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Summary 

A study has been made of the use of chicken tracheal organ cultures for the 
isolation and assay of avian infectious bronchitis (AIB) virus from both naturally 
and experimentally infected chickens. Six strains of AIB virus were investigated, 
3 of which had been isolated from natural outbreaks of disease. Two of the virus 
isolations from the outbreaks of AIB were made directly into tracheal organ 
cultures without passage in embryonated eggs. 

Organ cultures prepared from 20-day-old embryos were used since they were 
found to be somewhat more sensitive in virus assay than those derived from 
chickens of up to 31 days of age. Ciliostasis, which was used as the marker of 
infectivity, was complete by 3 days after inoculation with each strain of virus 
examined. 

Virus could be isolated from both respiratory and non-respiratory tissue in 
tracheal organ cultures and these cultures were found to be at least as sensitive as 
9-day-old embryonated eggs in detecting AIB virus either in pathological material 
or in serial dilutions. When virus was assayed in both systems, the titres were very 
similar. I t  is considered, therefore, that  chicken embryo tracheal organ cultures 
offer a reliable alternative system to embryonated eggs for studying AIB virus. 

Introduction 

The development of techniques for the maintenance of organ cultures of 
eiliated epithelium has led to their widespread use for the isolation and growth 
studies of various respiratory tract viral pathogens (11). TYRRELL and B¥~oE (17) 
found that organ cultures of human foetal trachea were more efficient than con- 
ventional monolayer cultures for the primary isolation of certain viruses associated 
with respiratory disease in man. Furthermore, NCINTOS~ et al. (15) were able to 
isolate eoronaviruses of human origin from nasopharyngeal washings in organ 
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cul tures  of h u m a n  embryo  t rachea ,  a l though  such viruses could no t  be demons t r a t -  
ed when convent iona l  t issue cul ture  techniques  were employed.  

The m e t h o d  a t  p resen t  used for the  isola t ion of av ian  infect ious bronchi t i s  
(AIB) v i rus  f rom infected chickens is b y  scrim passage in e m b r y o n a t e d  chicken 
eggs. Severa l  passages are  usua l ly  requi red  before character is t ic  signs of infect ion 
can be observed  in the  embryo  and  this  could accord ing ly  be an  undes i rab le  
fea tu re  since such r epea ted  passages m a y  well a l ter  the  virulence or an t igenic  
charac te r  of the  virus.  

U p  to  the  p resen t  t ime,  a t t e m p t s  to  isolate  A I B  virus  f rom pa tho log ica l  
ma te r i a l  d i r ec t ly  in  convent iona l  monolayer  t issue cul tures  of var ious  t y p e s  have  
p roved  unsuccessful.  

Chicken t r achea l  o rgan  cul tures  have  been shown to be suscept ible  to  infect ion 
wi th  A I B  vi rus  and  m a y  be employed  as an  accura te  a s say  sys tem if eil iostasis is 
used as the  cr i te r ion  of infect ion (12, 4, 13, 2, 7). Fu r the rmore ,  JOHNSO~ ~ a n d  
N~wMA~ (13) found  t h a t  t r achea l  exp lan t s  p rov ided  a be t t e r  a s say  sys t em t h a n  
e m b r y o n a t e d  chicken eggs because the  resul ts  were more  reproducible .  

Chicken t r achea l  organ  cul tures  do no t  appea r  to have  been used  for m a k i n g  
p r i m a r y  isolat ions of A I B  virus  f rom pa tho log ica l  ma te r i a l  a l though  GEIL~rAUSm¢ 
et al. (9) i sola ted  A I B  virus  f rom t rachea l  organ  cul tures  p r epa red  f rom exper i -  
m e n t a l l y  infected chickens. I n  the  presen t  paper ,  the  resul ts  are  p resen ted  of a 
s t u d y  of the  use of t rachea l  exp lan t s  f rom chick embryos  or young  chickens for  
the  isola t ion and  subsequent  s t u d y  of the  repl ica t ion  of bo th  field and  l a b o r a t o r y  
s t ra ins  of A I B  virus.  

Materials and Methods 

Vi?'us~8 
The Massachusetts (Strain I B V - 4 1 ) a n d  Connecticut (Strain IBV-46) serotypes 

(embryo adapted),  were supplied by  Dr. C. H. Cunningham, Depar tment  of Microbiology 
and Public Health,  Michigan State University,  East  Lansing, Michigan, U.S.A. The 
H 120 Noblis vaccine strain (Massachusetts type) was obtained from In fe r re r  Lab- 
oratories Ltd.  1, and used as the i21st embryo passage material.  The VF 70/888 strain 
was supplied by  Dr. J .  B. McFerran, Ministry of Agriculture, Veter inary Research 
Laboratories,  Stormont,  Belfast, Northern I re land and used after 9 passages in 
embryonated  eggs. Two strains (HV-2, HV-10) had been isolated in this labora tory  
from field outbreaks of respiratory disease in ctfickens and had not  been passaged in 
embryona ted  eggs. 

Stocks of embryo-propagated virus were prepared by  the inoculation of AIB  virus 
into the atlantoic cavi ty  of 9-day-old specific pathogen free (SPF) embryonated  eggs. 
The Mlantoie fluids were collected 48 to 72 hours later,  pooled and stored at  - - 2 0  ° C. 
Organ cul ture-propagated virus was prepared by  harvesting the fluid medium from 
chicken tracheal  organ cultures 72 hours after inoculation with virus and s tored a t  
- - 6 0  ° C after being first di luted 1 : 2 (v/v) with 0.2 per cent gelatin in phosphate buffer- 
ed saline (PBS), pl~ = 7.2, containing 4.5 per cent glucose. 

Preparation o/ Tracheal Organ C'tdtures 
Tracheal explants  were prepared after the method of CHER~Y and TAYLO~- 

ROBIh'SON (3) from 20-day-old chicken embryos or from chicks of 1, t0, 17, 24 or 

i Intervet ,  Bar Hill, Cambridgeshire. 
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3t  day-s of age o b t a i n e d  f rom a f lock S P F  for  a se lect ion of v i ruses  inc lud ing  A I B  
a n d  for M y e o p l a s m a  spp.  A p p r o x i m a t e l y  17 r ings were m a d e  f rom each  e m b r y o  t r a c h e a  
a n d  up  to 60 r ings f rom each  ch icken  t r achea .  The  r ings  were p laced  i nd iv idua l l y  in  
16 × 125 m m  tubes  a n d  1 ml  Eag le ' s  m i n i m u m  essent ia l  m e d i u m  (MEM) added ,  con-  
t a i n i n g  peniei l l in  (50 tmi t s /ml )  a n d  s t r e p t o m y c i n  (50 ixg/ml), a n d  were  rol led (8 revolu-  
t i ons /hour )  a t  3 7 ° C  t h r o u g h o u t  (10). T he  exp l an t s  were Mways used  w i t h i n  5 days  
of p r e p a r a t i o n  a n d  each  was checked  microscopica l ly  for cilial v igour  pr ior  to  inocu la t ion .  

Passage o/ Virus in Organ C~dture 
Groups  of 5 e m b r y o  t r a c h e a l  exp l an t s  were dra ined ,  0.1 ml  of v i rus  i n o c u l u m  a d d e d  

a n d  a d s o r p t i o n  a l lowed to proceed  for 1 h o u r  a t  37 ° C w i th  t he  cu l tu res  i n c u b a t e d  
s t a t i ona ry .  The  i noeu lmn  was r e m o v e d  a n d  the  e x p l a n t s  were t h e n  e i t he r  w a s h e d  
3 t imes  in  P B S  or n o t  washed ,  as de ta i l ed  u n d e r  ind iv iduM expe r imen t s .  M a i n t e n a n c e  
m e d i u m  (0.5 ml  Eag le ' s  MEM) was a d d e d  a n d  rol l ing c o n t i n u e d  a t  37 ° C. Cul tures  
were e x a m i n e d  microscopica l ly  da i ly  t h e r e a f t e r  for ev idence  of comple te  ci l iostasis  
a n d  passaged  a f t e r  72 hours ,  3 passages  be ing  g iven  before a spec imen  was cons ide red  
to  be  free of virus .  F lu ids  h a r v e s t e d  f rom organ  cu l tures  were  buf fe red  as a b o v e  a n d  
s to red  a t  - - 6 0  ° C. 

Assay of V@us in Organ Oulture 
Serial  10-fold d i lu t ions  of v i rus  were  p r e a p r e d  in Eag le ' s  N~E~I, a n d  0.1 ml  of each  

d i lu t ion  was i nocu la t ed  in to  each  of 5 d ra ined  e m b r y o  t r achea l  exp l an t s  a n d  v i rus  
a l lowed to adsorb ,  a f t e r  wh ich  t he  exp l an t s  were over l ayed  w i th  m a i n t e n a n c e  m e d i u m .  
Cul tures  were e x a m i n e d  microscopica l ly  for up  to 7 days  for ev idence  of comple t e  
ci l iostasis  to  d e t e r m i n e  t h e  end  points .  These  were ca lcu la ted  accord ing  to t h e  m e t h o d  
of I { ~ D  a n d  M~JExc~ (16) a n d  expressed  as t he  f i f ty  pe r  cen t  c i l iosta t ic  dose (CDa0) 
pe r  ml.  

Preparation and Use oj Chick Kidney Cultures 
P r i m a r y  cu l tures  of ch ick  k i d n e y  (CK) were p r e p r a e d  as mono layer s  in  t u b e s  f rom 

2 to  5 week-old  chicks b y  t he  m e t h o d  of DULBECCO a n d  VOOT (8) as modi f ied  b y  
YOUNG~ER (18). T he  g r o w t h  m e d i u m  was Eag le ' s  M E M  c o n t a i n i n g  10 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 ,  5 pe r  cen t  u n h e a t e d  calf s e r u m  a n d  an t ib io t ics .  

P r io r  to  i nocu la t i on  t he  t ubes  were w a s h e d  3 t imes  w i t h  P B S  a n d  t he  d ra ined  shee t s  
were each  inocu la t ed  w i t h  0.1 ml  of virus .  Af te r  a d s o r p t i o n  for 1 h o u r  a t  37 ° C, 0.5 m l  
of m a i n t e n a n c e  m e d i u m ,  cons i s t ing  of a I - t anks ' -Ear le ' s  b a l a n c e d  sa l t  so lu t ion  (1 :1)  
s u p p l e m e n t e d  w i th  0.5 pe r  cen t  Iac ta lbu~nin  h y d r o l y s a t c  a n d  an t ib io t ics ,  was  added .  
The  cu l tures  were e x a m i n e d  for c y t o p a t h i c  effect  (CPE) for up  to 3 days  before  be ing  
h a r v e s t e d  a n d  passaged,  up  to 4 passages  be ing  g iven  before  a spec imen was cons idered  
to  be  nega¢ive. 

Isolation and Assay o/ Virus in Embryonated Uhiclcen Eggs 
I n  a t t e m p t s  to  isola te  A I B  v i rus  f rom ch icken  specimens,  groups  of e ight  9-day-old  

S P F  e m b r y o n a t e d  eggs were inocu la ted  (0.1 rot) v ia  t he  a l lan to ic  cav i ty .  Al lan to ic  
f luid f rom ha l f  t h e  su rv iv ing  e m b r y o s  was  h a r v e s t e d  a f t e r  48 to  72 h o u r s  for f u r t h e r  
passage,  t he  r e m a i n i n g  e m b r y o s  be ing  i n c u b a t e d  a t  37.5 ° C for 7 days  w h e n  m o r t a l i t y  
a n d  e m b r y o  s t u n t i n g ,  cha rac te r i s t i c  of A I B  v i rus  infect ion,  were recorded.  U p  to 3 
serial  passages  were m a d e  before  a sample  was cons idered  to  be  nega t ive .  

T i t r a t i o n s  of A I B  v i rus  in  9-day-old  e m b r y o n a t e d  eggs were pe r fo rmed  acco rd ing  
to t he  s t a n d a r d  p rocedure  (1); end -po in t s  were ca lcu la ted  b y  the  m e t h o d  of REED a n d  
MIZ~:z~'CE (16) a n d  expressed  as t he  f i f ty  per  cen t  egg infec t ious  dose (EIDs0) per  ml.  

Neutralization Tests 
N e u t r a l i z a t i o n  t e s t s  to  iden t i fy  v i rus  isola t ions  as be ing  A I B  v i rus  were p e r f o r m e d  

b y  t he  s t a n d a r d  p rocedu re  (1) in  e i the r  9 -day .o ld  e m b r y o n a t e d  eggs or in  e m b r y o  
t r a c h e a l  o rgan  ctfl tures.  Specific a n t i s e r a  were p roduced  b y  the  i n t r a t r a e h e a l  inocula -  
t ion  (0.2 ml) of S P F  ch ickens  k e p t  in  i so la t ion  a n d  were used  a t  a d i lu t ion  of 1:10.  
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Passage o/ Virus in Chickens 
Groups of SPF chickens, kept  in isolation, were inoculated (0.1 ml) intratracheal ly 

with AIB  virus. Three days la ter  the  chickens were killed and the lungs and t rachea 
removed aseptically from each, pooled, and a suspension ( 1 : 10 w/v) prepared in nutr ient  
broth.  This was subjected to low speed eentrifugation and the supernatant  fluid was 
used to inoculate further chickens, embryonated eggs, CK cultures or embryo tracheal  
organ cultures. Specimens were stored at  - - 2 0  ° C until  required. 

Other types of tissue were collected from chickens at  various intervals after infec- 
tion with the H 120 strain and prepared for examination in a similar manner. 

Results 

Comparison o/ Tracheal Organ Cultures Prepared/rom Chickens o/Di[/erent Ages 
/or Susceptibility to Virus In/eetion 

The H t20 and  IBV-46 s t ra ins  of A I B  virus  p r o p a g a t e d  b y  embryo  passage 
and  the  HV-10 organ cul ture  p r o p a g a t e d  s t ra in  were assayed  s imul taneous ly  in 
embryo  t rachea l  organ cul tures  and  in t r achea l  exp lan t s  p repa red  from chickens 
ranging  in age f rom one to  31 days .  The  resul ts  are  shown in Table  1 and  represen t  
the  mean  t i t res  (log10) of a t  leas t  3 rep l ica te  t i t r a t ions  in cul tures  f rom each age of 
chicken. I n  the  case of each s t ra in  of virus,  organ cul tures  p r epa red  from the  
20-day-old  embryos  were as sucept ib le  in mos t  ins tances  as were those p repa red  
f rom chickens of di f ferent  ages. 

Table 1. Comparison o/tracheal organ cultures prepared ]tom chickens o/d,iI/erent ages ]or 
virus assay 

Mean t i t re  (log10 CDs0/ml) in tracheal cultures from 

20-day Chicken (age in days) 
Virus strain embryo 1 10 17 24 31 

H120 5.8 5.4 5.0 4.9 5.2 5.5 
IBV-46 6.8 5.9 5.8 6.3 6.9 6.3 
HV-10 4.3 4.2 3.6 I~T 3.5 4.3 

NT Not tested 

Rate o/Onset o/Ciliostasis Following Virus Inoculation 

Compar isons  were made  of the  ra tes  a t  which 3 s t ra ins  (I-1120, IBV-46 and  HV- 
10) of A I B  virus  caused ciliostasis. F ive  tubes  were inocula ted  wi th  50 CD50 of a 
v i rus  s t r a in  and  the decrease  in  c i l iary  m o t i l i t y  over  the  whole circumference of 
each r ing was e s t ima ted  a t  shor t  in teI~als .  The  resul ts  of a t  leas t  3 sets of observa-  
tions, done wi thou t  pr ior  knowledge  of the  inocula,  show t h a t  wi th  the  H t20 and  
HV-10 s t ra ins  the  ra tes  of onset  of cil iostasis were ve ry  similar  (see Fig.  1), b u t  th is  
ra te  was much  more  r a p i d  in i t i a l ly  wi th  the  IBV-46 s t ra in .  I n  the  case of al l  3 s t rains ,  
80 per  cent  of cilia became s ta t ic  wi th in  50 hours  af ter  inocu la t ion ;  but ,  wi th  
s t r a ins  IBV-46 and  HV-10, cil iostasis was no t  comple te  un t i l  a p p r o x i m a t e l y  
70 hours  a f te r  inoculat ion.  I n  the  l a t t e r  instances~ a few tuf t s  of cilia cont inued  to 
bea t  af ter  the  m a j o r i t y  had  become stat ic .  
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:Fig. 1. Ci l ia ry  a c t i v i t y  of c h i c k e n  e m b r y o  t r a c h e a l  o r g a n  c u l t u r e s  i n o c u l a t e d  w i t h  
different strains of virus 

Isolation o/ Virus/rein Outbreaks el Respiratory Disease 
Lungs and tracheae collected from chickens involved in 2 natural outbreaks 

of respiratory disease were used to prepare suspensions which were then passaged 
in embryonated chicken eggs, tracheal organ, cultures and CK cultures to compare 
the efficiency of the 3 systems for virus isolation.. Both viruses, designated HV-2 
and HV-10 respectively, were isolated in tracheal explants on the first passage 
on the basis of cfliostasis; one strain (HV-2) was also isolated in embryouated eggs 
after one passage, while the other (HV-10) required 3 embryo passages. Neither 
strain caused a CPE in CK cultures after 4 passages. Neutralization tests confirmed 
that both viruses were AIB ~drus. 

Recovery el Virus/rein the Respiratory Tract o/Experimentally Inoculated Chidcens 
Four strains of AIB virus (HV-2, HV-10, VF 70/888 and IBV-4i) were used; 

strain HV-2 after 5 organ culture passages, HV-10 as first organ culture passage 
fluid, VF 70/888 after 9 passages in embryonated eggs and IBV-4I as high embryo 
passaged fluid. In  an attempt to readapt the virus, each strain was passaged 
serially 4 times in chickens and, after the final passage, reisolation of virus was 
then attempted in each of the 3 systems. As a control, uninfected allantoic fluid 
received 4 similar serial passages in chickens and virus reisolation attempts were 
made. 

The results, presented in Table 2, show that M14 strains of virus were recovered 
in organ cultures on the first passage and at least 3 of them in embryonated eggs 

Arch. Virol. 50/1--2 8 
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af ter  one passage.  The I tV-10 s t ra in ,  in effect,  r equ i red  3 embryo  passages  before 
being re iso ta ted  def in i t ive ly  since on ly  inconclusive embryo  s tun t ing  occurred on 
earl ier  passages.  No v i rus  was recovered  f rom a n y  specimen af te r  4 passages  in 
CK culture.  The  cont ro l  specimen y ie lded  no vi rus  th roughout .  

To demons t r a t e  t h a t  rep l ica t ion  of each vi rus  s t ra in  had  occurred in the  organ 
cultures,  4 serial  passages were made.  A t  each passage the  i n o c u h m  was d i lu t ed  
1 : 10 in Eag le ' s  MEM, al lowed to adsorb  for 1 hour ,  then  r emoved  and  the  cul tures  
washed  3 t imes  wi th  PBS.  A compar ison  of the  v i rus  in fec t iv i ty  assays  of the  
ha rves t s  f rom the  4 th  organ  cul ture  passages  wi th  those  of the  or iginal  lung 
homogena tes  show tha t ,  in each ins tance,  there  was no s ignif icant  difference in  
t i t re  over  the  4 passages  (Table  3). 

Table 2. Comparison o] tracheal organ cultures and embryonated eggs for virus recovery 
]rom the respiratory tracts o] experimentally inoculated chickens 

Passage 
number  

Serial passage of virus strains in embryonated  eggs (E) or tracheal  
organ cultures (OC) 

in E IBV-41 VF 70/888 HV-2 t IV-  10 Control 
or OC E OC E OC E OC E OC E OC 

1 5 a 4 4 5 5 3 NT b 4 0 0 
2 5 5 5 5 5 4 3 4 0 0 
3 5 5 N T  4 N T  5 5 4 0 0 
4 NT 5 NT 5 NT 5 NT 5 0 0 

Nmnber  affected / 5 inoculated 
b Not  tested 

Table 3. Virus replication on passage in tracheal organ cultures 

Virus strain 

Titre (logic CDso/ml) in 
Result  of 4th organ culture 
passage inoculated into chickens 

Lung 4th organ culture Respira tory  Ant ibody 
homogenate passage fluid signs a production 

IBV-41 3.3 3.0 -b 7/8 b 
VF 70/888 3.3 3.2 -~- 4/8 
I-IV-2 4.2 3.5 -~ 6/7 
HV-10 4.2 4.1 + 5/7 

a 3 days after inoculation 
b Number  of sera positive / Number  examined 

W h e n  the  ha rves t  of the  4 th  organ  cul ture  passage of each s t ra in  was inocula ted  
into  groups of 7 - - 8  chickens,  r e sp i r a to ry  signs were observed  wi th in  3 days .  Sera  
col lected f rom each group 21 days  af ter  inocula t ion  were examined  for an t ibodies  
to  the  homologous  s t r a in  b y  neu t ra l i za t ion  tes ts  in  9 -day-o ld  e m b r y o n a t e d  eggs. 
I n  the  case of each s t ra in ,  the  m a j o r i t y  of chickens had  p roduced  s ignif icant  levels 
of a n t i b o d y  (Table 3). 

The  f lu id  ha rves t ed  f rom each organ cul ture  passage was inocula ted  as a l a te ra l  
passage in to  e m b r y o n a t e d  eggs and  CK cultures.  E m b r y o  mor t a l i t y ,  somet imes  
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accompanied  b y  charac ter i s t ic  embryo  deformit ies ,  was found af ter  only  one such 
passage wi th  3 of the  s t rains ,  b u t  the  2nd and  3rd organ cul ture  passages of the  
remain ing  s t ra in  (ItV-10) requi red  2 or 3 embryo  passages respec t ive ly  before v i rus  
could be recovered.  One s t ra in  (VF 70/888) was given 16 serial  passages in t r achea l  
organ  cul tures  a t  l imi t ing  d i lu t ion  wi thou t  loss of t i t re  or l e t ha l i t y  for embryos ;  
th is  s t ra in  fai led to  p roduce  a CPE in CK cul tures  a t  a n y  passage level.  

No CPE was observed when the  organ cul ture  harves t s  of each of the  s t ra ins  
were g iven  3 l a te ra l  passages in CK cultures.  

Recovery o/ Virus/tom Tissues o/Experimentally Inoculated Chickens 
A t t e m p t s  were made  to  recover  the  H120  s t ra in  of A I B  virus  f rom lung,  

spleen, k idney ,  o v a r y  and  eaecal  tonsi l  of each of a t  leas t  4 groups of expe r imen ta l ly  
inocula ted  chickens in bo th  e m b r y o n a t e d  eggs and  t rachea l  organ  cultures.  Virus  
was recovered f rom samples  of all  the  t issues on ei ther  the  f irst  or second passage 
wi th  equal  fac i l i ty  in the  two sys tems and  conf i rmed as A I B  virus  b y  neut ra l iza-  
t ion tes ts  in  t rachea l  organ cultures.  

Comparison o/ Tracheal Organ Cultures and Embryonated Eggs /or Susceptibility 
to Virus In/ection 

To compare  the  suscept ib i l i ty  of e m b r y o n a t e d  eggs and t rachea l  organ cul tures  
for the  de tec t ion  of A I B  virus,  a t t e m p t s  were made  to recover  the  vi rus  in bo th  
sys tems  from a series of seven 5-fold d i la t ions  of each of the  4 s t ra ins  of v i rus  
which had  prev ious ly  been subjec ted  to 4 serial  passages in chickens. I%eisolations 
were a t t e m p t e d  in dup l ica te  and  the results  are summar ized  in Table  4. 

I n  the  case of the  egg -adap ted  s t ra in  (IBV-41), virus  recovery  was comparab le  
in bo th  systems.  W i t h  the  low embryo-passaged  s t ra in  (VF 70/888) as well as one 
field s t ra in  (IIV-2),  the  t rachea l  organ cul tures  were more sensi t ive t han  em- 
b r y o n a t e d  eggs. I n  the  case of the  remain ing  field s t ra in  (HV-10), the  t r achea l  
organ  cul tures  were m a r k e d l y  super ior  in demons t r a t ing  the  presence of virus.  

T a b l e  4. Comparison o] tracheal organ cultures and embryonated eggs/or virus recovery 
]rom serial dilutions 

N u m b e r  of  p a s s a g e s  r e q u i r e d  to  d e t e c t  v i r u s  i n  s e r i a l  d i l u t i ons .  
(log10) 

V i r u s  E x p .  0 .7  1.4 2.1 2.8 3.5 4 .2  4 .9  
strain No. E OC E OC E OC E OC E OC E OC E OC 

I B V - 4 t  1 1 1 t 1 1 1 2 ~ 2 
2 1 1 t 1 1 t I 1 1 2 

V F 7 0 / 8 8 8  1 i 1 2 t 2 1 - 1 
2 2 1 2 1 2 1 2 1 3 1 

t I V - 2  1 1 1 t 1 I 1 2 1 2 2 3 
2 1 1 1 1 1 - - 2 

t tV-10 1 2 1 3 1 3 1 - 1 - t 
2 3 1 3 1 2 1 3 1 3 2 

a No virus isolated 
E Embryonated eggs 
OC Tracheal organ cultures 

8* 
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Comparison o/Tracheal Organ Cultures and Embryonated Eggs/or the Assay o/Virus 

A minimum of 3 replicate assays of 2 egg adapted strains of AIB virus (H t20 
and IBV-46) and the 4 strains subjected to 4 serial passages in chickens were 
performed simultaneously in both tracheal organ cultures and embryonated eggs. 
The results, presented in Table 5, show that  the titres obtained with 5 of the virus 
strains were very similar in the 2 assay systems. The mean titre for the remMning 
strain (I-IV-10) was loglo 4.2 CD50/ml in tracheal organ cultures and loglo 
<1.0  EIDs0/ml in embryonated eggs. Assays in tracheal explants gave highly 
reproducible results with more clearly defined end points than were found with 
assays performed in embryonated eggs. 

Table 5. Comparison o] virus assays in tracheal organ cultures 
and embryonated eggs 

Mean virus titre (log10 IDs0/ml) in 

Embryonated 
Virus strain TraeheM explants eggs 

1:[ 120 6.4 6.5 
IBV-46 6.9 7.1 
IBV-41 3.7 4.0 
VF 70/888 3.6 3.3 
ttV-2 3.8 3.5 
HV- t0 4.2 < 1.0 

Discussion 

The results of the titrations of 3 strains of AIB virus yielded titres which were 
at, least as high in the tracheal explants prepared from-20-day-old embryos as in 
explants from young chickens and all strains grew well in the embryo tracheal 
cultures whether they were adapted to embryos or not. This, together with the 
fact that  embryo tracheal explants are easier to prepare, have a lower failure rate 
following preparation and are more convenient to observe in toto microscopically, 
led to their sole use throughout the subsequent work. 

COLWEIm and L~I~EI~T (4), using tracheal explants prepared from 4-week-old 
ehiekens, found that  3 4  days were required for the complete exfoliation of 
eiliated cells following infection by the Massachusetts or Connecticut serotypes 
of AIB and furthermore stated that  the Iowa 97 and Beaudette strains required 
up to 13 days to cause complete eiliostasis. In the present work, no difference was 
found in the time required for the 2 strains of the Massachusetts type to cause 
complete eiliostasis and, although the Connecticut strain had a more rapid initial 
effect, eiliostasis was complete in all eases by approximately 70 hours. I t  appears, 
therefore, that  while the average time for AIB virus to cause complete eiliostasis is 
approximately 3 4  days, some strains may require a longer period. 

Virus was recovered from experimentally inoculated chickens consistently 
on the first passage in organ cultures whereas it occasionally required 2 to 3 pas- 
sages before being demonstrated conclusively in embryonated eggs. In  the attempts 
to readapt the virus strains to chickens, the 4 serial passages might have been 
insufficient and it is possible that  these strains behaved as atypical field strains 
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of AIB virus. Although only 2 field strains (HV-2, HV-t0) were available for s tudy 
these gave similar results. Replication of the virus in organ culture was shown 
to occur with no loss of capacity to kill or cause dwarfing of chicken embryos 
after at  least 4 serial passages and in the ease of one strain (VF70/888) after 
16 such passages. 

The finding tha t  AIB virus could not be reisolated from respiratory tissues 
of infected chickens in CK cultures confirms the findings of -~-arious workers 
including KAWAMURA et al. (14) and CUS~L','GRA~ (5). They have suggested tha t  
adaptation of the virus to embryonated eggs was necessary before it became eyto- 
pathogenic for CK cultures. In  the present work, virus passaged up to 16 times in 
tracheal explants did not produce a CPE in CK cultures. 

The titres of all the strains of AIB virus examined were highly reproducible 
in tracheal explants. When compared in em_bryonated eggs and in organ cultures, 
with the exception of strain HV-10 which did not grow in embryonated eggs, all 
strains attained similar titres in both systems. Probit  analysis showed that  the 
lines produced by  data obtained in the 2 systems were parallel throughout, 
indicating' that  the same parameters  were being measured in both instances. 
This comparabili ty of titres is at  variance with the results of BVTL~R et aL (2) who 
found tha t  titres in embryo tracheal explants were consistently lower than in 
embryonated eggs by a factor of log10 2.0---3.0 IDs0/ml. 

The interpretation of the quantal response of tracheal explants is less subjective 
than that  obtained with embryonated eggs where, in addition to noting embryo 
mortality, it is also frequently necessary to take the characteristic embryo dwarf- 
ing into consideration when calculating end points. Tracheal explants have the 
added advantage that  eiliostasis is complete within 3 days after inoculation where- 
as embryonated eggs require incubation for 7 days before any embryo deformities 
can be assessed. Although ciliostasis results from infection with other agents, 
neutralization tests can be used to distinguish AIB virus. 

The fact that  the ItV-10 strain reached a titre of approximately log10 4.0 CDs0/ 
ml in tracheal explants but  had no effect on. embryonated eggs suggests tha t  this 
strain might be regarded as a field strain. The other virus isoNtion from a field 
specimen (HV-2), readily killed embryonated eggs on the first passage, suggesting 
that  it was of vaccinal origin. During at tempts  to reisolate AIB virus from serial 
dilutions the use of tracheal explants proved to be markedly superior for the 
reisolation of the HV-10 strain implying that  such explants would detect field 
strains of AIB virus more readily than would embryonated eggs. 

These results indicate that  tracheal organ cultures offer a reliable alternative 
to embryonated eggs for the isolation and assay of AIB virus, although the existence 
of non-ciliostatie strains of AIB virus cannot be excluded. C u ~ m ~ a M  (6) has 
stated that  AIB virus must  first be isolated in and adapted to embryonated eggs 
before it will replicate in tracheal explants, but the results presented here suggest 
tha t  this is unnecessary. The considerable advantage in the use of tracheal explants 
is the facility to propagate AtB virus in a system other than embryonated eggs, 
thereby eliminating the inherent disadvantage of repeated passaging in the latter 
system which may  alter the antigenic character of the virus. I t  should now be 
possible to use organ cultures to make serological comparisons between strMns of 
AIB virus. 
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