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Investigations with adenoviruses of types 4 and 6 showed that the infectious agent (the factor  
of intrareproduct ive spread), which is present  only in f reshly removed culture fluid and is 
sensitive to deoxyribonuclease (DNase}, is not neutral ized by antibodies against the c o r r e -  
spondingv!ruses ,  as shown by inhibition but not a r r e s t  of the infectious p rocess  in t issue cul-  
ture during growth of the adenoviruses in medium with an excess  of homologous antibodies. 
Additional t rea tment  with DNase under certain condi t ionsleadsto  resolution of the infectious 
process .  

A previous investigation [1] showed that the infectivity of the liquid phase of cell cul tures infected with 
adenoviruses is attributable to two factors.  The first ,  unstable, was inactivated by deoxyribonuclease 
(DNase). The second ( m a t u r e  v i rus  particles) was resis tant  to this enzyme. The unstable fac tor  migrated 
f rom the infected cells into the liquid phase 10 h sooner than the mature v i rus  par t ic les ,  i.e., before they 
had completed reproduction, and for this reason the spread of infection brought about by this factor  was 
called intrareproduct ive,  to distinguish it f rom the postreproduct ive spread due to mature v i rus  part icles.  
It would be more  cor rec t  to regard  the infective factors  descr ibed above as p r e c u r s o r s  of v i rus  par t ic les  
ra ther  than as infectious DNA, as was suggested previously.  

In the investigation descr ibed below the possibil i ty of neutralizing the factor  of in t rareproduct ive  
spread by means of antivirus antibodies was studied. 

E X P E R I M E N T A L  M E T H O D  

The decanted freshly extracted liquid phase of FL cells taken 48 h after infection with type 6 adeno- 
v i rus  with a multiplicity of 1 TCDs0/300 cells was poured into four tubes. Twice the neutral izing dose of 
ant iserum was added to the first  tube containing f resh  mater ia l  and the s tored mother v i rus  with equivalent 
infectivity, DNase (50 t tg /ml  with 0.04 M Mg ++) was added to the second tube, ant iserum and DNase in the 
same quantities were  added to the third tube, and the corresponding volume of medium no. 199 to the fourth 
tube (control). The samples were incubated for  1 h, after  which the infectious activity was determined 
cytomorphologically [2]. 

To study the effect of antibodies and of DNase on the development of the infectious process ,  type 4 
adenovirus was cultivated in a low multiplicity of infection (0.2 TCDs0/105 FL cells) in medium containing 
the previous doses of DNase or  antibodies or  both together,  and also in their  absence (control). The resul ts  
were read 48, 72, 96, 120, and 144 h af ter  infection, also using a cytomorphologieal  cr i ter ion.  

Adenoviruses of types 4 and 6 with t i ters  of 103.02 and 102"07 TCDs0/ml (read on the 3rd day), ant isera  
neutralizing 1 TCDs0 of these v i ruses  in dilutions of 1:320 and 1:1280 respect ively,  and DNase with an act i -  
vity of 25-30% of the crysta l l ine  substance were used in the investigation. 
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TABLE 1. Resu l t s  of Neut ra l i za t ion  of Infect ivi ty of F r e s h l y  
I so la ted  and Stored Type 6 Adenovi rus  

Character of treatment 

Control (untreated) 

Neutralization with anti- 
s e r u m  . . . . . . .  . . . . .  

Treatment with antiserum 
and DNase . . . . . . . . .  

Treatment with DNase... 

Number of infected ceils (per 1000 from the monolayer) 
after infection of tissue culture* 

with freshly isolated virus 

552, 559, 581, 534, 501 
M ~  m = 5 4 5 , 4 ~  14,9 

94, 142, 146, 126, 14 
M ~  m =  104,4•  

0, 4, 0, 0, 2, 
M ~  m =  1,2-----0,8 
303, 287, 312, 291, 281 
A4~ m : 2 9 9 , 8 - -  10,3 

with stored mother virus 

652, 571, 588 

0 , 0 , 0  

~In individual  obse rva t ions .  
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Fig. i. Dynamics of infection 
with type 4 adenovirus in 

medium with DNase and anti- 
bodies with renewal of the 

latter every 24 h: i) experi- 
ment; 2) control. Abscissa, 
times of observation (in h) 
after infection; ordinate, num- 
ber of cells with adenovirus 
inclusions per i000 cells from 
monolayer. 

EXPERIMENTAL RESULTS 

The r e s u l t s  of neu t r a l i za t ion  of the f r e s h l y  i so l a t ed  and s to red  
type 6 adenovi rus  a r e  given in Table  1. Infection of the ce l l  cul ture  
with un t rea ted  f r e sh  and with s to red  m a t e r i a l  p roduced  l e s ions  in 545 
and 652 of 1000 ce l l s  r e spec t i ve ly ,  co r re spond ing  to a concent ra t ion  
of about 1 TCDs0 of v i r u s  in the  in fee t ingdose .  T rea tmen t  of th is  dose 
with a double e x c e s s  of ant ibodies  led to complete  neu t ra l i za t ion  of the 
s t o r ed  v i r u s  and to the p r e s e r v a t i o n  of r e s i d u a l  infect iv i ty  in the f r e s h  
m a t e r i a l ,  which produced  l e s i ons  in 104.4 • 27.1 (in some c a s e s  ove r  
140) of 1000 ce l l s .  The combined act ion of ant ibodies  and DNase in al l  
c a s e s  comple te ly  o r  a lmos t  comple te ly  s u p p r e s s e d  the infec t iv i ty  of 
the f r e sh ly  i so l a t ed  m a t e r i a l ,  while  the act ion of DNase alone m e r e l y  
reduced  it.  

A twofold exces s  of an t ibodies  thus did not abol ish  but m e r e l y  
reduced  the infec t iv i ty  of the f r e s h  m a t e r i a l ,  even though it i s  known 
that addit ion of only one equivalent  of ant ibodies  i s  suff icient  to p r o -  
duce neu t ra l i za t ion  when added to the v i r u s  p a r t i c l e  [3, 8], and an e x -  
ce s s  of an t ibodies  comple te ly  n e u t r a l i z e s  the aden0vi rus  [5]. Inac t i -  
vat ion of the r e s i d u a l  infect iv i ty  by DNase imp l i e s  that th is  i nac t iva -  
t ion cannot be the r e su l t  of the act ion of monovalent an t ibodies  [4, 6, 
7], d i s soc ia t ion  of the v i r u s - a n t i b o d y  complex [5, 9], or  s epa ra t ion  
of v i r u s  aggrega t ions ,  for  in those  c a s e s  ma tu re  v i r u s  p a r t i c l e s  r e -  
s i s tan t  to the nuc lease  would be l i be ra t ed .  Consequently,  the r e s idua l  

infec t iv i ty  was due to infect ious agents insens i t ive  to the  ant ibodies .  The i r  inact iva t ion  by DNase conf i rms  
that  these  a re  ident ica l  with the fac to r  of i n t r a r e p r o d u c t i v e  spread .  

In the course  of cul t ivat ion of type 4 adenovirus  in medium no. 199 (control) with ant ibodies  alone o r  
with DNase alone the number  of infected ce l l s  i n c r e a s e d  to 674.4 • 23.9, 317.9 • 16.4, and 324 • 36.1 r e s -  
pec t ive ly .  During the combined action of an t ibodies  and DNase (Fig. 1) with renewal  of the ant ibodies  eve ry  
24 h, the number  of infected ce l l s  did not i n c r e a s e  dur ing the course  of infection, as in the control ,  but fel l  
s ign i f ican t ly  (P < 0.01) f rom 115.5 • 10.0 at the beginning of obse rva t ion  to 31.2 •  at i t s  end ( re su l t s  
of 42 observa t ions) .  

As  a r e su l t  of neu t r a l i za t ion  of the ma tu re  v i r u s  p a r t i c l e s  (blocking of p o s t r e p r o d u c t i v e  spread)  the 
ant ibodies  inhibit  but do not a r r e s t  the infection. Under these  condit ions infection develops  through i n t r a -  
r ep roduc t ive  sp read ,  on which the ant ibodies  have no action. F u r t h e r  t r ea tmen t  with DNase d e s t r o y s  the 
fac to r  of i n t r a r e p r o d u c t i v e  sp read  and l eads  to reso lu t ion  of the infect ious  p r o c e s s .  

The fac tor  of i n t r a r ep roduc t i ve  sp read  i s  absent  in s to red  v i rus ,  so that the use of th is  m a t e r i a l  for  
the t i t r a t i on  of a n t i s e r a  does  not p rovide  a r e l i a b l e  c r i t e r i o n  sui table  for  de t e rmina t ion  of the i r  p reven t ive  
p r o p e r t i e s  in s e ro the rapy .  
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