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Summary 

The induction of interferon by avian infectious bronchitis virus (IBV) and 
the sensitivity of IBV to interferon were studied. The results of experiments with 
ten IBV strains are summarized as follows. 1. All the IBV strains tested induced 
interferon in chick embryo (CE) cells, chicken kidney (CK) cells and embryonated 
eggs. The Iowa-609 strain induced about 1000 units of interferon in CE cells while 
the Beaudette-42 strain induced about 200 units of interferon in embryonated eggs; 
the interferon titers induced by  other strains usually ranged from 5 to 60 units. 
No IBV strain induced interferon in HeLa or BHK-21 cells. 2. IBV particles 
inactivated by ultraviolet irradiation or by heating lost their ability to induce 
interferon. 3. The properties of the interferon produced in the present s tudy are 
similar to those of other interferons produced in chicken cells. 4. HeLa or BHK-21 
cells did not acquire resistance to virus infection, after incubation with interferon 
produced in CE cells. On the other hand, CK cells acquired the same degree of 
resistance to virus infection as CE cells after incubation with interferon produced 
in CE cells. 5. All the IBV strains tested were sensitive to interferon in CK cells. 
The sensitivities of Massachusetts-41 and Holte strains to interferon were similar 
to that  of vesicular stomatitis virus. 

Introduction 

In  1949, G~OtTP~ (5) reported the production of an interfering material in the 
allantoie fluid of avian infectious bronchitis virus (IBV)infected embryonated 
eggs. Later,  GRouP~ and PuGH (6) observed that  this material interfered with the 
growth of both influenza virus and IBV in eggs. Then, LOMBA~])I (9) described 
a similar interference in embryonated eggs produced by  the Massachusetts and 
Connecticut strains of IBV. Furthermore,  it has been reported that  IBV interferes 
with Newcastle disease virus (NDV) infection in in  vivo (7), in  ovo (14), and in  
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vitro (1) systems. I t  has been shown tha t  these interfering phenomena  were not  
due to the action of interferon. 

On the other hand,  interferon induced by IBV and other coronaviruses has 
been poorly characterized. 0 n l y  three reports of interferon induct ion by  IBV 
have been published.  Y u ~ o v  (18) observed tha t  the IBV-41 s t rain induced 
interferon in ovo, while LOMI~ICZI (11) reported tha t  only the Beaudette-222 
s t rain could induce interferon in chickens, embryona ted  eggs and chick embryo 
(CE) ceils. However,  GOMEZ and  RAGGI (4) failed to induce interferon in vitro or 
in tracheal  organ cultures with the Massachusetts strain. The sensitivities of 
IBV and  other coronaviruses to interferon has no t  been studied. 

In  this report,  ten  IBV strains (12, 13) were examined for their abi l i ty  to 
induce interferon and for their sensitivities to interferon. 

Materials and Methods 
Viruses 

IBV 
Beaudette-42 (Be-42), Massachusetts-41 (IB-41), Connecticut A-5968 (A-5968), 

Connaught, Holte, Iowa-609, KI-I, Nerima, Ishida and Shiga strains (12, 13) were 
studied. 

Vesicular Stomatitis Virus (VSV) 
The VSV New Jersey serotype was supplied by the National Inst i tute  of Animal 

Health, Tokyo (Director Dr. S. Shibata). This virus had previously been passaged 
at least three times in embryonated eggs. Before use, the virus was subcultured twice 
ill CE cells. 

Cultured Cells 
Chicken kidney (CK), CE, I-IeLa and BHK-21 cells were used (12, 13). 

Inter]eron Induction 
Each strain of IBV, at a titer of 10G.5--107-5 TCIDso, was inoculated onto mono- 

layers of CE, CK, geLa or BI{K-21 cells. After adsorption of virus for 90 minutes at 
37 ° C, the cells were washed three times with maintenance medium and then cultured 
at 37 ° C. Culture media were usually collected 24 or 48 hours after inoculation. The 
media were heated for 15 minutes at 60 ° C to inactivate the virus particles and then 
centrifuged at 30,000 rpm for 60 minutes to pellet the virus. The supernatant frac- 
tions were titrated for interferon. Interferon induction in embryonated eggs was 
examined as follows. Each strain of IBV at titers of I06.°--I0 v.° TCIDs0 was inoculated 
into the allantoie cavity of 10-day-old embryonated eggs. Allantoic fluids were 
collected 48 to 120 hours after inoculation from the infected eggs and analysed as 
described for the cultured ceils. 

Inter]eron Titration 
In  most experiments, the interferon titer was determined by placing 3 ml of serial 

twofold dilutions of interferon onto CE-cell monolayers seeded in small bottles. When 
an interferon titration was done in CK, I-IeLa or BHK-21 cells, the homologous cells 
were used to titrate the interferon. The cell monolayers were treated with interferon 
for 16 hours at 37 ° C, washed three times with Hanks' balanced salt solution, and then 
infected with VSV at a titer of 50--150 plaque-forming units (PFU). After virus 
adsorption for 60 minutes at 37 ° C, 5 ml of Eagle's minimum essential medium contain- 
ing i per cent Baetoagar (DIFCO), 0.i per cent tryptose phosphate broth (DIFCO) 
and 0.004 per cent neutral red was added, and cultivation was continued for 36 hours 
at 37 ° C. The interferon titer was calculated as the highest dilution producing a 50 per 
cent reduction in the number of VSV plaques (PR~0 units). 

Ultraviolet ( U V ) Irradiation o / I B V  
1.5 ml aliquots of culture medium in petri dishes of 6.5 cm diameter were irradiated 

with a UV lamp (15 W, 0.5 A) at a distance of 7.5 era. 
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Results 

Inter/eron Induction by I B V 

In ter feron  Induc t ion  in Cultured Cells 

The IBV strains were examined for interferon induct ion in cul tured cells. As 
shown in Table 1, all the strains except Connaught  induced interferon in CE and  
CK cells. An especially high interferon t i ter  was produced by  Iowa-609 s t rain in 
CE cells. The other strains induced up to 90 uni ts  of interferon in both  cell types. 
All the IBV strains failed to induce interferon in HeLa and BHK-21 cells. 

Table 1. Induction o/inter]eron in cultured cells 

CE cells CK cells 

Strain 24~ 48~ 24~ 48a 

Be-42 20 50 15 (20 b) 25 (25) 
IB-41 20 20 5 (5) 45 (50) 
Connaught < 5  < 5  < 5  (<5)  < 5  (<5)  
A-5968 5 10 < 5  (<5)  20 (40) 
Iowa-609 1000 1000 < 5  (<5)  180 (150) 
ttolte 20 10 5 (15) 90 (60) 
K H  10 20 5 (5) 5 (5) 
~er ima 5 5 ND c 15 (20) 
Ishida 40 60 ND 35 (60) 
Shiga 10 20 < 5  (<5)  < 5  (5) 

Period in hours after IBV inoculation 
b Interferon titers measured on CE cells 
° Not done 
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Fig. 1. Production of interferon and virus multiplication in CE cells infected with 
Iowa-609 

The product ion  of interferon in CE cells inoculated with Iowa-609 was 
examined.  In ter feron was first observed 6 hours after inoculat ion (Fig. 1). The 
a m o u n t  of interferon increased gradual ly  and  reached a m a x i m u m  level after 
24 hours. Progeny viruses appeared after 6 to 12 hours and  the peak virus t i ter  
was observed after 36 hours. 
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In ter feron Induc t ion  in E m b r y o n a t e d  Eggs 

The results obtained are shown in Table 2. The IB-41, Ner ima  and Ishida 

strains failed to induce interferon. However ,  the other  seven strains induced up 

to 190 units  of interferon in embryona ted  eggs. The Connaught  strain, which did 

not  induce interferon in CE or CK cells, induced it in eggs. 

Table 2. Induction o/inter/eron in embryonated eggs 

Interferon titer Fate  of the in- 
Strain 48 a 72 • 96 a 120 a fected embryos 

Be- 42 150 Death 
IB-41 < 5  < 5  
Connaught 10 5 35 PartiM death 
A-5968 20 160 
Iowa-609 30 20 Death 
Holte 5 20 
K H  20 190 Partial death 
Nerima < 5 < 5 
Ishida < 5 < 5 Partial death 
Shiga 10 5 
Allantoie fluid < 5 < 5 

a Hours after IBV inoculation 
Interferon titers measured on CE cells 

In te r fe ron  Induc t ion  Wi th  Inac t iva t ed  I B V  

Exper iments  were done to see whether  IBV,  inac t iva ted  by UV ir radia t ion for 

20 seconds or heat ing for 15 minutes  at  60 ° C, induced interferon. 106.0 to 

107.0 TCIDs0 of virus was used. All the strains completely  lost their  infeetivit ies 

on i r radia t ion or heating. Fur thermore ,  none of the inac t iva ted  strains, inoculated 

onto CE cells or into the allantoie cavities of 10-day-old eggs, induced interferon 

within 96 hours of inoculation.  

Some Properties o] I B V  Induced Inter/eron 

Resistance of In ter feron to T rea tmen t  Wi th  Chemical or Physical  Agents  

Two interferon preparat ions  were used. One was produced in CE cells in- 

oculated with  Iowa-609 and had a t i ter  of 1000 units.  The other  was produced in 

embryona ted  eggs inoculated with Be-42 and had a t i ter  of 150 units. These 

interferons did not  sediment  on centr i fugat ion at  100,000 × g for 3 hours, were 
sensit ive to  t r ea tmen t  wi th  0.1 per cent t rypsin for 1 hour at  37 ° C, and  their  
act ivi t ies  were reduced by 90 per cent by heat ing for 10 minutes  at  100 ° C. Treat-  
men t  of the interferons at  p H  2.0 or pH  10.0 for 24 hours at  4 ° C did not  affect 

their  t i ters.  Fu r the rmore ,  their  t i ters  were not  reduced by freeze-tha~dng 10 t imes ; 
or UV ir radia t ion for 60 seconds. 
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Ant iv i ra l  Activities of In ter feron  Produced in CE Cells 

The interferon tested was prepared from CE cells infected with Iowa-609. 
250 uni ts  of interferon were incuba ted  with HeLa, BHK-21 and  CK cells for 
16 hours a t  37 ° C, and  then  about  120 P F U  of VSV were inoculated onto the cells. 
Control cells were no t  t reated with interferon, bu t  were inoculated with 120 P F U  
of VSV. As shown in Table 3, in in terferon- t reated HeLa and  BHK-21 cells p laque  
format ion by  VSV was inhibi ted slightly, compared with the control, bu t  VSV 
plaque format ion in CK cells was completely inhibited.  

Tab le  3. Antiviral  activities o] inter]eron, induced in CE  cells, on V S V  injection in 
HeLa,  B H K - 2 1  and C K  cells 

Number of plaques in different cell types 

HeLa BHK- 21 CK CE 

Interferon (250 units) 26 100 0~ 0 

VSV control 48 98 124 135 

a Interferon titer was 245 units on CK cells 
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Fig. 2. Sensitivities of IBV strains to interferon produced in embryonated eggs infected 
with the Be-42 strain. The interferon was assayed in CK cells 

Sensitivity o[ I B  V to Inter/eron 

In ter feron  produced in embryona ted  eggs infected with the Be-42 strain was 
used in this s tudy.  The sensi t ivi ty  of the IBV strains to interferon was assayed in 
CK cells. Approximate ly  100 P F U  of the IBV strains and  VSV were added to inter-  
feron-treated and  control cultures. Plaque reduct ion between 20 and  80 per cent 
was plotted, and the PRs0 uni t s  of interferon against  each virus was determined.  
The results obta ined  are shown in Figure 2. The IB-41 and  Holte strains were 
as sensitive to interferon as VSV, while the sensit ivit ies of the Be-42, Iowa-609, 
KH,  Ishida and  Shiga strains were 3 0 - 4 0  per cent tha t  of VSV. The A-5968, 
Connaught  and  Nerima strains were only  about  one- ten th  as sensitive as VSV. 
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Discussion 

As all  the  I B V  stra ins  tes ted  induced in terferon in CE and  CK cells, and  in 
e m b r y o n a t e d  eggs we suggest t ha t  IBV,  like m a n y  o ther  t l ,NA viruses (8), can 
induce interferon.  However ,  the  ab i l i ty  of I B V  to induce in ter feron appears  
r a the r  weak,  as the  in ter feron t i t e r  with most  s t rains  was not  high and  a few 
inves t iga tors  (4, t0) have  fai led to induce interferon with  the  Massachuset ts  s t rain.  
Fu r the rmore ,  a large inoculum was requi red  for in ter feron induct ion.  No in ter feron 
was induced in HeLa  or BHK-21 cells b y  any  IBV strain,  even though the Be-42 
and  Hol te  s t ra ins  grew in BHK-21  cells (13). Thus, we suggest  t ha t  I B V  can on ly  
induce in ter feron in chicken cells or organs. However ,  o ther  m a m m a l i a n  cells 
mus t  be tes ted  to confirm this suggestion. 

All the  I B V  stra ins  tes ted,  when inac t iva ted  by  UV i r rad ia t ion  or heat ing,  
lost their  ab i l i ty  to induce inteferon. These resul ts  agree wi th  those r epo r t ed  
prev ious ly  b y  L o ~ I c z I  (11) and  suggest  t h a t  only  infectious I B V  par t ic les  can 
induce interferon.  I t  is no t  known why  inac t iva ted  I B V  par t ic les  cannot  induce 
interferon.  

Similar  amoun t s  of in ter feron were p roduced  in CK and  CE cells on infect ion 
with  IBV,  and  fu r the rmore  CK cells acquired the  same degree of resis tance to virus  
infection as CE cells, when t hey  were incuba ted  wi th  in ter feron p roduced  in CE 
cells or e m b r y o n a t e d  eggs. Thus CK cells can p r o b a b l y  be used to tes t  the  sens i t iv i ty  
of I B V  to interferon.  

I t  is clear t ha t  IBV,  a t  least  in CK cells, is sensi t ive to interferon.  However ,  
unl ike some viruses (2, 3, 10, 15, 16), there  is no close re la t ionship  between the  
ab i l i ty  of any  s t ra in  to induce in terferon and  its sens i t iv i ty  to interferon.  Similar ly,  
the  resistance of the  I B V  strains to var ious  chemical  and  phys ica l  t r e a t m e n t s  (12) 
or thei r  g rowth  in var ious  cells (13) p r o b a b l y  bears  no re la t ionship  to thei r  ab i l i t y  
to induce in ter feron or thei r  sens i t iv i ty  to interferon.  We conclude t h a t  I B V  is an  
in ter feron sensi t ive virus ra the r  than  an in terferon inducing virus. However ,  the  
in te r fe ron  sens i t iv i ty  of the  I B V  stra ins  should be examined  in in vivo systems,  as 
the  sens i t iv i ty  of viruses to in ter feron  is not  a lways  the  same in di f ferent  sys tems  
(17). 
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