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Studies of the immunologic responses following administration of a live,
enteric-coated adenovirus (ADV) type 21 vaccine showed that nine of ten vaccinees
and none of five controls developed neutralizing antibody. Antibody activity of
serum and secretory immunoglobulins was assayed by using a “C-labeled ADV-21
antigen in a radioimmunodiffusion system. Increases in immunoglobulin M, A and
G (IgM, IgA, IgG) activity were detected in sera from vaccinees but not in those
from controls. IgA copro antibody activity was also shown in vaccinees but not in
controls. Nasal secretions showed no detectable IgA antibody responses by this
method. These studies show marked differences in serum and local IgA antibody
activity in induced enteric ADV infection compared to previously reported re-
sponses after natural infection. The protective role of secretory IgA in adenovirus
infections is obscure. However, absence of nasal IgA responses may indicate that
protection against disease with enteric ADV vaccines depends primarily upon

humoral antibody.

It has been suggested that immunization pro-
cedures, to be effective, should simulate the im-
mune responses induced by natural infection (3).
In the case of viral upper respiratory disease,
natural infection leads to the appearance of
specific antibody both in serum and in the secre-
tions at the local site of infection (4). Unnatural
routes of infection with live viruses have been
used to promote immunity against a number of
diseases such as rubella, rubeola, and mumps. In
the case of adenovirus, a respiratory pathogen,
immunization against disease by using live enteric-
coated virus preparations which promote asymp-
tomatic intestinal infections has proved very
effective (12). The mechanism by which immunity
is induced by enteric adenovirus infections has
not been investigated thoroughly. However, Smith
et al. were unable to detect nasal neutralizing (N)
antibody in volunteers immunized with adeno-
virus type 4 enteric vaccine who did develop
serum N antibody (11). Since this same vaccine
has been shown to be highly protective against
adenovirus type 4-associated disease, it has been
suggested that serum antibody alone affords
protection against adenoviral disease.

The administration of adenovirus type 21 vac-
cine under controlled conditions (6) enabled us to
re-examine the nasal responses to enteric im-

munization, to document the development of
antibodies in the local secretions of the intestinal
tract, and to examine in detail the development
of immunoglobulins in the sera.

MATERIALS AND METHODS

Subjects. Immunologic responses after administra-
tion of adenovirus type 21 vaccine were investigated
in the same 15 adult male volunteers in whom vaccine
safety and efficacy were studied by Dudding et al. (6).
Volunteers lacked detectable adenovirus type 21 N
antibody at serum dilutions of 1:2. Capsules contain-
ing 1054 tissue culture infectious doses (TCIDso) of
type 21 vaccine virus (V-270) were given to ten of the
volunteers, and the remaining five received placebos.
The men were housed in closed wards throughout the
period of study.

Specimens. Samples of serum were obtained initially
and at weekly intervals after immunization. Throat
and nasal washes and stools were collected daily from
4 days before through 28 days after immunization. All
samples were frozen immediately and stored at —70
C before being tested.

Nasal washes were obtained by irrigating the nasal
mucosa with 10 ml of normal saline (1). Samples were
mixed thoroughly with glass beads or sea sand and
centrifuged at 12,000 X g for 20 min. The supernatant
fraction was decanted and dialyzed against 200
volumes of distilled water. Protein concentrations were
determined on the dialyzed samples with a Aminco-
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Bowman spectrophotofluorimeter by fluorescence at
340 nm with an excitation wave length of 280 nm. The
solutions were then lyophilized and reconstituted with
distilled water to contain 250 mg of protein per 100 ml.

Stool samples were suspended in twice their weight
of 0.99, saline and mixed with glass beads. Course
particulate matter was pelleted by centrifugation at
750 X g for 20 min. The supernatant fluid was
centrifuged at 12,000 X g for 0.5 hr. The resulting
clarified solution was dialyzed overnight in 0.9¢
saline. After determination of volume, the specimens
were lyophilized and reconstituted to the appropriate
concentration with distilled water.

Sera were extracted with diethylaminoethyl (DEAE)
Sephadex A-50 to isolate immunoglobulin G (IgG)
by the method described by Altemeier et al. (1), with
the modifications that the extracts were concentrated
with Lyphogel (Gelman Instrument Co.).

Antisera to immunoglobulins. Monospecific antisera
to IgG, and immunoglobulins M and A (IgM and
IgA) were obtained commercially from Hyland
Laboratories (lot numbers anti-IgA 8212MO001A1,
anti-IgG 8201H002A1, anti-IgM 8211MO001A1). The
antisera were shown to be specific by immunoelectro-
phoresis.

Quantitation of immunoglobulins. The immuno-
globulins contained in sera, stools, and nasal washes
were quantified by using a standard and low-level
radial diffusion kits prepared by Hyland Laboratories.

Autoradiographic antigen preparation. “C-labeled
adenovirus type 21 antigen was prepared in monolayer
cultures of human embryonic kidney cells. Blake
bottles containing monolayers were infected with
adenovirus type 21 vaccine strain with a multiplicity
of infection of approximately 10 to 1. After a 90-min
incubation period, a maintenance medium, medium
199 containing 1¢¢ fetal bovine serum with one-tenth
the normal amino acids, was added. To this was
added 0.2 ml of a “C-amino acid mixture containing
0.168 mg of mixed L-amino acids and 0.1 mCi of “C
per ml (New England Nuclear Corp.). The cultures
were then incubated at 37 C. When cytopathology was
noted in 75 to 1009 of the cells, the medium was
decanted, and the cells were harvested into 10 ml of
Hank’s balanced salt solution. The cells were disrupted
sonically and centrifuged, and the supernatant fluid
was treated twice with Genetron. The aqueous layer
was recovered and dialyzed repeatedly against salt
solution until the radioactivity in the dialysate was
reduced to background level. The preparation used for
radioactive binding studies contained 2.8 X 10¢ counts
per min per ml and 107-¢ TCIDs, of adenovirus infec-
tive particles per ml. Dilutions of 1:10 or 1:100 of this
antigen were used. Because all components of the virus
were labeled, the antigen was broadly cross-reactive.

Radioimmune diffusion. Replicate micro-Ouchter-
lony plates were prepared with 19; agarose in 0.01 M
tris (hydroxymethyl)aminomethane-ethylenediaminet-
tetracetic acid buffer at pH 8.0. The peripheral wells
were filled with twofold serial dilutions of the speci-
mens to be tested. A specific antthuman immuno-
globulin was then placed in the center well of each
pattern. Twenty-four hours of incubation at room
temperature was allowed for precipitin lines to
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develop, and the preparations were washed extensively
with normal saline. The central wells were then fired
with a dilution of the radioactive antigen. After a
second 24-hr development period, the plates were
washed extensively, dried, and placed in contact with
Kodak X-ray film for 1 or 2 weeks. The slides were
removed from the film and stained for protein with
amido black, and the X-ray film was developed.

RESULTS

N and CF responses in sera. All nine of the ten
immunized volunteers who excreted vaccine virus
developed N antibodies by day 21 postimmuniza-
tion. Antibody titers varied between 1:2 and
1:64. Individual and geometric mean N antibody
titers at time after immunization are shown in
Fig. 1. Infected vaccinees showed no significant
increase in adenovirus complement-fixing (CF)
antibody following immunization.

Radioimmune diffusion studies on sera. The
chronological development of adenovirus anti-
body activity in the three major serum immuno-
globulins was documented by specific radioim-
mune binding to immunoglobulin precipitin lines
(Fig. 2). Initial sera from both the immunized
and the control volunteers contained low levels of
anti-adenovirus IgM and IgA. Rises in the anti-
adenovirus activity of IgM were detectable by 1
week postimmunization. The IgM geometric
mean titer peaked by the second week and fell
slightly by the fourth week. IgA anti-adenovirus
antibodies rose to a plateau by the third week.
IgG from all subjects showed high initial binding.
IgG, however, in contrast to IgM and IgA,
showed no significant rises in geometric mean
titers by this method; indeed, fourfold rises were
found in only two of the nine immunized volun-
teers. Because of the high concentrations of
group-reactive IgG antibody assayed by the
radioimmunodiffusion method, small increases in
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FIG. 1. Serum neutralizing antibody response after
administration of live enteric-coated adenovirus type
21 vaccine.
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FI1G. 2. Serum radioimmune binding responses in the IgG, IgA, and IgM fractions after administration of live

enteric-coated adenovirus type 21 vaccine.

specific antibody might not be detectable. There-
fore, IgG was extracted from the sera of several
individuals by using DEAE Sephadex A-50. These
extracts were concentrated to approximately the
original amount of IgG and were found by im-
munoelectrophoresis to contain only IgG. Neu-
tralization studies done on the whole sera and the
extracted IgG from two volunteers showed
parallel rises in neutralizing activity (Fig. 3).
Antibody responses of nasal secretions. Nasal
washes were studied for the presence of adeno-
virus antibody. The relative amounts of IgG,
IgM, and IgA were estimated in each con-
centrated specimen by using low-level immuno-
plates and serum standards. Table 1 shows that
the relative amounts of IgA and the radioimmune
diffusion titers on the IgA precipitates in the nasal
washes were approximately the same on day 0 and
day 28. Volunteer no. 10 is an exception, in that
there was approximately twice as much IgA in
the 28-day specimen as was present in the day 0

specimen. This volunteer developed a mild,
afebrile upper respiratory illness apparently un-
related to the vaccination, and the rise in nasal
IgA may be attributable to this. The volunteers
who received placebo had similar relative IgA
levels and radioimmune diffusion titers on early
and late nasal washes.

Quantitative IgG levels obtained on nasal
secretions ranged between less than 4 mg/100 ml
to 15 mg /100 ml. Radioimmunodiffusion titers on
IgG were present at levels of 1:2 to 1:4 but also
showed no rises after immunization. No IgM was
detected in any of the nasal secretions.

No N antibodies to adenovirus type 21 were
detectable in nasal secretions taken on day O or
day 28.

Antibody responses in the intestinal tract. As
viral replication occurred in the lower alimentary
tract, immune responses were looked for in fecal
samples. Radioimmune binding of adenovirus by
the copro IgA was demonstrated as early as the
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second week in four of the immunized volunteers,
and in seven of nine by the fourth week (Table 2).
No other immunoglobulins were found in stools.

Fourfold concentrations of pooled stool
samples from day —4 to 0 and day 25 to 28 were
tested for neutralization activity in one im-
munized individual. Neutralizing activity was
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FiG. 3. Neutralizing antibody responses in two
vaccines in whole serum and DEAE-Sephadex-ex-
tracted IgG.

TABLE 1. Radioimmune binding of adenovirus
antigen by nasal secretory immunoglobulin A

(Ig4)
: Nasal secretions®
Subject : IgAb RID¢
1 Day 0 |Day 28 | Day 0 | Day 28
i
Immunized ADV-21 |
excretors |
1 ‘ 38 31 2 <1
2 L37 18 <1 <1
3 18 22 <1 <1
5 30 29 1 <1
6 P03 45 <1 <1
8 P16 19 4 4
10 | 15 33 2 4
11 34 32 1 1
13 [ 39 42 <1 <1
Controls ‘
4 | ND¢ | ND 1 <1
8 ( 18 | 20 2 2
9 31 22 2 1
12 30 28 1 <1
14 ‘ 33 33 1 1

e Nasal secretions adjusted to 250 mg of protein
per 100 ml.

b Milligrams of IgA per 100 ml of nasal washes;
versus serum standards.

¢ Reciprocal of radioimmune diffusion titer.

4 Not done.
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TABLE 2. Radioimmune binding of adenovirus
antigen by stool secretory immunoglobulin A
(IgA)

Stool IgA
Subject

Day 0 Day 2

Immunized ADV-21 excretors

|
Ftttt+ ot

Controls
4 _

7 —

9 +

12 —

14 — —

I+ 1

demonstrated only in the postimmunization
sample.

Two subjects, one in the control group and one
in the immunized group, were found to have pre-
existing IgA adenovirus antibody in the stool. In
another immunized individual, the antibody
assays were inconclusive due to insufficient IgA.
No adenovirus binding was found in stocls from
any of the four remaining control volunteers.

DISCUSSION

Enteric infection with adenovirus type 21 causes
serum antibody responses similar to those re-
ported after local (selective) intestinal infection
with adenovirus types 4 and 7. All three enteric
vaccines commonly result in low levels of N anti-
body and poor CF antibody responses following
immunization (5, 7). These findings contrast
sharply with immune responses after naturally
occurring upper respiratory tract infections with
these adenoviruses which characteristically result
in high N and CF antibody responses (13).

By using a radioimmune diffusion technique
similar to the technique used in this study, as well
as serum separation methods, Bellanti reported
the immunochronology of 23 patients after
natural upper respiratory infection with adeno-
virus type 4 (3). IgM antibodies developed in all
but 2 of 23 patients tested, and IgA developed in
16 of 17 tested by radioimmunodiffusion. Neither
antibody class was detected in preinfection sera.
1gG was detected in many preinfection sera, reflect-
ing both the broadly cross-reactive properties of
the antigen used and the prior exposure of the
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individuals to adenoviruses. However, marked
1gG responses were documented following natural
infection in these individuals.

Vaccine-induced enteric adenovirus-21 infec-
tion induced levels of IgM and IgA antibodies
similar to those following natural infection.
However, in our studies, many individuals had
detectable IgM and IgA antibodies in preinfection
sera, reflecting again the use of a broadly cross-
reactive adenovirus antigen and the presumption
that many individuals had had recent adenovirus
infections. In contrast to natural infection ac-
companied by large increases in specific IgG anti-
body, increases in the IgG class after enteric im-
munization were not detectable by radioimmune
diffusion. That adenovirus-21-specific IgG anti-
bodies did develop in these individuals was
demonstrated in DEAE-Sephadex-IgG extracts
tested in an adenovirus type 21 neutralization
system.

Nasal secretory adenovirus antibody responses
were not detected in any of the immunized volun-
teers in this study. This supports the observation
of Smith et al. that nasal antibody was not pro-
duced following immunization with adenovirus
type 4 enteric vaccine and contrasts sharply with
Bellanti’s study which showed that naturally
occurring adenovirus infections were uniformly
accompanied by development of nasal secretory
antibody (3, 11). Secretory IgA adenovirus anti-
body did develop in the intestinal tracts of the
majority of immunized individuals in this study.
This substantiates the finding of Ogra et al. that
local stimulation by antigen is necessary for the
production of local antibody (10).

The fact that enteric adenovirus infections
afford protection without inducing detectable
nasal secretory antibody suggests that a different
protective mechanism exists than that which has
been postulated for other upper respiratory virus
infections such as rhinoviruses, respiratory syn-
cytial virus, or para-influenza viruses. In the latter
infections, local respiratory IgA antibody is
required for protection against disease (4).

After natural infection with type 4 adeno-
virus, reinfection rarely occurs. With enteric im-
munization, on the other hand, reinfection of the
respiratory tract may occur with viral shedding
and the development of local nasal antibody.
Clinically, this reinfection may be asymptomatic
or mild (11). Disease associated with reinfection,
as defined by temperature elevation and systemic
signs, rarely occurs. Invasiveness beyond the
mucosa, where serum IgG may be important in
protection, therefore, may be important in the
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pathogenesis of febrile adenovirus disease.
Viremia and viruria are known to occur in in-
dividuals hospitalized with febrile adenovirus
disease (8) but are rare in para-influenza or
rhinovirus infections. This, coupled with the
observations that parenterally administered live
adenovirus experimental vaccines cause febrile
disease (9) further suggests that viremia or extra-
respiratory replication, or both, occur. Thus, it
seems probable that the typical febrile disease
associated with natural adenovirus infection is
prevented by the presence of serum N antibody.
Secretory antibody may be of importance only in
the prevention of local infection.
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