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Summary 

This study compared the infections of chickens with virulent and avirulent 
strains of avian infectious bronchitis virus (IBV). Si~ty 3-week-old chickens were 
infected by aerosol with a virulent strain of IBV and 60 with an avirulent strain. 
Immunofluorescent staining of impression smears and cryostat sections of the 
trachea revealed that  the virulent IBV infected and destroyed the ciliated epithelial 
cells lining the trachea. The virus then became localized in subepithelial cells and 
was detectable for 21 days. The avirulent IBV infected only a few ciliated epithelial 
cells and there was no significant desquamation of the epithelium. The avirulent 
IBV, like the virulent, became localized in subepithelial cells and was detectable 
for 24 days. The immunologic response to virulent and avirulent IBV, as measured 
by virus neutralization titers, was similar at 19 days post infection. After this 
time, there was a divergence of the responses, with the virulent virus inducing as- 
cending antibody titers while the antibody titers descended with the avirulent 
virus. 

1. Introduction 

A number of reports have been made on the histopathologic changes of the 
trachea that  occur in IBV infections (5, 6, 8, 11, and 12). None of these reports, 
however, correlated the changes with immunofluorescent studies to determine the 
relationship of the changes to the site of replication of the virus. There are also no 
reports as to the effect, if any, of avirulent strains of IBV on the trachea. 

One of the biologic properties of IBV is that  it becomes avirulent and less 
immunogenie with successive passage of the virus in embryos (4). The Beaudette 
strain of IBV is one such high embryo passage virus that is not considered to be 
immunogenic. The purpose of this study was to determine if, indeed, the avirulent 
virus replicates in chickens and, if so, to compare it to the replication of a virulent 
strain of IBV. 
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2. Materials and Methods 

2.1. V i r u s e s  

The  M a s s a c h u s e t t s  s t r a i n  of I B V  was used  as t he  v i r u l e n t  v i rus  a n d  was in i ts e i g h t h  
serial  passage  in ch icken  embryos .  The  t i t e r  of t he  v i rus  was 10 ~.5 EIDs0 /ml .  The  
a v i r u l e n t  v i rus  was t he  B e a u d e t t e  s t r a i n  a n d  has  been  t h r o u g h  h u n d r e d s  of serial  
passages  in ch icken  embryos .  The  t i t e r  was 10 s.2 EIDs0 /ml .  

2.2. C h i c k e n s  

The  ch ickens  used  for th i s  s t u d y  were A t h e n s - C a n a d i a n  r a n d o m b r e d  ch ickens  t h a t  
were  free of neu t r a l i z i ng  an t ibod ie s  aga ins t  IBV.  A t  one day  of age, t h e y  were p laced  
in pos i t ive  pressure  isola t ion un i t s  a n d  rea red  to t h r ee  weeks  of age. 

2.3. E x p e r i m e n t a l  D e s i g n  

Six isola t ion u n i t s  c o n t a i n i n g  20 3-week-old ch ickens  each  were used  for th i s  ex- 
pe r imen t .  S ix ty  ch ickens  in 3 un i t s  were in fec ted  b y  aerosol w i t h  v i r u l e n t  I B V  a n d  t h e  
60 ch ickens  in t he  o the r  3 u n i t s  w i t h  a v i r u l e n t  IBV.  E a c h  s tock  v i rus  was d i lu t ed  1 : 5 
in H a n k s '  b a l a n c e d  sa l t  so lu t ion  a n d  0.025~o l a e t a l b u m i n  hydro lysa t e .  A q u a n t i t y  of 
2.0 ml  of v i rus  was a d m i n i s t e r e d  to each  un i t  w i t h  a nebu l ize r  1 u n d e r  a c o n s t a n t  p ressure  
of 15 lb / in  "2. 

The  o b s e r v a t i o n  per iod  for th i s  e x p e r i m e n t  was  35 days.  Chickens  f rom eaeh  group  
were  saer i f ieed a n d  t h e  t r a c h e a s  r e m o v e d  asept ical ly .  E a c h  t r a c h e a  was d iv ided  in to  
4 sect ions  a n d  used :  1. to  m a k e  impress ion  smears  for i m m u n o f l u o r e s c e n t  s ta in ing ,  
2. to  m a k e  e r y o s t a t  sect ions  for  i m m u n o f l u o r e s c e n t  s ta in ing,  3. to  p r epa re  t r aehea l  
o rgan  cu l tures  for obs e r va t i on  of ci l iary a e t i v i t y  a n d  v i rus  isolat ion,  a n d  4. to  fix in 
fo rmal in  for h i s topa tho log ic  s tudies  a f te r  s t a in ing  w i t h  h e m a t o x y l i n  a n d  eosin. The  
n u m b e r  of b i rds  saer i f iced f rom each  group  a n d  the  days  pos t in fee t ion  were as follows : 
t h r e e  ch ickens  on P I  days  1- -8 ,  10, 12, 15, 17, 19, a n d  21 a n d  two ch ickens  on  P I  days  
24, 26, 32, a n d  35. All ch ickens  were obse rved  da i ly  for cl inical  signs of disease. 

The  i m m u n o f l u o r e s e e n t  s t a in ing  of t r a chea l  impress ion  smears  a n d  e r y o s t a t  see- 
t ions  was done  w i t h  a f luorescein i s o t h i oeyana t e  labe led  a n t i - I B V  g lobul in  p r e p a r e d  
as p rev ious ly  descr ibed  (10). C ryos t a t  sect ions  were e o u n t e r s t a i n e d  w i t h  1"300 rhod-  
amine .  

T rachea l  o rgan  cu l tu res  were  p r e p a r e d  as p rev ious ly  descr ibed  (2). I f  t he re  was no  
ci l iary m o v e m e n t  or a f te r  ci l iary m o v e m e n t  ceased in t r achea l  o rgan  cul tures ,  t he  
f luids were h a r v e s t e d  a n d  up  to  3 serial  passages  a t  24-hour  in t e rva l s  m a d e  in embryo-  
n a t i n g  hens '  eggs for v i rus  reisolat ion.  

S e r u m  samples  were  col lected f rom each  ch icken  a t  t he  t i m e  of sacrifice a n d  v i rus  
n e u t r a l i z a t i o n  (VN) tes t s  done on  t he  pools  of s e r u m  collected on  days  1, 19, 24, a n d  35. 
The  V N  tes t s  were c o n d u c t e d  us ing  a p laque  as say  in ch icken  e m b r y o  k i d n e y  cells as 
p rev ious ly  descr ibed  (9). 

3. Results 

3.1. C l i n i c a l  O b s e r v a t i o n s  

0 n l y  t h e  c h i c k e n s  i n f e c t e d  w i t h  t h e  v i r u l e n t  I B V  d e v e l o p e d  c l in ica l  s igns  of 

r e s p i r a t o r y  d i s t ress ,  n a s a l  d i s c h a r g e ,  t r a c h e a l  ra les ,  s n e e z i n g  a n d  ma la i se .  T h e s e  

s igns  were  n o t  d e t e c t e d  a f t e r  t h e  e i g h t h  d a y  P I .  N o n e  of t h e  c h i c k e n s  i n f e c t e d  

w i t h  t h e  a v i r u l e n t  v i r u s  b e c a m e  v i s i b l y  ill. 

3.2. I m m u n o f h o r e s c e n t  S t a i n i n g  

Cells i n f e c t e d  w i t h  I B V  were  f o u n d  in  i m p r e s s i o n  s m e a r s  of t r a c h e a s  i n f e c t e d  

w i t h  t h e  v i r u l e n t  I B V  for  6 days ,  a n d  m a n y  p o s i t i v e  cells were  s een  in  t h e  s m e a r s .  

1 Devi lb iss  nebu l ize r  40, Devi lb iss  Co., Sumerse t ,  P A  15501, U.S.A.  



Pathogenesis of Avian Infectious Bronchitis Virus 287 

Only a few infected cells were seen in impression smears from tracheas infected 
with the avirulent virus and smears were negative after the third day (Table 1). 
The predominant cell types seen in the smear were erythrocytes, and epithelial 
cells with a few white blood cells also present. Only the epithelial cells were infected 
with IBV. 

The staining of cryostat  sections revealed that  tracheas infected with virulent 
IBV were positive from the first to the twenty-first day P I  and those from tracheas 
infected with avirulent IBV were positive from the third day to the twenty-fourth 
day P I  (Table 1). The difference between the virulent and avirulent infected 
tracheas was in the cell types that  were infected. With the virulent virus the 
epithelial cells were infected up to the sixth day P I  and subepithelial cells were 
infected from the first to the twenty-first day. The epithelial cells were never ob- 
served to be infected in cryostat  sections with avirulent IBV but the subepithelial 
cells were infected by the third day and were positive up to the twenty-fourth day. 

3.3. T r a c h e a l  O r g a n  C u l t u r e s  

The ciliary movement  of epithelium in organ cultures derived from tracheas 
infected with virulent IBV was not evident during the first 7 days P I  but movement  
appeared on the eighth day and was observed through the thirty-fifth day (Table 1). 

Table 1. The Immuno]luorescence, Ciliary Activity and Virus Isolation o] Avian In]ectious 
Bronchitis Virus In]ected Chickens 

Days post infection 

Virus Strain Virus Indicator  1 2 3 4 5 6 7 8 10--21 24 26---35 

Virulent 

Avirulent 

FA Staining 
1. Smears 
2. Cryostat section 
Ciliary movement 
Virus isolation 

FA Staining 
1. Smears 
2. Cryostat section 
Ciliary movement 
Virus isolation 

§ 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  

§ 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  
§ 2 4 7  

§ 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  
§ 2 4 7  

§ 2 4 7 2 4 7  
- - -  § 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  §  
§ 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  § 2 4 7  
§ 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7 2 4 7  §  

The tracheal organ cultures derived from the avirulent IBV infected chickens 
e~hibited ciliary movement  throughout the e~periment (Table i). The average 
number of days that  ciliary movement  lasted in tracheal organ cultures derived 
from each bird is summarized in Figure 1. The cessation of ciliary movement  and 
death of the epithelium within 5 to 7 days was at tr ibuted to IBV infection during 
the first 21 to 24 days of the e~periment. This was demonstrated by immuno- 
fluorescent staining of the organ cultures and isolation of virus from them. 
Tracheal organ cultures prepared from birds not infected with IBV exhibited 
ciliary movement  for an average of 13 days (1). 
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3.4. V i r u s  I s o l a t i o n  

Virus was isolated from the tracheal organ cultures derived from the virulent 
IBV infected chickens for 21 days and for 24 days from the avirulent IBV infected 
chickens (Table 1). The avirulent IBV isolated during the first 12 days P I  caused 
death of embryos but  after that  the virus caused stunting of embryos. The virulent 
IBV caused only stunting of embryos when isolated from the tracheal organ 
cultures. 
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Fig. 1. The average number of days of ciliary movement in tracheal organ cultures derived from chickens infected 
with virulent and  avirulent strains of avian infectious bronchitis virus 

3.5. H i s t o p a t h o l o g y  

The histopathology of the tracheas from birds e~posed to the virulent and 
avirulent IBV was markedly different. The virulent virus resulted in the loss of 
the ciliated surface epithelium and goblet cells during the first 5 days P I  and there 
was hyperplasia of the remaining epithelial layer, dilation of blood vessels and 
definite mononuelear cell infiltration. During days 6, 7 and 8 P I  there was a 
diminishing of the inflammatory response and a return of the normal architecture 
of the epithelial lining, with eiliated epithelial cells evident on the eighth day. 
The hyperplasia of the epithelia.1 cells was evident until the fifteenth day PI.  

The avirulent virus caused no detectable damage to the ciliated surface 
epithelium. Beginning on day 2 there was a definite hyperplasia of the epithelial 
layer of cells with the dilation of blood vessels and infiltration of this area with 
mononuclear cells. The hyperplasia was present until the ninth day P I  at which 
time the tracheas appeared to have returned to normal. 

3.6. V i r u s  N e u t r a l i z a t i o n  

The neutralizing antibody response to the virulent and avirulent viruses is 
summarized in Table 2. The neutralizing antibody activity was about the same 
on the nineteenth day P I  but  the chickens infected with the virulent virus main- 
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rained their neutralizing ant ibody titer throughout the e~periment. The ant ibody 
titers fell significantly in the 24 ~nd 35 day serum pools from chickens infected 
with avirulent virus. 

Table 2. The Virus Neutralizing Antibody Response o] Chickens 
to Virulent and Avirulent Avian ln]ectious Bronchitis Virus 

(IBV) 

Days post infection 

Virus Strain 0 19 24 35 

Virulent < 1.0 ~ 2.4 2.8 2.7 

Avirulent < 1.0 2.l 1.4 1.3 

a Log10 reduction in titer of ]3eaudette cell culture adapt- 
ed IBV. 

4. Discussion 

The findings of this s tudy indicate that  both virulent and avirulent IBV will 
replicate in the chicken. The main difference appears to be their ability to infect 
and replicate in the ciliated epithelial lining of the trachea. I t  appears that  a few 
of the epithelial cells are infected as evidenced by the fact tha t  some infected cells 
were detected by immunofluorescent staining of impression smears, where a large 
portion of the cells are epithelial. I t  was evidently a mat ter  of probabili ty that  no 
infected epithelial cells were detected in cryostat  sections of trachea during the 
first three days. 

Both the virulent and aviru]ent viruses persisted in the chickens for essentially 
the same period of t ime and there was perfect correlation between the detection 
of viral infection by immunofluorescence and the ability to reisolate the virus. A 
recent report by PUI~CEL~ and McFE~aA~ (12) indicated that  they could isolate 
virus from the trachea up to the twelfth day PI.  COOK (3) was able to isolate IBV 
for up to 49 days PI.  In  this study, the virus was reisolated by making organ cul- 
tures from the tracheas. When the ciliated epithelium was destroyed the isolation 
of virus was carried out in the embryonating hen's egg. The virus evidently 
resurfaces from the subepithe]ial cells and infects the surface epithelium. J o ~ s o x  
et al. (7) found that  ciliated epithelial cells from tracheas of immune chickens are 
just as susceptible to IBV as those from non-immune chickens. 

I t  would appear that  the differences in pathogenic and immunogenic properties 
of virulent and avirulent IBV lies in their ability to destroy the surface epithelium 
lining the trachea. The avirulent virus infected only a few epithelial cells before 
establishing an infection of subepithelial cells. The antibody response invoked by 
the avirulent virus was almost comparable to that  of the virulent virus of 19 days 
PI.  However, it did not maintain a high level and in fact was descending from the 
nineteenth to the thirty-fifth day P I  in contrast to the continued rise in antibody 
titer with the virulent IBV infection. 

The histopathologie changes of IBV infections have been described by a num- 
ber of investigators (5, 6, 8, 11, 12) with only minor discrepancies; they are all 
quite similar and agree with the histologic changes observed in this study. 

Arch. ges. Virusforsch. 40/3--4 19 
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One puzzling point  t ha t  this s tudy  revealed is the apparen t  lack of correlation 
between the susceptibil i ty of the ciliated epi thel ium to IBV in vivo and  in vitro. 

The ciliated cells of the t rachea appear to resist infect ion in the non- immune  
chickens, bu t  the ciliated cells of tracheas ma in ta ined  in vitro are quite susceptible 
to av i rn len t  IBV and  are rapidly  destroyed (2). This would indicate t ha t  the 
t racheal  organ cultures are not  the u l t imate  model for in vivo condit ions in  a 
defined artificial envi ronment .  
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