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Adenoviruses are among the most numer- 
ous and ubiquitous of animal viruses. Al- 
though they share group antigens, the many 
types can be differentiated on the basis of 
their eliciting specific neutralizing antibody. 
Adenoviruses infecting different animal spe- 
cies have several characteristics in common, 
including size, morphology, chemical compo- 
sition, cytopathology and shared antigens ( 1, 
2 ) .  Despite these common properties, adeno- 
viruses are usually host specific and are not 
known to cross species boundaries to cause 
natural disease (2 ,  3 ) .  This is consistent with 
the fact that adenoviruses usually replicate 
poorly in cell cultures of heterologous species 
( 3 ) .  We found, for example, that the canine 
adenovirus, infectious canine hepatitis virus 
(ICHV), produces an abortive infection in 
human cell cultures, with low yields of infec- 
tious virus (4). Although ICHV cannot repli- 
cate well in human cell cultures, large 
amounts of viral antigens are synthesized (4) .  
Sarma et aE. ( 5 )  reported that ICHV pro- 
duces tumors when injected into new-born 
hamsters, animals which do not support sig- 
nificant replication of ICHV. 

In a previous study (6 ) ,  we showed that a 
substance was present in the sera of many 
human adults which neutralizes ICHV. This 
substance, which has the characteristics of 
antibody, was found in the sera of about 
three-quarters of the adult population which 
we sampled. The present study reaffirms this 
prevalence and provides quantitative data on 
the concentration of ICHV neutralizing anti- 
body in the sera of veterinary workers, who 
presumably experience a high risk of contact- 
ing ICHV carried by dogs brought to them 
for treat men t. 

Methods. The Utrecht stain of ICHV was 
originally obtained from the American Type 
Culture Collection and passaged about 10 
times in Madin-Darby canine kidney (MD 
CIS) cells. Human adenovirus type 8 (Ad- 
8) was obtained from the Research Reference 
Reagents Branch, National Institute of -41- 
lergy and Infectious Diseases (NIAID) , 
NIH, and was passaged two times in primary 
embryonic human kidney cells prior to use. 
Each of these viruses could be neutralized 
with specific reference antisera obtained from 
NIAID. 

For infectivity assay of ICHV we used 
MDCK cells originally obtained from Micro- 
biological Associates, Inc. Human amnion 
cells (strain FL) from Microbiological Asso- 
ciates, Inc. were used for the assay of Ad-8. 
Basal Eagle's medium plus 10% fetal calf 
seruni, glutamine and neomycin (20 g / m l  
final concentration) was used for cell culti- 
vation and to maintain cells after inoculation. 
Cells planted in Petri dishes for viral assays 
were incubated in a 5% COa atmosphere. 
The methods used for infectivity titrations 
have already been described (4, 6, 7 ) .  

Viral antibody was titrated as reported pre- 
viously (6, 8 ) .  In brief, sera were heated at  
56" for 20 min and equal volumes of serial 
dilutions were mixed with ICHV suspensions 
containing l O 4 e o  infectious units per 0.2 ml or 
with suspensions containing 104.3 infectious 
units of Ad-8 per 0.2 ml. The mixtures were 
incubated for one hour a t  26", then inocu- 
lated on appropriate cells in plastic Petri 
plates. After 1 hr, maintenance fluid was add- 
ed to the dishes and they were incubated, 
fixed, stained and examined as described 
above. Positive neutralization in this report 
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TABLE I. Infectious Canine Hepatitis Virus Nen- 
tralizing Antibody in  Sera from Veterinary and 

Nonve terinary Workers. 

Propo,rtion of @era contain- 
ing ICHV neutralizing antibody 

1 :2 1:60 
Serumsource dilution % dilution Yo 

Veterinary 20/26 77 24/52 46 
Nonveterinary 17/23 74 27/78 35 

is defined as suppression of more than 80% 
infectivity ( five-fold decrease in fluorescing 
cell foci). 

Human sera were obtained from veterinari- 
ans and veterinary assistants actively work- 
ing in veterinary clinics or hospitals in the 
northern section of San Antonio, Texas. 
Matching nonveterinary workers’ sera were 
obtained from normal individuals undergoing 
routine serologic tests and from pregnant 
women receiving pre-natal care in Besar 
County, Texas. 

All sera which we found to contain ICHV 
neutralizing antibody were tested at  a 1:2 
dilution to detect Ad-8 neutralizing anti- 
b0dy.l The sera which we found that neutral- 
ized both viruses were deleted from further 
consideration in the study and are not de- 
scribed in this paper. 

Results. The prevalence of ICHV neutral- 
izing antibody in sera from veterinary and 
nonveterinary workers is shown in Table I. 
A high proportion of the adult human popu- 
lation studied had antibody against ICHV, 
and there was no significant difference in the 
prevalence of antilbody at  a 1 : 2  dilution. Only 
a slightly higher percentage of veterinary 
workers’ sera were positive a t  a 1:60 dilu- 

1 Antibody $0 humIan adenovirus \types 1-31 does 
not neutralize ICHV, with Ithe exception of antti- 
Ad-8. There is a onc way cross rexction between 
ICHV anld hulman Ad-8 neutralizing antibody, viz., 
specific Ad-8 antibody neutnalizes ICHV but specific 
ICHV antibody does not neutralize Ad-8 ( 6 ) .  Be- 
cause of this, ICHV neutralizing antibody can be 
distinguislhed frolm Ad-8 antilbody by testing a 
serum for neutralizing activity against Ad-8. Anti- 
body to Ad-8 is nare in the North American popu- 
lation and is usually associated with a history of 
w x t e  keratoconjunativitis (9). 

tion (veterinary workers, 46% ; nonveteri- 
nary workers, 3 5 % ) . 

Analysis of data other than that presented 
in the present paper indicated that there 
might be differences in ICHV antibody preva- 
lence according to age, sex and ethnic classi- 
fication; therefore, the sera were paired to 
within three years of age, according to sex 
and according to whether they had Spanish- 
American or Anglo-American surnames. Each 
of 40 positive sera was titrated to determine 
the concentration of ICHV neutralizing anti- 
body. The result of these titrations is shown 
(Table 11). Veterinary workers’ sera general- 
ly had higher titers than the control sera. 
This is further reflected in the calculated 
geometric mean titers of 1 : 59 for positive 
veterinary workers’ sera and 1 : 16 for positive 
matched control sera. 

McNemar’s test for paired data was used 
to evaluate the two samples a t  2n ICHV neu- 
tralizing antibody titer of 1:60. The value 
obtained in this Chi-square test was greater 
than the value of Chi-square a t  an a-level of 
0.01 for one degree of freedom (Table 111). 
Thus there is a significant difference between 
the veterinary and nonveterinary workers in 
the prevalence of high-titered neutralizing 
antibody to ICHV. 

Discussion. The high prevalence of ICHV 
neutralizing antibody in veterinary workers 
(77%) and controls (74%) is comparable 
to the prevalence of antibody to some of the 
lower human adenovirus types, For example, 
the prevalence of neutralizing antibody to 

TABLE 11. Distribution of Inf ectiovs Canine 
Hepatitis Virus NeutraXzing Antibody in Positive 
Test Sera from Veterinary and Noinveterinary 

Workers 

Prop or ti on of p o siitive 
test sera having titers equal 

to or greater than indicated (YO) 
Neutraliz- 

boldy titers Veterinary sera sera 
ing anti- Nonveterinary 

1 : 2  26/26 (100) 14/14 (lOi0) 
1:20 21/26 ( 81) 8/14 ( 57)  
1:60 21/26 ( 81) 6/14 ( 43) 
1:180 12/26 ( 46) 4/14 ( 29) 
1 : 540 3/26 ( 12) 0/14 ( 0)  
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TABLE 11 I .  Infoetious C:iiiinc IIcpatitis Virus Kcutixliziiig Antibotly in Matcliecl Sera f rom 
Veterinary and Noiiveterinary Workers. 

Nonveterinary 

S eu t.r alizi ng ail ti body 
a t  1 : 60 dilution No. positive No. negative Totals 

Veterinary No. positive 
KO. negative 

4 
2 - 

Totals G 

15 
9 

24 
- 

19 
11 

30 
- 

( 115-21-1)‘ 
McNemar ’s test: x’ = = 9.6 

15 
22.01  = 6.63 < 9.6. 

human adenoviruses in the Washington, D.C. 
population (> 15 years old) was reported as 

72% (Ad-4) and 52% (Ad-5), when sera 
were screened at  1:4 (10).  The high fre- 
quency of human adenovirus antibody occur- 
rence in man might be readily explained by 
the ease with which the virus spreads from 
man-to-man and/or the ability of adenoviruses 
to establish latent infections (2).  

The similarly high frequency of ICHV 
antibody in man can hardly be explained by 
man-to-man transmission because ICHV pro- 
duces an abortive infection in human cells 
(4).  One explanation may be that people fre- 
quently have contact with virus-shedding pet 
dogs over a period of several years. Veteri- 
narians give frequent “booster” inoculations 
of live attenuated ICHV vaccine to dogs, 
which probably result in long periods of 
asymptomatic infection. The probability that 
pet owners and veterinarians will have con- 
tact with live virus shed by these animals is 
enhanced by the fact that ICHV is notably 
resistant to heat, drying and chemical treat- 
ment (1 2 ) .  Often, dogs live in the same quar- 
ters occupied by their owners, which practi- 
cally assures contact with canine viruses that 
are excreted. 

I t  is difficult to postulate that humans 
would come in contact with sufficient quan- 
tities of noninfectious ICHV antigen to elicit 
a significant antibody response, even with 
prolonged and intimate contact with dogs. 
The more likely alternative is that humans 
experience repeated abortive infections with 
ICHV over a period of years. Although this 

62% (Ad-1), 80% (Ad-z), 28% (Ad-3), 

virus may produce an abortive (“dead end”) 
infection in man, infected cells in vitro are 
known to produce significant quantities of 
viral antigens which can be readily detected 
by fluorescence microscopy or complement 
fixation tests (4) .  Noninfectious but antigen- 
ic material produced during abortive infec- 
tions may be capable of eliciting an antibody 
response in individuals receiving a sufficient- 
ly large viral inoculum. Thus, infection may 
serve as 3 one-step in vivo amplification of 
the relatively small antigenic mass originally 
contacted, leading to the production of suf- 
ficient antigen to stimulate an antibody re- 
sponse. Whether such infections would be- 
come latent over a long period of time is 
presently unknown. 

The evidence for repeated human infection 
with ICHV includes the following: (1) dogs 
are repeatedly immunized with, and probably 
shed, live attenuated ICHV in the human en- 
vironment; ( 2 )  veterinarians, who are ex- 
posed to large numbers of dogs, have slightly 
but significantly higher antibody titers than 
matched controls; (3) prevalence of ICHV 
antibody in younger children is low but in- 
creases to a maximum by their mid-teens 
(6)  ; and (4) i t  is difficult to explain the ob- 
served mintenance of significant ICHV anti- 
body titers unless there is repeated antigenic 
stimulation. An alternative explanation for 
the observed maintenance of ICHV antibody 
in most adults is the possibility that initial 
infection leads to viral llatency and a conse- 
quent slow, prolonged release of viral anti- 
gens. 

Many adenoviruses, including ICHV, are 
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oncogenic when experimentally introduced 
into heterologous animal species, although 
they do not appear to be oncogenic for the 
species in which the virus naturally repli- 
cates. A recent report (11) presented nega- 
tive serologic evidence that human, bovine, 
canine or simian adenoviruses are causes of 
human cancer. Results with the canine adeno- 
virus (ICHV) were based upon complement 
fixation tests for specific antibody against 
ICHV tumolr antigen in the sera of cancer 
patients. The authors of the report ( 1  1) sug- 
gested caution in the interpretation of the 
data because of the limitations in the 
methodology employed. Our findings, indicat- 
ing that man is frequently infected with 
ICHV, suggest thalt the possible consequences 
of human infections should be studied further. 

Summary. A high prevalence of neutraliz- 
ing antibody to ICHV was found in the sera 
of veterinary and nonveterinary workers. 
When sera from veterinary and nonveterinary 
workers were paired according to age, sex 
and ethnic classification, veterinary workers 
were found to have significantly higher anti- 
body titers than nonveterinary controls. 
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