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The relationships observed among several serotypes of Enterobacteriaceae
make it desirable to discuss the following in one paper:

1. ShigeUa dysentriae 2 (ShigeUa ambigua).
2. Escherichia coli 0 group 112 a,c of Ewing and Kauffmann (1950) (Shigella

guanabara of de Assis, 1948).
3. Escherichia coli, strain 6182-50 (representative of a new E. coli 0 group,

113).
4. Escherichia coli 0 group 112 a,b of Ewing and Kauffmann (1950).
5. Culture no. 703, a Shigelka-like bacterium.
de Assis (1948) reported that the cultures which he called S. guanabara did

not share antigens with any of the known shigellae. Later, de Assis (1950) re-
ported that a heated suspension of one Guanabara culture exhibited a serological
relationship to S. dy8enteriae 2 but that it was possible to distinguish between
the two types. The eleven Guanabara cultures (E. coli 0 group 112 a,c) used
in this study were received from Dr. de Assis and were the same as those em-
ployed in -the work reported by Ewing and Kauffmann (1950). The culture of
E. coli 0 group 112 a,b (1411-50) was isolated by Dr. H. R. Wolfe from a case
of gastroenteritis in a nine-month child and was sent from the Massachusetts
State Department of Health to this laboratory for identification. The cultures
of S. dysenteriae 2 were received for typing and gave typical biochemical and
serological reactions. Culture no. 6182-50 was isolated by Dr. J. Olarte from a
case of diarrhea in a prematurely born infant in Mexico City. The biochemical
reactions given by culture 6182-50 are those of a typical E. coli culture. Culture
no. 703 was isolated by Dr. H. Gezon of the U. S. Navy Epidemiology Unit 23
in Salerno, Italy, during 1944. Dr. Gezon sent the culture to the senior author
in Naples for comparison with other unidentified Shigella-like cultures. Culture
no. 703 was recovered from feces, but it is not known whether it came from a
case or a carrier.
The 0 antiserums used in this work were prepared with broth cultures that

were heated at 100 C for 21 hours, according to the procedures outlined by Kauff-
mann (1947, 1951b). Suspensions to be used for adsorption of agglutinin from 0
antiserums were heated at 100 C for 1 hour. Broth culture 0 antigens used in
agglutination tests were also heated at 100 C for 1 hour. Antiserums for the
flagellar (H) and thermolabile K antigens of the bacteria were prepared after
the methods given by Kauffmann (1947, 1951a), and tests with the antiserums
were performed in the manner advised by that investigator. For other references
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on the serological procedures used for the determination of 0, K, and H anti-
gens, see Kauffmann (1943, 1944, 1947), Knipschildt (1945), and Vahlne (1945).

Shigela dysenteriae 2 and Escherithia coli 0 group 112 a,c. The relationship
of E. coli 0 group 112 a,b (1411-50) and E. coli 0 group 112 a,c (Guanabara)
was established by Ewing and Kauffmann (1950). The two share a common
factor, a, but each contains an unrelated antigen, labeled respectively b and c.

TABLE 1
The 0 antigenic relationships of Shigella dysenteriae 2, a Shigella-like culture

(703), and Escherichia coli cultures

O ANTISERUMS

Esclerichia coli 0 group 112 a,b Escherichia coli
0 ANTIGEN SUSPENSIONS (100 C, 1 HR)

s UOnab- Adsorbed by Adsorbed by

erdase 2 6182-50 0 group 0 group dysen-tertac2 112 a,c 112 a,b teriae2

Shigella dysenteriae 2 640* Ot 0 10,240 10,240 0
Escherichia coli Ogroup 112 a,b 20,480 10,240 5,120 5,120 2,560 0 0

(1411-50)
703, Shigella-like 10,240 5,120 640
E. coli 0 group 112 a,c (712-50, 1685) 20,480 0 5,120 0 20,480 20,480 0
E. coli 6182-50 1,280 320 0 320 0

O ANTISERUMS

Shigella dysenteriae 2 Eschli6chia

Unabsorbed Adsorbed by Adsorbed by

E. coli E. coli Unabsorbed E. coli
0 group 0 group 0 group
112 a,b 112 a,c 112 a,b

S. dysenteriae 2 20,480 5,120 0 0
E. coli 0 group 112 a,b (1411-50) 160 0 0 640 0
703, Shigella-like 640 0 640 0
E. coli 0 group 112 a,c 10,240 5,120 0 0 0
E. coli 6182-50 0 20,480 10,240

* Figures indicate the reciprocal of the highest dilution that gave visible agglutination.
t 0 equals negative in dilutions of 1:40 and higher.

When 0 antigen suspensionsof the eleven E. coli 0 group 112 a,c cultures were
tested in S. dysenteriae 2 antiserum, all were agglutinated to the homologous
titer of the antiserum. Also, cultures of S. dysenteriae 2 reacted to the titer of
an 0 antiserum prepared with E. coli 0 group 112 a,c. The results of reciprocal
adsorption tests (table 1) indicate that the thermostable somatic antigens of
S. dysenteriae 2 and E. coli 0 group 112 a,c are identical. Each removes all ag-
glutinin from antiserum prepared with the other. Suspensions of S. dysenteriae
2 cultures were agglutinated in 0 antiserum for E. coli 0 group 112 a,b in a
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dilution of 1: 640, and heated antigens of E. coli 0 group 112 a,b reacted in a
similar dilution of S. dysenteriae 2 antiserum. Reciprocal adsorption tests indi-
cate (table 1) that the cross agglutination of S. dysenteriae 2 and E. coli 0 group
112 a,b is caused by the factor a, common to both bacteria. E. coli 0 group a,b
antiserum adsorbed with a suspension of S. dyseneriae 2 no longer agglutinated
the S. dysenriae 2 or Guanabara cultures (E. coli 0 group 112 a,c), while the
titer of the antiserum for E. coli 0 group 112 a,b was reduced only slightly
(1:20,480 to 1:5,120). Conversely, the agglutinative titer of S. dysenkride 2
antiserum was reduced only slightly when adsorbed by E. coli 0 group 112 a,b.
This antiserum no longer reacted with suspensions of the adsorbing culture but
reacted strongly with S. dysenteriae 2 and Guanabara cultures.

E. coli 0 group 112 a,b and E. coli, strain 6182-60 (O group 113).' Suspensions
of E. coli, cultures 6182-50 and 0 group 112 a,b (1411-50), cross react in dilutions
of 1:1,280 and 1:640, respectively, in 0 antiserums prepared with the two types

TABLE 2
The relationship of Escherichia coli 0 group 112 a,b and a Shigella-like culture (708)

0 ANTISERUMS

0 ANTIGEN SUSPENSIONS (100 C, 1 ER) 703 0 group 112 a,b

Unadsorbed Adsorbed by 0 Unabsorbed Adsorbed
group 112 a,b b 0

Culture no. 703 (Shigella-like) 2,560 0 10,240 0
E. coli 0 group 112 a,b 2,560 0 20,480 0

(table 1). The results of reciprocal adsorption tests with these antiserums indi-
cate that culture 6182-50 contains a portion of the b factor of E. coli 0 group 112
a,b. Ancillary evidence that this culture contains a portion of the b factor is
afforded by the fact that culture 6182-50 continued to react in a dilution of 1:320
in 0 group 112 a,b antiserum adsorbed by S. dysenteriae 2. However, E. coli,
culture 6182-50, contains a major 0 antigen that is not related to E. coli a,b
or to any other described E. coli 0 group. Antigens prepared with E. coli, cul-
ture 6182-50, did not react in unadsorbed S. dysenteriae 2 antiserum, and this cul-
ture bears no 0 antigenic relationship to S. dysenteriae 2, nor to E. coli 0 group
112 a,c.
A Shigella-like culture (703 and E. coli 0 group 112 a,b). The biochemical reac-

tions of culture no. 703 are as follows: Acid is produced without gas formation
from glucose, mannitol, and sorbitol within 24 hours' incubation. Arabinose is
fermented after 5 days' incubation. Acid is not produced from lactose, sucrose,
salicin, maltose, dulcitol, rhamnose, inositol, xylose, or adonitol. The bacteria
are nonmotile, do not hydrolyze urea, nor form acetylmethylcarbinol. Indole
is produced, and the methyl red test is positive. Culture 703 does not grow on

1 Kauffmann (1951c) reports that culture 6182-50 contains 0 antigens identical with those
of Wramby's W32 which was isolated from a calf. These cultures W32 and 6182-50 constitute
a new E. coli 0 group, 0113.

1952] 321



W. H. EWING, M. C. HUCKS, AND M. W. TAYLOR

Simmons' citrate agar nor does it give a positive reaction on the citrate medium
of Christensen (1949). Except for the relationship to S. dysenteriae 2 (table 1),
type 703 bears no serological relationship to recognized members of the Shigella
group and is regarded as a serotype that should be given consideration for pos-
sible future addition to the Shigella boydii group. The relationship of culture
no. 703 to E. coli 0 group 112 a,b is shown in table 2. The two types cross ag-
glutinate to the titers of their respective antiserums, and reciprocal adsorption
tests indicate that the heat stable somatic antigens of the two cultures are identi-

S. dysenteriae 24 )E. coli 0112 a, c

a a

a ,' a

E. coli 0112 a, b )---)Culture no. 703 (Shigella-like)

Related by (b) factor

E. coli 6182-50 (0113)
Figure 1. 0 antigen interrelationships. Arrows indicate identical 0 antigens. Dotted

lines represent relationship by the factors indicated.

cal. The 0 antigen relationships previously described are shown diagrammatically
in figure 1.
The flagellar (H) antigens of cultures of E. coli 0 group 112 a,b (1411-50)

and 6182-50 (0113) were determined by testing broth cultures in each of the 22
E. coli H antiserums. These tests indicate that E. coli 0 group 112 a,b contains
H antigen 18 and that the flagellar antigens of culture 6182-50 (0113) are the
same as H 21 of the E. coli antigenic schema.

Studies on the K antigens of all of the foregoing cultures were instituted but
are not completed. However, the results indicate that E. coli 6182-50 (0113)
possesses a K antigen and that cultures of S. dysenteriae 2, E. co7i 0 group 112
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a,b, and 0 group 112 a,c also contain K antigens. 0 agglutination is inhibited
when living antigens of these cultures containing K antigen are tested in O
antiserums. It seems clear that the K antigen of S. dysenteriae 2 and E. coli
O group 112 a,c cultures is the same or very closely related while E. coli 0 group
112 a,b contains a different K antigen. Whether or not the K antigens of these
cultures can be identified as one of the 59 known K antigens has not been deter-
mined. None of the preceding cultures contain alpha antigen. A study of the
occurrence in the Shigella group of thermolabile antigens of the K type is in
progress, and further work on these cultures will be included in it.

DISCUSSION

The results indicate clearly that the 0 antigens of S. dysenteriae 2 and E. coli
O group 112 a,c are identical. Other examples of such relationships are known.
Wheeler and Stuart (1946) reported the relationship of three coliform organisms
that were antigenically related to S. dysenteriae 3 (Q771). The number of these
related coliform cultures has been extended to six (authors' unpublished data).
Veazie (1950) reported that a very close relationship was found between S.
boydii 4 (P274), S. boydii 5 (P143), and E. coli 053 and 079, respectively. The
writers confirmed this report and found that the 0 antigens of S. boydii 4 are
identical with those of E. coli 053, and the 0 antigens of S. boydii 5 are identical
with those of E. coli 079 as demonstrated by reciprocal agglutinin adsorption
tests. These observations were also confirmed by Kauffmann (1950). Odden
(1951) found that the 0 antigens of S. dysenteriae 5 (Q1030) and E. coli 058
are identical and that those of S. boydii 2 and E. coli 087 are strongly related
but are not identical. These observations were confirmed in this laboratory.
Knowledge of relationships such as those outlined before is of the utmost im-
portance in diagnostic work. Serological studies on enteric microorganisms
must be as complete as possible and must always be confirmed by a study of
the biochemical characteristics. There are many other reports in the literature
on the subject of interrelationships among members of the family Enterobacte-
riaceae, and workers in the field of enteric bacteriology now regard the family
as one large interrelated group within which there are islands of dense popula-
tion which are not sharply demarcated. These islands correspond to the various
arbitrary groups such as Salmonella, Shigella, Alkalescens-Dispar, etc. A view
of the enteric group similar to this is also taken by Borman, Stuart, and Wheeler
(1944), the Enterobacteriaceae Subcommittee (1951), Kauffmann (1951b), and
by other investigators.
Sound work on the relationships of the various bacterial types included in

the family Enterobacteriaceae was made possible by the clarification of the
serology of the E. coli group by Kauffmann and his collaborators. It is now pos-
sible to elucidate many relationships which, hithertofore, were not entirely
clear. As an example of this, Ferguson and Wheeler (1946) described two para-
colon bacteria that are related through minor antigens to certain Shigella flexneri
serotypes and to S. boydii 5. These two paracolon cultures are now known to
belong to E. coli 0 group 4 and that the antigenic factors involved in the rela-
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tionships described by Ferguson and Wheeler are the same factors that relate
some members of Alkalescens-Dispar group to S. flexneri and S. boydii 5 cul-
tures. Also (authors' unpublished data) many paracolon bacteria similar to
Escherichia which formerly could not be classified serologically now can be placed
in one or another of the E. coli 0 groups.

It is proposed that culture 703 should be considered for possible future addi-
tion to the S. boydii group. Group C of the Shigella schema now consists of seven
serotypes (see the Enterobacteriaceae Subcommittee Report, 1951, or Ewing,
1949). Courtois and Vandepitte (1950) suggested that type 112, described by
Cox and Wallace (1948), should be added to the S. boydii group. The Shigella
Commission of the Enterobacteriaceae Subcommittee has accepted type 112
as provisional S. boydii 8. Descriptions of provisional S. boydii 9, 10, and 11 are
in preparation.

SUMMARY

The antigenic relationship of Shigella dysenteriae 2 (Shigella ambigua) and
Escherichia coli 0 group 112 a,c is reported. The 0 antigens of these two bacterial
types are identical as demonstrated by reciprocal agglutinin adsorption tests.

Further studies on E. coli 0 group 112 a,b are reported, and a Shigella-like
culture (703) that contains thermostable somatic antigens identical with it is
described.

Preliminary investigations of a new E. coli 0 group are outlined.
A brief discussion of interrelationships among enteric bacteria is included,

and the importance of such relationships to diagnostic bacteriology is stressed.
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