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Four strains of an unclassified human virus
were isolated in 1958 by Lennette, Fox, Schmidt,
and Culver and given the name Coe virus (1).
This agent multiplied in tissues of human but not
of simian origin, and could not be adapted to serial
propagation of suckling mice. Subsequently,
Pereira and Pereira demonstrated that the virus
was approximately 25 mu in diameter, ether-re-
sistant, and enterovirus-like in cytopathic effect in
human tissue culture (2). Further serologic test-
ing has shown the Coe virus to be indistinguishable
from the enterovirus Coxsackie A-21 (3). In ad-
dition to the initial isolation from military recruits
by Lennette and associates, Coxsackie A-21 has
been isolated by others from throat specimens of
military personnel with mild respiratory illness
(4-7).

Parsons. Bynoe, Pereira, and Tyrrell (8) con-
ducted a volunteer study using Coxsackie A-2 1
virus and showed that this agent could produce a
mild upper respiratory illness in young adults af-
ter an incubation period of 2 to 4 days. Virus was
detected in pharyngeal specimens over a 6-day
period of observation, but was less often found in
fecal specimens. In two recent reports (5, 6),
Coxsackie A-21 virus was associated with mild
upper respiratory illness in military personnel at
Camp Lejeune, North Carolina. Virus was read-
ily recovered from pharyngeal specimens of ill
recruits, and significant rises in neutralizing and
hemagglutination-inhibiting antibodies were dem-
onstrated.
The evidence that this agent was a cause of hu-

man disease suggested the need for additional
knowledge of its effects in man. Accordingly,
studies were made in normal volunteers in which
virus was administered by the nasopharyngeal
route, or directly into the intestinal tract in sub-

jects with no, intermediate, or high titers of ho-
mologous antibody. The study revealed that naso-
pharyngeal inoculation of subjects without meas-
urable prechallenge antibody was followed by a
systemic illness with fever and myalgia that was
more severe when the inoculum was large. The
presence of intermediate amounts of antibody be-
fore inoculation was associated with a syndrome
of common cold, whereas men with high titers
exhibited no illness. It was also found that the
agent, although designated an enterovirus, was
isolated most frequently from throat swabs. This
finding was confirmed when it was found that di-
rect intestinal inoculation produced only transient
infection and no illness or antibody response.
These findings are described in the following
report.

METHODS

1 %olhteers. The men who participated in these ex-
periments were volunteers from several federal correc-
tional institutions. Selection was based on willingness
to participate, good health, and on the presence of a
suitable level of antibody to Coxsackie A-21 for a par-
ticular experiment.

Clinical studies. Men were confined 3 per room for
3 to 4 days before and 3 weeks after viral inoculation.
Examinations of the volunteers were made twice daily
by two physicians who were unaware of the virus to be
given, or of the antibody status of individual volunteers.
Diagnosis of illness was made in a volunteer only by
mutual agreement of both examiners. Oral tempera-
tures were taken four times a day, and significant fever
was considered to be any temperature greater than
37.50 C (99.50 F). Initial preinoculation leukocyte counts,
sedimentation rate, and hemoglobin determination were
obtained and then repeated on days 1, 2, 3, 5 to 9, and 12
to 15 after inoculation. A urine analysis was performed
before and once after inoculation. Studies of liver func-
tion including bilirubin, alkaline phosphatase, transami-
nase, Bromsulphalein retention, thymol turbidity, and
cephalin flocculation were made before and 3 days after
inoculation. Electrocardiograms and chest roentgeno-
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grams were taken before inoculation and repeated dur-
ing any observed illness.

Bacteriological procedures. Nose and throat swabs
were inoculated on sheep blood agar and into thioglycol-
late broth. Species identification was carried out by
routine methods.

Viral specimens. Methods of specimen collection are
reported in a previous publication (9). Fecal specimens
were collected daily when available for 3 weeks from a
number of men without preinoculation antibody. They
were ground in a glass tissue-grinder to make a 10%o
suspension in normal saline. The suspension was then
centrifuged at 10,000 rpm for 30 minutes, and the super-
natant fluid decanted and stored in a mechanical freezer
at about - 600 C.

Quantification of nasal secretions. Nasal secretions
were collected from each man on paper tissues for a 7 to
10-day period after administration of virus. The weight
of secretions was determined by weighing the used tis-
sues and subtracting from that value the weight of a like
number of unusued tissues of the same type.
Preparation and administration of tiral inoculhon.

The strain of Coxsackie A-21 employed in this study
was recovered in human embryo tissue culture from a
marine recruit at Camp Lej eune, North Carolina, in
October, 1960, and its identity (strain 49882) was con-
firmed by neutralization with specific hyperimmune guinea
pig antiserum. The preparation of the anti-Coxsackie
A-21 guinea pig serum and the details of the neutraliza-
tion test are reported in a previous publication (5).
Safety-testing of a viral pool for use in our volunteers
has been described previously (9). The viral pool used
was the human embryo tissue culture fluid harvested af-
ter inoculation of the original throat specimen.

Inoculation of virus was performed by a physician not
assigned to perform daily examinations of the volun-
teers. Approximately 1 ml of inoculum was sprayed into
the nose and throat with a hand nebulizer delivering a
coarse spray. With the volunteer in the supine position,
an additional 0.5 ml was instilled into each nostril.
The original viral pool was diluted 1: 1,000 to provide
material for inoculation. Simultaneous titration of the
inoculum in human embryo tissue culture indicated that
the amount of virus given to the volunteers in 3 ex-
periments with the lower dose averaged about 3,000
TCID5,
Other volunteers were given a hundredfold greater

concentration of virus by the nasopharyngeal route as
described above, or directly into the lumen of the small
bowel either in freshly prepared no. 0 gelatin capsules,'
containing 0.1 ml of viral suspension enclosed in no. 1
gelatin capsules, or in liquid form by Rehfuss tube. The
capsules were coated by dipping in a 10%o solution of
cellulose acetate hydrogen phthalate in acetone.2 After
drying 10 minutes, they were given to volunteers. Simi-

1 Prepared by Mr. R. Crowley, Pharmacy Department,
Clinical Center, National Institutes of Health, Bethesda,
Md.

2 Distillation Products, Rochester, N. Y.

lar capsules containing BaSO4 were observed by fluoros-
copy to rupture in the small bowel usually 2 to 3 hours
after administration. Assay of capsules prepared in this
way showed good recovery of virus.
As control of enteric administration procedures, 320,-

000 TCIDO of Sabin type 1 oral polio vaccine was ad-
ministered to three men via enteric coated capsule. The
subjects were selected for absence of type 1 polio virus
antibodies at a dilution of 1: 8 as measured in a meta-
bolic inhibition test.3

Virus isolation and identification. Primary isolation
attempts from throat, rectal, and stool specimens were
made by inoculation of 0.4 ml of fluid into individual tubes
of primary human embryo kidney cultures. Cultures
were placed on a rotating drum (12 revolutions per
hour) and observed daily for 9 to 13 days for cytopathic
effect. Incubation temperature was 330 to 340 C. Tubes
inoculated with rectal and fecal specimens were allowed
to incubate 12 to 15 hours, the maintenance fluid was re-
moved, and cultures were washed 3 times to reduce toxic
effects on the cell sheets. Fluids were renewed every
3 days, and positive cultures were harvested when cyto-
pathic changes were complete.

Cytopathic agents were tested for the presence of
hemagglutinins for human type 0 erythrocytes at 4- C
as previously described (10). The hemagglutination-inhi-
bition test was employed for primary identification of
the last throat and rectal or fecal isolate obtained from
each volunteer. All other isolates were considered to be
Coxsackie A-21 if they produced the characteristic cyto-
pathic effect in tissue culture and were demonstrated to
hemagglutinate human type 0 cells at 40 C.

Serology. Neutralization and hemagglutination-inhi-
bition tests were carried out according to the methods
previously described (5, 11).

RESULTS

Response to nasopharyngeal inoculation of the
smaller dose (about 3,000 TCID5O)
The agent was given to 30 men in 3 separate

experiments. Since -patterns of illness, viral
shedding, and serologic response appeared de-
pendent on prechallenge homologous antibody
status, the volunteers were divided into three
groups by this criterion for comparison. In the
no-antibody, intermediate-antibody, and high-
antibody groups, preinoculation neutralizing anti-
body and hemagglutination inhibition titers were,
respectively: < 1: 4 and < 1: 10, 1: 4 to 1: 128
and 1:10 to 1:40, and >1:128 and 21:40.
The different responses of these three groups to

3 Performed by Dr. William Uhlendorf, Division of
Biologics Standards, National Institutes of Health,
Bethesda, Md.
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TABLE I

Relation of immune status to viral excretion and respiratory
illness in volunteers inoculated with Coxsackie A-21 virus

Prechallenge antibody status

None Intermediate High

Neutralizing antibody titers <1:4 1:4 to 1:128 > 1:128
Hemagglutination inhibi- <1: 10 1:10 to 1:40 > 1:40

tion titers

No. of subjects 13 6 11

No. of subjects with positive
cultures for virus

Throat 13 6 5
Rectal 12 3 1

Mean days of viral excretion
Throat 16.5 5.0 5.0
Rectum 4.0 4.0

No. of isolations during
period of viral excretion

Throat specimens, 123/142 26/30 11/18
no. positive/no. tested

Rectal specimens, 29/142 9/30 4/18
no. positive/no. tested

Throat/rectal ratio 4.2 2.9 2.7

Respiratory illness
Total subjects ill 8 4 None
Febrile illness 6 1 None

the nasopharyngeal inoculation of Coxsackie A-21
virus is emphasized in this report.

Patterns of viral excretion were strongly influ-
enced by prechallenge antibody status. As shown
in Table I, virus was recovered from all volun-
teers in the no- and intermediate-antibody groups

( 13 and 6 men), but from only 5 of 11 men (45% )
in the high-antibody group, demonstrating the
limiting effect of high levels of prechallenge anti-
body on viral recovery.

Also shown in Table I are the mean time in
days of viral excretion in the throat and rectal
specimens of all three antibody groups. The
mean time of viral excretion in the throat of the
no-antibody group was 16.5 days, whereas it was
5 days for both the intermediate- and high-anti-
body groups. The mean time of viral excretion
in the rectum in the first two groups was 4 days;
in the high-antibody group, virus was recovered
from rectal specimens in only one volunteer, from
days 3 to 7.

Further illustration of the limiting effect of
homologous antibody on viral excretion was ob-
tained by examining the percentage of volunteers
positive for virus each day after viral inoculation.
This temporal pattern of viral excretion in the
throat and rectum in each of the three antibody

groups is illustrated in Figure 1. Virus was re-
covered from the throat of most subjects who were
devoid of antibody by day 2 after inoculation.
The peak incidence of detectable rectal virus ex-
cretion occurred 2 to 3 days later. It may also
be seen that throat specimens were still positive
in 75% of the no-antibody group 14 days after
virus inoculation, whereas no isolations were re-
corded in the other two groups after day 10. A
similar curtailment in rectal virus shedding was
observed in the intermediate- and high-antibody
groups. The viral isolation rate from throat speci-
mens far exceeded that from rectal specimens in
all groups.

In order to test the efficiency of viral recovery
from the lower gastrointestinal tract, stool speci-
mens were collected from 6 men with no preinocu-
lation antibody. The frequency of viral recovery
from these samples was then compared with viral
isolation from throat and rectal specimens from
these same men. The results of this comparison
are described in Table II, which is divided into
two periods, one from days 2 to 7 after viral in-
oculation and the other from days 8 to 16. In
both periods, the number of throat isolations from
each volunteer usually exceeded the number of
isolations from the feces or rectal swab. No
specimens were positive before day 2. The num-
ber of isolations from feces exceeded the number
from rectal specimens during each period. Virus
was present in feces about as often as it was in
the throat in the later period.

Patterns of neutralizing and hemagglutination-
inhibiting antibody responses. Neutralizing anti-

TABLE II

Viral recovery from throat, rectal, and fecal specimens in 6
volunteers without preinoculation antibody*

Days 2 to 7 Days 8 to 16

Subject Throat Feces Rectum Throat Feces Rectum

1 5/6 2/6 1/6 4/4 4/4 1/4
2 4/6 1/4 0/6 4/4 3/4 2/4
3 4/6 0/1 1/5St 2/4 0/1 0/4
4 5/6 4/5 0/6 2/4 3/7 0/4
5 4/6 0/3 1/6 4/4 1/5 2/4
6 6/6 0/4 0/6 1/4 0/3 1/4

Totals 23/36 7/23 3/35 14/24 11/24 6/24

Percentage 78 30 9 58 46 25

* Ratios represent no. of specimens positive/no. of specimens tested.
Throat and rectal specimens were collected the same day, and stools
whenever available.

t One specimen toxic to tissue cultures.

842



EXPERIMENTAL COXSACKIE A-21 INFECTION IN VOLUNTEERS

12
10 -

8ax

Z - 6 -

2 _
O_)

r. 8k
j,6

THROAT

HIlL _I.

flhL .E.n, 2 E
wL- THROAT
< 6

2 3C6 RECTAL

cZ mD 6W cJ 4-I m
I-- 2ZC0O

THROAT

101Q 102 I

< CD RECTAL

I - 6
0

0 2 4 6 8 10 12 14 16 18 20 22 24

DAYS AFTER INOCULATION

S. Culture nerwive * Culture positive Coxsuckie A-2/

FIG. 1. TEMPORAL PATTERNS OF VIRAL EXCRETION IN THE THROAT AND
RECTUM AFTER INOCULATION OF COXSACKIE A-21 VIRUS IN THREE GROUPS OF
VOLUNTEERS WITH DIFFERENT LEVELS OF PREINOCULATION NEUTRALIZING AND
HEMAGGLUTINATION-INHIBITING ANTIBODY.

body responses after viral challenge are illustrated
in Figure 2. There were 13 men with no de-
tectable antibody before viral challenge. With
one exception, there was no detectable response 1
week after inoculation; by 2 weeks, however, the
mean titer had risen to 1: 16, with a further sig-
nificant rise at 3 weeks to 1: 64. The 6 men in
the intermediate-antibody group displayed a dif-
ferent pattern of antibody response. By 1 week,
the mean titer of the group had changed only
slightly from the prechallenge level of about 1: 32,
but at 2 weeks the mean titer had risen almost to
its maximal value of 1: 1,024, demonstrating a
significant "booster" response. In the high-anti-
body group, there was no change in the mean titer
3 weeks after viral challenge (titers at 1 and 2
weeks did not change).

Figure 3 illustrates similar patterns of response
by the hemagglutination-inhibition test. In the
no-antibody group, significant antibody rise was
observed at 2 weeks, with an additional rise 1
week later. In the intermediate-antibody group,
the maximal rise occurred by 2 weeks, with no
additional rise by 3 weeks, and in fact, a slight
fall in the mean was observed.

Patterns of respiratory illness observed after
viral challenge. Prechallenge antibody status also
appeared to be important in determining the
clinical consequences of infection. Thus, 8 of 13
volunteers in the no-antibody group had clinical
illness, and 6 of the illnesses were marked by the
occurrence of fever (Table I). Four of the 6
men in the intermediate-antibody group were ill,
but only one had fever. Significantly, no clinical

bW'S I I MNS
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FIG. 2. NEUTRALIZING ANTIBODY RESPONSES OF VOLUNTEERS INOCULATED WITH COXSACKIE A-21 VIRUS. Open
circles represent individual serum specimen titers. The solid line connects the geometric mean titers of a group.

illnesses were observed in the high-antibody
group.
The signs and symptoms of respiratory disease

observed in the volunteers varied from a mild ill-
ness resembling a "common cold" to a syndrome
indistinguishable from viral influenza. No evi-
dence of exanthemata or meningitis was noted. A
comparison of the illnesses observed in the no-
antibody group with those in the intermediate-
antibody group is summarized in Table III.
Eight of the 13 men in the no-antibody group and
4 of the 6 men in the intermediate-antibody group

*NO ANTIBODY (13 SUBJECTS) 'INTERMEDIA

were judged to be ill. In the no-antibody group,
the total number of ill days was 18 with a mean
of 2.3 days. A slightly shorter duration of illness
was observed in the men in the intermediate-anti-
body group (mean of 1.7 days ill). A comparison
of the occurrence of symptoms and fever in these
two antibody groups is summarized in the rest
of the table. Fever, malaise, headache, and
myalgia were more common in the no-antibody
group. Rhinorrhea was commonly experienced
by most men in both groups. Sneezing was a fre-
quent symptom in the men in the intermediate-
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FIG. 3. HEMAGGLUTINATION-INHIBITION ANTIBODY RESPONSES OF VOLUNTEERS INOCULATED WITH COXSACKIE A-21
VIRUS. Open circles represent individual serum specimen titers. The solid line connects the geometric mean titer
of a group.
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TABLE III

Comparison of clinical illnesses in volunteers with different
preinoculation antibody titers

Intermediate
No antibody antibody

Total subjects ill 8 of 13 4 of 6
Total days ill 18 7
Means days ill 2.3 1.7

days observed
Symptom, total days ill

Rhinorrhea 15/18 7/7
Sneezing 15/18 5/7
Malaise 15/18 3/7
Myalgia 13/18 2/7
Headache 8/18 2/7
Anorexia 8/18 0/7
Chilly sensation 5/18 0/7
Fever >37.5' C 9/18 1/7

antibody group, but anorexia and a "chilly" sensa-
tion, frequent complaints in those in the no-anti-
body group, were never observed in the intermedi-
ate-antibody group.
These data indicated that the level of prechal-

lenge antibody influenced the pattern of clinical
illness observed after inoculation with this viral
agent. The no-antibody group responded to viral
challenge by developing an influenza-like illness,
whereas the intermediate-antibody group experi-
enced a modified illness undistinguishable from
the common cold.
Nasal secretions. Further contrasts in patterns

of illness in the no- and intermediate-antibody
groups were detected when the daily weights of
nasal secretions were determined (Table IV).
Increase in nasal secretion corresponded closely
to illness when illness coexisted. The intermedi-
ate-antibody group (4 of the 6 men were ill)

TABLE IV

Nasal secretions (in grams) during 8 days after
inoculation with Coxsackie A-21*

No homologous antibody before challenge (10 subjects):
.10, .60t, 1.20t, 2.35, 4.25, 4.55, 5.40, 9.60, 30.95t, 40.60

Intermediate titers of homologous antibody before chal-
lenge (6 subjects):

6.80t, 13.70, 15.85, 20.50t, 51.90, 401.80

High titers of homologous antibody before challenge
(11 subjects, none became ill):

0, 0, 0, 0, .70, .80, 1.10, 1.25, 2.15, 4.15, 9.45

showed a pronounced and significant increase in.
daily nasal secretion over the no-antibody group.
This increase was uniform, and the two men
with no illness had values that were also consider-
ably increased. These findings suggest that nasal
secretion may increase in response to viral infec-
tion in the absence of clinical illness. Average
weight of secretions increased slightly for the 10
men in the no-antibody group (7 were ill) for
whom these data were available, owing largely to
2 men (30.95 and 40.60 g), only one of whom was
ill. The response of these two resembles that
of the intermediate-antibody group, and it is pos-
sible that they had had some previous experience
with Coxsackie A-21 that was not revealed by
hemagglutination-inhibiting or neutralizing anti-
body tests. There was little detectable nasal se-
cretion from the 11 men with high antibody titers
and no illness.
Leukocyte counts. The total leukocyte and neu-

trophil counts in the no-antibody group from 7 ill
men who received the smaller inoculum and from
the 2 ill men who received the larger inoculum
are compared with results from 18 men without ill-
ness derived from the high- and intermediate-
antibody groups (Figure 4). The changes are not
large in any group, but there is a significant rise
and fall in the neutrophil count in the ill group
(p = < 0.05, Wilcoxon two-sample test) and a
significant fall in the total leukocyte count in the
same group (days 1 to 3, p = < 0.05). The 4
men in the intermediate-antibody group who be-
came ill showed no significant changes (not
shown).

Other observations. Nose and throat cultures
revealed no change in the bacterial flora after viral
inoculation in any volunteer. Chest roentgeno-
grams, electrocardiograms, urine analysis, hemo-
globin, hematocrit, sedimentation rate, and tests
of liver function remained normal in all volun-
teers after inoculation.

Response to nasopharyngeal inoctlation of a large
dose (320,000 TCID50)

The results of this experiment are summarized
in Table V. Two of 5 men in the high-antibody
group were not infected, as judged by viral re-
covery, illness, or antibody response. One sub-
ject in the intermediate-antibody group was in-

* Wilcoxon two-sample test (two-sided): 1) no antibody
against intermediate antibody-U = 9, p <.05 and
2) no antibody against high antibody-U = 23, p > .10.

t Did not become ill.
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fected without exhibiting clinical manifestations.
Virus was detected in throat specimens for 4 days,
and there was a further increase in both neutraliz-
ing and hemagglutination-inhibiting antibodies to
Coxsackie A-21 virus. Titers of 1: 512 and

1: 320, respectively, were observed within 7
days after inoculation, indicative of a rapid
"booster" response to infection.
Two men without detectable homologous anti-

bodies experienced moderately severe clinical ill-
nesses. These began rather abruptly about 36

hours after inoculation and were characterized by
fever up to 40.6° C, severe frontal headache,
anorexia, and generalized myalgia that was par-

ticularly marked in the posterior cervical and
back muscles. There were no abnormal neuro-

logic signs. The clinical course of C.V., the more

severely ill of these two subjects, is illustrated
in Figure 5. This man had 3 distinct episodes of
fever between days 2 and 8 after administration of
virus. A fine, macular rash was noted over the
upper anterior thorax, the arms, and face on days

TABLE V

Clinical and labortory findings in 5 volunteers after administration of large dose of
Coxsackie A-21 virus (320,000 TCIDso) via respiratory route

Prechallenge antibody titer Antibody titer (4 weeks)
Virus detected,

Subject HI* Neut.t Illness Fever pharynx HI Neut.

days
C.V. <1:10 <1:4 + + >40 >1:320 >1:128
A.S. <1:10 <1:4 + + >25 1:10 1:8
J.T. 1:20 1:128 0 0 4 >1:320 >1:512
G.W. > 1:320 >1:512 0 0 0 > 1:320 > 1:512
G.S. <1:320 >1:512 0 0 0 >1:320 >1:128

* Hemagglutination inhibition.
t Neutralization of 32 TCID50.
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2 and 3. Although there was no swelling or
edema, he also experienced definite, symptomatic
testicular tenderness during the initial febrile
reaction.
Lumbar punctures were performed on both men

on day 2 after inoculation. Cerebrospinal fluid
pressure, and sugar, protein, and chloride concen-
trations were within normal limits. No cells or
organisms were detected on microscopical exami-
nation. Cultures for bacteria were negative, and
no virus was isolated in human embryo tissue or
monkey kidney cell cultures. Results of a re-
peated cerebrospinal fluid examination of C.V.
on day 5 were within normal limits, and Coxsackie
A-21 virus was not recovered from the fluid.

Attempts to isolate Coxsackie A-21 virus from
blood and urine also were unsuccessful. Three-ml
volumes of whole clotted blood were obtained on
days 2, 3, and 4, ground in a Ten Broeck homoge-
nizer, and inoculated into 6 human embryo tissue
cultures. Morning urine specimens collected daily

Su*d CV 33Wt

for the first week after inoculation were centri-
fuged at 120,000 x g for 90 minutes, and the sedi-
ments assayed in human embryo tissue cultures.
Cultures inoculated with blood or urine specimens
did not develop cytopathic changes during a 14-
day observation period. Despite these failures,
however, virus was recovered from the oro-
pharynx of both men from nearly every specimen
obtained during the entire interval that each was
available for observation. In contrast, virus was
detected in rectal specimens on only one occasion.
Neither volunteer showed any detectable neutraliz-
ing antibodies 12 days after administration of vi-
rus, but such substances were demonstrable at the
end of the third week.

Intestinal administration of virus
All volunteers employed in these studies were

without detectable antibodies to the virus. In
a preliminary experiment, approximately 320
TCID50 was administered in enteric coated cap-

EXPERIMENTAL HUMAN COXSACKIE A21 ILLNESS
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TABLE VI

Responses of volunteers given large dose of Coxsackie A-21 or polio 1 virus by gastrointestinal route

Reciprocal neutralizing
antibody titer to virus

Virus recovered from administered*

Virus administered Subject Rectal swab Feces Day 0 Day 35

day day
Coxsackie A-21, I05-- TCID50 C.G. 0 13, 15 <4 <4

(320,000 TCID50) R.R. 0 0 <4 <4
J.G. 0 0 <4 <4
T.B. 13, 16 6, 7, 10-13 <4 <4
L.C. 0 0 <4 <4
R.F. 0 2 <4 <4
T.L. 0 3, 6-12 <4 <4
S.P. 0 1 <4 <4
R.T. 0 1, 4, 5, 6, 8 <4 <4

Polio 1, 106 TCID50 A.C. 3, 4, 6, 8, 9, 12 Not tested <4 32
M.L. 7, 14 Not tested <4 8
F.S. 0 2 <4 <4

* 32 TCID5o in tests.

sules to 3 volunteers. No symptoms ensued, virus
was not recovered from rectal or oropharyngeal
specimens, and neutralizing antibodies failed to
appear 4 weeks after feeding. In each case, ra-
diologic study revealed integrity of the BaSO,
marker capsule in the stomach, with subsequent
breakdown in the upper small intestine.

Nine men were next fed a larger quantity of
virus (300,000 TCID50), 7 via enteric coated cap-
sules and 2 via Rehfuss tube. No signs or symp-
toms of illness attributable to the virus were ob-
served, and virus was not recovered from pharyn-
geal swabs. The patterns of intestinal excretion
of virus and serologic responses of'these men are
presented in Table VI. Similar data for 3 men
given type 1 oral poliovirus vaccine are also
shown. Coxsackie A-21 virus was recovered
from rectal swabs only once. Stool specimens,
however, yielded a total of 23 isolates from 6 of
the 9 subjects. Volunteers R.R. and J.G., who
were inoculated via Rehfuss tube, failed to ex-
crete detectable virus. In contrast, type 1 polio
virus was detected in rectal specimens from 2 of
3 subjects given the vaccine.
None of the volunteers fed Coxsackie A-21

virus developed neutralizing antibodies to the
agent, whereas 2 of 3 volunteers fed polio virus
developed significant elevations in neutralizing
antibody.

DISCUSSION

These results suggest that clinical response to
Coxsackie A-21 viral infection may be related to

viral dose in addition to homologous antibody
status. Although a small dose of virus produced
mild, influenza-like illnesses in volunteers simi-
lar to those reported in cases of naturally oc-
curring infection (1, 4, 6, 7, 12), a large amount
of the same virus evoked a more severe reaction
marked by a clinical (although not laboratory)
picture of aseptic meningitis, together with a rash
and symptoms suggestive of orchitis. Aseptic
meningitis, or exanthemata, or both have been ob-
served in association with three Coxsackie A vi-
ruses, types 7, 9, and 16 (13-15). A somewhat
similar pattern was produced in suckling mice by
Coxsackie A-21 virus, in that small doses of the
agent resulted in inapparent infection, whereas an
inoculum of 105 to 106 TCID50 regularly evoked
paralysis and even death (16). In each case, this
result could have been due to the presence of a
mixture of particles in the viral pool, with the
more virulent ones being diluted in preparation of
the smaller inoculum. Distinct hemagglutinating
and nonhemagglutinating particles have been de-
tected in another Coxsackie A-21 viral pool pre-
pared in primary human embryonic renal cells
(17). Administration of at least 1,000 TCID50
of each of these variants to suckling mice and to
human volunteers, however, was not associated
with the more severe disease produced by the
large dose of "unpurified" virus (18).
The persistence of virus in the throats of non-

immune subjects for more than 2 weeks appears
to be unique for a "respiratory" virus. Similar
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data have not been recorded for myxoviruses,
respiratory syncytial virus, adenoviruses, or other
enteroviruses or entero-like viruses found associ-
ated with respiratory illness. Because these latter
agents are often undetectable at the end of a brief
respiratory illness and before measurable circu-
lating antibodies are observed, it has been postu-

lated that nonimmunological host defense mecha-
nisms may be crucial to the termination of infec-
tion by such viruses (19). Much has been written
about the potential role of interferons in host de-
fense against viruses, and experimental results
with influenza virus in mice are compatible with
this hypothesis (20). In this study, however, the
excretion of Coxsackie A-21 virus continued for
many days after clinical convalescence, and was

usually terminated at about the time that circu-
lating antibodies were first detected. Thus, if
interferon exerted any effect, it did not appear to

have been complete. It would be of interest to
compare the in vitro sensitivity of Coxsackie A-21
virus to interferon with that of other "respiratory"
viruses.

The illness observed in subjects with no de-
tectable preinoculation antibody often simulated
classical viral influenza, and there were no clinical
features by which Coxsackie A-21 infection could
have been specifically differentiated. The short
(1- to 2-day) incubation period is also character-
istic of other experimental enteroviral infections
[ECHO 28 (21) and "rhinoviruses" (22)] and
is similar to influenza (23). In contrast, incuba-
tion periods for respiratory syncytial virus (9),
parainfluenza viruses (24-26), and adenoviruses
(27, 28) may range from 3 to 7 days.
The absolute increase in neutrophils during the

early phase of Coxsackie A-21 infection is in
sharp contrast to the observations of Henle,
Henle, and Stokes (23), who found a sharp drop
in such cells at the peak of experimentally in-
duced influenza infections. Many other viruses
require similar study, however, before any assess-

ment of the differential value of these findings can

be made.
The prechallenge immunologic status of a vol-

unteer was found to be critical in determining the
biological and clinical sequelae to viral administra-
tion. Men with high antibody titers were quite
resistant to infection, since none developed ill-
ness or significant immune response, and virus

was rarely recovered. Lesser amounts of anti-
body did not prevent infection, but modified its
form, as compared with that in persons without
antibody, in at least three clearly recognizable
respects. Illnesses were milder, less often accom-
panied by fever, and were marked by relatively
increased amounts of nasal secretion. Recovery
of virus from the pharynx was reduced both in
frequency and duration. Finally, immune re-
sponses were quantitatively much greater. Paren-
thetically, the close correlation obtained in both
neutralization and hemagglutination-inhibition
tests suggests the possibility that both may meas-
ure the same antibody.
These data indicate that under certain condi-

tions Coxsackie A-21 virus may produce rein-
fection and clinical illness in humans. Similar
findings have been reported for respiratory syn-
cytial virus (29) and parainfluenza viruses types
1 and 3 (26, 30). In contrast, recent studies
with two other enteroviruses, ECHO 28 (21)
and HGP (31), a "rhinovirus" antigenically
distinct from but similar in properties to ECHO
28 virus, indicated that detectable homologous
antibody was associated with a marked degree of
resistance to experimentally induced infection and
illness. Although it is tempting to draw conclu-
sions concerning the comparative biology of dif-
ferent "respiratory" viruses from such experi-
mental work, many other variables have yet to be
examined critically. It seems possible that a
smaller inoculum than used in these experiments
might have resulted in milder illnesses among
men without antibody, and in no illness or sero-
logic response among the intermediate-antibody
group.
The results of enteric administration of the

virus strongly indicate that the intestine is not
the primary site of multiplication of Coxsackie
A-21 virus in human adults. The sporadic re-
covery of virus from feces, the almost complete
inability to detect the agent in rectal swabs, and
the lack of antibody response are different from
the results obtained using a 1/100 dose of the
same virus given by the respiratory route. In
the latter instance, virus was readily recovered
from the pharynx of each of 13 volunteers with
no homologous antibodies before challenge, and
neutralizing antibody responses were detected in
12 of these men. The data are consistent with
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observations on the relative recovery of the agent
from pharynx and rectum in natural infections
(5), and provide further evidence that Coxsackie
A-21 virus is primarily a "respiratory" pathogen,
probably spread from person to person by
aerosol.
Very few enteroviruses have been etiologically

associated with acute respiratory disease. In this
context, the differential patterns of pharyngeal
and fecal excretion of such agents is of some in-
terest. Although polio viruses, and many other
enteroviruses, have been recovered from the
pharynx, available information indicates that many
of them multiply for longer periods in the intes-
tine. This is not the case for ECHO 28 virus,
however, an agent that has also been associated
with respiratory illness (32-34). Another possible
exception is Coxsackie B-2 virus. This virus
was isolated from the pharynx for at least as long
as from feces of artificially infected chimpanzees
(35), and has also been implicated as the etiologic
agent in an outbreak of summer febrile illness in
which respiratory symptoms were often observed
(36). In this study, virus was recovered more
frequently from throat than rectal specimens. The
experimental examination of sites of multiplica-
tion of enteroviruses may thus provide useful
clues for the study of the natural history of these
viruses.

SUMMARY

Eight of 13 men without measurable antibody to
Coxsackie A-21 virus, 1 to 2 days after naso-
pharyngeal inoculation with approximately 3,000
TCID50 of the agent, developed a 2- to 4-day in-
fluenza-like illness characterized by fever, myal-
gia, malaise, and rhinorrhea. Four of 6 men with
intermediate titers of homologous antibody re-
sponded to similar inoculation by developing a
syndrome of common cold, with profuse rhinor-
rhea and 'few systemic manifestations. Eleven
men with high titers of homologous antibody failed
to become ill when challenged.
Men in the intermediate-antibody group who

developed the common cold syndrome discharged
large amounts of nasal secretion while ill, signifi-
cantly more than the moderately increased secre-
tion in those in the no-antibody group who devel-
oped the influenza-like illness. Men in the high-

antibody group showed no increase in nasal se-
cretion after inoculation.
Men in the no-antibody group experienced a

significant rise and fall in the neutrophil count
during illness and recovery, and also a significant
decrease in total leukocyte count during recovery.
The other two groups had no significant change
in leukocyte counts after inoculation.
A larger dose of virus (320,000 TCID5O) by

the nasopharyngeal route produced a more severe
illness in 2 men in the no-antibody group, an ill-
ness characterized by severe myalgia, headache,
fever, skin rash, and stiff neck, but negative find-
ings in cerebrospinal fluid. One volunteer with
intermediate and 2 with high titers of homologous
antibody did not become ill when challenged with
the larger dose of virus.
A fourfold rise in hemagglutination-inhibiting

and neutralizing antibody occurred in a majority
of volunteers with no measurable, or intermediate
titers of antibody 12 to 15 days after challenge.
The rise was considerably greater in subjects who
had some antibody when challenged.

Virus was isolated frequently, and for as long
as 3 to 6 weeks, from throat swabs of subjects
with no homologous antibody at the time of chal-
lenge. Rectal swabs were less frequently positive,
but for nearly as long a time. Volunteers with
prechallenge antibody had much less viral in-
fection.

Direct inoculation of the intestinal tract of vol-
unteers with no homologous antibody by giving
virus through a Rehfuss tube or in enteric coated
capsules resulted in no illness, no positive throat
cultures, and only transient intestinal infection as
judged by cultures of stool (rectal swabs were
less frequently positive). Furthermore, there
was no homologous antibody detectable 35 days
after inoculation in these subjects.
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