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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 meaning-
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.

ACKNOWLEDGMENTS

I am indebted to L. Caplinger for undertaking an
extensive critical review of this work while it was in
manuscript form. I also thank D. O. Farrington for
providing technical information concerning B. bron-
chiseptica.

LITERATURE CITED

1. Andersen, E. K. 1953. Serological studies on H.
pertussis, H. parapertussis and H. bronchisep-
ticus. Acta Pathol. Microbiol. Scand. 33:202-
224.

2. Appel, M. 1976. Current status of canine respi-
ratory disease (kennel cough), Laboratory Re-
port Series 2, no. 6, James A. Baker Institute
for Animal Health, Cornell University, Ithaca,
N.Y.

3. Appel, M. J. G., P. H. Pickerill, M. Menegus,
D. H. Percy, I. M. Parsonson, and B. E.
Sheffy. 1970. Current status of canine respi-
ratory disease, p. 15-23. In Proceedings of the
Twentieth Gaines Veterinary Symposium.

Kansas.

4. Arskog, R. 1967. Bordetella bronchiseptica and
piglet pneumonias. Nord. Veterinaermed. 19:
58-61.

5. Auran, N. E,, R. C. Johnson, and D. M. Ritzi.
1972. Isolation of the outer sheath of Lepto-
spira and its immunogenic properties in ham-
sters. Infect. Immun. 5:968-975.

6. Azechi, H., N. Koyama, and N. Terakado.
1973. Sensitivity in vitro to antibacterial drugs
of Bordetella bronchiseptica isolated from
swine. J. Jpn. Vet. Med. Assoc. 26:75-79.

7. Batey, R. G., and A. F. Smits. 1976. The iso-
lation of Bordetella bronchiseptica from an
outbreak of canine pneumonia. Aust. Vet. J.
52:184-186.

8. Bemis, D. A., and M. J. G. Appel. 1977. Aerosol
Nolvasan treatment of Bordetella bronchisep-
tica in dogs. Vet. Med. Small Anim. Clin. 72:
53-55.

733

9. Bemis, D. A., and M. J. G. Appel. 1977. Aero-
sol, parenteral, and oral antibiotic treatment of
Bordetella bronchiseptica infections in dogs.
J. Am. Vet. Med. Assoc. 170:1082-1086.

10. Bemis, D. A., L. E. Carmichael, and M. J. G.
Appel. 1977. Naturally occurring respiratory
disease in a kennel caused by Bordetella bron-
chiseptica. Cornell Vet. 67:282-293.

11. Bemis, D. A., H. A. Greisen, and M. J. G.
Appel. 1977. Bacteriological variation among
Bordetella bronchiseptica isolates from dogs
and other species. J. Clin. Microbiol. 5:471-
480.

12. Bemis, D. A., H. A. Greisen, and M. J. G.
Appel. 1977. Pathogenesis of canine bordetel-
losis. J. Infect. Dis. 135:753-762.

13. Bercovich, Z., and M. F. De Jong. 1977. Mea-
sures to be adopted in the prevention and
treatment of atrophic rhinitis in piglets under
field conditions. Tijdschr. Diergeneeskd. 102:
448-455.

14. Bercovich, Z., and R. A. Oosterwoud. 1977.
Vaccination with Bordetella bronchiseptica
vaccine on a farm with atrophic rhinitis: an
evaluation of a field experiment. Tijdschr.
Diergeneeskd. 102:485-494.

15. Betts, A. O. 1952. Respiratory diseases of pigs.
V. Some clinical and epidemiological aspects of
virus pneumonia of pigs. Vet. Rec. 64:283-288.

16. Bordon, D., and W. L. Kulp. 1939. A study of
rat pneumonia. J. Bacteriol. 37:351-352.

17. Bradford, W. L., and B. Slavin. 1937. An or-
ganism resembling Hemophilus pertussis. Am.
J. Public Health 27:1277-1282.

18. Brassine, M., A. Dewaele, and M. Gouffaux.
1976. Intranasal infection with Bordetella
bronchiseptica in gnotobiotic piglets. Res. Vet.
Sci. 20:162-166.

19. Brown, J. H. 1926. Bacillus bronchisepticus in-
fection in a child with symptoms of pertussis.
Bull. Johns Hopkins Hosp. 38:147-153.

20. Bruckner, 1. E., and D. G. Evans. 1939. The
toxin of B. parapertussis and the relationship
of this organism to H. pertussis and Br. bron-
chiseptica. J. Pathol. 49:563-570.

21. Burek, J. D., G. C. Jersey, C. K. Whitehair,
and G. R. Carter. 1972. The pathology and
pathogenesis of Bordetella bronchiseptica and
Pasteurella pneumotropica infection in con-
ventional and germfree rats. Lab. Anim. Sci.
22:844-849.

22. Carré, H. 1905. Sur la maladie des jeunes chiens.
C. R. Acad. Sci. 140:689-690.

22a.Carré, H. 1905. Sur la maladie des jeunes chiens.
C. R. Acad. Sci. 140:1489-1491.

23. Chang, K. C., R. M. Zakheim, C. T. Cho, and
J. C. Montgomery. 1975. Posttraumatic pu-
rulent meningitis due to Bordetella bronchi-
septica. J. Pediatr. 86:639-640.

24. Cross, R. F., and R. M. Claflin. 1962. Borde-
tella bronchiseptica-induced porcine atrophic
rhinitis. J. Am. Vet. Med. Assoc. 141:1467-
1468.

25. Dixon, M., D. M. Jackson, and I. M. Richards.
1979. The effect of a respiratory tract infection

BIOLOGY OF B. BRONCHISEPTICA

159n6 Aq T20zZ ‘ST |udy uo /610 wse iquiw//:dny woiy papeojumoq


http://mmbr.asm.org/

734

26.

217.

30.

31

32.

33.

35.

36.

37.

39.

GOODNOW

on histamine-induced changes in lung mechan-
ics and irritant receptor discharge in dogs. Am.
Rev. Respir. Dis. 120:843-848.

Dobrogosz, W. J., J. W. Ezzell, W. E. Kloos,
and C. R. Manclark. 1978. Physiology of Bor-
detella pertussis, p. 86-93. In C. R. Manclark
and J. C. Hill (ed.), Proceedings of the Third
International Symposium on Pertussis. U.S.
Department of Health, Education and Welfare,
National Institutes of Health, Bethesda, Md.

Dorset, M., C. N. McBryde, and W. B. Niles.
1922. Remarks on “hog flu.” J. Am. Vet. Med.
Assoc. 62:162-171.

. Duncan, J. R., and F. K. Ramsey. 1965. Fine

structural changes in the porcine nasal ciliated
epithelial cell produced by Bordetella bron-
chiseptica rhinitis. Am. J. Pathol. 47:601-612.

. Duncan, J. R, F. K. Ramsey, and W. P.

Switzer. 1966. Pathology of experimental Bor-
detella bronchiseptica infection in swine:
pneumonia. Am. J. Vet. Res. 27:467-472.

Duncan, J. R., R. F. Ross, W. P. Switzer, and
F. K. Ramsey. 1966. Pathology of experimen-
tal Bordetella bronchiseptica infection in
swine: atrophic rhinitis. Am. J. Vet. Res. 27:
457-466.

Dunkin, G. W,, and P. P. Laidlaw. 1926. Stud-
ies in dog-distemper. II. Experimental distem-
per in the dog. J. Comp. Pathol. Ther. 39:213-
221.

Dunne, H. W., D. C. Kradel, and R. B. Doty.
1961. Bordetella bronchiseptica (Brucella
bronchiseptica) in pneumonia in young pigs. J.
Am. Vet. Med. Assoc. 139:897-899.

Edwards, J. T. G. 1957. The European hedge-
hog, p. 450-460. In A. N. Warden and W. Lane-
Pelter (ed.), Universities Federation for Animal
Welfare handbook on the care and manage-
ment of laboratory animals, 2nd ed. Universi-
ties Federation for Animal Welfare, London.

. Eldering, G. 1941. A study of the antigenic prop-

erties of Hemophilus pertussis and related or-
ganisms. I. An antigenic fraction obtained from
Brucella bronchiseptica. Am. J. Hyg. 34:1-7.

Eldering, G. 1942. A study of the antigenic prop-
erties of Hemophilus pertussis and related or-
ganisms. II. Protection tests in mice. Am. J.
Hyg. 36:294-302.

Eldering, G., C. Hornbeak, and J. Baker.
1957. Serological study of Bordetella pertussis
and related species. J. Bacteriol. 74:133-136.

Eldering, G., and P. Kendrick. 1938. Bacillus
para-pertussis: a species resembling both Ba-
cillus pertussis and Bacillus bronchisepticus
but identical with neither. J. Bacteriol. 35:561-
572.

. Endoh, M., T. Toshiyuki, and Y. Nakase.

1980. Adenylate cyclase activity of Bordetella
organisms. I. Its production in liquid medium.
Microbiol. Immunol. 24:95-104.

Evans, D. G. 1940. The production of pertussis
antitoxin in rabbits and the neutralization of
pertussis, parapertussis and bronchiseptica
toxins. J. Pathol. §1:49-58.

41.

42.

43.

45.

46.

47.

49.

51.

52.

53.

. Fetter, A.W.,W.P. Sw1tzer, and C.C. Cagp

MicroBioL. REv.

. Evans, G., and H. B. Maitland. 1939. The toxin

of Br. bronchiseptica and the relationship of
this organism to H. pertussis. J. Pathol. 48:67-
78.

Farrington, D. O., and W. P. Switzer. 1977.
Evaluation of nasal culturing procedures for
the control of atrophic rhinitis caused by Bor-
detella bronchiseptica in swine. J. Am. Vet.
Med. Assoc. 170:34-35.

Farrington, D. O., and W. P. Switzer. 1979.
Parenteral vaccination of young swine against
Bordetella bronchiseptica. Am. J. Vet. Bes
40:1347-1351.

Ferry, N. S. 1910. A preliminary report of&the
bacterial findings in canine distemper. Am. et
Rev. 37:499-504. 6

. Ferry, N. S. 1911. Etiology of canine diste:

J. Infect. Dis. 8:399-420.

Ferry, N. S. 1912. Bacillus bronchzsepm'.us
(bronchicanis): the cause of distemper in dbgs
and a similar disease in other animals. V&2 J.
68:376-391. 3

Ferry, N. S. 1913. Bacteriology and contrghof
acute infections in laboratory animals. J@ -
thol. 18:445-455.

Ferry, N. S., and H. P. Hoskins. 1920. Batt
riology and control of contagious nasal ca
(snuffles) of rabbits. J. Lab. Clin. Med. 5'
318.

. Ferry, N. S., and H. C. Klix. 1918. St@les

relative to the apparent close relationshig/be-
tween Bact. pertussis and B. bronchiseptt

II. Complement fixation tests. J. Bactenot) 3.
309-312.

Ferry, N. S., and A. Noble. 1918. Studies Ma-
tive to the apparent close relationship betviden
Bact. pertussis and B. bronchisepticus. 1. Cul-
tural agglutination and absorption reactiom J.
Bacteriol. 3:193-208.

3l

1975. Electron microscopic evaluation of
cells in pigs with experimentally induced
detella rhinitis (turbinate osteoporosis). A@J
Vet. Res. 36:15-22.

Filion, R., S. Cloutier, E. R. Vrancken, nnd
G. Bermer 1967. Respiration infection incthe
turkey caused by a bacterium related to ‘Bor-
detella bronchiseptica. Can. J. Comp. Mkd
31:129-134.

Fisk, S. K., and O. A. Soave. 1973. Bordetclla
bronchzseptzca in laboratory cats from cerftral
California. Lab. Anim. Sci. 23:33-35.

Flosdorf, E. W., F. F. Dozois, and A. C. Kim-
ball. 1941. Studies with H. pertussis. V. Agglu-
tinogenic relationship of the phases. J. Bacte-
riol. 41:457-471.

. Franque. 1830. Was ist die Schniiffelkrankeit

der Schweine? Dtsch. Z. Tierheilkd. 123:75-
7.

. Frost, B. M., M. E. Valiant, B. Weissberger,

and E. L. Dulaney. 1976. Antibacterial activ-
ity of efrotomycin. Jpn. J. Antibiot. 29:1083-
1091.

. Fiizi, M. 1973. Selective isolation of Bordetella


http://mmbr.asm.org/

VoL. 44, 1980

57.

59.

61.

62.

67.

70.

71.

bronchiseptica. Zentralbl. Bakteriol. Parasi-
tenkd. Infektionskr. Hyg. Abt. 1 Orig. 224:270-
272.

Fiizi, M. 1975. Nitrofurantoin-test for the differ-
entiation of Bordetella bronchiseptica. Zen-
tralbl. Bakteriol. Parasitenkd. Infektionskr.
Hyg. Abt. 1 Orig. 231:466-470.

. Gallagher, G. L. 1965. Isolation of Bordetella

bronchiseptica from horses. Vet. Rec. 77:632-
633.

Ganaway, J. R.,, A. M. Allen, and C. W.
McPherson. 1965. Prevention of acute Bor-
detella bronchiseptica pneumonia in a guinea
pig colony. Lab. Anim. Care 15:156-162.

. Ghosh, H. K., and J. Tranter. 1979. Bordetella

bronchicanis (bronchiseptica) infection in
man: review and a case report. J. Clin. Pathol.
32:546-548.

Gliinder, G., K. H. Hinz, H. Liiders, and B.
Stiburek. 1979. The therapeutic value of tet-
racycline. HCI and sulphaquinoxaline/trimeth-
oprim in bordetellosis in turkeys. Zentralbl.
Veterinaermed. Reihe B 26:591-602.

Gois, M., F. Kuksa, and F. Sigak. 1977. Exper-
imental infection of gnotobiotic piglets with
Mycoplasma hyorhinis and Bordetella bron-
chiseptica. Zentralbl. Veterinaermed. Reihe B
24:89-96.

. Good, R. C., and B. D. May. 1971. Respiratory

pathogens in monkeys. Infect. Immun. 3:87-
93.

. Goodnow, R. A. 1977. Control of atrophic rhi-

nitis with a Bordetella bronchiseptica bac-
terin. Vet. Med. Small Anim. Clin. 72:1210-
1212

. Goodnow, R. A,, C. D. Lehr, and J. Mc-

Lennan. 1978. Effect of immunization with a
Bordetella bronchiseptica bacterin on weight
gain in weaning pigs. Vet. Med. Small Anim.
Clin. 73:1187-1188.

. Goodnow, R. A., C. D. Lehr, F. J. Shade, and

dJ. L. Wisecarver. 1977. Mouse potency assay
for Bordetella bronchiseptica bacterins. J.
Clin. Microbiol. 6:337-339.

Goodnow, R. A,, and F. J. Shade. 1979. Con-
trol of bordetellosis in the dog. Canine Pract.
6:43-46.

. Goodnow, R. A., F. J. Shade, and W. P.

Switzer. 1979. Efficacy of Bordetella bronchi-
septica bacterin in controlling enzootic
atrophic rhinitis in swine. Am. J. Vet. Res. 40:
58-60.

. Goodwin, R. F. W., and P. Whittlestone. 1962.

A respiratory disease of pigs (type XI) differing
from enzootic pneumonia. The field disease. J.
Comp. Pathol. Ther. 72:389-410.

Goodwin, R. F. W., and P. Whittlestone. 1964.
A respiratory dlsease of plgs (type XI) differing
from enzootic pneumonia. Natural transmis-
sion experiments. J. Comp. Pathol. Ther. 74:
8-16.

Graves, L. L. 1968. Bordetella bronchiseptica
isolated from a fatal case of bronchopneumonia
in an African green monkey. Lab. Anim. Care

72.

73.

74.

75.

76.

71.

78.

79.

81

82.

87.

BIOLOGY OF B. BRONCHISEPTICA 735
18:405-406.

Graves, L. L. 1970. Agglutinating antibodies for
Bordetella bronchiseptica in sera before, dur-
ing, and after an epizootic of pneumonia in
caged monkeys. Lab. Anim. Care 20:246-250.

Greig, A. S. 1954. Significance of a pleuropneu-
monia-like organism in kennel cough. Can. J.
Comp. Med. Vet. Sci. 18:275-279.

Gwatkin, R. 1958. Infectious atrophic rhinitis of
swine, p. 211-234. In C. A. Brandly and E. L.
Jungherr (ed.), Advanced veterinary science,
vol. 4. Academic Press, Inc., New York.

Hanada, M., K. Shimoda, S. Tomita, Y. Na-
kase, and Y. Nishiyama. 1979. Production of
lesions similar to naturally occurring swine
atrophic rhinitis by cell-free sonicated extract
of Bordetella bronchiseptica. Jpn. J. Vet. Sci.
41:1-8.

Harris, D. L., and W. P. Switzer. 1968. Turbi-
nate atrophy in young pigs exposed to Borde-
tella bronchiseptica, Pasteurella multocida,
and combined inoculum. Am. J. Vet. Res. 29:
777-785.

Harris, D. L., and W. P. Switzer. 1969. Nasal
and tracheal resistance of swine against rein-

- fection by Bordetella bronchiseptica. Am. J.
Vet. Res. 30:1161-1166.

Harris, D. L., and W. P. Switzer. 1972. Im-
munization of pigs against Bordetella bronchi-
septica infection by parenteral vaccination.
Am. J. Vet. Res. 33:1975-1984.

Harris, D. L., W. P, Switzer, and R. A. Harris.
1971. A suggested mechanism for the patho-
genesis of infectious atrophic rhinitis. Can. J.
Comp. Med. 35:318-323.

. Harris, R. A,, D. L. Harris, and D. E. Green.

1968. Effect of Bordetella endotoxin upon mi-
tochondrial respiration and energized pro-
cesses. Arch. Biochem. Biophys. 128:219-230.

Hedges, R. W., A. E. Jacob, and J. T. Smith.
1974. Properties of an R factor from Bordetella
bronchiseptica. J. Gen. Microbiol. 84:199-204.

Hering, E. 1842. Specielle Pathologie und Ther-
apie fiir Thierérzte, 1st ed. Ebner and Seubert,
Stuttgart, Germany.

. Hinz, K. H., G. Gliinder, and H. Liiders. 1978.

Acute respiratory disease in turkey poults
caused by Bordetella bronchiseptica-like bac-
teria. Vet. Rec. 103:262-263.

. Hepiby, N., J. B. Hertz, and V. Andersen. 1976.

Cross-reactions between Bordetella pertussis
and twenty-eight other bacterial species. Acta
Pathol. Microbiol. Scand. Sect. B 84:395-400.

. Johnson, R., and P. H. A. Sneath. 1973. Tax-

onomy of Bordetella and related organisms of
the families Achromobacteraceae, Brucella-
ceae, and Neisseriaceae. Int. J. Syst. Bacteriol.
23:381-404.

. Joubert, L., A. L. Courtieu, and J. Oudar.

1960. Pneumonie enzootique du porc 4 Borde-
tella bronchiseptica. Bull. Soc. Sci. Vet. Med.
Comp. Lyon 63:329-344.

Jubb, K. V. F,, and P. C. Kennedy. 1963. The
respiratory system, p. 137-145. In Pathology of

159n6 Aq T20zZ ‘ST |udy uo /610 wse iquiw//:dny woiy papeojumoq


http://mmbr.asm.org/

736

89.

91.

93.

95.

97.

98.

100.

101.

102.

103.

104.

GOODNOW

domestic animals, vol. 1. Academic Press, Inc.,
New York.

. Keegan, J. J. 1920. The pathology of epidemic

pneumonia in mice and guinea pigs. Arch. In-
tern. Med. 26:570-593.

Kemeny, L. J. 1972. Experimental atrophic rhin-
itis produced by Bordetella bronchiseptica
culture in young pigs. Cornell Vet. 62:477-485.

. Kendrick, P. L., E. B. Nadolski, G. Eldering,

and J. Baker. 1953. Antigenic relationships of
Haemophilus pertussis, Parapertussis bacil-
lus, and Brucella bronchiseptica as shown by
cross protection tests in mice. J. Bacteriol. 66:
166-169.

Keogh, E. V,, E. A. North, and M. F. Warbur-
ton. 1947. Haemagglutinins of the Haemophi-
lus group. Nature (London) 160:63.

. Kloos, W. E., W. J. Dobrogosz, J. W. Ezzell,

B. R. Kimbro, and C. R. Manclark. 1978.
DNA-DNA hybridization, plasmids, and ge-
netic exchange in the genus Bordetella, p. 70~
80. In C. R. Manclark and J. C. Hill (ed.),
Proceedings of the Third International Sym-
posium on Pertussis. U.S. Department of
Health, Education and Welfare, National In-
stitutes of Health, Bethesda, Md.

Kobayashi, S. 1961. Studies on the hemolytic
factor of Bordetella bronchiseptica. Jpn. J.
Bacteriol. 16:322-329.

. Kohn, D. F., and D. E. Haines. 1977. Bordetella

bronchiseptica infection in the lesser bushbaby
(Galago senegalensis). Lab. Anim. Sci. 27:
279-280.

Labaw, L. W., and V. M. Mosley. 1955. Periodic
structure in the flagella of Brucella bronchi-
septica. Biochim. Biophys. Acta 17:322-324.

. Lacey, B. W. 1953. The influence of growth

conditions on the antigenic structure of H.
pertussis, parapertussis, bronchisepticus, p.
357. In Sixth International Congress of Micro-
biology, vol. 1. Rome, Italy.

Lacey, B. W. 1953. Three-dimensional patterns
of antigenic modulation of Haemophilus per-
tussis, H. parapertussis and H. bronchisepti-
cus. J. Gen. Microbiol. 8:iii-iv.

Laidlaw, P. P., and G. W. Dunkin. 1926. Stud-
ies in dog-distemper. III. The nature of the
virus. J. Comp. Pathol. Ther. 39:222-230.

. Lautrop, H., and B. W. Lacey. 1960. Labora-

tory diagnosis of whooping cough or Bordetella
infections. Bull. W.H.O. 23:15-35.

L’Ecuyer, C., E. D. Roberts, and W. P.
Switzer. 1961. An outbreak of Bordetella
bronchiseptica pneumonia in swine. Vet. Med.
56:420-424.

Leslie, P. H., and A. D. Gardner. 1931. The
phases of Haemophilus pertussis. J. Hyg. 31:
423-434.

Little, T. W. A. 1975. Respiratory disease in pigs:
a study. Vet. Rec. 96:540-544.

Logomarsino, J. V., W. G. Pond, B. E. Sheffy,
and L. Krook. 1974. Turbinate morphology in
pigs inoculated with Bordetella bronchiseptica
and fed high or low calcium diets. Cornell Vet.
64:573-583.

Maclennan, A. P. 1960. Specific lipopolysaccha-

105.

106.

107.

108.

109.

110.

111.

112

113.

114.

115.

116.

117.

118.

119.

MicroBioL. REv.

rides of Bordetella. Biochem. J. 74:398-409.

Maeda, M., and T. Shimizu. 1975. Nasal infec-
tion of Alcaligenes bronchisepticus (Borde-
tella bronchiseptica) and lesions in newborn
rabbits. Natl. Inst. Anim. Health Q. 15:29-37.

Maeda, M., S. Tokuhisa, and T. Shimizu. 1971.
Nasal lesions and Alcaligenes bronchisepticus
infection in swine atrophic rhinitis. Natl. Inst.
Anim. Health Q. 11:151-158.

Mather, E. C., B. Addison, D. Owens, C. J.
Bierschwal, and C. E. Martin. 1973. Borde-
tella bronchiseptica associated with infertilfty
in a mare. J. Am. Vet. Med. Assoc. 163:76-0J.

McCandlish, 1. A. P., H. Thompson, andN
G. Wright. 1976. Kennel cough: vaccinatign
against Bordetella bronchiseptica infectigh
Vet. Rec. 98:156-157. o

McCandlish, 1. A. P.,, H. Thompson, and
G. Wright. 1978. Vaccination against Bo: de
tella bronchiseptica infection in dogs usingsa
heat-killed bacterial vaccine. Res. Vet. Sci §

45-50.

McCandlish, 1. A. P., H. Thompson, andﬁ.
G. Wright. 1978. Vaccination against caripe
bordetellosis: protection from contact chdl-
lenge. Vet. Rec. 102:479-483. 3

McGowan, J. P. 1911. Some observations oma
laboratory epidemic principally among dggs
and cats, in which the animals affected pre-
sented the symptoms of the disease called “%-
temper.” J. Pathol. Bacteriol. 15:372-426.

McKenzie, R. A., A.D. Wood, and P. J. Blai
all. 1979. Pneumonia associated with Boran
bronchiseptica in captive koalas. Aust. Ve{QJ.
55:427-430.

Meyer, R. C., and P. D. Beamer. 1973. Borge-
tella bronchiseptica infections in germ-
swine: an experimental pneumonia. Vet. &a-
thol. 10:550-556. =

Muirhead, M. R. 1979. Constraints on produc
tivity and their economic effect: veterinary &a-
plications and cost of controls, p. 43-51. I
J. O’Connor, P. McGloughlin, and P.3.
O'Reilly (ed.), Pigs: feeding, health and hdus-
ing. Proceedings of the Seventh Annual Wirlter
Symposmm on Pigs. Pig Health Society, D@

Nakagawa, M., H. Yoda, T. Muto, andcK.
Imaizumi. 1974 Prophylaxis of Bordetéla
bronchiseptica infection in guinea pig by
cination. Jpn. J. Vet. Sci. 36:33-42.

Nakase, Y. 1957. Studies on Hemophilus bron-
chisepticus. 1. The antigenic structures of H.
bronchisepticus from guinea pig. Kitasato
Arch. Exp. Med. 30:57-72.

Nakase, Y. 1957. Studies on Hemophilus bron-
chisepticus. I1. Phase variation of H. bronchi-
septicus. Kitasato Arch. Exp. Med. 30:73-77.

Oddy, J. G., and D. G. Evans. 1940. The effects
produced by toxic and nontoxic extracts of H.
pertussis and Br. bronchiseptica on the blood
sugar of rabbits. J. Pathol. 56:11-16.

Oldenburg, V. J., B. Kohler, H. W. Fuchs,
and F. Horsch. 1972. Occurrence and impor-
tance of Bordetella bronchiseptica in rabbits.
Monatsh. Veterinaermed. 27:738-743.


http://mmbr.asm.org/

VoL. 44, 1980

120. Olsen, R. G., E. A. Hoover, L. E. Mathes, L.
Heding, and J. P. Schaller. 1976. Immuni-
zation against feline oncornavirus disease using
a killed tumor cell vaccine. Cancer Res. 36:
3642-3646.

121. Parker, C. 1976. Role of the genetics and phys-
iology of Bordetella pertussis in the production
of vaccine and the study of host-parasite rela-
tionships in pertussis. Adv. Appl. Microbiol.
20:27-42.

122. Pashov, T. V., M. Y. Kurbala, and D. 1. Ser-
eda. 1967. Aetiological role of Pasteurella mul-
tocida and Bordetella bronchiseptica in por-
cine infectious atrophic rhinitis. I. Veterinariya
(Moscow) 12:48. (In Russian.)

122a.Pashov, T. V., M. Y. Kurbala, and D. 1. Ser-
eda. 1967. Aetiological role of Pasteurella mul-
tocida and Bordetella bronchiseptica in por-
cine infectious atrophic rhinitis. II. Veterina-
riya (Moscow) 14:95. (In Russian.)

Pearce, H. G., and C. K. Roe. 1966. Infectious
porcine atrophic rhinitis: a review. Can. Vet. J.
7:243-251.

Pedersen, K. B. 1976. Some factors influencing
the haemolysis of Bordetella bronchiseptica.
Acta Pathol. Microbiol. Scand. 84:75-78.

Pedersen, K. B., and K. Barfod. 1977. Effect
of vaccination of sows with Bordetella bron-
chiseptica on the incidence of atrophic rhinitis
in swine. Nord. Veterinaermed. 29:369-375.

Pennock, P. W., and J. Archibald. 1968. Dis-
ease of the lower respiratory tract, p. 572-581.
In E. J. Catcott (ed.), Canine medicine. Amer-
ican Veterinary Publications, Inc., Wheaton,
L

Phillips, C. E. 1943. Alcaligenes (Brucella)
bronchisepticus as a factor in porcine pneu-
monias. Can. J. Comp. Med. 7:58-59.

Pittman, M. 1974. Genus Bordetella Moreno-
Lépez 1952, p. 282-283. In R. E. Buchanan and
N. E. Gibbons (ed.), Bergey’s manual of deter-
minative bacteriology, 8th ed. The Williams &
Wilkins Co., Baltimore.

Proom, H. 1955. The minimal nutritional re-
quirements of organisms of the genus Borde-
tella Lopez. J. Gen. Microbiol. 12:63-75.

Radtke, G. 1938. Untersuchungen iiber die Ur-
sache und das Wesen der Schniiffelkrankheit
des Schweines. Arch. Wiss. Prakt. Tierheilkd.
72:371.

Rauch, H. C., and M. J. Pickett. 1961. Borde-
tella bronchiseptica bacteriophage. Can. J.
Microbiol. 7:125-133.

Ray, J. D. 1950. Brucella bronchisepticus. J.
Am. Vet. Med. Assoc. 116:51.

Richter, G. W., and Y. Kress. 1967. Electron
microscopy of a strain of Bordetella bronchi-
septica. J. Bacteriol. 94:1216-1224.

Rosenow, E. C. 1931. The relation of strepto-
cocci to the filterable virus of encephalitis of
the fox. J. Infect. Dis. 48:304-334.

Ross, R., J. Munoz, and C. Cameron. 1969.
Histamine-sensitizing factor, mouse-protective
antigens, and other antigens of some members
of the genus Bordetella. J. Bacteriol. 99:57-64.

136. Ross, R. F., J. R. Duncan, and W. P. Switzer.

123.

124

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

BIOLOGY OF B. BRONCHISEPTICA

737

1963. Turbinate atrophy in swine produced by
pure cultures of Bordetella bronchiseptica.
Vet. Med. 58:566-570.

Ross, R. F., W. P. Switzer, and J. R. Duncan.
1967. Comparison of pathogenicity of various
isolates of Bordetella bronchiseptica in young
pigs. Can. J. Comp. Med. Vet. Sci. 31:53-57.

Seibold, H. R., E. A. Perrin, Jr., and A. C.
Garner. 1970. Pneumonia associated with
Bordetella bronchiseptica in Callicebus spe-
cies primates. Lab. Anim. Care 20:456-461.

Shade, F. J., and R. A. Goodnow. 1979. In-
tranasal immunization of dogs against Borde-
tella bronchiseptica-induced tracheobronchi-
tis (kennel cough) with modified live-Borde-
tella bronchiseptica vaccine. Am. J. Vet. Res.
40:1241-1243.

Shelton, M. E., D. D. Draper, and D. O. Far-
rington. 1977. Control of a tracheobronchitis
epizootic associated with Bordetella bronchi-
septica in a closed dog colony. Vet. Med. Small
Anim. Clin. 72:189-193.

Shimizu, T. 1978. Prophylaxis of Bordetella
bronchiseptica infection in guinea pigs by in-
tranasal vaccination with live strain ts-S34.
Infect. Immun. 22:318-321.

Shimizu, T., M. Nakagawa, S. Shibata, and
K. Suzuki. 1971. Atrophic rhinitis produced
by intranasal inoculation of Bordetella bron-
chiseptica in hysterectomy produced colos-
trum-deprived pigs. Cornell Vet. 61:696-705.

Shirk, R. J., and G. A. Kemp. 1968. Experi-
mental Bordetella bronchiseptica infection in
embryonated eggs, p. 178-182. Antimicrob.
Agents Chemother. 1967.

Shuman, R. D., and F. L. Earl. 1956. Atrophic
rhinitis. VII. A study of the economic effect in
a swine herd. J. Am. Vet. Med. Assoc. 129:
220-224.

Simpson, W., and D. J. C. Simmons. 1976.
Problems associated with the identification of
Bordetella bronchiseptica. Lab. Anim. 10:47-
48.

Smith, T. 1913. Some bacteriological and envi-
ronmental factors in the pneumonias of lower
animals with special reference to the guinea
pig. J. Med. Res. 29:291-323.

Snyder, S. B., S. K. Fisk, J. G. Fox, and O. A.
Soave. 1973. Respiratory tract disease associ-
ated with Bordetella bronchiseptica infection
in cats. J. Am. Vet. Med. Assoc. 163:293-294.

Spray, R. S. 1922. The bacteria in normal and
diseased lungs of swine. J. Infect. Dis. 31:10-
21.

Sutherland, I. W., and J. F. Wilkinson. 1963.
Azurin: a copper protein found in Bordetella.
J. Gen. Microbiol. 30:105-112.

Switzer, W. P. 1956. Studies on infectious
atrophic rhinitis. V. Concept that several
agents may cause turbinate atrophy. Am. J.
Vet. Res. 17:478-484.

Switzer, W. P. 1963. Elimination of Bordetella
bronchiseptica from the nasal cavity of swine
by sulfonamide therapy. Vet. Med. 58:571-574.

Switzer, W. P., and D. O. Farrington. 1975.
Infectious atrophic rhinitis, p. 687-711. In H.

159n6 Aq T20zZ ‘ST |udy uo /610 wse iquiw//:dny woiy papeojumoq


http://mmbr.asm.org/

738

163.

154.

156.

156.

157.

158.

159.

160.

161.

GOODNOW

W. Dunne and A. D. Leman (ed.), Diseases of
swine, 4th ed. Iowa State University Press,
Ames.

Switzer, W. P., C. J. Maré, and E. D. Hub-
bard. 1966. Incidence of Bordetella bronchi-
septica in wildlife and man in Iowa. Am. J. Vet.
Res. 27:1134-1136.

Szturm, S., and D. Bourbon. 1948. Bacterium
alcaligenes fecalis et Hemophilus bronchisep-
ticus; caractéres morphologiques et biochi-
miques. Ann. Inst. Pasteur Paris 75:65-66.

Terakado, N.,, H. Azechi, K. Ninomiya, T.
Fukuyasu, and T. Shimizu. 1974. The inci-
dence of R factors in Bordetella bronchisep-
tica isolated from pigs. Jpn. J. Microbiol. 18:
45-48.

Terakado, N., H. Azechi, K. Ninomiya, and
T. Shimizu. 1973. Demonstration of R factors
in Bordetella bronchiseptica isolated from
plgs Antimicrob. Agents Chemother. 3:555-

Thompson, H.,, L. A. P. McCandlish, and N.
G. Wright. 1976. Experimental respiratory dis-
ease in dogs due to Bordetella bronchiseptica.
Res. Vet. Sci. 20:16-23.

Thorp, F., Jr., and F. W. Tanner. 1940. Bac-
teriological study of the aerobic flora occurring
in pneumonic lungs of swine. J. Am. Vet. Med.
Assoc. 96:149-160.

Tischler, S. A., and J. R. Hill. 1977. Kennel
cough syndrome in a pet store. J. Am. Anim.
Hosp. Assoc. 13:342-348.

Tornge, N., and N. C. Nielsen. 1976. Inocula-
tion experiments with Bordetella bronchisep-
tica strains in SPF pigs. Nord. Veterinaermed.
28:233-242.

Torrey, J. C., and A. H. Rahe. 1913. Studies in

162.

163.

164.

165.
166.

167.

168.

169.

170.

MicroBIoL. REv.

canine distemper. J. Med. Res. 27:291-364.

Ulrich, J. A., and G. M. Needham. 1953. Dif-
ferentiation of Alcaligenes faecalis from Bru-
cella bronchisepticus by biochemical and nu-
tritional methods. J. Bacteriol. 65:210-215.

Wagner, J. E., D. R. Owens, D. F. Kusewitt,
and E. A. Corley. 1976. Otitis media of guinea
pigs. Lab. Anim. Sci. 26:902-907.

Wilkins, R. J., and D. R. Helland. 1973. Anti-
bacterial sensitivities of bacteria isolated from
dogs with tracheobronchitis. J. Am. Vet. Med.
Assoc. 162:47-50. w)

Winsser, J. 1960. A study of Bordetella bran-
chiseptica. Proc. Anim. Care Panel 10:87-184.

Wright, N. G., H. Thompson, D. Taylor, and
H. J. C. Cornwell. 1973. Bordetella bron
septica: a re-assessment of its role in canme
respiratory disease. Vet. Rec. 93:486-487. @D

Yaginuma, S., N. Terakado, and S. Mit§a-
hashi. 1975. Biochemical properties of a
cillin beta-lactamase mediated by R fa
from Bordetella bronchiseptica. Antimic
Agents Chemother. 8:238-242.

Yoda, H.,, M. Nakagawa, T. Muto, a.nd-g
Imaizumi. 1972. Development of reslstancei.o
reinfection of Bordetella bronchlseptwa:"m
guinea pigs recovered from natural mfectlo:x
Jpn. J. Vet. Sci. 34:191-196.

Yoda, H., K. Nakayama, T. Yusa, S. Sato'S
Fukuda, K. Matsumoto, and M. Nn’%

gawa. 1976. Bacteriological survey on Bo
tella bronchiseptica in various animal spec
Exp. Anim. (Tokyo) 25:7-11.

Yokomizo, Y., and T. Shimizu. 1979. Adl@
ence of Bordetella bronchiseptica to swine
nasal epithelial cells and its possible role3n
virulence. Res. Vet. Sci. 27:15-21.

1sanb Aq TZ0zZ ‘ST |udy


http://mmbr.asm.org/

