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Dogs were vaccinated intradermally with vaccinia virus recombinants expressing the rabies virus glycopro-
tein (G protein) or nucleoprotein (N protein) or a combination of both proteins. The dogs vaccinated with either
the G or G plus N proteins developed virus-neutralizing antibody titers, whereas those vaccinated with only the
N protein did not. All dogs were then challenged with a lethal dose of a street rabies virus, which killed all
control dogs. Dogs vaccinated with the G or G plus N proteins were protected. Five (71%) of seven dogs
vaccinated with the N protein sickened, with incubation periods 3 to 7 days shorter than that of the control
dogs; however, three (601%) of the five rabid dogs recovered without supportive treatment. Thus, five (71%) of
seven vaccinated with the rabies N protein were protected against a street rabies challenge. Our data indicate
that rabies virus N protein may be involved in reducing the incubation period in dogs primed with rabies virus
N protein and then challenged with a street rabies virus and, of more importance, in subsequent sickness and
recovery.

Rabies virus is a member of the family Rhabdoviridae,
genus Lyssavirus, which possesses a negative-stranded
RNA genome of about 12 kb. The rabies virus particles
contain five virus-encoded proteins. Closely associated with
the nucleoprotein (N protein) are the nonstructural (NS)
protein and the virion transcriptase (L). The N protein
represents the group-specific antigen of the genus. The
matrix (M) protein and the glycoprotein (G protein) are

located in a lipoprotein envelope, through which spikes of G
protein project (5, 45, 52). Spike G proteins are amphophilic
proteins, with at least one subunit of the oligomeric protein
inserted into the lipid bilayer of the viral envelope anchoring
the spike to the membrane (26). For rabies virus (and most
other enveloped viruses), the spike G proteins are the
antigens responsible for stimulating virus-neutralizing anti-
body (VNA) (6, 38, 46-49).

Various types of human and animal vaccines are used
worldwide for the prevention of rabies. These vaccines are

prepared from brain tissue of either adult or newborn ani-
mals (15, 19, 22, 37), avian tissues (18, 21, 31), or cell
cultures (1, 10, 13). The virus strains used for vaccine
production are usually derived from the Pasteur fixed rabies
virus strain, with the virus inactivated by physical or chem-
ical methods (1, 10, 13, 15, 16, 18, 19, 21, 22, 31, 37). Rabies
vaccines are used for both pre- and postexposure vaccina-
tion in humans, whereas only preexposure vaccination is
used for animals. Although the immunological basis of
protection after vaccination is still not fully understood, it
has been shown that both humoral and cellular immune
responses are induced by rabies virus vaccines (7, 51).
The development of eukaryotic cloning vector systems

has provided a novel alternative to vaccines derived from
whole viruses and viral subunits. The role of individual virus
proteins expressed in cloning vectors can now be evaluated
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in protection and immunity experiments (23, 28, 53). Expres-
sion, immunization, and protection have been demonstrated
with vaccinia virus recombinants containing foreign genes

such as hepatitis B surface antigen, influenza virus hemag-
glutinin, and herpes simplex virus glycoprotein D (20, 27,
39). A vaccinia virus recombinant expressing the rabies G
protein has also been shown to induce protective immunity
in experimental animals (9, 36, 44, 50).

Furthermore, purified rabies virus virion N protein admin-
istered in complete Freund's adjuvant to mice and raccoons

has been demonstrated to induce a protective immune re-

sponse against rabies virus infection (8), and a vaccinia virus
recombinant containing rabies virus N protein, administered
by scarification, has been reported to protect mice against
rabies virus challenge (43). In addition, rabies virus ex-

pressed in a baculovirus vector system and administered
intraperitoneally to mice provides limited protection against
rabies virus challenge (14, 34).

In previous studies, we reported that up to 20% of dogs
experimentally infected with street rabies viruses recovered
without supportive treatment; these recoveries were not
dose or virus strain dependent (11). The mechanism of such
recoveries, however, is still not well understood. We de-
scribe here studies with rabies virus N protein expressed in
a vaccinia virus vector and used to protect dogs against
peripheral challenge with a street rabies virus, and we

discuss its involvement in sickness and recovery.

MATERIALS AND METHODS

Recombinant vaccinia virus (Copenhagen strain) expressing
the rabies virus N protein. Recombinant vaccinia virus incor-
porating the N-protein gene coding region of the Challenge
Virus Standard (CVS) strain of rabies virus used in this study
was constructed as previously described (43).

Standardization of antigen. The amount of infectious
recombinant vaccinia virus was standardized on the basis of
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the number of PFU per milliliter needed to protect mice
vaccinated by scarification or by intramuscular, intraperito-
neal, or subcutaneous inoculation before subsequent chal-
lenge with street rabies virus.

Animals. All animals used in this experiment were raised
in closed colonies at the Centers for Disease Control animal
breeding facility. None of the dogs were previously vacci-
nated against rabies, and none had rabies VNA at the time of
vaccination.

Determination of VNA titers. VNA titers in sera from
experimental animals were determined by the rapid fluores-
cent-focus inhibition test (41). Results were expressed in
international units (IU), using an international standard
reference serum (41). Antibody titers against N protein in
dog sera were determined by an enzyme-linked immunosor-
bent assay (ELISA) in 96-well plates coated with a baculo-
virus recombinant expressing the rabies virus N protein as

described elsewhere (33).
Immunofluorescence staining. All sera from dogs were

tested for antibody to N protein titers by the indirect
fluorescent-antibody technique, using fluorescein-conju-
gated rabbit anti-dog globulin.

Inoculation of dogs. Twenty-three laboratory-raised bea-
gles 1 to 3 years of age and of either sex were divided into
four groups: seven in group I and five in each of the other
three groups. Each dog in group I was inoculated intrader-
mally (i.d.), in the back, with 108.5 PFU of the vaccinia
virus-derived-recombinant virus expressing the rabies virus
N protein (43). Other dogs were included for comparative
purposes; group II was vaccinated i.d. with a vaccinia virus
recombinant expressing the rabies G protein (acquired from
J. J. Esposito, Centers for Disease Control), and group III
was inoculated i.d. simultaneously with both G and N
recombinants at two separate sites. Control dogs (group IV)
were inoculated with only 108.5 PFU of vaccinia virus.
Serum specimens were collected at 7, 14, 30, and 90 days
after vaccination to determine VNA titer by the rapid
fluorescent-focus inhibition test against strain CVS or (in
some cases) street rabies virus strains. At the end of the
observation period, all dogs were bled and challenged in the
masseter muscle with 1 ml of canine salivary gland suspen-
sion containing 106.3 50% mouse intracranial lethal doses of
a street rabies virus obtained from a dog near the Texas-
Mexico border (L-2596). Dogs were observed for signs of
rabies: agitation, restlessness, dropped jaw, muscular inco-
ordination, and paralysis. Serum specimens were then col-
lected at days 95, 100, 120, and 130 to determine the possible
booster effect of the challenge virus.

TABLE 1. Serum VNA titers of dogs vaccinated i.d. either with
vaccinia virus recombinants expressing rabies virus N protein,

G protein, or G plus N proteins or with vaccinia virus

Serum VNA titer (IU/ml)
Group at given wk postvaccinationa

1 2 5 8* 9 10 12

I (N) <0.1 <0.1 <0.1 <0.1 0.3c 1.5 1.5
11 (G) 0.3 1.5 1.5 1.5 37.0 37.0 37.0
III (G + N) <0.1 1.5 1.5 1.5 37.0 37.0 37.0
IV (vaccinia virus) <0.1 <0.1 <0.1 <0.1 <0.1 0.3 NTd

"All titers were <0.1 at week 0.
h Challenge date.
c One of seven dogs in group I had VNA 1 week after challenge.
d NT, not tested.

TABLE 2. Rabies virus N antibody titers in dogs vaccinated with
a vaccinia virus recombinant expressing the rabies virus N protein

determined by ELISA against rabies virus N protein

Absorbancy determined at 1:100 serum dilution
Dog no.

Prechallenge Postchallenge

27 0.639 2.391
84 0.573 2.141
366 0.585 1.436
24 0.490 1.891
36 0.660 1.586
40 0.651 1.875
65 0.490 0.761

RESULTS

No sign of disease was detected in any of the dogs prior to
challenge. All dogs vaccinated with rabies virus G protein or

G plus N proteins developed VNA titer (Table 1). Dogs
vaccinated with N protein, however, had no detectable VNA
titer prior to challenge, and the levels of antibody directed
against N protein were low (Tables 1 and 2). Five of the
seven dogs vaccinated with N protein developed clinical
rabies 11 to 14 days after challenge. The incubation period in
these dogs was 3 to 7 days shorter than that of the control
dogs (Table 2). The difference in incubation periods between
control dogs and those vaccinated with N protein was

statistically significant (P < 0.02). All control dogs died. Of
the seven dogs vaccinated with N protein, only two died of
rabies (although five had sickened). Viral antigen was dem-
onstrated by fluorescent antibody in the brain tissue of all
dogs that died. The remaining three dogs in group I gradually
recovered without supportive treatment, after a morbidity
period ranging from 7 to 12 days (Table 3). The recovery was
confirmed by the presence of VNA titer in the cerebrospinal
fluid (CSF) (Table 4) collected after the disappearance of
clinical signs. None of the dogs vaccinated with the G protein
(group II) or with the G and N proteins (group III) and none
of the control dogs (group IV) developed any detectable
amounts ofVNA titer in the CSF. All dogs in groups II and III
had a high booster response 5 days after challenge, but only
one of the dogs in group I developed a VNA titer 8 days after
challenge; a similar VNA titer was also detected in one dog in
group IV (Table 1). Protection, sickness, or survival of dogs
vaccinated with the N protein was not dependent on the titer
of VNA or antibody against N protein prior to challenge, as

dogs with detectable amounts of antibody died whereas
others that had no VNA survived challenge.

DISCUSSION

Recovery from rabies has been reported for only a limited
number of humans and animals since Pasteur's time (2, 12,

TABLE 3. Sickness and recovery in dogs vaccinated i.d. with
vaccinia virus recombinants expressing either rabies

virus N protein, G protein, or G and N proteins
simultaneously or with vaccinia virus

Group pIncubation Sickness Death/ RecoveryGroup ~period (days) survival Rcvr

I (N) 11-14 5/7 2/5 3/5
11 (G) 0/5 0/5 0
III (G + N) 0/5 0/5 0
IV (vaccinia virus) 14-21 6/6 6/6 0
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TABLE 4. VNA titers of dogs vaccinated with a vaccinia virus
recombinant expressing rabies virus N protein and then

challenged with street rabies virus

VNA titer (IU/ml)a

Dog no. Postchallenge, Postrecovery

serum Serum CSF

27 8.2 14.1 12.9
84 0.1 7.3 1.4
366 0.6 12.9 10.1
24 <0.1 <0.1 <0.1
36 <0.1 <0.1 <0.1
40 0.6b NTc NT
65 <01b NT NT

a Pre- and postvaccination serum titers were <0.1 in all cases.
b Dogs that died.
c NT, not tested.

17, 29, 30, 35, 42). Pasteur was the first to report that dogs
occasionally recovered from rabies, and he considered sub-
sequent resistance of these dogs to reinfection as a strong
indication of previous abortive infection (29). The most
commonly used criterion for detecting nonfatal rabies virus
infection is the isolation of virus from saliva, brain, or other
tissues of animals that recover after sickness. Brain biopsy
specimens have even been taken from humans for virus
isolation tests to confirm a diagnosis of rabies when apparent
recovery from rabies had occurred (12, 17, 30). However, a
high VNA titer in the brain or the CSF has been shown to be
the only definitive diagnostic test for demonstrating recovery
from central nervous system rabies virus infection in humans
and animals (3, 12).

In previous studies, we reported that up to 20% of dogs
experimentally infected with street rabies viruses recovered
without supportive treatment; these recoveries were not
dose or virus strain dependent (11). The mechanism of such
recoveries, however, is still not well understood. Dogs that
survived street rabies challenge without signs of disease and
failed to develop VNA titer were challenged after a 2-year
observation period; they developed a rather high anamnestic
serum VNA response and resisted challenge, indicating that
factors other than VNA induced by rabies virus G protein
play a role in protecting dogs from rabies virus infection. It
has also been reported that animals with VNA titers suc-
cumbed when challenged, whereas others that had no de-
tectable amounts of antibody resisted (4, 32). In addition, the
role of cell-mediated immunity has been noted in recovery
from attenuated rabies virus infection in mice, with T cells
stimulated by both rabies virus G and N proteins (24, 25, 40).
VNA, therefore, may not be the only factor involved in
recovery from rabies.

Nevertheless, the role of individual rabies virus proteins in
resistance to challenge is still not well understood. Recent
reports have shown that the N protein can induce a protec-
tive immune response to rabies virus infection in mice (8,
43). It has also been reported that mice primed with ribonu-
cleoprotein and given a booster vaccination with homolo-
gous rabies virus G protein developed only low levels of
VNA and were not protected against lethal challenge (8).
Our present study shows that all dogs vaccinated with G
protein were fully protected and developed a high booster
response after challenge. Five (71%) of the seven dogs
vaccinated with the N protein survived challenge with or
without clinical signs of rabies. Two (28.5%) of the seven

N-protein-vaccinated dogs that did not sicken failed to
develop VNA after challenge, unlike dogs vaccinated with G
protein, indicating that priming dogs with N protein may not
induce higher VNA response, contrary to previous reports
(8). Three of five N-protein-vaccinated dogs (60%) sickened
and recovered without supportive treatment and developed
high VNA titers in both the serum and CSF, indicating that
N protein may be involved not only in induction of the T-cell
response (24, 25, 40) but also in sickness and recovery. The
specific role of N protein in sickness and recovery in dogs is
not clear. The mechanism of protection against rabies virus
challenge in the absence of VNA could be attributed to the
induction of cytolytic T cells as well as T helper cells that
support the activity of VNA-producing B cells, or it could
act by promoting the attachment of anti-N antibody via the
Fc receptor to phagocytic cells, which are then stimulated by
the infecting (challenge) virus to produce cytokines that
inhibit viral replication. Because of the unavailability of
specific dog T-cell epitope markers, it is difficult to explain
the role of T cells in sickness and recovery of dogs vacci-
nated with N protein. Further studies should determine the
role of other rabies virus proteins in sickness and recovery
or abortion of rabies virus infection.

ACKNOWLEDGMENT

We thank P. Wunderli for valuable comments and assistance in
preparing the statistical analysis of the data.

REFERENCES
1. Bahmanyar, M., A. Fayaz, N. Nour-Salehis, M. Mohammadi,

and H. Koprowski. 1976. Successful protection of humans
exposed to rabies infection. Rabies postexposure treatment with
new human diploid cell vaccine and antirabies serum. JAMA
236:2751-2754.

2. Bell, J. F. 1964. Abortive rabies infection. I. Experimental
production in white mice and general discussion. J. Infect. Dis.
114:249-257.

3. Bell, J. F., D. L. Lodmell, G. T. Moore, and G. H. Raymond.
1966. Brain neutralization of rabies virus distinguish recovered
animals from previously vaccinated animals. J. Immunol. 97:
747-753.

4. Bunn, T. O., H. D. Ridpath, and P. D. Beard. 1984. The
relationship between rabies antibody and titer in dogs and cats
and protection from challenge. Rabies Inf. Exch. 11:9-12.

5. Clark, H. K. 1979. Systems for assay and growth of rhabdovi-
ruses, p. 23-41. In D. H. L. Bishop (ed.), Rhabdoviruses, vol. I.
CRC Press, Boca Raton, Fla.

6. Cox, J. H., B. Dietzschold, and L. G. Schneider. 1977. Rabies
virus glycoprotein. II. Biological and serological characteriza-
tion. Infect. Immun. 16:754-759.

7. Crick, J., and F. Brown. 1969. Viral subunits rabies vaccination.
Nature (London) 222:92.

8. Dietzschold, B., H. Wang, C. E. Rupprecht, E. Celis, M. Tollis, H.
Ertl, E. Herber-Katz, and H. Koprowski. 1987. Induction of pro-
tective immunity against rabies by immunization with rabies virus
ribonucleoprotein. Proc. Natl. Acad. Sci. USA 84:9165-9169.

9. Esposito, J. J., J. H. Knight, J. H. Shaddock, F. J. Novembre,
and G. M. Baer. 1988. Successful oral rabies vaccination of
raccoons with raccoon poxvirus recombinants expressing rabies
virus glycoprotein. Virology 165:313-316.

10. Fang-Tao, L., C. Shu-Beng, W. Guan-Fu, Z. Fan-Zhen, C.
Nai-Min, and F. Ji-Zui. 1986. Study of the protective efficacy of
primary hamster kidney cell rabies vaccine. J. Infect. Dis.
154:1047-1048.

11. Fekadu, M. 1988. Pathogenesis of rabies virus infection in dogs.
Rev. Infect. Dis. 10:S678-S683.

12. Fekadu, M., and G. M. Baer. 1980. Recovery from clinical
rabies of 2 dogs inoculated with a rabies virus strain from
Ethiopia. Am. J. Vet. Res. 41:1632-1634.

13. Fournier, P., B. Motagnon, J. C. Vincent-Falquet, N. Ajjan, J.

VOL. 66, 1992



2604 FEKADU ET AL.

Drucker, and M. A. Roumiantzeff. 1985. New vaccine produced
from rabies cultivated on Vero cells, p. 115-121. In I. Vodpija,
K. A. Nicholson, S. Smerdel, and U. Bijok (ed.), Improvements
in postexposure rabies treatment. Zagreb Institute of Health,
Zagreb, Yugoslavia.

14. Fu, F. Z., B. Dietzschold, C. L. Schumacher, W. H. Wunner,
H. C. J. Ertl, and H. Koprowski. 1991. Rabies virus nucleopro-
tein expressed in and purified from insect cells is efficacious as
a vaccine. Proc. Natl. Acad. Sci. USA 88:2001-2005.

15. Fuenzalida, E. 1973. Suckling mouse brain vaccine, p. 216-220.
In M. M. Kaplan and H. Koprowski (ed.), Laboratory tech-
niques in rabies, 3rd ed. World Health Organization, Geneva.

16. Habel, K. 1973. Ultraviolet-light irradiation for inactivation of
vaccine, p. 228-234. In M. M. Kaplan and H. Koprowski (ed.),
Laboratory techniques in rabies, 3rd ed. World Health Organi-
zation, Geneva.

17. Hattwick, M. A. W., T. T. Weiss, C. J. Stechschulte, G. M. Baer,
and M. B. Gregg. 1972. Recovery from rabies. A case report.
Ann. Intern. Med. 76:931-942.

18. Hoskins, J. M. 1973. Duck-embryo vaccine, p. 243-255. In
M. M. Kaplan and H. Koprowski (ed.), Laboratory techniques
in rabies, 3rd ed. World Health Organization, Geneva.

19. Karakujumcan, M. K., B. M. Pariz, and V. D. Solovev. 1973.
Suckling rat vaccine, p. 213-215. In M. M. Kaplan and H.
Koprowski (ed.), Laboratory techniques in rabies, 3rd ed.
World Health Organization, Geneva.

20. Kieny, M. P., R. Lathe, R. Drillien, D. Spehner, S. Skory, D.
Schmitt, T. Wiktor, H. Koprowski, and J. P. Lecocq. 1984.
Expressing rabies glycoprotein from a recombinant vaccinia
virus. Nature (London) 312:163-166.

21. Koprowski, H., and H. R. Cox. 1948. Studies on chick embryo
adapted rabies virus. I. Culture characteristics and pathogenic-
ity. J. Immunol. 60:533-554.

22. Lepine, P. 1973. Fermi-type vaccine, p. 199-200. In M. M.
Kaplan and H. Koprowski (ed.), Laboratory techniques in
rabies, 3rd ed. World Health Organization, Geneva.

23. Mackett, M., T. Yilma, J. R. Rose, and B. Moss. 1985. Vaccinia
virus recombinants: expression of VSV genes and protective
immunization of mice and cattle. Science 227:433-435.

24. Mifune, K., E. Takeuchi, P. A. Napiorkowski, A. Yamada, and
K. Sakamoto. 1981. Essential role of T cells in the post-exposure
prophylaxis of rabies in mice. Microbiol. Immunol. 25:895-904.

25. Miller, A., H. C. Morse II, J. Winkelstein, and N. Nathanson.
1978. The role of antibody in recovery from experimental
rabies. I. Effect of depletion of B and T cells. J. Immunol.
121:321-326.

26. Morein, B., and K. Simons. 1985. Subunit vaccines against
enveloped viruses: virosomes, micelles and other protein im-
mune complex. Vaccine 3:83-93.

27. Moss, B., G. L. Smith, J. L. Gerin, and R. H. Purcell. 1984. Live
recombinant vaccinia virus protects chimpanzees against hepa-
titis B. Nature (London) 311:67-69.

28. Moss, B., G. L. Smith, and M. Mackett. 1983. Use of vaccinia
virus as an infectious molecular cloning and expression vector,
p. 201-213. In T. S. Papas, M. Rosenberg, and J. G. Chirikjian
(ed.), Gene amplification and analysis, vol. 3. Elsevier, Amster-
dam.

29. Pasteur, L., M. Chamberland, and M. Roux. 1882. Nouveaux
faits pour servir a la connaissance de la rage. C.R. Acad. Sci.
95:1187-1192.

30. Porras, C., J. Jose Barbosa, E. Fuenzalida, H. L. Adaros, A. M.
Oviedo de Diaz, and J. Furst. 1970. Recovery from rabies in
man. Intern. Med. 85:44-48.

31. Powell, H. M., and C. G. Culbertson. 1959. Action of street
rabies vaccine derived from embryonated duck eggs against
street rabies virus. Proc. Soc. Exp. Biol. Med. 101:801-803.

32. Prabhakar, B. S., and N. Nathanson. 1981. Acute rabies death
mediated by antibody. Nature (London) 590:290-291.

33. Prehaud, C., R. D. Harris, V. Fulop, C. L. Koh, J. Wong, A.
Flammand, and D. H. L. Bishop. 1990. Expression, characteri-
zation, and purification of a phosphorylated rabies nucleopro-
tein synthesized in insect cells by baculovirus vectors. Virology
178:486-497.

34. Reid-Sanden, F. L., J. W. Sumner, J. S. Smith, M. Fekadu, J. H.
Shaddock, and W. J. Bellini. 1990. Rabies diagnostic reagents
prepared from a rabies N gene recombinant expressed in
baculovirus, abstr. T-6, p. 337. Abstr. 90th Annu. Meet. Am.
Soc. Microbiol. 1990. American Society for Microbiology,
Washington, D.C.

35. Remlinger, P., and M. Effendi. 1904. Deux cas de guerison de la
rage experimentale chez le chien. Ann. Inst. Pasteur (Paris)
18:241-244.

36. Rupprecht, C. E., T. J. Wiktor, D. H. Johnston, A. N. Hamir, B.
Dietzschold, W. H. Wunner, L. T. Glickman, and H. Koprowski.
1986. Oral immunization and protection of raccoons (Procyon
lotor) with a vaccinia-rabies glycoprotein recombinant virus
vaccine. Proc. Natl. Acad. Sci. USA 83:7947-7950.

37. Seligmann, S., Jr. 1973. Semple-type vaccine, p. 193-198. In
M. M. Kaplan and H. Koprowski (ed.), Laboratory techniques
in rabies, 3rd ed. World Health Organization, Geneva.

38. Sikes, R. K., W. F. Cleary, H. Koprowski, T. J. Wiktor, and
M. M. Kaplan. 1971. Effective protection of monkeys against
death from street virus by post exposure administration of tissue
culture rabies vaccine. Bull. W.H.O. 45:1-11.

39. Smith, G. L., M. Mackett, and B. Moss. 1983. Infectious
vaccinia virus recombinants that express hepatitis B virus
surface antigen. Nature (London) 302:490-495.

40. Smith, J. S. 1981. Mouse model for abortive rabies infection of
the central nervous system. Infect. Immun. 31:297-308.

41. Smith, J. S., P. A. Yager, and G. M. Baer. 1973. Rapid tissue
culture test for determining rabies-neutralizing antibody, p.
354-357. In M. M. Kaplan and H. Koprowski (ed.), Laboratory
techniques in rabies, 3rd ed. World Health Organization,
Geneva.

42. Starr, L. E., T. F. Sellers, and E. J. Sunkes. 1952. Apparent
recovery of a dog from rabies. J. Am. Vet. Med. Assoc.
121:296.

43. Sumner, J. W., M. Fekadu, J. H. Shaddock, J. J. Esposito, and
W. J. Bellini. 1991. Construction of vaccinia virus recombinants
that express the rabies nucleoprotein and protective immuniza-
tion of mice. J. Virol. 183:703-710.

44. Tolson, N. D., K. M. Charlton, R. B. Stewart, J. B. Campbell,
and T. J. Wiktor. 1987. Immune response in skunks to a
vaccinia virus recombinant expressing the rabies glycoprotein.
Can. J. Vet. Res. 51:363-366.

45. Tordo, W. H., 0. Pock, A. Ermine, G. Keith, and F. Rougeon.
1986. Walking along the rabies genome: is the large G-L
intergenic region remnant gene? Proc. Natl. Acad. Sci. USA
83:3914-3918.

46. Tsiang, H., and P. H. Lagrange. 1980. In vitro detection of
cell-mediated immunity in street rabies virus infection in mice.
J. Gen. Virol. 47:183-191.

47. Wiktor, T. J., P. C. Doherty, and H. Koprowski. 1977. In vitro
evidence of cell-mediated immunity after exposure of mice to
both live and inactivated rabies virus. Proc. Natl. Acad. Sci.
USA 74:334-338.

48. Wiktor, T. J., E. Gyorgy, H. D. Schlumberger, F. Sokol, and H.
Koprowski. 1973. Antigenic properties of rabies components. J.
Immunol. 110:209-276.

49. Wiktor, T. J., and H. Koprowski. 1980. Antigenic variants of
rabies virus. J. Exp. Med. 152:843-851.

50. Wiktor, T. J., R. I. MacFarlan, K. J. Reagan, B. Dietzschold,
P. J. Curtis, W. H. Wunner, M. P. Kieny, R. Lathe, J. P. Lecocq,
M. Mackett, B. Moss, and H. Koprowski. 1984. Protection from
rabies by a vaccinia virus recombinant containing the rabies
glycoprotein gene. Proc. Natl. Acad. Sci. USA 81:7194-7198.

51. Wunner, W. H., B. Dietzschold, P. J. Cutis, and T. J. Wiktor.
1983. Rabies subunit vaccines. J. Gen. Virol. 64:1649-1656.

52. Wunner, W. H., J. K. Larson, B. Dietzschold, and C. L. Smith.
1988. The molecular biology of rabies viruses. Rev. Infect. Dis.
10:771-784.

53. Yilma, T., M. Mackett, J. K. Rose, and B. Moss. 1985. Vaccinia
virus recombinants expressing vesicular stomatitis genes immu-
nized mice and cattle, p. 187-200. In G. V. Quinnan (ed.),
Vaccinia viruses as vectors for vaccine antigens. Elsevier, New
York.

J. VIROL.


