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SYNOPSIS

This paper describes the results of three experiments in which
98 volunteers were inoculated intramuscularly with living avianized
rabies virus of the Flury strain, modified by adaptation to chick
embryo; their reactions were compared with those of 31 other
persons either inoculated with normal-embryo material, or under-
going Pasteur treatment. Immune response was estimated by
determination of the develop,ment of neutralizing antibodies. These
observations show that Flury-virus vaccine can be used without
untoward effects for the immunization of man against rabies, but
give no clear indication as to the best method for the administra-
tion of this vaccine.

In 1948 Koprowski & Cox 4 described the adaptation of four strains
of rabies virus to growth in the chick embryo. One of these, now known
as the Flury strain, had first been carried in brain-to-brain passage in day-
old chicks by Dr. Harald N. Johnson a for 136 transfers. Already modified
to the extent that- extraneural inoculation of dogs and rabbits produced
no disease, the strain became further attenuated with passage in the chick
embryo. This was manifested by decreasing frequency of disease in extra-
neurally inoculated hamsters and guinea-pigs and in intracerebrally inocu-
lated adult mice. Indeed, at the 179th to 181st embryo-passage level,
adult mice were completely refractory to cerebral infection although the
virus effect in undiminished titre could still be demonstrated in suckling
mice (Koprowski, personal communication).

Koprowski & Black in 1950 described the use of the Flury strain for the
effective immunization of dogs by a single injection,2 and in 1952 reported
comparative observations as to the duration of immunity over a two-year
period in dogs immunized with the Flury strain or with a conventional
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phenolized vaccine of horse-brain origin.3 Not only did the Flury vaccine
provoke an effective immunity of significantly longer duration, but its
primary safety appeared greater in that no cases of post-vaccinal reactions
of the demyelinating type were observed.

As is well known, the status of the Pasteur treatment in any of its
currently accepted forms is not satisfactory. Persons who have suffered
severe exposure and experienced the consequent short incubation period of
the disease are not protected, and treatment also is fraught with real hazard,
in the form of demyelinating reactions in the central nervous system which
cause paralysis and even death. Although the frequency of such reactions
is a matter of some dispute, two recent estimates have agreed on a figure
of about one in 600 treatments.5'7 Hence, there is much interest in a vaccine
free from this risk. Since it is widely believed that the reaction results from
sensitization of the vaccinated person to some tissue-specific component
of the nervous tissue contained in the vaccine, one approach has been the
effort to purify the conventional vaccine.8
A still simpler approach would be the use of a viral antigen not primarily

derived from nervous tissue. In view of its suggested superiority over
phenolized fixed virus, as evinced in dogs both in terms of immunizing
capacity and in freedom from neuro-paralytic accidents, the Flury strain
of avianized rabies virus was a natural candidate for trial. This selection
was strengthened by the knowledge that, in single or multiple injections,
it had been given without adverse effect to 35 cancer patients, although the
related serological studies were considered inconclusive (Koprowski,
personal communication).

This paper is an account of observations made in relation to the inocula-
tion of 98 persons with varying total amounts of from 2 g to 20 g of chick-
embryo material infected with high-embryo-passage avianized rabies virus
of the Flury strain. For comparative purposes, an additional 22 persons
were given from 2 g to 8 g of normal-embryo material, and parallel obser-
vations were made on 9 persons receiving courses of the conventional Pasteur
treatment because of possible exposure to actual rabies.

Materials and Methods

Vaccines

The Flury vaccines consisted of homogenized chick-embryo material
infected with virus of from the 179th to 181st level of embryo passage and
lyophilized as a 40% embryo suspension. Material from two different lots
of vaccine was furnished by Lederle Laboratories (through the courtesy of
Dr. H. R. Cox and Dr. H. Koprowski) in the form of ampoules, each
containing a total of 2 g of embryo material. For use each ampoule was
rehydrated with sterile water to a volume of 3.0 ml.
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Normal-embryo material was prepared in a similar manner as a 67%
suspension in saline, but was not lyophilized.

The vaccine employed for the persons actually exposed to rabies was
commercially prepared (Eli Lilly, Inc.) and of the Harris type. It was stated
to contain " living attenuated fixed virus " in rabbit-brain suspension of
unspecified concentration, to which had been added Metaphen in a
1:10,000 concentration. It was packaged in doses of 0.5 ml each.

Volunteers
Except for 8 persons who were male or female adults from the Tulane

Medical School staff, the experimental group was recruited from adult
male prisoners of both white and coloured races at the Mississippi State
Penitentiary, Parchman, Miss., USA. These men volunteered with no
proffered inducement after being informed clearly of the objectives of
the study and the hazards and inconveniences appertaining to their parti-
cipation. Before acceptance in the group, the physical status of each
man was ascertained by the taking of a brief history and pertinent physical
inspection. The final group of 9 comprised adults of both sexes who
appeared at the Pasteur Clinic of Charity Hospital, New Orleans, for
antirabies prophylaxis after dog bites, and who consented to being bled
at the necessary post-inoculation intervals.

Inoculation techniques
The chick-embryo material, either normal or containing the Flury

virus, was given intramuscularly into either the upper arm (deltoid muscle)
or the buttocks. The usual volume inoculated was 3.0 ml, although in
certain small groups 4.5 ml was injected into a single site. Single-dose
syringes and 21-gauge (0.80-mm) needles were employed. The various
inoculation schedules will be described as the results are presented. The
Harris-type vaccine was given in 0.5-ml volumes subcutaneously in a course
of single inocula on each of 14 successive days.

Observation of reactions

This consisted of daily inspection of the site of inoculation, taking
of oral temperatures, and interrogation as to subjective complaints.

Serological procedures
These consisted entirely of tests for neutralizing antibodies made

against a standard strain of fixed rabies virus and employing standard
methods. The virus used was the standard challenge virus rabbit-fixed
strain which was received from Lederle Laboratories in the form of a
20% brain suspension in 5% dextrose of the 12th guinea-pig passage.
One additional passage in guinea-pigs was made to produce an adequate
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pool of similar composition, which was then held in flame-sealed ampoules
in the dry-ice chest until used.

On the basis of preliminary titrations, dilutions of this pool were
chosen to contain the desired median lethal dose (LD50) per mouse ino-
culum. Initial tests were done with approximately 50 LD50. However,
because of somewhat irregular results, the virus dose per mouse inoculum
was soon raised to approximately 100 LD50, as measured in the control
titrations which were made with every run, and subjected to the same
incubation procedures as the serum-virus mixtures. All dilutions were
made in 2% guinea-pig serum in normal saline. For simple screening,
sera were tested in a final dilution of 1:4. In titrations serial twofold or
fourfold dilutions were employed. After thorough mixing, the serum-
virus mixtures were held for one hour in a 370C water-bath and for a
further hour at 40C.

Six mice were inoculated intracerebrally (0.03 ml volume) with each
virus dilution or serum-virus mixture tested. Special effort was made
to use mice of uniform age and weight. The inoculated mice were observed
for a period of 14 days; deaths occurring after the second day were con-
sidered as due to rabies virus unless other obvious illness affected the
group, in which case the entire group was discarded.

Titration end-points, both of virus and of serum neutralization, were
determined by the 50% end-point method.9

Observations
Experiment I

Initial concern centred about the tolerance of man to large inocula
of crude chick-embryo material, and the basic safety of the vaccine. Eight
volunteers working in the Department of Tropical Medicine and Public
Health of Tulane University were recruited and given single intramuscular
inocula of 2 g of embryo infected with the Flury virus, the inocula taking
the form of 3.0 ml of a 67% suspension. Both the arm and buttocks sites
were employed. These individuals were observed closely for a period
of three weeks. Moderate soreness and tenderness developed at the site
of inoculation in each case and persisted for from 48 to 72 hours. Other-
wise no untoward effects were noted. For the purpose of presenting the
serological findings this group of eight volunteers has been incorporated
into group 1 of Experiment 2, which is described below.

Experiment 2

The satisfactory outcome of the experiment just described encouraged
us to proceed immediately with already-formulated plans for a large-scale
trial. Our then current working hypothesis should be mentioned at this
point. On the basis of the convincing evidence for the immunizing potency
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of a single injection of 1 g of Flury-strain embryo material in dogs, and of
consideration of the average differences in body-weight between the canine
and human species, it seemed highly possible that as little as 2 g of embryo
material might be adequately effective in man, and highly unlikely that
more than 4-6 g would be required. To be on the safe side, however, the
experiment was designed to compare the responses to courses of immuniza-
tion involving from one to four inocula and consisting of 2-8 g of embryo
material as the total dose.

Experiment 2 involved a total of 101 persons. Of these, 22 received
normal-embryo material in total amounts ranging from 2 g to 8 g, and
served only to provide a basis for evaluating the reactions provoked by the
Flury virus. These volunteers do not figure in any of the tables. An addi-
tional 9 persons (designated as group 6 in table I) were recruited from
people receiving the conventional Pasteur treatment. The remaining 70
volunteers were divided into 6 groups (groups 1-5 and IA), whose respective
courses of inoculation are indicated in table I. Groups 1 and IA differed
only in that the persons in group 1A stated that, at some previous time,
they had received a course of Pasteur treatment. The various courses of
inoculation, varying from one to four inocula and with intervals of one
or three days, were initiated on the same day. Blood specimens for serum
were collected just prior to inoculation and at the intervals shown in table I.

Once again initial interest centred on reactions to the inocula. Although
the number of persons was considerably greater than in Experiment 1, and
most of them received multiple inocula, the general experience was entirely
similar to that previously described. Universally, the site of inoculation
was tender and sore for from two to three days, but in no case was this of
extreme degree or unduly prolonged. Comparison of the oral-temperature
records and the subjective complaints of the 70 men given Flury virus with
those of the 22 given (unknown to them) only normal-embryo material
failed to reveal any evidence of systemic reaction that could be attributed
to the Flury virus. Minor temperature elevations (to 100°F, or 37.80C)
and such vague complaints as nausea, dizziness, and slight headache were
elicited with equal frequency in both groups. Mention should be made,
however, of one untoward episode. One volunteer in group 5 with no pre-
vious history of egg or chicken allergy developed severe faintness, rapid
breathing, profuse sweating, and lowered blood pressure about 5 minutes
after his second inoculation. He recovered promptly when given adrenalin.

Plans for examination of the sera for neutralizing antibodies called for
a preliminary screening in a final dilution of 1:4 against 50 (at first) or
100 LD50 of virus, to be followed by titration of clearly positive sera. For
reasons to be made evident shortly, titrations were done ultimately on only
relatively few sera other than those from groups IA and 6, and discussion
of the titration results will be deferred until presentation of the results of
Experiment 3.

827



M. P. SCHWAB AND OTHERS

C (CD (0 U') M M

01 t

01

o t

o cI

(0 t L(

(0 t (0

" C)0 CD

CD 0

c0 0)

co 01

CD M

U) C\

0 0

ClJ O d-l 11t4 11t /:M

O O CO CO CO

- C"M0Co Co 1 't

C'. C\ N (0 (0 (0 *

-o

N1 Co) N (0 (0

C C')
0

\

8 l-8 88 8

01CM CoM CMMo

C\

co

co

co

01

co

N

C14

C\j

N

co

co

01

Co

co

CM

Co

01

Co

co

C)i

t Co Co Co Co

01J - C'- 0\1 - C\

~~~ ~~~~~~ ~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(0 (D ColM O LC )

-(0 a) C\) O

CO

828

0)
c

0)

~a

a C

0 C -o

0

C

C.200>

nC
' 0'

0O-
0) %

3C;
.0

E E
E

t 0
E a0
=3a
a Q

0
z

C)CoC)

01cli

CD

(0

C)

z

z

0
z

z

0
0 Q

IL >

to

mu

L.

z

muS

0#.
04

IA

liU

WI-

z a

-aa
IL M

0N

>

0

PU

* D >

o a
M

0 >

0

0
0

0

-o 0
C

.2

0.
O

E

0

0'

0
0

Co

.C 0 0

E co =

Qn 0

0.

0 E
0 0

C)

o a

.0 0 co

_ *0

co 0l c o

E o

* E_

0

rQE

o Eo0

0040 0

CE o
iCos

w&5_ o Q

0 E) o 0 co

00
- 0

40 -0 -- W

oc C2 E

CL 4, ,o .
~ O

Y C.) 0
00 C
>

0.

on- 0

C_

Cnn r- sx 8

E ~0 ' = <,

05; 0 '

*m *~gD o

0 .CH
40 c

C C ._-

Q co

0

'a0
-.

E o 03
E t00

0-

a)

0 z
CD

.E 6

aZ
LL



AVIANIZED RABIES VIRUS IN MAN

The results of the screening tests are summarized in table I in such a
manner as to show when detectable neutralizing antibodies appeared and in
what proportion ofeach group they were ultimately detected. As is suggested
in footnote * to table I, certain liberties were taken in the interpretation of
these results. Survival of one mouse out of 6 was in no case considered of
significance. Survival of 2 or, at times, even 3 out of 6 was considered of
significance only if this survival represented a definite change from the
baseline pre-inoculation serum and was validated by the results obtained
with subsequently-collected sera from the same individual. It may be stated
categorically that very few of the sera from groups 1-5 (lA excepted)
contained enough neutralizing antibody to permit of survival of the entire
group of 6 mice.

Examination of table I suggests that, while Flury virus did stimulate
the development of antibody as early as the 10th day in a number of indi-
viduals, the proportion of persons ultimately responding with a detectable
level of antibody was directly related to the total dose of vaccine employed.
The smallest dose (2 g) was almost completely ineffective except in persons
(group IA) who had some underlying immunity as the result of previous
treatment. With doses of 4 g, 6 g, and 8 g, the proportions responding were
43%, 39%, and 64%, respectively. All told, these results were in sharp
contrast with those obtained with group 6 sera (conventional Pasteur
treatment) in which by the 15th day strong response had been observed
in all 9 individuals.

Experiment 3

As the results of the screening tests of the preceding experiment began
to emerge, it became increasingly evident that in none of the dosage schedules
tried had the Flury-virus vaccine stimulated a neutralizing antibody response
which approached that engendered by a good vaccine of a currently accepted
type. It was felt, furthermore, that a method of stimulating a comparable
response with the avianized virus must be demonstrated before a con-
vincing argument could be made for changing over to the use of vaccine of
this type for routine antirabies prophylaxis. Since the observations made
in Experiment 2 suggested a direct relation between total dose of Flury
vaccine and both the proportion of persons responding and the level of
response, the obvious next step was to work with increasing total doses of
vaccine. At the same time some thought was given to the possible role of
time intervals between inocula, and of the sites of inoculation (arm versus
buttocks).

The resulting experiment was designed as exploratory, on a much
smaller scale than the preceding one. Only 20 volunteers were recruited
and these were divided into 6 groups of three or four men each on the
basis of the total dose of vaccine given and the number and spacing of the
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inocula. The details of the dosage schedules are indicated also in table I
(groups 7-12) except for the aspects relating to site of inoculation. In groups
7 and 9, two of the four men in each group received all the inocula in the
arms and the other two received them in the buttocks. In the remaining
groups arm sites were employed except that, in the case of daily series,
rotation of sites, including the buttocks, was practised. Since the results
obtained in groups 7 and 9 failed to suggest a relation between site of
inoculation and immune response, no further reference will be made to
this point.

As in the previous groups the inoculations made in this experiment were
generally well-tolerated. The local sites of inoculation were usually suffi-
ciently restored within 72-96 hours for succeeding inoculation into the same
site to be possible. However, once again an instance of immediate anaphy-
lactoid reaction was encountered in an individual who had revealed no
allergic sensitivity to the vaccine in a skin test given shortly before inocula-
tion. As in the preceding instance, adrenalin proved effective.

The results of the screening tests of the sera are also summarized in
table 1. All but one of 14 persons given total doses of 12 g of embryo
material, and all of 6 persons given 20 g, responded with detectable levels
of neutralizing antibodies. Furthermore, in 11 persons this response was
evident by the 10th day.

Since, in terms of rapidity of response and proportion of persons
responding, the results following larger doses of Flury-virus vaccine were
comparable to those following conventional vaccine, it became of interest
to investigate the levels of response. In table 1I the 15-, 30-, and 60-day
sera from all three experiments have been distributed according to approxi-
mate neutralizing titre. Because variations in level of response could not be
related to differences in number and spacing of inocula, the results for groups
receiving the same total doses have been combined. It is immediately
apparent from the table that no total dose of Flury-virus vaccine resulted
in levels of neutralizing antibody equivalent on the average to those pro-
voked in group 6 by the Harris-type vaccine. With a total dose of 12 g of
embryo material, 7 out of 14 persons had no measurable antibody titre by
15 days and 4 had still not responded by 30 days. With 20 g the picture is
more encouraging, in that 4 out of 6 men had responded by 15 days, and all
by 30 days. Furthermore, especially in the 60-day sera, there is considerable
overlapping in titre range with group 6. The one partial exception to the
foregoing statement is group IA, in which 2 g of Flury virus provoked
substantial titres of antibody in 4 out of 10 individuals.

Discussion

The foregoing results indicate rather clearly that Flury-virus vaccine
in sufficient quantity is capable of uniformly stimulating the develop-
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ment of antirabies neutralizing antibodies. The total dosage required,
however, is quite large. Even with 20 g of embryo material the average
levels of antibody stimulated are not equal to those observed in a control
group receiving a conventional Harris-type vaccine. At this point one
might raise the question as to what constitutes an adequate response.
Basically, of course, it is one which prevents the development of rabies
in an exposed individual. Since even the conventional types of vaccine
fail in cases of aggravated exposure associated with a short incubation
period, rapidity of response is obviously of importance. On this count,
the Flury vaccine in 20-g dose compares favourably with the Harris vaccine;
by 10 days response was evident in 4 out of 6 persons, as compared with
only 2 out of 9 persons receiving the latter material. The level of response
is another matter and one which may not be of critical importance. In
experimental rabies infections of animals, relatively small amounts of
potent antiserum have been observed to afford significant protection.6
One is also reminded of Bodian's observation, in experimental polio-
myelitis infections, that the smallest detectable levels of passively induced
immunity were adequate to prevent blood-stream invasion of the virus
and central-nervous-system disease.'

The almost complete failure of smaller total doses of Flury-virus vaccine
to provoke serological immunity in man would seem somewhat incom-
patible with the evidence already cited for the effectiveness of the avianized
virus vaccine in dogs.2'3 The latter observations, however, depended
not on the development of neutralizing antibody but on the resistance of
dogs to challenge as the basic index of immunity. Indeed, it is said that
many dogs resisting challenge had at the time no demonstrable neutraliz-
ing antibodies (Koprowski, personal communication).
A second possible explanation derives from the fact that the canine

vaccine stems from low-passage virus (40th to 50th embryo-passage levels)
while the vaccine employed here was derived from 179th to 181st passage
material. Perhaps, in the course of further attenuation the virus was anti-
genically modified or decreased in basic antigenic capacity. To test this
possibility an experiment was conducted in guinea-pigs. Equivalent
amounts, based on estimates of original virus content, of low- and high-
passage Flury-virus embryo material, were administered in divided doses
to two groups of guinea-pigs. It was soon realized that the experiment
was not crucial because the factor of multiplication of virus in the experi-
mental host was not controlled. As between the two vaccines from different
passage-levels, the most striking finding was the difference in pathogenicity.
The high-passage material was well tolerated, whereas the canine vaccine
(low-passage) produced severe paralytic disease in 7 out of 10 guinea-
pigs inoculated. The differences in immune response did not appear to
be significant.
A theoretical advantage of the Flury strain is that it may be employed
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as a live virus vaccine. While other vaccines, including the original pre-
paration of Pasteur, that currently prepared by the Georgia State Depart-
ment of Health, and the Harris-type vaccine employed in the Pasteur Clinic
of Charity Hospital, New Orleans, contain live fixed virus, a great deal
of the virus contained in such vaccines has been inactivated by phenol
or other treatment, which may be presumed to have denatured the viral
antigen to an undetermined degree. In addition to obviating a possible
denaturing effect resulting from the process of inactivation, the use of live
virus leaves open the possibility of increased total antigen by virtue of
actual multiplication in the inoculated host. The evidence just presented,
however, suggests that Flury virus of the passage level employed is capable
of little or no multiplication in man. Had significant multiplication occurred,
the direct relation between immune response and total dose of vaccine
would not have been evident, and a rather small dose should have induced
near-maximal response.

The use of a live-virus vaccine inevitably raises the question of safety.
While inter-species comparisons are not entirely valid, the virus used
in the present study, by virtue of its inability to produce disease in cerebrally-
injected adult mice, must be rated as considerably more attenuated than
the usual strains of " fixed " virus. The use of live " fixed " virus in man
-at least in moderate doses- is apparently a safe procedure. Hence,
the use of high-passage-level Flury virus should, if anything, be even safer.
The present evidence derived from the observation of 98 inoculated persons
is not voluminous but, as far as it goes, bears out the assumption of safety
with respect to the virus itself. However, the actual preparation of crude
embryo material which was employed leaves something to be desired.
The two instances of anaphylactoid reactions (neither apparently due to
true sensitivity) probably resulted from the entrance of particulate embryo
material into the blood-stream. While this may have been caused by faulty
inoculation technique, it would be a contribution on the side of safety
if a less crude vaccine could be prepared.

Purification of the vaccine, if it can be accomplished without inactivat-
ing the virus, would be desirable for still other reasons. Even though only
poorly antigenic, the mass of protein material from chick embryos of
15 days' incubation may act to depress the antibody-forming mechanism
on the one hand and, in addition, may give rise to sensitization. To test
this latter point, the 20 volunteers employed in Experiment 3 were skin-
tested with 0.1 ml of 1:100 normal-embryo suspension, both before, and
about 90 days after, vaccination. While no extreme instances of sensitivity
were found to have developed, minor weals with slight pruritus were mani-
fested by 7 out of the 20 after the 90-day test.

It is evident that much remains to be done before the status of the
Flury virus as an agent for human immunization can be completely evaluated.
First, perhaps, are experiments with still larger total doses of virus. Pre-
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ferably, these should be carried out with a semi-purified product. Secondly,
there is the problem of spacing of inocula. Although the experiments
described here employed a considerable number of dosage schedules, the
numbers of volunteers tested with the more-effective total dosages were
small. While significant variations in response related to inoculation
schedule were not observed, the existence of such a relation has not been
excluded. This work, however, seems to afford the definite promise that
man can be immunized against rabies with the Flury strain of embryo-
adapted virus. What remains is to determine just how it can most effectively
be used.
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RESUME

Un vaccin brut contenant du virus vivant avianise (souche Flury) au 179e-818e pas-
sage sur embryon de poulet, a e inocule par voie intramusculaire A 98 volontaires
humains, A raison de 2-20 g de tissus d'embryon. Deux sujets seulement presenterent
des reactions immediates, de type anaphylactique.

L'evaluation de la reponse a l'inoculation a e fondee sur la quantite d'anticorps
neutralisants provoquee. On a etabli le rapport entre la dose totale administree, d'une
part, la proportion de sujets reagissant et la reponse immunologique moyenne d'autre part.
Le rapport direct entre la dose vaccinale et la reponse immunologique indique que le
virus Flury ne se multiplie pas de facon significative dans l'organisme humain. Mais,
meme avec une dose de 20 g de tissus d'embryon, le niveau moyen des anticorps formes
est inferieur A celui qu'on observe dans un groupe contr6le traite par un vaccin courant,
type Harris. Par contre, le vaccin Flury semble provoquer une reponse plus rapide ce
qui lui donnerait une superiorite en cas de morsure grave et d'incubation de courte duree.

Les auteurs discutent les observations qui montrent la relative inefficacite de faibles
doses de vaccin Flury chez l'homme et I'efficacite nettement superieure de doses identiques
chez le chien. Ils soulignent la necessite de purifier, au moins partiellement le materiel
embryonnaire brut afin d'eviter, soit d'eventuelles reactions anaphylactiques, soit I'action
retardatrice que les proteines de 1'embryon pourraient exercer sur le m6canisme de
formation des anticorps, soit encore la sensibilisation du sujet.

En conclusion, si 1'experience indique que l'homme peut etre immunise contre la
rage par le vaccin Flury, le mode d'utilisation de ce vaccin qui donnerait les meilleurs
resultats reste encore A determiner.
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