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from microorganisms virulent or immunosup-
pressive factors which either act as poor immu-
nogens or are unsafe for vaccine use (5, 120).
Carlo et al. (D. J. Carlo, A. Hagopian, and P. J.
Kniskern, U. S. patent 4,203,970, May 1980)
prepared a subcellular B. bronchiseptica vaccine
containing concentrated antigenic cell wall frac-
tion. This vaccine provided significantly greater
protection for B. bronchiseptica-infected swine
against nasal turbinate histopathology than did
a whole-cell B. bronchiseptica bacterin tested in
similar fashion.

Predictably, the optimal method for control-
ling respiratory membrane infections is by the
inducement of local immune factors. For this
response the delivery and establishment of a
specific immunogen at the site of infection are
necessary. As with subunit vaccines, there have
also been attempts to improve the control of B.
bronchiseptica respiratory infections with live,
intranasally delivered, avirulent B. bronchisep-
tica vaccines. Shimizu (141) first reported the
isolation of a temperature-sensitive B. bronchi-
septica mutant which, when delivered intrana-
sally, provided high resistance in guinea pigs to
B. bronchiseptica-induced hemorrhagic pneu-
monia. This work was followed by attempts to
control canine bordetellosis with a similar live,
avirulent vaccine. Goodnow and Shade (67, 139)
vaccinated dogs intranasally, which then dem-
onstrated resistance against clinical bordetellosis
and hemorrhagic pneumonia, starting an aver-
age of 5 days postvaccination. Using a similar
vaccine, Shade et al. (F. J. Shade, R. Bey, R.
Goodnow, and R. Johnson, Abstr. Annu. Meet.
Am. Soc. Microbiol. 1980, p. 65) showed a cor-
relation between the occurrence of B. bronchi-
septica-specific immunoglobulin A in the nasal
secretions of intranasally vaccinated dogs and
clinical resistance against canine bordetellosis.

Parenterally delivered, inactivated whole-cell
bacterins, subunit B. bronchiseptica vaccines,
and avirulent live B. bronchiseptica vaccines
have been used to reduce clinical symptoms and
histopathology and to accelerate clearance of B.
bronchiseptica infections from the respiratory
tracts of dogs, swine, and guinea pigs. However,
the use of these vaccines has not led to a method
for bordetellosis eradication. Methods for induc-
ing total inhibition of either attachment or toxic
effects on respiratory tract membranes by path-
ogenic B. bronchiseptica are still under devel-
opment.

ECONOMIC EFFECTS
B. bronchiseptica infections of mammals, par-

ticularly swine and dogs, have caused the loss of
millions of dollars from canine and swine pneu-
monia, disfigured swine, lost sales, drug costs,
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veterinary fees, and inefficient use ofrearing and
boarding facilities. Surveys indicate that 25 to
50% of the world swine population is infected
and thus affected economically by B. bronchi-
septica infections (152). Controlled vaccine effi-
cacy field studies have shown that swine borde-
tellosis causes economic losses by stopping or
lengthening the growth cycle of infected swine
(65, 67, 68, 74). Furthermore, losses from swine
destroyed due to disfigurement also occur (64).
Shuman and Earl (144) demonstrated that sows
in a B. bronchiseptica-infected herd produced
significantly more stillborn pigs at farrowing and
that the surviving piglets exhibited a signifi-
cantly slower growth rate throughout the growth
cycle, compared with normal pigs. Muirhead
(114) evaluated the economics of an endemically
B. bronchiseptica AR-infected 100-sow herd in
England and found that the infection cost the
producer approximately $9,850,00 annually from
mortality, sacrificed pigs, medicated feed, vet-
erinary fees, sales losses from deformed pigs,
daily weight gain loss, and poor feed conversion.
Although B. bronchiseptica-related infections
are often cited as one of the top five disease
problems of swine worldwide (114), the global
economic impact from lost revenue attributed to
B. bronchiseptica infections in commercial rear-
ing businesses has not been well documented.
Both government officials and animal producers
hesitate to admit the presence of such respira-
tory infections. Animals with bordetellosis are
often quarantined, preventing their export and
import. As laboratory animal supply operations
often depend upon selling respiratory pathogen-
free animals, reports of the true incidence of and
economic losses due to bordetellosis are also
seldom cited. Similarly, canine breeders and
commercial boarding kennels often minimize the
occurrence of respiratory epizootics in their fa-
cilities. Approximately 11 x 106 dogs are boarded
in kennels annually in the United States, and
successful canine boarding is often dependent
upon control of highly contagious canine respi-
ratory infections.

CONCLUSIONS
Although B. bronchiseptica has been recog-

nized as a respiratory pathogen of mammals
since 1910 and although much of the basic biol-
ogy of this organism has been described, numer-
ous key pieces of information are still lacking.
Further investigation is needed to determine the
pathogenic mechanisms of B. bronchiseptica
with respect to respiratory membrane attach-
ment and alteration, the physical nature and
biochemical nature of the endotoxins and heat-
labile dermonecrotic toxins produced, and the
possible relationship between pathogenicity and
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the environmental conditions of the host (e.g.,
gaseous and particulate air pollutants). Further-
more, there is no universal acceptance concern-

ing (i) the use of colonial phase typing for sub-
species designation, (ii) the use of virulence and
avirulence for isolate description, or (iii) the
suggestion that B. bronchiseptica isolates carry

ubiquitous protective antigens. A more meamnng-
ful language dealing with isolate similarities and
differences should be developed. Finally, al-
though numerous studies have demonstrated
that B. bronchiseptica inactivated bacterins,
subunit vaccines, and live intranasal vaccines
can induce immunity in various mammals

against clinical bordetellosis, eradication of the
carrier state in vaccinated animals is yet to be
demonstrated satisfactorily. Further work is
needed to explain the immune mechanisms in-

duced by Bordetella antigen.
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