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Mutant strains of Bordetella bronchiseptica, named B-42, B-76, B-84, and B-119, were obtained after serial
passages of a parent strain, L3, on Bordet-Gengou agar plates containing 20% horse blood and 200 ,ug of
nalidixic acid per ml (BGN-20 agar plates) at 42°C. Mutant strains completely lacked dermonecrotic
toxin-producing ability, and lethal activity of the strains for mice was apparently reduced compared with that
of strain L3. Mutant strains were able to grow at 42°C, and the strains were nalidixic acid resistant. The mutant
strains showed domed (Dom') colony morphology with smooth texture (Scs+) and no production of zone of
hemolysis (Hly-), but the agglutinability of these strains to antiserum prepared with Dom' Scs+ IHy+
organisms of strain L3 was the same as that of strain L3. When strain B-42 was inoculated intramuscularly or
intranasally into guinea pigs, all the animals survived without manifesting clinical signs and produced a
high-level of serum agglutination antibodies against strain L3. These inoculated animals were protected against
intranasal challenge with strain L3. These properties of mutant strains are hereditarily stable after 50
subcultures on BGN.20 agar plates or 20 passages in mice. These data suggest that the mutant strains lacking
dermonecrotic toxin-producing ability can be used as a live attenuated vaccine against swine atrophic rhinitis.

Swine atrophic rhinitis (AR) is a disease characterized by
severe necrosis in the epithelia of the upper respiratory tract
and by deformity and reduction in both volume and size of
the nasal turbinates and snouts (3, 5, 16, 17, 30, 38). Phase I
(22) of Bordetella bronchiseptica causes a marked loss of
cilia, accompanied by the characteristic morphological
changes of the nasal mucosa, when the organisms are
intranasally inoculated into gnotobiotic (3, 16) or specific-
pathogen-free (SPF) (5, 38) neonatal pigs. Injection of pure
cultures of B. bronchiseptica also results in severe nasal
turbinate atrophy. Therefore, B. bronchiseptica has been
considered a primary causative agent of swine AR. Thus,
inactivated whole-cell vaccines were prepared from B. bron-
chiseptica (7, 8, 10, 25, 37) and applied in the field.
Dermonecrotic toxin (DNT) extracted from the phase I

organisms of B. bronchiseptica has been suggested as one of
the virulence factors responsible for the production of nasal
turbinate atrophy in piglets (9), young rats (13), young
rabbits (15), and young mice (32). For example, sonic
extracts of B. bronchiseptica containing DNT have pro-
duced AR after intranasal instillation into SPF piglets (9).
Cultured swine nasal tissue fragments were incubated in a
medium containing a purified B. bronchiseptica DNT prep-
aration (14), and Nakai et al. (19) reported that morpholog-
ical damage induced in the nasal mucosa was consistent with
that observed in B. bronchiseptica-infected pigs (18, 24).
Recently, Roop et al. (29) demonstrated that the production
of the turbinate lesions in neonatal piglets by some B.
bronchiseptica strains directly correlated with the levels of
DNT production by the strains.
The present paper deals with the isolation of mutant

strains of B. bronchiseptica lacking DNT-producing ability.
Biological, serological, and immunological properties of the
strains are described in comparison with those of the parent
strain, L3.

* Corresponding author.

MATERIALS AND METHODS
Bacterial strains and culture media. Strain L3 (9) of B.

bronchiseptica was used as the parent strain. It was isolated
from the nasal cavity of a Landrace pig affected with AR.
Ten field isolates of B. bronchiseptica recently obtained by
us from pigs affected with AR were used, as well as four
mutant strains derived from strain L3 and named B-42, B-76,
B-84, and B-119. All the strains were preserved as lyophi-
lized cultures. For cultivation of strain L3 and field isolates,
Bordet-Gengou (BG) (2) agar plates supplemented with 20%o
horse blood (BG-20 agar plates) were used. For isolation of
mutant strains, BG-20 agar plates supplemented with 200 p.g
of nalidixic acid (Sigma Chemical Co., St. Louis, Mo.) per
ml (BGN-20 agar plates) were used.
Colony phenotypes of mutant strains. Colony phenotypes

of mutant strains were confirmed as follows. Mutant strains
were incubated on BG or BGN agar plates supplemented
with 13% horse blood (BG-13 and BGN-13 agar plates,
respectively) (26). After incubation at 42°C for 3 to 5 days,
colony phenotypes of mutant strains were examined with a
stereomicroscope. Colonies were graded for domed or um-
bonate elevation (Dom' or Dom-), smooth or rough colony
texture (Scs+ or Scs-), and production or lack of production
of zone of hemolysis (Hly+ or Hly-) (27).

Isolation of mutant strains lacking DNT-producing ability.
Dom+ Scs+ Hly+ organisms of strain L3 were streaked on
two BG-20 agar plates and incubated at 37°C for 2 to 3 days.
Three Dom' Scs+ Hly+ colonies grown on each plate were
picked up, streaked on two new plates, and incubated again
under the same culture conditions. Then, 20 colonies grown
on each plate were transferred to two sets of BG-20 agar
plates and incubated at 42°C for 5 to 7 days. Ten colonies
that grew to 0.5 to 0.7 mm in diameter on each plate were
picked up and subcultured 10 times under the same culture
conditions. At this stage, all 100 colonies had grown to about
2 mm in diameter and showed the Dom' Scs+ Hly- pheno-
type. Then, 10 colonies were transferred to BGN-20 agar
plates and incubated at 42°C for5 to 7 days. Ten Dom' Scs+
Hly- colonies (0.5 to 0.7 mm in diameter) grown on each
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plate were subcultured 10 times under the same culture
conditions. Finally, four mutant strains showing the Dom'
Scs+ Hly- phenotype and lacking DNT-producing ability
(named B-42, B-76, B-84, and B-119) were obtained.
Growth of colonies on BG-20 agar plates. Growth of

colonies on BG-20 agar plates was compared by using L3
and B-42 strains. Each strain was streaked onto duplicate
BG-20 agar plates; one plate was incubated at 37°C, and the
other was incubated at 42°C. The diameters of 30 colonies
grown on each plate were measured once a day during the
observation period of 5 days.

Determination of MICs. MICs of nalidixic acid for L3 and
the mutant strains were determined by a standardized broth
dilution method. Organisms grown on BG-20 (strain L3) or
BGN-20 (mutant strains) agar plates were harvested and
suspended in phosphate-buffered saline solution (PBS [pH
7.2]), and the cell numbers were adjusted to 106 cells per ml
by spectrophotometry (14). A portion (0.1 ml) of the bacte-
rial suspension of each strain was inoculated into 1 ml of
antibiotic broth medium no. 3 (Difco Laboratories, Detroit,
Mich.) containing various concentrations of nalidixic acid
(3.125 to 200 ,ug per ml) and incubated overnight at 37°C in
stationary culture, and the MIC of nalidixic acid for each
sample was determined.

Hemagglutination test. The hemagglutination test was car-
ried out by a method described by Bemis and Plotkin (1) with
a sonicated antigen as a hemagglutinating antigen. Titers of
hemagglutinin were expressed as the reciprocal of the high-
est sample dilution showing complete agglutination of bovine
or equine erythrocytes.

Agglutinability to antisera. Antisera were obtained by
immunizing rabbits (22) with strain L3 Dom' Scs+ Hly+
organisms or strain B-42 Dom' Scs+ Hly- organisms. A
tube agglutination method was used with antiserum diluted
from 1:20 to 1:20,480 in PBS and antigen adjusted to 1010
cells per ml by spectrophotometry. A 0.4-ml sample of each
reactant was mixed in a test tube and left for 2 h at room
temperature. After the samples had stood at 4°C overnight,
titers of agglutinin were measured. They were expressed as
the reciprocal of the highest serum dilution showing com-
plete agglutination.

Assay of dermonecrotic activity. Dermonecrotic activity for
guinea pigs was assayed by the method described by Nakase
et al. (23). Guinea pigs weighing about 300 g each were
depilated and injected intradermally with 0.1-ml portions of
twofold dilutions (in distilled water) of each sample (5 x 1012
cells per ml). Titers of samples were expressed as the
reciprocal of the highest sample dilution showing a positive
necrotic lesion more than 5 mm in diameter at 48 h after
injection.

Lethal toxicity for mice. Lethal toxicity for mice was
determined by using 4-week-old SPF ddY female mice (10
mice for each dilution). Organisms grown on BG-20 (strain
L3) or BGN-20 (mutant strains) agar plates were harvested
and suspended in PBS (10" cells per ml), and 0.5-ml samples
of 10-fold dilutions (in PBS) were inoculated intraperitone-
ally into each mouse. The mice were observed for 3 weeks
thereafter, and the 50% lethal dose (LD50) was estimated by
the method of Reed and Muench (28).

Splenotoxicity for mice. For the splenotoxicity test, 3-
week-old SPF ddY female mice (20 mice for each strain)
were used. Each bacterial suspension was adjusted to a
sublethal dose (104 viable cells of strain L3 per 0.5 ml or 108
viable cells of each mutant strain per 0.5 ml), and 0.5 ml of
each sample was inoculated intraperitoneally into each
mouse. Ten days after inoculation the body weight of each

mouse was recorded; all the mice were then sacrificed.
Spleens were collected from the sacrificed mice, and weight
of each spleen was also recorded. The statistical significance
of the differences was determined by a t test.

Serial passages on agar plates or in mice. Organisms of
strain B-42 were serially subcultured on BGN-20 agar plates.
For passage in mice, organisms of strain B-42 cultured on
BGN-20 agar plates were harvested, suspended (107 viable
cells per ml) in PBS, and inoculated intraperitoneally in
0.5-ml portions into 10 4-week-old SPF ddY female mice.
The mice were sacrificed at day 4, postinoculation, and
cotton swab samples of their peritoneal fluids were col-
lected. The samples were streaked on BGN-20 agar plates
and incubated at 42°C for 3 days, and Dom' Scs+ Hly-
colonies were selected. The organisms were used as a
second inoculum, and the recovered organisms were serially
passaged in mice. Biological and serological properties of the
resulting organisms were studied after 50 subcultures on
BGN-20 agar plates or 20 passages in mice.
Immunization and challenge. Immunogens were prepared

as follows. Organisms of strain B-42 grown on BGN-20 agar
plates were harvested, suspended in PBS, and adjusted to a
concentration of about 1010 viable cells per ml by spec-
trophotometry. In total, 40 SPF Hartley guinea pigs weigh-
ing about 300 g each (10 animals in each group) were
inoculated intramuscularly (0.5 ml per animal) or intranas-
ally (0.025 ml per animal). After immunization, the effect on
the guinea pigs was determined by intranasal challenge with
Dom+ Scs+ Hly+ organisms of strain L3 (4 x 108 viable cells
per 0.025 ml per animal) 3 weeks after the inoculation. These
guinea pigs were observed for 2 weeks after challenge, and
the number of survivors was recorded. Serum samples were
obtained at the time of challenge for titration of antibody.

Antibody determination. Titers of antibody in serum were
determined by a tube agglutination method involving the use
of a commercialized AR antigen (AR antigen Kitasato;
Kitasato Institute, Tokyo, Japan) prepared with B. bronchi-
septica H-16. The procedure recommended by the manufac-
turer was used.

RESULTS
Isolation of mutant strains lacking DNT-producing ability.

Organisms of strain L3 produced Dom' Scs+ Hly+ colonies
(about 1 mm in diameter) on BG-13 and BG-20 agar plates
after incubation at 37°C for 2 to 3 days, whereas they
sometimes produced Dom' Scs+ Hly- colonies (most of
them less than 0.4 mm in diameter) on BG-20 agar plates
after incubation at 42°C for 5 to 7 days. However, the
colonies rarely grew to 0.5 to 0.7 mm in diameter, and so
they were subcultured 10 times under the same culture
conditions. During this period, they produced relatively
large Dom' Scs+ Hly- colonies (about 1.5 mm in diameter)
within 3 days when incubated at 42°C. Dermonecrotic titers
of these derivatives (1:2 to 1:8) were significantly reduced (P
< 0.01) in comparison with that of the parent strain, L3 (1:
8,192). These derivatives were transferred to BGN-20 agar
plates and incubated at 42°C for 5 to 7 days. A few small
colonies (about 0.5 mm in diameter) were found on the
plates, and these were subcultured 10 times under the same
culture conditions. They produced relatively large Dom'
Scs+ Hly- colonies (about 2 mm in diameter) within 3 days
when incubated at 42°C. Finally, we obtained four mutant
strains completely lacking DNT-producing ability; these
were named B-42, B-76, B-84, and B-119.
Colony phenotypes. Strain L3 formed colonies with a

Dom' Scs+ Hly+ phenotype on BG-13 agar plates, whereas
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FIG. 1. Growth of B. bronchiseptica colonies cultured on BG-20

agar plates. Symbols: *0, strain B-42 incubated at 42°C; O, strain
B-42 incubated at 37°C; B, strain L3 incubated at 42°C; O, strain L3
incubated at 37°C.

the four mutant strains produced colonies with a Dom' Scs+
Hly- phenotype on BGN-13 agar plates. However, these
mutant strains produced colonies surrounded by narrow and
weak hemolytic zones on BG-5 agar plates after incubation
at 37°C for 3 days.
Growth of colonies on BG-20 agar plates. Growth of

colonies on BG-20 agar plates was compared by using L3
and B-42 strains (Fig. 1). Strain B-42 grew well and produced
large colonies at both 37°C and 42°C. On the other hand,
strain L3 and all the 10 field isolates (data not shown) of B.
bronchiseptica grew well at 37°C but produced only a few
small colonies at 42°C. Therefore, the ability to produce
large colonies at 42°C appears to, be one of the markers to
distinguish the mutant strains from the field isolates.

Biological properties. All four mutant strains and strain L3
produced urease, oxidase, and catalase, but they did not
produce indole, hydrogen sulfide, or lysine decarboxylase.
They neither utilized citrate nor fermentated glucose, man-
nose, sucrose, or arabinose (data not shown). There was no
difference in these biological properties between strain L3
and the four mutant strains.

Susceptibility to na~lidixic acid. Strain L3 and all 10 field
isolates (data not shown) were susceptible to nalidixic acid

TABLE 1. Biological properties of B. bronchiseptica parent
and mutant strains

Titersb of
hemagglutinin Titersc of

Colony MIC of against DNT

Strain Colony nalidixic acid erythrocytes (5 x 1011

(,Lg/ml) collected from: cells/ml)

Cattle Horses

B-42 Dom' Scs+ Hly- >200 <1 8 <1
B-76 Dom' Scs+ Hly- >200 <1 4 <1
B-84 Dom' Scs+ Hly- >200 <1 4 <1
B-119 Dom' Scs+ Hly- >200 <1 8 <1
L3 Dom' Scs+ Hly+ 3.125 128 4 8,192

a Nomenclature of Peppler and Schrumpf (27) is used for describing colony
morphology of B. bronchiseptica on BGN-13 or BG-13 agar plates. Dom
designates domed colony type, Scs designates smooth colony surface, and
Hly designates production of a zone of hemolysis surrounding the colony.

b The titers are expressed as the reciprocal of the highest sample dilution
showing complete hemagglutination.

C The titers are expressed as the reciprocal of the highest sample dilution
showing a positive necrotic lesion for guinea pigs.

TABLE 2. Agglutinability of B. bronchiseptica parent and mutant
strains to antisera prepared with L3 and B-42

Titer' of agglutinin against antisera
Strain prepared with following strain:

B-42 L3

B-42 10,240 10,240
B-76 5,120 5,120
B-84 10,240 10,240
B-119 5,120 5,120
L3 10,240 10,240

a Strains were used at 1010 cells per ml.
b The titers are expressed as the reciprocal of the highest serum dilution

showing complete agglutination.

(MIC, <3.125 ,ug/ml), whereas the four mutant strains were
resistant (MIC, >200 ug/lml) (Table 1).

Hemagglutinating activity. A sonicated cell suspension of
strain L3 agglutinated both bovine and equine erythrocytes,
whereas those of four mutant strains agglutinated only
equine erythrocytes (Table 1).

Agglutinabilities to antisera. Agglutinabilities of parent and
mutant strains to anti-L3 and anti-B-42 rabbit sera were
compared (Table 2). There was no difference in agglutinabil-
ity to the antisera between the agglutinating antigens of
strain L3 and the four mutant strains.

Toxic activities. When a sonicated cell extract of strain L3
was injected intradermally into a guinea pig, it produced
severe necrotic lesions and the titer of DNT for strain L3
was 1:8,192 (Table 1). On the other hand, no toxic activity
was detected for the four mutant strains in this assay system,
even when undiluted samples were used.
The lethal toxicity of the four mutant strains for mice

(LD50 = 6.31 x 108 to 3.48 x 109 viable cells) was apparently
lower than that of strain L3 (LD50 = 1.11 x 105 viable cells)
(Table 3). When a sublethal dose (104 viable cells per mouse)
of strain L3 was inoculated intraperitoneally into 20 mice, all
the inoculated mice showed clinical signs such as depression
and bristle for 7 to 10 days after the inoculation, and their
spleens showed atrophy at necropsy. On the other hand, all
80 mice (20 mice for each strain) inoculated with four mutant
strains (108 viable cells of each strain per mouse) appeared to
be normal during the 10-day observation period, and their
spleens appeared to have normal morphology. Significant
differences (P < 0.05) both in body weight and in spleen
weight at 10 days after the inoculation were observed
between the mice inoculated with strain L3 and those
inoculated with four mutant strains (Table 3).

Stability of mutant strain B-42. Dermonecrotic activity of
strain B-42 did not return after 20 passages in mice or after 50

TABLE 3. Lethal toxicity and splenotoxicity of
B. bronchiseptica parent and mutant strains for mice

Strain LD50 Mean body wt Mean spleen wt
(viable cells) (g)a (mg)a

B-42 3.48 x 109 24.1 ± 0.27 132.6 ± 6.73
B-76 1.19 x 109 24.7 ± 0.51 136.8 ± 12.37
B-84 6.31 x 108 24.3 ± 0.48 129.1 ± 6.83
B-119 9.53 x 108 24.9 ± 0.54 129.9 ± 8.58
L3 1.11 x 105 15.7 ± 1.02b 74.8 ±12.68
Uninjected control 25.2 ± 0.57 115.7 ± 6.66

a A sublethal dose of each strain was inoculated intraperitoneally into 20
mice. The body weights and spleen weights of all the mice were measured at
10 days after inoculation.

b These values were significantly different from those of other groups (P <
0.05).
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TABLE 4. Protective effect of B. bronchiseptica B-42 against
intranasal challenge with parent strain L3

Immunization Immunization Geometric mean No. of
route ~dose of B-42 (range) of serum sriosroute (viable cells/animal) agglutination titers survivors

Intranasal 2.3 x 108 390.1 (160-1,280) 10
2.3 x 107 118.9 (<10-320) 9

Intramuscular 2.3 x 108 312.2 (40-1,280) 9
2.3 x 107 46.7 (<10-1,280) 9

Unimmunized <10 0
control

a All the guinea pigs were challenged intranasally with 4.0 x 108 viable cells
of strain L3 (770 x LD50) per animal at 3 weeks after immunization and
observed for 2 weeks after challenge. There were 10 animals in each group.

serial subcultures on BGN-20 agar plates. The other biolog-
ical and serological properties and colony phenotype of
strain B-42 after the serial passages both in vitro and in vivo
were same as those of the starting organisms (data not
shown).

Protective effect of strain B-42 against challenge. Most of
the guinea pigs inoculated intranasally or intramuscularly
with 2.3 x i07 or 2.3 x 108 viable cells of strain B-42
produced serum agglutination antibodies at 3 weeks after the
inoculation, and most of them survived intranasal challenge
with strain L3 (770x LD50) during the observation period
(Table 4). All the unimmunized control guinea pigs were
killed by the challenge dose.

DISCUSSION

There is much evidence that B. bronchiseptica is a major
cause of swine AR (3, 5, 17-19, 24, 30, 31), although many
bacteria and/or factors responsible for the occurrence of the
disease have been suggested. Hanada et al. (9) suggested
that B. bronchiseptica DNT may act as an active component
to produce nasal turbinate atrophy in neonatal pigs. Re-
cently, Nakai et al. (19) demonstrated that a purified DNT
preparation from B. bronchiseptica (14) was capable of
producing the mucosal damage characteristic of AR on
cultured swine nasal tissue fragments. In general, B. bron-
chiseptica DNT was not produced by actively growing cells,
but low levels ofDNT were released from the cells following
autolysis (20). Therefore, proliferation of organisms with a
high DNT-producing ability on the infected nasal mucosa of
swine might be essential for the production of DNT in
amounts sufficient to cause nasal turbinate atrophy in neo-
natal pigs (18, 19, 24). The aim of the present study was to
isolate mutant strains having a high immunogenicity but
lacking DNT-producing ability as a means of developing a
live attenuated vaccine for control of swine AR in the field.

In total, four mutant strains having a high immunogenicity
(Table 4) but completely lacking DNT-producing ability by
the present assay system (Table 1) were obtained from the
parent strain, L3 (9), of B. bronchiseptica. In addition, lethal
toxicity and splenotoxicity of the four mutant strains for
mice were significantly (P < 0.05) reduced compared with
those of the parent strain (Table 3) and field isolates of B.
bronchiseptica (data not shown). These mutant strains were
characterized as follows: (i) they grew well and formed
relatively large colonies at 42°C, (ii) they formed Dom' Scs+
Hly- colonies, (iii) they were resistant to nalidixic acid, and
(iv) they lacked the ability to produce DNT in guinea pigs.

These mutant strains were very stable, since they did not
change their original characteristics after 50 serial subcul-
tures on BGN-20 agar plates or 20 passages in mice. In
contrast, parent strain L3 and the field isolates of B. bron-
chiseptica were characterized as follows: (i) they grew well
at 37°C but produced only a few small colonies at 42°C, (ii)
they formed Dom' Scs+ Hly+ colonies, (iii) they were
susceptible to nalidixic acid, and (iv) they had the ability to
produce DNT to a certain high level. The other biological
and serological properties of the mutant strains were same as
those of parent strain L3 and the field isolates of B. bron-
chiseptica. Thus, the properties particular to the mutant
strains described herein can be used as useful markers to
distinguish them from field isolates of B. bronchiseptica. At
present, we have no defined proof of whether the mutant
strains completely lack DNT or cannot produce DNT by
mutation.
The ability of B. bronchiseptica to agglutinate erythro-

cytes has been recognized since the early report of Keogh et
al. (12). The organisms of pig origin agglutinated equine,
sheep, dog, pig, and guinea pig erythrocytes (1), as well as
bovine ones (11, 33). The existence of multiple hemaggluti-
nins in the cells of B. bronchiseptica was previously sug-
gested (1). In the present study, we found that strain L3 and
the field isolates of B. bronchiseptica had at least two
hemagglutinins to agglutinate equine and bovine erythro-
cytes (Table 1). However, the four mutant strains lacked
hemagglutinin to agglutinate bovine erythrocytes. Previ-
ously, Élias et al. (6) reported that hemagglutinin was lost
when B. bronchiseptica strains were subcultured and that B.
bronchiseptica strains lost their ability to adhere by loss of
hemagglutinin. Mutant strain B-42 had the ability to adhere
to and colonize the nasal cavities of intranasally inoculated
guinea pigs or pigs without manifesting clinical signs (unpub-
lished data), despite losing hemagglutinin to agglutinate
bovine erythrocytes, although hemagglutinin to agglutinate
equine ones was retained, suggesting that the former hem-
agglutinin may be related to virulence and that the latter one
is related to adherence.
During the last decade, some attenuated or avirulent

strains of B. bronchiseptica have been used as a live vaccine
for control of canine bordetellosis (4, 34) or swine AR (31,
35, 36). Previously, Shimizu (35) isolated a temperature-
sensitive mutant strain, ts-S34, by using nitrosoguanidine.
The temperature-sensitive mutant is characterized as fol-
lows: it (i) cannot grow at or above 34°C, (ii) it has moderate
growth in the nasal cavities of guinea pigs, and (iii) it is
unable to grow in the lungs ofguinea pigs. Recently, Shimizu
and Ishikawa (36) isolated a urease-negative temperature-
sensitive mutant (strain ts-S34-u-) from strain ts-S34 byjoint
treatment with two mutagens, UV irradiation and nitroso-
guanidine (35). The characteristics of the temperature-sensi-
tive mutant strain were completely different from those of
the present mutant strains in the following respects: (i) the
temperature-sensitive mutant still retains a little DNT activ-
ity, (ii) it cannot grow well above 34°C, and (iii) it is urease
negative. The first point is very important in view of safety,
although Shimizu and Ishikawa (36) stated that the reversion
frequency related to u- or temperature sensitivity of strain
ts-S34-u- phase I was lower than 10-9.8.

Shimizu and Ishikawa (35, 36) noted that the temperature-
sensitive mutant strains ts-S34 and ts-S34-u- conferred
strong immunity on guinea pigs. Recently, Sakano et al. (31)
evaluated the effects of vaccinal strain ts-S34-u- on immu-
nogenicity and safety for piglets. They reported that all pigs
inoculated intranasally at 7 days of age with more than 3 x
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107 viable cells of the strain ts-S34-u- were protected against
intranasal challenge, although the inoculated organisms were
recovered from the immunized pigs at 1 week after inocula-
tion but never at 3 weeks after the inoculation. They also
stated that serum agglutination antibody was not detected in
most of the immunized pigs before challenge but that titers
increased after challenge (31), suggesting that, at best, there
was slight proliferation of the vaccinal strain in the nasal
cavities of the inoculated pigs. The reason why such inocu-
lated pigs are protected against challenge (31) remains un-
certain. As shown here, guinea pigs inoculated intranasally
or intramuscularly with mutant strain B-42 produced high
serum agglutination antibodies as well as being protected
against intranasal challenge. This mutant strain, B-42, with
high immunogenicity but without DNT-producing ability,
might be useful as a live attenuated vaccine for control of
swine AR in the field.
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