Twenty-four hours

later, on the fourth day, it was irmroved and the appetite was better.




Figure 6, Morning and evening body termeratures of pigs no. i and no, 7 which recoived the
IBR-Fetus virus by intracerebral and genital inoculations.
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On the fifth day the pig apneared normal and was eating well. The pig

was observed for the 31 days of the experiment and was not destroyed.
Fematolocy

Calf no. 9 had a brief period of leucocytosis accompanied by a marked
neutroohilia during the pre-inoculation period., Following inoculation of
the virus the blood parameters remained fairly stable until an increased
leucocyte count was evident on day no. 3. Both neutroohils and lymphocytes
vere increased. All three of the blood parameters had decreased by the
eighth post-inoculation day (Figure 7)., Calf no, 10 also had a period of
leucocytosis early in the pre-inoculation period. On the second day after
inoculation there was a marked decrease in the total WW'C count, lymphocyte
count and neutrophil count (Figure 8).

The total leucocyte count in the control pigs no. 3 and no. 8 ranged
between 710C and 18,000 (Figures 9 & 10). The lymohocrte count parzlleled
the total leucocyte count vhile there was a gradual decrease in the
neutronhils during the 25 days of the pre-inoculation and post-
inoculation periods, This resulted in an increase in the percentage of
lymohocytes as well as an increased mumber of lymphocytes.

There was a precipitous drop in the three blood parameters in pig
no. 5, L8 hours following the intranasal inoculation (Figure 12), In
pig no. 1 the decrease in the total leucocyte count and the lymphocyte

count at LB hours post-inoculation was not as marked as in pig no. 5

and a slight neutrophilia was present (Figure 11). In both pigs the




Figure 7.

Hemogram of calf no. 9 vhich
was inoculatzd as a control
for the pathogenicity of the
IBR-Fetus virus,

Figure 8.

Hemogram of calf no. 10 which
wa3 inoculated as a control fer
1,

the pathogenlicity of the IfR=-
Fetus virus. '
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Figure 9.

Hemopram of pig no. 3 which was

Figure 10. Hemogram of pig no. 8 vhich
maintained as an uninoculated was maintalned 25 an uninocu-
control,

lated control,
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Figure 11. Homogram of pig no. 1 which Figure 12, Femogram of pig no, 5 which
received the IBR-Fetus virus received the IDR-Fetus virus
by intranasal inoculation, by intranasal inoculatien,
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three valuzs increased until the eishth day after infection when all of

increased slightly. Tne neutrophil counis in both pigs graduz2lly
decreaszsd over the 25-dzy pericd,

There wa liphasic depression of totzl leucocyte nurbers, lymph-

@
f

ocytes and neutrophils on the sescond and eighth days after intravenous
inoculation in pig no. 2 (Figure 13). The neutrophils and the total

leucocyte numbers were decreascd t:elve hours after inoculation in pig

M

no. 6. On the eighth day there was a second decrease in the total leuco-
cyte count and in the lymphocyte count, The neutrophils gradually
decreased over the 25 day period (Figure 1l).

In pig no, L there was a merked decrease in neutrophil, lyrphocyte
and total leucocyte numbers L8 hours after the intracerebral inoculation
of virus (figure 15). A leucocytosis followed with a neutrophilia and a
stzvle lyrohocyte count, On the eizhth post-inoculation day the neutrophil
and total BC counts were lowered but a lyymhocytosis was presznt., In

pig no, 7 there were sharp drops in the three parameters on the second,

sixth and tenth post-inoculation days with shart

increasss in the counts

Q

in between (Figure 16),

Neecroonsy findings
Post mortem examination of the control pizs after 17 days revealzd

no lesions in pig no, 8 eithor on gross exominaticn or micrescopic

exarination, Pig no. 3 was examined after 31 deys and two focl of




Figure 13, Hemogram of pig no., 2 vhich Figure 1), Hemogram of pig no., 6 which
received the IBR-Fetus virus received the IBR-Fetus virus
by intravenous inoculation. by intravenous inoculation,
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Figure 15. Femogram of pig no, li vhich Mipgure 16, Nemogram of pip no, 7 which

raceived the IER-Fetus virus received the IBR-Fetus virus
by intracerebral and intrapre- by introcerebral and intra-

putial inoculation, vaginal inoculation.
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interstitial preumonia vers ob;srvaﬁ in the right caxdiac lotzs of the
lung. licroscopic excnincticn of the brein revealed perivacculer cuflf-
ing of on2 vesscl in th2 medulle,

Conzestion of the lungs was the only obsarveble lesion in pig no, %
which had roceived the IEX-Fetus virus intranasally 18 deys previously.
Pig no. 5 vhich was nzcropsicd 31 days after the intranasal inoculation
had some arcas of interstitial preumonia ith perivascular eand peri-
bronchiolar localization of lesions, Som2 lymphocytes were evident in
these arcas, A smell cyst was present in the right kidney.

After 18 days pig no. 6 from the pair receiving the intravenous
inoculation showed congestion of the lungs., A small cyst was found

in the right kidnsy., The other pig, no, 2 was not necropsied,

Q.

Pig no. L was nccropsicd eleven days after receiving the intracere-
bral inoculaticn, No gross lesions were observed, However, on micro-
scopic examination a mild perivascular cuffing with lymphocytes and
monocytes vas notsd in the m2dulla, pons and left cortes of the brain,
One year following intracerecbral inoculation of IBR-Fetus virus
pig no. 7 was n2cropsied, No gross lesions were observed, On micro-
scopic examinaticn a peribronchiolar interstitiel pneumonia was observed
with nurcrous eosinophils presznt. Tho bronchial lymph node also contal
mresrous eosinophils, There was a mild mononuclezr infiltrate in the

meninges in the ventral suvlcus in the midbrain, A mild mononuclear

infiltrate was observed in the area of the pons around one vesscl in the

ventral meninges.

nzd
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Serolorv
[ttt i

The calves and pigs used in this experiment did not have IBR anti-
bodies in the ore-inoculation serum samples., Both of tke control pigs,
no. 3 and no. & remained negative for IBR antibodies throughout the
experiment.

Both calves developed significant IZR antibody titers, 3By the
fourteenth nost-inoculation day calf no. 9 develoned a titer of 1:256
and calf no, 10 develoned a titer of 1:102L (Figure 17).

The intranasally inoculated »igs, no. 1 and no, 5 had a delayed
antibod; titer rise (figure 18). Both pigs vere negative for ISR
antibodies in the serum sammle obtained 7 days following inoculation,
By the end of the second week piz no., 1 had a titer of 1:16 and pig
no. 5 had a titer of 1:32, Pig no. 1 was necropsied after the second
veek, The antibody titer in pig no. 5 cropped to 1:8 by the third

‘ week and it remained at this level at 31 days post-inoculation,

The IZR antibody titer reached 1:32 in pig no. & seven dzys after
the intravenous inoculation. .hen the second weekly sarmle was tested
the titer was still 1:32, This pig was necropsied 17 days following
inoculation. Pig no. 2 develoved a titer of 1l:6L by the seventh day
following the intravenous administration of the virus. By the end of
the second week the titer had risen to 1:128, Between the third and

tvelfth week the titer rose from 1:128 to 1:102Li., One year following

the inoculation of the virus the antibodr titer was still 1:102L.




Figure 17. Antibody titers of calves no, 9 and no, 10 which were inoculated as controls
for the pathogenicity of the IBR-Fetus virus.
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Figure 18, Antibedy titers of the pigs inoculated with the TMm-Fetus virus, P

and no, 5 received the virus by sntremacal inoculation, Pigs no, 2 and no, 6

o
o

it -
received the virus by intravenous inoculation, Pigs no. L and no. 7 received
the virus by intracerebral and genital inoculations.
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Pig no. b had an antibedy titer of 1:128 on the saventh dgy after
intracerchral snd intropreputisl inscvlation of virmus, The pig was

necrossied on the tenth dey. In piz no, 7 the titer reached 1:32 alter

34
o

after the intracsrebral and intrave

Virus icolation

A total of 1300 saples vere obtained from the eight pigs and
E tro calves for virus jcolatien atterpts on 10BI cell cultures,

IBR virus was regularly isolated from the nasal, conjunctival ard
preputial swebs from both calves from the first through the seventh post-
inoculation day,., After the seventh dgy IER virus was isolated from the
conjunctival swabs on the eighth and tenth dsys from calf no. 9. In
calf no, 10 ISR virus was isolated from the nasal, conjunctival and
preputial swebs on doy no. 8 bub on the ninth and tenth post-inoculation
dzys IBR virus was recovered from only the conjunctival swabs (Table 3).

Cytopathic effect was present in the 1DZX cell cultures on the first
passage in 211 positive samples obtzined from the calves except for the con~
Junctival sample frem calf no, 9 and the conjunctival and preputial swabs {rc

calf no. 10 that werc obtzaincd on the eizhth post-inoculation day. R viras

was isolated from thece samples on the second passage in cell cultures,

-




Table 3., IBR virus isolations from calves,

Calf No. 9 Calf Mo, 10
Nasal Conjunc=- Prepuce Buffy Nasal Conjunc- Prepuce Buffy
tival Coat tival Coat
Day

1 + + + - + + +

2 + + + - + S ¥ -

3 + + + - + + t “

ly + + . - + + +

5 + + 4 - + + + -

6 + & + - + + + "

7 + + + - & + + -

8 - & - + + ¢ -

g o - - - - + - -
10 - + - - - + -
11 = - o - - P = s
12 - - - - - - -

¥Isolated on second passage in cell cultures,

S8
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ISR virus was not isolated from any of the swine samples tested on
1D3K cells except from the nasal swab obtained from pig no. 5 twelve
hours after intranassal inoculation of the IBR virus,

Tissue specimens from the necropsied pigs were inoculated onto IMDBK

cell cultures. No virus isolations were made from these specimens.,

Intracerebral Inoculation Exmperiment: Exmeriment No, 2

Clinical signs

Both pigs no. 13 and no. 1l developed anorexia 12 hours after the
intracerebral inoculation of IBR-Fetus virus, Depression was noticed in
pig no., 13 and it preferred to lie down most of the tine. The pig also
exhibited tremors of the rmscles over the shoulders. ig no, 1 was
reluctant to move, appeared stiff, and showved some dif:iculty in getting
up.

Both pigs were still not eating at 2L, hours post-inoculation and
were depressed., Incoordination was observed and they were reluctant to
move, Pig no. 1l was destroved and necropsied at 2L hours.

At 36 hours pig no. 13 showed a fair appetite. The pig was more
alert but was still reluctant to move, The appetite was good and the
general condition was good at L8 hours and at 72 hours following inocu-
lation, The pig was destiroyed and necropsied 72 hours after inoculation.

i rectal temperature of lO?.BoF. vas present in pig no, 13 at 12

hours after virus inoculation. At 2l hours the terperature was IOhOF.
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and by 72 hours the temperature was in the normal range., Pig no. 1
had a body termperature of 105.8%, at 12 hours and 1CL4.2°F. at 2L hours
following inoculation (Figure 20),

Both of the pigs that received the intracerebral inoculation of
the cell culture fluid were active and alert and exhibited good appetites
during the period of observation., The body temnerature remained within
the normal range in pig no. 11 (Figure 19)., Pig no. 12 had a termerature

rise to 10L.L°F. at 12 hours but the temperature was normal at 2L hours.

Hematology

mm

The pre-inoculation leucocyte count of pig no. 11 was 30,00C, ffter
receiving the intracerebral inoculation of the cell culture fluid there
was little change in the leucocyte count or in the lymmhocyte count during
the 72 hour observation period. The other control pig, no. 12 had a
definite leucocytosis in which the total leucocyte numbers increased from
19,600 to 33,7C0. The increase was primarily in the lymphocytes with an
increase of 12,50C cells in 2L hours while the neutrophils increased only
2,400 cells during the same neriod.

The virus-infected pig no. 1L when necronsied after 24 hours, showed
a decrease in the total leucocyte count with a reduction in both lymphocyte
and neutrophil count. In pig no. 13 there was a leucocytosis with an
initial total leucocyte count of 12,900 and a count of 17,550 after 72

hours, There was a slight decrease in the neutroohils at this time.

The increase in the total leucocyte count was due primarily to a lyrmho-




Flgure 19,

Morning and evening body Figure 20,
temperatures of pigs no. 11
and no, 12 which received
intracerebral inoculations of
cell culture fluid,

Morning and evening body
temperatures of pigas no, 1
and no. 1y vhich received
intracerebral incculations
of IBR-I'otus virus,

3
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It vas noiiced in Esmperirent lio. 1 that the cellular elements of

the blood tended to ceitle very repidly in the blood sarples fron the

vigs receiving the intracerchral inoculation of virus, The erythrocyte
sedimentation rate (E3X, durinzg an eight hour period was cdetermined on
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culture-inoculzated pigs, A marked difference in the EESR was observed

betveen the tuo grouwps. 2igs no, 11 and 12, the ce71 culture inoculated

pigs, had very low sedimentation rates iith a high reading of § m

i e

er

e

8 hours in piz no. 12 at 24 hours post-inoculation. Twenty-four hours
after inoculation the virus-infected pigs had accelerated sedimentation
rates with no., 13 showing 27 rm. per 8 hours and no. 1l teing 19 rm. vper

8§ hours, Pig no. 13 had an ISR of 25 mm. per 8 hours on the third day

after inoculation (Figure 21),

ec*ov"" resulivs

with the exception of a reddich colo~ation of the cerebrospiral
flvid thsre wers no other gross pathological lesions cheerved
in control nig no. 12 vher cxzmined at necronss 2h hours after receiving
the intracerebral injection of the cell culture inoculum. licroscopic

examination of the brain revealed a mild meningitis with perivascular

cuff1“~ of a2 few blood vessels., At the site of the needle track there

was focal malacia vith erythrocyrtes and neutronhils in the area,




Figure 21.

Erythrocyte sedimentatlion rates of the pigs in the vtleon
Experiment (Experiment no. 2). Pigs no. 11 and 12 were control pigs rf‘ceiv N
intracerebral inoculations of cell o *x.re fluid, Pigs nos, 13 and 1l reccived
intracerebral inoculations of IBR-Fetus virus,

Intracerebral Inocula
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In contrel pig no, 11 vhich was nscerepsied 72 hours after recsiving
the cell culture fluid there were no gross or rdcroccopic laszions,

Post mortem examination of pig no, 1, twenty-four hours following

virus inoculation, rovcaled a moderals non-supperative

s
-
v
o
[
51

the cercbral cortex arca, licroscepic exzmdnation of the brain revealed
va*culltﬂs and perivascular cuffing in the cortex, midbrain, madulla and
brainsten., The inflamatory cells were primarily of the monomuclear esries,
There were some neutrophils and somre hemorrhege was also present,

Similar lesjons wore observed in the other virus infectsd pig, no. 13,
except that the lesions appeared to be more severs, A s2vere non-sup-
purative meningzitis was epparent over the cerchbral cortex and midbrain arezs.
Vasculitis and perivascular cuffinz were gpparent throughout the brain and
brainstem on microscopic exemination, The inflammstory cells were of the

mononuclear ssries,
§erolo¢v

Examination of pre-inoculation serum sarples from each pig revealed
P p

no IBR antibodies, Post-inoculation samples wera not tested,

Virus isolation

Virus isolation attempis on the tissue spescimens obtainzd on post-

morvem examination were mads on MDBK cell cultures, No viruses were

isolated,
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Tecteriolorical examination

Bacteriological examination of swabs obtzined from-the meningeal
surface and the subarachnoid space revealed no bacterial organmisms in

pigs 11, 13 and 1, but a Streptococcus species was isolated from the

meningeal surface swab from pig no. 12.

Pregnant Sow Pathogenicity Experiment: Esperdiment Yo. 3

Clinical signs

Eight days following intravenous inoculation with TSR-Fetus virus
sow no, 16 developed a bilateral serous ocular discharge vhich persisted
for eight days. On the eleventh and twvelfth days there was a bilateraml
nasal discherge. Also on these days there was a-noticeable =mount of
blood present on the nasal swab,

On the sixteenth post-inoculation day sow-no, 15 was irritable amd
reluctant to move, DBreathing was heavy and anorexia uwas-evidemt. ODOn the
following day the appetite had imwroved but the_sow was reluctamnt to move
and refused to get up. On day no. 18 the sow appezred mormal.

lio further signs were observed in either sow mntil farrowing. Sow
no, 15 farrowed 59 days after receiving the intravenous inoculation of
virus, Ten living pigs were born. On the following day the sow developed
a diarrhea, The mammary glands were congested and firm, and the vulva was
svollen, The appetite was good and the rectal temperature was 103.5017‘.

On the second posi-parturient day the sov's appetite was poor but the sow

rd
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swollen and thoere was a szro-honorrhagd
noa. - & v 2 ) S - R a | e L Ay Ty ~ T x4 80-
ency of the feces was irproved but the sow!s body terperatvre was 105.8°F,
The pigs were active and 211 vere nuvrsing well,
On the third day following parturition therc was a slighi purulent
veginal discharze in sow no, 15, Her gppetite was good, the feces vere of
; 0.
normal consistency and the rectal temperaturc was dom to 103,61,
Bacterial examination of veginal swebs obtained on the second and
third post-parturient days did not recult in the isolation of ary patho-

genic organisms,

4

There vwas no vaginal discharge on the fourth post-parturient day.
The sow was alert, her appetite was good and the bowels vwere normal,
The sow's temperabture was 104,8°F,

Sow no, 15 remzinad alert and active throughout the renainder of the
experiment, Eer appetite was good and her feces were normal. The piglets
were healthy and grew well, However, during the 20 dzys following partu-
rition the sow's temperature was elevated on several occasions (Figure 22).

o
Post partun day no, 7 106°F.
.,
no, 9 05,2 F,
y O
no, 10 1047,
o
no. 12 105°F.
o
no, 16 104°F.

The temporatures of two other sows houssd in an adjacent pen remained

normal throughout thls pericd,




Meure 22,

Baily b?dy temperatures of sow no. 15 following parturition
was administered by intravenous incculation 59 deys n*io; %é P
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Sow no. 16 farrowed 76 days following the inoculation of the IBR~-
Fetus virus., Nine living pigs were born and three pigs (no. 16I, no. 1&J,
no. 16K) were dead but were full-term. Another dead pig was born on the
following day. One of the live pigs (no, 16L) died on the day following
parturition after being crushed by the sow., However, this pig had been
lethargic since shortly after birth,

Forty-eight hours after parturition sow no. 16 had a slight purulent
vaginal discharge, There was a laceration at the dorsal cormissure of
the vulva. Bacterial examination of a vaginal swab did not result in the
isolation of amy pathogenic organisms, The sow's appetite was good and
the consistency of her feces was normal,

The sow!s temperature was 10h.2°F. on the day of parturition and
remained above lvhoF. for seven days except on the fourth post-parturient
day the terperatire was 103.8°F, On the fifth day the temperature was
105°F, (Figure 2-). The sow was alert and active and had a good appetite
throughout the ohzserved post-narturient veriod.

On the sixth day following parturition rectal temperatures of the
piglets vwere taken. 2ig no. 16A had a temperature of 1cL°F. and pig no.
16F had 104.4°F. On the seventh post-parturient day these - pigs were
lethargic and depressed. The bowel movements were normal and both pigs
nursed well, The termerature of 16A was 105.8°F. and of 16F was 10L°F.
On the following day the pigs appeared normal and the temperatures were

within the normal range. There were moist scabby areas below the eyes of

five piglets (16A, 16B, 16C, 16G, 16H).




Figure 23, Daily body temperatures of sow no, 16 following parturition., IBR-Foiuvs viruc
vas administered by iniravenous inoculation 7% days prior to parturition.
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licer 'i"'”' resulls

Sor no. 16 was submitted to post mortem exarmination 86 dsys fellouing

inoculation of the IZR-Feitus virus and ten doys follouing parbturition.
There were no gross lesions, licroscoeplc exanination of the tissues
revealed the presence of necrotic debris and neutrophils in onc follicle
of th2 left overy., There was a mild peribronchiclar thickening of the
interstitial arees of the lungs,.
Post morten exariinations uere conducted on two of the pigs from sow
15 approximately six hours after parturition, No pathological changes

viera noted eithsr on gross examination or on microscepic exarinatien,

The three stillborn pigs fron sow no, 16 were submitted to a nocropsy
exariination.. The lungs werz collapszd in all thres pigs. In orne pig,
no, 1€I, therc was a scro-hcmorrhagicr transudate in the peritoneal cavity.
The liver was soft and friable, In another of the pigs, no. 16J the lymph
nodes in tha corvical area were dark and hemorrhagic, The other pig, no,
16K had no observable lesions,

Post rniortem examination of the pig crushed by the sow, no, 16L
was condvected, A ruptured disphragm wes obssrved with a large amount
of hemerrnegic fluid in the thoracic cavity. The liver was very yellow
and the spleen was dark in color, The peritoneal cavity containad

fibrin as well as a dark hemorrhagic fluid, The mesenteric bleed vessels

were injected and the mesenteric Jymph nedes were dark and hemorrhagic.
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An intestinzl stronoulation trhroush a tecr in the rasentery was found,
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A portion of the stranguiated intesiine was deri, hemorrhiszic, and

actericlozical exorrinstion of tke kidney, liver and the peritoneal
fluid of pig ne. 181 resulied in the isolation of a pure culture of 2

islloe

non-henolytic @scherichia coli from 211 three soecirens

z . - 4 » - .
and 16 T vere exzmiined on poost rorien on the eighth day

aale e

s
-

Pigs no. 16

followinz perturition. 1o lesicons werzs obszrved

e

Serological resultis

Serum sarmples vere ottained at ronihly intervals from both sovs,
Sow no., 15 had a 1:256 titer by the end of the first month following
virus inoculation, The antibody titer persisted at this level through
the next two sarmlings, 4 sarmle was obtsined 97 d=2ys followin

< inocu-

(=]

lation and the titer had risen to 1:512 (Fizure 2

.

Sow no., 16 had a titer rise to 1:1285 ai the end of the first month

7~ 1 - - 2 . v - - 1 >
Br 76 days tie titer had risen to 1:258 and was still present at this

5
53




Figure 2. Antibedy titers of sows no, 15 end no, 16 which received IBR-F
intravenous inoculation duvring pregnancy.
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had an IBR titer of 1:8, The other pigs were samled at eleven days of

age- and the following IBR titers iere sresent:

16 B 1:8
16 C 1:8
16 D 1:
16 E L:h
16 G 1:h4
16 H 1l:ly

Virus Isolation

Virus isolation attempts were made on the nasal, conjunctival and
vaginal swabs collected daily from the two sows. A total of L6S samples
were inoculated onto IDBK cell cultures and passaged four times, To
virus isolations were made,

Several veeks after the completion of this exveriment a swine

| testicle cell line was made available, One hundred and fifteen of the
original samles were inoculated onto the ST cell cultures and passaged
twice. llo viruses were isolated,

Tissue specimens from sow no., 16 and from pigs no. 16A and 16 F were
processed and inoculated onto IMDBK cell cultures. No virus isolations

were made, Later these same sammles were inoculated onto ST cell cultures

with negative results.




DISCUSSION

ke scrological swrvey of 108 swine herds in Iowa
indicate that Jowa swine have hed exposure to infectious bovine rhino-
tracheitis (IBR) virus, OFf the 1220 anin=2ls saripled, 139 or 11,383
possés::d antibedizs to IER virus, Of the 108 herds sampled, 32 or 29.63
had one or more pigs with antibodies to IBR virus, The only reported
survey of siine sora for IBR antibodies vas by Spradbow (96). One
hundred porcine sera collectcd from abatteirs in Queensland, Australia,
were 211 found to be negative for IBR antibedies, Similar swrveys in
cattle in Canzda by ldile, et 21, (73) and by Greig (30) indicated an
inecidence of 37% in Alberta and 8,139 in Onbtario respactively. Clinical
IER had not been previously reportsd in Cntario, however IPV had been
obsarved and the virus isolated, Ye:berns, EE El' (72) in 1961 reported
an IFR entibody incidence of 35% in the United States and a 167 incidence
in Jowa. Though som2 time has elapsed since this survey, it is very
likely that the present incidence of IER in cattle is sufficient to
provide adequate exposure of Iowa siine to the IIR virus. The 11.38%
incidence of ISR antibodies reported in this study when corpared to the
other surveys appears to represant a significant incidence of this virus
in gwine,

thether clinical diseas2 wvas involved with the developmont of the

antibody titers is not kmoim. It rmust be assumzd that the animals in

this survey represcont primarily breeding stock since samples vere
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originally subnitted for brucsllozis end leptocpiroszis testinz,. v is
prcebeble that most of the aninals vere tusted as a prorequisite for sale.
Hovever som:2 of tho anincds were undeubtcodl;
proslems er infoctious discas2 problems, Usually thera was no pertinont
history esccomparnying the samples and corrclation of the antibody titers
vith a disz2ase process vas impossible,

If Jova sing are exposcd to IBR virus what is the source of the
viruvs? Is the virus strezin being maintaincd in the s7ins

opulation

Fh

O
o}

or is the virus being transmitted frem infected cattle to the swine?
Infectious bovine rhinotrecheitis is well distributed in the cattle pop-
ulation of Towa. lNewberne, et al. (72) reportsd that L67 of 318 scrum
sarples from Iovva cattle were positive for IBR entibodies, However since
the swine in the sarple population are primarily breeding enimals one
would suspect that the svirnc-cattle contect would b2 minimal, On2 could
then speculate that the IER virus is nmaintained in the svine populatien
by a pig to pig trancfer rather than a catile to swine transmission,

A firm preducing hybrid swins has sgveral herds scattered throughout
Towa which were included in this survey., Eerd no. 79 in the north-central
arca and herd no, 5L in the northwest arvca were two herds with IBR positive
aninmals that were oimed by this firm. Eerd no. 8 in close proximity to
herd no, 79 also had the sam2 breed of hybrid hogs. In northwesi Iowa
herds no, 51, 67 znd 1038 also have thess hybrid hogs. On rdght speculate

that there would be traffic of hogs between some of thess farms,

Seven of the herds had twwo or more submiscsions of samples, Four cof

thesa herds hed positive samples on more than one submission.
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A possibility to be consldercd is cross-roactivity with other Hcrpes-
viruses, btoth knovn end wnlmovn, Plwmsr (79) reperted that thers was no

CLE e \ 3w . Ay P AT I A
cross reactivity batiesn lerpss siznlox 8, pezudorabics, IPR end

equine Herpesvirus types 1 axd 2 except cress nsutralization of lerpes

sirplex by Herpes B virus antiserwn, Cross complement fixation betuwcen
IR virus and ecuine Herpesvirus type 1 was rzportsd by Carmichacl and

1a
Barnes (12) end Plwmnsr (79). lare® tested a nurber of the sames sera

used in this study for pscudcerahics antibodics and there was no correlation
between positive IBR sarples and positive pscudorabies samples,
The evidence indicates thal a porcine strain of IBR virus is prescnt

in Jowa swine, Vheother clinical disasase is present or vwhethor the infection

is subclinical is not knowm,

Stine inoculation studies

It would be difficult to attribute the syrptoms and lesions that
vere obscrved in the young pigs inoculated intravenously to the effects
of the IBR virus., Both pigs showed a high temperature and anorsxia on
the 1yth day and one had a nesal discharge on dzys no. 13 and 1,

Hovever significant entibedy titers had developed in both pigs by the

ssventh day. Syrpioms would not sppear

©“

o late after inoculation unless

aII;ru, C. J., Ames, Iowa. Serological survey for pscuderabies
antibodies in Jova swine, Private commmunication, 1969.
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there was a delay in antibody formation. Also one of the pigs receiving
the intranasal inoculation showed a temperature rise and the other a
conjunctivitis on day no. 1. It would be highly improbable that
clinical signs would develop on the same day when the virus was admin-
istered by two different routes, The serological response of the pigs
to the IBR virus was much more rapid in the intravenously inoculated
pigs than in the intranasally inoculated pigs.

Clinical disease resulted from the intracerebral inoculation of
the IBR virus, All four pigs developed high temperatures, disturbances
of motor function, hyperesthesia and anorexia. Two of the pigs
recovered after several days and no permanent alterations were
observed, The infection was similar to that observed by Snowdon (SL)
in calves inoculated intracerebrally with a vaginal strain of IER
virus. In the calves the temperature rose to 106°F, on the day
following inoculation and signs of motor disturbance and hyperest esia
occurred. A rhinitis and conjunctivitis was also present. Stra.h and
Bohm (99) inoculated cattle intracerebrally with a strain of IBi virus
isolated from the brain and cerebrospinal fluid of calves having a
generalized IER infection without evidence of nervous symptoms or lesions.
The severity of the infection varied with the volume of virus used in
inoculation. Calves receiving ten milliliters of virus died 2-L days
following inoculation. The other calves recovered after having high

temperatures, disturbances of motor function and anorexia. Johnston,

et al. (38, 39), French (23, 24), Gardiner and Nairn (25) and Hall,
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et al. (3L) in studies of their newrotropic IER strains produced severe
meningo-encephalitis and death by intracerebral inoculation of calves.
Intranasal inoculation of these strains produced an equally severe
infection indicating that the virus had the capacity to invade the
central nervous system from the nasal passages.

Intracerebral inoculation of the cell-culture fluid into the control
pigs in Experiment no. 2 did not produce symptoms or lesions except in
pig no. 12 which had a temperature rise after inoculation. At necropsy
a Streptococcus sp. which could have caused the temperature response
was isolated from the surface of the brain of this pig., Straub and Bohm
(99) inoculated an IER-immmne calf intracerebrally with IER virus as a
control to determine the effects of the injection and the cell culture
fluids on the brain. No symptoms or lesions were noted, It would appear
that the symptom: and lesions observed in the pigs inoculated intracere-
brally with IBR virus are the result of the viral infection rather than
irritation from the inoculation fluids,

The necroosy results of the pigs inoculated by the intracerebral
route indicate that the IER virus is capable of replication and of
producing an infection of the nervous tissue., lMeningitis, perivascular
cuffing and gliosis were present. The lesions were not severe but were

sufficient to indicate viral infections.

Antibody formation from the intracerebral and intravenous adminis-

tration of the virus developed early and rapidly increased to substantial
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levels indicatirs that wviral maliiplicaticn did cccur., Ths raplidity of

4

the antibsdy recponts was similer to that cbzarved by MeKercher (€)) in
cattle in vhich the evorazs antibody titzr efter twelve dsyc was near the
nacinum observed over a2 ten-month poricd. Two of those pigs malntained
high antibedy lovels for a yesr after infecticn.

Antibody formaticn in ths intranasadly-inoculeted pigs was dzlayed
and increased oy to low lewvols, Undoubteddy the rate of virus survival
and the ability to nultiply in the nosal passeges was limited., The IRR
virus isolated in the nasal passages of pig no. 5 was probably resideal
virus frem the originnld inoculum,

Slight nasal and ozular discharzes were obsarved in cnd sow shortly
after inoculation ard both sows showsd a slight veginal discheargs briefly
during the ezrly pcst-parturient peried. Abortions were not producsd in
the scws by intravenous incculation of the IER wvirus., Four cof tha pi
born to scw no. 16 were dead at birth., lNo nicroscopic lesions
vere fourd in thec2 pigs and atternts at virus isolztion wera not success~
ful. Antibecdy producticn is an indication that viral replication ccowrred
in ths sows, It is poscible that the virus noy havo crossad from ths
maternal circulation and becom: estzblicshed in the fetuscs, These
symptcms nmzy kave bean due to the effects of the virus, but since no
virus could be isolatzsd there is no evidence to support this asswmption.
It is intercsting that both sows developed high temperatures for a rawmber

of days following parturition while sppearirz clinically normal otheriise,

Could this b2 a recrudescesnce of the virus infection initiated by parturition

as observed in ccus by Snowdon (94)7?




The antibody response in the sows was rapid and high titers develoved
indicating viral multiplication had occurred, The antibodies were apparently
sufficient in the colostrum to produce low levels of antibodies in the baby
pigs.

Failure to re-isolate IER virus from the exverimentally-inoculated
animals could be attributed to one of several factors. (1) The storage
conditions for the sammles obtained from the animals and for the cell
culture passaged material were not ideal for long tern storage. Virus-
isolation attempis on 1300 sarmles and the subsecuent re-nassaging of
the sarples necessitated storage for several weeks. Storage at -20°c.
for this period of time may have affected the re-isolation of virus.

(2) Each sarple was carried through a total of four passages on cell
cultures, If the titer of the excreted virus was low it is possible
that further passasges in cell culture would have been advantageous.
Saxegaard (90) examined a croup of clinically normal bulls as well as
two bulls with a purulent balano-nosthitis in an artificial-bree-ing
stud, Fe was able to isolate IF virus from all of the 2L bulls but
extensive passages in cell culture were recuired., Three animels including
the two bulls showing symptoms excreted virus which was isolated on the
initial passage in cell culture. Two bulls were positive for ISR virus
on the 3rd nassage, two on the Lth passage, twelve on the 6th passage,
four on the 7th passage and one on the 9th passage., Saxegaard suggested

that a minimum of ten nassages be accomplished before a sample be considered

negative, In this study such an extensive number of passages was not
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possiblec du to the lar
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syrsten vutilized in this study for virus isolation attempts was possidly no

mentel pigs. The cteck virus vas propagaetsd cn MDBK cells and high titers
of virus were consistently preduced. Houwever passags of the virus through
the pigs may have rcoduced or alterzd the viyuvlence of the virus for the
MDBK cells,

Snowdon (95) reported that the isolation of IIR virus from vazinal
swabs, preputizl swabs, and nesal siebs was possible using s2veral differen’
cell types. However, bovine edrenal (BAD) and bovine thyrmus (BY) cell
cultures werc more susceptible since the CPE sppearcd earlier and progrosse
more rapid]y then in bovine thyroid (BTY), bovine pancreas (BP), bovine
kidney (BK) and porcine lkddnzy (PK) c2ll cultures. In the easz of a
hassxl strain the CPE was abrent or minimel in the BX and BY cell culbtures
by the ninth day while the BAD and BY cell cultures were complelely
destroyed, Madin (50) reported in 1956 that Fela cells were not suscephible
to IER virus. However Cabasso, et al. (11) were able to adept the IR
virus to Hela cells by an altzrnating passags betiesn Hala and bovins
ermbryonic kidnzy cells (EEK). Attenpts were made to utilize another ccll
type of swine origin, the swine lkddney cell line (SK). However, the sarples
had been storcd for a period of timz and if on2 assumes the virus titer was

low, the nzgative results are not surprising., If ther an alteratiocn

in the virulence of the virus for 1DBX cells, ernd if ths titer of excrote
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virus was low it would in retrospect indicate that extensive passages
would be required to isolate the virus, possibly as many as Saxegaard
(90) recommends,

It is evidont that despite the failure to isolate IBR virus from
the pigs, the virus is capable of multiplying and under some circumstances
producing clinical evidence of infection. The serological survey indicates
that there is a porcine strain of IBR virus in Iowa.

For seventy years or more the IER virus caused only a localized
venereal infection in cattle., With the drastic changes in cattle husbandry
circumstances developed which favored some subtle alteration in the IER
virus which increased its invasiveness and changed its tropism. Buening
and Gratzek (9) have shown that there are detectable differences between
IBR strains. Since 1954 new strains have developed or at least we have
discovered strains which have different infective properties and a broad
spectrum of disease syndromes has subsequently been described. What

_ bearing does this have on swine? The circumstances may develop or may
i already be present in which a porcine strain becomes established and
clinical disease may occur. The IBR virus has been shovn to be very

adaptable and if a porcine strain is established, a repetition of its

history in cattle may occur,
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A serolosiczl suwrve;y for infectious bovine riinotracheitis
antivodies was conducied on swine scrun saocles from 108 Towa herds.

Of the 1220 aninels szrmled, 139 or 11.
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1:i or hizher, It is probzble that the sarwling represents primerily

breedirz esninzls that have linited contact with cattle. A porcire

Inocilation of IFR virus into sine by intravenous and intranasal

swine b the intracerebral route nroduced syrrtons of inceoordination,

-

yoeresihesia, pish terperatures and anorexia, Significant antibody

»

also develoned althouvgh no virus was isolated, 1In two of the pi:

~
=

titer

{es]

5
receiving the virus oy ihe gemital route as vell as the intracerebrezl
route, a2 purulent vasinal end preputizl discharge iras observed
Two pregnant sows receivin
A slicht naszl discharge and oculer discharze vere observed in one sow
shortly after inoculation. 3Zoth soi's had a slight vazinzl discharce
shortly after parturition followed by a peried of dais in which high
termeratures vere observed vwhile they remained cliniczlly normal othervise,

Antibody titers recsched significant levels in both souws, Mo virus was

isolated.
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Swine are capable of being infected with IZR virus, The failure
+o isolate virus mar be due ‘o the exiremely low titer of the ercreted
virus and the alteration of the virus envelope after passage through

the pig which necessitates extensive passages in tissue culture for
.l . -

isolation.
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