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INTRODUCTION 

Infectious bovine rhinotracheitis (IBR) was apparently 

first observed in the United States in Colorado in 1950 and 

was recognized in California in 1953· The IBR virus was 

isolated from cattl e affected with respi ratory infect ion i n 

1955. In 1957 the virus was isolated from cattle with an 

infectious vaginitis later called infectious pustular vulvo-

vaginitis (IPV), which was found to be the same as Blaschen-

ausschlag, a disease that had been recognized in Central 

Europe for many years . As the name would indicate , however , 

the manifestations of IBR in cattle most commonly observed 

involve the anterior respiratory tract. Occasionally , con-

junctivitis is associated with the respiratory form of the 

disease or it may appear independently. In Australia , the 

virus was first isolated from calves suffering from an enceph-

alitis . More recently it has also been reported to cause 

abortions in cattle in the United States. 

Vaccines have been developed by attenuating viruses iso -

lated from the respiratory tracts of infected cattl e and have 

been utilized since 1957 to prevent the respiratory form of 

the disease . The licensed producers of IBR vaccine are 

requi r ed to test its immunizing ability by vaccinating suscept-

ible calves with a prescribed dose and conducting a serum 

neutralizat ion test with blood collected 14- 21 days after 

vaccination . The serum must neutralize the test dose of v i rus 

I 
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(100 to 1000 TCIDso) at the 1: 2 di lution . The vaccination 

a lso serves as a safety test . 

Testing of commerc ially produced , licensed biologics is 

conducted at the National Animal Disease Laboratory , Ames , 

Iowa ( NADL ) . Due to the cost of calves for testing and space 

limitat ions , it would be advantageous to utilize smaller , less 

expensive animals for testing the I BR vaccines . Since there 

was a report in the literatu re that goats are susceptible , 

i t was thought that goats mi ght be useful for this purpose . 

The report of attempts to infect goats constitutes the first 

portion of this thesis. 

Antigenic compa risons of strains or isolates of I BR 

virus made by some investigators reveal ed t hat they were 

antig enically the same based upon the ability of antiserums 

to n eutrali ze viral strains or i solates . More recently some 

workers had detected apparent antigenic differences . Signifi -

cant a ntigenic d ifferences would indicate a need for a vaccine 

composed of mor e t han one strain of IBR virus . In order to 

dete r mine if there were antigenic differences , the neutraliz -

ing a bility of the calf antiserums , collected fro m susceptible 

calves vacc inated by the licensed producers , were tested using 

certain vaccine and v irulent viruses . The virulent viruse s 

were recovered from field cases of I BR , IPV, abortion a nd con-

junctivitis . The re sults and analysis of t he s e serum neutral -

i zat ion tests are reported in the second part of this thesis . 
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It was noted in the literature that avirulent strains of 

measles and polio viruses ·induced a higher yield of interferon 

(IF) than did virulent strains of these viruses . If the 

modification of a virulent virus to an avirulent state ls 

related to the production of IF , or susceptibility of the 

virus to IF, then it should be possible to demonstrate it . 

If this phenomenon applies to other viruses, it should be 

possible to show that the !BR virus which had been modified 

to avi r ul ency induced a higher yield of IF than the virulent 

strains . Also if this is generally applicable, it could be 

significant for the evaluation of other vaccines as well as 

IBR. Therefore, a study was conducted to compare the IF 

yield or sensitivity of avirulent {vaccine) and virulent 

strains of !BR virus. Reports of these experiments utilizing 

several tissue culture cells and variations in temperature , 

and virus strains constitute the third portion of this thesis . 
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GENERAL REVIEW OF THE LITERATURE 

A disease involving the upper respiratory tract of dairy 

cattle was reported by Schroede r and Moys ( 82 ). The apparent 

infe ction , which was characterized by a h i gh fever , up to 

108 E. and sudden cessation of lactation , appeared suddenl y 

in the Los Angeles , California area on October 17, 1953. I t 

spread in California d uring the next few months . The disease 

was cons i dered by these authors to resemble i nfectious bron-

chitis in cattle as described in Hutyra , Marek , and Manninger 

( 4J ). 

Mcintyre ( 58 ) described the successful reprod uction of 

the d i sease described by S c hroeder and Moys ( 82 ) by inoculat -

ing cal ves with a mixture of blood , na sal d i scharges , sputu~ 

and f ece s from affected cows . He also observed s p r ead by pen 

contact and reported transmission by the inoculat ion of mater-

i a l s fro m chicken embryos which had been previously inoculated 

with sputum and nasal exudate ( treated with penicillin a n d 

streptomycin ) collected from clinical cases . 

McKercher et a l . ( 61 ) r eported that beef cattle were 

affected in the s ame ep izoot i c in California . These a uthors 

concluded t hat it was a n exot ic or new d isease entity or an 

endemic disease tha t had become so clinically modifi ed as to 

be unrecognized as such . They were unsuccessful in trans -

mittin g the d i sease using inocul ations of blood , spleen a n1 

nasal a nd tracheal curetting s fro m f i e l d cases of the d i sease . 
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Various routes of inoculat ion were utilized . One animal inoc-

ulated i ntranasally responded with a temperature rise . 

Attempt s were made to isolate a causat ive agent by 1nocul at -

ing mice and chicken embryo s with spleen , lung , and n asal 

washings . Guinea pig s inoc ula ted with mi l k and b l ood from 

visibly affected f ebrile cattle were not infected . These 

a uthors explored the relationship of this disease to virus 

diarrhea (VD ) as described by Baker et al. (4). Cross-

protec t i on tests were conducted wi th cal ves experimentally 

a nd naturally exposed to the respiratory d isease . Although 

there a ppear ed to be cross protection among some animals , it 

was attributed to the gen eral prevalence of VD in the area 

a nd to t he a ge of the animals used in the trials . The failure 

to transmit the d i sease was a l so considered to be due to the 

widespread occurrence of the condit ion in the area a nd that 

therefore the inocula t ed animal s might have been exposed 

previously . 

In 1955 Miller ( 71) discussed a disease fir s t observed in 

beef cattl e which affe cted the entire upper respiratory tract 

and which had been observed in Colorado since 1950 . Because of 

the l es i ons observed , the condit ion was known as necrotic rhino -

tracheitis . He referred to the report s of a s i mil ar condition 

in Califor nia ( 82 ) and suspected that this was a modified form 

of the same d i sease . Beginning in 1953 the disease was ob-

served in young er cal ves and in dairy herds where n o beef 

cattl e were present . Since no drugs were found to be specific 

.. 
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for treating the disease t it was believed to be due to a virus. 

Therapeutic measures were designed to combat the secondary 

invaders. 

Chow et al . (13) reported the successful experimental 

reproduction of the disease , now referred to as infectious 

rhinotracheitis. Routes of inoculation were oralt intranasal, 

and intravenous. The intranasal inoculations were made with 

a syringe and as an aerosol. Materials were collected from 

sick animals and from autopsies . Materials used for inocula-

tion were nasal secretions, fecest tracheal exudatest saliva, 

splenic suspensions and serums collected from febrile animals. 

Cattle inoculated were of the beef and dairy breedst ranging 

in age from 6 months to 4 years . No evidence of infection 

resulted from inoculations of mice t rabbits, or chicken 

embryos . No reaction was noted in cattle which had received 

inoculations of tissues from the third passag e in chicken 

embryos. 

McKercher et al . ( 62) reported the successful transmis-

sion of the disease by inoculating nasal exudate collected 

from affected cattle. Bl ood from the same animals did not 

evoke any reaction. A typical response to the intranasal 

inoculation included; (1) febrile --24-72 hours postinoculat ion 

--temperatures of 105.5 to 107.5 for 3-5 days , ( 2 ) serous 

nasal discharge , ( 3) shallow rapid breathing, ( 4) accelerated 

plus rate, and (5 ) congested nasal mucosa . After several days, 

whitish fibrinous exudate could be observed on the mucosa 
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i nside the nares . Salivat i on increased and was frequentl y 

dry and tenacious . Depression and inappetence occurred at 

the time of maximum fever . Considerable respiratory distress 

wa s apparent ~n the more severel y affected cases . Th e to tal 

white blood cell counts ( WBC) did not f luctuate beyond normal 

limits . Lacrimat ion was sometimes observed but was regarded 

as coincidental or a ssociated with pinkeye ( sic) which so me 

experimenta l calves developed . 

Mature cattle were experimentally infected using the same 

materials and procedure s . There was evidence that the experi -

mentally- produced disease was transmitted to susceptible pen 

mates through contact . I t was however, while typi cal , a 

mi l der re sponse . The possibility that the inocul ation did 

not merely activate a l atent i nfect ion was tested by inoculat -

ing sterile stabilizing fluid . No r esponse was observed . 

Also , nasal washings fro m c linically normal mature cattl e 

failed to produce any r esponse when i nocul ated into cal ves . 

The nature of the agent was establi shed as a virus by 

producing the disease with bacteria- free filtrates of t he 

nasal washings . 

Recovered ani mals were fqund to be i mmune to challenge 

with the homologous virus and to mat erial s collected f r om two 

field cases . 

Na d in et a l. (55) first reported the isolation of the IBR 

virus (IBRV) . They inoc ulated bovine embryonic k i dney ( BEK ) 

cells with nasal washi ngs from cattle in the acute phases of t he 
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disease . The I BR virus produced a cytopathic effect (CPE ) 

characterized by rounding and shrinking of the cells a nd a n 

increased granularity and clumping beginning 24- 48 hours after 

inoculat i on. The virus a l so produced CPE in bovine embryonic 

testicle and lung cells but not in HeLa , KB , L or chick 

fibr e.blast cells . Cattle were infected with tissue culture 

materials collected fro m the 4th , ?th and 15th passage in BEK 

cells . They a l so demonstrated the abili ty of convalescent 

serums from experimentally and naturally infected cattle to 

neutralize the virus . 

York and Schwa rz (1 05 ) reported the successful propaga-

tion of the I BR virus in BEK cells wi th CPE as described in 

( 55 ) above . They inoculated cattle intranasally with the 

tissue culture fluid containing virus and observed a typi cal 

febrile r esponse and other typi cal signs of the disease . They 

challenged the i mmunity produced i n the r ecovered animals by 

ino culating them with the homologous virus and heterologous 

viruses includ i ng nasal washings fro m naturally infected 

cattle . The previously infected cattle were shown to with-

stand chall enge with all viruses tested . The se authors con-

clud ed from conducting cross-neutralizat ion tests with serums 

from conva l escent animals inoculated with the ho~ologous a nd 

heterologous viruses that the 7 strains or i solates tested 

were of 1 a nt i geni c type . Thi s report a l so d iscusses the 

devel opment of a modified virus vaccine which is reported 

fully i n ( 84 ) • 
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Gillespie et a l. (29) confi r med the reports of other 

workers (55 ) that (1) the infectious agent was a virus (2 ) 

the disease could be transmitted by contact as wel l as from 

infected material (lJ , 62) , and infected tissue culture f l uid 

( 105 ), and ( J ) that immunity was produced by the i nfect i on . 

They were able to recover the virus from nasal exudates , 

tracheas , mediastinal lymph nodes , l ungs , and blood following 

inocul ation intranasally or intratracheally , but not after the 

animals had recovered . Serum from recovered ani mals neutral-

ized I BR virus but did not neutral ize bovine virus diarrhea 

virus or react with Mycobacterium bovis or Leptospira uomona 

by aggl utinat ion or l ysis . 

Schwarz et al . ( 84 ) reported the successful modification 

of the I BR virus by rapid serial passage and terminal dilution 

procedures in EBK tissue culture . The avirulence of the modi -

fied virus was demonstrated by intramuscular and intranasal 

i nocul ations of susceptible cattle . The inoculation of the 

modified virus intramuscularly i nto cattle e l icited a response 

that protected cattle against an intranasal challenge with 

virulent virus . The virus did not spread from vaccinated 

cattle to susceptibl e contacts and was not re - isol ated from 

the bl ood or nasal washings of the vaccinated cattle . 

Ken drik et al . (47 ) conducted a field trial of a co~er­

cially developed IBR vaccine by vaccinating by i ntramuscular 

injection 20 susceptible cattle and maintaining 2 control 

groups ( unvac c inated susceptible cattle ), 1 g roup in contact 

with ar.d the other isolated from the vaccinates . The chal l enge 
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was by an intranasal spray of 10 ml. of tissue culture fluid 

containing virus. The vaccinated animals all resisted chal-

lenge 23 days after vaccination while the contact and isolated 

controls exhibited typical febrile response and clinical signs 

of I BR . There apparently was no spread to the contact controls 

due to the vaccination, since they were completely susceptible 

when challenged. All vaccinates had antibodies against IBR 

at the time of challenge. The titers as determined by the 

serum neutralization (SN) test ranged from l:J to 1: 50. None 

of the controls had antibodies detectable by the SN test. 

Brown and Chow (9 ) tested two commercially produced I BR 

vaccines. The trials were conducted under controlled condi -

tions and in field trials. Of the 20 cattle vaccinated in 

the first trial, 14 had a mild post-vaccinal reaction but 

all resisted challenge 4 weeks later although 7 of the 20 

showed a mild reaction. Sixteen of 20 unvaccinated cattle 

that were challenged developed typical IBR. In the field 

trial 1.08% of the 12,975 vaccinated cattle developed IBR 

when challenged compared with 5.61% of the 4,62J unvaccinated 

controls. 

McKercher and Straub ( 64 ) reported the isolation of a 

virus designated as the W strain from nasal washings of a 

range cow. The agent was compared serologically and by cross-

protection tests to IBR virus. On the basis of complete re-

ciprocal cross-neutralization tests, with a reference I BR 

virus, the W strain seemed to be an IBR virus. The authors 
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stated, 11however . this strain might differ in certain ant i genic 

details from the reference strain. '' The cross- protection 

tests confirmed the close relationship of the isol ate to IBR 

virus . The delayed temperature responses . 8- 9 days post-

challenge , observed i n 2 i noculated a nd subsequent ly chal-

lenged animals were not considered to be character istic of I BR . 

McKercher et a l. ( 67 ) studied the distribution and per-

sistence of IBR virus in experimentally infected cattle . The 

virus multiplied in the tissues of the upper respiratory t ract 

and extended to the ocular tissues where secondary s i tes of 

localizat ion occurred. The virus persisted for 6 days in 

t he ocular tissues and adjacent lymph nodes and in t he nasal 

secretions for 9 days . The virus was last isolated from 

the larynx on the 12th day following inoculation . The absence 

of a viremia and the fail ure to find a primary site of l ocali -

zation of the virus were pointed out as especially significant 

by the authors because of the recent reports of high incidence 

of abortion following IBR vaccination. 

McKercher et al . (63) reported the successful transmis -

sion of IBR to goats and that these animals harbored t he virus 

longer . at least in some cases , than did cattle . They exposed 

cattle to the virus by ocular inoculation and observed a fe -

brile response , lacrimation , and a slight nasal discharge . 

The virus was recovered from the nasal secretions but only 

from the ocular secretions of the inoculated eye . The virus 

persisted longer in the ocular secretion than it did in the 

J I 
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nasal discharge. Cattle were found to be solidly immune to 

reinfection for at least one year after clinical recovery. 

In 1958 Kendrik et al. (48 ) reported their studies of an 

outbreak of infectious pustular vulvovaginitis in a dairy 

herd. They isolated and cultivated a virus from the vaginal 
. 

exudate and cultivated it in BEK cells. They were able to 

reproduce the disease with the tissue-cultured virus. Small 

foci of necrosis that develop in the vulva and the resulting 

influx of neutrophils produce pustules that characterize the 

disease. There is a febrile response and decrease in the 

neutrophils in the blood. Neutralizing antibodies appeared in 

the blood in about 2 weeks. Degenerating epithelial cells 

were characterized by the formation of intranuclear inclusion 

bodies. 

Gillespie et al . (JO) compared IBR virus with the virus 

which causes infectious pustular vulvovaginitis (IPV) by 

inoculating cattle with both viruses and conducting cross-

protection tests and serologic tests of the blood serums. 

Five heifer calves were inoculated with IBR virus by swabbing 

the vulva and vagina. Five bull calves were inoculated intra-

nasally with 20 ml of a 1:20 dilution of IPV virus. Each 

heifer inoculated showed typical signs of IPV beginning 2 to 

3 days after inoculation. Of the bull calves inoculated , J 

had a febrile reaction 2 to 3 days later. None showed respir-

atory signs of illness but virus was isolated from the nasal 

passages of all bull calves on the Jrd day after inoculation. 
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All inoculated animals were immunized against subsequent 

cross challenge with both the IPV virus given vulvovaginally 

and !BR virus given intranasally . Serum from the inoculated 

cattle which did not neutralize e i ther virus before inocula-

tion neutralized both viruses after i noculation. The character-

istics of both viruses in tissue culture were markedly similar . 

Grunder et al . (J6) isolated a virus from a steer, be -- -
lieved to have malignant head catarrh , which was found to be 

IBRV by serologic tests and cytopathic effects . 

Liess et al. (51) studied the cultural, serologic, and 

electron microscopic characteristics of a virus isolated i n 

Germany , designated B1 • On the basis of their studies, they 

could not differentiate this virus from a virus which caused 

IPV in the United States and which was considered identical to 

IBRV . In a subsequent report Liess et al. (52) produced IBR 

and IPV in 4 bovines with the B1 isolate referred to in (51) . 

McKercher ( 60) made a comparative study of 3 v iral iso-

lates recovered from cattle affected with Blaschenausschlag 

in Austria , East Germany, and Belgium and IBR virus isolated 

from a dairy herd during a typical respiratory epizootic in 

California. Through cross immunity studies in calves , the 

4 isolates were found to be immunologically homogeneous . The 

neutralizing indexes of antiserums produced by the inocula-

tion of each of the viral isolates were found to be essen-

tially equal in cross-neutralization tests . Also antiserums 

from calves inoculated with the Blaschenausschlag viral 
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isolates and the IBR virus all cross - reacted in complement -

fixation tests with the IBR virus to essentially the same 

extent . The author concludes that on the basis of this study 

t he I BR virus is identical to the Blaschenausschlag virus and 

that this disease is the same as I PV. He suggests that since 

Blaschenausschlag occurred in Europe before legisl ation was 

enacted in 1930 that prohibited cattle importations from 

Europe or other countries where foot-and - mouth d i sease or 

rinderpest exists , that the virus may have reached the United 

States before that time . 

Straub and Bohm (93 ) isolated the IBR - IPV virus from the 

preputial washings of 2 bulls having a purulent preputial 

discharge . Cows and heifers serviced by the bulls developed 

a mucopurulent vaginitis but the virus was not recovered from 

vaginal or nasal swabs of the f emales . The virus was identi -

f i ed by serum neutralization. 

McKercher (68 ) confirmed the reports of others ( 30 ,60 ) 

that I BR and I PV are caused by the same agents and that there 

is complete reciprocal cross - neutralization by their anti -

serums . Rinderpest antiserums had no effect on the I BR - IPV 

vi ruses . The animal transmission experiments gave the same 

results in that the I BR and IPV inoculated ani mal s were equally 

r esis t ant to each virus but were susceptible to rinderpest 

virus . The author reported no distinguishable difference in 

the CPE with either IBR or IPV viruses . He comments on the 

realism of grouping the IBR- IPV virus with the Herpes - like 
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viruses . 

McKercher (69) reported further on his studies of the 

IBR- IPV virus and rinderpest virus using plaque assay . Plaques 

produced by IBR and I PV viruses were indist i nguishable but 

both differed from r i nderpest . The respective antiserums 

inhibited plaque formation . The plaque production of IBR and 

IPV viruses was reciprocally inhibited by their antiserums 

but not by rinderpest antiserum. 

Baker et al . (J) studied the effects of the IBR- IPV 

virus in newborn calves . The calves were inoculated intra-

venously , orally and through contact exposure . All calves 

showed signs of i llness , one cal f inoculated i n each way died , 

and 2 became moribund and were ki l led . I n addi tion to the 

typical febrile and respiratory response , extensive l esions 

were noted in the anterior portions of the alimentary tract . 

The virus was isolated from the livers , spleens , kidneys and 

lungs of the intravenously and orally inoculated calves . No 

significant virus isolations were t:lade from the blood . 

Abinanti and Pl umer (1) reported the isolation of a viral 

agent from a herd of beef calves affected with a severe con-

junctivitis . Cross - neutralization tests were conducted wi th I BR 

antiserum from (1) rabbits and cattle , and ( 2 ) serum from a 

steer convalescing from the conjunctivitis using IBR virus and 

the virus isolated from one of the affected calves . Each serum 

gave reciprocal cross- neutralization for each of the viruses . 

Two calves were inoculated intrapapebrally with the isolated 

I 
11 
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virus and 2 with known IBR virus. Both calves receiving the 

field i s olate responded with a rise in temperature and typical 

clinical signs. while only one of the calves inoculated with 

IBR virus manifested a clinical response. Virus was recovered 

from the uninoculated eye and nasal secretions of the calf 

that did not respond clinically to the inoculation. The 

authors suggest that this may have been contact infection from 

its pen mate since the virus was not isolated until 9 - 14 days 

after inoculation. However, this calf had not developed 

demonstrable neutralizing antibodies 29 days after the onset 

of virus secretion. The neutralizing antibodies to both the 

field isolate and IBR virus developed by the other 3 calves 

neutralized approximately the same amount of both viruses. 

Hughes et al. (42) studied an epizootic of keratocon-

junctivitis in calves. They isolated virus from the nasal and 

ocular secretions of naturally infected animals. By serologic 

procedure s the isolants were i dentified as IBR virus. They 

were able by instillation of the virus into the conjunctival 

sac of both eyes to cause a febrile response, nasal discharge. 

lacrimation and conjunctivitis. A corneal lesion developed 

in one calf. They also isolated the virus from nasal washings 

and ocular secretions of the inoculated calves. The authors 

report that if keratitis occurs in I BR it is secondary to con-

junctivitis, whereas in keratoconjunctivitis it usually occurs 

first. 



17 

McKercher et al . ( 65 ) confirmed the findings of Gil lespie 

(JO) that the virus causing IBR and IPV are one and the same . 

However , they state that 11 critical serological evaluations 

might possibly reveal minor differences in the nature of strain 

characteristics , or changes associated with pr olonged residence 

of the virus in different locations in different members o f the 

host species . 11 

Greig ( J2 ) detected IBR virus antibodies in the serums 

of 8 .1 )% of the 1,365 cattle tested . The author states 11 con-

sidering that IBR is not reco gnized as a clinical disease in 

the province (Ontario ) the re sults of this test show a sur-

prisingly high percentage of animals with neutralizing titers . " 

The serums having titers of 1:4 to 1:128 represented 1 8 . 5% 

of the herds tested . 

Niilo et al . (72) tested 1 , 000 serums representing 500 

herds in Alberta , Canada for antibodies to Padlock and IBR 

viruses . Of the cattle tested , 22.7% showed antibodies to 

Padlock virus and 37% to I BR virus . Only 8 . 2% r eacted to both . 

The occurrence of IBR antibodies is higher than reported from 

Ontario ( 32 ). 
Studdert et al . (96 ) were the first to confirm the occur-

rence of I BR in Canada . The cattle in the infected herd were 

first affected with a conjunctivitis . Later a cough , drooling 

of saliva , and reddening of the muzzle and conjunctiva develop-

ed . There was a febrile response in the animals examined . 

Virus was recovered from the nasal washings and shown to be 
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IBR by cross-neutralization tests with a known !BR virus and 

antiserum. The disease was reproduced by inoculating calves 

intranasally. intrapreputially. and per conjunctiva. Post -

inoculation serums from the experimentally infected calves 

neutralized the isolated agent at a 1 : 8 dilution as did a 

specific !BR antiserum obtained from Colorado at the 1 :16 

dilution . 

Dawson et al. (20) made 12 virus isolations from 2 herds 

of cattle suffering from conjunctivitis and rhinitis . The 

clinical signs were typical of IBR. One isolate. considered 

the prototype . was designated "Oxford strain." It was indis-

tinguishable from a Colorado strain by cross - neutralization 

tests . cytolog ical examination of infected tissue cultures . 

and transmission experiments . 

Darbyshire and Shanks (18 ) isolated a virus from cattle 

in Scotland showing typical !BR signs . The isolate caused 

cytopathic changes typical of IBRV . Cross-neutralization 

tests showed that the isolate , designated the Aberdeen strain, 

was closely related to the Colorado and Oxford strains of IBRV . 

Dawson and Darbyshire (19) found that 2 . 1% of 2000 serums 

collected from Scottish cattle had antibodies against I BRV . 

Smith et al . ( 88 ) attempted to determine the incidence of 

! BR and bovine virus diarrhea (BVD) in Massachusetts by con-

ducting serum neutralization tests with r andom samples of 

blood serum from cows over 2 years old. Of the 589 serums 

tested . 1 2 . '/% were positive for IBR antibodies and J2 herds 
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or 18. 5% had reactors to the test for IBR antibodies . Only 

one herd had a clinical history suggestive of IBR based upon 

a survey of practicing veterinarians . The authors were not 

able to establish any associations of these viruses with abor-

tions. 

French (26) reported that a virus designated N569 isolated 

from cases of encephal omyelitis, was virtually indistinguish-

able from I BR virus . The close relationship was based on 

serologic tests , the biolog ical and physical properties of 

the viruses, and intranuclear inclusion bodies observed in the 

tissue culture cells . Animal inoculations with N569 resulted 

in the reproduction of the encephalomyelitis and in addition 

a vag initis was observed. 

Johnston et al . (46) reported the transmission of an 

encephalitis by intracerebral and intravenous inoculations of 

brain suspensions from natural cases of meningo-encephalitis 

in cal ves . The absence of b a cteria in the brain and the path-

ology of the natural and experimental cases suggested that the 

caus e of the disease was a virus. An a g ent similar to that 

reported by French (26) was isolated from the brain of one 

expe rimenta lly infected calf . . Serolo gic tests showed tha t the 

virus was not a member of the psittacos is- lymphog ranuloma 

group or of g roup A, B or K arthropod - borne virus . 

Bare nfus et a l . ( 5) reported the i s olation of a cyto-

pathic a gent designated as LAC from various tissues of dairy 

calve s suf fering from a fat a l meningoe ncephalitis which had 
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occurred sporadically in the area for several years. The 

isolation was accomplished in primary tissue culture of BEK 

cells. Inoculation of a 5-month-old calf resulted in a febrile 

response, leukopenia, and conjunctivitis. The agent was re-

covered from several tissues. There was no apparent patho-
. 

genicity for adult and suckling mice or guinea pigs. 

The isolate was identified as an IBR virus by reciprocal 

serum-virus neutralization tests. The antiserums used were 

from hyperimmunized rabbits. By electron microscopic examina-

tion, the morphologic and developmental features of the virus 

were reported to be similar to the herpes virus group . 

McKercher ( 59) gives several reasons why he does not 

think IBRV is the cause of abortion in cattle. He states that 

the final answer must await the results of further study. He 

also suggests that until further critical work is done that 

IBR vaccination be limited. when practicable, to non-pregnant 

animals. 

Lukas ~ al. (53) isolated cytopathogenic agents from 

bovine fetal tissues by methods commonly used for the isola-

tion of IBR virus. Comparative serologic studies by virus and 

serum neutralization tests. and reciprocal cross-neutralization 

serum studies. demonstrated the fetal viral isolate, designated 

as Fresno #2294, to be identical to IBR virus. In addition, 

they found that the Fresno #2294 isolate could cause infection 

resulting in abortion, pustular vulvovaginitis, rhinitis and 

conjunctivitis. These authors report that abortions occurred 
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under several conditions; (1) in IBR vaccinated as well as 

unvaccinated herds, (2) herds where there were signs of respir-

atory disease alone and in conjunction with ocular signs, and 

(3) herds where there were no clinical manifestations of IBR . 

Furthermore, that McKercher had reported in a personal communi -

cation and in (59) that the injection of an IBR virus , recover-

ed from a bovine respiratory tract , into pregnant cattle did 

not result in abortion. These field observations and negative 

findings support the consideration that this isolate may 

possess infective and antigenic properties not shared by other 

strains of IBR virus . 

Crane et al. (16) reported that IBR has been proved con-

clusively to be a major cause of abortion in beef cattle 1n 

California. The authors suspect that postnatal colibacillosis 

and prenatal IBR were intimately associated in several "abor-

tion storms . " IBR vaccine g iven after the disease was diagnosed 

proved to be of only transitory value in preventing abortions. 

The authors acknowledge that the level of nutrition in beef 

cattle played "an extremely important part in the prevalence 

of abortion in any g iven year in the herds studied . 11 

McKerche r and Wada ( 66 ) reported the recovery in tissue 

culture of 6 viral isolates from body organs and fluids of 

f etuses aborted by dairy heifers between the 6th and 7th month 

of gestat ion. These heifers had shown no s i gns of illness 

previously , but calves on the same premises were affected 

several months earlier with a mild resp iratory disease . The 

'I 
I 
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he rd had not been vaccinated against IBR. Six of 7 heifers 

inoculated intravenously , intramuscularly, and intranasally 

with a representative isolate shown to be free of virus diar -

rhea virus (VD) aborted 1 8- 64 days after inoculation. The 

virus was isolated from all aborted fetuses. All heifers be-

came febrile and most developed conjunctivitis but only those 

inoculated intranasally had respiratory illness . This same 

isolate was sho~m by cross-immunity and reciprocal serum 

neutralization tests to be indistinguishable from a known I BR 

virus and an isolate from aborted fetuses in Ohio. 

An I BR isolate was also recovered from fetuses of cattle 

which aborted following vaccination against IBR. These find -

ings incriminate both field and modified strains of the IBR 

virus as a cause of abortion. The authors believe that abor-

tion due t o this virus is a relat ively new syndrome and that 

there is experimental evidence that suggests the possibility 

of an enhanced viral invasiveness as the factor responsible 

for this new manifestation of disease . 

Sat tar et al . ( 80 ) r ecovered IBR virus from 6 of 28 

aborted bovine fe t uses from J herds of lJ herds that were 

examined for viruses . A myxovirus , parainfluenza- 3 ( MP - J ), 

was isolated from 1 fetus in a 4th herd . Of 101 serum samples 

originating from 17 herds where abortion was a problem , 37 

( J6 . 6%) had I BR antibodies . 

In 1 herd frank signs of IBR were observed prior to 

abortion and I BR virus was isolated from J aborted fetuses . 
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In 2 herds there was no history of IBR yet IBR virus was 

isolated from some aborted fetuses . Significant titers of I BR 

antibodies were demonstrated in most of the coNs tested in one 

of these herds. Abortions and the isolation of IBR virus from 

an aborted fetus after vaccinat ion of a herd with I BR vaccine 

provides further evidence that this vaccine may cause abor-

tion when administered to pregnant cattle . 

Owen et al. (74) caused abortions by inoculating heifers 

in strict isolation with I BRV . The virus was isolated from 

the foetal tissues and the uterus of the dams. The authors 

believe that it may be possible to prevent abortion by vac -

cinating cattle before pregnancy with the IBR vaccine . 

Crane (1 5 ) in a further report of I BR abortions again 

emphasizes the importance of adequate nutrition in the pre-

vention of bovine abortions . He says, "Vaccination procedures 

for brucellosis , IBR , leptospirosis , and bovine virus diarrhea, 

without attention to proper supplemental feeding of the breed -

i ng stock on ranches in this area have not reduced . the incidence 

of abortion , premature calves , and diarrhea of newborn calves 

to a satisfactory level . " 

Greig and Bannister (JJ ) infected the quarters of lactat-

ing cows with 106 to io7 TCID50 of the bovine herpes (IBR- IPV) 

virus . In 4 of 7 experiments the inoculated quarters showed 

marked evidence of the infection and there were profound 

changes in the physical appearance of the milk . In all cases 

virus was recovered from the milk of the inoculated quarters 

l 
f 
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following infection but uninfected quarters remained normal 

and virus could not be recovered from the milk. One experi-

ment involving 2 animals showed that about 1000 TCID of virus 

were required to produce infection. One cow having a pre-

inoculation serum titer for the IBR-IPV virus proved resistant • 
. 

The authors state 11 the experiments indicate that the bovine 

udder ls readily susceptible to bovine herpes virus. 11 

Straub (92) experimentally infected 12 cattle, between 

1-1/2 and 2 years old, with IBRV by inoculating 6 of them 

intracranially and the others into the cerebrospinal duct. 

Five died during the first 14 days after inoculation, and 2 

were killed J days postinoculation to study the distribution 

of the virus. The surviving animals were challenged intranasal-

ly with the same virus and the shedding of the virus from the 

respiratory tract determined. It was also observed that the 

virus propagated in the central nervous system. The surviving 

animals had a high level of antibody for the virus. 

Fastier and Smith (24) reported the successful isolation 

of the IBR-IPV virus from naturally occurring cases of bovine 

rhinitis and vaginitis. They produced hyperillllJune serum with 

2 of the vaginal and 2 of the nasal isolates. Reciprocal 

neutralization tests using these 4 isolates and a confirmed 

IBR virus and their respective antiserums showed a high degree 

of antigenic similarity between the 5 strains. The confirmed 

IBR strain, modified using the selection technique of Schwarz 

et al. (84) was used as a vaccine. Vaccinated cattle were 
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protected against either nasal or vaginal chall enge with viru-

lent virus . The vaginal challenge resulted in the appearance 

of pustules on the mucosa , swelling and edema of the l abiae , 

and micturition appeared to be accompanied by some pain. 

There was no definite temperature response , however . 

Cheatham and Crandell (11) noted and reported the con-

sistent presence of distinct intranuclear inclusions in tissue 

culture cells infected with 3 different strains of IBR virus . 

These inclusions were observed in conjunction with the cyto -

pathogenicity caused by the virus in BEK and human amnion 

cells . They Nere also able to liemonstrate similar intranuclear 

inclusions in necropsy .material from calves inoculated intra-

nasally with the same 3 strains of I BR . The cells were fixed 

in Bouin ' s fluid and necropsy material was fixed in Zenker •s 

and Bouin 1 s fluids . After fixation he.matoxylin- and- eosin 

stained preparations were made . 

Tousimis et al . (100) reported that the I BRV particles 

associated with infectivity have a spherical diameter small er 

than 175- 211 mJl but equal to or larger than 148-151 rnµ as 

determined by centrifugation . The electron microscopical 

examination of infectious flu1ds revealed particl es of 136 ± 
1 0 . 8 mµ in diameter . Similar particles were observed intra-

cellularly in ultrathin sections of the infected human amnion 

tissue culture cells . 
0 Stevens and Groman (91 ) reported that the IBRV at 37 C. 

had a half- life of lC hours. They found that the inactivation 
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rate is clearly a first order reaction over the range studied. 

IBRV was found to be ether sensitive. Other characteristics 

studied such as serologic. growth rate, and plaque formation 

offered no contradiction to the suggestion that I BRV be class-

ified as a member of the herpes group. 

Orsi and Cabasso (73) observed inclusions in HeLa and 

primary bovine kidney cells (PBK) infected with IBRV that 

resembled in form and general staining properties the hema-

toxylin-and-eosin {H & E) stained and human amnion cells re-

ported by Cheatham et al. {11). The same similarity was 

demonstrated by use of Feulgen technic. The absence of DNA 

was invariably demonstrated in the inclusions of both cells 

and regardless of the staining method used. 

Armstrong et al. (2) concluded based upon their electron 

microscopic studies that the size, morphology. and apparent 

mode of formation of IBRV support the view that it is closely 

related to the herpes-virus g roup . Further evidence of its 

relation to the herpes group is its ether sensitivity and 

the visible cytopathic effect in tissue cultures including 

the appearance of type A intranuclear "inclusions" in the host 

cells. The authors also cite evidence which suggests that it 

is a DNA virus. They suggest that since it can cause a central 

nervous system disturbance that it be considered a bovine 

member of the herpes virus group. 

Grinyer et al. (35) confirmed the findings of Armstrong 

(2) . They could not demonstrate intranuclear inclusion bodies 
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in IBR or IPV infected cells. No nucleoid structures devoid 

of outer membranes could be found even after prolonged search-

ing of a large number of nuclei. They state that there is 

ample evidence of a cycle of development beginning within the 

nucleus where particl es consisting of a nucleoid and a single 

outer membrane can be demonstrated . In cell cultures receiv-

ing heavy inoculums intracytoplasmic particles were numerous 

and frequently were situated within large , abnormal, cyto-

plasmic vacuoles. 

Stevens and Chow (89) studied the effects of so me fixa-

tives on the demonstration of intranuclear inclusion bodies 

reported by Cheatham and Crandell (11 ). They found that 

Bouin ' s and Zenker ' s gave the best demonstration of the char-

acteristic inclusion bodies. Modifications of these stock 

solutions reduced or eliminated entirely the ability to demon-

strate the inclusions . 

Griffin et al . (34) reported that IBRV is remarkably 

stable at the pH 6-9 range, that it lost titer rapidly at the 

lower pH of 5. 0 and 4. 4, and that it was inactivated promptly 

by ether , alcohol and acetone. Temperature studies revealed 

a marked stability at - 60° c . . and at 4° c. 0 Even at 22 c . no 

l oss in infectivity was noted until after 3 days. At 37° C. 

titer loss began after 1 day and was complete in 10 days . At 

56° c. the virus was inactivated in 22 minutes . 

Sabina and Parker (79) developed a plaquing procedure for 

IBRV in an established bovine kidney cell line . They found 
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through studies of one-step growth curves that the eclipse 

period for IBRV lasts approximately 4 hours and that the 

infectious virus increases at a logarithmic rate for 12-14 

hours. Only 1-9% of the total virus is realeased at 24 hours 

0 4 0 postinfection. The half-life at 37 c. and 2 C. was found 

to be 16 and 3.5 hours, respectively. Hyperimmune bovine and 

rabbit serums neutralize 92% of the infective particles within 

JO minutes. 

Cruickshank and Berry (17) examined the fine structure 

of the particles of IBRV by the negative staining technic. 

They found that the virus is identical in fine structure with 

herpes simplex and that all 4 types of particles seen in 

herpes virus preparations are seen also in IBR. Other viruses 

having similar structure are pseudorabies, varicella, infec-

tious laryngotracheitis, and human cytomegalovirus. 

Hahnefeld and Hahnefeld (37) reported that the g rowth , 

cytopathic effect and plaque formation in calf kidney cell 

culture of IBR and IPV viruses was inhibited by 5-iodo-2-

desoxyuridine. In this respect these viruses resembled 

Aujeszky's disease virus, which contains desoxyribonucleic 

acid (DNA) but not ECBO virus which contains ribonucleic acid 

(RNA). They concluded that IBR and IPV viruses contain DNA 

which confirms their affinity to the herpes group. 

Stevens and Groman (90) reported the inhibition of IBRV 

by 5-bromodeoxyuridine (BUDR) and 5-fluorodeoxyuridine (FUDR). 

They state "this strongly suggests that this is a DNA virus." 
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Their finding that IBRV is able to produce plaques in the 

presence of an excess of antiserum has also been reported by 

others as a characteristic of the herpes group . Their find -

ings indicated that the inclusion bodies associated with I BR 

consist mainly of virus or protein material that has become 
. 

coagulated and rendered visible by fixation procedures. 

Plummer (75) found no cross neutralization among the 

herpes viruses from different species of animals with the 

exception of neutralization of herpes simplex by B-virus anti -

serums . There were a number of cross-complement fixations 

noted particularly between the non-human herpes viruses . I BRV 

antiserum fixed complement with equine herpes virus type I to 

the same titer as with IBRV i . e . 1 :16. 

Schulze et al . ( 8J) using the electron microscope found 

no detectable difference between an IBRV and the Jena strain 

of coital vesicular exanthema virus . Structurally , these 

viruses resembled viruses of the herpes group . 

Schimmelpfennig and Liess (81) studied the development 

and histochemistry of nuclear inclusions produced by IBRV in 

bovine testicular cells. 

The strain of virus utilized, which had been isolated in 

Western Germany, produced changes in tissue culture similar to 

those produced by a variety of virus i solated and studied in 

America . They reported the formation of amphophile inclusions 

similar to those observed in the early stages of herpes virus . 

They concluded that the nuclear inclusions demonstrated by 
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different methods of fixa tion represent the effect of the 

virus. 

Straub et al. (94) attempted to distinguish between the 

IBR and IPV viruses by means of ultracentrifugation and carrier 

-free zone electrophoresis in glucose density gradient. They 

were found to have the same sedimentation constants whereas 

parallel electrophoretic studies showed characteristic and 

different mobilities of the 2 viruses which would indicate 

that they are not identical but sub-types of the same virus. 

Studdert et al. (97) reported 2 epizootics of vaginitis 

observed in a herd of cattle in California. Clinically, the 

lesions were typical of IPV and a virus isolated from the 

cattle in the 2nd epizootic was shown by serologic and trans-

mission studies to be IPV virus. 

Studdert et al. (95) experimentally infected 18 bulls 

with IPV virus by inoculating the mucosae of the penis and pre-

puce. The bulls manifested a clinical response and antibodies 

were detectable 2-weeks postinoculation. The IPV and IBRV 

both produced nasal lesions in bulls following intranasal 

inoculation. The lesions observed in the bulls inocula ted 

intrapreputially and .intranasally with IPV and IBR virus were 

indistinguishable. Reciproca l cross-neutralization tests 

established that the agent s were serologically indistinguish-

able. 

Van Kruin1ngen and Bartholomew (102) diagnosed IBR in a 

10-day-old calf which di ed during an epizootic in a dairy herd . 
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The diagnosis was based upon lesions observed at necropsy and 

the intranuclear inclusion bodies observed in the epithelium 

of the rumen. The cytopathic effect produced by inoculating 

suspensions of the kidney tissue from the calf into primary 

BEK cells was typical of IBRV. The isolate was neutralized by 
. 

known I BR antiserum. 

Kennedy and Richards (49) reported the occurrence of 

focal necrosis in the liver of fetuses and placenta as well as 

other organs as the consistent lesion characterizing IBRV 

abortions. The pattern of abortions in 1 herd vaccinated 

for IBR was: (1) abortions occurred 23-52 days following vac-

cination (average 36 days), (2) of the 16 cows in 6th, 7th, 

and 8th month of gestation, 9 aborted (statistically highly 

significant), and (3) none of the cows in the first 5-1/2 

months of gestation aborted. 

Chow et al . (12) induced abortion in 2-year-old heifers 

in the 1st and 3rd trimester of pregnancy by intramuscular 

inoculations of 5.0 :ml. of IBRV. In addition to the abortions 

which occurred 3-5 weeks after inoculation, typical respiratory 

and vaginal signs were observed in the heifers immediately 

following inoculation. The IBRV was isolated from the fetuses 

and the antibody response of the heifer.s followed the expected 

pattern for IBR. 

Chow and Davis (12) reported a high incidence of antibody 

to IBRV in captive deer at the Veterinary Foothills Research 

Unit of Colorado State University. The virus was isolated 
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from nasal, lacrimal and rectal swabs of experimentally infect-

ed deer . The symptoms seen following inoculation and the anti-

body response in the experimentally infected deer were similar 

to that observed in cattle. 
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PART I. SUSCEPTIBILITY OF GOATS TO INFECTIOUS 

BOVINE RHINOTRACHEITIS VIRUS 

Introduction 

The primary objective of these experi~ents was to find a 

smaller , less expensive animal that could be used for assay-

ing the immunizing ability of IBR vaccines. The Standard 

Requirement of the Veterinary Biologics Division (VBD) of the 

Agricultural Research Service of the U.S. Department of Agri -

culture for this product is described in the second paragraph 

of the general introduction . 

The testing of the IBR vaccines at the National Animal 

Disease Laboratory (NADL) has been limited to the determina-

tion of the TCIDso in a prescribed dose by inoculating embry-

onic bovine kidney (EBK) tissue culture cells . The vaccine 

titer (number of TCID50 ) has not been correlated with animal 

protection tests. One of the objectives of the biologics 

testing at NADL is to correlate the laboratory tests, i . e., 

vaccine titer with host animal protection or the immunizing 

ability of the vaccine. If a smaller less expensive animal 

could be used for this purpose, it would reduce the cost of 

the testing and the facilities required for this testing and 

correlation. Therefore , it was decided to undertake experi-

ments with the objective of finding such a test animal. 

t 
l 
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Review of Literature 

A l iterature revi ew rel ative to the susceptib ility of 

an i ro.als other than bovines revealed that f·'icKercher et a l . 

( 61) , Chow et a l . ( 13 ) , Madin et a l. ( 55) , Mc Kerche r et a l. 

( 6J ), .Armstrong et al . (2) , French ( 26 ), and Chow and Dav i s 

( 12 ) had attempted to infect various animal s and chicken 

embryos with I BRV . As shown i n table 1 except for ·1cKercher 

et a l . ( 6J ) a nd Chow and Davis (12 ) who r eported the experi -

mental i nfecti on of goats and of deer , r espectively , others 

were unable to establish the i nfection i n species other than 

the bovi ne . The goats responded wi th some e l evation i n tem-

per ature and mild clinical s i gns . There were no detectable 

I BRV antibod i es in the serums of the goats pri or to inocula-

t i on . Twenty days after inocul ation the titers ranged from 

1 - 7 to 1 - 26 a nd 1 0 days later were s l i ghtly higher . 

Material s a nd Methods 

Source of viruses 

The strai ns or isol ates of I BH virus ut ili zed were 

rece i ved from Dr . D. G. McKercher of Cal i fornia and Dr . T . L. 

Chow of Co l orado . Dr . Chow supplied the Cooper lJth passage 

l evel a nd Dr . McKercher the o t hers . The v i ruses were propa-

gated and titered on pri mary embryon ic bovine kidney (EBK ) 

t i ssue culture cells . Titers a re expressed as TCI~50 cal c u -

l ated by method described by Reed a nd ~uench ( 76) . The 



34b 

Table 1 . Species of animals other than bovine tested for I BR 
susceptibility and inoculation routes 

Li terature 
Species reference I N I C IV I M SC IP ID 

Horses lJ , 62 
Sheep 13 , 62 

Rabbits 1 3 , 25 , 62 , 2a 
Guinea Pigs 13 t 2 5 ' 62 ' 69 ' 5 5 
Hamst ers 13 

Miceb 13,25 , 69 , 55 , 62 c _d 

Ferrets 13 
Goa tse 62 + + 
Swine 62 

Chicks 25 
Deer 14 Intratracheal inoculations ca used 

typical clinical manifestations 
Chicken 13, 25 , 69 , 55 , 62 Yolk sac , allantoic cavity , 

chorioallantoic membr a ne , amnioti c 
cavity , inoculations a l l -

embryos 

I N - Intranasally 
I C - Intracerebrally 
I V - Intravenousl y 
I M - Intramuscul a rly 

SC - Subcutaneously 
IP - Intraperitoneally 
I D - Intradermally 
- = Attempted without establishing 

infection 

aAlso inoculated the cornea and testicles of rabbits . 
Hardening of dermis and testicle was noted but there was no 
antibody response . Believed to be toxic reaction . 

bsome mice showed incoordination 12- 18 hours after int r a -
cere bral inoculation. 

cl-5 day old and adul t mice inoculated . 

d24 hour old and adult mice inoculated . 

eTemperature a nd antibody response with mild clin i cal 
signs . 

~ 
l 
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strains used, passage level, and titers are shown in table 2. 

In addition, 2 goats in the 2nd trial were inoculated with EBK 

tissue culture fluid from the 2nd passage of the agent recover-

ed from the nasal washing from goat #15 in the 1st trial. The 

titer of this agent was 104 per 0.1 ml. 

Inoculation procedures 

With the exception of J goats in the 2nd trial which 

were inoculated intracerebrally, all goats and the 1 calf were 

inoculated intranasally. In the 1st trial 4 goats wer e also 

exposed by contact to the inoculated goats. In the first 2 

trials, except for the 2 goats which were inoculated with 2 ml . 

of the agent from the nasal washings of goat #15 , 5 ml. of 

tissue culture fluid containing the virus was inoculated. In 

the Jrd and 4th trials, 5 ml. of the infected tissue culture 

fluid was diluted with 5 ml. of stabilizing fluid1 • The calf 

in the Jrd trial was inoculated with 10 ml. of the infected 

culture fluid mixed with 10 ml . of the stabilizing fluid. All 

intranasal inoculations were made with a DeVilbiss atomizer 

operating at approximately 15 lb. p.s.i. and the inoculum was 

sprayed into both nares in equal amounts . The intracerebral 

inoculations were made by injecting 2 ml. of the undiluted 

virus-containing tissue culture fluid into the cerebrum after 

trephining the skull . 

lsee section on media and fluid. 
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Table 2 . Passage level and titers of viruses used 

Trials 

First 

Second 

Third 

Fourth 

aper 0 . 2 ml . 

Viruses and passage level 

LA - 6th 

Cooper - lJth 

LA - 4th 

Cooper - 4th , Dixon and 
Wennermuch - 1st 

Titersa 

107. 3 
io6. 8 

106. 5 

Cooper 107 . J 
Dixon 105. J 
Wennermuch 105. 5 
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Experimental animals 

The first 15 goats were purchased in Missouri, were Angora 

type, males and females , and ranged from approximately 3 months 

to about 1 year of age. The 2nd group of 8 goats were from 

Central I owa , were milk type , males and females and were from 

6 to 9 months old. The calf , a Holstein male approximately 4 

months old, was produced at NADL. None of the goats were known 

to have been associated with cattle, and insofar as could be 

determined , had not been vaccinated for any disease prior to 

purchase. 

Preinoculation procedures 

Temperatures were recorded daily for all animals. Blood 

was collected from all animals and total white cell counts were 

made at least twice. A serum neutralization test was conducted, 

with serum from each animal utilizing I BR-LA-6th passage virus 

and EBK primary cells. 

In attempts to isolate virus, the nasal cavity of each 

animal was flushed with buffered saline solution or stabiliz -

ing fluid containing antibiotics1 and the washings collected 

in sterile beakers . Following centrifugation of the nasal 

washings , each of 10 tubes of EBK primary cells were inoculated 

with .1 ml . of the supernatant fluid . 

1see section on media and fluids. 
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Postinoculation procedures 

The temperature of each animal was recorded twice daily. 

The animals were observed twice daily for any clinical 

manifestation of infection. The nares were examined daily 

with the aid of a flashlight for any evidence of hyperemia or 

other lesions during the period from J-7 days after inocula-

tion. 

The nasal cavity of each animal was flushed 5, 7 and 9 

days after inoculation and the washings collected, and the EBK 

cells inoculated as described above. 

Total white cell counts were ma.de daily usually beginning 

4 days after inoculation and cont inued until 9 days postinoc-

ulation. Also white cell differential counts were made as 

part of the Jrd and 4th trials. 

Blood for serum neutralization tests was collected 14, 18 , 

25 and 32 days after inoculation in the 1st trial, and on the 

26th day postinoculation in the 2nd trial. Serum was not 

collected from the goats in the Jrd trial but was collected 14, 

25 and J2 days after inoculation from the calf. Serum was 

tested from all goats 14 days after inoculation in the 4th 

trial. 

Serum neutralization procedures 

The constant virus-decreasing serum method of serum 

neutralization was used throughout this experiment . The serum 

was diluted with serum-free tissue culture medium by making 
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two - fold dilutions up to 1:16 . Infected t i ssue culture fluid 

containing 1 00- 500 Tcrn50 of virus per 0 . 1 ml . was mixed with 

an equal quantity of each undiluted serum and each serum dilu-

tion and a llow·ed to stand at roan temperat ure for JO !!linutes . 

Five tubes with a confluent sheet of EBK cells were used for 

each dilution . Each tube was ino culated Ni th 0 . 2 ml . of seru~­

virus mixture . The tubes were incubated at J7° C. and observed 

for CPE on the 4th and 5th days after inoculation . Five un-

inoculated tubes served as controls . For a determination of 

titer of the virus used , 5 tubes of cell cul tures were inoc-

ulated with 0 . 2 ml . of each of the ten- fold virus dilutions 

ranging from 1 0-1 to 1 0 - 7 . 

Preparation of EBK ti ssue cultures 

Primary cells After removing the capsule fron a 

J - 6 month bovine embryonic kidney , the l obes and the cortex 

between lobes are placed in a 100- mm . petri dish . The rena l 

tissue is scraped into a mincing tube supporteQ in a 150- ~l. 

beaker . The oincing is a.ccooplished by cutt ing the tissue 11ith 

a scalpel . The washing , trypsinizing and centrifugation is 

carried out a t 4° C. The minced tissue is put into a sterile 

powder funnel in the top of a trypsinizing f l ask and washed 

with 200 ml . of PBS . The trypsinizing flaslc is placed on a 

magnetic stirrer and a g itated for 5 minutes t o wash away the 

excess debris , blood , and toxic materials . After the tissue 

has settled , the supernatant is decanted . The Kashing is re -
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peated 3 or 4 times until the blood and debris appear to be 

removed , after which 200 ml . of 0. 25% {l : JOO ) trypsin solution 

is added . The trypsinizing flaslc is placed on a magnetic 

stirrer and left overnight in a refrigerator . The tissue is 

agitated in the flask as fast as possible without causing 

foaming . After the overnight trypsinization , the fluid is 

decanted and poured into 125- rnl . centrifuge tubes through 

steri l e gauze . The fluid is centrifuged at 1, 000 r . p . m. fo r 

5 minutes in a refrigerated centrifuge . After decanting the 

supernatant fluid , the cells are resuspended in 100- 150 ml . 

of PBS and again centrifuged at 600 r . p . m. for 5 minutes . 

After again decanting and adding PBS , it is centrifu~ed at 

400 r . p . m. for 5 minutes . The packed cell volume is deter-

mined and the concentrated cell suspension diluted to 1 : 150 

or 1 : 200 {number of cells per ml .) with Hanks 1 medium enriched 

with 10% specific pathogen free (SPF ) calf serum. One ml . of 

the cell suspension is added to each roller tube and placed in 

a J7° C, incubator . The medium is removed on the 2nd day and 

replaced with Earle 1 s medium with 10% SPF cal f serum added , 

When the cell sheet is confluent , usually the 5th day , the 

mediuo is removed and replaced with Earle ' s medium to which 5% 
calf serum is added , 

Secondary cells Primary cells as described above 

are grown in J2 - oz . prescription bottles until confluent . The 

cells are removed from the glass with versene - trypsin prepara-

I 
l 
I 
I 
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tion . After the old medium has been decanted , the suspension 

of cells i s centrifuged at 1 000- 1 200 r . p . m. for 5 minutes and 

the supernate is decanted after whi ch 5 ml . of medi um is added 

to the packed cells . The cell cluraps are disperse d by aspirat -

ing and expelling the suspension in a syringe or pipet te . 

Sixty ml . of Han ks ' medium with 1 0% SPF calf serum i s added 

to the suspens ion. After gentle mixing , 1 ml . of the suspen-

sion is d i spensed in each roller tube . The medium changes as 

described for the primary cel l s are made on the Jrd and 5th day . 

Fl uids and med i a 

1 . Stabilizing fluid 

Sucrose 
Monopo t ass ium phosphate 
Dipot as s ium phosphate 
Monopotassium 1 - glutamate monohydrate 
Bovine albumin Fraction V (Armour) 
Distilled water 

Seitz filtered and refrigerated at 4 - 6 C. 

2 . Earle ' s basic salt solut ion 

NaCl 
KCl 
cac1 2 
I1e;S04 . ?Hz 0 
NaH2P04 . Hz 0 
Dextrose 
NaHC01 . 

74 . 62 1 
0 . 51 7 
1. 254 
0 . 956 

1 0 . 000 
1 , 000 

grams 
g r ams 
gr ams 
grams 
g r ams 
ru . 

68 . 00 grans 
4 . 00 g r ams 
2 . 00 grams 
2 . 00 g r ams 
1. 25 grams 

10. 00 grams 
22 . 00 grams 
25 . 00 grams Lacta lbumin enzymat i c hydrolysate 

5% phenol red sol ution 
Glass d i stilled water 

Sterilized by filtrat i on using Horman 

5 . 00 ml . 
1 0 , 000 ml . 

filter press 

J . Earle ' s medium 

NaC l 
KCl 

68 grams 
4 grams 



CaCl2 
MgS04.?H20 
NaH2P04.H20 
Glucose or dextrose 
NaHC03 
LAH 
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Phenol red (5% stock culture) 
Distilled demineralized water 

. 
4. Hanks' Medium 

NaCl 
KCl 
CaCl2 
MgS04 . 7R20 
Na2HP04. 2H20 
KH2P04 
Glucose or dextrose 
NaHC03 
LAH 
Phenol red (5% stock solution) 
Distilled dem1neralized water 

5. "ATV solution" 

NaCl 
KCl 
Dextrose 
NaHC01 
Trypsin 
Versene 
q . s . 

6. Eagle ' s medium 

NaCl 
KCl 
NaH2P04 . H20 
NaHC03 
CaCl2 
MgCl2.6H20 
Dextrose 
5% phenol red (stock solution) 
Vitamins lOOX 
Amino acids SOX 
Glutamine (200 mM) 
q.s. 

2 grams 
2 grams 
1.25 grams 

10 grams 
22 grams 
50 grams 
5 ml. 

10 L • 

80 grams 
4 grams 
1.4 grams 
2 grams 
o.6 grams 
o.6 grams 

10 grams 
J.5 grams 

25 grams 
5 ml. 

1 0 L. 

8. 0 grams 
. 4 grams 

1.0 grams 
.58 grams 
. 5 grams 
. 2 grams 

1,000.0 ml. 

6. 8 grams 
. 4 grams 
.15 grams 

2.0 grams 
.2 grams 
. 2 grams 

1. 0 grams 
• 5 ml . 

1 0.0 ml . t 

20.0 ml. 
6. 0 ml . 

1, 000 . 0 ml. 

'I 
! 

I 
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Results 

The manifestations observed foll owing the exposure of 2J 

goats a n d 1 calf to I BRV are summarized i n tables J , 4 , 5 and 

6 . No symptoms suggestive of I BR were observed in any of the 

goats inocul ated i ntranasally . No inappetence or depress i on 

was observed with the exception of 1 goat , No . 9 , which was in-

oculated i ntracer ebrally and d i spl ayed some depression on the 

6th day after inocul ation . The temperatures of 2 of the J 

goats inoc ulated intracerebr ally , No . 9 and No . 1 3 , respect i ve -

l y , went do~m to 1 00 . 8° F . and to 1 00 . 0° F . during a 1 2 - hour 

period on the 6th day . After that they r eturned to normal ex-

cept that the temperature of goat No . 1 3 went down to 1 00 . 4° F . 

on the next day (Chart No . 1) . The s ame goats demonstrated 

s l ight rou3hness of hair coat on the 6th and 7th days and in all J 

a very s l i ght nasal discharge was observed at the same time . 

The temperature s of a number of the goats went above 
0 

1 04 . 0 F . occasionally , but only for 1 or 2 recording s . No 

clinica l manifestat i ons l·1ere observed a t the time of e l evated 

temperatures . Since the e l evations in temperature were of a 

transitory nature and were not correlated or consistent with 

the t i me after inoculation , they were not considered signifi -

cant . Furthermore , there were proport i onatel y as many record-

ings above 104. 0° F . prior to i nocul at ion as afterward . 

The calf ino culated in the 3rd trial , at the same t i me 

and with the same virus as the J goats , had a temperature rise 



Table J . Summary of first attempt to infect goats with IBRV 

Pre inoculation Postinoculation 
Goat Virus Exposure Antibody Virus Temp . Te mp Clinical Virus Antibody 
# strain route level isola- peak °F. peak °F. response isola- level 

ti on ti on 
Days post -
inoculation 

5 7 9 14 25 J2 

6 LA - 6 Intranasal lOJ. 6 104. 0 

12 LA- 6 Intranasal lOJ.J 1 04. 2 
{::'" 

14 LA- 6 Intranasal 103 . 4 104. 0 {::'" 

1 5 LA- 6 Intranasal lOJ. 8 lOJ. 8 + 

8 LA- 6 Contact 103.0 103. 8 

10 LA- 6 Contact 104. 2 103. 8 

.5 LA- 6 Contact 103.3 104. 4 

3 LA- 6 Contact 104.0 104.4 



Table 4. Results of attempts to infect goats with I BRV - second trial 

Goat 
# 

9 

13 

4 

7 

2 

1 

11 

Virus 
strain 

Cooper 13 

Cooper 13 

Cooper 1 3 

Cooper lJ 

Cooper 13 

Isolated fro m 
Goat #15 
first tri a l 

Isolated from 
Goat f/1 5 
first trial 

Exposure 
route 

Intra-
cerebrally 

Intra-
cerebrally 

Intra-
cerebrally 

Intranasal 

Intranasal 

Intranasal 

Intranasal 

Preinoculatio'n 
Anti - Virus Temp . 
body isola- peak 
level tion °F . 

Temp . 
peak 

Op . 

105 . 8 103. 5 

Postinoculation 
Clinical Virus Anti -
response isola- body 

Slight depres -
sion and rough -
ness of hair 
coat on 6th and 

ti on level 
Days post -
inoculation 
5 7 9 27 

104.6 104. 4 7th day and 
slight nasal 
discharge 

1 04 . 0 104. 0 

104.4 1 04 . 2 

1 04 . 0 l OJ . 6 

lOJ . 6 lOJ . 8 

104. 6 lOJ . 4 

+:-
'-" 



Table 5 . Results of attempts to i nfect goats and a calf with IBRV - third tri al 

Animals Virus 
strain 

Goat 1 8 LA - 4 

Goat 20 LA- 4 

Goat 21 LA - 4 

Calf LA - 4 

Exposure 
route 

I ntranasal 

I ntranasal 

Intranasal 

Intranasal 

Pr einoculati on 
Anti - Virus 'I'emp . 
body isola- peak 
l evel tion °F . 

Temp . 
peak 

oF . 

1 04. 0 lOJ . 6 

104. 0 lOJ . O 

l OJ . 4 104. 2 

102 . 6 106. 2 

Postinoculat i on 
Clinical Virus Antibody 
response isola- level 

ti on 
Days postinoculation 

5 7 9 14 25 J2 

NC NC NC 

NC NC NC 

NC NC NC 

Typical + + + 1 : 4 1 : 8 1:16 
of exp . 

I Bil 

+-
°' 



Tabl e 6 . Results of attempts to infect goats with I BRV - fourth tria l 

Preinoculation Postinoculation 
Goat Virus Exposure Anti - Vi rus Temp . Temp . Clinical Virus Anti -

# stra in route body isola- peal{ paa k response isolation body 
level ti on Op . F. l evel 

Days post -
inocul a tion 

c:: 7 9 14 _, 

23 Cooper 4 Intranasal 105 . 0 104. 8 + + +:"" 
--.) 

16 Dixon Intranasal 105. 8 106 . 8 + 

17 Dixon Intranasa l 1 04 . 6 10). 2 + + 

1 9 Wennermuch Intranasa l lOJ . 6 102 . 4 + 
22 Wennermuch Intranasal lOJ . 8 103. 2 + + 



Chart 1. Temperatures of J g oats inoculated intracr anially with I BRV. 
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in ) 6 hours to 105.2° F. and it remained above 104.0° F. for 

4 days (Chart No. 2). Marked clinica l symptoms were also 

observed. Labored, fast respirations, rales, depression, 

roughness of hair coat, lacrimation and hyperemia of the nasal 

mucosa was accompanied by serous nasal discharge . The clinical 

syndrome observed was interpreted as typical of experimentally-

1nduced IBR infection. 

Attempted virus isolations 

No agent that produced CPE was isolated from any of the 

preinoculat ion nasal washings collected. An agent that pro -

duced CPE and which was neutralized by IBR antiserum was re-

covered from the nasal washings collected from goat No. 15 in 

the 1st trial, from all 5 goats 5 days postinoculation and 

from J goats 7 days after inoculation in the 4th trial. No 

agent was isolat ed from subsequent washings. 

Serum neutralization 

No antibodies were detected by serum neutralization tests 

conducted with the preinoculation serums collected from each 

goat and the calf. No antibodies were detected in the post-

inoculation serums from any of the goats . The serum collected 

from the calf on the 14th and 25th day postinoculation neutral-

ized virus at the 1:4 and 1: 8 dilutions, respectively. The 

titer of t he serum collected ) 2 days after inoculation was 

1:18 . 
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Chart 2. Temperatures and white cell counts of calf inoculated with IBRV. 
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Hematology 

There was quite a wide range in the total white cell 

counts of the "normal" goats as indicated by counts ma.de prior 

to inoculation. Although there were marked variations between 

goats, there were also wide variations i n the same goat from 

day to day. However, there was no pattern of changes i n the 

counts that could be correlated with the time of inoculation, 

variations in temperature, or any other clinical observations . 

The lowest white cell count was 7 , 000 per cmm. Several counts 

were in the 8,000-9,000 range and the highest count was 25,000. 

The white cell count in the calf showed a marked reduc -

tion after inoculation (Chart No . 2) . The preinoculation 

count was 14,400 per cmm. Three days postinoculation it 

dropped to 5,800 and remained in the 6,000- 8,000 range for 

the next 7 days. By the 16th day postinoculation it had re -

turned to 10,200. 

Discussion 

Based upon the results reported above, none of the 23 

goats utilized in these experiments which were from farms in 

Iowa and Missouri were susceptible to IBRV. This is in con-

trast to the report of McKercher et al. (63) that goats were 

susceptible to IBRV . This provokes the obvious question as to 

why the difference? Several factors can be considered in 

discussing this question. 
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The first might be, had the goats acquired resistance 

before they were purchased? No IBRV antibodies were detected 

in serum collected from the goats before or after the inocula-

tions . Therefore , there i s no serological evidence of acquired 

resistance before or as a result of the inoculations . Anothe r 
. 

question might be asked in regard to the differences in viruses 

used or methods of inoculation . However , the strains of virus 

used and the inoculation procedures employed were the same as 

reported by McKercher et al . ( 6 .3 ) • 

The virulence of the viruses used could a l so be question-

ed . The strains of the virus used were acquired from McKercher 

and Chow and cons idered by them to be fully virulent . In addi -

tion , 2 isolates from field outbreaks of IBR tha t had not been 

passaged in the laboratory ,.,ere included . Also the typical 

disease syndrome observed in the calf inoculated at the same 

time and with the same virus as the goats indicates that the 

virus was virulent . The tissue culture titers were evidence 

that the virus strains were infective . 

The infection in the calf r esulted in a titer of 1 :1 8 . 

No antibody was detected in the serum of any ·of the goats 

exposed . 

Houever , it is possible to produce antibodies to IBRV 

in goat s by parenteral injections . Dr . C. E. Phillips , NADL, 

Ames , Ioua (private comt:iunication) has produced goat IBRV 

antiserum by injecting the virus in an adjuvant intra -
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muscularly followed by 2 intravenous injections at 6 - 8 week 

intervals . The titer of the serum produced i n this way was 

1 : 10 against 100- 500 TCID5o of virus . McKercher et al . ( 63 ) 

on the other hand reported that 20 days after intranasal 

inocul a ti on the goats had serum titers of 1 : 6 and 1: 26 which 

increased slightly i n another 1 0 days. I t should be noted this 

was following 1 intranasal i noculation and not after hyper-

immunizati on . 

I n these trials virus was isolated from the nasal wash-

ings of some of the inoculated goats . I n considering this it 

is difficul t to expl ain why these goats did not show any signs 

of infect i on . The absence of detectable antibody i n the serum 

of the i noculated goats supports the contention that the goats 

were not actua lly infected but were refractory to the virus 

and did not underg o a sub- clinical or inapparent infection. 

Possibly the virus survived on the nasal mucosae and had not 

become established . The fact that no virus was isolated after 

the ?th day postinoculation in any of the goats also supports 

this possibi lity . This , too , is in contrast to the trials re -

ported by McKercher et al . ( 63 ) in which the virus was isolated 

as long as 20 days after inoculation from 1 goat . 

The difference in the susceptibility of goats is another 

aspect to consider . The goats used by McKercher et al . ( 63) 

were milk type but both milk type and Angora type goats were 

utilized in these trials . There could a lso be a difference 

due to geographical area of orig in of the goats . However, it 
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does not seem likely that goats fro m one area woul d be complete-

ly resistant a nd from another area show marked and consistent 

response t o inoculation. 

In a personal communicat ion Dr. McKercher said that he 

could not explain the differences in the resul ts but that they 

had discontinued their work with some aspects unresolved . 

In reviewing all the va riables and possible differences 

t here does not seem to be any compl etely satisfactory explana -

tion for the differences in the r esults . Even though there 

must be an explanat ion , a comparison of the viruses used , meth-

ods employed , and animals tested , does not seem to provide the 

expl anation . There mus t , therefore , be some more subtl e dif-

ference which possibly would be revealed only as the result 

of additional inves ti gations . 

These tri a l s d i d demonstrate that these goats which may 

be representative of goats fro m the Midwest were not suffi -

ciently susceptible to I BRV to be satisfactory animals for 

I BR vaccine testing . This still leaves the bovine as the only 

satisfactory ani mal for testing the immunizing ability of the 

I BR vaccines . 

Conclusion and Summary 

An attempt to utilize goats for the testing of I BR vaccine 

1·m.s unsuccessful due to the inability to i nfect 3oats with IBR 
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virus by intranasal and 1ntracerebral inocul a t i ons and by 

contact exposure . Nineteen goats were inoculat ed with 4 

strains , 2 at d ifferent passage l evels , a ll of which were 

b elieved to be fully virulent . Four goats were exposed by 

contact to those inoculated intranasally . No virus was iso-

l ated from the nasal washings collected prior to inoculation . 

The I BRV was recovered 5 and 7 days post inoculation from the 

nasal washings of 6 goats but since no antibodi es were de-

tected in the b l ood of any goat , the virus was considered to 

have survived on the nasal mucosae . No clinical signs of I BR 

were noted in any of the goats . However , 1 calf inoculated 

with the same inoculum as a group of goats did r espond with 

symptoms typical of experimentall y induced I BR and postinocu-

l at1on serum from this calf neutralized I BRV at the 1 : 16 dilu-

tion . I t is concluded that goats are not sufficiently suscep-

tible to I BRV to serve as test animals for vaccine evaluation . 
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PART II. ANTIGENIC COMPARISONS 

Introduction 

Ideally, a virus vaccine should immunize animals against 

all s trains of the virus. Therefore , if there are strains of 

the virus that are antigenically distinct, they should be in-

corporated into the vaccine. 

Numerous investigators have made antigenic comparisons of 

I BR viruses isolated fro m field outbreaks of I BR and IPV. 

Generally they have not found serologic differences, at least 

not detectable by serum n eutralization (SN) tests utilizing 

the Beta procedure (constant virus - decreas ing serum) . 

However, tests conducted for the evaluation of IBR vac-

cinates r eveal ed that there were some apparent antigenic 

differences in that some viruses were not completely neutral -

i zed by I BR antiserum produced i n rabbits . Similar observa-

tions have been reported by others . It is a l so reported that 

certain antiserums from IBR vaccinated calves did not neutral-

i ze I BR virus. 

As a r esult of these varying reports an add itiona l study 

of the antigenicity of the I BR vaccine viruses and viruses 

i solated from f i eld cases was undert aken. This part is a 

report of this comprehensive study using the Alpha procedure 

(constant serum-decreasing virus ) for SN testing . 
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Literature Review 

Eadin et al . ( 55 ) reported that the o r iginal I BRV stra ins 

isol ated in Coloratlo and California were antigenicall y ident -

i cal based upon their reciprocal cross- neutr a lizat i on tests. 

York and Schwarz ( 105) chal lenged the immunity produced 

by 1 IBRV with other isolates and concluded that the 7 st:rains 

or iso l ates compared were of 1 anti genic type . 

McKercher and Straub ( 64 ) compared an i sol ate f r om a 

range cow wi th a known I BRV by serolog ic and cross- protection 

tests . They reported complete reciprocal cross - neut r a l ization , 

but stated t hat t he strain isol ated from the cow mi ght differ 

i n certain antigenic detail s from the reference st r ain . 

Gillespie et al . ( JO) found that the IPV virus i~unized 

cattle against IBRV and vice versa and that post i noculatlon 

serums neutralized both v i ruses . Liess et a l . (51) found a 

virus isol ated i n Germany to be seroloGically i ndist i ng uish-

a ble from an I BR- IPV virus f r om the United Stat es . NcKerchcr 

( 60 ) found J viruses isolated from cattle affected wi th 

Bl aschenausschlag and an I BRV to be immunolog ically homogenous . 

He found the neutra lizing i ndexes of the antiserums to be 

essentially equal in cross - neutralizat ion tests and that all 

antiserum cross - reacted equall y in complement - f i xat i on tests 

with I BRV . NcKercher (68 ,69 ) and McICercher e t a l. (65 ) while 

confirming the results of others rela tive t o the compl ete 

reciprocal cross- neutralization of the IBR and IPV antiseru.TS 
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stated that critical serological evaluations might possibly 

reveal minor strain differences. Abinanti and Plumer (1) 

reported cross neutral ization of a virus isolated from a herd 

affected with conjunctivitis by the antiserum from the herd and 

by a lmown IBRV ant i serum . 

Studdert et al . ( 96) in Canada, Dawson et al . (20 ) in 

England and Darbyshire and Shanks (18) in Scotl and isol ated 

viruses from cattle which on the basis of cross- neutralization 

tests were found to be closely related to a Col orado strain of 

IBRV . French (25 ) and Barenfus et al . (5 ) found virus 

isol ates from calves suffering from encephalomyelitis and 

meningoencephalitis , respectively, to be serologically indis -

tinguishable from IBRV . Lukas et al . (5J) and HcKercher and 

Wada ( 66 ) found that viruses isolated from aborted bovine 

fetuses and a known IBRV were on the basis of reciprocal serum 

neutralizat ion tests indistinguishable . 

Straub et al . (94) using ultracentrifugation and a glucose 

density gradient determined that IBRV and IPV virus had the 

same sedimentation constants. Electrophoretic studies revealed 

that the viruses had characteristic and different mobilities 

and therefore are not i dentical but represent subtypes of the 

same virus group . 

Mare' and van Rensburg (56) found that 6 virus isolates 

from herds having outbreaks of 11 epivag 11 and vaginitis , which 

were grouped serologically and on the basis of the intra-

nuclear inclusions produced , were serologically identica l with 
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I PV v i rus and I BRV . 

Segr e ( 85 ) ,compared 6 st r a i ns of virus by hyperi omuniz -

i ng rabbi ts and checking the antiseru~s aga i nst the homol ogous 

and heter ol ogous virus s t rains by cross - neut r a lization tests . 

Using the Beta method of scr un neutral izati on he f ound IIl8.rked 

antigeni c differences between the strains compar ed . He stated 

that more antigeni c re l ationshi p mi ght have been s hown i f a 

h i gher t i ter antiserum and smaller amounts of virus had been 

used . 

Dr. Phillips was unabl e to completel y neutr a l ize 1 I BRV 

wi th r a bb i t antiserum produced f rom anot her s tra i n of I BRV . 

Dr . T. L . Chow , Colorado State University , Ft . Coll ins , Colo -

r ado ( pr ivate corununication ) found that rabbit antiserums 

produced in his l aboratory did not completely neutralize the 

J strain s of v i rus sent to him by Dr . Phill ips . Dr . D. G. 

11cKercher , University of Cal ifornia , Davis , California (pri -

vate communication ) i·ms not abl e to corroborate Dr . Chow 1 s 

a nd Dr . Phillips ' results us in~ rabbit and bovine antiserums . 

He suggested , based upon his experience with rabbit seruns , 

that the apparent antisenic d iff erences mi ght be due to 

nonspecific neutraliz~tion by rabbit antiserums . 

Dr . Phillips tested antiserums from calves that had been 

vaccinated with several serials or l ots of comme r cially-
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produced vaccine, and observed that at the 1:2 dilution, the 

serum of some calves did not neutralize a Cooper strain of 

I BRV . Wit h each vaccine t es ted there were individual animals 

with little or no detectable antibody . One vaccine produced 

no detectable antibody at the 1: 2 dilution of the serum in any 
. 

of the calves vaccinated. Another vaccine produced detectable 

antibody in only J of the 6 calves vaccinated and tested . 

The testing referred to above using the Beta procedure of 

SN revealed that the vaccination of calves with !BR vaccine 

results in antiserums that neutralize virus at low dilutions , 

usually not higher than 1:16. Mos t often the titers of the 

serums are only 1:4 to 1: 8 . With such low titers it was doubt -

ful if minor antigenic differences would be detected using the 

Beta procedure . 

Langer and McEntee ( 5ru, McKercher (60 ) and Gillespie 

et al . (28 ) had all used the Alpha ( constant serum-decreasing 

virus ) serum neutralization procedures for making antigenic 

comparisons of bovine vira l isolates . Mascoli and Burrell (57) 

in a discussion of Alpha and Beta procedures of serum neutral-

izat ion stated that the Beta procedure i s l ess precise and has 

othe r disadvantages . Specifically ment ioned is the difficulty 

encounte red in achieving an equa l amount of virus in each test 

and how the results are not comparable when the amount of virus 

varies from test to test . 
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Materials and Methods 

Se runs 

Each licensed producer of IBR vaccine wa s requested to 

send serum collected from calves before and after they were 

vaccinated with a specified serial of vacci ne . 

An antiserum designated as NADL+ that had been collected 

from the calf inoculated in the Jrd trial of Part I was used 

throughout as the standard antiserum or as a positive con trol 

in all SN test i ng and a known negative serum from a NADL calf 

was used as a negative control serum. 

Viruses 

(1) LA- 6 , (2) Cooper 15 , ( J ) PM 89 a high passage Cooper 

strain , (4) isolates from field cases of conjunctivitis desig-

nated Hiemstra- 6th , ?9th and 21st tissue cul ture passage (TCP) , 

Keo - 2 , 54th TCP and ISU 239 , 1 5th TCP , ( 5 ) isolates from New 

York , one a n IBRV designated as Cornell I, and another IPV 

isolate designated as Cornell K- 22, (6 ) a virus isolated fro m 

aborted fetuses in Ohio , (7) 2 isolates , Dixon and Wennermuch , 

from field cases of IBR in California, and ( 8 ) each l i censee 

was instructed to submit the virus used for conducting SN tests 

for anti body measurement unless the same virus as used for 

vaccine production was used . 

Tissue cultures and media 

P rimary and seconda ry EBK tissue cultures and media pre -
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pared as described in Part I were used for SN testing . 

Serum neutralization procedures 

Calf serums were inactivated by heating to 56° c . for 

JO minutes . 

The v i ruses used were diluted from 1 0-1 through lo- 7 . To 

each tube containing 0 . 6 ml . of the posit ive and postvaccina-

tion serums , o . 6 ml . of the virus dilutions 10- 1 through 1 0- 4 

was added . To each tube containing 0 . 6 ml . of negative and 

prevaccination serum, 0 . 6 ml. of 10- 4 to 10- 7 virus dilution 

was added. The serum- virus mixtures were held at 37° c. for 

1 hour . After this, each of 5 tubes of EBK cells was inoc-

ulated with 0 . 1 ml . of each of the virus-serum mixtures . The 

inoculated tubes were incubated at 37° c. and observed for 

CPE after 5 days and again at 6 days . The neutralization index 

(NI) was calculated by subtracting the titer of the positive 

and posti~o culation serums from that of the negative and pre-

vaccination serums . 

Each serum was tested with the same 3 viruses , LA- 6 , 

C~oper 15 , and PM 89 as well as the virus used by the licensee 

for SN testing . The nonvaccine field isolates were tested 

using the NADL+ and negative control serums and selected serums 

and selected serums from calves vaccinated by licensees . 

Results 

The results of the SN testing with the 14 seruos and 22 
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viruses are summarized in the following g raphs and tables . 

Graph #1 summarizes the neutralization indexes of the 

NADL+ serum against the LA-6 virus which was used rout inely as 

the control serum. 

Graph #1 shows that there was a hig h deg ree of consistency 

in regard to the NI of the NADL+ serum against the LA- 6 virus 

and the titer of the virus . The standard deviation (s) from 

the mean for the virus titer is 0 . 355 . All but one of the 

titer endpoints is l ess than 2 s from the mean and only J are 

more than 1 s from t he mean . 

The s for the NI is 0 . 465 . Of the 22 NI determina tions , 

only 1 falls outside of 2 s and only 2 others are more t han 1 

s from the mean . These variations from the mean are well with -

in the normal distribution patte rn . 

This graph also shows that there is a correlat i on between 

the virus titer and NI of a serum on a given date . The corre-

l ation coe ffici ent between the two is 0 . 82 . Furthe r calcula-

tions reveal that 67 . 2% of the variability in one is expressed 

in the other , or that 67 . 2% o f the v a riability of the NI i s 

reflected by or accounted for by the virus titer . 

Graph # 2 summari zes the NI of the NADL+ serum against the 

20 v iruses tested . Whe n a virus was tested more than once 

a ga inst this serum , the NI i s the average of all t ests con-

d ucted wi th a virus and this serum. 

This g raph also reflects the correl a tions between virus 

titer and NI shown i n g rap h 1 . 



Graph 1 . Repea t ed titrations and neutral izing indexes using LA- 6 virus against NADL+ s e r um. 
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Graph 2 . The virus titers of 20 IBR viruses and the NI of the NADL+ serum when 
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The NI of this serum against these viruses is also con-

sistent and grouped closely to the mean of J . 5 . The results 

are within the normal distribution in that lJ out of 20 are 

within 1 s of the mean, 5 are less than 2 s and the NI against 

K- 22 virus and the virus from licensee #10 are the only ones 
. 

more than 2 s from the' mean but neither of them are J s from 

the mean . One might expect in a normal distribution pattern 

to have 1 out of J of the observations to be outside of 1 s , 

and 1 out of 20 to be more than 2 s from the mean . 

The correlation coefficient of the virus titer and NI in 

graph 2 is 0.75 which means that 56 . J% of the variability in 

the NI may be reflected by the virus titer . Therefore , taking 

into account the correlation shown between the virus titer and 

NI in graph 1 and g raph 2 , it is highly unlikely that there is 

any significant difference between the NI of the NADL+ serum 

against any of these viruses. 

Tables 7 through 15 show the results of all of the testing 

of the serums with each virus that it was tested against and 

the dates when the tests were conducted . This 11 detailed11 

information is included for the purpose of providi ng a complete 

report of all the tests coniucted and they are summarized in 

tables 16 and 17. 
The NI of a known negative serum included in each test is 

not reported since it served only as a negative control . When 

a serum submitted by a licensee was from a calf , which had a 

NI prior to vacc ination, t he r esults of the NI testing with 
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these serums were not included . The known positive serum 

designated as NADL+ was always included in the tests conducted 

on each date and served as the positive control in the system. 

The results of these tests serve as a basis for comparison 

for the other serums . The homologous virus is the vaccine 

virus used to produce the serums except for licensees 1, 3, 

5, and 11 where the virus used by them for their SN tests was 

furnished and utilized in these SN tests . 

Table 7 shows the NI of serum #1 and NADL+ against 6 

viruses . There is no significant difference between the NI of 

serum #1 against any of the viruses tested . It has a titer 

that is comparable to the NADL+ serum . 

Table 7 . Neutralization indexes of serum from l icensee #1 
tested with 6 IBR viruses 

Dates tested 
.2-14 2-21 10-14 Averagea 

Viruses ""#1 NADL+ "#1 NADL+ "#1 NADL+ 'lh NADL+ 

Homologous . . . 3. 2 3. 0 . . . 3. 2 3 . 0 

LA- 6 2.8 3 . 0 4 . 2 3 . 5 3 . 3 4 . 2 3. 4 3 . 6 

PM 89 .3 . 0 .3 . 0 2 . 5 2 . 7 . . . 2 . 75 2 . 85 

Cooper 15 . . . . . . 4.0 J . 5 . . . . . . 4.0 J. 5 

Wennermuch . . . . . . . . . .3 . 5 .3 . 2 J . 5 .3. 2 

Dixon . . . • •• . . . ... 3. 6 3.0 J . 6 .3. 0 

awhen more than 1 test has been conducted with a serum 
and virus the average is shown, otherwise the result of the 
single test is shown. 
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In table 8 the NI of serum #2 is shown to be 0.4 and 0 . 8 

against LA-6 virus . Although the titer of this serum is low 

for all viruses , this seems to be unusually low, and is about 

1 log below the average for this serum against the 4 viruses 

with which it was tested . However , the virus titer for LA- 6 

was also low, 1 04 ·7,. on thi s date . The other serums, #4 and 

#11, do not show any appreciable difference in their ability 

to neutralize these yiruses . 

Table 8 . Neutralization indexes of J serums tested with 4 
viruses 

Dates tested and serumsa 
Viruses 2- 22 b-2 '.Z-2 10- 8 

"112 NADL=f #2 NADL=i= #4 NADL=f #11 NADL+ 

Homologous 2 . 0 J . O 2 . 8 4.o J.O 3.8 

LA-6 o.4 J . O o . 8 J . 4 2 . 2 J.2 2 . 2 J.2 

PM 89 2 . 0 . . . 1. 8 . . . 2 . 6 • • • 2 . 8 

Cooper 1 5 1.4 . . . . . . . . . J.O . . . 2 . 0 . . . 
Avg . 1.45 Avg . 2 . 65 Avg . 2 . 65 Avg . 2 . 5 

aserum nuwber refers to coded numbers of l icensees . 

Tabl e 9 shows the NI of serum #7 against 4 v i ruses and 

the average NI of this serum for the 5 tests conducted with i t 

(2 tests against Cooper 1 5 v irus ) . While the titer of this 

serum l s lower than the NADL+ seru~ . it does not seem to vary 

significantly with the different viruses tested . 

j 

I ' 
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Tabl e 9 . Neutralization index of serum from l icensee #7 

Dates tested and serums 
]-4 

NADL+ 3#~1 Viruses #7 
Averagea 

#7 

.Homologous 2 . 7 ••• 1. 98 

LA- 6 1. 8 J . 6 . . . ... 
PM 89 2 . 1 . . . • • • 

Cooper 1 5 1. 6 . . . 1 . 7 . . . 
aAverage of all test s with serum #7 . 

Serum #1 0 ( tabl e 10) tested on 11 -12 had a low NI for the 

LA- 6 and Cooper 15 viruses . However, on retest the results 

Table 10. Neutralization indexes of serum from licensee #1 0 
tested with 4 viruses 

Dates tested and serums 
11 - 12 1-12 2 - 4- Average a 

Viruses "#10 NADL =F "1flo NADL+ #10 NADL=F f/:10 NADL =F 

Homologous . . . . . . 4.2 4 . 6 . . . 4 . 2 4 . 6 

LA-6 l ·. 2 2 . 2 . . . J . 2 2 . 4 J . O 1 . 8 2 . 8 

PM 89 J . 2 J . 6 . . . J. 2 J . 6 

Cooper 1 5 1 . 8 ... 4 . 2 2 . 4 2 . 1 4 . 2 

Avg . 2 . 8 J . 8 

aWhen mo re than 1 test has been conducted with the serum 
and virus , the average is shown . Otherwise the r esult of the 
single test is shown . 



70 

were quite near the average for all viruses . It should be 

pointed out that the virus titer of the LA- 6 virus on this 

date was 104· 7. 

Serum #8 , as shown in table 11, does not seem to neutral -

ize LA - 6 or PM 89 viruses as well as it does the homologous 

virus and Cooper 1 5 . The virus titer of the LA-6 and PM 89 

viruses was low , io4·6 on the same date . This would indicate 

that the low virus titer is not the only reason why the NI is 

low for these 2 viruses . The NI of the serum against the 

honologous virus was 2 . 0 while it was only 0 . 4 and 0 . 8 against 

the LA- 6 and PM 89 virus~s, respectively . The average NI of 

2.35 for serum #8 against the homologous virus is 2 logs higher 

than the average against LA-6 virus. 

Table 11. Neutralization indexes of serum from licensee #8 
tested with 4 viruses 

Viruses 

Homologous 

LA- 6 

PM 89 

Dates tested and serums 

#8 
J-18 6-1 

NADLT #8 NADL+ 

2.7 . . . 2 . 0 . . . 
0. 15 J . 2 0 . 40 2 . 2 

. . . . . . 0. 8 . . . 

Averagea 
#8 NADL+ 

2.35 . . . 
0 . 33 

. . . 
Cooper 15 • • • . . . 1 . 7 . . . 

aAverage of more than 1 test when conducted . Otherwise 
the result of the single test i s shown. 
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Table 12 shows the NI of serum #5 with 7 viruses. The 

NI of serum #5 is practically the same for all the viruses 

except K- 22. The NI against this virus was about 1 log lower 

than the average titer of the serum against a l l the viruses 

tested . The titer of this virus was 104 · 5 on this date and 

the NI of the NADL+ against this virus was 2 . 2 on 11-12 which 

was the lowest titer recorded for this serum against any of 

the viruses with which it was tested . 

Table 12 . Neutralization indexes of serum f r om licensee #5 
tested with 7 viruses 

Dates tested and serums 
7- lb 2- 2.2 Average a 

Viruses "115 NADL~ "lf 5 NADL::t= #5 NADL+ 

Homologous J . 8 4 . 2 . . . . . . J . 8 4.2 

LA- 6 J . O J.4 3 . 3 J . 8 3 . 1 5 3 . 6 

Pt'. 89 J . 4 . . . J . 4 

Cooper 15 J . 6 . . . . . . J . 6 

Ohio . . . J . 2 . . . J . 2 

Himstra- 21 . . . . . . 3. 4 . . . J . 4 

Cornell K- 22 . . . . .. 2.3 2.2 2 . J 

Avg . J . 45 Avg . 3 . 05 Avg . J . 26 

aAverage of more than 1 test when conducted . Otherwise 
the result of the single test is shown . 

Serum #3 was tested against 6 viruses , table lJ, and the 

titer did not seem to be significantly different with viruses 



72 

that it wa s tested against. The NI against the Dixon and 

Wennermuch viruses was somewhat lower but these viruses had 

low t i ters 105 . 1 and 104·3. resp ectively, which may partly 

account for lower titers a gainst these viruses . 

Table 13. Neutralization indexes of serum from licensee #3 
tested with 6 viruses 

Dates teste d and serums 
6 -11 1 0-14 

Viruses #3 NADL + #3 NADL + 

Homologous 3.0 3. 8 . . . 
LA- 6 2.0 3 . 0 2 . 2 4 . 2 

PH 89 2 . 6 • • • . . . 
Cooper 1 5 2.8 . . . . . . ... 
Wennermuch . . . . . . 1.4 • • • 

Dixon . . . . . . 1 . 6 

Avg . 2. 6 Avg . 1.7 Avg . 

Averag ea 
#J NADL+ 

3 . 0 

2 . 1 

2 . 6 

2 . 8 

1 . 4 

1. 6 

2 . 25 

3.8 

3.6 

. . . 

&Average refers to more than 1 test. Otherwise the 
result of the single test is shown. 

Se rum #9 wa s tested a gains t 4 viruses as shown in table 

14. The ability of this serum to neutralize the LA- 6 and 

Cooper 1 5 viruse s seems to be significantly less than its 

neutral i z ing ability for the ho mologous virus and the PM 89 

virus . The average NI of 4 t e sts a gainst LA-6 is 0 . 6 and the 

averag e NI o f 4 test s a gainst Cooper is <1. 0 . Two tests were 

not carried t o t he endpoint of t h is s e rum a gainst Cooper 15 

1. 
I 
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but these results are included to validate the conclusion that 

this serum had very little neutral izing ability for this virus . 

The average NI for 2 tests against the homologous virus and the 

PI1 89 virus was 2 . 7 and 2 . J , respectivel y . The lm·r titer of 

this serum against these viruses cannot be attributed to l ow 

virus titers since the virus titers of LA- 6 and Cooper 15 were 

higher than was the titer of the homologous virus . 

Table 14 . Neutralization indexes of serum from licensee #9 
tested against 4 viruses 

Dates tested and serums 
10- 22 10- 29 1 - 19 1- 20 0- 1 Avera~ea 

Viruses #9 NADL + //9 NADL+ //:9 119 NADL+ /f9 #9 NADL+ 

Homologous 2 . 2 J . 2 2 . 7 

LA - 6 4 . 4 1 . 0 J . 6 0 . 4 0 . 7 J . J 0 . 2 0 . 6 J . 4 

PN 89 2 . 0 ... 2 . 6 2 . J 

Cooper 15 1 . 0 0 . 8 {l . 7 <1 . 0 <l. 0 

aAverage refers to more than 1 test of a serun with a vi -
rus . Otherwise the results of the s i ne;le test is shmm . 

Serum f/:6 was tested against 11 different viruses as shmm 

in tables 1 5 and 16 . Scrum was collected 14 and 21 days after 

vaccination by this licensee and the titer of the 14- day serum 

was lower than that collected 21 days after vaccination. The 

titers of seru~ #6 against Cornell I , K- 22 and Himstra 6- 79 

viruses were sl i ghtly l ower but these viruses a l so had low 

titers w-h i ch may account for the lower .JI against this virus . 
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The other variations in serum titers are considered to be well 

within t he normally expected range of variation . 

Table 15. Neutralization indexes of serum from licensee #6 
tested against 11 viruses 

Viruses 

Homologous 

LA-6 

PM 89 

Cooper 15 

Dixon 

Himstra 6- 21 

Himstra 6-79 
Cornell K- 22 

Cornell I 

ISU-239 
Ohio 

2.0 

. . . 
2 . 8 

1.6 

. . . 

... 

. . . 

Avg . 2 . 1 

6-4 

2 . 8 

3.0 

• • • 

. . . 

. . . 

• • • 

... 

Dates tested and serums 
8-6 11-5 

7/bb NADL+ #6 NADL+ 

3. 8 

2.8 

3. 0 

3. 4 

. . . 

. . . 

• • • 

. . . 

. . . 

4.0 

3. 2 

• • • 

. . . 

• • • 

... 

. . . 

. . . 
• • • 

. . . 
2 . 6 

. . . 

. . . 
2 . 6 

. . . 
2 . 2 

. . . 
2. 4 

3.0 

• • • 

3. 2 

••• 

. . . 
3.2 

• • • 

3. 4 

. . . 
3.2 
4 . 4 

Avg . 3. 25 

acollected 14 days after vaccination. 

bcollected 21 days after vaccination. 

cAverage of 21 day serum only . 

#6 
2 - 2 5 

NADL+ 

• • • • • • 
2.ob 
3.2 3. 8 

. . . . . . 

. . . 

. . . ... 
3.0 

. . . 
2. 3 

. . . . . . 

. . . . . . 

Table 16 which summarizes the testing of all of the serums 

against all of the homologous viruses and viruses LA- 6 , PM 89 , 

·. 



Table 1 6 . Summary of neutralization indexesa for all serums tested against the 
homologous a nd J selected viruses 

NADL+ 
Coded no . o f serums from licensees 

Viruses Titer serum 1 2 J 4 5 65 6c 7 8 9 10 11 Averaged 

Homologous . . . . .. J . 2e 2 . 0 J . Oe 2 . 8 J . 8e 2 . 0 J . 8 2 . 7 2 . J 2 . 7 4 . 2 J . Oe 

LA - 6 5 . 3 J . J J . 4 o . 6 2 . 1 2 . 2 J . 2 2 . 0 2 . 9 1 . 8 O. J 0 . 6 1. 6 2 . 2 2 . 4 

PM 89 5 . 6 J . J 2 . 8 2 . 0 2 . 6 2.6 J . 4 2 . 8 J . O 2 . 1 0 . 8 2 . J J . 2 2 . 8 2 . 8 

Cooper 15 6 . 2 J . 8 4 . 0 1 . 4 2 . 8 J . O J . 6 1 . 6 J . 4 1 . 6 l. 7d. 0 2 . 1 2 . 0 2 . 6 

aw hen tested more than once , the average is reported . 

b14- day bl eed i ng . 

c21-day bleeding . 

dAverage neutra lization indexes except NADL+ and signi f i cantl y l ower serums 
a gainst the J viruses . 

eVirus used by company for SN testing--not vaccine v i r u s . 

--J 
\.J1. 
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and Cooper 15 again brings out the apparent significant anti -

genic differences detected . Attention i s directed to serum #2 

against LA- 6 virus, serum #8 against LA- 6 and PM 89 viruses , 

and serum #9 against the LA-6 and Cooper 15 viruses . If the 

NI of each of these serums against these viruses is co~pared 

to the average NI of all the other serums against these virus-

es, it would appear that the neutralizing ability of these 

serums is significantly less for these viruses than for the 

other viruses tested . For example, the NI of serums #2 , #8 , 

and #9 against LA- 6 was 0 . 6, 0 . 3, and 0 . 6 , respectively , where -

as the average NI of all the other serums against this virus 

was 2 . 4 . Likewise , the NI of serum #8 was 0 . 8 against PM 89 

as compared to the average NI of all the other serums against 

this virus of 2 . 8 . Also , the NI of serum #9 against Cooper 

15 virus was less than 1 . 0 but the average NI of all other 

serums against this virus was 2.6 . In many instances the 

serums were tested against these viruses more than once . This 

supports the significance of these results . In the case of 

serum /19 , for example, the NI reported for LA-6 and Cooper 15 

viruses was based on the average of 4 tests . 

The variability of the NI of #2 , #8 , and #9 serums cannot 

be explained on the basis of lower virus titers . The titers 

of these viruses , LA- 6 , PM 89 , and Cooper 15 were not generally 

low and were not unusually loN on the dates when the lower 

neutralizing indexes were observed . 
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A review o f table 16 will also reveal that none o f the 

other serums demonstrated this degree o f v a riabil ity i n regard 

to their ability to neutralize the viruses t e s ted . These 3 

serums , #2 , #8 , a nd #9 did not vary t h i s much in t he i r ability 

to n eutral ize other viruses . 

Table 17 summarizes the results of t e s t ing several serums 

received fro m l icensees and the NADL+ ser um against viruses 

isolated from f i e l d cases of typical ! BR , abort i ons , c on -

Table 17 . Summary o f neutral ization indexesa for the serums 
tested a gainst IBRV isolates 

Coded no . o f serums 
f rom licensees 

Viruses Titer 
NADL+ 
serum 6° 1 3 5 

Wennermuch 

Dixon 

Oh i o 

Hlmstra 6 - 21 

Hlmstra 6- 79 

Cornell I 

Cornel l K- 22 

Keo 2 

ISU 239 

4 . J 

5.1 
5. 8 
5. 9 
6 . 1 

4. 5 
4 . 6 

5. 9 
6. 7 

3. 2 

3.1 
2. 4 

3. 8 

3. 4 

3. 2 

2 . 2 

J . 4 

4. 4 

• • • 

2 . 6 

J . O 
3. 0 

2 . 2 

2. 4 

2. 3 

. . . 
J . O 

J . 5 
J . 6 
... 

. . . 

. . . 

1 . 4 

1 . 6 

... 

. . . 

... 

. .. 

. . . 
awhen tested more than once , the average l s r eported . 

b21-day bl eeding . 

. . . 

. . . 
J .2 
J . 4 

2 . 3 

. . . 

junctivitis , and I PV. Serum #3 has a low titer for 2 viruses 

but the titer of this serum for all viruses was not high ( see 
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table l J ) . It is doubtful that the slightly lower NI for 

these 2 viruses is significant . All of the othe r neutraliza-

tion indexes seem to be within the range of normal variation . 

Discussion 

An examination of t he results of the comparat ive SN test -

ing of the serums with the viruses which are recorded in tables 

7-15 reveals some antigenic differences that are believed to 

be s i gnificant . These most significant differences were noted 

in only 2 of the 12 serums, #8 and #9 , when they were tested 

against 3 l aboratory viruses. Other less significant differ-

ences were noted . 

In table 8 the NI for serum #2 i s low against LA-6 virus , 

but t his serum had a low titer against a ll viruses . The l ower 

NI against LA-6 may be partly accounted for by the low virus 

titer but the NI against another virus , PM 89 , was higher even 

though the virus titer was slightly lower. Therefore, the 

low NI , 1 to 1 - 1/2 logs below the titer for other viruses , 

confirmed by 2 tests of serum #2 against LA-6 is believed to 

be of at l east some significance . 

Serum #1 0 had a low NI for LA- 6 a nd Cooper 15 viruses on 

the first test but on a subsequent t est the NI was more nearly 

the average for this serum. The low virus titer for LA- 6 

on the date of the first test may be reflected in the lower 

serum t iter . Furthermore, the lowest NI for other serums 

against this virus were recorded when the virus had a low 
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titer , therefore , less significance is attached to this low 

titer of #10 serum 

The low NI for serum #8 against LA- 6 as shown in table 11 

is considered to be a significant difference . Especially 

since the average NI for 2 tests of this ser um was 0. 33 against 

the LA- 6 virus which is 2 logs lower than the average NI 

against the homol ogous virus. Serum #8 was tested once against 

PM 89 virus , and it had an NI of 0 . 8 and this may be signifi-

cantly lower than the NI a gainst the homologous virus . But 

since it was not repeated , it is more difficult to assess its 

significance . 

The slightly lower NI of serum #5 against the Cornell 

K- 22 v i rus as shown in table 12 is believed to be of little 

significance . The titer of this virus was low on this date 

and the NI of the NADL+ serum was also low on this date against 

this virus . Since the NADL+ serum usually had a higher NI 

but was as low as the serum #5 on this date , this slight 

difference in serum #5 can probably be accounted for by the 

low virus titer of Cornell K-22 . 

Serum #9 i s believed to have a significantly lower titer 

against the LA- 6 and Cooper 15 viruses . The reasons are g iven 

in the discussion accompa nying table 14. The low NI for this 

serum with these viruse s cannot be satisfactorily eA-plained in 

terms of virus titers or other reco gnized variables . The 

lower NI is considered more significant because it is an aver-

age of 4 tests and is cons istently almost 2 logs below the 
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titer of this serum for the homologous virus. 

It is interesting to note that the viruses that were 

regarded as field isolates were not found to have significant 

anti genic differences (see table 17). The significant anti -

genie differences were noted in the "laboratory" viruses LA-6, 

Cooper 15 and possibly PM 89 . LA-6 was originally isolated 

from a herd undergoing IBR in California and has been passaged 

only 6 times . The Cooper 15 was originally isolated from an 

IBR outbreak in Colorado and had been passaged 15 times in 

tissue culture. The PM 89 was originally a Colorado isolate 

and has been passaged about 89 times in tissue culture. 

In checking the source of viruses used by licensees for 

vaccine production , it appears that a ll may have been isolated 

originally from cattle in Colorado. The way this occurred was 

that certain laboratories supplied the commercial companies 

with viruses and these laboratories probably all received their 

virus originally from Colorado . 

If all of the vaccine viruses were originally from 1 

source one would not expect to detect antigenic differences 

unless they had been modified by passage . On the other hand , 

since the LA-6 virus was originally isolated from cattle in 

California and the Cooper 15 virus from cattle in Colorado, 

there is the possibility that these viruses could be antigen-

ically different . If this is the case, the difference should 

be consistently apparent when serums are tested against these 

v i ruses , bu t this was not shown. 
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As shoim in table 16, the antigenic differences noted 

that are considered most significant are with serums #2 , #8 

and #9 and with LA-6 , PM 89 , Coop er 15 viruses . It is diffi -

cult to evaluate the s i gnificance of these apparent differences . 

But where the serum has been tested against the same virus 

repeatedly, as has serum 119 against LA-6 and Cooper 1 5 , and 

there is a consistent 2 logs difference in the titer as com-

pared this serum against the homolo gous virus, it would be 

difficult to dismi ss it as insignificant. However , the reason 

why this serum is not able to neutralize these 2 viruses as 

effectively as othe r s cannot be explained on the basis of the 

orig in of the virus . This d iffere nce may result from the mod-

ification of the virus du ring the development of the vaccine . 

Since LA- 6 and Cooper 1 5 are relatively low passage-level 

viruses , thi s could account for thei r apparent antigenic 

difference . However, if this is the explanation, it would be 

difficult to explain why serum #2 which had a low NI for LA-6 

did not have a l ow titer for Cooper 1 5 too. Al so , serum #8 

whi ch had a low titer for LA-6 had a low titer for PM 89 , a 

vaccine virus , but not f or Cooper 1 5 . 

Th ere a r e no r eferences in the literature which note 

specific antigeni c d iffe r en ces between I BR viruses but some 

a uthors make r eference to poss ible differences. McKercher and 

Straub ( 64 ) suspected that a virus isola ted from a r ange cow 

d iffered in certain ant i genic deta ils from a known I BRV . 

Straub et al . ( 94 ) concluded that the different but characte r-
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isti c mobilities detected by e l ectrophoretic studies of virus 

i ndicated that they were not identical but sub- types of the 

same v i rus group . 

Most of the previous SN comparisons of I BR viruses and 

antiserums have been conducted with the Beta method of constant 

virus and decreas ing serum. Bovine viruses have been compared 

with the Al pha method of constant serum and decreas ing virus 

( 50 , 60 , 28 ). The Alpha method is recognized ( 57) as more pre-

cise in detecting differ ences in serum titers and was there -

for e used in these tests . 

Also , some SN testing reported in the literature was 

done utiliz ing hyperimmune rabbit ant iserum. Hyperi~une 

serum is not cons i dered to be as spec i fic as antiserum re$ult -

ing from the f i rst inoculat ion of an ant i gen. All of these 

serums from licensees were produced as the result of 1 inocu-

lation of the ant i gen or vaccine into the cal f . These serums 

are therefore considered to be more specific than woul d be 

hyperimmune serums . Since the NADL+ is a hyperimmune serum , 

i t may not r efl ect minor antigenic differences as quickly as 

do t he serums from cal ves that were inoculated onl y once . 

I n summary , it appears tha t there are some significant ant i -

genie d i ffe r ences in the virus es tested whi ch cannot be satisfac-

torily explained . However . ba sed upon the earlier resul ts of SN 

testing at NADL by Dr . Phillips it was anticipated that there 
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would be some antig enic differences detected. The statistical 

si gnificance of these differences cannot be determined since 

the number of tests conducted with the serums and viruses 

disclosing the antigenic differences are not great enough to 

permit statistical analysis. However, the average 2 log 

difference in the NI of these serums for these viruses as 

compared to their titers against other viruses would indicate 

that these are real antig enic differences. Finally, the vary-

ing neutralizing ability of these serums was not demonstrated 

for other serums a gainst any of the viruses they were tested 

against . 

Conclusion and Summary 

Two of the 20 viruses tested were found to have anti genic 

differences considered to be significant by testing them 

against serums from calves inoculated with vaccines by 11 

licensed producers of I BR vaccines . 

Two of the 1 2 serums tested were found to have significant-

ly different neutralizing ability for certain viruses . One 

other serum showed a variability in neut-ralizing ability , but 

not as marked as the othe r 2. The serums , collected from the 

vaccinated calves by the licensees, were all tested against 

the homologous and J selected viruses. A lmovm positive hyper-

immune serum and sel e cted serums from licensees were tested 

against the vaccine viruses and viruses isolated from field 

cases of typ ical I BR , conjunctivitis , abortion , and IPV. No 
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antigenic differences were noted in the "field" viruses iso-

lated from the diseases herds. 

There was a close correlation between the NI of the hyper -

immune serum and virus titers when tested repeatedly against 

one virus and with the 20 viruses it was tested against . The 

correlation coefficients between the serum NI and virus titers 

are 0.80 and 0.75 , respectively . 
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PART III. I NTERFERON PRODUCTION AND SUSCEPTIBILITY 

Introduction 

Interferon (IF) was first recognized and identified by 

invest i gators who were studying virus interference , the phenom-
. 

enon long observed in which 1 virus, once it has infected 

cell s , is able to prevent other viruses from invading or 

infecting these same cells . Later it was observed by several 

workers that IF production was a reaction of cells from many 

species of vertebrates to infection with a number of viruses . 

It was further demonstrated that the interfering activity 

produced as a resul t of the reaction between the cells and 

viruses was released into the fluid menstrum. Al so , that the 

active principl e , freed of any residual virus , elicited re -

sista nce to cells a gainst other viruses . Since these first 

discoveries IF has been the subject of extensive investigation . 

Interferon has been characterized as a non- dialyzable 

protein of non- viral origin . Apparently, its mode of action 

is the inhibition of some phase of virus replication in the 

cel l s . 

The discovery that l ess virulent strains of virus induced 

the production of more IF , led to the suggestion that this 

might be a general characteristic of the l ess virulent strains 

of virus . This hypothesis was confirmed for several viruses 

and sugge s ted the stud i e s reported in this part . 
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It is a common practice to attempt to devel op a vacci ne 

for a di sease by modifyi ng a virus so as to reduce i ts v iru-

l ence . The vaccine utilized for IBR preventi on was developed 

by the r api d serial passage of a virulent virus . I t was pos -

s i bl e t o reduce the v i rul ence of the v i rus , afte r many passages 

in EBK cells , so that i t does not cause an untoward reaction 

when inoculated into susceptible calves . Thi s r a i sed the 

question : Had the modification of the IBR virus altered i ts 

ability to produce interferon or its sensitivity t o i nterfer on? 

If it coul d be shown that this virus was modi fi ed i n e i ther 

of these ways , it might partially explain what occurs when 

virus virulence is reduced in the development of a vaccine . 

This part is a r eport of the experiments corrlu cted i n an 

effort to show that t he IF production or sensitivi ty was 

involved in the modification of IBR virus . 

Review of Literature 

Interferon ( IF ) was first detected by Isaacs and Linde-

mann (45 ) while investigating virus interference . They ob-

served t hat IF was produced when fragments of chorio - allantoic 

membrane from chicken embryos were exposed to inactivated 

influenza virus . The I F was able to block infection of normal 

cells by myxoviruses and also a pox virus . Subsequentl y , it 

was shown that IF is also produced in response to live v i rus 

(10) . 

. ' 
I 
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Ho and Enders ( 40) and Henle et a l . ( 38 ) found that I F 

was produced in cultures of cell s chronicall y infected with 

virus in vitro . I t appeared that IF was responsibl e for the 

cellular resistance to virus destruct i on in these cultures. 

Glasgow and Habel ( Jl ) found that if the IF was allmved to 

accumulate in the cultures they could recover completely from 

the virus infection . 

Very young chick embryos ( CE ) are lcnovm to be more sensi -

tive to the lethal action of a number of viruses than are 

older CE . CE do not produce antibodies to virus but Baron 

and Isaacs ( 7) report ed that the time of the development of 

re sistance to the virus infection corresponded closely to time 

o f the devel opment of the IF mechanism. 

Several investigators have studied the biological and 

biochemical characteristics of IF . Hilleman ( J9) and Ho ( 41) 

have reviewed these studies and agree that I F is sensitive to 

some proteolytic enzymes , e . g . trypsin , chymotrypsin , pepsin , 

and papain and that it is relative ly heat stable and stable at 

hi gh and low pH . The molecular wei ght seems to vary with the 

species from which it is elaborated but i s probably between 

25 , 000 and 70 , 000 . It is produced by cells , does not directly 

inactivate virus , inhibit s replication of virus and i nfectious 

nucleic acid intracellula rly , i s more effective in species of 

cells from which it is produced , is not inactiva ted by anti -

bodies to virus and is relat ively non- anti genic . 

Lwoff and LHoff (54) have shown that the course of a 
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virus infection can be greatly influenced in vitro and in vivo 

by a small temperature rise . They suggested that fever may 

play a part in recovery from virus infection. 

Dubes and Wenner (22 ) and Bedson and Dumbell ( 8) have 

sho'\lm that strains of polio virus and pox viruses , re spective -

ly , that are able to grow at higher temperatures are often 

more virulent than viruses unable to do so . This raised the 

question of the possible relation of virus virulence and tem-

perature to interferon production or sensitivity . 

Ruiz - Gomez and Isaacs (78) invest i gated the growth and 

virulence of viruses in CE over a range of temperatures from 

25- 42° C. and the sensitivity of these viruses to IF . They 

found a close correspondence between the opti.!!13.l temperature 

for g rowth and the sensitivity of the virus to interferon , i . e . , 

the higher the optimal temperature , the less sensitive the 

virus was to I F. In the virulence studies they took into 

account the relat ion of the age of the CE to virus suscepti -

bility . They found that when 1 0-day and 12- day - old CE were 

used , the virulence of 8 of 10 viruses was related to their 

optimal temperature and their sensitivity to interferon . 

Enders (23 ) commented on the higher yield of IF from 

cells infected with an avirulent strain of measles than from 

cells infected with a virulent strain . He suggested that this 

relationship might be a more general one whi ch could yieltl 

an interesting clue to the nature of virus v irulence . De r·:aeye r 

and Enders (21 ) found that 5 strains of polio virus of 101·1 

-

I ' 
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virulence induced production of IF while 4 virulent strains 

did not produce detectable interferon . Ruiz - Gomez and Isaacs 

( 77) found that strains of Ne1·wastle Disease Virus ( NDV ) whi ch 

were most virulent for the CE produced less IF than strains of 

l esser virul ence . Glasgow and Habel ( 31 ) observed that mouse 

cells that showed lesser susceptibil ity to vaccinia virus 

produced more IF than cells that were more susceptible to the 

same virus . Ruiz - Gomez and Isaacs (77) noted the NDV which 

g rew well and produced plaques i n CE cells produced low yields 

of IF. The same virus grew poo rly in human amnion cells but 

produced l arge yields of IF. Wagner (1 04) studied the produc -

tion of I F in L cell s by mutants of ves i cular stomatitis virus 

(VSV ) of d ifferi ng virulence for mice . The mor e v i rul ent 

virus produced less I F and was l ess sens i tive to the anti -

viral act ion of IF in vitro than the less virulent virus . 

Thiry (99) working with 11 red 11 mutants of NDV of d iffer-

i ng virulence for mice and CE found that the lower the viru-

l ence the higher the yield of IF induced . Sellers ( 87) found 

that strains of foot - and - mouth disease virus of differing 

virulence show a corresponding variation in sensitivity and 

production of interferon. 

Isaacs (77) concludes in regard to the wo r k conducted 

with Ruiz - Gomez that it seems clear that the v i rulent stra ins 

with high optimal temperature for virus growth , g ive very 

poor yields of I F , whereas, the avirulent strains g i ve much 

better yields . He points out that avirulent strains , which 
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grow less well at J7° C. and higher. give their best yields of 

IF at the higher temperatures and is in support of the postu-

lation of Lwoff and Lwoff ( 54 ) that fever may have a beneficial 

affect on recovery from virus infection by favoring the pro -

duction of IF . This author further suggests that when a virus 

particle enters a cell ' it is either stimulated to produce IF 

which prevents production of new virus or it allows the virus 

to multiply . 

Furthermore, that an avirulent virus may be one in which 

a high proportion of its population is made up of virus part -

icles that stimulate cells to make IF and that such a virus 

may also be very sensitive to the antiviral action of IF . 

Ho ( 41) in discussing the . "induction" of IF summarizes 

his hypothesis by stating that infective virus may either 

inhibit or enhance interferon formation and that intracellular 

IF can inhibit viral infectivity or inhibit the cell- disruptive 

influence of infective virus and thereby increase IF formation . 

Tamm and Eggers (98 ) in discussing the kenetics and mech-

anism of IF production and action point out that it has been 

sho~m that IF becomes detectable only after virus multiplica-

tion has reached a peak, and that it is most effective when 

added to cells some hours before the virus but can inhibit 

virus multiplication when added at the same time or even hours 

after the virus inoculation . 

demonstrated in rabbits by: 

Its effect in animals has been 

(1) protecting against intradermal 

infection with vaccinia virus . and (2) reducing the effect of 
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corneal inoculations of vaccinia virus by prior application of 

IF to the eyes . The same treatment did not affect the course 

of herpes simplex virus infection . Interferon has shown a 

slight but significant protective effect in mice inoculated 

with an encephalitis (Bunyamwera) virus . These authors also 

list as IF producing viruses members of 4 major groups: 

picorna- arbo - myxo- and pox viruses. Sensitivity to interferon 

has been demonstrated for all except papova and herpes viruses . 

They state that there are marked quantitative differences in 

the production and IF sensitivity of viruses . 

Materi als and Methods 

Interferon production 
Two IBR viruses were used. One was a virulent strain 

identified as C6 which had been obtained from Dr. McKercher 

{see Part I - Source of viruses) as the 4th passage of the 

Cooper strain and was passaged 2 more times in EBK cells . The 

other was a commercia lly produced vaccine virus designated as 

6A . The swine influenza virus (SIV) was received from Dr . 

J . B. Gratzek at Iowa State University and was originally 

isolated from a fi eld case . 

Eighty ml. of an embryonic bovine kidney cell suspension 

prepared as described in Part I were dispensed into 1-liter 

Bl ake flasks . When the cells were confluent , they were i noc -

ulated with 1 ml. of a virus dilution containing about 50,000 

TCID50 . Except in 2 trials where temperatures were varied, 
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the inoculated cells were incubated at 37° C. I n 1 trial the 

cells were incubated at 39° c . and in another they were main-

tained at 25° C. for 14 days and then at 37° c . for 5 days . 

The inoculated Bl ake flasks were r emoved f rom t he incuba-

tor 48- 72 hours after inoculation when t he CPE was appr oximate-

ly 75- 9Cff, compl ete . The cells and medium were frozen a nd 

thawed twice . In the first trials the fluid containing the 

virus was centrifuged for 2 hours at 30 , 000 r . p . m. or 76 , 000 g . 

to remove the virus . Since this did not eliminate all the 

virus , in later tri als the virus was inactivated wi thout prior 

centrifugation . The SIV was removed by hemadsorption with 

chicken red bl ood cell s before inactivation. The v i ruses were 

inactivated chemi cally by reducing the pH of t he medi a to pH 

2 . 0 - 2 . 5 . In the first trials this was accomplished by 

dialysis against Sorenson ' s glycine buffer for 24 hours . Later 

the pH was reduced by adding o . 3N HCl directl y to the medium 

and holding at 4° C. for 24 hours . In the fi r st trials the 

fluid was restored t o pH 7 . 4 by dialysis against Sorenson ' s 

phosphate buffer pH 7 . 4 . The fluid treated i n t his way was 

toxic to the cells and , therefore , the pH was restored by the 

addition of o . 3N NaOH and by d i alysis against Earle ' s bal anced 

salt solution for 2 24-hour periods at 4°c . The flui d was 

filtered through a 0 . 45 }' millipore filter and tested for 

bacterial sterility by inoculating thioglycolate broth and for 

residual virus by inoculating EBY cells . 
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Interferon assays 

The I BR viruses used in the plaque and tube assays were 

virulent, 101'1 passage Cooper strains (See Part I - Source of 

viruses) . The vesicular stomatitis viruses (VSV) were both 

New Jersey type. One was furnished by Dr . E. W. Jenney of the 

National Animal Disease Laboratory and the other was supplied 

by Dr . J. B. Gratzek of Iowa State University , originally from 

Wisconsin and is lniown as the Jackson strain . The ISU-1 was 

also supplied by Dr . Gratzek and has been identified as an 

IBR virus. 

Two methods were utilized for IF assays . They were : the 

inhibition of plaque formation and the inhibition of cyto-

pathic effect (CPE ). Embryonic bovine kidney (EBK) cells were 

used in 60 ml . Petri dishes for the plaque experiment and 

1 6 x 1 50- ml . tissue culture tubes for the CPE observations . 

However , 1 plaque assay was conducted in embryonic bovine 

testicular (EBT) cells . Usually, 5 Petri dishes or tubes were 

used for each virus dilution and virus- IF combination. The 

tissue culture cells were prepared as described in Part I. 

Eight ml . of the medium containing the suspension of cells were 

placed in each Petri dish . The cells were observed for g rowth 

and when confluent , usually in 48- 72 hours , the medium was re -

moved . The cells were washed with PBS and then 0 . 5 ml. of the 

harvested fluid (HF) believed to contain IF was pl aced on the 

cell sheet. The cells treated with HF were kept at room temp -

erature for 1/2 hour and then 5 ml . of Earle ' s medium with 4% 
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calf serum was added to each dish . They were then incubated 

for 24 hours at 37° c. at which time the medium was poured off . 

The cells were then inoculated with 0.1 ml. of the appropriate 

virus dilutions . After allowing 1 hour for virus absorption , 

the cells were overlaid with 5 ml. of a mixture of equal parts 
. 

of double strength Eagles' medium with 5% calf or l amb serum 

and 2% Noble agar adjusted to a pH of 7.4 . The overlaid cells 

were incubated at 37° c. in a 2- 4% C02 atmosphere for a period 

of 48- 96 hours . After the period of incubation , 0 . 3 ml . of 

1% neutral red or 5 ml . of 1 - 10 , 000 dilution of neutral red 

in distill ed water was added to each plate . Plaque counts were 

made 3- 4 hours after staining. 

Certain minor deviations of these procedures will be noted 

in the tables included in the results . 

The assays for inhibition of CPE were conducted in tubes 

containing EBK cells prepared as described in Part I . When 

the cells were confluent , the medium was removed . The cell 

sheet was washed twice with 1 ml . of PBS and 0 . 5 ml . of fluid 

being assayed for IF was placed on the cells in each tube . 

After a llowing 30- 60 minutes for absorption , 1 ml . of Earl e ' s 

maintenance medium with 4% lamb serum was added to the cells 

and they were placed in a 37° c. incubator for 24 hours . After 

the incubation period , the medium was removed from the cells 

and they were inoculated with 0 . 2 ml . of the appropriate virus 

dilutions . Following the 1 hour allowed for virus absorption , 

1 . 8 ml . of either Earle ' s or Eagles' maintenance medium with 
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4% calf or lamb serum was added . The cell s were observed for 

CPE beginning 24- 48 hours after virus inoculation . Hinor 

exceptions to the above are noted in the tables in the Results 

section . 

Results 

The harvested fluid (HF) designated as IBRV- HF was the 

fluid harvested from the EBK cells inocul ated with IBRV and 

treated to preserve IF as described in Materials and Methods . 

That designated as SIV- HF was the result of the SIV inocula-

tions . 

~inor exceptions to the procedures described in the 

Materials and Methods section are noted in the titles and foot -

notes to the following tables which report the results of the 

trials conducted . 

Tabl e 1 8 . Test for interferon in cells treated with I BRV- HF 
and inoculated with virus at the same time 

IBRV and dilution Average no . Elagues uer Elate 
HF + virus Virus alone 

Cooper 13 lo- 5 60 54. 5 
lo- 6 4 5 
lo- 7 0 . 2 0 . 2 



Table 19 . As say for interferon in EBT cells treated with 
I BRV- HF JO minutes before the virus inoculation 

Virus and dilution Average no . 
HF + virus 

NADL- VS lo- 4 . 67 
l0- 5 0 

ISU- 1 IBR l o- 5 5 
l o- 6 1 

Cooper 13 I BR l o- 5 TNTCb 
l o- 6 140 

asix plates for each virus dilution . 

bToo numerous to count . 

:2lagues per :2latea 
Virus alone 

J 
. 67 

8 
. 67 

TNTC 
83 

Table 20 . Assays for I F in HF from 6A and C6 I BR v i ruses 

Virus and dilution Average no . 2lagues Eer Elate 
bAHF + virus CbHF + virus Virus alone 

Cooper 1 3 I BR lo- 6 12 . 5 1 9 12 . 5 
lo- 7 2 . 0 1. 8 Con tam. 

I SU- VS 1 0- 2 ND a ND TNTC 
lo- 3 1 8 . 1 1 9 ob 
l o- 4 1. 4 1. 5 1 

aNot done . 

bAbsence of plaques at this dilution unexplained . Per-
haps virus inoculation was omitted . Plaques at l o- 2 and 10- 4 
support the validity of the assay . 
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Table 21 . Assays for interferon in HF from C6 and 6A IBR 
viruses by CPE inhibition 

~ of tubesa showing CPE TCID50 of 
IBRV in Hours post- Virus 
inoculum inoculat ion C6HF + virus 6AHF + virus alone 

. 
JO 24 70 70 70 

158 24 80 80 80 

JO 48 90 100 100 
158 48 100 1 00 100 

50 48 70 70 90 
1 50 48 80 100 100 

50 60 100 90 100 
1 50 60 100 1 00 100 

aTen tubes for each inoculat ion and virus dilution . 

In an effort to stimul ate IF production by varying the 

incubation temperatures , EBK cells in Blake bottles were 

inoculated with 1 . 0 ml . of an undiluted harvest of media con-

taining 6A I BR virus and a 10-2 dilution of the harvest of a 

previous passage and incubated for 14 days at room temperature 

approxirr.ately 25° C. Since there was no evidence of CPE after 

14 days at 25° C. the bottles were transferred to a J7° C. 

incubator . The CPE was complete after 5 days at J7° c. This 

harvest was treated in the usua l manner . This HP was assayed 

for IF in the manner previously described (see table 22) . 



98 

Table 22 . Assays for IF in I BRV-HF after incubating at 25° C. 
for 14 days and 37° C. for 5 days by CPE inhibition 

TCID50 of Hours post - ~ of tubesa showing CPE 
Cooper I BRV ino cula tion Undiluted l0- 2 virus Virus 

virus HF dil ution HF a l one 

30 24 20 40 ND 
1 50 24 1 00 80 80 

30 48 80 60 ND 
150 48 100 100 1 00 

~en tubes per dilution . 

Table 23 . As says for IF in HF from 6A and c 6 IBR viruses 

Average no . of :Qlagues :2er :Qlate 
Cooper I BRV dilution Virus 

C6HF + virus 6AHF + vi rus alone 

Trial 1 io- .5 62 ND 54.5 
lo- 6 4 ND 5 
l0- 7 1 ND 1 

Trial 2 i o- 5 TNTC ND TNTC 
1 0- 6 67 75 69 
lo-7 6. 1 l0.5 5. 6 



Table 24 . Assays for I F in HF from SIV in EBK cells with VSV 

Tria l 

Trial 

VSV , dilution and 
quantity inocul ated 

1 NADL 1 0- 2 .5 ml . 
l o- J . 2 ml . 

2a NADL lo-2 . 5 ml . b 
lo- J 0.5 ml. 

I SU lo- 5 0 . 5 ml . 

aThree pl ates for each a ssay . 

bSee illustration 1 . 

Average no . 
El agues ~er El ate 

Virus 
Virus + HF alone 

BJ TNTC 
8 . 4 73 

0 2J 
0 2 

0 1 . 4 

Table 25. Assay for IF in HF from SIV i n EBK with I BRV 

Dilution and quantity 
of Cooper I BR virus 

inoculated 

Trial 1 i o- 5 0.5 ml . 
io- 5 a 0 . 25 ml . 

Trial 2 l o-6 0 . 2 ml . 
i o-7 0 . 2 ml . 

Trial 3 l o-5 O. J ml . 
lo-6 0. 5 ml . b 

Trial 4 io- 5 0 . 5 ml . 
l o- 6 0.5 ml . 

arrhree plates for each assay . 

bFour pl a tes for each assay . 

Average no . 
Elagues Eer 2late 

Virus 
Virus + HF alone 

40 45 
18 1 8 

4 . J 4 . 1 
0 . 6 o.6 

1 5 1 5b 
1 1 

27 . 2 JJ . 2 
2 . 2 2 . 75 



Illustration 1 . Vesicular stornatitis virus pl aques and inhibi -
tion by interferon . Right row with interferon 
--left without . 

l 
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Table 26 . Assay for IF in I BRV- HF in EBK cells 

NADL-VS 

ISU- VS 

Virus dilution and 
quantity inoculated 

10-1 
10- 2 

lo-4 

Cooper I BR lo-5 
lo-5 

0.5 ml. 
0 . 25 ml . 

0. 25 ml. 

0. 25 ml . 
0 . 5 ml . 

Average no . 
plaques per plate 

Virus + HF Virus 
alone 

114 76 
19 14 

36 15 

7 7 
10 1 0 

There is a report in the literature (78) that higher than 

opt imal temperatures caused certain viruses to produce more 

IF. Therefore EBK cells inoculated with I BRV. 6A were incubated 

at 39 - 40° C. for 72 hours . The virus was inactiva ted in one -

half of the harvested fluid by heat (56° c. for 22 minutes ) and 

the other half by the addition of O. J N HCl to reduce the pH 

to 2 . The pH of one - half of the IF fluid in which the virus 

was inactivated chemically was restored by the addition of 

O. J N NaOH and in the other half by dialysis against Earl e ' s 

balanced salt solution . The fluid that was not dialyzed was 

not detrimental to t he cells . 

There was no evidence of plaque inhibition of I BRV by any 

of the fluids harvested from the high temperature incubation 

trial . 
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Discussion 

Under the conditions of these trials the IBRV strains 

utilized d id not produce IF that was detectable with the assay 

procedures employed. In an effort to increase the production 

of If the virus Nas propagated at higher and l ower tempera-

tures than those considered optimal for IBRV . These adjust -

ments did not result in the production of detectable IF . 

Failure to detect any IF product ion using IBRV for the 

assays led to the use of VSV which is known to be sensitive 

to IF. The IBRV- HF had no detectable inhibitory effect on VSV . 

I nterferon produced by inoculating EBK cells with SIV did 

have a marked inhibitory effect on VSV . I nfectious bovine 

rhinotrache itis virus was not shown to be inhibited by the 

SIV- IF which inhibited VSV . 

The I BRV i s accepted as a member of the herpes group o f 

viruses . Tamm and Eggers (98 ) do not list the herpes viruses 

as IF producers or as being sensitive to IF . Therefore, it i s 

perhaps not surprising that I BRV was found to be inert as far 

as IF is concerned. 

Fruitstone et a l . (27) u s ing the GCA 3 strain of herpes 

simplex virus ( HSV) produced an interfe ron- like substance in 

CE that suppressed the activities of vaccinia , herpes, and 

influenza viruses. Since the authors were able to use the HSV 

for both the production and assay of IF , it is clear that HSV 

can be both stimul atory and sensitive 1n an IF system. 
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On the other hand , interferons have been shown to demon-

strate more tissue or species specificit y than viral specific-

ity . Interferon produced in chick cells is more active when 

assayed in chick cells than when assayed in calf kidney cells 

(86 ) . Some interferons a re active only in the cell s of the 

same species in which they were produced (l OJ ) or much more 

active in the homolo gou s species ( 70 , 6 ) . This species spec -

ificity i s not absolute , however , and Sellers (86 ) in review-

ing this subject suggests that these differences may reflect 

a restriction of the challenge virus in cell s othe r t han those 

in which it customarily reproduces thus enabling the IF to be 

more effective . 

Because of thi s species specificity, EBK cells were used 

f or IF production and assays . Since I BR i s primarily a bovine 

disease , i t would be most l ikely that IF would be produced and 

most easily detected in bovine cells. When one takes into 

account the tissue specificity of I F, which is genera lly recog-

nized , and the system that was used , i t would seem that I BRV 

i s rela tively inert insofar as IF production and sensitivity 

are concerned . It is interesting to note in thi s regard that 

the swine influenza virus did produce IF in bovine cells and 

that it was readily assayable in the bovine kidney cells . 

It may be possible to produce IF with I BRV by using other 

systems . Perhaps in other c ells or chicken embryos with other 

modifications of the system detectabl e IF can be produced . 
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However , with the systems used in these trials, no IF was 

.detectable. 

Conclusion and Summary 

Studies were conducted to measure the interferon produc -

tion .and sensitivity of virulent and vaccine strains of I BRV . 

The inoculation of EBK cells with the IBRV strains used did 

not result in the production of sufficient IF t o noticeably 

inhibit the CPE or plaque formation by IBRV or VSV . The 

assays for IF were conducted with 2 strai ns o f I BRV and VSV 

in EBK cells . The inoculation of EBK cells with swine influ-

enza virus did produce I F that inhibited VSV but did not in-

hibit the IBRV . 

I BR virus is considered to be a herpes virus . The herpes 

vi ruses as a group are not consi dered to be I F producers or 

sensitive to IF. It is not surprising therefore that it was 

not possible to produce detectable amounts of IF with IBRV . 
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GENERAL SUMMARY 

In an effort to find a smaller , less expensive animal for 

assaying the potency of IBR vaccines , goats were tested foT 

susceptibility to I BRV . Goats were found t o be refractory to 

intranasal , contact and intracerebral exposure . A calf i noc -

ulated at the same time as the goats in 1 trial reacted with 

a typical response . The resistance of the goats to I BRV 

r eported in this work is in contrast to a report in the liter-

ature . 

Apparently , significant antigenic differences were ob-

served in 2 IBR viruses when tested agai nst serums from calves 

vaccinated by licensed corrtr.J.e rcial vaccine producers . The 

neutralizing ability of a hyperimmune calf serum was not sig-

nificantly different when tested against each of the 20 virus -

es . A correlation was shown between the NI of this serum and 

the titers of the viruses a gainst which was tested . No signif -

leant antigenic differences were demonst rated among the differ-

ent I BR viruses isolated from field cases of disease showing 

different cl inical manifestations such as the respiratory form 

of I BR , conjunctivitis , abortion and IPV. 

The vaccine for I BR was devel oped by attenuating a viru-

l ent virus by rapid seria l passage in t i ssue culture . Aviru-

l ent strains of polio and measles viruses were shown to produce 

more interferon tha n virulent strains . Two strains of I BRV , 1 

vaccine and 1 virulent stra in , were tested for interferon 
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nroduction and susceptibility. Neither strain could be shown 

to produce or to be sensitive to interferon but interferon 

produced by SIV in EBK cells inhibited the plaque formation 

of VSV . The same interferon had no detectable inhibitory 

effect on I BR viruses . 
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