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lsolation from Ca t t l e  of a Vi rus  ‘Related t o  Human Adenovirus.* (25123) 

MORTON KLEIN, ELIZABETH EARLEY AND JOSEPH ZELLAT 
(Introduced by M. J. Oppenheimer) 

Dept .  of Microbiology, Temple University School o f  Medicine, Philadelphia, Pa. 

Recent studies of inhibitors in bovine sera 
to certain human viruses-polioviruses, Cox- 
sackie, and adenoviruses( 1-5) have raised the 
question of the nature and olrigin of these in- 
hibitors. We concluded, on the basis of previ- 
ous studies on the nature of these neutralizing 
substances to types 1, 2, and 3 polioviruses, 
that they were indeed true antibodies. This 
observation indicated that cattle were perhaps 
infected either with these viruses or their an- 
tigenic relatives. We accordingly undertook a 
search for these presumed agents, and the 
present report describes identification of one 
virus among some 701 viral isolates obtained 
from feces of apparently normal cattle. This 
bovine virus, which we originally detected by 
screening procedure with human gamma 
globulin (3 ) ,  has been identified as an adeno- 
virus related to some as yet unidentified hu- 
man adenovirus type. 

Materials and methods. Fecal swabs were 
obtained from cattle in the Philadelphia area 
and immediately placed in tubes of broth con- 
taining 500 units of penicillin, 500 units of 
streptomycin, and 1,000 units of nystatin. 

* Supported by U. S. Public Health Service Grant. 

Tubes were centrifuged at  3,000 rpm for 20 
minutes. The supernatant fluid was removed 
and incubated at  37°C for 45 minutes to fur- 
ther reduce contaminants. Contamination 
was only infrequently encountered. The tubes 
were either stored a t  -70°C or inoculated di- 
rectly into tissue culture tubes. These were 
prepared from freshly trypsinized Cali kidney. 
Growth medium initially used was 80% 
Eagle’s medium in Hanks’ BSS plus 20% 
horse serum. Lactalbumin hydrolysate 
(0.5%) plus 10% horse serum was subse- 
quently used as growth medium. Mainte- 
nance medium was 78% Eagle’s medium in 
Earle’s BSS, 20% trypticase soy broth plus 
276 chick serum. Calf serum was not used 
since we wished to avoid any inhibitors to bo- 
vine viruses. Several commercial lots of 
Merck, Sharp & Dohme human gamma globu- 
lin were used. Since there was some concern 
about the inhibitory action of preservatives in 
the material, special lots of gamma globulin 
were prepared without preservative from ma- 
teriaI kindly sent us by Dr. Singher of Ortho 
Research Foundation. Wassermann negative 
sera obtained from the hospital serology lab- 
oratory. Sera were obtained from children in 
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FIG.  1. Bovine #10 gromii in calf testes, 3 days, 
A1 n 7- Gr cenwalcl- Gicmsa. A. Normal nucleus. 3, 
C, Il, E:, cnlargecl iiuclci with varying patterns of 

clirosiatin clumping. 

age group 7-15 months. Antisera to adeno- 
viruses types 1-7 were kindly given us by Dr. 
Bartell of Wyeth Institute. Antisera to ECHO 
viruses types 1-19 ; Coxsackie virus B types 
1-5; antisera tu viruses of herpes simplex, 
measles, mumps, I3 virus; influenza A, B, 
swine, Asian; hemadsorption virus types 1 and 
2 were kindly supplied by Drs. Hummeler and 
Lief of Children’s HospitaI, Philadelphia. An- 
tisera to types 1 ,  2,  and 3 polioviruses were 
obtained from Kational Foundation. Com- 
plement fixation tests confirming Bovine #I0 
as an adenovirus were kindly carried out by 
I)r. Hummeler of Children’s Hospital. 

ResuEts. The virus Bovine #I0 was iso- 
lated from feces of apparently normal adult 
cow in May, 1956. The original cytopatho- 
genic effect in freshly trypsinized calf tissue 
culture was slight and after 7 passages in calf 
kidney tissue culture the titer has remained 
low, never higher than (0.1 ml) of in- 
oculum. The virus gives a characteristic in- 
tranuclear inclusion body when stained with 
May-Greenwald-Giemsa (Fig. 1 1. The nu- 
cleus is enlarged, there is clumping of chro- 
matin either in large sheets or irregular masses, 
and the entire sequence of events is similar to  
that described for human adenuviruses types 
3 ,4 ,  and 7 (6) .  The growth properties of Bo- 
vine #lo are as follows: No detectable activ- 
ity in: 1. Mice (adult and suckling) ; 2. Chick 

embryos Q chorio-allantoic membrane, allan- 
toic cavity, amniotic cavity) ; 3 .  Guinea pigs. 
rabbits, hamsters; 4. Hemagghtination and 
hemadsorption tests (red cells from guinea 
pig, sheep, cow, chicken, human ‘0’) ; 5. HeLa 
cells. The only identifying properties of Bo- 
vine # 10 were a characteristic intranuclear hi- 
clusion body and growth a t  a low titer, lo-’ to 

in cell cultures of calf kidney and calf 
testes. There was only a slight cytopatho- 
genic effect in monkey kidney tissue culture 
and we have had considerable difficulty in pas- 
saging the agent in monkey kidney tissue cul- 
ture. We did not obtain growth in HeLa cells, 
though 3 passages were carried out. 

We concluded that Bovine #10 was related 
to a human agent because (a) i t  was neutra- 
lized by human gamma globulin; and (b) neu- 
tralized by significant percentage of individ- 
ual adult sera and ( c )  it was not neutralized 
by sera of infants. ‘En Table T results of neu- 
TABLE I. Neutralization of Bovine Virus #I0 by 

Human Gamma Globulin. 

Virus challenge 
Dilution of TCD 
commercial 

globulin 10  100 1000 

Neut. Neut. 
Y >  5 9  Neg. 

1 : 2 0  Neut. 
1:40 
1:80 
1 :160 
1 :320 

3 9 9  $ 9  

9 3  1 1  9 1  

3 *  $ $  Neg. 

tralization tests with human gamma globulin 
are recorded. A 1:160 dilution of human 
gamma globulin neutralized 100 tissue culture 
doses of Bovine #lo, though there is marked 
variation with the challenge dose. This level 
of neutralization is highly significant. In 
Table I1 are recorded results of neutralization 
tests of Bovine #10 with sera of children and 
adults. Thirty-eight % of 50 adult sera neu- 

TABT,E T I ,  Neutralization of Bovine Virus #10 
by Sera of Adults an4 Infants. 

,--- Positive .-- % posi- YO. 
tested Neg.(l:8) 1:8 1 :16  1:32 1:64 t h e  

Adult sera ‘us 100 TCD 

Infants’ sera vs 10 TCD 
50 31 (6270) 9 7 2 1 38v0 

25 25 0% - 

Age of infants ranged 7-15 mo, 
All sera heated to 56°C fo r  30 min, 
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TABLE 111. Iueideriee of Neutralizing Antibodies 
in Adult Bovine Sera t o  Bovine Virus #lo.  

No. ,---Serum Total 
tested 1 : 3 2 4  ,---- 1 : 8 ----, positive 

40 35 (87.5%) 
Pos. Pos. Neg. 

21(52.5%) 14(35qo) 5(12.5%) 

tralized the virus in dilutions ranging 1:8 to 
1:64 while none of the 25 infant sera neutra- 
lized the agent. On the basis of this pattern 
of neutralization by (a) human gamma glo’bu- 
lin (b) individual adult sera, but not (c) in- 
fant sera, we may conclude that Bovine #10 
is related to a human infectious agent. 

Bovine #lo is a bovine virus and not a hu- 
man laboratory contaminant for the following 
reasons. (a) It was reisolated from the ori- 
ginal fecal specimen. (b) It grows in contin- 
uous passage in calf kidney and calf testes but 
not in HeLa cells. (c) The cow from which 
the agent was isolated showed a rise in neu- 
tralizing antibody titer from zero to 1:lB 
when sera were collected 6 weeks after isola- 
tion of the agent. As shown in Table 111, 
the agent is neutralized by 87y0 of adult bo- 
vine sera. We may conclude that this is a 
bovine virus, a newly recognized virus, since 
i t  is not related to any bovine virus that has 
yet been described. 

In an attempt to identify the specific hu- 
man relationship, neutralization tests were 
carried out with antisera against the following 
viruses, all of which tests were negative. 
ECHO viruses, types 1-19; Coxsackie B vi- 
ruses Types 1-5; polioviruses, types 1, 2 ,  and 
3 ;  viruses of herpes simplex, measles, mumps, 
B virus ; influenza A, B, swine, Asian ; hemad- 
sorption viruses types 1 and 2. 

The following experiment established Bo- 
vine #10 as an adenovirus. Hamsters and 
guinea pigs were immunized with Bovine #10 
virus grown in calf kidney tissue culture and 
their antisera tested by the complement fixa- 
tion test using human adenovirus antigen 
grown in HeLa cells. There was a certain ir- 
regularity in response to the complement fix- 
ing antigen of Bovine #lo by the aiiimals. 
Occasionally the results were obscured by a 
reaction of the serum with the HeLa cell tissue 
controls; one of 4 groups of animals inmu- 

nized with Bovine #lU showed no rise in cum- 
plement fixing titer against the human adeno- 
virus in spite of a significant neutralizing titer 
against Bovine #lo; typically however the re- 
sponse was clear and the results are shown in 
Table IV. Neither guinea pigs nor hamsters 
used in the test had normal inhibitors to 
adenoviruses before immunization and there 
was no cross reaction between control tissue 
in which adenovirus antigen was grown and 
our immune sera. The results show an un- 
equivocal rise to adenovirus antigen both in 
antisera prepared in guinea pig and hamster, 
which identifies Bovine # lo  as an adenovirus. 
Since Bovine #10 is neutralized by human sera 
and is an adenavirus, it must be an adenovirus 
belonging either to one of the 18 known hu- 
man types or to an as yet unidentified human 
type. We have not yet been able to identify 
the type of adenovirus, though it is appar- 
ently not a type 1-7 based on neutralization 
tests with antisera against these viruses. 

Discussion. Presence of inhibitors in bo- 
vine sera to types 1-7 adenoviruses was re- 
ported by Gold and Ginsburg ( S ) ,  though they 
refrained from interpreting the nature of these 
inhibitors. We believe our data strongly sug- 
gest that if cows are infected with one adeno- 
virus related to human adenoviruses the in- 
hibitors in bovine sera may be considered both 
as antibodies and indicators of yet other 
adenoviruses. We have data indicating pres- 
ence of yet another adenovirus type in cattle. 

TARTJE IV. Reaction of Ailtisera to Boviiie #10 
with Coinplenient Fixing Aiitjgeii of Human 

Adenovirns. 

Roviric #10 Coiiiplemeiit 
antisera C.F. aiitigcn fixing titer 

Guinea pig 

sera 

tiori 

Pre-immunization 

Post -irniii iiniz i l-  

Hariister 
Prc~-irniiiui~i zntiou 

P o n t  - ” 

Hum:i 11 adennvims 
Tissue control” 
Human adenovirus 1 .-32 
Tissue control <1:8 

< 1 : 8 
? Y  

Huulsii aclenovj 1’11s 
Tissue control 
Humaii adenovirus I ;32 
Tissue control 1:8 

<I : 8 
Y J  

* Guinea pigs and hamsters immunized with 

C.F. adenovirus antigen grown in 1Ieba celie 
virus grown in calf kidney, 

i t  isslip control’]. 



Whether Bovine #10 is identical with a hu- 
man adenovirus or an  antigenic relative re- 
mains to be determined. If it is identical with 
a human virus we may have identified an irn- 
portant reservoir of these agents, for the very 
high incidence of infection in cattle indicates 
the agents are endemic in these aninals. We 
are inclined to believe, however. that Bovine 
d l 0  is antigenically related to a hunian virus. 
in the sense of a cowpox-smallpox relationship. 
since we have not been able to achieve one 
characteristic of h u tiia n ad en o vi r u e s . na rn el 5- 
growth in HeLa cells. There is of course a 
Iraccine potential if this latter relationship is 
the proper one. 

l y e  believe that isolation of an adenovirus 
from cattle gives added weight to the implica- 
tion, based on neutralizing antibodies to polio- 
viruses in calf sera. that cattle may harbor 
polioviruses or their antigenic relatives. \\'e 
may note in passing that 457; of bacterial. 
fungal. and parasitic infectinnc; of animal., are 

shared by man, and if we accept this figure as 
one that will be valid for viruses we must con- 
clude that a large number of human viruses 
or their antigenic relatives will ultimately be 
isolated from animals. 

Szwunnry. A virus has been isolated from 
feces of an apparently normal cow that has 
been identified as an adenovirus related to or 
identical with an as yet unidentified type of 
hu in a n ad e n ovi r us. 
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Effect of Compound 48 '80 on Toxicity of Histamine and of Serotonin 
in Mice.+' (25124) 

K. D. HIGGINBOTHALI~ 

Dppt o f  l i z a f o i i r ) , ,  7'tiizipi,\iiy o f  I t r i l i  ( ' o l l p , q ~  o i  SI~( l i&e,  Sult Lake City  

( Introtluced bv \IT. F. Verwey) 
(\\t'ith technical assistance of Blair Beck) 

Tissue mast cells rapidly respond to vari- 
ous types of injurious stimuli by shedding 
their cytoplasmic contents (i.e., granules) into 
the surrounding ground substance of the con- 
nective tissue. Since these cells contain rela- 
tively large concentrations of both histamine 
and heparin and, in the mouse and rat. also 
serotonin ( 5-hydroxytryptamine) ( 1.2.3 ) , re- 
lease of these biologically-active substances 
undoubtedly influences the nature of subse- 
quent responses of the local tissue to the in- 
jurious stimulus. I)egranulation of mast cells 
can be readily initiated by a synthetic phenyl 

* Research performed during tenure of Lederle 
Medical Faculty -4~vaid (1957-5s) and supported 
by grants from Dept. u1 Army and Hurruughs \Yell 
come & Go., Tuckahoe, N. Y. 

oi Texas MedicA Branch, Galwston. 
t New address: Dept. of Microbiology, Ilni 

alkylarnine substance called compound 48/80 
(4) .  This drug is a potent releaser of hista- 
mine(5). has a protarnine-like effect on he- 
parin(4) and, in mouse and rat, will also re- 
lease serotonin (6,7) .  In  addition, it produces 
a lethal intoxication in the mouse and various 
other laboratory animals (8) .  Although Riley 
( 9 ) ,  and others( 5,10), suggested that phar- 
macologic or injurious effects of compound 
48/80 are mediated by the histamine and/or 
5-hydroxytryptamine released from mast cells, 
it would seem unlikely that such a mechanism 
could account for lethal effects of this drug 
in the mouse. In  the first place, tissue levels 
of histamine arid serotonin in the mouse( 11 ') 
are many times less than those required f 6 P  
lethal effects of these amines in this species 
( 12,13). Secondly, the interaction of com- 
1)tmntl 4X,%O with mast cells should result in 


