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In  recent years several isolations have been made of viruses which 
have an unusual morphology and which cause respiratory disease in man. 
The structure of these viruses is identical with tha t  of the viruses of 
avian infectious bronchitis (BrRI~Y et al., 1964) and mouse hepatitis 
(TY~REIJL and ALMEIDA, 1967). The virions are pleomorphic bodies, 
80--160 m~z in diameter, and are covered with club-shaped projections 
15 m~ deep which produce a characteristic fringe around the particles. 
All the viruses are ether- and acid-labile and, as their replication is not in- 
hibited by  BUDR, probably have an RNA genome. I t  has been suggested 
(Nature 220, 1968) tha t  these viruses belong to a single biological group. 

All but  one of the strains of the human respiratory viruses of this 
group were first isolated in organ cultures of human embryo nasal and 
tracheal epithelium (TYR~EnL and BYron, 1965; TYI~R~LL and BYNOr, 
1968; McI~Tosg et al., 1967). The exception, the 229-E virus, was isolated 
in secondary human kidney tissue cultures in which it produced a cy- 
topathic effect (HAM~E and PaOCK~OW, 1966). The presence of other 
viruses was recognised by direct electron-microscopy of the tissue or 
medium, by the inhibition of ciliary activity in organ cultures, or by  the 
production of colds in volunteers. 

Two isolates made by  MCI~TOSlt have been adapted to suckling mice in 
which intracerebrM inoculation produces a fatal disease; infected brain 
contains specific complement-fixing antigens (MclNTosH, BEC~:E~ and 
CHA~OCK, 1967). Neutralization tests performed with these isolates and 
with the 229-E virus show tha t  they are antigenically distinct. 

The objects of the work reported here were to s tudy the growth of the 
229-E virus in various tissue-culture systems and to cultivate other 
viruses of this group in a susceptible tissue culture line. 

Arch ly  f. Virusforschung,  Bd. 28, I f .  2 10 
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The  P r o p a g a t i o n  of " C o r o n a v i r u s e s "  in  T i ssue-cu l tu re  135 

M a t e r i a l s  a n d  M e t h o d s  

Tissue.cultures were  all p r o p a g a t e d  locally. T he  m a j o r i t y  of t i ssues  were 
g rown  a n d  m a i n t a i n e d  in Eag le ' s  m e d i u m  (Gibco G13) w i t h  t he  add i t i on  of 
b o v i n e  s e rum --  ox s e rum p r e p a r e d  local ly  or foe ta l  calf  s e rum o b t a i n e d  f rom 
Flow L a b o r a t o r i e s  L td .  T he  t i s sue -cu l tu re  t ypes  a n d  m e d i a  used  are  shown  in 
Tab le  1. The  h u m a n  l eukocy te  l ine  R P M I  7216 (MOORE a n d  GERBER, 1967) 
was o b t a i n e d  f rom Dr.  K. FAN~ES a n d  t h e  PS pig  k i d n e y  l ine ( INocE a n d  
OGWA, 1962) f rom Dr.  J .  Por te r f ie ld .  The  an t ib io t i c s  penici l l in ,  s t r e p t o m y c i n ,  
a n d  k a n a m y e i n  were  added ,  each  a t  100 un i t s /ml ,  to  t he  Eag le ' s  med ium,  
and  also a c h r o m y c i n  a t  22.5 un i t s /ml .  

Viruses. 229-E was o b t a i n e d  f rom Dr.  D. HAMXE af t e r  l imi t  d i l u t ion  
passage.  This  v i rus  h a d  been  passed  t h r o u g h  o rgan  cu l tu res  of h u m a n  e m b r y o  
nasa l  e p i t h e l i u m  a n d  t h e n c e  in to  vo lun t ee r s  as r e p o r t e d  p rev ious ly  (BRAD- 
BURNE, BY~OE a n d  TYRRELL, 1967). EVS,  L P  a n d  B 814 vi ruses  (TYRI~ELL 
a n d  BY~oE,  1965; TYRRELL a n d  BY~OE, 1968) were ava i l ab le  b o t h  as organ-  
cu l tu re  f luids a n d  as nasa l  wash ings  f rom e x p e r i m e n t a l l y  i n o c u l a t e d  vo lun tee rs .  

Isolation o! viruses in tissue-culture. Rol l e r - tube  cu l tu res  of cells in  m a i n t e -  
n a n c e  m e d i u m  were  i nocu la t ed  w i t h  v i rus  a n d  t h e n  rol led a t  33~ If t h e  
i nocu lum used  was a nasa l  w as h i ng  t h e n  t h e  m e d i u m  was c h a n g e d  a f te r  8 
hours .  Tubes  were obse rved  da i ly  for up  to two weeks a n d  t h e  m e d i u m  was 
c h a n g e d  eve ry  4 days.  Some cu l tu res  were  h a r v e s t e d  b y  f reezing a n d  t h a w i n g  
a t  4 or 5 days  --  t h e  f luids  were  s u b s e q u e n t l y  s to red  a t  --  20 ~ C. I n  e x p e r i m e n t s  
w i t h  t he  229-E v i rus  t he  f luids  f rom each  t i ssue  cu l tu re  passage  were  t e s t e d  
for infec t ious  v i rus  b y  t i t r a t i o n  in  h u m a n  e m b r y o  diploid  l ung  f ib rob las t s  
(HDCS).  The  v i rus  was passed  in each  t i ssue  for a t  leas t  3 passages,  w h e t h e r  
t he re  was  a n y  e y t o p a t h i c  effect  or not .  I f  a n y  c y t o p a t h i c  effect  was  seen, 
t h e n  covers l ip  cu l tu res  of i n fec t ed  cells were p repa red .  These  were f ixed in 
m e t h a n o l  a n d  s t a i ned  w i t h  h a e m a t o x y l i n  a n d  eosin to p e r m i t  de ta i l ed  micros-  
copic e x a m i n a t i o n .  Af te r  t h e  cells h a d  been  f rozen a n d  t h a w e d  t h e  t i ssue  
cu l tu re  f luids were clar if ied a t  50 g a n d  t h e n  t i t r a t e d  in  HDCS us ing  3.164014 
(" � 8 9  d i lu t ions  w i t h  3 t u b e s  pe r  d i lu t ion .  E n d  po in t s  were ca lcula ted  b y  
t he  m e t h o d  of REED a n d  MUENCH. 

Plaque assays. Cells were  seeded  in to  60 m m  disposable  P e t r i  d ishes  (Steri- 
lin) a t  1.5 • i0  G cells pe r  d ish  in 5 ml  of g r o w t h  m e d i u m ,  which  was supp lemen-  
t ed  w i t h  1 ~o of a 3~I so lu t ion  of m a g n e s i u m  chlor ide  to fac i l i t a te  cell adhes ion .  
P l a t e s  were used  a f te r  2 days  i n c u b a t i o n  a t  37~ in a 5 %  CO 2 a t m o s p h e r e  in  
air. The  m e d i u m  was t h e n  r e m o v e d  a n d  0.2 ml  of i noeu lum a d d e d  to  each  mono-  
layer .  Th ree  p la t e s  were  i n o c u l a t e d  pe r  d i lu t ion  of v i rus  a n d  a l lowed to abso rb  
a t  30~ for 3 hours .  A f t e r w a r d s  t h e  p la tes  were  d r a ined  a n d  t h e n  covered  
w i t h  5 ml  of aga r  ove r l ay  m e d i u m  m a i n t a i n e d  a t  44~ This  over lay  m e d i u m  
was  de r ived  as descr ibed  in  t h e  " R e s u l t s "  sect ion.  

I t s  compos i t i on  was t h u s  : 

Aga r  No. 1 0 .3% 
Sod ium B i c a r b o n a t e  0.2 % 
L a c t a l b u m i n  h y d r o l y s a t e  0.25 % 
F o e t a l  calf  s e rum 2 .0% 
D E A E  D e x t r a n  100 ~g /ml  
5 - B r o m o d e o x y u r i d i n e  100 ~g/ml  
M a g n e s i u m  Chlor ide (ext ra)  30 m ~  
An t ib i o t i c s  d isso lved  in H a n k s '  BSS to  100%. 

10" 
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The Propagation of "Coronaviruses" in Tissue-culture 137 

Plates were then incubated for 6 days at 33~ in 5% CO~ in air and sub- 
sequently fixed by adding 1 ml of formol saline and leaving for 1 hour at 37 ~ C. 
The overlay was removed and the cells were stained with methyl violet. 

Results 

2 2 9 - E  V i r u s  in T i s sue  C u l t u r e s  

a) Virus Multiplication 
The 229-E virus was not found to grow in any of the tissue-cultures 

tested, other than those derived from man. The tissue cultures from 
other animals in which the virus was tested, but did not multiply, 
included primary cultures of calf, pig, monkeys, mouse and chicken 
kidney cells, chicken embryo fibroblasts, and continuous lines of pig 
and hamster kidney cells. This species specificity was not broken by 
multiple passage. In certain tissues such as chick embryo kidney and PS 
pig kidney cells, infectious virus could be found after two 5 day passages. 
I t  was concluded that  this was only virus persistence as the titre of virus 
fell with each passage and virus could not be recovered after 3 passages; 
also there was no cytopathic effect in these tissues. The virus was inoculated 
into suckling mice by the subcutaneous, intraperitoneal and intracerebral 
routes but produced no disease, even on blind passage, and virus could 
not be recovered. Nor could the virus be recovered after inoculation into 
embryonated eggs by any of the normM routes. 

By contrast, it was found that  the virus could be isolated directly 
from nasal washings in a variety of human tissue-culture systems. Other 
systems would only support virus which had been passaged in tissue- 
culture. These results are shown in Table 2. From this it can be seen that  
the 229-E virus grew in cultures of both primary embryonic lung and 
kidney. However, there was no cytopathic effect in the lung and only a 
very slow generalised one in the human embryo kidney. In both tissues 
virus was produced for periods of over 7 days, but only to relatively low 
titres (10 a TCDs0 ). We attempted to demonstrate viral interference in 
these tissues using ECHO virus type 11 and Semliki Forest Virus (SFV) in 
primary HEL cells; no interference was detected. However, interference 
was detected in cultures of L 132 and S-3 HeLa cells. SFV was titrated in 
parallel in uninoculated cultures and in cultures which had been challenged 
3 days previously with 229-E virus. The titre was reduced in these latter 
cultures by 101-s TCDs0 for L132 cells, and 102 TCD~0 for S-3 cells, below 
that  in the control titration in previously uninoculated cells. If intervals 
greater than 3 days elapsed between the original inoculation and the 
subsequent titration, the tests were unsatisfactory because of the onset of 
the cytopathic effect of the 229-E virus. The 229-E virus did not diminish 
the ciliary activity of organ cultures of human embryo nasal, tracheal or 
oesophageal epithelium although it grew quite well. The virus could not 



138 A . F .  BnADBVR~-E and  D. A. J .  TYRRELL: 

F i g .  1. U n i n f e c t e d  t t D C S  cells  ( h u m a n  e m b r y o  l ung )  f i x e d  a n d  s t a i n e d  ~ d t h  h a e m a t o x y ] i n  
a n d  eos in  a f t e r  48 h o u r s  of i n c u b a t i o n  a t  33 ~ C. ( •  360,) 

F i g .  2. H D C S  cells  i n f e c t e d  w i t h  229-E  v i r u s  a n d  i n c u b a t e d  a t  3 3 ~  for  48 h o u r s .  ( •  



The Propagation of "Coronaviruses" in Tissue-culture 139. 

be isolated in or adapted to either a line of HeLa cells, which are sensitive 
to rhinoviruses (CobAlT and HA~ARIAN, 1967) or to a human leukocyte 
line RPM17216. 

b) Cytopathic Ef/ects 
The cytopathic effect of the virus in human embryo lung cells is seen in 

Fig. 2. The virus has produced a non-focM degeneration of the cell-sheet. 
Coverslip preparations of infected cells stained with either haematoxylin/ 
eosin or Giemsa did not reveal any inclusion bodies. The earliest observed 
change was an increased granularity of the cytoplasm; the chromatin of 

Fig. 3. A high magnif ica t ion  of I-IDCS cells infected wi th  229-E virus.  (• 900.) 

tile nuclei then became very granular. The surface of the cytoplasm of 
some cells formed small protrusions which seemed to fall off; in some cells 
the cytoplasm was reduced to small globules. This can be seen in Fig. 3 
which shows a high magnification of infected HDCS lung cells. The effect 
was similar in HDCS kidney cells. 

When continuous cells were infected with the 229-E virus the 
cytopathic effect was more difficult to detect. The cells appeared to round 
up and fall off the glass. In  HeLa ("Bristol" and "S-3") cells, this effect 
could be minimised by frequent changes of medium. However, the super- 
natant  medium from each fluid change contained 105--10 ~ TCDs0. I t  
was then found that  the cytopathic effect of the 229-E virus in the conti- 
nuous lung line L 132 could be accentuated by replacing the maintenance 



140 A.F.  BRaDBURNE and D. A. J. TYRRI~LL: 

medium of 2 ~o calf serum in Eagle's with the one normally used to maintain 
the Bristol HeLa cells, that  is, 2~o inactivated rabbit serum in Hanks' 
BSS supplemented with 0.25~o lactalbumin hydrolysate ("Bristol" me- 
dium). Control cells appeared to remain morphologically normal for longer 
periods under this "Bristol" medium than under the Eagle's medium. 

.cell 

.I.ine 

L132  

i ! 
Eagle's Med ium Bristol Medium 

d 
I - :  c 
o =~ .. ~ ' \ .  

Bristo _ 
HeLa> 

,.I 

Wl-31 

1 2 3 4 5 6 7 8 

/ ' \ .  
/ \ 

1 2 3 4 5 6 7 8 
days 

it / ' J ' \ . / ' \ .  

1 2 3 4 5 6 7 8 
days 

F i g .  4. A c o m p a r i s o n  of t h e  t i t r e  of  v i r u s  
in  t h e  s u p c r n a t a n t  f l u id  ( e - ) ,  m e a s u r e d  
as  TCD~o for  H D C S  ( W I 3 8  cells)  a a d  
t h e  e y t o p a t h i e  e f f ec t  p r o d u c e d  in  cul- 
t u r e s  of L 1 3 2 ,  " B r i s t o l "  H e L a ,  a n d  
~ u  cells  i n f e c t e d  w i t h  229 -E  v i r u s .  
T h e  e y t o p a t h i e  e f f ec t  ( C P E )  is  m e a s u r e d  
as  t h e  p e r c e n t a g e  of  cells  d a m a g e d  

v i s i b l y  in  t h e  c u l t u r e s .  

G r o w t h  of 2 2 9 - E  in L132 a n d  H e L a  Cells 

The growth of the virus in diploid lung (WI38), "Bristol" HeLa and 
L132 cells maintained under each medium was compared. The WI38 
cells showed non-specific degeneration after 2 days under the "Bristol" 
medium and therefore were not studied under this medium. Monolayers 
of cells in 2 oz. flat medical bottles were inoculated with an input multi- 
plicity of approximately 0.01 TCDs0/cell. Several replicate cultures were 
inoculated and all bottles were incubated in a stationary position at 33 ~ C. 
The cytopathic effect of the virus was observed and each day 3 replicate 
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cultures per group were frozen and thawed and blended prior to titration 
in HDCS lung cells. The results in Fig. 4 show that  the maximum yield 
of virus in WI38 cells was at 3 days; after this the concentration of virus 
declined and the cytopathic effect increased steadily. Infected L132 and 
"Bristol" HeLa cells put out virus to as high a titre as WI38 cells and for 
longer periods under either maintenance medium, but the cytopathic 
effect under the Eagle's medium was not as marked as that  seen in the 
WI38 cells. There was generally 
less production of infectious virus 
and less cytopathic effect in 
"Bristol" HeLa cells than in the 
L 132 cells. The cytopathic effect 
of the virus was more rapid and 
complete in LI32 than in HeLa 
cells and under "Bristol" medium 
than under Eagle's medium. The 
L132 cells produced the same 
amount of virus under both 
media. 

The  C o n d i t i o n s  for  P l a q u e  
F o r m a t i o n  b y  t h e  2 2 9 - E  

Vi rus  
F i g .  5. P l a q u e s  p r o d u c e d  i n  a m o n o l a y e r  of  L 132 

A system for the production cel ls  m a i n t a i n e d  u n d e r  t h e  ' B r i s t o l '  o v e r l a y  m e -  
of plaques by the 229-E virus in d i a m .  F i x e d  a n d  s t a i n e d  a f t e r  6 d a y s  a t  33 ~  

( A c t u a l  s ize . )  

HDCS lung cells has been re- 
ported (HAM~]~, KI~DIG and M A ~ ,  1967). When the system was 
investigated in this laboratory it was found that  the production 
of plaques was rather unreliable; furthermore the method neces- 
sitates the use of large numbers of diploid cells. These L132 cells 
seemed at least as susceptible to the virus as HDCS so we attemped to 
produce plaques in monolayers of cells as they are more easily manipulated, 
multiply at a greater rate than HDCS, and do not die out on serial passage. 

Monolayers of L 132 cells in plastic Petri dishes were inoculated with 
dilutions of 229-E virus as described in "Materials and Methods". They 
were then overlaid with media containing either an Eagle's base or a 
Hanks'  BSS/lactalbumin ("Bristol") base. The media were solidified by 
the addition of ionagar (Oxoid) to a concentration of 0.4~o. Plates were 
incubated at 33~ and fixed and stained at 2 day intervals up to 8 days 
and then examined for plaques. 

570 plaques were seen in the monolayers maintained under the Eagle's- 
based medium, but plaques were produced under the Bristol-based medium. 
After 6 days incubation these plaques were 2--5  mm in diameter. The 
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plaques  were qui te  dis t inct ,  as seen in Fig.  5, bu t  d id  no t  have  a regular  
out l ine and were qui te  var iab le  in size. The number  of plaques  in a t es t  
using six two-fold  di lut ions  of virus  giving be tween 3 and  120 plaques  per  

S e r a  
Tested:  
Rabbit 

Lamb 

Chicken 

II III 

Calf 

O x  

25 50 75 100 

c0~Iv~ ~AQ~ c0~ 

125 

Foetal 
Calf 

~'~ Overlay medium, containing %he same serum 
as was origina/ly mixed with the viru.s. 

m Overlay medium containing RabBit senLm. 

Fig'. 6. Plaque counts obtained after treatment of 929-E 
virus with various sera, expressed as a percentage of 
the control (rabbit) serum. Equal volumes of virus and 
test serum were held at room temperatul"e for two hours 
and then inoculated onto n]onolayers of L139 cells. After 
a d s o r p t i o n ,  t h e s e  w e r e  o v e r l a i d  w i t h  t h e  " B r i s t o l "  o v e r l a y  
m e d i u m  c o n t a i n i n g  e i the r  2 % R a b b i t  or 2 % t e s t  s e rum.  
P e r c e n t a g e s  b a s e d  on  c o u n t s  of b e t w e e n  70 a n d  300 

p l a q u e s  pe r  s e r u m  tes ted .  

pla te  were counted.  The 
counts  d id  no t  d e p a r t  
s igni f icant ly  f rom the  ex- 
pec ted  n u m b e r  of p laques  
based on the  t o t a l  vo lume 
of the  original  virus  pool  
inocula ted  (0.2 > p  >0.15 
by  the  ~2 test) .  

T h e  E f f e c t s  of  
V a r i o u s  S e r a  i n  t h e  

O v e r l a y  M e d i u m  

I t  was t hough t  t h a t  
"Br i s to l "  med ium migh t  
be more  effective t h a n  
Eagle ' s  m e d i u m  because 
i t  conta ined  r abb i t  r a the r  
t han  calf serum, so the  
effects of subs t i tu t ing  
var ious  sera for the  r a b b i t  
sera in the  over lay  me- 
d ium were inves t iga ted .  
Two ml a l iquots  of v i rus  
conta ining a p p r o x i m a t e l y  
500 p.f.u, were mixed  wi th  
equal  volumes of inac- 
t i va t e d  t es t  sera and  the  
mix tu res  left  a t  room 
t e m p e r a t u r e  for 2 hours.  
Monolayers  of cells were 

then  inocula ted  wi th  samples  f rom these  mix tu res  and,  af ter  
3 hours  incubat ion ,  were over la id  wi th  a "Br i s to l "  t y p e  agar  over lay  
conta in ing ei ther  2~o of the  t es t  serum wi th  which the  virus  had  been 
reacted,  or 2 %  r a b b i t  serum as a reference. The  mean  numbers  of p laques  
per  groups of 3 p la tes  are  represented  in Fig.  6. This shows t h a t  the  serum 
used in the  original  Eagle ' s  m e d i u m  (foetal calf) and  the  r a b b i t  serum 
used in  the  original  "Br i s to l "  ove r l ay  med ium resul ted  in the  p roduc t ion  
of s imilar  numbers  of plaques  ; so t he  sera were no t  d i rec t ly  responsible  for 
the  differences be tween the  media.  These calf sera tes ted  showed consider-  
able va r ia t ion  and one serum (calf 2) and  the  chicken serum produced  
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significant (50~o) reductions in the plaque count. The plaques produced in 
lamb serum and ox serum were very indistinct. Rabbit sera showed 
considerable variation from batch to batch, therefore foetal calf serum, 
which gave uniform results, was used hereafter. 

The  E f f e c t s  of 

The overlay medium 
concentration of polymer 
Therefore lower levels of 
medium and another 
additive, sodium dex- +1oo 

tran sulphate was also d 
compared as shown in Z 
Fig. 7. ~+so 

DEAE-Dextran gave 
a 140~ increase in the ~" 
mean plaque count .e_ o 
when used at 100 ~g/ml 
in the overlay medium. 
Above and below this ~ - s o  
concentration there was 
no significant increase 
in the mean plaque -100 
number when com- 
pared with cultures 
overlaid with medium 
containing no Dextran. 
Between 50 and 200 ~zg/ 
ml of DEAE-Dextran 

A d d i t i v e s  in t h e  O v e r l a y  M e d i u m  

used contained 400 ~g/ml DEAE-Dextran. This 
often produced a toxic reaction in the mono]ayers. 
DEAE-Dextran were compared with the original 

5'0 1C10 200 ' 4~)0 
Additive Concentration (pg/ml] 

Fig .  7. The  effects  of v a r i o u s  a d d i t i v e s  i n  t h e  o v e r l a y  me-  
d i u m  on  t h e  n u m b e r s  of p l a q u e s  p r o d u c e d  b y  229-E v i r u s  
i n  L132 cells. A D E A E - d e x t r a n .  �9 500S s o d i u m  d e x t r a n  
s u l p h a t e .  �9 200S s o d i u m  d e x t r a n  s u l p h a t e .  O 5 -b romo-  
d e o x y u r i d i n e .  The  s y m b o l  O i n d i c a t e s  a t o x i c  c o n c e n t r a t i o n  

of a d d i t i v e .  

produced clearer and larger plaques than controls, as seen after fixing 
and staining the monolayers. Neither type of the sodium Dextran 
sulphate tested gave an increased plaque count. 

The anti-metabolite, 5-bromodeoxyuridine (BUDR) had been found to 
improve the appearance of monolayers of L 132 cells and to facilitate the 
observation of cytopathic effects of 229-E virus in roller-tube cultures. 
When BUDR was included in the "Bristol" overlay medium at between 
50 and 200 ~g/ml it gave an increased plaque count (77% increase at 
100 ~g/ml; see Fig. 7) and furthermore the quality of the monolayer was 
much improved. 

The effects of different agar preparations were investigated. Most were 
as efficient as the ion agar, but Agar No. 1 (Oxoid) at a final concentration 
of 0.3~o gave a significant increase in the plaque number. Agar concentra- 
tions as low as 0.1~o have been tried, but below concentrations of 0.3% 
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i t  is diff icult  to  remove  all the  agar  f rom the  
Pe t r i  dishes pr ior  to  s taining.  

Af ter  these exper iments  a s t a n d a r d  
over lay  med ium was employed  and  this  
gave consis tent  results .  I t  was fo rmula t ed  
as de ta i l ed  in "Mater ia ls  and  Methods" .  

T h e  U s e  of  L 1 3 2  C e l l s  t o  P r o p a g a t e  
O t h e r  " C o r o n a v i r u s e s "  

Because of the  m a r k e d  sens i t iv i ty  of the  
L132 cell line to the  229-E virus  i t  was 
reasoned t h a t  these cells might  be suscept ible  
to  o ther  isolates,  known as B814, EVS and  
L P  strains.  These isolates of "coronav i ruses"  
were made  in th is  l a b o r a t o r y  bu t  were 
viruses which had  prev ious ly  been cu l t iva ted  
only in h u m a n  embryo  nasa l  and  t rachea l  
organ culture,  and  had  been de tec ted  only  
b y  produc t ion  of colds in volunteers ,  or b y  
di rec t  e lectron microscopy of infected fluids.  
Bo th  infectious organ-cul ture  fluids and  
nasal  washings were avai lab le  for each of 
these  strains.  Pa i red  serum samples  had  
been t aken  from volunteers  who had  been 
infected wi th  these viruses. 

Organ cul ture  fluids or nasa l  washings 
were inocula ted  into  ro l le r - tube  cul tures  of 
L132 cells ma in t a ined  under  e i ther  the  
"Br i s to l "  or Eag le ' s  ma in tenance  medium.  
Bo th  med ia  were supp lemen ted  wi th  2~o 
foetal  calf serum. Para l le l  inocula t ions  of 
W I 3 8  cells ma in t a ine d  under  Eagle ' s  me- 
d ium were made  and  all tubes  were sur- 
veyed  dai ly .  The med ium in the  tubes  was 
changed af ter  four  days  and the  old m e d i u m  
was inocula ted  into  fresh cul tures  of L132 
and  W I 3 8  cells. This passage to  fresh mono-  
layers  was repea ted  a t  least  once more,  giving 
a m i n i m u m  of th ree  passages in each t issue.  

I so la t ions  were made  f rom several  f luids 
for each virus  s t ra in  and  the  ra tes  of i so la t ion  
are shown in Table  3. A virus  was considered 
to  have  been isola ted if a ey topa th i c  agent  was 
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recovered which could be passaged in tissue culture. The cytopathic effect 
of these agents was not inhibited by BUDR at 25 ~g/ml. At this con- 
centration of BUDR vaccinia virus, growing in L132 cells, had a titre 
of 102.0 TCDs0 per ml, whereas in a control t i tration without the drug, 
the titre was 10 ~.s TCDs0 per ml. There was no inhibition of poliovirus 
type 1 under the same conditions. 

A high proportion of the nasal washings tested (23 out of 30, or 77~o) 
yielded agents which could be passed serially in L 132 cells. No agents were 
isolated by  direct inoculation of the specimens into WI38  cells. The 
cytopathic effect produced by these agents was often more evident in 
L132 cells kept under the "Bristol" medium than under the Eagle's 
medium; however the number  of isolations made under "Bristol" medium 
was only half tha t  made under Eagle's medium. A majori ty  of these extra 
isolations were detected only on second or third passage using Eagle's 
medium. The degree of cellular destruction which these viruses produced 
on pr imary isolation was limited; occasionally the effect would reach a 
maximum 4- -5  days after inoculation and then regress. I t  was found 
important  to use the roller tube cultures before the cells had formed a 
complete monolayer; provided the cells remained morphologically healthy 
then the cytopathic effects produced by  these viruses could be detected 
easily on blind observations. Photographs of unstained preparations 
showing the effects of B814 and LP viruses are shown in Fig. 9 and 10. 
Fig. 8 shows unstained and uninfected L 132 cells after 4 days incubation 
at 33~ The majori ty of the cells are very flat and non-refracti]e, making 
them difficult to photograph. When cultures were infected with B814 
virus in nasal washings a transient cytopathic effect was observed, in- 
volving a maximum of 50% of the cells after 4 to 5 days of incubation. 
Infection of cultures with LP virus resulted in a progressive eytopathic 
effect. The cells became very refractile and rounded, and by  the 10th 
day had all fallen off the glass. The EVS virus produced less cell damage 
than the B814 virus and so was very difficult to detect. 

A t t e m p t e d  I d e n t i f i c a t i o n  of I s o l a t e s  

After three passages in L 132 cells, pools of each virus were made from 
fluids of tissue-culture with eytopathic effects. Two specimens of LP virus, 
after passage in L132 cells had produced a cytopathic effect in I-IDCS 
embryonic kidney cells. Fluids from these cultures then caused similar 
degeneration in WI38  cells and the effects were indistinguishable from 
those produced by 229-E virus. Furthermore,  this adapted strain of LP 
virus would produce plaques in L132 cells using the standard "Bristol" 
overlay medium. These plaques were consistently smaller than those 
produced by the 229-E virus, and unlike 229-E it also produced plaques 
under an overlay of Eagle's medium plus 2% foetal calf serum, solidified 



Fig .  8. U n s t a i n e d  pre l~ara t ion  of L132  cells a f t e r  4 days  i n c u b a t i o n  a t  33~ u n d e r  E a g l e ' s  
m e d i u m  p lus  2 % f o e t a l  ca l f  s e rum.  (• 160) 

Fig'. 9. U n s t a i n e d  L132  cells i n o c u l a t e d  w i t h  a n a s a l  w a s h i n g  c o n t a i n i n g  B 814 v i rus .  P r e p a r a -  
t i o n  k e p t  u n d e r  t he  s ame  c o n d i t i o n s  as i n  F i g  8. (x  160) 

F ig .  10. U n s t a i n e d  L132  cells i n f ec t ed  w i t h  L P  v i r u s  w h i c h  h a d  5 t i s sue  cu l t u r e  passages .  
C o n d i t i o n s  were the  s a m e  as i n  Fig .  8. (x  160) 
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with 0.4% Agar No. 1, and  supplemented  with 100 ~g/ml of DEAE-  
Dextran .  However,  the plaques were much  smaller t han  those produced 
under  the "Bris tol"  overlay. 

An  a t t empt  was made to ident i fy  virus isolates by  means of a neut ra-  
l ization test. The tissue cul ture pools of each virus were t i t ra ted  in L 132 
cells. Approximate ly  50 TCDs0 of each virus were then  mixed with di lut ions 
of acute and convalescent  sera from volunteers.  After leaving the mixtures  
at  room tempera ture  for 2 hours they  were inoculated into L132 roller 

Table 4. N e u t r a l i z a t i o n  of t h e  C y t o p a t h i c  E f f e c t s  of V i r u s e s  
I s o l a t e d  in  L132  Cel ls  

Virus pool Paired sera from volunteers inoeulated with indicated viruses 

used in tes t  

L . P .  

229-E 
B814 
EVS 

L.P. 229-E 

2/81 2/81 

4/6 2 4/6 2 
1/v 1/v 
0/6 0/6 

1 and ~ -- these 2 and 4 pairs respectively reacted 
and 229-E viruses. 

Numerator -- number of four-fold rises detected in 
Denominator -- number of pairs of sera tested. 

Table 5. A C o m p a r i s o n  of V i r u s  I s o l a t i o n s  
Colds  

B 814 EVS 

o/s o/s 
0/6 0/6 
3/v 0/7 
0/6 2/6 

identically with both L.P. 

neutralizing titre. 

and t h e  I n c i d e n c e  of 

Virus 

:Number of virus isolations made 

Inoculated volunteers Uninoeulated volun- 
teers 

With  golds Wi thou t  colds (No colds) 

B 814 4/41 
L.P. 3/3 
EVS 4/4 
Total i1/11 

1 Numerator - -number  olisolations made. 
Denominator -- number of specimens tested. 

3/5 
2/4 
1/1 
6/10 

0/2 
0/2 
o/2 
o/6 

cultures. 229-E virus was also tested against the varlous sera and the 

results are shown in Table 4. This shows that the EVS and B814 viruses 

reacted only with their homologous sera and with no others; except, 

that is, for one pair of sera taken from a volunteer given B 814 virus which 

showed a 4-fold rise to 229-E and LP viruses. This volunteer had arrived at 

the Unit with a cold ; she did not develop a cold after inoculation with B 814 

virus and no virus was isolated from her nasal washings. It was concluded 

that the volunteer had been very recently infected with a virus serologi- 
cally similar to 229-E. 
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The sera which showed rises in titre to 229-E virus also showed similar 
rises to LP virus; that  is, they showed complete cross-neutralization. 
Despite this cross-reaction LP virus and 229-E virus did not behave 
identically in tissue culture. Unlike 229-E virus LP virus could not be 
isolated directly from clinical specimens into WI38 ceils, nor did it produce 
any cytopathic effect in "Bristol" HeLa cells. 

C o m p a r i s o n  of t he  R a t e  of V i rus  I s o l a t i o n  a n d  C l in i ca l  
S y m p t o m s  in V o l u n t e e r s  

The isolation of viruses from nasal washings, in L 132 cells was compared 
with the incidence of colds in volunteers from whom the specimens were 
taken (Table 5). The majority of the nasal washings tested were collected 
on the first day on which symptoms occurred in any of the inoculated 
volunteers. Viruses were isolated from every volunteer with a cold and 
also from 6 of 10 volunteers who received virus but who did not develop 
colds. No virus was isolated from 6 volunteers who received Hanks' BSS 
only. 

Discussion 

Until recently, studies on those viruses of the "coronavirus" group 
which infect man had mainly been limited to the 229-E virus as this was 
the only agent which could be manipulated in tissue culture. The 229-E 
virus had been established as a member of a new respiratory virus group. 
This virus and the Beaudette strain of avian infectious bronchitis virus 
were found to have identical morphogeneses in infected cells (B~cK~ 
et al., 1967). The viruses are formed in cytoplasmic "cisternae" and are not 
released from the cell membrane by "budding", unlike myxoviruses. 
The morphogenesis of mouse hepatitis virus in a mouse liver line is simi]ar 
(DAvID-FERREIRA and MANAKER, 1965). Immunofluorescent staining of 
W138 cells infected with 229-E virus did not reveal any specific fluorescence 
in the cell nuclei (HAMRE, KINDIG and MANN, 1967) and there is probably 
no nuclear phase of viral development. 

The observations made on the cytpathic effect of the 229-E virus in 
HDCS and L132 cells support these findings. No nuclear or cytoplasmic 
inclusions were found in stained preparations of infected HDCS. The first 
change detected was when the cytoplasm of the cells became granular 
and very acidophilic. Subsequent changes seen in the nuclei could be 
explained by the loss of cytoplasmic function. 

The 229-E virus appears to be species-specific in host range as it could 
not be adapted to any non-human tissue culture system. Unlike the 0C38 
and 0C43 isolates of MCI~Tos~ it did not infect suckling mice. The B 814 
and EVS isolates are similar in specificity. The 229-E virus is more easily 
detected than the other viruses in this group. During a recent outbreak, 
virus isolations were made directly into WI38 HDCS cells (KAPI~:IA~, 
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personal communication). The eytopathic effects of the 229-E and HDCS- 
adapted LP viruses are more easily recognised in WI38 cells than in the 
L 132 cell line, but  the continuous cells are more sensitive in primary virus 
isolation. For the 229-E virus it was found that  1 TCDs0 in WI38 cells was 
equivalent to 10--20 p.f.u, in L 132 cells. 

Apart from primary human embryo lung and kidney cells, there may 
be other tissue in which the 229-E virus will grow without producing any 
obvious cytopathic effect. In these primary tissues there was no detectable 
viral interference. The indistinct cytopathic effect of the 229-E virus in 
"Bristol" HeLa cells could easily be mistaken for the non-specific effects 
produced by toxicity in nasal washings. This virus may have been over- 
looked in the past during routine diagnostic use of the HeLa cells for the 
isolation of respiratory syncytial virus. 

The varying intensity of the cytopathic effect produced by the 229-E 
virus in L 132 cells under different media seems to result from variations 
in nutrients in the media rather than the presence or absence of inhibitors. 
Under Eagle's medium containing 2~o calf serum, monolayers of L132 
cells may thicken and form clumps, even at 33~ Under the maintenance 
medium based on t tanks '  BSS and lactalbumin hydrolysate there is no 
gross cell multiplication. This ability of cells to multiply under the Eagle's 
maintenance medium would retard the cytopathic effect of the 229-E 
virus and might account for the transient effect produced in this cell 
system by the B814 and EVS viruses. The development of the "Bristol" 
medium into one suitable for plaque production has made possible a 
more quantitative approach to the multiplication of the 229-E and LP viru- 
ses. I t  is hoped to extend this assay to the other"coronavirus"isolates and to 
perform single cycle multiplication experiments with these viruses in 
suspension cultures of L 132 cells. 

Although the L 132 cell line was developed for the isolation of entero- 
viruses we have now shown that  it is sensitive to several rhinoviruses, to 
influenza type C virus, and to respiratory syncytial virus. RSV produces 
exceptionally large syneytia in the L 132 line. 

The "coronavirus" group may be responsible for a considerable amount 
of respiratory disease in man. I t  is important, therefore, that  efficient 
systems for the detection and assay of these viruses be evolved, and the 
L32 cell system could provide the opportunities for such studies. 

Summary 

The conditions for the cultivation of the 229-E respiratory virus in 
tissue culture are described. The virus multiplies only in human tissue 
culture systems, but  a variety of cell types are sensitive to it. The virus has 
been isolated in three continuous cell lines and a plaque assay has been 
developed in one of these. This cell line (L 132) derived from human embryo 
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lung, was also used to isolate three other viruses of similar morphology 
which had previously been cul t ivated only in  organ cultures of h u m a n  
respiratory epithelium. 

High rates of isolation of these viruses were made in L 132 cells using 
nasal  washings from exper imenta l ly  inoculated volunteers.  I t  is concluded 
tha t  this cell line is ~ valuable tool in  the s tudy  of viruses of this group. 
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