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The serological relationship between
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SUMMARY

The serological relationship between Brucella spp., Yersinia enterocolitica IX,
and the group N salmonella serotypes S. godesberg, S. landau, S. morehead, S.
neusdorf, S. soerenga and S. urbana was examined using agglutination, antiglobulin,
•complement fixation, immunodiffusion and fluorescent antibody methods.

Antisera to the group N salmonella serotypes all reacted to significant titres in
agglutination and complement fixation, but not antiglobulin or immunodiffusion
tests with smooth brucella antigens. These antisera also reacted in agglutination,
but not antiglobulin, tests with Y. enterocolitica IX. They did not react significantly
in any tests with rough brucella antigens.

Conversely, antisera to smooth Brucella spp. agglutinated group N salmonellas
to low titre and Y. enterocolitica IX to titres similar to those given against the
homologous strain. Antiserum to Y. enterocolitica IX on the other hand reacted
with smooth brucella antigens to high titre in agglutination, complement fixation
and antiglobulin tests, and with the group N salmonella antigens to substantial
titres in agglutination tests.

In direct fluorescent antibody tests, smooth Brucella strains and Y. enterocolitica
IX reacted strongly with FITC-labelled antibody to Br. abortus whereas the group
N salmonella strains reacted weakly.

In tests with monospecific antisera to the A and M determinants of Br. abortus
and Br. melitensis respectively, Y. enterocolitica IX reacted only with the anti-
serum to the A determinant whereas group N salmonellas reacted to low titre
with both A and M antisera.

The results of cross-absorption tests confirmed this relationship and suggested
that the O30 antigens of group N salmonella serotypes contained antigenic
determinants similar to, but not identical with, the antigenic structure shared
by smooth Brucella spp. and Y. enterocolitica IX.

INTRODUCTION

The serological cross-reaction between smooth Brucella spp. and Yersinia
enterocolitica serotype IX has been well characterized (Ahvonen, Jansson & Aho,
1969; Corbel & Cullen, 1970; Diaz, Lacalle, Medrano & Leong, 1970; Hurvell,

https://doi.org/10.1017/S0022172400047173 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400047173


152 M. J. CORBEL

Ahvonen & Thai, 1971; Rusu et al. 1970; Akkermans & Hill, 1971; Fribourg-Blanc,
1971; Pop, Cerbu, Pop & Draghici, 1972). Serological cross-reactions between
Brucella strains and organisms of other genera have also been described from time
to time (Francis & Evans, 1926; Starr & Snider, 1934; Wong & Chow, 1937;
Shklair & Stafseth, 1954; Feeley, 1969). Most of these cross-reactions have been
low-grade and unlikely to present serious problems in diagnosis.

Of possibly greater significance are serological cross-reactions between Brucella
spp. and certain Salmonella serotypes, particularly those of Kauffmann-White
group N (Cioglia, 1950a, b; Wundt, 1959). At least one of these serotypes, Salmo-
nella urbana, has been recently reported to cross-react with Y. enterocolitica IX
as well as with Brucella spp. (Hurvell, 1973). Because of the possible implications
of these cross-reactions for the serological diagnosis of brucellosis, the antigenic
relationship between brucella, yersinia and salmonella organisms has been
examined.

MATERIALS AND METHODS
Bacterial strains

The brucella strains were from the Brucella type culture collection maintained
at this laboratory. The strain of Y. enterocolitica IX used has been described
previously (Corbel & Cullen, 1970).

The Salmonella godesberg and S. urbana strains were from the Salmonella
reference collection maintained at this laboratory and were provided by Dr C.
Wray. The strains of S. landau, S. morehead, S. neusdorf and S. soerenga originated
from the Salmonella Reference Laboratory of the Central Public Health Labora-
tory, Colindale. All of these salmonella strains contained the O30 somatic antigen
of Kauffmann—White group N and with the exception of S. soerenga which
belonged to the O30x sub-type, all were of the O 3 0 i n sub-type.

Antigen preparations

Agglutination suspensions of Br. abortus and Y. enterocolitica IX were prepared
and standardized as described by Corbel (1973a). Br. melitensis and Br. suis
agglutination suspensions were prepared from heat-killed smooth Br. melitensis
16M and Br. suis 1330 cells suspended in 0-15 NaCl containing 0-5 % (w/v) phenol
and standardized to give 50% agglutination with a 1/500 dilution of the Inter-
national Standard Br. abortus antiserum.

Suspensions of Br. canis RM6-66 for rough agglutination tests were prepared
essentially according to Carmichael & Bruner (1968) but standardized to an optical
density of 3-30 at 520 nm wavelength, using an Optica model CF4NI recording
spectrophotometer fitted with glass cuvettes of 10 mm. light path (Optica U.K.
Ltd, London).

Salmonella suspensions for use as immunizing antigens were grown for 16 hr.
at 20° C. on trypticase soy agar, washed off with phosphate buffered saline (PBS:
0-15M-NaCl, 0-01 M phosphate buffer, pH 7-4) containing 0-1% (w/v) formalde-
hyde, allowed to stand at room temperature for 30 min. and then heated at 100° C.
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for 5 min. The suspensions were washed by 3 cycles of centrifugation in PBS,
resuspended in this medium and adjusted to a concentration of ca. 109 organisms
per ml. OH agglutination suspensions of salmonella strains were prepared by
a similar method except that the organisms were harvested in PBS, killed by
heating to 60° C. for 1 hr., washed by centrifugation and resuspended in 0-15 M-
NaCl containing 0-5 % (w/v) phenol. 0 antigen suspensions were prepared from the
OH suspensions by adding 20 volumes of ethanol, and heating at 50° C. for 30 min.
The treated organisms were deposited by centrifugation and resuspended in
0-15M-NaCl. The suspensions were standardized nephelometrically as described
above for Br. canis.

Ultrasonic extracts of brucella, yersinia and salmonella organisms for immuno-
diffusion tests were prepared essentially according to Corbel & Cullen (1970) but
with the omission of KC1. Lipopolysaccharide O antigens were extracted from
Salmonella spp. with diethyl ether-saturated water and purified by ultracentrifuga-
tion (Ribi, Milner & Perrine, 1959). The O agglutinogens of Brucella spp. and
Y. enterocolitica IX were extracted with phenol-water (Westphal, Liideritz &
Bister, 1952) and purified as described by Corbel (1973a).

Antisera. Rabbit antiserum to Y. enterocolitica IX was prepared as described by
Corbel & Cullen (1970). Rabbit antiserum to Br. abortus 544 was prepared as
described by Corbel (1973a) and antisera to Br. melitensis Rev 1, Br. suis Thomsen
and Br. neotomae 5K33 by a similar method. Rabbit antisera to group N salmo-
nella strains were prepared by subcutaneous injection of 3-4 month old rabbits with
ca. 108 killed organisms in 0-25 ml. PBS. This was combined with 2 x 108 killed
organisms given by the intravenous route. Blood samples collected 10 days after
inoculation were used for all tests with the exception of the immunodiffusion test.
Antisera for use in the latter test were collected 4 days after the rabbits had
received a second intravenous injection of 2 x 108 killed organisms given 12 days
after primary inoculation.

Ovine antiserum to Br. ovis was collected from sheep 4 weeks after intra-
muscular injection of Br. ovis 63/290 emulsified in Freund's complete adjuvant.
Antiserum to Br. canis RM6-66 was collected from rabbits 4 weeks after intra-
muscular injection of ultrasonically disrupted organisms in Freund's incomplete
adjuvant.

Monospecific antisera to Br. abortus A antigen and Br. melitensis M antigen
were prepared in rabbits according to the procedures recommended by Alton &
Jones (1967).

Serological methods

The methods used for the serum agglutination (SA), complement fixation (CF),
quantitative Rose Bengal plate (QRBP), Coombs antiglobulin (CAG) and immuno-
diffusion tests for antibodies to smooth Brucella and Y. enterocolitica IX strains
have been described or referred to elsewhere (Corbel, 1973a; Corbel & Cullen,
1970). Agglutination tests using Br. canis as antigen were done essentially accord-
into to Carmichael & Bruner (1968). Agglutination tests using Salmonella antigens
were done according to the standard procedure for the SA test but with incubation
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Table 2. The activity of antisera to Brucella spp., Y. enterocolitica IX and group N
salmonellas in rapid agglutination tests with acid buffered Rose Bengal stained
brucella and yersinia antigens

Reciprocal titres of acid-stable agglutinins
with Rose Bengal antigens

Antiserum Br. abortus Br. melitensis Y. enterocolitica IX

Br. abortus 544 1,024 1,024 1,024
Br. melitensis Rev 1 512 2,048 256
Br. suis Thomsen 512 512 512
Y. enterocolitica IX 256 256 1,024
S. godesberg 8 4 4
S. landau 16 32 16
S. morehead 16 16 16
S. neusdorf 16 32 32
S. soerenga 2 2 2
S. urbana 4 8 8

at 37° C. for 4 hr., followed by 16 hr. at 4° C. The CF test for antibodies to Br.
ovis was done according to Biberstein & McGowan (1958).

Direct fluorescent antibody (FA) tests, and FA absorption tests using the FITC-
conjugated y-globulin fraction of rabbit antiserum to Br. abortus 544, were done
on ethanol-fixed smears of Brucella spp., Y. enterocolitica IX or Salmonella spp.
according to procedures described previously (Corbel, 19736; Corbel & Day, 1973a).

Absorption of sera

Sera were absorbed by incubating 1-0 ml. volumes with equal volumes of
a suspension of the absorbing organism containing 0-8 g. of packed cells per ml.
The mixture was incubated at 37° C. for 4 hr. followed by 16 hr. at 20° C. The
serum was recovered by centrifugation at 10,000 g for 20 min.

Bacterial suspensions killed by heating at 60° C. for 1 hr. were used for the
absorption in the case of brucella and yersinia strains. O antigen suspensions were
used for absorption in the case of salmonella strains.

Absorption of antisera with lipopolysaccharides and lipopolysaecharide-protein
complexes was done as described by Corbel & Day (19736).

RESULTS

Examination of rabbit antisera to smooth Br. abortus, Br. melitensis and Br. suis
showed that these agglutinated standard suspensions of Br. abortus, Br. melitensis,
Br. suis and Y. enterocolitica IX to high titre. These antisera also agglutinated O
and OH suspensions of the group N salmonella strains, but only to a fraction
of the titres produced against the brucella and yersinia antigens (Table 1).

Rabbit antiserum to Y. enterocolitica IX reacted in a similar manner, agglutinat-
ing standard suspensions of Y. enterocolitica IX to high titre and standard sus-
pensions of Br. abortus, Br. melitensis and Br. suis to somewhat lower titres. This
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antiserum also agglutinated 0 and OH suspensions of the group N salmonellas but
to slightly higher titres than were produced by the anti-Brucella sera (Table 1).

The rabbit antisera prepared against the group N salmonella serotypes all
agglutinated standard Br. abortus, Br. melitensis, Br. suis and Y. enterocolitica IX
suspensions to significant titres. These titres were much lower however than those
produced against the homologous and cross-reacting salmonella strains (Table 1).

I t was notable that S. soerenga showed less cross-reactivity with brucella and
yersinia antigens than did the other group N salmonella strains. The titres pro-
duced by antiserum to S. soerenga were also lower when tested against the other
salmonella strains than when tested against the homologous antigen. A similar
relationship applied when antisera to the other salmonella strains were tested
against S. soerenga O antigen (Table 1).

Essentially similar results were obtained with the Rose Bengal plate test, using
Br. abortus, Br. melitensis or Y. enterocolitica IX antigens. Acid-stable agglutinins
for Rose Bengal stained Br. abortus, Br. melitensis and Y. enterocolitica IX were
present in antisera prepared against smooth Br. abortus, Br. melitensis, Br. suis,
Y. enterocolitica IX and group N salmonellas. With the exception of the antisera
to Y. enterocolitica IX and Br. melitensis, which reacted to higher titre with their
homologous Rose Bengal stained antigens, all of the sera gave similar reactions
with the three antigens. In each case the titres obtained with the anti-Salmonella
sera were much lower than those given by the antisera to Brucella spp. and
Y. enterocolitica IX (Table 2).

When the antisera to smooth Brucella spp. were tested in the CAG test (Table 3)
the agglutinin titres were considerably enhanced in tests with standard Br. abortus,
Br. melitensis or Br. suis suspensions. A more moderate rise of titre was produced
when these sera were tested against Y. enterocolitica IX antigen. No rise was
observed in the titres given by these sera when tested against salmonella antigens.

The agglutinin titre of the antiserum to Y. enterocolitica IX showed a marginally
significant rise in the CAG test when tested against Brucella antigens, a definite
rise when tested against the homologous antigen and no rise when tested against
salmonella antigens.

No rise of agglutinating activity was observed when the anti-Salmonella sera
were tested against brucella, yersinia or salmonella suspensions in the CAG test.

The antigenic relationship between brucella, yersinia and group N salmonella
strains was further confirmed by cross-absorption tests. The results of these tests
are summarized in Tables 4, 5, 6, 7 and 8. Thus absorption of the antisera to
smooth brucella strains, Y. enterocolitica IX or group N salmonellas with Br.
abortus antigen removed all antibodies reacting with Br. abortus.

Absorption with Br. abortus greatly reduced the agglutinin titre of antiserum to
Br. melitensis for its homologous antigen but residual titres of Br. melitensis-
specific antibodies remained.

Absorption with Br. abortus had a similar effect on the activity of antiserum to
Y. enterocolitica IX towards its homologous antigen. Thus absorption with Br.
abortus reduced the agglutinin titre of this antiserum towards Y. enterocolitica IX,
but high titres of yersinia-specific antibodies remained.
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As in the case of Br. abortus, absorption with Br. melitensis eliminated agglu-
tinins for group N salmonellas from antiserum to Brucella spp. and Y. enteroco-
litica IX.

Absorption with Br. abortus produced a marginal reduction in the titre of
antisera to S. godesberg, S. landau, S. neusdorf, S. morehead and S. urbana for
salmonella O 30x n antigen but had no effect on the titre of anti-$. soerenga serum
for its homologous antigen.

Absorption with Br. melitensis removed all antibodies reacting with Br. meli-
tensis from antisera to Brucella spp., Y. enterocolitica IX and group N salmonellas.
It also removed most of the antibodies reacting with Br. abortus from these sera
but left appreciable titres of Br. a&orto-specific agglutinins in the antisera pre-
pared against this organism and Y. enter ocolitica IX.

Similarly, although a significant reduction in the agglutinin titre of Y. entero-
colitica IX antiserum for its homologous antigen was produced by absorption with
Br. melitensis, high titres of yersinia-specific agglutinins remained. As in the case
of Br. abortus, absorption with Br. melitensis eliminated agglutinins for group N
salmonellas from antisera to Brucella spp., and Y. enter ocolitica IX.

Absorption of antisera to brucella, yersinia and salmonella strains with smooth
Br. suis and Br. neotomae organisms produced results essentially similar to those
given by absorption with Br. abortus.

Absorption of anti-brucella, yersinia and salmonella sera with Y. enter ocolitica
IX eliminated agglutinins for that organism. It also substantially reduced the
brucella agglutinin titre of antisera to smooth Brucella spp., but left low titres of
brucella-specific antibodies in antisera to Br. abortus and Br. melitensis. I t
eliminated the brucella agglutinins from antisera to Y. enterocolitica IX and
group N Salmonella spp. Y. enterocolitica IX also absorbed the salmonella agglu-
tinins of antisera to brucella and yersinia organisms. It had no effect on the O 30z n

agglutinin titres of antisera to S. godesberg, 8. landau, S. morehead, S. neusdorf
and S. urbana. It slightly reduced the 0 30I_ n agglutinin titre of antisera to S.
soerenga but had no significant effect on its titre for S. soerenga 0 30t antigen.

Absorption of antisera to brucella or yersinia organisms with group N Salmonella
spp. eliminated the salmonella agglutinins but had little effect on the titres of
agglutinins for Brucella spp. or Y. enterocolitica IX. Absorption of antisera to
group N salmonellas with salmonella O30x or O30j n antigens eliminated agglu-
tinins for brucella and yersinia organisms. Absorption of antisera to S. soerenga
with homologous antigen eliminated all agglutinins for the O30x and O30x n

salmonella sub-types. Absorption of anti-£. soerenga serum with any of the 0 30j I r

antigens eliminated agglutinins for the salmonella strains of this sub-type but still
left appreciable titres of agglutinins for S. soerenga. Similarly, absorption of
antisera to any of the O 30^ n salmonellas with O 30I> n antigens eliminated the
salmonella agglutinins whereas absorption with S. soerenga antigen reduced the
salmonella agglutinin titres and left agglutinins for the O30I>n sub-type.

Absorption of antisera to smooth Brucella spp. with Brucella lipopolysaccharide-
protein extracts removed agglutinins for brucella, yersinia and group B salmonella
organisms. Absorption with Y. enterocolitica IX lipopolysaccharide-protein extract
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164 M. J . COEBEL

Table 9. Complement fixing activity of antisera to Brucella spp., Y. enterocolitica
IX and group N salmonellas in tests with Br. abortus antigen

Antiserum

Br. abortus 544
Br. melitensis Rev 1
Br. suis
Y. enterocolitica IX
S. godesberg
8. landau
S. morehead
S. neusdorf
S. soerenga
S. urbana

Reciprocal complement
fixation titres

4,000
4,000
2,000

200
80

200
200

40
40

200

Table 10. The effects of absorption with brucella, yersinia and salmonella antigens
on the activity of antisera to rough and smooth brucella strains in the Br. ovis CF test

Reciprocal titres given by antisera

Absorbing antigen

0-15M-NaCl
Br. abortus 544
Br. melitensis 16M
Br. suis Thomsen
Br. neotomae 5K33
Br. amis RM6-66
Br. ovis 63/290
Y. enterocolitica IX
S. godesberg
S. landau
S. morehead
S. neusdorf
S. soerenga
S. urbana

Br.
abortus

80
80
80
80
80

< 40
< 40

80
80
80
80
80
80
80

Br.
melitensis

40
40
40
40
40

< 40
< 40

40
40
40
40
40
40
40

Br.
suis

40
40
40
40
40

< 40
< 40

40
40
40
40
40
40
40

Br.
neotomae

< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40
< 40

Br. canis

1,280
1,280
1,280
1,280
1,280
< 40
< 40
1,280
1,280
1,280
1,280
1,280
1,280
1,280

Br. ov\

2,560
2,560
2,560
2,560
2,560

40
< 40
2,560
2,560
2,560
2,560
2,560
2,560
2,560

Results with the homologous antigen are in heavy type.
Antisera to Y. enterocolitica IX and group N salmonella serotypes did not react signifi-

cantly in the Br. ovis CF test.

had a similar effect although some residual brucella-specific agglutinins were left
in the antisera to Br. abortus, Br. melitensis and Br. suis.

Absorption of antisera to Y. enterocolitica IX with the purified O agglutinogen
preparations from brucella, yersinia or group N salmonella strains produced
essentially similar effects to those resulting from absorption with intact organisms.
Similarly, absorption of antisera to group N salmonellas with these preparations
had an effect virtually indistinguishable from that produced by intact organisms.

Rabbit antisera to Br. abortus, Br. melitensis, Br. suis, Y. enterocolitica IX or
group N salmonella strains all reacted to substantial titres in the CF test with
Br. abortus antigen. The titres given by the anti-yersinia and anti-salmonella sera
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were substantial but considerably lower than those produced by the antisera to
Brucella spp. (Table 9).

The antisera to smooth Br. abortus, Br. melitensis, Br. neotomae, Br. suis, Y.
enterocolitica IX and group N salmonellas did not react to significant titres in
agglutination tests with Br. canis antigen. Thus in no case was an agglutinin
titre > 1/10 observed. On the other hand, antisera to Br. canis and Br. ovis
produced agglutinin titres of 1/160 and 1/80 respectively when tested against
Br. canis antigen. These sera did not react with smooth brucella antigens nor with
yersinia or salmonella antigens.

Similar results were given in CF tests with Br. ovis antigen. The specificity of
these reactions was confirmed by cross-absorption tests. Thus smooth brucella,
yersinia and salmonella suspensions did not significantly absorb agglutinins for
Br. canis, nor complement fixing antibodies to Br. ovis, from antisera to rough
brucella strains. Absorption with either Br. ovis or Br. canis on the other hand,
was almost equally effective in eliminating agglutinating or CF antibodies from
these sera (Table 10).

When the undiluted FITC-conjugated y-globulin fraction of antiserum to
smooth Br. abortus was used in direct FA tests performed on smears of smooth
Br. abortus, Br. melitensis, Br. suis, Y. enterocolitica IX or group N salmonella
organisms, fluorescence was observed in each case. At conjugate dilutions > 1/2
the salmonella strains failed to fluoresce, although fluorescence of the brucella and
yersinia strains continued to be produced even at high conjugate dilutions.

On absorbing the conjugate with Br. abortus, Br. melitensis, Br. suis or Y. entero-
colitica IX, all fluorescent staining of brucella, yersinia or salmonella organisms
was eliminated. Absorption of the conjugate with one or other of the group N
salmonella strains only removed antibodies reacting with these organisms and did
not prevent fluorescent staining of brucella or yersinia organisms.

The relationship of the cross-reacting antigens of brucella, yersinia and salmonella
strains to the A and M antigens of smooth Brucella spp. was determined by
agglutination reactions using antisera made monospecific for these antigens.

In slide tests, the A monospecific serum agglutinated Br. abortus 544 and Br.
suis 1330 but not Br. melitensis 16M. This antiserum also agglutinated Y. entero-
colitica IX and the group N salmonella strains but less strongly than the brucella
strains.

The M monospecific serum did not agglutinate Br. abortus 544, Br. suis 1330 or
Y. enterocolitica IX but did agglutinate Br. melitensis 16M and the group N
salmonellas, the latter weakly. The specificity of these results was confirmed by
tube agglutination and cross-absorption tests with monospecific antisera and
standard Br. abortus, Br. melitensis, Br. suis, Y. enterocolitica IX and salmonella
suspensions (Table 11).

On diffusion of ultrasonic extracts of Br. abortus 544, Br. melitensis 16M, Br.
suis 1330 or Br. neotomae 5K33 against antisera to Br. abortus, Br. melitensis, Br.
neotomae or Br. suis, numerous precipitation lines were produced. These included
the line pattern component (lpc) corresponding to the O agglutinogen of each of
these strains. This was identical with the single lpc produced by purified prepara-
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tions of the brucella lipopolysaccharide-protein O agglutinogens on diffusion
against antisera to smooth brucella strains. Except in the case of Br. melitensis
preparations this lpc was always formed as a semi-lunar arc immediately adjacent
to the antigen well.

Ultrasonic extracts of Br. canis and Br. ovis also produced complex precipitation
patterns on diffusion against antisera to smooth brucellas but the Ipcs correspond-
ing to the smooth lipopolysaccharide-protein agglutinogens of these strains were
not produced. Similarly, antisera to Br. canis and Br. ovis, although producing
several precipitation lines on diffusion against extracts of smooth brucella strains,
did not produce any corresponding to the 0 agglutinogens of these organisms.

Antisera to the smooth brucella strains all produced a single line of precipitation
on diffusion against extracts of Y. enterocolitica IX. This lpc corresponded to the
0 agglutinogen and was identical with the lpc produced by these sera on diffusion
against the purified lipopolysaccharide-protein complex of this organism. The
antisera to Br. canis and Br. ovis did not react with Y. enterocolitica IX antigens.

None of the antisera to smooth or rough brucella strains reacted in immuno-
diffusion tests with ultrasonic extracts of group N salmonellas or with their
purified lipopolysaccharides.

Antiserum to Y. enterocolitica IX produced numerous precipitation lines on
diffusion against ultrasonic extracts of the homologous organism. One of these
Ipcs was identical with the single lpc given by the Y. enterocolitica IX lipopoly-
saccharide-protein extract. This lpc cross-reacted with the single lpc produced by
extracts of smooth brucella strains on diffusion against antiserum to Y. entero-
colitica IX. No reaction was produced by extracts of Br. canis or Br. ovis on
diffusion against anti-F. enterocolitica IX serum.

Antiserum to Y. enterocolitica IX produced between 2 and 3 precipitation lines
on diffusion against ultrasonic extracts of group N salmonellas but did not precipi-
tate with the purified lipopolysaccharides of these organisms. It seems probable that
the cross-reacting components were antigens common to the Enterobacteriaceae.

The antisera to the group N salmonellas produced extensive cross-precipitation
between ultrasonic extracts of all these strains. They also produced from 1 to 3
precipitation lines with ultrasonic extracts of Y. enterocolitica IX but did not
cross-react with extracts of brucella strains. No definite reaction between the
purified lipopolysaccharide-protein antigens of brucella or yersinia strains and
antisera to group N salmonellas could be detected by immunodiffusion.

DISCUSSION

The results of the agglutination, CF and cross-absorption tests on the antisera
prepared against group N salmonellas showed that these contained antibodies to
smooth Brucella organisms and to Y. enterocolitica IX, as well as to the somatic
0 30 somatic antigen. No antibodies to brucella or yersinia organisms were detected
in the pre-inoculation sera and it must be concluded that those present in the
post-inoculation sera were produced in response to the salmonella antigens. This
conclusion is in agreement with the observations of Cioglia (1948; 1950a, b, c) and
Wundt (1959).
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Allowing for individual differences between the animals used for antiserum
production, the degree of cross-reaction observed with brucella and yersinia
antigens was similar for antisera prepared against the five group N salmonella
strains of the O30 I i r sub-type studied. A weaker, though definite, cross-reaction
was observed with antiserum to the single O 30x sub-type strain studied, S. soerenga.
This suggested that the O30 somatic antigen common to this Salmonella group
was responsible for eliciting the cross-reacting antibodies. Furthermore, it would
seem that the antigenic determinants present in the O30 l j n sub-group bore a
closer resemblance to the common antigenic components of Brucella spp. and
Y. enterocolitica IX than did those of the O30j sub-type. Confirmation of this was
given by the absorption tests using salmonella 0 antigens.

It was also evident from these results that, although the salmonella 0 30 antigen
elicited antibodies cross-reacting with brucella and yersinia antigens and was
effective in absorbing these, it was less effective in absorbing those antibodies
cross-reacting with these antigens produced in response to either smooth Brucella
or Y. enterocolitica IX organisms. This suggested that although the salmonella
030 antigen contained structural components bearing some relationship to the
common antigenic determinants of Brucella spp. and Y. enterocolitica IX it was
largely distinct from these.

In contrast, it was evident from the results of both the present and previous
studies, that the cross-reacting antigens of smooth brucellas and Y. enterocolitica
IX were very similar. Thus in cross-absorption experiments, although the presence
of brucella-specific and yersinia-specific agglutinins could be demonstrated, the
agglutinin titre of anti-brucella or anti-yersinia serum for the homologous antigen
was greatly reduced by absorption with the heterologous organism.

The limited antigenic relationship of brucella and yersinia organisms to the
group N salmonellas was confirmed by the results of the cross-agglutination and
cross-absorption tests performed on antisera to these organisms.

The low titre of agglutinins for group N salmonellas present in the anti-Brucella
sera and the somewhat higher titres of salmonella agglutinins present in the anti-
Yersinia serum suggested a closer antigenic relationship between the salmonella
0 30 antigen and the cross-reacting antigen of Y. enterocolitica IX than between
the O30 antigen and Brucella agglutinogens. It is also possible that the closer
antigenic similarity of the salmonella and yersinia antigens resulted from the
presence of antigenic determinants common to Enterobacteriaceae and unrelated
to the antigen cross-reacting with Brucella spp. However, the complete absorption
of salmonella agglutinins from antisera to Y. enterocolitica IX by Brucella spp. did
not support this interpretation.

There was, however, no evidence that the brucella-yersinia-salmonella cross-
reaction was attributable to a common antigen of the Kunin type (Kunin, 1963).
Antibodies to this are not detectable by direct agglutination and, as shown by
Le Minor, Chalon & Veron (1972), the distribution of the Kunin antigen among
bacterial genera, although including Salmonella and Yersinia, does not extend to
Brucella. Furthermore, the results of the absorption tests using purified 0 antigen
extracts indicated that the cross-reacting antigenic determinants of brucella,
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yersinia and group N salmonella strains were associated with the lipopolysaccharide-
containing agglutinogen complexes.

The failure to demonstrate any cross-reaction between the agglutinogens of the
salmonella strains and those of the brucella and yersinia strains in immunodiffusion
tests was probably attributable to the relatively low titres of the cross-reacting
antibodies involved. It may also have been related to the immunoglobulin class
of these antibodies however. Thus further studies have shown that the antibodies
involved in the cross-reaction of brucella or yersinia strains with group N salmo-
nellas are exclusively of IgM type (Corbel, to be published). This is in contrast
with the cross-reaction between brucella and yersinia agglutinogens which involves
antibodies of both IgM and IgG classes (Corbel, 1973a, c; Hurvell, 1973).

The results of fluorescent antibody tests confirmed the distant antigenic relation-
ship between the group N salmonellas and smooth Brucella spp. compared with
the closer antigenic relationship between the latter and Y. enterocolitica IX.

Some indication of the possible relationship of the Salmonella O 30 antigen to
the cross-reacting antigens of Brucella spp. and Y. enterocolitica IX was apparent
from the results of the cross-agglutination tests with A and M monospecific sera.
It seems probable that the O 30 antigen contains antigenic determinants resembling
structures common to both the A and M antigens but only forming a minor part of
the structure. On the other hand, the cross-reacting antigen of Y. enterocolitica IX
evidently contains antigenic determinants similar to those of the main structure of the
smooth Brucella agglutinogens and in addition, determinants common to the A but
not the M antigen (Corbel & Cullen, 1970; Corbel & Phillip, 1972; Hurvell, 1973).

The precise nature of the antigenic determinants involved in the brucella-
yersinia-salmonella cross-reaction has not been determined. However, the cross-
reacting antigenic determinants of Brucella spp. and Y. enterocolitica IX have
been shown to reside in the polysaccharide component of the lipopolysaccharide-
protein agglutinogen complexes (Diaz et al. 1970; Corbel, 1973c; Hurvell, 1973)
and it seems probable that the cross-reacting determinants of group N salmonellas
comprise part of the polysaccharide fraction of the O30 lipopolysaccharide somatic
agglutinogen. According to Hurvell (1973) the only monosaccharides shared by
the Brucella spp. and Y. enterocolitica IX lipopolysaccharides, other than those
comprising the core structure, are glucose and galactose. The 0 30 side chains of
group N salmonella lipopolysaccharides have been shown to contain glucose
residues in J3 1-3 and /? 1-4 linkage to iV-acetylgalactosamine (Simmons, Liideritz
& Westphal, 1965). It seems possible that the antigenic determinants involved in
the brucella-yersinia-salmonella cross-reaction contain terminal glucose units,
perhaps linked through galactosyl residues to the core of the lipopolysaccharide
agglutinogen. It may be significant that a serological cross-reaction has also been
observed between Brucella spp., group N salmonellas and Francisella tularensis
(Wundt, 1959). F. tularensis has also been reported to contain, inter alia, glucose
and galactose as structural components (Parnas, Mierzejewski, Feltynowski &
Lazuga (1955). Clearly further studies are required to determine the precise
structure of the antigenic determinants involved in the cross-reactions between
Brucella spp. and other organisms.
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