
Bull. Org. mond. Sante 1967, 37, 547-551
Bull. Wid Hith Org.

Rapidity and Magnitude of Antibody Response to
Duck-Embryo Rabies Vaccine Administered as a

Pre-exposure Regimen*
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Rabies virus appears in the central nervous system within hours after it is introduced
peripherally. It has been suggested that rapidity of appearance is an important factor in
providing immunity against rabies. Since pre-exposure vaccination of man against this
disease is performed in high-risk occupational groups, it is important to know the time-
interval between administration of vaccine and appearance of antibody. This report shows
that persons who received a booster inoculation ofduck-embryo rabies vaccine 6 months after
a pre-exposure course of3 sensitizing intradermal doses of the same vaccine responded rapidly
with the production of demonstrable antibody. That response was not assured if the person
had failed to develop demonstrable antibody after the primary series. Antibody response
to the booster occurred 3-8 days earlier than the appearance of antibody in persons who,
in ecrli r studies, had received an intensive primary course of 14-21 subecutaneous doses of
vaccine.

The authors suggest that all persons who ht¢ve received a prir.ary course of rabies
immunization should be tested for rabies antibody to determine whether the antibody-
forming mechanism has been properly conditioned to respond to a booster injection in the
event of subsequtent exposure to rabies virus.

Infection studies in animals have shown that rabies
virus is demonstrable in the spinal cord or brain
within 48 to 72 hours after exposure (Habel, 1941).
Studies by Habel (1954) and Veeraraghavan &
Subrahmanyan (1960) indicated that when hetero-
logous antirabies serum was administered more than
72 hours following severe exposure there was little
or no evidence of protective effect. It has been
postulated that rabies virus is most accessible to
antibody (particularly a heterologous antibody)
while it remains localized at the site of the wound;
therefore, treatment shou'ld be most effective if
antibody (passive or active) is available within
48 hours after exposure.
A major deficiency in the present post-exposure

rabies vaccination procedure is that usually it takes
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10-14 days to elicit a demonstrable antibody response
following the initial injection of vaccine (Schwab
et al., 1954; Peck et al., 1955, 1956; Atanasiu et al.,
1956, 1957; Greenberg & Childress, 1960). By the
14th day following exposure, the infectious virus
will have had time to gain access to large numbers
of nerve cells, theoretically making it difficult for
the antibody to exert a protective effect.
The success encountered by Baltazard & Bahman-

yar (1955) in the post-exposure treatment of severe
bite cases in Iran was coincident with the adminis-
tration of large amounts of antirabies serum early
in the incubation period of the disease. The group
which received a course of antirabies vaccine alone
experienced a 52% higher mortality rate than the
group given both vaccine and serum.
Numerous investigators (Anderson et al., 1960;

Dieterich et al., 1961; Schnurrenberger et al., 1961,
1965; Sikes & Tierkel, 1966) have recommended the
administration of duck-embryo rabies vaccine as a
prophylactic measure to persons in high-risk
occupations. A pre-exposure primary regimen of
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rabies vaccine is justifiable if the antibody-forming
mechanism can be conditioned to respond rapidly
and maximally to a booster injection of vaccine
administered at the time of an actual exposure.

This report is concerned with the kinetics of the
rabies antibody response in man following 3 injec-
tions of vaccine at 5-day intervals and following
a single injection administered 171 days later.

MATERIALS AND METHODS

Eighteen employees of the Columbus City Health
Department and the Ohio Department of Health
who had not previously received rabies vaccine
volunteered to participate in this study. The study
began in February 1959.
Each participant received 3 intradermal inocula-

tions of duck-embryo rabies vaccine.' This lot of
vaccine had passed the minimum standard of po-
tency as established by the National Institutes of
Health. The vaccine inoculations consisted of 0.2 ml
each and were administered at 5-day intervals on
the medial aspect of the forearm. Alternate fore-
arms were used for the inoculations. Blood samples
were collected on the day of the initial injection and
3, 7, 14, 21, 28 and 67 days later. A fourth 0.2-ml
inoculation was administered intradermally to each
participant on the 171st day following the initial
injection. Blood samples were collected at the time
of the fourth injection and on days 1, 2, 3, 4, 7, 14,
and 214 later.
The sera were separated by centrifugation, placed

in sterile vials, and held in a storage cabinet at
-20°C. The 15 serum samples collected from each
participant were tested simultaneously for rabies
neutralizing antibody. The sera were inactivated at
56°C for 30 minutes, then serial twofold dilutions of
each serum were mixed with an equal volume of a
suspension of CVS-25 fixed rabies virus and the
serum-virus mixtures were incubated at 37°C for
90 minutes. The virus suspension was calculated to
contain a challenge dose of 300 mouse LD,0 per
0.03 ml. Five 10-g-14-g Balb/c mice were each inocul-
ated intracerebrally with 0.03 ml of the serum-virus
mixture; the mice were examined daily over a
period of 14 days for symptoms of rabies. The anti-
body titre of the test serum was expressed as the
reciprocal of the final serum dilution protecting
50% of the mice, calculated by the method of Reed
& Muench (1938).

1 Furnished by courtesy of Dr F. B. Peck Jr, Clinical
Research Division of Eli Lilly and Company, Indianapolis,
Indiana, USA.

RESULTS

Eleven of the 18 members of the group studied
showed evidence of antibody response to the
3-dose series of duck-embryo rabies vaccine (see
Table 1). Rabies antibody was demonstrable in the
serum of 1 member of the group by the 14th day
after the initial injection of vaccine, in 6 members of
the group by the 21st day after the initial injection,
and in all of the 11 responders by the 28th day after
the initial injection. Only 2 members of the group
responded to the vaccine series with a rabies antibody
titre greater than 1: 2.

Residual rabies antibody was still demonstrable
in the serum of 8 of the participants 67 days follow-
ing the initial injection. Only one of these individuals
had residual serum antibodies on the 171st day after
the initial injection. This was the person who had
responded with the highest rabies antibody titre
(1:5.0 on day 28).

Rabies antibody was present in the serum of
4 individuals on the day following the fourth
inoculation and in 6 individuals on the fourth day.
A total of 14 members of the group had demon-
strable rabies antibody in their sera within 7 days
following this injection and 9 of the 14 had a titre
of 1:4 or greater by that time. This fourth injection
elicited a secondary rabies antibody response in
15 of the 18 members of the group by 14 days. The
rabies antibody reached a titre of 1: 4 or greater in
11 of the 15 individuals who responded to the fourth
injection. Three individuals failed to show evidence
of a neutralizing antibody response throughout the
study.

Residual antibody was still detectable 7 months
after the fourth injection in 8 of the 15 individuals
whose sera were tested at that time. Six of these
8 individuals had shown evidence of antibody res-
ponse to the first 3 injections.
The maximum geometric mean rabies antibody

titre for the group was reached on the seventh day
following the fourth injection.

DISCUSSION

Rabies antibody recall was stimulated in 14 (78 %o)
of the 18 members of the group within 7 days follow-.
ing a single injection of duck-embryo vaccine given
6 months after a series of 3 sensitizing doses. The
delayed fourth injection serves a booster function
and must be considered an integral part of the basic
immunization procedure. Work performed sub-
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TABLE I
RECIPROCAL NEUTRALIZING ANTIBODY TITRESa IN THE SERUM OF 18 PERSONS FOLLOWING

INTRADERMAL ADMINISTRATION OF DUCK-EMBRYO RABIES VACCINE AS PRE-EXPOSURE REGIMEN

Days after 1st inoculation Days after 4th inoculation
Subject 013 7 14 21 1 28 67 [171 b 1 2 [3 [4 7 14 214

N 0 0 NDc 1.0 1.7 1.0 1.0 0 NDc 0 NDc 5.0 35.5 NDc NDc

B 0 0 0 0 1.0 5.0 2.4 1.0 2.4 1.0 1.3 1.0 37.6 26.0 1.3

A 0 0 0 0 2.0 1.7 1.0 0 1.3 0 0 0 20.0 26.6 1.3

C 0 0 0 0 2.8 1.3 0 0 0 NDc NDc 0 6.7 44.7 1.3

J 0 0 0 0 1.0 1.0 0 0 0 0 0 0 2.4 7.9 NDc

0 0 0 0 1.0 1.0 0 0 0 0 0 0 2.0 2.0 NDc

0 0 0 0 0 0 2.0 2.8 0 2.0 1.3 3.2 20.0 >64.0 >64.0 2.0

R 0 0 0 0 0 1.0 1.0 0 2.8 0 0 0 7.9 5.6 1.0

M 0 0 0 0 0 2.0 1.7 0 0 0 1.0 2.0 5.0 2.4 1.0

H 0 0 0 0 0 1.0 1.0 0 0 0 0 3.2 5.0 1.0 0

K 0 0 0 0 0 1.0 1.7 0 0 0 NDc ND0 2.8 5.6 0

L 0 0 0 0 0 0 0 0 0 0 NDc 0 1.4 1.4 1.0

F 0 0 0 0 0 0 0 0 0 0 0 5.0 6.7 7.9 0

P 0 0 0 0 0 0 0 0 0 0 0 0 1.0 1.7 0

D 0 0 0 0 0 0 0 0 0 0 NDc 0 0 1.0 1.0

Q 0 0 0 0 0 0 0 0 0 0 0 0 0 NDc 0

G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Geometric mean lII.I
titre 0] 0 [O 0 1.1 1.2 1.2 0 1.2 1.0 1.1 1.6 3.8 4.2 1.1

a Zero titres treated as I except on days 0, 3, 7, 14 and 171.
b The 4th inoculation was given on day 171. C ND = not done.

sequent to this study suggests that the series may
be shortened to 3 total inoculations without reducing
the effectiveness of the procedure (Sikes & Tierkel,
1966).
The 11 individuals who had responded to the

primary 3-dose course of rabies vaccine all showed
evidence of antibody response after the fourth
injection. These same individuals showed higher
levels of circulating antibody following the fourth
inoculation than members of the group who did not
appear to respond to the first three inoculations.
The only members of the group who did not show

evidence of antibody response following the fourth
inoculation were those same individuals who did not
show evidence of antibody response following the
primary course of vaccine.

Persons receiving an intensive primary course of
14-21 subcutaneous doses of vaccine at the time of a

rabies exposure rarely show evidence of rabies neu-
tralizing antibody until the second or third week
after the initial injection of vaccine (Table 2) (Schwab
et al., 1954; Peck et al., 1955, 1956; Atanasiu et al.,
1956, 1957; Fox, 1958; Greenberg & Childress,
1960; Ruegsegger et al., 1961).

It is expected, therefore, on the basis of the data
presented here, that a booster injection in a pre-
viously immunized person would stimulate the
appearance of rabies antibody 3-8 days earlier than
an intensive primary course of vaccine.

In a rabies protection study in monkeys, Anderson
& Sgouris (1966) found that both the early appear-
ance and the persistence of rabies antibody were
essential for preventing clinical rabies. They also
demonstrated that rabies antibody of homologous
origin provided greater protection to monkeys than
antibody of heterologous origin (equine).
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TABLE 2
TIME OF APPEARANCE OF ANTIBODY FOLLOWING SIMULATED POST-EXPOSURE ANTIRABIES VACCINATION

IN VARIOUS STUDIES

Results a at indicated time
No. of No. of after vaccination

Vaccine doses Route subjects - _a vacinaio Reference
5 7 10 15

days days days days

Harris 14 Subcutaneous 9 NDA NDA 1+ 50%+ Schwabetal. (1954)

Semple 14 Subcutaneous 16 NDA NT 1+ 50%+ Atanasiu et al. (1957)

Semple 12 Subcutaneous 10 NDA NDA 1+ 50%+ Atanasiu et al. (1956)

Semple 14 Subcutaneous 127 NT NT 1+ 50%+ Greenberg & Childress (1960)

Duck-embryo 14 Subcutaneous 123 NT NT 53%+ 50%+ Greenberg & Childress (1960)

Duck-embryo 7-14 Subcutaneous 27 NT 1+b 50%+ 50%+ Peck et al. (1956)

Duck-embryo 4 Intradermal 18 1+ 50%+ 50%+ 50%+ Presentstudy

a NDA = no demonstrable antibody.
1+ = 1 or more subjects with antibody.
50%+ = over 50% with antibody.
NT = not tested.

The immunization regimen described in this paper
would have provided demonstrable rabies antibody
within 3-7 days after the exposure. This regimen of
vaccination would stimulate autologous antibody,
and the autologous antibody could be expected to
persist in the circulation for an extended period of
time.
The appearance of demonstrable rabies antibody

in the serum following a course of rabies vaccine
appears to be the best indicator that the antibody-
forming mechanism has been conditioned to respond
positively and rapidly to a subsequent booster

R1S

On sait que chez l'animal le virus rabique peut etre
decel dans le systeme nerveux central quelques heures
apres sa penetration dans l'organisme. Lorsqu'un traite-
ment vaccinal est applique a l'homme apres l'exposition
a l'infection, il s'eoule habituellement 10 a 14 jours
apres la lre injection avant que n'apparaissent les
anticorps. Aussi a-t-on conseille de traiter preventive-
ment les personnes particulierement exposees aux risques
d'infection. Quelques aspects de la reponse immunitaire
observee lors de l'emploi de cette m6thode prophylactique
sont decrits dans le present travail.

Dix-huit volontaires ont reru chacun, a intervalles de
cinq jours, une serie de 3 injections intradermiques
de 0,2 ml d'un vaccin antirabique prepar6 sur embryon
de canard, puis, environ six mois plus tard, une injection
de rappel A dose identique. Onze des membres du groupe
ont presente une reponse immunitaire A la suite des

b Only 4 subjects tested at 7 days.

injection of rabies vaccine. It is imperative, therefore,
that additional injections of vaccine be given to any
individual who does not show evidence of rabies
antibody after the third injection of a primary
3-dose course of duck-embryo vaccine.
The sera of all persons who have received a pri-

mary course of rabies immunization should be tested
for the presence of rabies antibody in order to de-
termine whether the antibody-forming mechanism
has been properly conditioned to respond to a
booster injection in the event of a subsequent
exposure.

UMt

3 premieres injections, les anticorps 6tant d6cel6s 14 A
28 jours apres l'administration de la Ire dose. Dans les
7 jours suivant la 4e injection (rappel), 14 personnes
etaient porteuses d'anticorps. Tous les volontaires qui
avaient elabore des anticorps A la suite des 3 premieres
injections ont presente une nouvelle reponse immunitaire
apr&s l'injection de rappel.

Selon les auteurs, la recherche des anticorps anti-
rabiques devrait etre effectuee apres chaque traitement
vaccinal. Cette pratique permettrait de verifier le fonc-
tionnement normal des mecanismes producteurs d'anti-
corps et l'aptitude de l'organisme a reagir efficacement
a une injection de rappel en cas d3 nouvelle exposition
a l'infection. La r6ponse immunitaire A l'injection de
rappel est plus rapide que celle qui succede a l'adminis-
tration d'un traitement vaccinal complet comportant
14 a 21 injections.
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