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ACUTERESPIRATORYILLNESS IN VOLUNTEERSFOLLOWING
INTRAMUSCULARADMINISTRATION OF LIVE ADENOVIRUS

By M. R. HILLEMAN, R. E. HODGES,1M. S. WARFIELD, AND S. A. ANDERSON

(From the Department of Respiratory Diseases and the Special Operations Branch, Walter
Reed Army Institute of Research, Washington, D. C.)

(Submitted for publication February 6, 1957; accepted March 8, 1957)

Early investigations of the pathogenicity of the
adenoviruses (RI-APCARD agents) (1-5) for
man revealed (3, 6, 7) that volunteers given tis-
sue culture-grown virus by respiratory, intrader-
mal, or intramuscular routes regularly developed
neutralizing and complement-fixing antibodies
against the agents without significant illness. This
finding led us to attempt to prepare live virus vac-
cine for human immunization employing types 4
and 7 adenovirus grown in tissue cultures of
monkey kidney. When it was found (8, 9), how-
ever, that monkey kidney cultures may contain
"wild" viruses of unknown pathogenicity for man,
the idea of using such untreated monkey kidney
material in volunteers was abandoned and a for-
malin-killed vaccine was prepared instead. The
high degree of effectiveness of the killed vaccine in
preventing acute respiratory illnesses caused by
adenovirus in newly inducted soldiers has been re-
ported elsewhere (10-12).

Continued investigation of the live virus vac-
cine problem was made, employing types 3, 4, and
7 adenovirus produced in tissue cultures of human
embryo intestine which had been propagated
serially in vitro. Contrary to expectation, volun-
teers given the trivalent live virus preparation in-
tramuscularly developed acute febrile respiratory
illness which resembled closely the natural disease
caused by these agents. This report describes the
experimental illness induced in the volunteers and
presents the antibody responses in these indi-
viduals.

MATERIALS ANDMETHODS

Preparation of tArus for human injection
Tissue cultures of human intestinal cells. The virus

injected into the volunteers was propagated in human
embryonic intestinal cells of non-malignant origin. This
cell line was initiated by Dr. Gertrude Henle and her as-
sociates (13) from a plasma clot explant culture of hu-

1 Present address: Department of Medicine, School of
Medicine, University of Iowa, Iowa City, Iowa.

man embryonic small intestine grown in nutrient medium
containing human serum. The cells originally propagated
in tissue culture grew slowly and resembled fibroblasts
and histiocytes. In the fourth passage, epithelial-like cells
appeared which rapidly overgrew the culture and were
predominant thereafter. The origin of the epithelial-like
cells is unknown but these may have been present from
the start, having been obscured by the more numerous
fibroblasts, or they may have been derived by "trans-
formation" from some previously existing cell type.

After 20 passages in Dr. Henle's laboratory, the cul-
ture was sent to Microbiological Associates,2 Bethesda,
Maryland, where it was passed in a medium consisting
of Eagle's basal medium with 10 per cent horse serum.
In each passage the culture fluid was removed, the cell
layer digested with trypsin solution and the cells planted
in fresh horse serum nutrient. Tissue cultures employed
to grow the adenoviruses had been passed 16 to 23 times
in the horse serum nutrient. For virus propagation, these
cultures were washed five times with synthetic mixture
199 to remove the serum nutrient and were maintained
in this solution with 100 units of penicillin and 100 ug.
streptomycin per ml.

Virus. The adenovirus type 3 strain RI-55-33 and
type 4 strain RI-55-32 were recovered in cultures of hu-
man intestine from the throat washings of military pa-
tients with undifferentiated acute respiratory disease
(ARD) (14). Type 7 strain RI-4-202 was recovered in
human amniotic epithelium culture from throat washings
of a patient with ARD and, after one additional passage
in such cells, was propagated in cultures of human in-
testine. These viruses grew abundantly in human in-
testine cultures causing total degeneration in 24 to 48
hours resembling that described (1) for the HeLa strain
of human epidermoid carcinoma cells.

To prepare virus for human injection, 32-oz. prescrip-
tion bottle cultures of human intestine, maintained with
25 ml. of mixture 199 containing antibiotics, were inocu-
lated each with 1 ml. of undiluted seed virus. After 2
days' incubation at 360 C., the whole cultures were homo-
genized for 3 minutes in a Waring blendor and the super-
natant fluid obtained following low speed centrifugation
was further clarified by filtering through a sintered glass
filter of medium porosity. A sample of each filtrate was
saved for individual testing. A pool comprising equal
volumes of the types 3, 4, and 7 viruses was prepared

2 Al tissue cultures and tissue culture media employed
in this investigation were obtained from Microbiological
Associates, Bethesda, Maryland.
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for human use and stored frozen at - 700 C. in sealed glass
ampoules until injected into volunteers 2 months later.

Safety, identity, and sterility tests. Tests for safety
and sterility of the trivalent virus pool were carried out
in suckling and adult mice, guinea pigs, rabbits, monkeys,
and a variety of artificial media as described previously
(10, 11) for the formalin-killed bivalent adenovirus vac-
cine. Additionally, 2 serial passages of the virus in 6-
and 10-day chicken embryos by the yolk sac and allantoic
routes were carried out; the embryos remained normal
and no hemagglutinins for human "O" or chicken red
blood cells were present in the allantoic fluids. Neutrali-
zation tests using monotypic rabbit antisera were carried
out in HeLa and monkey kidney cell tissue cultures as
described earlier (1); these served to identify the virus
in the monovalent filtrates and showed the absence of
other detectable cytopathogenic agents.

Virus laboratory tests
Virus recovery attempts from patients' throat washings

or eye swabs were carried out in duplicate in HeLa and
human intestine tissue cultures by the same general meth-
ods described earlier (1, 10). Passage of the triturated
whole cultures was made at 5- to 7-day intervals and
from 3 to 7 such serial passages of each isolation attempt
were made. Each eye specimen was tested one time in
HeLa and human intestine cell cultures and each throat
washing from 2 to 5 times in HeLa and 2 or 3 times in
human intestine cells.

Serology. The methods for the complement-fixation
(C.F.) and neutralization tests were described previously
(1). Type 4 strain RI-67 virus grown in HeLa cell
tissue culture was employed for C.F. antigen and types
3, 4, and 7 strains RI-J-1l0, RI-67, and RI-4-202 (2),
respectively, propagated in HeLa cultures were used to
measure neutralizing antibody. All serum titers are ex-
pressed as the greatest initial dilution of serum which
caused complete or nearly complete fixation of comple-
ment or of suppression of virus growth (neutralization).

Human volunteers. The human volunteer study de-
scribed here was intended primarily to be an additional
test of safety to detect hepatitis virus which might have
been carried-though only a remote possibility-in the
human intestine cell line used to propagate the adeno-
viruses. Five of the six volunteers were adult male civil-
ian employees of the Walter Reed Army Institute of Re-
search and the other was a commissioned officer assigned
to the Institute. All the volunteers were fully aware of
the possible dangers involved. No epidemic of acute
respiratory illness occurred in the personnel of Walter
Reed Army Institute of Research either immediately
preceding the time of the injection of virus or during the
following 3-week period. Additionally, tests of the pre-
inoculation and 2-week post-injection sera from each vol-
unteer showed no diagnostic increase in hemagglutination-
inhibiting antibody against type A prime (FLW-1-52) or
type B (Lee and IBM) influenza viruses.

Prior to injection, each volunteer was given a chest
X-ray and a detailed hospital admission type of physical

TABLE I

Composition of trivaent adenxorus preparation

Humantissue culture
Virus passage Titers

Intes- Infec-
Type Strain Amnion tine tivity C.F.

3 RI-55-33 0 9 10' 1:16
4 RI-55-32 0 8 10-' 1:4
7 RI-4-202 2 7 10-' 1:8

examination with special attention to inspection of the
eyes, ears, nose and throat. All volunteers were in good
health at the time of inoculation. Daily clinical observa-
tions of the volunteers were made during the first 9 days
and periodically thereafter for 6 to 8 months. Samples
of blood, for serological testing, and throat washings and
conjunctival swabs, for virus recovery attempts, were
taken at the time periods indicated in the clinical charts.
The specimens were stored frozen in sealed containers
at - 200 C. or at - 700 C. until examined.

RESULTS

Trivalent live virus pool
The composition of the types 3, 4, and 7 adeno-

virus pool injected into the volunteers is shown in
Table I. The infectivity titer of each strain was
10-' and the C.F. titers ranged from 1: 4 to 1: 16.
The total nitrogen value for the pool was 0.213
mg. per ml. and the protein nitrogen content was
0.024 mg. per ml.

The six volunteers in the study were each given
1 ml. of the trivalent live virus preparation at ap-
proximately 4:00 P.M. on day 0. Unexpectedly,
in view of previous experience (3, 6, 7), five of the
six volunteers developed an acute upper respira-
tory illness which resembled that described for
ARD (14, 15) with conjunctivitis (16) and for
pharyngoconjunctival fever (17). Basically the
same illness occurred in each case but the degree
of severity differed markedly. Three patients
(cases 1, 2, and 3) had a moderately severe illness
while two (cases 4 and 5) developed a mild form
of disease. Case 6 also developed respiratory
symptoms but these were so mild that they might
not have been recognized had they not been
searched for. Three of the patients, two with se-
vere and one with mild illness, experienced a mod-
erately severe primary toxic reaction shortly fol-
lowing injection of virus. The clinical picture and
the laboratory findings in each of the patients are
described in the summaries which follow.
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FIG. 1. CASE 1, CLINICAL AND IABORATORYFINDINGS

Case summaries

Patient 1, Figure 1. On the third day after inocula-
tion, this 39-year-old man, who was previously well, com-

plained of feeling listless and of soreness of the injection
site. Late the same evening there was an abrupt onset
of constitutional symptoms which consisted of generalized
aching of the back, arms, and legs followed shortly by
chills, sweating, and a temperature rise to 1010 F.

The patient continued to feel ill on the following day
at which time the localized signs and symptoms began.
The patient complained of generalized aching, pain in
the left ear, coryza and a sore throat. On physical exam-

ination, the conjunctivae were found to be injected and
the left tympanum was erythematous and retracted. The
nasal mucosa was inflamed and edematous and there
was a watery discharge. The pharynx was also edematous
and acutely inflamed. The site of injection was swollen,
erythematous, indurated, and painful and the correspond-
ing axillary nodes were markedly enlarged and very
tender. The acute illness continued through the fifth
day when the patient complained of generalized aching,

fatigue, and excessive sweating. The inflammation of
the conjunctivae, ears, and nasal mucosa had increased.
Hyperplastic lymph follicles appeared on the posterior
wall of the intensely inflamed pharynx and an easily re-
movable whitish exudate of "pin-head" size surmounted
the surface of many of these follicles. A few enlarged
sublingual nodes were also present. The site of injection
was elevated, intensely inflamed and swollen, involving
an area of erythema of 8 cm. diameter and the correspond-
ing axillary nodes were now 2 to 3 cm. in size.

Recovery from the acute illness began on day 6 when
the temperature returned to normal. The conjunctivitis,
however, had not diminished and the right eye at this
time revealed intense injection and suffusion of the bul-
bar and palpebral conjunctivae. Lymphatic hyperplasia
produced elevations of the mucosal surface. Inflamma-
tion of the ear, nose, and throat had subsided but pe-

techiae were noted about the base of the uvula. The
pharyngeal follicles were increased in size and exudate
was present on most of these elevations. Sublingual nodes
were prominent. The injection site revealed increased
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inflammation, induration, and tenderness but was not
fluctuant. The axillary nodes were enlarged bilaterally
but those corresponding to the injection site were larger
and more tender. Recovery was uneventful and was
characterized by rapid diminution of the inflammation
with a more gradual reduction of the lymphatic hyper-
trophy. No further illness or significant physical changes
occurred in the patient during the remaining 7 months
of observation.

Chest X-rays made prior to and 7 days post-inocula-
tion were negative. The total and differential white blood
cell counts remained within normal limits throughout the
observation period. Serum bilirubin levels, performed
to detect hepatic dysfunction, were within normal limits
throughout the study period. Cultures of the throat made
on the fourth and sixth days during the acute illness re.
vealed a normal bacterial flora. Adenovirus could not
be recovered from the eye on day 6 or from the throat on

days 4, 5, 6, or 10. There was no detectable neutralizing
antibody against types 3, 4, or 7 virus in the pre-inocu-
lation serum- specme but antibody to all 3 types was
already present on day 7 when the illness was in the
acute inflammatory stage. Maximal titer levels were
reached by the fourteenth day.

Patient 2, Figure 2. Seven hours following injection
of virus, this 39-year-old man who was previously well
experienced an abrupt onset of constitutional symptoms
characterized by shaking chills with fever up to 1030 F.,
sweating, and generalized aching of the back and ex-
tremities. This was accompanied by nausea and one
episode of vomiting. There were no localizing signs and
the intermittent fever and constitutional symptoms sub-
sided by the third day. On day 4 the temperature rose
again to 101.20 F. and ushered in the acute respiratory
illness. The patient complained of a sore throat, nasal
discharge, and mild anorexia. The conjunctivae of both
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eyes were moderately injected but were not granular.
Otitis consisting of marginal inflammation of the tympani
was present. The nasal mucosa was acutely inflamed and
edematous. A clear, watery nasal discharge was noted
which lasted for 2 days and then became mucopurulent.
The pharynx was injected and lymphatic follicles were
present. This inflammation of the mucous tissues disap-
peared by the end of the seventh day. Lymph node en-
largement was only moderate and involved the nodes of
the posterior cervical region and the axilla of the side
on which the injection was made. This lymphatic hyper-
trophy regressed by the seventh day and did not recur.
The local reaction at the injection site, which began on
day 2 as erythema and tenderness, became more intense
by day 5 when it was 7 cm. in diameter, but returned to
normal by the seventh day. No further significant
changes occurred in the patient during the 6 months
which followed.

The total and differential white blood counts and the
sedimentation rate were normal throughout the observa-
tion period. Serum bilirubin levels remained within
normal limits. Chest X-rays made prior to and on day
7 post-inoculation were negative. Cultures of the throat
made on the fourth and sixth days showed a normal bac-
terial flora. Adenovirus could not be recovered from
the throat washings of the patient collected on days 1, 4,

5, or 6. Neutralizing antibody to type 7 virus only was
present in the pre-inoculation specimen. There was anti-
body increase to all 3 types and the maximum titer was
reached by the fourteenth day.

Patient 3. This 31-year-old volunteer developed a pri-
mary toxic reaction with fever to 102.6° F. similar to that
described for patient 2. A moderately severe respiratory
illness developed on the third day post-inoculation charac-
terized by fever to 100° F., malaise, bilateral granular
conjunctivitis, otitis, rhinitis, pharyngitis with oral lym-
phatic hypertrophy but without exudate, tonsillitis, non-
productive cough and cervical and axillary (injection
side) lymphadenopathy. Two small cystic structures
which persisted for 2 weeks were present in the palpebral
conjunctivae. The acute inflammatory stage of the illness
subsided by the seventh day post-injection but the lym-
phadenopathy persisted for 2 weeks longer. There was
no further clinical change during the 172-day observation
period. The chest X-rays remained negative throughout
and there was no significant change in the white blood
cell count, sedimentation rate or level of serum bilirubin.
Throat cultures revealed a normal flora and attempts to
recover adenovirus from the eyes and throat on days 4, 5,
and 6 post-inoculation were negative. The patient had
neutralizing antibody against type 7 virus only in his pre-
inoculation specimen. Marked antibody increase against
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all 3 types occurred and this reached the maximum level
by the time the acute inflammatory stage of the illness
had subsided.

Patient 4. This 28-year-old man developed a severe
primary toxic reaction to the virus inoculum which be-
gan 5 hours post-injection and resembled that described
for patient 2. An episode of mild acute respiratory illness
which followed on day 4 was characterized by a granu-
lar conjunctivitis, rhinitis, and pharyngitis with lym-
phatic hyperplasia in the pharynx. Constitutional symp-
toms were absent. The patient did not feel feverish and
his temperature was not taken. The injection site was
moderately inflamed. Mild cervical and axillary (in-
jection side) lymphadenopathy were present on day 5
and lasted about 3 weeks. There was no further sig-
nificant change during the remainder of the 182-day ob-
servation period. The chest X-rays were negative
throughout and there was no significant alteration in
either the total and differential white blood cell counts
or in the serum bilirubin level. Throat cultures taken on
days 4 and 6 revealed a normal flora and attempts to re-
cover adenovirus from the conjunctivae on day 6 and
from the throat on days 4, 5, 6, and 10 were not success-
ful. The patient had neutralizing antibody against types
3 and 7 prior to injection but not against type 4. There
was a marked increase in neutralizing antibody against
all 3 types during convalescence.

Patient 5. This 36-year-old man who was in good
health by history and physical examination, showed a
sedimentation rate (Wintrobe method) of 27 mm. per
hour and a peripheral blood eosinophilia of 40 per cent.
The volunteer was given adenovirus in spite of these ab-
normalities and these did not appear to influence the
progress of the illness induced by viral inoculation. The
patient developed a mild acute respiratory illness with
constitutional symptoms on the third day post-inocula-
tion. This lasted for 5 days and was characterized by
fever to 99.80 F., a complaint of chilliness and malaise,
rhinitis, mild pharyngitis with tonsillar hypertrophy,
cervical and axillary (injection side) lymphadenitis and
inflammation of the injection site. The routine physical
examinations during the remaining of the 171-day ob-
servation revealed no further abnormalities. X-rays of
the chest were negative throughout. The serum bilirubin
levels were not elevated and the eosinophilia, originally
present, persisted throughout the period of observation.
Throat cultures made on the fourth and sixth days post-
inoculation revealed a normal flora and virus recovery
attempts from the eye on day 6 and the throat on days
4, 5, and 6 were negative. Neutralizing antibody against
type 3 virus only was present in the initial serum speci-
men and there was an increase to types 3 and 7 virus but
not type 4.

Patient 6, Figure 3. This 36-year-old man was found
to be in excellent health by history and by physical and
laboratory examinations. He had received three l-ml. in-
jections of the killed monkey kidney adenovirus vaccine
3 months previously. On the first day following adminis-
tration of the live adenovirus he developed a mild sore
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throat which he attributed to a "cold." Slight erythema
of the posterior pharynx was noted on examination and
this persisted for 7 days without accompanying fever or
malaise. On the fourth day post-inoculation, the patient
developed a mild rhinitis with erythema, congestion of the
nasal mucosa, and a clear mucoid discharge. There was a
moderate amount of inflammation at the injection site,
and slight cervical and moderate axillary (injection side)
lymphadenitis. This non-febrile illness was so mild that
it would likely have gone unnoticed had it not been antici-
pated and its relationship to the injection of live virus.
could not be assessed. There were no physical abnor-
malities of significance during the remainder of the 166-
day period of observation.

Chest X-rays made prior to and on the seventh day
post-inoculation were negative. The total and differential
white blood counts remained normal and the serum bili-
rubin levels were not elevated. Throat cultures on days
4 and 6 revealed no abnormal flora. Virus recovery at-
tempts from throat washings collected on days 4, 5, 6,
and 13 yielded no virus. Neutralizing antibody to all
three types was present in the pre-inoculation specimen
and there was no alteration in these titers.

Serological response in volunteers
The mean serological response in the five volun-

teers (patients 1 to 5) who had not received
adenovirus vaccine prior to injection of live virus
is presented in Figure 4. Among the five individu-
als, only two had detectable neutralizing antibody
against type 3 virus in the pre-inoculation specimen,
three had antibody against type 7, and none had
antibody against type 4. The mean titer against
types 3 and 7, which was about 1: 1 in the pre-
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injection specimen, increased to 1: 34 seven days
later and reached a maximum of 1: 74 by the
fourteenth day. The titers were diminished only
slightly during the 6 to 8 months which followed.
The type 4 antibody rose from zero level to a maxi-
mumof 1: 17 by day fourteen and the titer was re-
duced to 1: 3 by the end of 6 to 8 months. The
C.F. antibody, which is directed against a "soluble"
antigenic component (18, 19) and appears not to
be concerned directly with immunity to infection
with these agents, rose from a mean level of 1: 1
to the maximum 1: 16 and diminished to 1: 4 by
the end of 6 to 8 months.

- DISCUSSION

Previous workers have reported the develop-
ment of acute respiratory illness in human volun-
teers inoculated nasally with the filtered throat
washings from a patient with ARD (4, 20, 21)
and in human beings inoculated by the conjuncti-
val or nasal route with adenoviruses propagated in
tissue culture (22, 23). The present experiments
represent the first successful reproduction of acute
respiratory disease in persons given adenovirus
by a parenteral route and strongly support the
etiological significance of these agents in respira-
tory illnesses of man. Earlier experiments (3, 6,
7), in which adenoviruses were given parenterally
by the intramuscular, intracutaneous, and intra-
tumor routes, and more recently (24), intrave-
nously, presented evidence of viral infection but
without significant illness. The reason for the
present experience, in contrast to the earlier, has
not been determined but differences in the viral
inocula employed may be of significance. The
adenoviruses employed heretofore were grown in
tissue cultures of human epidermoid carcinoma or
monkey kidney, while the present virus was propa-
gated in human intestine cell cultures. Further,
the infectivity titer of the present inoculum was 10
times as great as that employed before (7) and
three types of virus were injected simultaneously
instead of a single type.

The clinical course which followed injection of
the trivalent virus pool was in three phases. The
initial phase, which lasted 2 or 3 days, was the
incubation period. During this period, three of
the volunteers experienced a febrile toxic reaction
with constitutional symptoms. This is believed

to have been due to toxicity of the viral inoculum
and to be unassociated with infection. The sec-
ond phase, which began 3 or 4 days post-inocula-
tion and lasted for 4 or 5 days, represented the
stage of acute respiratory illness. The third phase
was the period of convalescence. The acute re-
spiratory illness induced by adenovirus resembled
closely that described by Dascomb and Hilleman
(16) for laboratory-proved cases of the natural
disease, and also the previous clinical descriptions
of febrile catarrh (25) and of ARD (14, 15)
with conjunctival inflammation such as occurs in
pharyngo-conjunctival fever (7). Thus, there
were fever, constitutional symptoms, and inflam-
mation of the mucosae of the eyes, ears, nose and
throat accompanied by characteristic lymphoid hy-
perplasia in the pharynx and conjunctivae. Exu-
date, such as commonly occurs in natural adeno-
virus disease (16), was also present on the hy-
perplastic lymphatic tissue in the throat of case 1.
Cervical lymphadenopathy was a common feature
of both the natural and experimental disease.
None of the volunteers, however, presented signs
or symptoms indicative of spread of the inflam-
matory process to the larynx, trachea or the lower
respiratory tract such as occurs in naturally-ac-
quired adenovirus infections. The 2 or 3-day in-
cubation period of the disease was consistent with
the 2 to 7-day period reported by other workers
who employed different kinds of adenovirus prepa-
rations given by different routes (20-23).

The failure to recover adenovirus from the eyes
and throats of the volunteers was not referable to
the isolation techniques employed since adeno-
viruses were concurrently recovered, in the same
laboratory, from 44 of 55 serologically proved
cases of naturally occurring adenovirus disease
(12). Instead, the negative recovery attempts
clearly excluded the presence of detectable virus
in the conjunctival and nasopharyngeal secretions
of the volunteers during their illness. This ab-
sence of virus from the secretions might be re-
lated to the intramuscular route of infection in
contrast to the natural route which is presumed to
be via the respiratory tract and possibly the con-
junctivae. Of greater probable significance was
the rapid increase in amount of neutralizing anti-
body in the volunteers against all three virus types
which had achieved the maximal or near maximal
level by the fourth or fifth day after onset of illness.
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Such a circumstance seems incompatible with the
excretion of significant amounts of viable virus
and might account also for the relatively mild form
of the illness in the volunteers. This rapid anti-
body increase is in striking contrast to the natural
infection in which the homologous neutralizing
antibody is absent or of very low level during the
acute illness and does not usually attain the maxi-
mumtiter until 3 weeks after onset of the disease.
Indeed, this pattern resembles the rapid antibody
response which follows use of killed monkey kidney
adenovirus vaccine (10, 11), in which there is
marked increase after 1 week reaching maximum
level by 2 weeks post-inoculation, and strongly sug-
gests that the trivalent material given the volun-
teers acted as a live virus challenge dose combined
with a sufficient amount of viable or non-viable
virus to permit immediate stimulation of the anti-
body mechanism.

Live adenovirus vaccine presents the same po-
tential and theoretical advantages as may be ex-
pected for living vaccines against other diseases
such as poliomyelitis, influenza, rabies, yellow fe-
ver, typhus and others. Thus, the immunity in-
duced by live virus might be broader immuno-
logically and less type or strain specific, may be
longer lasting, and a much smaller quantity of
virus may be needed to achieve the desired effect.
The last mentioned factor may be of great im-
portance for the adenovirus vaccine since, accord-
ing to present estimates, the killed monkey-kidney
vaccine may prove expensive to produce and as-
say. Likewise, employment of living vaccine may
be of advantage in young children in whom prior
experience with these agents may be lacking and
the recall phenomenon consequently non-operative.

The 1 ml. of undiluted viral inoculum given the
volunteers, which represents a large dose of adeno-
virus, was employed for the purpose of providing
an adequate test dose for detection of possible in-
fectious hepatitis A or B virus. It is believed that
appropriate reduction in amount of virus given
might, as found in previous experiments (3, 6, 7),
have stimulated antibody formation without caus-
ing significant clinical illness. The high degree
of effectiveness of the killed monkey kidney vac-
cine (10-12) and the theoretical objections to the
use in man of virus grown in serially propagated
cells of human origin have led us to delay further
tests of the human intestine preparation in man.

SUMMARY

1. Human volunteers injected intramuscularly
with a pool of types 3, 4, and 7 adenovirus propa-
gated in tissue cultures of human embryo intestine
developed acute respiratory illness which began 2
or 3 days post-inoculation and lasted for 4 or 5
days. The illness was characterized by fever and
inflammation of the mucous membranes of the
eyes, ears, nose and throat with hyperplasia of
the submucosal lymphatic tissue of the conjunc-
tivae and pharynx and hypertrophy of the cervical
lymph nodes. The disease resembled the naturally
occurring illness "ARD" or "febrile catarrh" with
conjunctivitis as described for "pharyngoconjunc-
tival fever." Three volunteers experienced a fe-
brile toxic reaction which followed several hours
after inoculation of virus.

2. All volunteers, except one who had previ-
ously received killed virus vaccine, showed a
marked increase in neutralizing antibody against
all three types of virus and in complement fixing
antibody. The antibody titers were diminished,
on the average, 3 to 6-fold by the end of the 6 to 8-
month observation period.

3. The significance of the findings in relation
to the reproduction of the disease following pa-
renteral inoculation of virus and the use of live vi-
rus vaccine against adenovirus infections are
discussed.
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