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Under natural conditions, avian leukosis
viruses (ALV) produce in chickens a variety
of malignant disorders, manifested as solid
invasive tumors, lymphomatosis, myeloblasto-
sis, etc. As these agents are ubiquitous in
conventional chicken flocks and are trans-
mitted vertically from hen to egg, virtually
all vaccines derived from conventional eggs
are contaminated with ALV (1-4).

Experimentally, some strains of Rous sar-
coma virus (RSV) have produced tumors in
nonavian species (5), including nonhuman
primates (6). Because of this, the question of
the potential oncogenicity of ALV to humans
arises.

There have been isolated reports of serolog-
ic surveys of ALV antibody in man (2, 3).
These previous studies were limited to the
detection of neutralizing antibody to the Bry-
an strain of RSV, a test only sensitive to
subgroup A avian leukosis viruses.

We have, therefore, examined multiple sera
from individuals inoculated with ALV-
contaminated vaccines for the presence of
antibody by employing the broadly reacting
COFAL (7) and the highly sensitive indirect
immunofluorescence  (FAB) tests. The
COFAL test is able to detect antibody to
ALV of any subgroup. In the FAB test,
subgroup A, B, and C antigens were em-
ployed to broaden the antigenic spectrum to
cover the three largest ALV subgroups. Neu-
tralization tests were performed on some
sera. The results of these studies constitute
this report.

Materials and Methods. Vaccines. All

ALV-contaminated vaccines were produced in
chicken embryvs derived from conventional
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flocks and were known to be contaminated
with ALV. The ALV-free yellow fever vaccine
(YFV) was prepared in ALV-free eggs from
seed lots also free from ALV (4).

Sera. Pre- and postimmunization serum
samples were obtained from the following in-
dividuals inoculated with ALV-contaminated
vaccines: 35 volunteers who received for-
malin-inactivated influenza vaccine in sin-
gle or multiple doses; 15 inoculated with for-
malin-inactivated epidemic typhus vaccine; 15
who were given live attenuated measles vac-
cine; 15 who received conventional 17D YFV;
and 15 who were given live smallpox vaccine.
In addition, 200 pairs of pre- and postim-
munization sera were obtained from individ-
uals who received YFV: 25 from each of 4
groups, each receiving different lots of con-
ventional ALV-contaminated vaccine and 25
from each of 4 groups, each receiving 4 dif-
ferent lots of ALV-free YFV in the same
study. These sera were examined for the
presence of group-specific COFAL and sub-
group-specific FAB antibodies. In addition,
sera from 7 laboratory personnel after multiple
vaccinations with killed influenza, epidemic
typhus, Rocky Mountain spotted fever, Q
fever, and Japanese encephalitis vaccines and
with live yellow fever vaccines and 20
“paired” sera from children receiving ALV-
contaminated live measles vaccines were ex-
amined for the presence of ALV neutralizing
antibody.

Antigens. The COFAL positive antigen
consisted of 20X concentrated chicken em-
bryo fibroblasts (CEF) infected with the
RPL 12-L37 strain of avian lymphomatosis
virus, originally provided by W. Okazaki,
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Regional Poultry Laboratory, East Lansing,
Michigan. The fourth passage of virus-
infected cells was suspended in one-twentieth
the original volume of medium, and frozen
and thawed three times in an acetone—dry
ice bath before storage at —60°. Avian leu-
kosis virus-free CEF, prepared similarly,
served as the negative control in the COFAL
test.

Three strains of RSV were employed in the
indirect FAB test: RSV-RAV-1 (subgroup
A), Schmidt-Ruppin (subgroup B) and
Prague (subgroup C) viruses. These viruses
were obtained ihrough the Resources and Lo-
gistics Segment of the Special Virus Cancer
Program of the National Cancer Institute.
Infected cover slips were prepared for each
virus according to previously described meth-
ods (8).

COFAL test. The complement-fixation
(CF) procedure used in our laboratory has
been described (9). Five 509 hemolytic units
of complement and 8 units of antigen were
added to serial 2-fold dilutions, starting with
1:5, of heat-inactivated (56° for 30 min)
sera; the hemolytic system was added after
incubation at 4° for 18 hr; and the mixture
was incubated at 37° for 30 min with shaking
of the plates at 10 and 20 min. Positive
controls were included in each test.

Fluorescent antibody (FAB) test. Virus-
infected and uninoculated control cover slips
of CEF were flooded with a 1:5 dilution of
serum and incubated at room temperature
(22-25°) for 30 min. Subsequent washings,
staining, mounting, and examination of the
cover slips were essentially as previously de-
scribed (8). Selected pairs of sera were ab-
sorbed with acetone-treated calf liver powder
for 1 hr at 37°. The absorbed sera were
tested at 1:5 dilution with, and without,
guinea pig complement after incubation at
37° for 30 min and overnight. Positive con-
trols were included in each test.

Neutralization tests were performed ac-
cording to methods described by Rubin et al.
(10).

Results. Virtually 1009% of the vaccinees
developed a sigrificant antibody response to
their respective immunogen. Two of 15 per-
sons receiving a single dose of influenza vac-
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cine had COFAL titers of 1:10 and 1:5 in
their pre- and postimmunization serum sam-
ples, two receiving typhus vaccine had
COFAL titers of 1:20 and 1:5 in both pre-
and postsera, and two of 20 individuals re-
ceiving multiple doses of influenza vaccine
for the preceding 10 to 20 years had COFAL
titers of 1:20 in both pre- and postsera. All
other sera were negative for COFAL anti-
body, and all sera were negative by the neu-
tralization and the more sensitive FAB tests.

Discussion. We sometimes have difficulty
interpreting COFAL tests because of low an-
tibody titer, reactions between test sera and
negative control antigen, and varying degrees
of anticomplementary activity in some sera.
Since the few COFAL positive titers were the
same in both pre- and postimmunization
sera, the “antibody,” if specific, was certainly
not related to the present immunization. Be-
cause the FAB test is considerably more sen-
sitive and since this was uniformly negative
in all serum samples, it was concluded that
the COFAL reactions were most likely false
positives. It should be noted, however, that
specific CF reactions have not always coin-
cided with positive immunofluorescence.

Although the titer of ALV was not deter-
mined in any of the vaccines used in this
study, we assume that the titer was high, in
the range of 10° to 10%/ml. Other ALV-
contaminated vaccines which we have exam-
ined had ALV titers in this range. In spite of
the presence of ALV in the vaccines, none of
the vaccinees developed ALV antibody. Our
data corroborate the lack of immediate infec-
tivity of ALV to man. However, the incidence
of neoplasia has increased dramatically in
recent years and the possibility of new cancer
inducing and/or promoting agents in the
environment or otherwise must be con-
sidered. It is theoretically possible, therefore,
that the response of humans recently ex-
posed to potential oncogenic viruses might be
modified, and it is certainly plausible that
these viruses may turn out to be more than
innocent passengers. Recently, Roth and
Dougherty (11) reported that there was no
evidence of ALV group-specific antibodies in
101 human sera from leukemic patients. Nev-
ertheless, it would therefore seem prudent to
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maintain careful vigilance of persons exposed
to known oncogenic viruses and to continu-
ally insure that vaccines not contain viruses
having an oncogenic potential.

We have demonstrated in our laboratory
that ALV-contaminated YFV can produce
malignant lymphomatosis in chickens (un-
published observations). Therefore, it ap-
pears that simultaneous exposure to live at-
tenuated yellow fever virus does not mollify
the oncogenic effect of ALV in chickens.

To date no association has been found be-
tween cancer in man and immunization with
vaccines containing the oncogenic ALV. From
a retrospective study of large numbers of
World War 1iI veterans receiving ALV-
contaminated YFV, no increased incidence of
leukemia or other malignancy had been
noted through 1967 (12). Although the latent
period for oncogenic viruses in man is un-
known, it may be argued that this should be
a sufficient latent period for a proposed car-
cinogen to manifest itself.
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