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Summary 

The growth of ten strains of avian infectious bronchitis virus (IBV) in several 
cultured cells was examined. The cultured cells used were chick kidney (CK), 
chick embryo (CE), HeLa  and BHK-21 cells. The results obtained can be smn- 
marized as follows. 1. All the strains showed similar growth curves in CK cells. 
Progeny viruses appeared in the culture medium 4 to 6 hours after inoculation and 
peak virus titers of 106.5--10 s.5 TCID50 per 0.1 ml were obtained after 36 hours. 
A cytopathogenie effect (CPE) was detected within 24 hours. No distinct CPE 
and low multiplicities were observed on culturing at 30 ° C. 2. All strains replicated 
in CE cells, although only small amounts of virus were produced. No CPE was 
observed. 3. Only Beaudette-42 and Holte strains grew in BHK-21 cells. 4. No 
IBV strains grew in HeLa  cells. 

Introduction 

Avian infectious bronchitis virus (IBV) replicates in various cultured cells 
(3, 4, 5, 8, 10, t4), although distinct cytopathie effect (CPE) and plaques are only 
detected in chick embryo kidney and chicken kidney (CK) cells. No growth of IBV 
has been reported in BHK-21 and HeLa  cells (1, 7, 20). However, certain differ- 
ences have been reported in the multiplication of IBV in different cell lines. For 
example, the time from virus inoculation to the peak virus titer in the cultured 
medium varied from 16 (8, 9, 16) to 60 hours (17), and the virus titer varied from 
104.~ (2) to 106.s TCIDso (t4). Furthermore, the multiplicity of IBV in chick 
embryo (CE) cells differed from strain to strain; some strains produced a CPE 
(2, 13), while other strains did not grow so well (13, i5). This investigation was 
undertaken to see whether the multiplication of IBV in CK and CE cells varies 
according to the strain used, and to determine if IBV can. propagate in B H K - 2 t  
and HeLa cells. 
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Materials and Methods 

Virus Strains 
The  t en  s t r a ins  of I B V  e x a m i n e d  were B e a u d e t t e - 4 2  (Be-C2), Massachuse t t s -41  

(IB-41),  Connec t i cu t  A-5968 (A-5968); C o n n a u g h t ,  Hol te ,  Iowa-609,  K H ,  Ner ima ,  
I s h i d a  a n d  Shiga  s t r a i n s  (18). 

Call Cuhures 
CK cells were cu l tu red  as descr ibed  p rev ious ly  (18). CE cells were  cu l t u r ed  accord .  

ing to t h e  m e t h o d  of CI~O~IAK et al. (2). F ive  mil l i l i ter  of Eag le ' s  m i n i m u m  essen t ia l  
m e d i u m  (Eagle ' s  MEM) w i t h  5 pe r  cen t  calf  s e r u m  c o n t a i n i n g  t06 cells per  ml  was  
p o u r e d  i n to  each  smal l  bo t t le .  I-teLa a n d  B t I K - 2 1  cells were  k i n d l y  suppl ied  b y  Dr .  
M. Inoue ,  t I ygen i c  L a b o r a t o r y  of O k a y a m a  Pre fec tu re .  The  g r o w t h  m e d i u m  was 
Eag le ' s  M E M  w i t h  0.1 pe r  cen t  t r y p t o s e  p h o s p h a t e  b r o t h  (TPB)  a n d  10 pe r  cen t  calf  
se rum,  a n d  t he  m a i n t e n a n c e  m e d i u m  was Eag le ' s  M E N  w i t h  2 pe r  c en t  calf s e r m n .  

Virus Titration 
Virus  was t i t r a t e d  as descr ibed  p rev ious ly  (18). 

Growth Curves 
Small  bo t t l e s  of mono laye r s  of cells were  p r e p a r e d  for each  I B V  s t ra in .  E a c h  v i ru s  

a t  a t i t e r  of 104.0 to 10 s.0 TCIDs0 was inocu la t ed  in to  each  b o t t l e  a n d  t h e  v i rus  was 
adso rbed  to t h e  cells for 90 m i n u t e s  a t  37 ° C. Samples  of cu l t u r ed  m e d i u m  were t a k e n  
aS se lected t imes  a n d  a f t e r  microscopica l  e x a m i n a t i o n  for C P E  v i rus  g r o w t h  was  
d e t e r m i n e d  b y  t i t r a t i o n  in  CK cells. I B V  mu l t i p l i c i t y  a t  30 ° C was e x a m i n e d  b y  
t r a n s f o r m i n g  t he  cells to  30 ° C a n d  i n e u b a t i n g  t h e m  for 24 hours .  Af te r  a d s o r p t i o n  a t  
37 ° C for 90 minu te s ,  t he  cells were w a s h e d  w i t h  Eag le ' s  MEM,  eooled to  25 o C, 
r e suspended  in m a i n t e n a n c e  m e d i u m  a t  25 ° C, a n d  i n c u b a t e d  a t  30 ° C. 

Virus Adsorption 
Virus  a d s o r p t i o n  tes t s  were based  on  t he  m e t h o d  of CORIA a n d  RITCHIE (~). 

Immunofluorescent Antibody (I~A) Test 
The  ind i rec t  F A  te s t  m e t h o d  descr ibed  b y  JOSrES (11) was used.  

Immune Sera 

Immune sera were obtained from rabbits and SPF chickens. The rabbits were 
immunized as described by ESTOI~ (9). Two rabbits were each inoculated intravenously 
10 times over a period of 3 months with a term of 100 ml of undiluted virus culture 
medium. The sera had virus-neutralizing antibody titers higher than 1:640. Chicken 
immune sera were prepared by inoculating each virus strain into five 8-week-old SPF 
White Leghorn chickens kindly supplied by Dr. Y. Iritani, Aburahi Laboratories, 
Shionogi Co., Kol~-eho, Shiga Prefecture. The chickens were infected both intra- 
venously a n d  i n t r a n a s a l t y  w i t h  1 m l  of c u l t u r e d  m e d i u m  c o n t a i n i n g  10s--10 v TCIDs0 
a n d  M1 b i rds  were bIed  a f t e r  5 weeks.  All  sera  o b t a i n e d  were i n a c t i v a t e d  b y  h e a t i n g  
for  30 m i n u t e s  a t  56 ° C. Then ,  the  sera  were a b s o r b e d  w i t h  ch icken  k i d n e y  powder ,  
to  r e m o v e  a n y  nonspeci f ic  componen t s .  

Two commerc i a l  con juga tes ,  f luorcscein  i so th i o ey an a t e  (FITC)-Iabe l led  sheep  an t i -  
r a b b i t  g lobul in  (MILES)  a n d  FITC-Iabe l l ed  r a b b i t  an t i - ch i ck en  g lobul in  (MILES) ,  
were  used.  The  o p t i m a l  d i lu t ion  of each  c o n j u g a t e  was d e t e r m i n e d  b y  a " c h e s s b o a r d "  
t i t r a t i o n  us ing  I B V - i n f c e t e d  CK cells on  a coversl ip.  B o t h  con juga te s  were used  a t  a 
64-reid d i lu t ion .  

F luorescence  Microscopy 

One d rop  of each  se rum d i lu t ion  was  sp read  over  t h e  I B V - i n f e c t e d  CK cells g r o w n  
on a coversl ip  ( a p p r o x i m a t e l y  3 × 32 ram) ,  wh ich  was lef t  in  a mo i s t  c h a m b e r  for  
60 m i n u t e s  a t  37 ° C. Excess  s e rum was r e m o v e d  b y  a g i t a t i n g  t h e  covers l ip  in  p h o s p h a t e  
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buffered saline (PBS), pH 7.1, for 15 minutes. The buffer was drained off, one drop of 
the diluted conjugate was applied, and the eoverslip was left for 60 minutes. After 
a final rinse in PBS for 15 minutes, the preparations were mounted in phosphate 
buffered glycerol (pI{ 7. I) and examined in a Nikon fluorescence microscope. 
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Fig. 1. Growth curves of IBV in CK cells at 37 ° C. The virus titer was an average of 
two titrations done under the same conditions 
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l?ig. 2. Growth curves of IBV in CK ceils at, 30 ° C. The virus ti ter was an average of 
two titrations done under the same conditions 

Resuhs  

Multiplicity in CK Cells 

The growth  curves of all the  I B V  strains a t  37 ° C were similar (Fig. 1). P rogeny  

viruses appeared  in the med ium 4 to 6 hours af ter  the  inoculat ion of all s trains 

except  Ishida and Shiga. Virus yields increased logar i thmical ly  in the first  24 hours 
and the m a x i m u m  yields were de tec ted  a t  36 hours for all strains. The virus t i te r  
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at  36 hours ranged from 10 s-0 (Shiga strain) to t08.5 TCIDs0 (Holte strain) per 
0.1 mt. The growth curves were not  affected by  the inoeulum size. After 36 hours, 
the infectious t i tre in the medium decreased sharply w~th all strains. The Shiga 
s t rain did no t  grow a,s well as the others. CPE wus detected a t  24 hours in all the 
strains except Be-42 which appeared a t  t6 hours. 
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Fig. 3. Growth curves of IBV in CE cells at 37 ° C. The virus titer was an average of 
two titrations done under the same conditions 
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Fig. 4. Growth curves of IBV in BHK-21 cells at 37 ° C. The virus titer was an average 
of two titrations under the same conditions 

Growth curves of IBV incubated  a t  30 ° C differed from those obtained at  
37 ° C. Progeny virus increased slowly up to 36 to 60 hours (Fig. 2) and  only  a 
small a m o u n t  of virus was produced. The CPE for all s trains was slight and  was 
no t  observed before 48 hours. 
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Multiplicity in CE Cells 

All strains grew in CE cells (Fig. 3). The growth curves were similar to those 
in CK cells at 37 ° C, although the amount of virus produced was small. The titers 
of most strains increased to 10 ~.5 to 105.3 TCID50 per 0.1 ml, although the peak 
titers of IB-iL1 and Shiga strains were only 102.5. As CPE was not observed, 
growth of IBV was confirmed by the FA test. 
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Fig. 5. Growth curves of Be-42 and ttolte strains in BHK-21 and CK cells determined 
by FA ~ests 

Multiplicity in BHK-21 Cells 

Figure 4 shows that  Be-42 and Holte strains grew in BHK-21 cells. In these 
strains, the eclipse phase of 6 to 12 hours was followed by an increasing production 
of virus. The virus titers reached t06-a TCID50 per 0.1 ml in 60 hours for the Be-42 
strain and l04-s in 48 hours for the Holte strain. Positively inlmunofluorescent- 
stained cells were observed only with the Be-42 and Holte strains, showing that 
only these strains replicated in BHK-21 cells. The growth cycles of these strains 
in BHK-2I  cells were examined with the FA test using CK cells as controls. Growth 
was graded from +w to +5  according to the number of positively stained cells and 
the results shown in Figure 5, confirm the pattern of growth in BHK-21 cells 
shown in Figtlre 4. CPE was observed after 60 to 72 hours in BHK-21 cells infected 
with either the Be-42 or Holte strain. CPE was represented mostly by a rounding 
up of cells (Fig. 6a), although occasionally syncytinm formation was observed 
with the Be-42 strain (Fig. 6b). Similar CPE was observed in infected CK cells. 
Plaques were formed by Be-C2 and Holte strains in BHK-21 cells after about 
120 hours (Fig. 6c). The plaques were 1.0--1.5 mm in diameter, although those 
formed by Be-42 tended to be larger and more distinct than those formed by the 
Holte strain. There was essentially a linear relationship between virus dilution and 
the number of plaques produced. There was no difference in the adsorption of 
Be-42 to BHK 21 or CK cells. The number of plaques produced in BItK-21 cells 
was compared with those in CK cells by inoculating them both with the same 
titer of the Be-42 strain. The efficiency of plating of the Be-42 strain in BHK-21 
cells was 50 per cent that  in CK cells. 
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Multiplicity in HeLa Cells 

None of the  s t ra ins  tes ted  grew in HeLa  cells. Only  10 t.° (A-5968) and 10 °.3 
(Be-42) t i te rs  of infective viruses were de tec ted  in the  cul ture  med ium af ter  
36 hours;  whils t  af ter  60 hours,  no viable  virus  could be obta ined.  No immuno-  
f luorescence-sta ined H e L a  cells were observed with  a n y  I B V  s t ra in  using the  
F A  test .  

Fig. 6. CPE and plaque produced by Be-42 strain in BHK-21 cells, a Round type  CPE 
a t  t30 hours after infection. × t00. b Syneytia  a t  80 hours. × 100. c Plaques produced 

at  t20 hours. Neutral  red stain 

Discussion 

The presen t  inves t iga t ion  was unde r t aken  to clar i fy the  in vitro growth  charac-  
ter is t ics  of I B V  in a number  of cell lines. Previous  work has  p roduced  conflict ing 
repor t s  on the  in fec t iv i ty  of some I B V  s t ra ins  in different  cells and  in the  t ime 
of peak  vi rus  product ion .  The I B V  stra ins  tes ted  in the  present  inves t iga t ion  were 
n o t  re la ted  to one ano ther  in e i ther  the  t ime or place of thei r  isolat ion or in the i r  
passage his tory.  

The g rowth  curves of t en  I B V  stra ins  in CK cells were similar  to one ano ther  
a t  37 ° C. Previous  repor t s  have  ind ica ted  t ha t  the  growth  curves of different  I B V  
s t ra ins  in CK cells were var iable  (6, 12). We  suggest  t h a t  the  g rowth  curves of mos t  
I B V  stra ins  a d a p t e d  to CK cells do not  differ much from one to ano the r  Jf the i r  
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growth is measured under  the same conditions. All the IBV strains propagated 
in CE cells a l though showing no CPE. Similar results have been reported previously 
(10, 20) and  fur thermore LVKgRT (15) has shown tha t  the major i ty  of CE cells 
are no t  infected by  IBV. We have also shown tha t  IBV is unable  to grow in  HeLa 
cells. This confirms similar results from a previous report  (7). FinMly, this report  
is the first to show tha t  some IBV strains propagate in BHK-21 cells and  produce 
a CPE. Previous reports had shown tha t  IBV-42 (1), and  K H  and  Nerima strains 
(20) do not  propagate in BHK-21 cells. 
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