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This report summarizes the findings in a 
retrospective study concerned with the sero- 
logical response in man following vaccina- 
tion with adenovirus vaccines prepared with 
adenovirus strains containing SV40 genetic 
material. The Sv40 component was en- 
clolsed within adenovirus capsids; nol detect- 
able Sv40 infectious virus was present in 
the vaccines or the seed strains. An earlier 
report from one of our laboratories presented 
findings, based on studies in hamsters con- 
cerning the occurrence of SV40 neoplastic 
and antigenic information in adenovirus type 
3, strain JF, one of the virus strains employed 
in the manufacture of vaccine used in the 
current study ( 1) .  

I t  was reported earlier that when the 
vaccines employed in this investigation were 
given to Naval recruits, there was an ap- 
proximate 50% reduction in hospitalized 
acute respiratory disease admission rates as 
compared with the rates of adenovirus disease 
in recruits in an unvaccinated control group 
( 2 ) .  

Materials and methods. Vaccines used 
were live oral monovalent adenovirus type 4, 
an inactivated parenteral monovalent adeno- 
virus type 4 and an inactivated preparation 
of parenteral trivalent adenovirus types 3, 
4, and 7. The live type 4 vaccine was de- 
veloped and described by Dr. R. M. Chanock 
(3).  I t  was commercially manufactured 

*The  field aspects of this study were part of a 
larger investigation 'of adenovirus vaccines performed 
by personnel of NAMRU #4, R. 0. Peckinpaugh, 
Officer in Charge; M.  Rosenbaum, E. E. Edwards 
and W. E. Pierce, Chiefs of Virology, Immunology 
and Biometric Divisions, Jespectively . 

from virus seed that had been passed only 
in human cell cultures. The seed material 
was free of SV4" virion and SV4" genetic 
information and devoid of oncogenicity when 
examined in appropriate tests ( 3 ) .  The vac- 
cine was lyophilized, placed in enteric coated 
capsules and kept a t  -20 for 6 months until 
used. 

The inactivated type 4 vaccine was pre- 
pared commercially in the conventional man- 
ner(4) in African green monkey kidney cells 
from a virus strain recovered in 1962 by 
Dr. E. L. Buescher, and subsequently passed 
15 times in African green monkey kidney 
cells. At this passage level the virus was 
shown to be free of infectious SV4", both 
in the laboratory of the manufacturer and 
in our laboratory. Additionally, it was dem- 
onstrated that the virus did not induce SV40 
"T" antigen in cell cultures or in hamsters 
and accordingly i t  was assumed to be free 
of SV4@ genetic material. These tests were 
performed with an aliquot of the virus pool 
which was removed for examination before 
the pool was inactivated for use in the manu- 
facture of the monovalent type 4 vaccine. A 
portioln of the same inactivated monolvallent 
pool was used in the manufacture o1f the type 
4 componlent of the trivalent types 3, 4, and 7 
vaccine. The histories of the other 2 adeno- 
virus components in the trivalent vaccine, 
i.e., type 3, strain JF and type 7, strain LL 
are recorded( 1,s) and are known to have 
been propagated a r l y  in their passage history 
in cultures of rhesus monkey kidney cells 
which were contaminated with Sv40. Subse- 
quently, both strains were passed in the pres- 
ence of SV4" antiserum and this procedure 
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TABLE I. Adenovirus Vaccine Administration Schedule. 

Vaccine \ 

Group (No. men Dose vol 
in  group) Used (ml> Units/dose Route 

~ ~~~~~~~~~~~~ ~ 

1 (20) Live monovalent type 4 1.0 106.5 TCID, Oral 
I1 (22) Killed trivalent type 3 5 GPED, 

4 1 1.0 125 ” I M  
7 125 ” 

111 (21) Killed monovalent type 4 1.0 125 ” I M  
I V  (21) Saline placebo 1 .0 - I M  

TCID, = 50% tissue culture infective doses. GPED, = 50% guinea pig effective doses. 
I M  = intramuscular. 

appeared to have eliminated the contaminat- 
ing SV40 virion. The procedure did not, how- 
ever, rid the strains of the potential of induc- 
ing SV40 “T” antigen in cell cultures or 
tumors in hamsters ( 1,s). Accordingly, both 
strains were carriers of SVd0 antigenic and 
oncogenic information. 

Potency assays of vaccifies. The contents 
of several capsules containing the lyophilized 
live adenovirus type 4 preparation were re- 
hydrated and titrated for infectivity in hu- 
man embryonic kidney cell cultures. The 
50% tissue culture infectious dose (TCID50) 
based on 21-day readings was 106-5/l.0 ml 
of restored vaccine. 

Aliquots of the inactivated vaccines were 
examined for potency in antigen extinction 
tests in guinea pigs in the conventional man- 
ner employed to measure the potency of in- 
activated adenovirus vaccines (4). The re- 
ciprocal of the 50% effective dose for the 
monovalent type 4 vaccine was 125 and the 
reciprocals of the 50% effective dose for 
the type 3, type 4, and type 7 components 
in the trivalent vaccines were 5, 125 and 
125, respectively. Reciprocals of these values 
obtained in simultaneous assays with a stand- 
ard reference trivalent type 3 ,  4 and 7 vaccine 
(4) were 125, 125 and 125. These results 
indicated that the potency of the type 4 
and type 7 components in the trivalent vac- 
cine were satisfactory and that of the type 
3 component was below the desired level. 

Oncogenicity of the inactivated vaccines. 
Tests were performed by inoculating new- 
born hamsters with undiluted vaccine fol- 
lowing the procedure previously outlined ( 1 ) . 
I t  has been determined by Chanock that the 
live oral adenovirus type 4 vaccine did not 

possess oncogenic potential for hamsters ( 3 ) .  
Recruit population and vaccine adminis- 

tration. Recipients of the vaccines were 
young healthy male recruits undergoing 9 
weeks of basic training at  the Great Lakes 
Naval Training Center. After 4 days of 
initial processing a company of 84 men were 
randomly assigned to 4 treatment groups and 
were vaccinated according to the vaccination 
schedule shown in Table I. 

Serologic tests. Blood specimens were ob- 
tained from the 84 men before treatment 
and at  weekly intervals for 7 weeks. The 
sera were‘ examined for sv40 “T” antibody 
in complement-fixation tests employing the 
“packed-cell antigen’’ technique described by 
Huebner et aZ(6). Levels of adenovirus types 
3,  4 and 7 antibody were measured in neu- 
tralization tests performed in HeLa cells 
according to standard procedures (4) ,  using 
10-100 cytopathic doses of virus. All titers 
are expressed as the reciprocal of the initial 
dilution of sera employed. 

Results. Lack of czntibody response in 
man to  SVJ0 component in vaccine prepared 
with adenovirus strains containing SVh0 
genetic information. I t  is well established 
in man that when live SV40 virus is given 
by the respiratory( 7) or intramuscular routes 
(8,9), an inapparent infection frequently re- 
sults which is manifested by development of 
specific neutralizing antibody. The results 
of serologic tests presented in Table I1 repre- 
sent measurements of the SV40 neutralizing 
antibody response in man to vaccines which 
contained incapsidated SVBO genetic informa- 
tion in adenovirus types 3 and 7 but no 
detectable live SV40 virus. These data show 
that there was no detectable serologic re- 
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TABLE 11. SV,, Antibody Findings in Great Lakes Recruits. 

Number of recruits with SV,, antibody 

28 days after Rises after 
Before vaccination vaccination* vaccination 

in  group) Neut CF  t Neut CF  Neut C F  
Group (No. men 

1 0 
(titer 1 :2) 

1 (20) 

I1 (22) 1 0 

I11 (21) 2 0 

I V  (21) 2 0 

(1:2) 

(1:2,1:4) 

(1:4,1:4) 

1 0 0 0 

1 0 0 0 

2 0 0 0 

2 0 0 0 

(1:2) 

(1:2) 

(1:2,1:4) 

(1:4,1:4) 

Group 
Group 
Group 
Group 

I 
I1 ” ” killed trivalent adenovirus types 3, 4, 7 vaccine, parenterally. 
I11 ” ” killed monovalent adenovirus type 4 vaccine, parenterally. 
IV ” ” saline plac eb 0, par enter ally. 

recruits received live monovalent adenovirus type 4 vaccine, orally. 

* Similar results were obtained in  tests with sera collected on post-inoculation days 7, 14, 21, 

t I n  tests with SV, ‘ ‘ T ’ ’ antigens of infected ‘ ‘packed cell ’ ’ origin (6). 
35 and 42. 

sponse to the encapsidated Sv40 genome. 
Qne of 2 2  men had a measurable level of 
SV40 neutralizing antibody before vaccina- 
tion with 1.0 ml of trivalent adenovirus types 
3, 4 and 7 vaccine prepared with adenovirus 
types 3 and 7 strains which contained SV4,, 
genetic material (Group 11, Table 11) and 
this was the only individual in Group I1 
who possessed this antibody after vaccina- 
tion. The titer of antibody in !both pre- and 
post-vaccination specimenh was identical 
(1 :Z).  None of the other 21 men in Group 
I1 had Sv40 neutralizing antibody in either 
their pre- or post-vaccination sera. The Table 
also shows the expected absence of SV40 
neutralizing antibioldy rises in 62 men in 
control Groups I, I1 and IV who were in- 
jected with either live (Group I) or killed 
(Group 111) monovalent type 4 vaccines 
or with placebo material (Group IV). Pres- 
ence of SV40 neutralizing antibody in the 
sera of a few of the recruits in the test and 
control groups is thought to have resulted 
from previous vaccination with poliovirus 
vaccines, some lots of which are known to 
have been contaminated with live SV40 virus 
(12). 

Findings which indicated that none of 
the men in Group I1 responded with virus 
neutralizing antibody to the SV40 genetic 
information contained in the adenovirus type 
3 and type 7 strains employed in the manu- 

facture of the trivalent vaccine were sub- 
stantiated by the results obtained in comple- 
ment fixation tests. Information contained 
in Table I1 shows that none of the 84 men 
who participated in this study had in either 
their pre- or post-vaccination sera antibody 
that fixed complement in the presence of 
SV40 “T” antigen. 

Alteration in serum levels of neutralizing 
antibody against adenovirus types 3, 4 and 
7 following vaccination. The changes ifi 
serum levels of adenovirus type 4 neutraliz- 
ing antibody in the weeks following vaccina- 
tion in each of the 4 vaccination groups are 
given in Talble 111. A t  14 days post-vaccina- 
tion 12, 11 and 12 men in Group I, 11, and 
111, respectively, and 3 men in Group IV, 
who were initially without detectable levels 
of adenovirus type 4 neutralizing antibody, 
had developed significant antibody increases. 
At 482 days, except for 2 men in Group I, 
all men in each of the 4 groups who were 
initially antibody-free had experienced a 
4-fold or greater rise in the serum level of 
adenovirus, type 4 antibody. The large num- 
ber of men (35) in the vaccinated groups 
and the small number of men ( 3 )  in the pla- 
cebo group with significant antibody rises 
14 days post-vaccination are interpreted as 
due to vaccination, although some of the 
men in the vaccinated group might have ex- 
perienced infection with a “wild” strain of 
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TABLE 111. Adenovirus Type 4 Neutralizing Antibody Findings in  Great Lakes Recruits. 

c - N o .  of recruits with---, 
No rise in ab  4-fold rise 

titer who were in ab  titer 
Group initially who were Reciprocal of aiitibodp titer Recipro- 

Days post (No. iiieii With Nritliout initially cal of 
treatnicnt in groiip) 31) ah without ah  10 20 40 80 160 320 GMTt 

14 T ( 2 0 )  4 
rI ( 2 2 )  4 
111 (21)  4 
IV (21 )  3 

21 T 4 
I1 4 
111 4 
I V  3 

28 I 4 
T I  4 
111 4 
I V  3 

IT (20 )*  2 
42 T ( 2 0 )  4 

I11 (19)” 2 
I V  (19)” 1 

4 
I 

a 
15 

4 
2 
9 
1 
3 
1 
3 
2 
0 
0 
0 

> - 

1 2  
11 
1’ 
3 

14 
14 
15 
9 

15 
15 
16 
15 
14 
18 
1’7 
18 

8 2 2 - -  
, 0 6 2 -  1 
6 3 2 -  1 
- 3 - - -  

6 4 3 1 -  
5 2 ‘ 4 1 1  
8 2 2 1 2  
5 2 1 1 -  
6 3 5 1 -  
2 5 2 4 1  
3 3 4 3 3  
4 6 3 1 1  

2 5 3 2 2  
1 3 3 5 3  
1 2 3 5 4  
1 5 5 3 4  

14 
24 
19 
20 
19 

1 30 
22 
1i 

21 
1 40 

40 
24 
34 

3 ‘71 
2 i 4  
1 50 

- 
- 
- 
- 

- 

- 
- 

- 

- 
-- 

__ 

~~ ~~ ~ ~ ~~ 

Group I I live nioiiovaleiit atlenovirus type 4, orally ; Group I1 = killed trivalent types 3, 4, 
i ,  parenterally ; Group I T 1  = killed monovalent aderiovirus type 4, parenterally ; Group I V  = 
placebo, parenterally. 

ah = antibody. 
* 2 nicii in each of these groups, not avai1al)le for bleeding a t  42 days. 
t Geometric mean titer. 

adenovirus type 4, an occurrence which is 
thought to have resulted in the antibody rises 
observed in the placebo group. I t  is assumed 
that infection with a “wild” adenovirus type 
4 strain is a more likely explanation for the 
antibody rises observed in members of the 
placebo group than infection with the live 
adenotype 4 vaccine strain because evidence 
has been presented that under conditions of 
military recruit training the vaccine strain 
had a low potential for spread(3). At pres- 
ent, however, there is no way to differentiate 
conclusively the “wild” adenovirus type 4 
from the vaccine strain. 

Alteration in the serum levels of adeno- 
virus types 3 and 7 neutralizing antibodies 
in each of the 4 treatment groups is presented 
in Table IV. The results show the expected 
increases in levels of adenovirus type 7 anti- 
body in men in Group I1 who were vacci- 
nated with the inactivated trivalent vaccine 
which contained the SV40 genetic material. 
Thus, the adenovirus capsid antigens elicited 
a response in the same men who failed to 
develop SV4(, antibodies. Fifteen of the 22  
men in this group experienced 4-fold or 

greater increases in serum level of type 7 
antibody; this component of the vaccine 
had been shown in guinea pigs to be of 
satisfactory potency. The remaining 7 men 
had 1- and 2-fold rises. Only 11 of the 
22  men experienced significant type 3 anti- 
body rises following vaccination, but as pre- 
viously noted the potency of the type 3 com- 
ponent in the trivalent vaccine had been 
shown in guinea pigs to be low compared 
to the NIH standard reference vaccine. The 
rises in serum levels of adenovirus type 3 
and type 7 antibodies that occurred in men 
in Group I1 are attributable to use of vaccine. 
Some of the observed increases, however, 
could have been due to intercurrent infection 
with adenovirus types 3 and 7 ,  which were 
active in the recruit population a t  the time 
of this study(2) as evidenced by the rises 
in levels of type 3 and 7 antibodies recorded 
in Table I V  for members in Group IV. The 
similarity of responses to adenovirus types 3 
and 7 in Groups I11 and IV suggests that 
heterotypic response from adenovirus type 4 
vaccine was slight or nil. 

Behavior of inactivated trivalent vaccine 
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TABLE IV. Findings in Neutralizing Antibody Tests with Adenovirus Types 3 and 7 and 
Sera from Great Lakes Recruits. 

r-- No. of recruits v 

With significant neut ab rises ‘us 

Group In group Type 3 Type 7 

I 20 6 
0/8, 4 ; * 0/16,2 

4 
0/8,1; * 0/16,3 

I1 22 11 15 
0/8,3 ; 0/16,2 ; 0/32,2 ; 0/64, 0/8, 2 ; 0/16,3 ; 0/32,1; 0/64,4 ; 0/128,1;  

2 ; 8/64,1; 16/128,1 0/256,1; 8/32,1; 8/128,1; 16/64,1 
111 21 8 8 

0/8,3 ; 0/16,4 ; 0/64,1 0/8,3 ; 0/16,3 ; 8/32,2 
I V  21 8 9 

0 /8 ,1 ;  0/16,2 ; 0/32,4; 8/32,1 0/8,2 ; 0/16,6 ; 0/32, I 

* Reciprocal of prevaccination titer/Reciprocal of highest postvaccination titer, number men 
in category. 

in newborn hamsters. In tests carried out 
by Rowe and Baum and by us i t  was shown 
that adenovirus type 7, strain LL(10) and 
type 3 strain, JF( 1,13), which were employed 
as virus seeds for the production of the in- 
activated trivalent vaccine used in the cur- 
rent work, contained encapsidated sv40 

material Each of these strains induced 
{tumors which contained complement fixing 
antigens identical to those induced by SV4,,. 
In  similar tests in which newborn hamsters 
were inoculated intrathoracically with 0.1 
ml of undiluted trivalent vaccine, none of 
185 animals developed tumors during a 2-year 
observation period. In addition, none of an 
appreciable number (60-75) of hamsters in- 
oculated with one or the other of the inacti- 
vated monovalent type 3 ,  type 4 and type 7 
components of the trivalent vaccine developed 
tumors during an observation period of simi- 
lar duration. 

Discussion. Previous workers have reported 
the development of sulbclinical infection in 
man inoculated n(asoipharyngea1ly ot initramus- 
cularly with relatively few 50% tissue cul- 
ture doses of SV40 virus in the form of a 
viable contaminant in a pool of respiratory 
syncytial virus(7) and in several lots of 
poliovirus (8,12 ) and adenovirus (9) vaccines. 
The subclinical infections were manifested 
by presence of SV40 virus in the throat(7) 
and gastrointestinal (8) tract and by develop- 
ment of specific neutralizing antibody in 
the weeks following virus exposure( 7,8,9). 
Because SV40 virus induces tumors in ham- 

sters and neoplastic transformation in human 
cel ls( l l ) ,  it is now required as a safety 
measure that vaccines destined for use in 
man be free of this simian virus(4). The 
problem of adenovirus vaccine safety was 
further complicated with the demonstration 
that SV40 virus genome could become incor- 
porated into adenovirus capsids resulting in 
a virus particle possessing the oncogenic 
potential of SV4,, virus but an exterior sur- 
face antigenically identical to adenovirus (5,  
14). I t  thus became of interest and impor- 
tance to examine retrospectively the behavior 
in man of these virus “hybrids.” 

The present work provided the opportunity 
to study one of the concerns associated with 
the use of such a vaccine, i.e., the serologic 
response to the encapsidated SV40 component 
incorporated into vaccine strains of adeno- 
virus which did not contain SV4,, virion. The 
observations recorded in this work support 
the findings in studies with baby hamLters 
inoculated with similar formalin inactivated 
vaccines ( 1 ) . Only the surface adenovirus 
antigens of the “hybrid” particle stimulated 
formation of antibodies in both hamsters and 
man. Further, it appeared that inactivated 
“hybrid” virus, in hamsters, was dlevolid of 
oncogenic activity. These findings are in 
marked contrast to the results obtained in 
hamsters inoculated with the living adeno- 
virus type 3, strain JF, or type 7, 
strain LL, seeds, prior to their inactiva- 
tion for incorporation into the vaccine. 
The live virus seeds induced, in ham- 
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sters, tumors which contained SV40 anti- 
gens. The tumors, in turn, elicited SV40. 
antibody directed against the tumor anti- 
gens. I t  is emphasized, however, that there 
are no positive criteria a t  this time for 
assessing in man the biologic significance 
of the occurrence of the Sv40 genome in its 
sequestered position within adenovirus parti- 
cles employed in the preparation of inacti- 
vated adenovirus vaccines. Nevertheless, the 
data in this report indicate that by the 
measurements employed the SVd0 genome 
is antigenically inactive in man and onco- 
genically inactive in hamsters. However, 
failure to detect antigenicity and oncogenicity 
does not imply safety of the product. 

Summary. Volunteers were vaccinated with 
an inactivated trivalent adenovirus vaccine 
prepared with adenovirus strains containing 
SV40 genetic and oncogenic information, 
enclosed within adenovirus capsids, but 
no SV40 infectious virus. The volunteers 
showed marked increases in complement fix- 
ing and virus neutralizing antibodies directed 
against the adenovirus components in the 
vaccine, but did not respond serologically to 
the SV40 information. Suckling hamsters in- 
jected with the trivalent vaccine or with its 
monovalent components did not develop 
tumors over a prolonged observation period. 
Thus, the SV40 genome contained in the in- 
activated adenovirus vaccine was inactive 
antigenically in man and oncogenically in 
hamsters. The significance of the findings 
in relation to use in man of killed adeno- 
virus vaccines prepared with adenovirus con- 
taining encapsidated SV40 information is 
discussed. 

Addendum. Lewis et al (Proc. Nat. Acad. 
Sci., 1967, v57, 622)  reported recently the 
detection ‘by indirect immunofluorescent 

methods adenovirus “T” antibody in the sera 
of 16 of 18 children following infection with 
adenovirus types 1, 3 or 7. Dr. Lewis kindly 
examined for us by indirect immunafluores- 
cent techniques for presence of Sv40 “T” 
antibody post-vaccination sera obtained from 
6 volunteers who received killed trivalent 
adenovirus types 3 ,  4, and 7 vaccine. All 
6 sera were negative for presence of this 
an tibody. 
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