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Summary 

The effects of incorporating diethylaminoethyl-dextran (DEAE-D) in the 
inoculum with bovine respiratory syaeytial  virus (BRSV) on the infectivity of 
BRSV was evaluated. A concentration of 40 ~zg DEAE-D/ml  provided maximal 
enhancement of infection as determined by  the time of onset of cytopaChic effect 
(CPE), the percentage of cells infected by  the inocutum, and the amount  of virus 
produced. When DEAE-D was used in the inoculum, the CPE appeared a day 
earlier, the percentage of cells infected by  the inocnlum, as determined by the 
fluorescent antibody test, was increased 11 times, and the viral titer was increased 
2 times as compared to results obtained without DEAE-D. Bovine respiratory 
syncy~ial virus-infected cultures contained much cell-associated virus which could 
be liberated by  sonication to increase the titer of virus stocks. The use of BRSV- 
infected cells rather  than supernates from BRSV-infected cells increased the rate 
at  which a cytopathic effect developed, although it did not substantially increase 
the titer of virus which was harvested. The use of DEAE-D in the inoculum and 
the passage of BRSV-infected cells instead of virM suspensions was found to be the 
quickest and most effective method of consistently obtaining BRSV with a titer 
of about 105.5 TCIDs0/ml. 

Introduction 

Bovine respiratory syncytial virus (BRSV) is closely related to respiratory 
syncytial virus (RSV) (1), and although the two viruses cross-react considerably 
in serum neutralizing tests, they are antigenieally distinct (13, 21). gespi ra tory  
syncytial virus is considered to be the most, important  virus in initiating severe 
respiratory disease in infants (8). I t s  counterpart  in the bovine, BRSV, has been 
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found  to be associa ted  with  r e sp i r a to ry  disease in ca t t le  (7, 13, 15, 19) ; however,  
i ts  role and  impor t ance  in this  syndrome  remain  to be e lucidated.  Unde r  experi-  
men ta l  condi t ions wi th  viruses in ca t t le ,  i t  of ten has been diff icult  to  p roduce  the  
severe t y p e  of r e sp i r a to ry  disease wNeh  occurs na tu ra l ly .  I n  the  case of BRSV,  
this  has  been equa l ly  t rue  (7, 11, 21). I so la t ion  of BI%SV has been r epor t ed  in 
numerous  countr ies :  1970 from Swi tzer land  (13), J a p a n  (6), and  Belgium (23); 
1971 from E n g l a n d  (9) ; 1974 f rom the  Un i t ed  S ta tes  (15, 21). Since repor t s  on the  
isolat ion of BI%SV, there  have  been few repor ts  deal ing wi th  v i rus-hos t  interact ions.  
To a considerable  extent ,  this  p r o b a b l y  has  been due to the  d i f f icul ty  of i) ob ta in-  
ing h igh- t i te red  vi rus  and  ii) s tor ing i t  wi thou t  considerable  loss of infect iv i ty .  
Bovine  r e sp i r a to ry  syncy t i a l  virus,  as R S V  (5), has been found  to lose considerable  
a c t i v i t y  on s torage a t  - - 80  ° C (Rossi and  Kiesel,  unpubl i shed  observat ion) .  

The objec t  of th is  s t u d y  was to inves t iga te  the  in fec t iv i ty  of different  prep-  
a ra t ions  of B R S V  and  to develop me thods  of increasing the  in fec t iv i ty  of B R S V  
stocks.  B o t h  the  use of d i e t h y l a m i n o e t h y l - d e x t r a n  (DEAE-D)  in t he  inoculum 
and  the  use of BRSV-infee ted  cells for passage of virus,  ins tead  of v i rus-conta in ing  
supernates ,  was found  to be effective in increasing infect ivi ty .  

Materials and Methods 

Cells and Medium 

Bovine embryonic lung (BEL) cultures were ini t iated from the lungs of embryos 
obtained at  a nearby abat toi r  and were used between the 3rd and 8th passages. Second 
passage BEL cultures were stored in liquid nitrogen. Cultures were passaged a month 
in serum free of bovine viral diarrhea (BVD) virus and examined by  the fluorescent 
ant ibody (FA) technique to be certain they  were free of BVD virus and, therefore, 
satisfactory for use. Medium consisted of minimal essential medium of Eagle (MEM) 
supplemented witlh different concentrations of fetal bovine serum (FBS) for different 
conditions and containing penicillin, streptomycin, and neomycin at  concentrations 
of 200 units, 200 ~g, and 100 y~g per ml, respectively. Medium for microti ter  t i t rat ions 
was supplemented with organic buffers as described (18). 

Virus  

Bovine respiratory syncytiM virus (BRSV) originally isolated by  S ~ i I ~  et al. 
and kindly provided by  Dr. t%. M. Phillips was purified by  terminal  dilution for use 
in these experiments. 

Preparation o/ .Fluoreseein Isothioeyanate-Conjugated Bovine-Anti B R S  V 
Stock BRSV was prepared on BEL cultures. Calves were inoculated intratracheMly 

and intranasal ly with t07.4 median tissue culture infective doses (TCIDs0) BI%SV. 
Three months later 5 intravenous injections containing 106.9 TCIDs0 each of BRSV 
were given at  three-week intervals. Two weeks after the last injection the cMves were 
bled and the immunoglobulin G (IgG) fraction obtained and conjugated with fluorescein 
isothiocyanate (FITC) at  a concentration of 25 ~g FITC/mg IgG (20). 

Mierotitration 

Viral suspensions and cells which were t i t ra ted  were diluted with pipetes in tubes 
with microti ter  medium as diluent. Eight  replicates of two-fold dilutions were placed 
in microti ter  plates with microti ter  pipets which delivered 0.025 ml per drop. A drop 
of medium and a drop of BEL cells a t  a concentration of 300,000 cells per ml were 
added. Cultures -were incubated at  37 ° C as previously described (18), and the t i ter  
of the  virus was calculated by  the method of REED and MVE~C~ (14). 
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Toxicity o] Diethylaminoethyl-Dextran ]or Bovine Embryonic Lung Cells 
Diethylaminoethyl-dextran (DEAE-D) was prepared as a stock solution in saline 

at  a concentration of 4000 ~g/rnl, filtered, and diluted in appropriate medium before use. 
I t  was tested for its toxicity for BEL cells at  different concentrations, different volumes 
of inocula, with different media used subsequent to treatment, with DEAE-D,  and 
with cells in different stages of growth. 

Enhancement o / B R S V  Injection oJ BEL Cultures With DEAE-D 
Three methods were used to evaluate the effectiveness of DEAE-D added to the 

inoculum in enhancing the infectivity of BRSV for BEL cells. These included i) the 
percentage of cells infected with BRSV as determined by the FA technique, ii) the 
extent  of cytopathie effect (CPE) produced, and iii) the amount of virus produced. 

In  the fluorescent antibody technique, BEL coverslip cultures were inoculated 
with BRSV and different concentrations of DEAE-D.  Twenty-four hours later, a t ime 
at  which fluorescence was maximal and no fluorescence due to a second cycle of 
infection was present, the cultures were fixed, stained, and examined for fluorescence 
along with uninoeulated cultures and cultures inoculated with heat-inactivated BRSV. 
Cells infected with BRSV were identified by their typical fluorescence (20). Evans 
blue at a final concentration of 0.04 per cent was added to the FITC-conjugate to 
eliminate background fluorescence. 

In/ectious Center and Cell-Associated Virus Assays 
Bovine embryonic lung cultures in 25 cme flasks were inoculated with BRSV con- 

raining 40 ~xg DEAE-D/ml  and allowed to absorb at 37 ° C for two hours. Cultures were 
washed four times with Hanks '  balanced salt solution (HBSS) to remove unat tached 
virus and replaced with MEN containing 5 per cent FBS. At  appropriate times the 
supernate was removed and centrifuged to remove unattached ceils and a sample of 
supernate was used for titration. Attached ceils were removed with tr?xosin-versene and 
dooled with the cells from the supernate, resuspended in medium equal to the volume 
of supernate, and a sample was used for titration. To compare titers of infectious 
virus obtained from the i) supernate, ii) cells, and iii) a mixture of supernate and son- 
icated cells, the procedure was varied so that  after suspending the cells, they were 
centrifuged, suspended in a small volume of supernate, sonicated, and resuspended in 
the entire volume of supernate  for titration. Titrations of infected cells and viral 
suspensions were carried out by microtitration. 

Results 

Toxicity o/Diethylaminoethyl-Dextran/or Bovine Embryonic Lung Cells 

Toxic i ty  a t  a given concent ra t ion  of D E A E - D  was found to be dependent  upon 
the m a t u r i t y  of B E L  cells, the  vo lume of the inoculum, and the presence or 

absence of serum in the med ium subsequent  to t r e a t m e n t  wi th  D E A E - D .  Using 

confluent  B E L  tube  cu]tures, inocula of 0.2 or 2.0 ml  a t  concentra t ions  of 2000, 

1000, 500 and 250 ~zg D E A E - D / m l  were absorbed on cells for an hour a t  room 

tempera ture .  After  removing  the  D E A E - D  and washing the cultures 4 t imes wi th  

HBSS,  M E M  with  5 per  cent F B S  was added. A slight degree of tox ic i ty  a t  1000 
and 2000 ~g D E A E - D / m I  wi th  a 2.0 ml  inoculum was noted.  No tox ic i ty  was 

ev iden t  a t  lower concentrat ions  of D E A E - D ,  or with a 0.2 ml  inoculum. Prel im- 

ina ry  exper iments  indica ted  t h a t  rapid ly  growing cultures were much  more 

susceptible t han  confluent  cultures to the toxic effect of D E A E - D .  Consequently,  

tubes which were only half covered wi th  B E L  cells were inoculated with  1.0 ml of 

different  concentrat ions  of D E A E - D .  After  absorpt ion for an hour at  room 

tempera ture ,  the cultures were washed with  HBSS.  One group o~ cultures was 

15" 
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p laced  under  serum-free med ium and  another  group p laced  under  MEM with  
10 per  cent  FBS.  Cyto tox ie i ty ,  eva Iua ted  one and  three  days  la ter ,  consisted of 
rounding  of cells, cy top lasmic  g ranu la r i t y  and  the  loss of cells from the monolayer .  
Resul ts  showed t h a t  growing cul tures  t h a t  d id  no t  reeeive serum after  t r e a t m e n t  
wi th  D E A E - D  were much  more suscept ible  to the  toxic  effects t h a n  cul tures  which 
received serum. Fu r the rmore ,  cul tures  which received serum often recovered f rom 
the  toxic  effect of D E A E - D  whereas those  which d id  no t  receive serum d id  no t  
recover.  Cultures which exh ib i t ed  tox ic i ty  and  subsequen t ly  recovered due to the  
presence of serum usua l ly  had  fewer cells t han  cultures which exh ib i ted  no ini t ia l  
toxic i ty .  When  serum was no t  used, concentra t ions  of D E A E - D  as low as 30 ~g/ml 
p roduced  some cy to tox ie i ty .  W h e n  serum was used, concentra t ions  of 60 to  
120 p,g D E A E - D / m l  were usua l ly  sa t i s fac tory ,  whereas  higher  concent ra t ions  were 
toxic.  Confluent  monolayers  of B E L  cells in 25 eme flasks were also t e s ted  for 
suscep t ib i l i ty  to D E A E - D .  R e p e a t e d  tr ials  showed t h a t  inocula of 0.2 ml were 
no t  toxic  up to concentra t ions  of 2000 ag /ml  when 5 per  cent or more  serum was 
added  subsequent  to t r ea tmen t ,  whereas cultures inocula ted  with  1.0 ml or more 
somet imes exh ib i t ed  a sl ight  degree of t ox ic i ty  a t  concentra t ions  of 1000 and  
2000 pog D E A E - D / m l ;  in some exper iments  no t ox i c i t y  a t  these concent ra t ions  
was evident .  

E//ect o / D E A E - D  on In/ectivity o/ B R S V  

Resul t s  of F A  tests  to de te rmine  the effect of BRSV on infect ion of B E L  cells 
are  shown in Table  1. Infec t ion  was enhanced  as much  as 10,9 t imes at  a concentra-  
t ion  of 40 [zg D E A E - D  per  mt. Considerable enhancement  was also present  a t  
concent ra t ions  of 20 and  80 tzg D E A E - D / m l .  Using young,  r a p i d l y  growing cells, 
h igher  concent ra t ions  of D E A E - D  were toxic.  

Table 1. Detection o/ BRSV-in]ected cells by FA after using di//erent concentrations 
o /DEAE-D in the inoculum 

Mean increase 
over cultures 

DEAE-D not treaSed 
(~g/ml) I II with DEAE-D 

0 5,5 a 4.0 0 
20 46 38 8.8 X 
40 63.5 40 10.9 × 
80 51.5 25 8.0 × 

160 toxic 19.4 4.9 × 

a Percentage of cells exhibiting BRSV-speeifie fluorescence 24 hours after inoculation 

To de te rmine  whether  D E A E - D  would enhance  in fec t iv i ty  of B R S V  of ve ry  
How t i t e r  as well as v i rus  of a r e la t ive ly  higher  t i te l  °, BRSV s tock  was used un- 
d i lu ted  and  a t  different  d i lu t ions  wi th  va ry ing  concent ra t ions  of D E A E - D .  Bovine 
r e sp i r a to ry  syney t ia l  virus  mixed  wi th  D E A E - D  in a volume of 1.0 ml was in- 
oeu la ted  onto B E L  flask cultures and  al lowed to absorb  for 2 hours a t  37 o C. 
After  the  absorp t ion  period,  the  inoculum was removed,  the  cul tures  were washed 
4 t imes  wi th  HBSS,  and  MEM wi th  5 pe r  cent  F B S  was added  to the  cultures.  
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The  cul tures  were i ncuba ted  at, 37°C and  the  CPE recorded dai ly .  Resu l t s  are  
shown in Table  2. A t  40 [zg D E A E - D / m ]  in fec t iv i ty  was increased compared  to 
u n t r e a t e d  cul tures  a t  all  d i lu t ions  of BRSV.  High  concent ra t ions  of D E A E - D  
m a y  have  had  a sl ight  enhancing  effect a t  low concent ra t ions  of B R S V ;  there  was 
no ind ica t ion  t h a t  high concent ra t ions  of D E A E - D  inhib i ted  BRSV.  

Table 2. Cytopathogenicity~ o/ B R S V  with DEAE-D on confluent BEL cultures 

Days post-inoculation 
Virus DEAE-D 
dilution (~g/ml) 1 2 3 4 5 6 

Undiluted 0 -- 1 + 2 -- 3 + 4 + 
40 i +  2 - -3+  4+ 

2000 tx b -- -4- 3+ 4+ 
1/,o 0 --  -- t r  c 2 +  2 - - 3 +  

40 t r  t r  t +  3 +  4+ 

2000 tx -- ± 2 + 3 + 
*/5o 0 -- -- -- I+ I+ 

40 --  -- tr  2 +  2 - - 3 +  
2000 tx -- -- 2 + 3 + 

4 +  

3-- 4+ 
2+ 
3- -4+ 
3+ 

Undiluted 0 -- t r  2 + 3 + 4 + 
40 t r  t - - 2 +  3 +  4 +  

200 --  t r  2-} 3 +  4 +  
1000 tx --  1 - - 2 +  2 +  4 +  

t/200 0 -- -- t r  1+ 1 - - 2 +  
40 --  -- 1 +  2 +  3 +  

1000 -- -- 1+  1+  2 +  

2- -3+  
4 +  
3 +  

Graded on a scale of 1+  to 4 +  
b A temporary  toxici ty  which consisted of rounding of 

and disappeared by  the next  day 
o Trace CPE 

10 to 20 per cent of the cells 

The effect of D E A E - D  on vi rus  p roduc t ion  was de te rmined  b y  inocula t ing  
confluent  B E L  f lask cul tures  wi th  an  inoculum of 1.0 ml conta ining BRSV and  
different  concent ra t ions  of D E A E - D .  A t  in terva ls  of 1, 2, 3, and  4 days  the  CPE 
was recorded a n d  the  f lask frozen and  kep t  a t  --80 ° C. Af te r  all cul tures  had  been 
frozen, t h e y  were t hawed  and  t i t r a t e d  for B R S V  in miero t i te r  pla tes .  Higher  t i te rs  
of BRSV were ob ta ined  wi th  40 ~xg D E A E - D / m l  t han  wi th  other  concentra t ions .  
Fu r the rmore ,  the  C P E  appea red  earl ier  in cul tures  wi th  40 ~g D E A E - D / m l  t han  
in cul tures  wi th  0, 200, or 1000 ~zg D E A E - D / m l  (Table 3). 

Comparison o/In/ectious-Center Assay With Virus in Supernate 

On the second, th i rd ,  and  four th  d a y  af ter  inocula t ion  of confluent  B E L  cul ture  
f lasks wi th  BRSV,  superna te  and  cells were t i t r a t e d  separa te ly .  The d i s t r ibu t ion  
of infectious B R S V  be tween  superna te  and  cells is shown in Table  4. Dur ing  the  
ea r ly  s tages  of infect ion when there  was a 1 and  2 +  CPE,  the  m a j o r i t y  of BRSV 
was found  associa ted  wi th  cells, whereas  when a 3 +  CPE was present ,  even t hough  
most  of the  cells were still  a t t a c h e d  to  the  glass, the  m a j o r i t y  of BRSV was found 
in the  supernate .  
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Table  3. E//ect o /DEAE.D in the inoculum on the production o/ B R S V  in BEL cells 

Days  af ter  inoculation 

I 2 3 4 D E A E  -D 
(t~g/ml) CPE a Ti te r  b C P E  Ti te r  C P E  Ti ter  C P E  Ti te r  

0 - -  360 2@ 6,400 3 +  7,600 3 +  4,600 
40 - -  5,300 3 3  16,000 3--43:- 15,000 4 3  320 

200 - -  1,200 2 - - 3 +  7,300 3 - - 4 +  6,400 3--43} - 9,400 
1000 -- 320 23{ - 3,800 33t - 5,000 3-~ 400 

a Graded on a scale of 1 3  to 4 +  
b TCIDs0/ml  

Table  4. Titer o/ B R S V  in cells and supernate alter in/ection with B R S V  

Days after inoculat ion 

2 ( I+)  a 3 (2+) 4 (3+) 

S u p e r n a t e  t . 8  x l 0  s 2.8 x 10 4 3.5 X l 0  s 

Infect ious  centers 2.4 × l0  s 3.2 × 10 s 3.3 × 10 4 

a Cytopa th ic  effect graded on a scale of 1 +  to 4 +  

Release o / B R S  V From Cells by Sonication 

W h e n  a 3 +  C P E  was  p resen t ,  t h e  a m o u n t  of v i rus  p r e sen t  in t h e  supe rna t e ,  

i n fec t ed  cells, a n d  the  v i rus  in t h e  s u p e r n a t e  c o m b i n e d  w i t h  v i rus  f r o m  son ica t ed  

cells was  d e t e r m i n e d .  T i te r s  o b t a i n e d  b y  m i c r o t i t r a t i o n  ind ica t e  son i ca t i on  of 

cells l i b e r a t e d  cons ide rab le  v i rus  (Table  5). 

Table  5. Titcr o/ B R S V  and e]]ect o~ sonication 
o/BRSV-in/ected BEL cells 

Supernate  3.2 × 10 5a 

Infec t ious  centers  1.0 × l0 s 

Supernate  and sonicated cells 7.5 × l0  s 

TCIDs0/ml 
Bovine embryonic lung cells were inoculated 
with BRSV. When a 3+ CPE had developed, 
supernate ,  cells suspended to the  vo lume of the  
supernate ,  and sonicated cells mixed  wi th  super- 

na te  were t i t r a ted  for B R S V  

Passage o/BRSV-In/ected Cells Compared With B R S V  Suspensions 

T h e  c a p a c i t y  to  t r a n s m i t  i n fec t ion  to  B E L  cells f r o m  B R S V - i n f e c t e d  cells a n d  

v i r a l  suspens ions  was c o m p a r e d .  F r o m  B R S V - i n f e c t e d  B E L  cu l tu res  w i t h  a 3-t- 
C P E ,  s u p e r n a t e  a n d  cells were  pas sed  to  f resh  cells. To  v i r u s - c o n t M n i n g  supe rna t e ,  
40 ~tg I ) E A E - D / m l  was  a d d e d  a n d  t h e  v i ru s  was  abso rbed  a t  37 ° C on B E L  cu l tu re s  

for  t h r e e  hours ,  then r e p l a c e d  w i t h  M E M  w i t h  5 p e r  cen t  F B S .  T h e  B R S V - i n f e c t e d  
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cells from the supernate were combined with cells removed from the flask with 
tr3Tsin-versene, diluted in MEM with 5 per cent FBS, and placed on B E L  cells. 
Viral suspensions with a ti ter from 105 to 105.s produced a 3 +  CPE on the third 
day, whereas the cells from these suspensions produced a 3 +  CPE on the second 
day. Titers of virus which have been obtained by  using BRSV-infeeted cells have 
been consistently as high, or slightly higher, than maximal titers in which viral 
suspensions have been used as the inoculum. 

Diseussion 
The toxicity of DEAE-D for BEL cultures primarily depended upon the 

condition of the cells. Rapidly growing cells were more susceptible than resting, 
confluent, cultures to the toxic effects of DEAE-D. Concentrations above 60 or 
80 ~g/ml were usually toxic to rapidly growing B E L  cells and prevented the use 
of higher concentrations in other experiments, but  concentrations up to 1000 and 
2000 ~g/ml were often tolerated by  resting cultures. The effect of different 
concentrations of DEAE-D on the infectivity of BRSV for BEL cells was evaluated 
by  several criteria: number of cells infected by  the inoculum, degree of CPE, and 
amount  of infectious virus produced. Because of the ease of counting cells in semi- 
confluent cultures compared to the difficulty of counting ceils in a confluent 
culture, semi-coD_fluent cultures were used in FA tests to determine the number 
of cells infected with BRSV. Under these conditions, enhancement was maximal  
with 40 [zg DEAE-D/ml  and infection was enhanced almost 11 times as compared 
with B E L  cultures in which DEAE-D was not added to the inoculum (Table 1). 

The CPE produced by  BRSV occurred a day  earlier when DEAE-D was present 
in the inoculum than when it was absent. This effect occurred over a large range 
of concentrations of BRSV (Tables 2 and 3). The principal object of determining the 
capacity of DEAE-D to enhance dilute solutions of BRSV was to evaluate the 
feasibility of using DEAE-D in isolating BRSV from the respiratory tract  of cattle. 
In  both naturally and experimentally infected cattle, the isolation of BRSV 
has posed problems in tha t  a CPE has not been identified until after subculture, 
and/or because of the short period of t ime over which the virus was recoverable 
(6, 1t, 13, 21). Difficulties have been reported in the isolation of RSV from humans 
(4), which to some extent  have been due to the loss of infectivity which occurs on 
freezing and thawing of the samples. However, even when nasal washings and 
nasal swabs are placed directly on susceptible cultures, BRSV has been difficult 
to isolate (Rossi and Kiesel, unpublished observations). Using confluent cultures, 
DEAE-D enhanced infection with BRSV to the extent that  the amount  of virus 
harvested was about twice the amount  harvested when DEAE-D was not used 
(Table 3). The reason for the greater amount  of virus harvested with DEAE-D 
in the inocutum ~han when it was not present probably reflects the greater infectiv- 
i ty  of the inoculum. Since virus is produced more quickly with higher than  with 
lower concentrations of BRSV, the sooner the virus can be harvested, the greater 
is the probabili ty tha t  the virus will not be inactivated. 

The use of polyions, especially DEAE-D, to enhance infection has been 
investigated with a var iety of viruses, including RSV (10, 12, 16, 22). Although 
the mechanism of action of DEAE-D in enhancing BRSV infection was not in- 
vestigated, work with laryngotracheitis virus (LTV), an avian herpesvirus, is 
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probably applicable in explaining enhancement of other viruses with DEAE-D. 
Studies with LTV have conclusively shown that enhancement of infection with 
DEAE-D is due to increasing the attachment of virus to cells by the action of 
DEAE-D on cells, and that DEAE-D has no effect on virus particles themselves 
(16, 17). Furthermore, work with LTV has shown that there is not a subpopulation 
of virus particles which lacks the capacity to attach to cells, but that  the entire 
population is deficient in its ability to attach to cells. This by no means rules this 
out as a possibility for BRSV. The efficacy of using DEAE-D in the inoculum of 
:BI%SV in order to experimentally infect cattle is open to question, since DEAE-D 
probably has little affinity for the virus and might be diluted to insignificant 
concentrations in the respiratory tract of cattle. One should note, however, that  
in mice its use with eucephalomyocarditis virus has been shown to have a con- 
siderable enhancing effect (3). 

Since BI~SV is an RNA virus which completes its development at the cell 
membrane (1), disruption of Bl~SV-infected cells cannot liberate infectious intra- 
cellular virus but can only remove virus adherent to the call membrane. Sonica- 
tion of BRSV.infected cells was found to be an effective method for liberating 
BRSV from infected cells in order to obtain higher titered virus stocks (Table 5). 
The use of virus-infected cells was found to be more efficient in infecting cells than 
viral suspensions. Viral suspensions are limited in their infectivity by the capacity 
of one virus particle to infect only one cell, and by the fact that the percentage of 
virus absorbed from a large inoculum is much less than that absorbed from a small 
inoeulum (2). As a consequence of the latter hmitation, increasing the volume of 
inoculum is not especially effective in increasing infection. However, virus- 
infected cells all settle to the monolayer and are probably capable of infecting 
more than one celI. 

Since virus stocks of BRSV lose considerable virus because of freezing and 
due to storage, we have found the following method to be the most suitable to get 
stock virus preparations to maximal titers of around 105.9 TCIDs0/ml. Virus taken 
from the freezer is mixed with DEAE-D to a final concentration of 40 ~g/ml. 
When a 3~- CPE has been reached, cells from the supernate and those attached 
to the glass are used to inoculate a culture of BEL cells which cover u/4 the surface 
of the flask. When the CPE again reaches a 3 ~- CPE, the procedure is repeated 
until a sufficient number of flasks have been inoculated. Passage of cells is made 
at a 1 : 1 ratio to begin with and at a 1 : 2 ratio thereafter. When a sufficient number 
of flasks have been inoculated and the CPE reaches 3 +  on the second to third 
day, the supernate is harvested and the cells sonieated in a small volume of 
supernate. This type preparation has been found to give the most consistently 
high titers of 105.3 to 105.9 TCID~0, although it is considerably lower than titers 
of 107.9 which we have obtained with RSV on t tEp-2 cells. However, the amount 
of BRSV produced can be estimated to be at least l l-fold greater than that  deter- 
mined in microtiter assays, or in any assay in which DEAE-D is not used in the 
inoculum. Since DEAE-D enhances RSV-infection, titers of RSV can also be 
considered to be low estimates of the infectivity which might be obtained under 
different conditions. I t  is possible that further studies using Bl%SV-infected cells 
as inoeula on BEL cells will reveal methods of obtaining higher titers of BRSV 
than have been achieved to date. 
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W h e n  using BRSV in serum neut ra l iza t ion  tests, one should be aware of the 
large a m o u n t  of uninfect ive  and  inac t iva ted  virus in the suspensions a nd  be 
cognizant of the reduct ion this introduces in the sensi t ivi ty  of the test  to detect 
an t ibody.  Because of this, one can predict  tha t  the prevalence of BRSV infection 
of cattle is greater t h a n  t ha t  based upon results of serum neut ra l iza t ion  tests. 
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