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In the previous investigationl?), serological typing was performed on 40 strains of
Yersinia pseudotuberculosis isolated in Japan. Of these strains, three could not be
classified into any of the known serotypes, I to V. At the same time, it was pointed out
that the type V strains isolated in Japan were divided into two subtypes, but such a
subdivision of type V strains had not been reported in any other country.

In the present study, biological and serological properties of the strains men-
tioned above were investigated intensively to complete the classification of Y. pseudo-
tuberculosis.

MATERIALS ano METHODS

Strains used. (a) Y. pseudotuberculosis. Three untypable strains, #1, #3, and #14
strain, were supplied by Dr. Y. OcHi, of Azabu Veterinary College. They had been
isolated from guinea pigs and classified into type I according to the typing scheme of
OcHr et al®). As type V strains for subtyping, 52, #12, #38, R2, R9, R22, R87, R94,
R103, R108, and RI112A strains were used. Of them, strain 52 had been supplied by
Dr. H. H. MoLLARET of the Pasteur Institute, and strains #12 and #38, which had been
derived from guinea pigs, by Dr. Y. Ocxr. The remaining 8 strains had been isolated
from rabbits by the authors. The origins of the other strains were described in detail
in the previous paper!?. (b) Y. enterocolitica. Two strains, MY79 and Albany5819,
were received from Dr. R. Sakazaki, of the National Institute of Health, Tokyo.

Biochemical properties. Biochemical characteristics were examined by the conven-
tional methods.

Phage susceptibility. Two phage strains, supplied by Dr. E. THAL (strain 97/11), of
the National Institute of Veterinary Medicine in Sweden, and Dr. W. KNApP (strain
PTS/Y. pseudotuberculosis type IA), of Erlangen-Niirnberg University in Germany,
respectively, were used. They were propagated on strain No. 2, which was of type TA
of Y. pseudotuberculosis. The phage concentrations used for experiment were the
routine test dilution (R.T.D.) and 10XR.T.D.
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Agglutination. The techniques employed for the preparation of O-antigens and
antisera and for the agglutination reactions were the same as described in the previous
report!?). H-antigens were prepared from 24-hour broth cultures at 22°C, to which
formalin was added to a final concentration of 0.3 per cent. Before use, the organisms
were subcultured five times in semi-fluid agar contained in a U-tube. The H-aggluti-
nation and absorption tests were performed according to the techniques for Salmonella
organism.

RESULTS
1. Properties of strains #1, #3, and #14.

Table 1. Biological Characters of Strains #1, #3, and %14

Y. enterocolitica

Character %1 Sfégin $14 Y. pseudotuberculosis MY 79 A;g?r;y
Indol — — — — + +
VP — — — — + —
Gas production — — — — + +
Adonitol + + + + _ _
Rhamnose + + + + _ _
Xylose + o+ o+ + + +
Maltose + + + + + 4+
Salicin + =+ + + — _
Esculin + + + + — —
Melibiose + + + + — _
Sucrose — — — + +
Sorbitol — — — _ + +
Cellobiose — — — — + +
Arginine-decarboxylase — — — — — _
Ornithine-decarboxylase — — — — + +
ONPG + + + + + +
Phage susceptibility + + + + — —

Table 2. Pathogenicity of Strains for Experimental Animals
(inoculated intraperitoneally)

: Death
Animal Strain Inoculum dose
Tested

1 1 mg 5/ 5

0.5 mg 5/ 5

0.1 mg 1/ 5

3 1 mg 1/ 5

Mouse $14 1 mg 3/ 5
- Broth culture 0.5 ml 5/10

Broth culture 0.2 m! 2/10

$3 Broth culture 0.5 ml ’ 0/10

14 Broth culture 0.5 ml 0/10

1 " 1mg 0/ 3

Guinea pig £3 1mg 0/ 3

14 1mg 0/ 3
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a. Biochemical characteristics.

The biological characteristics of the 3 strains are shown in Table 1. All the three
strains were classified into Y. pseudotuberculosis and differentiated from Y. enterocolitica.
The other properties tested corresponded to those of Y. pseudotuberculosis.

b. Pathogenicity for experimental animals.

(1) Mice. Mice weighing 15g were injected intraperitoneally with 0.1, 0.5, and
1.0 mg of nutrient agar culture and 0.2 and 0.5 ml of broth culture. The results obtained
are indicated in Table 2. Macroscopic examination revealed that mice which died
within a week after inoculation had been suffering from an enlarged spleen and con-
gestion of visceral organs, and that mice which died after one week or more showed an
enlargement of the spleen and the presence of white spots in the spleen and liver.
Histologically, these white spots were necrotic lesions surrounded by epitheloid cells.
All survivors were sacrificed on the 13th or 21st day following inoculation. They showed
no macroscopic changes. Histologically, however, small necrotic foci were found in the
liver, spleen, and kidney in a few of them. The organisms were recovered from the
heart-blood, liver, and spleen in all mice which died, and from the liver and spleen
in a few of the survivors sacrificed.

Table 3. Agglutination Reaction of Strains of Types | to V
with Antiserum to Strain #1

Antiserum Agglutination with Agglutinated

at titers
Type | - 5, 24, PSG-1, G-1, E-12, 50-200
Nishigahara
Type Il 49, R16 <25
Type 11l 83, #35, #39, Miyazaki =25-100
1 Type IV 51, E-2, E-9, R56, R8OM,
(1:3,200) lkegaki, Saisawa, Saru-2, <25
Miyairi
Type V. 52, R2, R9, R22, R87, R94,
R103, R108, R111, R112A, #12, <25 or 200%
#13, #38
* Strain 52.

Table 4. Agglutination Reactions of Strains #1, #3, and #14
with Antisera to Types | to V Strains

Agglutination with

Antiserum B £3 £14
| 5 (1:3,200) — 100 200
E-12 {1:1,600) — — —
" 49 (1:6,400) — 50 200
R16 (1:1,600] — 25 50
m 83 (1:3,200) 50 100 200
£39 (1:3,200) — — —
v 51 (1:3,200) — = —
lkegaki (1:6,400) — — —
v 52 (1:6,400) — 50 100
R2 (1:1,600) — — s

—: No agglutination occurred at a dilution of 1:25.
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Table 5. Absorption Test (1)

Agglutination with*®

Antiserum  Absorbed by | I i v v . 43 214
— 50-200 <25 <25-100 — <25,200 3,200 1,600 3,200
P 5 - — — — — 1,600 800 400

1
1:3,200) 47 800 400 400
#35 — — — — — 1,600 800 800
52 — — - — — 1,600 300 400

* The antigens of types | to V are the same as listed in Table 3.

—: No agglutination occurred at a dilution of 1:25.

(2) Guinea pigs. Guinea pigs were inoculated intraperitoneally with a does of
1.0 mg of nutrient agar culture of the 3 strains, but they were not affected.

c. Serological properties.

(1) Antigenic relationship among the 3 strains. By the agglutinin-absorption test,
the 3 strains were found to possess a common antigen.

(2) Cross-agglutination tests between the 3 strains and serotypes I to V strains. As
shown in Table 3 and 4, reciprocal or unilateral weak reactions were found between
the 3 strains and the strains of types I to V. Most of the strains of all the known
serotypes, except type IV, agglutinated at a titer of 1:25 to 1:100.

Table 6. Absorption Test (2)

Agglutination with

Antiserum Absorbed by ¥ #3 414
— — 100 200

14 . — —

1 5 5 . — —
(1:3,200) 49 . _ _
#35 . — —

52 B — _

-— — 50 200

£14 . — —

11 49 5 B — —
(1:6,400) 49 . _ .
%35 . — —

52 . — —

— 50 100 200

$14 — — —

1 83 5 — — —
(1:1,600) 49 — — —
#35 — — —

52 — — —

— — 50 100

$14 . — _

vV 52 5 . — —
(1:6,400) 49 . L _
35 . — —

52 . — —

—: No agglutination occurred at a dilution of 1:25.
+: Not tested.
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(8) Cross-absorption tests between the § strains and the strains of types I to V.
As shown in Tables 5 and 6, it was found that the 3 strains possessed a unique antigen.
The agglutinin, which had reacted to a heterogeneous combination, was absorbed by
the strains of every serotype.

(4) H-antigen. The results of H-agglutination tests of the 3 strains revealed that

i

all the strains possessed antigen ‘“‘a”.

2. Subdivision of strains of type V.

Two antisera against #38 and R103 which had been selected by the preliminary test
were used. The results of agglutination and absorption tests are shown in Table 7.
Eleven strains of type V were divided into two subtypes, one of which comprised 3 strains
and the other 8 strains. This finding means that all strains of type V possess a common
antigen and at least one other antigen specific to each subtype. Consequently, as shown
in Table 8, the two subtypes were designated as A and B, respectively. The antigen
common to both subtypes was designated as O-10, since it has been known hitherto as

Table 7. Absorption Tests of Antisera to Type V Strains

Titer
Antiserum Absorbed by Antigen
Before absorption  After absorption
52 2,560 320
¥12 1,280 320
38 2,560 320
R2 320 —
R9 320 —
. :%?5360) R103 R22 640 —
R87 320 —
R94 640 —
R103 320 —
R108 640 —
R112A 320 —
52 1,280 —
£12 1,280 ) —
#38 1,280 —
R2 5,120 1,280
R9 5,120 640
0 :%?2340) 38 R22 5,120 2,560
R87 5,120 1,280
R94 5,120 640
R103 10,240 1,280
R108 10,240 1,280
RT12A 10,240 1,280

—:  No agglutination occurred at a dilution of 1:40.

Table 8. Somatic Antigens of Type V Strains

Type Subtype O-antigen Strain
VA 10, 14 52, #12, #38

R2, R9, R22, R87,
VB 10, 15 R94, R103, R108,
R112A
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O-antigen of strains of type V. Specific antigens of subtypes A and B were named O-14
and O-15, respectively.

DISCUSSION

Many atypical strains of Yersinia pseudotuberculosis have been isolated from man
and animals. They were classified as Pasteurella pseudotuberculosis®) or reported as an
unidentified microorganism resembling Past. pseudotuberculosis1:®. On the other hand,
they had many synonyms, such as Bacterium enterocoliticum!®, Past. pseudotuberculosis
Type “b”3), Pasteurella X2, and Germ X6 . FreprRIKSENY and MoLLARET?) established
a genus designated Yersinia, with Yersinia enterocolitica as the type species, for the
above-mentioned organisms, and distinguished this species from Y. pseudotuberculosis.

At first, the authors doubted that the 3 untypable strains were Y. enterocolitica,
because these strains did not belong to any hitherto known serotype, or because they
showed little or no pathogenicity for mice and guinea pigs. The biochemical properties
and phage susceptibility of these strains, however, were quite similar to those of Y.
pseudotuberculosis, but distinctly different from Y. enterocolitica. Therefore, the authors
are in the opinion that the 3 strains were of a new serological type of Y. pseudo-
tuberculosis.

Y. pseudotuberculosis has been known to possess O-1 antigen, which is common to
all strains. TuAL!) excluded this antigen, however, from the antigenic scheme of Y.
pseudotuberculosis, because he thought this antigen to be an R-antigen. In the present
experiment, the authors considered that the cross-agglutination reactions among the
3 strains of the new type and some strains of the other types were induce by the
common antigen O-1. Consequently, the 3 strains were proved to possess a unique
somatic antigen by the cross-absorption test. This antigen was designated as O-13, since
it had not been shared by the strains of any other type. Therefore, the 3 strains were
regarded to be of a new serotype, type VI, the antigenic structure of which was “13:a”.

OcHr et al®) reported that serotype V according to their classification system was
divided into two subtypes, V and V’. As reported previouslyl?), their type V was iden-
tical with type V of the established typing scheme. In other countries than Japan,
however, no subdivision of fype V strains has been reported. In the present experiment,
strain 52, which had been supplied by Dr. H. H. MoLLARET, was classified into subtype

Table 9. Antigenic Formula of Yersinia pseudotuberculosis
(by Modified THAL's scheme, 1947)

Type Subtype O-antigen H-antigen
| 1A 2,3 a,c
1B 2,4 a,c
" 1A 5,6 a,d
11B 5,7 a,d
I 8 a
92,11 b
IVA
v 9.1 _a,b
1VB 9,12 a,b,d
v VA 10,14 a,e, (b)
VB 10,15 undetermined

\ 13 a
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VA. From these results, it might be considered that strains of type V isolated in other
countries than Japan fell into subtype VA. Strains of subtype VB were isolated only
from rabbits by the authors in the Tottori district. They have not been detected from
any other district in Japan. This fact suggests that the distribution of strains of sub-
type VB may be restricted within some limited areas.

TuaL’s antigenic scheme of Y. pseudotuberculosis is shown in Table 9, with supple-
ments of a new additional type, type VI, and the subdivision of type V which was found
in the present study. Y. pseudotuberculosis is classified into ten types and subtypes
according to the combinations of 14 O-anigens; that is, types IA, IB, ITA, IIB, III,
IVA, IVB, VA, VB, and VL

SUMMARY

Biological and serological properties and pathogenicity for experimental animals
were examined on 3 strains of Yersinia pseudotuberculosis which could not be classified
into any of the hitherto known serotypes I to V. These strains were little or non-
pathogenic for mice and guinea pigs, but their biological properties and phage sus-
ceptibility corresponded to those of Y. pseudotuberculosis. All the 3 strains possessed
one common O-antigen, which was different from any of O-2 to O-12 antigen and thus
designated as O-13. A new serotype was proposed for the 3 strains and designated as
type VI. The antigenic structure of the type is O13:Ha.

Eleven strains of type V were divided into two subtypes, A and B. The com-
positions of O-antigens are O-10 and 14 in subtype VA and O-10 and 15 in subtype VB.
One strain of type V received from France belonged to subtype VA.

The authors wish to express their gratitude to Dr. Y. OcHi, of the Azabu Veterinary
College, Sagamihara, and Dr. H. H. MoLLARET, of the Pasteur Institute, Paris, for supply
of the strains of Yersinia pseudotuberculosis used. They would like to express their
thanks to Dr. R. Sakazakl, of the National Institute of Health, Tokyo, for supply of
the strains of Y. enterocolitica used, Dr. E. THAL, of the National Institute of Veterinary
Medicine in Sweden, and Dr. W. KN(pp, of the Erlangen-Niirnberg University in Ger-
many, for supply of phages.
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Since this paper was submitted for publication, undetermined H-antigen of type

VB was determined to ‘a’’ by THAL and KNAPP (Symp. Series immunobiol.

Standard., 15, 219~222, 1971).



