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Attempts to Enhance Infectivity of Adenovirus Type 8 for Cell Cultures." 
(27625) 
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Adenovirus type 8 shares many character- 
istics (e.g., size, morphology, ether-resistance, 
cytopathogenicity, complement-fixing group 
antigen) with other adenoviruses. However, 
it differs from other types in producing a spe- 
cific and unique eye disease in man. Adeno- 
virus type 8 is the principal and perhaps the 
sole infectious agent capable of regularly pro- 
ducing typical epidemic keratoconjunctivitis 
(EKC) in man after natural or experimental 
infection ( 1 ) . 

Isolates of type 8 from many parts of the 
world, studied in different laboratories, have 
shown uniformly low infective titers for many 
different cell lines and for some primary cells 
in culture. I t  has been suggested that this 
uniformly low infectivity is a function of the 
exceedingly small proportion of fully infective 
particles in the virus population grown in tis- 

roughs Wellcome Fund. 
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sue culture ( 2 ) .  Much evidence indicates that 
virus populations growing in the adult human 
eye may also have only a minute proportion 
of fully infective particles. This small 
amount of infective virus released accounts 
for the low spontaneous communicability of 
the infection and the importance of iatrogenic 
spread(3). 

The question arises whether propagation in 
cell culture a t  selective conditions might 
raise the infective titer of adenovirus type 8. 
To that end we have performed 2 series of 
experiments reported here. In  one we evalu- 
ated the effect of different incubation temper- 
atures, in the other the effect of inoculum 
size, comparing limiting dilution to undiluted 
tissue culture. 

Materials and methods. Viruses. Two 
strains of adenovirus type 8 were employed. 
One was the prototype strain (Trim) isolated 
in this laboratory(4), the other a Japanese 
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virus (Ijima) sent to us by n r .  &Iitsui(S). 
Initial inocula consisted of infected and de- 
generated 10th-12th passage cultures of Ma- 
ben cells, stored at  -40°C. 

Cell cultures. Maben cells were grown in 
stationary tubes at 36°C in 10% human se- 
rum,+ 45% mixture 199, and 45% Hanks' 
BSS for 3-4 days. The cultures were main- 
tained in 2% horse serum, 0.5% dextrose, 
0.5% peptone, 40% mixture 199 in Hanks' 
BSS for from 4 to 16 days. Cultures to be 
assayed were homogenized by 3 cycles of 
freezing and thawing before dilutions were 
prepared. 

Infectivity titrations. Serial 3.2-fold (half 
log 10) dilutions of homogenized cultures 
were prepared in mixture 199 and 0.1 ml of 
each dilution was inoculated into 3 or 4 tubes 
of Maben cell monolayers. Maintenance me- 
dium 0.9 ml was then added and the tubes 
were incubated at  36°C in a stationary posi- 
tion and inspected daily for specific cyto- 
pathic effects. The infectivity titer end-point 
( TCID50) was calculated as the highest dilu- 
tion of virus which infected one-half of the 
tubes inoculated, resulting in typical cyto- 
pathic effects. 

Serologic tests. Fluids from tissue cultures 
assayed for infectivity were also titrated for 
antigen content by means of a complement 
fixation procedure described elsewhere (2 ) . A 
single pool of human serum with a comple- 
ment fixing titer of 1 in 160 was used in this 
test in a dilution of 1 in 40. 

Results. Experiment .4. Virus was grown 
in 3 series of cultures kept, respectively, a t  
31, 36, and 39°C for 10 consecutive passages. 
At each passage level individual tubes were 
harvested when cell degeneration was far act- 
vanced, and were passed to new monolayer 
cultures. On portions of each harvest, infec- 
tivity titration and assay of antigen content 
were performed. The results obtained in 10 
passages of strain Trim are summarized in 
Table I. I t  appears that CF antigen consis- 
tently reached higher titers a t  36°C than at  
3 l 0 C  whereas the levels a t  39'C were irregu- 
lar. The infective titer of the seed virus was 

t All tissue culture media were obtained from 
Microbiological Associates. 

TART,E I. Serial Passage of Adenovirus Type 8 
(TRTM) at 3 Temperature Levels. 

Passage No. 
1 3 6 8 1 0  

Inoculum dilution 
o c -  . 1:6 1:8  1:15 1:26 1:lO 

31 I)ay* 5 3  
CP t 4+ 44; 
CFS 80 
TCI&,,/mlQ 33 

30 Day 5 2  
CP 4+ 4+ 

39 l h p  5 2  
(1 P 4+ 4+ 

CF 160 160 
TCLT),/ml 330 

( ' 14' 160 160 
TCLI&d,/i~il 100 

5 
4+ 
80 
10 
5 

4+ 
160 
100 

10 
2+ 
80 

100 

4 16 
3+ 32; 
20 

10 
4 16 

4+ 3+ 
160 80 

10 
4 16 

44- 4+ 
160 20 

10 

* 1)iiY of maximum C P  and harvest. 
t Intensity of cytopathic effect, 0 to 4+. 
$ Reciprocal of highest dilution of culture fixing 

$ ?\To. of tissue culture infective doses/ml. 
cornplement in presence of specific antiserum (2).  

10-20 TCID,;,)/ml and that of the lst, 6th, 
and 10th passages was within 1 log of it. In  
no case was there an increase in infective titer 
above 102a5 TCIDso/ml in spite of occasional 
prolonged incubation. In  order to slow cyto- 
pathic effects and permit prolonged incuba- 
tion, inocula were arbitrarily diluted from 1 
in 6 to 1 in 26 in inverse ratio to the rapidity 
of cell degeneration of the preceding passage. 
In spite of these efforts the infective titer 
after 10 passages had not increased, but 
rather declined slightly. 

Experiment B .  The failure of Experi- 
ment A might have been caused by passage 
of material containing a predominance of 
non-infective virus or other interfering agents. 
To explore this possibility we compared the 
results of serial passage at limiting dilutions 
with passage of concentrated material. Ijima 
seed virus was employed in an initial infective 
titer of lG1,> TCID5,-,/ml, the highest we have 
ever encountered with any strain of adeno- 
virus type 8. The results of 3 consecutive 
passages at 36°C are shown in Table 11. 

Cultures diluted to the limits of infectivity 
(lowest part of Table) sometimes yielded 
small amounts of infective virus in the ab- 
sence of evident cytopathic effects. Neither 
this passage series nor that employing a 10- 
fold higher concentration of inoculum resulted 
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TABTIE 11. Effect of Inoculuin Dilution on Serial Passage of Adenovirus Type 8 (JJIMA). 

Yawtgt. No. 
0 1 2 :: 

c l i l i i t i o r l  CP Cl' dilutioii CP (2' tIiIutivii CE' Cl' tlilutioii CP CY 
1 IlOV. 1 IlOC. I IlO('% I I IOV.  

lo-' 4+ 160- 10-1 4+ l60+ 

10-1 4+ 160 
10-4 i+ 4o+ [ 10-2 2+ so 

10-3 9 lo-+ 

10" 3+ 160+ 

100 4+ 160+ 

10-1 1+ 80+ 

10-2 'B 10. 

. 10-1 4+ 160 
10-2 2+ 80 
10-3 I+ 10 

10-3 Y 10 

. 10-1 44- 160 
1+ 160 

' 10-1 4+ 160 
1+ 40 

10-8 - 10 - 104  160 
10-1 4t 40 
10-2 - 10 

in an increment of infective titer. On the 
contrary, passage of dilute seed tended to re- 
duce infective titer. Serial passage of con- 
centrated seed did not further reduce infec- 
tivity, as might be expected if the seed had 
contained an excessive concentration of inter- 
fering material. 

Discussion. Experiment A was carried out 
a t  the suggestion of Dr. A. Lwoff who felt 
that passage at elevated temperature might 
favor selection of the more pathogenic par- 
ticles in the viral population ( 7 ) .  The results 
of that experiment supported the belief that 
propagation of infective adenovirus type 8 
occurs optimally at 36OC rather than at 
higher or lower temperatures. The results of 
Exp. B lent no support to the hypothesis that 
the presence of an interfering substance is re- 
sponsible for the low yield of infective virus. 
The negative results of these studies favor the 
interpretation that the biochemical environ- 
ment of the many types of cell cultures em- 
ployed in growing adenovirus type 8 in vari- 
ous laboratories is specifically unfavorable for 
production of infective type 8, but not of 
most other adenovirus types. The only ap- 
parent exception is the claim of Clyde and 
Denny(8) to have grown adenovirus type 8 
to infective titers of 103-l@ TCID50 in aged 
primary human amnion cultures incubated for 
prolonged periods. Details of their work 
have not yet appeared. 

Studies on adult EKC have repeatedly il- 
lustrated the very low yield of infective virus 
released from the adult eye(6). The low 
temperature of the eye's surface structures 

(near 3loC) does not appear to account for 
this feature. It must be asumed that the cel- 
lular environment of the human conjunctiva 
is as unfavorable for synthesis and release of 
infective adenovirus type 8 as the cell cul- 
tures tested in many laboratories. Thus it 
appears that adenovirus type 8 possesses some 
unique biological feature which separates it 
from most other types-just as its pathogene- 
tic potential for the regular production of 
EKC seems unique among adenoviruses. 

Summary. The prototype strain of adeno- 
virus type 8 grew in Maben cells best a t  36OC 
but yielded maximal infective titers of only 
10U-300 TCID,,-/ml. Serial passage at  31 or 
39'C did not enhance the infective titer. Se- 
rial passage of undiluted degenerated cell cul- 
ture gave no evidence of an interfering ma- 
terial. The consistently low titer of infective 
adenovirus type 8 in many different cell lines 
appears to be a specific characteristic of that 
agent. 
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