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Examination of' 729 isolates of' Proteus rettgeri showed that 674 reacted
positively in tests for phenvlalanine deamination, indole production, growth on
citrate, and acid production from meso-inositol, and negativelv for L-ornithine
decarboxvlation and acid production from lactose, maltose, D-xvlose, and
L-arabinose. Only 51 isolates diff'ered in one, and four diff'ered in two of these ten
reactions, which were taken as the core characteristics of' the species. On the
basis of' additional tests (acid production from salicin, L-rhamnose, D-mannitol,
adonitol, and D-arabitol), the 729 isolates could be separated into f'ive groups.
Groups 1, 2, 3, and 4 could be f'urther separated on the basis of' the reaction with
meso-erythritol, and group 5 could be subdivided on the basis of' reaction with
D-mannitol. Two metabolically distinct kinds of' P. rettgeri were recognized.
Isolates of the f'irst kind (groups 1, 2, 3, and 4) each utilized both adonitol and
D-arabitol and most utilized meso-ervthritol. Isolates of' the other kind (group 5)
were negative with the three polyhydric alcohols but resembled, in their
reactions, some strains of' Prouidencia stuartil. These may be intermediates
between P. rettgeri that catabolize these substrates and the Providencia.

One of the gram-negative species of bacteria
that has increased in importance as an infec-
tious agent is Proteus rettgeri. Its importance in
causing outbreaks of hospital cross-infection
has been observed by several groups of' inves-
tigators (5, 21, 37) and its resistance to thera-
peutic antimicrobials has been reported (1, 3,
4, 5, 12, 13, 15, 22, 25-27, 35, 36). The epi-
demiology of the infections has not been re-
solved and, to a considerable degree, this has
been due to the unavailability of schemes for
typing strains. Typing on the basis of flagellar
(H) and somatic (0) antigens has been inves-
tigated (19, 23, 24) and the application of 0
typing has been described in one report (37). In
other studies the marker for identifying the
cross-inf'ecting strain was either its pattern of
resistance to antimicrobials (5, 13) or its un-
usual biochemical reactions (35, 36). To our
knowledge, strains have not been characterized
according to biotypes defined for the species
(19). In this study we examined isolates of' P.
rettgeri to determine reactions most character-
istic for defining the species and the biochemi-
cal types within the species, and to determine
the frequency distribution of the different types
in our collection of' 729 isolates.

MATERIALS AND METHODS
Bacterial strains. Isolates of' P. rettgeri were

collected during the last 9 years from a variety of

institutions, including 11 hospital laboratories in
Canada and four in the United States. Some were
obtained from hospital laboratories that reported
cross-inf'ections caused by P. rettgeri and some of
these could be regarded as duplicates of' the same
strain. Strains were also obtained from a collection
made in Japan by S. Namioka and R. Sakazaki (19).
Most sources and contributors have been cited previ-
ously (24). Fif'ty-three isolates from frogs captured in
Ontario were also included in the collection. Hence,
from 23 separate sources, a total of 729 isolates were
available to this study.
Biochemical reactions. The basal medium for the

detection of' acid production f'rom carbohydrates and
polyhydric alcohols was Andrade peptone water (Ox-
oid). Glucose, o-mannitol, salicin, adonitol, meso-
erythritol, r-arabitol, L-rhamnose, and meso-inositol
were added to the basal medium before sterilization.
Lactose, maltose. L-arabinose. and D-xvlose were
sterilized by filtration and then added to sterilized
basal medium. The concentrations of' the compounds
were according to Edwards and Ewing (7). Durham
tubes for detection of' gas production were placed in
tubes containing glucose. D-mannitol, and maltose.
All tests for acid and gas production were kept for 7
days at 37 C before a negative result was recorded. An
intensive pink or red color was taken as a positive test
f'or acid production. A positive test was recorded for
gas production when the observed volume constituted
a bubble equal or greater in diameter than the inside
diameter of' the Durham tube within a 48-h incuba-
tion period. Medium (Christensen [DifcoJ) was used
in tests for urease activity. Tests were read at 24 h
and positive tests were recorded on observation of a
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pink color on the agar surface. Tests for phenyl pyru-
vic acid production from DL-phenylalanine were per-
formed according to Edwards and Ewing (7) by using
media supplied by Baltimore Biological Laboratory
(BBL). A negative test at 24 h was repeated at 48 h.
Production of blue color on Simmons' citrate (BBL)
was taken as a positive test for growth on citrate as the
sole source of carbon. Tubes were examined at 24 h
and, if necessary, at daily intervals for another 6 days.
Tests for indole production were performed in tryp-
tone broth (Difco) at 24 h. If an isolate gave a negative
test after this period the test was repeated after a
3-day period of incubation. Kovac reagent was pre-
pared as previously described (7). Moeller decarbox-
ylose broth base (BBL) was used for ornithine decar-
boxylase test media. L-ornithine dihydrochloride was
added in the broth base and the medium was dispensed
and sterilized according to the supplier's directions.
Positive tests were indicated by the production of a
violet color and tests were held for 4 days before a
negative result was recorded. The incubation temper-
ature of all biochemical tests was at 37 C.

Serotyping. All strains have been typed on the
basis of the 0 antigens using antisera prepared in this
laboratory and by methods described previously (24).

RESULTS

Biochemical reactions characteristic of
most isolates of P. rettgeri. A total of 729
isolates of P. rettgeri were examined. All pro-
duced acid and 18% produced gas from glucose.
Each isolate was tested for deamination of
phenylalanine, hydrolysis of urea, production of
indole, growth on citrate, decarboxylation of
ornithine, and acid production from inositol,
lactose, maltose, xylose. arabinose. salicin,
rhamnose, mannitol, adonitol, arabitol, and
erythritol. Of the 729 isolates, 674 were positive
on tests for phenylalanine deamination, urea
hydrolysis, indole production, growth on citrate,
and acid production from inositol but were
negative for acid production from lactose, mal-
tose, xylose, and arabinose, and for ornithine
decarboxylation (Table 1). These 10 tests were
taken as basic characters of the species. The 674
isolates were considered to be characteristic
representatives of the species to be further
examined for biogroups and to be used as a
standard set for comparison in the examination
of the remaining 55 isolates that varied in
reaction from the rest in one or two of the 10
tests.
Biogroups ofP. rettgeri. Namioka and Saka-

zaki described the division of 103 P. rettgeri into
four types on the basis of acid production from
salicin and rhamnose (19). In this study, their
scheme was modified by the definition of a fifth
group (Table 1). Each isolate of biogroups 1, 2,
3, and 4. but not 5, produced acid from each of

the three polyhydric alcohols-adonitol, arabi-
tol, and mannitol. Biogroup 5 consisted of
isolates incapable of acid production from sali-
cin, rhamnose, adonitol, and erythritol. Some
group 5 isolates produced acid from mannitol
and this test served to define two subgroups.
The mannitol positives were designated 5a and
the mannitol negatives, 5b. Each of groups 1, 2,
3, and 4 could be subdivided into two subgroups
on the basis of acid production from erythritol.
The erythritol positives were designated la, 2a,
3a, and 4a, and the erythritol negatives were
designated lb, 2b, 3b, and 4b.
The numbers of isolates in each subgroup are

also shown in Table 1. The largest number was
found in group 3 and most of these (177) were in
subgroup 3a. Next in number with 133 isolates
were the mannitol negatives of group 5. These
were followed by the erythritol positives of
group 2 with 103 isolates. In each of groups 1, 2,
and 3, the ervthritol positives outnumbered the
negatives by a factor of 2.3 to 3.7 and, therefore,
the ability and not the inability to produce acid
with this polyhydric alcohol was characteristic
of the majority in these groups. Only 1, 2, and 4
isolates were found in subgroups 4a, 4b, and 5a,
respectively. These seven constituted less than
1% of the total, and this indicated that they
may be rare types.
The 55 isolates that differed in one or two of

the ten reactions characteristic of the 674 could
all be assigned to one of the groups (and
subgroups) on the basis of their reactions to
salicin, rhamnose, adonitol, arabitol, mannitol,
and erythritol. Sixteen biochemical types were
recognized among the 55 (Table 2).

In some cases, the positive reactions with the
polyols (adonitol, arabitol) were important, not
only in assigning an isolate to a group or
subgroup, but indeed, to the species. This was
the case with the urease-negative isolates and
the ability to produce acid from these polyols
may be considered as a major defining charac-
teristic of P. rettgeri since all isolates of groups
1, 2, 3, and 4 demonstrated this feature.

DISCUSSION

Rettger's bacillus was first isolated by Rettger
in 1904 from a cholera-like epidemic in chickens
(14). It appears that the bacterium was not
characterized by Rettger but was sent to P.
Hadley who undertook a study of the organism.
In a report by Hadley et al. (14), the organism
was described as gram-negative, nonmotile,
capable of acid production from glucose, man-

nitol, adonitol, salicin, xylose, and mannose,
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TABLE 1. Biochemical reactions of 674 isolatesa of P. rettgeri

Biogroups

Biochemical reaction 2 3 4 5

a b a b a b a b a b

Acid production from
Salicin + b + + + _
L-rhamnose _ _ + + + + _ _ _
D-mannitol + + + + + + + + +
Adonitol + + + + + + + + _
D-arabitol + + + + + + + + _
Meso-erythritol + - + - + - + _ _

Number of isolates 109 39 103 28 177 78 1 2 4 133
a All 674 isolates were positive for phenylalanine deamination, urea hydrolysis, indole production, growth on

Simmons' citrate, and acid production from meso-inositol. All were negative for ornithine decarboxylation and
acid production from lactose, maltose, D-xylose, and L-arabinose. These 10 tests are the major defining "core"
characters of P. rettgeri.

' Positive reactions in 2 days for most tests with most isolates. Less than 1% of inositol positives required 3 to
4 days and less than 2% of erythritol positives required 3 to 5 days.

" Negative reactions at 7 days.

TABLE 2. Biochemical types of infrequently isolated
P. rettgeri that vary in "core" characters

Total No. varying "Core" character
Biogroupa no. of in "core" which is

isolates characters" different"

la 116 7 xyl+ (1)d
ind - (1)
inos- (2)
ara' (2)
inos-, man- (1)

lb 44 5 inos- (2)
ara+ (1)
xyl+, lac+ (2)

2a 103 0

2b 30 2 xyl+ (1)
ure -, ind- (1)

3a 178 1 xyl+ (1)
3b 79 1 ind - (1)
4a 4 3 ure- (3)
4b 2 0
5a 4 0

5b 169 36 lac+ (1)
xyl+ (14)
ind- (21)

a Biogroups defined in Table 1.
h See text or Table 1 for 10 characteristic "core" reactions.
(Xylose (xyl), indole (ind), inositol (inos), arabinose (ara),

mannitol (man), urease (ure), lactose (lac).
d Number of isolates with indicated variation.

and incapable of producing indole. Further-
more, they performed virulence tests in
chickens but failed to demonstrate the antici-

pated virulence. Weldin (38) assigned the orga-
nism to the genus Shigella but later investiga-
tions by Edwards (6) established that the orga-
nism was motile, and by St. John-Brooks and
Rhodes (32) who established that it produced
indole, and it was subsequently rejected from
the Shigella by Neter (20). It was later assigned
to the genus Proteus by Rustigian and Stuart
(29) after they found it capable of urea hydrol-
ysis, a reaction most characteristic of Proteus
vulgaris and Proteus mirabilis. F. Kauffmann,
on the other hand, believed the organism should
be separated from Proteus and proposed the
genus Rettgerella for this group of bacteria (16).
Both taxonomic designations are currently in
use and agreement on final classification re-
mains to be reached.

In this study, we have attempted to identify
the definitive characteristic reactions of the
species and to examine a group of isolates,
many from geographically diverse sources, for
variations in biochemical types and for reac-
tions through which the different types may be
readily defined. Of the 729 isolates, 674 reacted
positively in five tests (phenylalanine deamina-
tion, urea hydrolysis, indole production, growth
on citrate, and acid production from inositol),
and negatively in five other tests (acid produc-
tion from lactose, maltose, xylose, and arabi-
nose, and decarboxylation of ornithine). Since
reaction to the 10 tests was uniform for such a
large portion (92.5%) of the isolates, the 10
reactions were considered basically definitive
for the species, and the 674 isolates were re-
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garded as characteristic representatives of the
species. A strain showing these 10 reactions may
therefore be diagnosed with confidence as P.
rettgeri.

This representative group of isolates could be
separated into five biogroups. Biogroups 1, 2,
and 3 were defined according to Namioka and
Sakazaki (19) who proposed the subdivision of
the species on the basis of acid production from
salicin and rhamnose. However, when the iso-
lates were tested in mannitol, arabitol, adonitol,
and erythritol, we observed that the fourth
division, proposed by Namioka and Sakazaki
for salicin-negative, rhamnose-negative strains,
included two biochemically different types (19).
Some were like those of groups 1, 2, and 3 which
all produced acid from adonitol and arabitol
and were assigned to group 4. Others that did
not produce acid from the two pentitols were
assigned to group 5. Each group could be further
subdivided. Isolates of groups 1, 2, 3, and 4
could be separated into erythritol positives
(subgroups la, 2a, 3a, and 4a) and erythritol
negatives (subgroups lb, 2b, 3b, and 4b) and
group 5 could be separated into mannitol posi-
tive (subgroup 5a) and mannitol negative (sub-
group 5b).

Adonitol, arabitol. and erythritol were impor-
tant substrates in defining the groups. All
isolates of groups 1, 2, 3, and 4 of the 674 that
conformed uniformly to the first selected 10
tests and isolates of 13 types found among the
55 that differed in one or two reactions to these
10 characteristic tests produced acid with both
adonitol and arabitol. This constituted 556
(76%) of the isolates and, therefore, an isolate
positive for phenylalanine deamination and
positive for acid production from these two
pentitols is likely to be P. rettgeri. Although
other Proteae may produce acid from one of the
two pentitols, in our experience, none is posi-
tive on both. Furthermore, reactions to these
two pentitols clearly separate P. rettgeri into
two biochemically different kinds-those of
groups 1, 2, 3, and 4, and those of group 5.
Isolates of the latter differ from some
Providencia stuartii only on urease agar and
thus constitute a group intermediate between
Providencia and the more frequently isolated P.
rettgeri of the other groups. Erythritol was
metabolized by 401 (55%) of the isolates and it
is important to include this polyhydric alcohol
in the identification of Proteae since P. rettgeri
is the only member of the tribe that produces
acid from this substrate. By its use, the sub-
grouping of groups 1, 2, 3, and 4 is possible and
this assists in the characterization of strains that
may be epidemiologically important.

Kauffmann pointed out the usefulness of
erythritol and L-arabitol in differentiating P.
rettgeri from the other Proteae (17, 18). In our
laboratory, D-arabitol was used instead of L-
arabitol after it was observed that 50 strains
giving positive reactions with L-arabitol in 3 to ,

days also reacted with D-arabitol, but usually
within 24 h. It was interesting to note that each
isolate positive on erythritol was also positive on
the two pentitols and, with one exception (see
biogroup la, ino-, man-, Table 2), was positive
on mannitol. Since no erythritol-positive, pen-
titol-negative isolates were found, it could be
postulated that catabolism or transport (or
both) of these acyclic 4- and 5-carbon poly-
hydric alcohols was related and that loss of ac-
tivity commenced with the polyhydric alcohol
of lower molecular weight. This was not inves-
tigated but two pertinent observations may be
cited. The longer that cultures were maintained
in the laboratory, the greater was the number
of erythritol negatives. Among the 556 isolates
of biotypes 1, 2, 3, and 4 collected over the past
nine years, there were 155 (28%) erythritol neg-
atives. Among these were 32 isolates obtained
from two local hospitals during the past year,
and these were all typed shortly after isolation
as erythritol positives of groups 1, 2, or 3. Fur-
thermore, the strains obtained from S. Namioka
were examined. We were not able to demon-
strate positive erythritol reactions for 11 (30%)
of the 37 strains. These strains were all char-
acterized in 1958 by Namioka and Sakazaki as
erythritol positive (19). Erythritol was not used
initially in our laboratory in characterizing
strains and, therefore, changes from positive to
negative reactions were not recorded. The reac-
tions observed by us that differed from those of
Namioka and Sakazaki (19) may have been due
to differences in media or methods. Hence,
retesting strains periodically would be neces-
sary to document the loss of reactivity with
time. Strains of groups 1, 2, 3, and 4 should
receive further study in transport and catabo-
lism of polyhydric alcohols, not only to deter-
mine the nature of the apparent relationship
between utilization of erythritol and the pen-
titols and the apparent loss of activity with
erythritol during maintenance in the labora-
tory, but also because they are capable of
utilizing both a variety of acyclic polyhvdric
alcohols as well as the cyclic inositol.
An examination of the 55 isolates that dif-

fered in one or two reactions from the other 674
in the 10 tests taken as characteristic revealed
16 different biochemical types (Table 2). Three
isolates differed from types characteristic of the
large group of 674 (Table 1) in positive t-ests for

VOL. 1, 1975 139



PENNER, HINTON, AND HENNESSY

acid production from lactose. One (biogroup 5b,
lac+) was obtained from a hospital in Toronto
and was characteristic of group 5b isolates
except for the positive lactose reaction. Two
isolates (biogroup lb, xyl+, lac+) of' the same 0

serotype were obtained from Traub who isolated
them during a study of hospital cross-infections
caused by P. rettgeri (36). Lactose-positive P.
rettgeri have been known to occur since 1954
when one was reported in Israel by Singer and
Bar-Chay (31). Sutter and Foecking described
53 isolates which were both lactose and xylose
positive and indicated that they may have been
isolates of an endemic strain (33). Suter et al.
(34) reported that eight of their 48 strains were

lactose fermenters. and eight were positive for
xylose. From their tabulations of reactions, it
could not be ascertained that the eight lactose
positives were also the eight xylose positives. If
this were the case, the occurrence of the lactose-
positive, xylose-positive types in three geo-
graphically separated areas would be indicated.
This leads to the view that these types may be
more widely distributed and may occur more fre-
quently than reported.

In our collection, four different types with the
xylose-positive reaction were recognized in
addition to the xylose-positive, lactose-positive
type discussed above. Only one isolate was
found for each of three types (biogroup la, xyl+,
biogroup 2b, xyl+, and biogroup 3a, xyl+), but
14 were obtained for the fourth (biogroup 5b,
xyl+). Of these 14 xylose-positive 5b types,
nine isolates were of the same 0 serotype and
from the same hospital, but the other five iso-
lates were each of different 0 serotypes and
thus, at least six different strains were included
in this biochemical type. From some reports,
the conclusion can be made that xylose-positive
P. rettgeri are rare since they constitute a low
proportion of the total isolates (2, 11, 19, 30),
but in other reports, larger percentages of the
isolates described are xylose positive (31, 33,
34). The original isolate of Rettger was shown by
Hadley et al. (14) to be xylose positive and, ac-

cording to its other reactions, it would appear
to be a xylose positive of group 1 or 2. Only 19
(2.5%) of our isolates were xylose positive and,
because of this low number, a negative test for
acid production from this substrate was taken as
a definitive characteristic reaction for P. rett-
geri. Whether this choice was just a reflection of
our present collection and does or does not re-

flect the distribution of these types in the spe-

cies at large cannot be determined without
large numbers of additional isolates from greater
numbers of geographically separated sources
than have been available to us in the past.

Should the xylose-positive reaction be char-
acteristic for large numbers of P. rettgeri rather
than a few, it could be accepted as a definitive
character and used in the same manner as
erythritol in the further subdivision of the five
biogroups.
Four types of indole-negative P. rettgeri were

identified. In other respects one isolate was like
the subgroup la isolates, one like the 3b iso-
lates, and 21 like 5b isolates. Three of the latter
were serotyped as 0:26 and were obtained dur-
ing a cross-infection in one hospital (37), 16
were serotyped as 0:42 and were obtained from
a second hospital reporting a cross-infection,
and the remaining two, also 0:42, were obtained
from a third source. One strain, reported to have
been isolated before 1954 and received labeled
as a Providencia, was found to be both indole
negative and urease negative. Three other
strains, each of different 0 serotype and from
two different sources, were classified by us as
urease-negative P. rettgeri, although they were
also received labeled as Providencia.
The positive urease reaction is a major defin-

ing character for the genus Proteus and a
negative reaction is characteristic of Provi-
dencia. In the above cases, the reassign-
ment from Providencia to P. rettgeri was based
on reactions to 15 of the 16 biochemical tests,
and the negative urease reaction was therefore
ranked less in significance in classification than
the other 15 reactions. In particular, the posi-
tive reactions with adonitol and arabitol and, in
the case of the three strains, their positive
reactions with erythritol, are criteria more char-
acteristic of P. rettgeri than of the Providencia
(9). Although the test for urease is an important
defining character, too much attachment to its
significance can result in misclassif'ication.
Four isolates were inositol negative, but in

other reactions were like those of group 1. One
strain, isolated before 1958, was unique because
it did not produce acid from inositol and
mannitol, but was similar in other reactions to
group 1 isolates.
Three isolates, two like those of subgroup la

and one like those of lb. produced acid from
arabinose. Arabinose-positive P. rettgeri have
been reported in other investigations (17, 30).
Other workers did not use arabinose (11, 33) or
reported no strains positive (7, 8, 10, 28, 34). To
our knowledge, arabinose-positive strains have
not been implicated in cross-infection as have
xylose-positive, lactose-positive, and indole-
negative strains (33, 36).

Since 674 (92.5%) of the 729 isolates were
uniform in 10 tests, and only 51 (7%) differed by
one reaction and only four (0.5%) differed by
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two reactions in the 10 tests. a strain that
conforms characteristically to the same 10 tests
may be classified with confidence as P. rettgeri.
Five biogroups and 10 subgroups have been
defined among the 674 isolates reacting charac-
teristically in the 10 tests. Furthermore, the
other 55 isolates that differed from the 674 in
one or, rarely, two reactions to the 10 character-
istic tests, could each be assigned to one of the
10 subgroups on the basis of reactions to six
tests used to define the subgroups.
On the basis of reactions to two pentitols,

adonitol and arabitol, the species could be
separated into two biochemically different
kinds. The first (biogroups 1. 2, 3, and 4)
include strains that may be referred to as

metabolizers of polyols. These produce acid
with inositol, mannitol, arabitol and, in most
cases, with erythritol. The utilization of each
strain of acyclic polyols of 4, 5, and 6 carbons is
unique among the Proteae to four biogroups of
P. rettgeri and, therefore, a Proteus isolate with
this metabolic facility may be assigned to this
species. This is advantageous in the identifica-
tion of biochemical types that differ in one or

two of the 10 reactions cited above as definitive
characters of the species.
The second kind of P. rettgeri, found in

biogroup 5, did not catabolize the two pentitols
or erythritol. and only a few catabolized man-

nitol (subgroup 5a). Instead, thev resembled
some strains of P. stuartii in their reactions and
may be a group intermediate to the polyol
metabolizers of P. rettgeri and the Providencia.
The relationship between the latter and the P.
rettgeri of biogroup 5 is currently under investi-
gation in our laboratorv.
We anticipate that biotyping of strains ac-

cording to the groups and subgroups defined in
this study will serve advantageously in epidemi-
ological investigations of infections caused by P.
rettgeri. A finer resolution among strains will be
achieved upon application of both this scheme
for biochemical differentiation and the scheme
for 0 serotyping proposed in a previous study
(24).

ACKNOWLEDGMENTS

This research was supported by National Health grant
(Canada) project no. 605-7-361.

LITERATURE CITED

1. Barber, M., and P. M. Waterworth. 1964. Antibiotic
sensitivity of Proteus species. Am. J. Clin. Pathol.
17:69-74.

2. Buttiaux, R, R. Osteux, R. Fresnoy, and J. Moriamez.
1954. Les proprietes biochemiques caractristiques du
genre Proteus. Inclusion souhaitable des Providencia

dans celui-ci. Ann. Inst. Pasteur 87:375-386.
3. Chiu, V. S. W., and P. D. Hoeprich. 1961. Susceptibility

of Proteus and Providence bacilli to 10 antimicrobial
agents. Am. J. Med. Sci. 241:309-321.

4. Coetzee, J. N., N. Datta, and R. W. Hedges. 1972. R
factors from Proteus rettgeri. J. Gen. Microbiol.
72:543-552.

5. Edwards. L. D., A. Cross, S. Levin, and W. Landau. 1974.
Outbreak of a nosocomial infection with a strain of
Proteus rettgeri resistant to manv antimicrobials. Am.
J. Clin. Pathol. 61:41-46.

6. Edwards. P. R. (Personal communication to Rustigian
and Stuart) cited on page 242. R. Rustigian and C. A.
Stuart. 1943. Taxonomic relationships in the genus

Proteus. Proc. Soc. Exp. Biol. Med. 53:241-243.
7. Edwards, P. R., and W. H. Ewing. 1972. Identification of

the enterobacteriaceae. Burgess Publishing Co., Min-
neapolis, Minn.

8. Ewing, W. H., and B. R. Davis. 1972. Biochemical
characterization of the species of Proteus. Public
Health Lab. 30:46-57.

9. Ewing, W. H., B. R. Davis, and J. V. Sikes. 1972.
Biochemical characterization of Providencia. Public
Health Lab. 30:25-38.

10. Ewing, W. H., I. Suassuna, and I. R. Suassuna. 1960. The
biochemical reactions of members of the genus Proteus.
U. S. Dept. Health. Education, and Welfare. Atlanta.
Ga.

11. Fulton, M.. and S. F. Curtis. 1946. A studv of Rettger's
bacillus and related bacteria. Proc. Soc. Exp. Biol.
Med. 61:334-:338.

12. Graevenitz, A. von, and M. Nourbakhsh. 1972. Antimi-
crobial resistance of the genera Proteus, Providencia
and Serratia with special reference to multiple resist-
ance patterns. Med. Microbiol. Immunol. 157:142-148.

13. Graevenitz, A. von, and H. Spector. 1969. Observations
on indol-positive Proteus. Yale J. Biol. Med.
41:434-445.

14. Hadlev. P., M. W. Elkins. and D. W. Caldwell. 1918. The
colon-tvphoid intermediates as causative agents of
disease in birds. I. The paratvphoid bacteria. Agric.
Exp. Station. Rhode Island State Coll. Bull. no. 174,
Kingston, R.I.

15. Hook, E. W.. and R. E. Petersdorf. 1960. In vitro and in
vivo susceptibility of Proteus species to the action of
certain antimicrobial drugs. Johns Hopkins Hosp.
Bull. 107:337-348.

16. Kauffmann, F. 1953. On the classification and nomencla-
ture of Enterobacteriaceae. Riv. Ist. Sieroter. Ital. 28:
485-491.

17. Kauffmann, F. 1956. On biochemical investigations of
Enterobacteriaceae. Acta Pathol. Microbiol. Scand.
39:85-93.

18. Kauffmann, F. 1956. A simplified biochemical table of
Enterobacteriaceae. Acta Path. Microbiol. Scand.
39:103-106.

19. Namioka. S.. and R. Sakazaki. 1958. Etude sur les
Rettgerella. Ann. Inst. Pasteur (Paris) 94:485-499.

20. Neter. E. 1942. The genus Shigella (dysentery bacilli and
allied species). Bacteriol. Rev. 6:1-36.

21. Omland. T. 1960. Nosocomial urinary tract infections
caused by Proteus rettgeri. Acta Pathol. Microbiol.
Scand. 48:221-230.

22. Odakura, Y., T. Tanaka, M. Yamoto, F. Inafuku, and S.
Mitsuhashi. 197:3. Properties of R factors isolated from
multiple resistant Proteus rettgeri. Jap. J. Microbiol.
17:21-28.

23. Penner, J. L.. and N. A. Hinton. 1973. A study of the
serotyping of Proteus rettgeri. Can. J. Microbiol.
19:271-279.

24. Penner, J. L., N. A. Hinton, and J. Hennessy. 1974.
Serotyping of Proteus rettgeri on the basis of 0 anti-

VOL. 1, 1975 141



142 PENNER, HINTON, AND HENNESSY

gens. Can. J. Microbiol. 20:777-789.
25. Perch, B. 1954. Sensitivity of Proteus and Providencia to

eight antibiotics and sulfathiazole. Acta Pathol. Micro-
biol. Scand. 35:278-286.

26. Poole, J. C. F. 1954. Antibiotic sensitivity of the genus
Proteus. J. Clin. Pathol. 7:315-317.

27. Potee, K. D., S. S. Wright, M. Finland. 1954. In vitro
susceptibility of recently isolated strains of Proteus to
ten antibiotics. J. Lab. Clin. Med. 44:463-477.

28. Richard, C. 1966. Caracteres biochemiques des biotypes
de Providencia; leurs rapports avec le genre Rettgerella.
Ann. Inst. Pasteur 110:105-114.

29. Rustigian, R., and C. A. Stuart. 1943. Taxonomic rela-
tionships in the genus Proteus. Proc. Soc. Exp. Biol.
Med. 53:241-243.

30. Shaw, C., and P. H. Clarke. 1955. Biochemical classifica-
tion of Proteus and Providence cultures. J. Gen. Micro-
biol. 13:155-161.

31. Singer, J., and J. Bar-Chay. 1954. Biochemical investiga-
tion of Providence strains and their relationship to the
Proteus group. J. Hyg. 52:1-8.

32. St. John-Brooks, R., and M. Rhodes, 1923. The organisms
of the fowl typhoid group. J. Pathol. Bacteriol.

J. CLIN. MICROBIOL.

26:433-439.
33. Sutter, V. L., and F. J. Foecking. 1962. Biochemical

characteristics of lactose-fermenting Proteus rettgeri
from clinical specimens. J. Bacteriol. 83:933-935.

34. Suter, L. S., D. W. Ulrich, B. S. Koelz, and V. W. Street.
1968. Metabolic variations of Proteus in the Memphis
area and other geographical areas. Appl. Microbiol.
16:881-889.

35. Traub, W. H. 1970. Isolation of an antibiotic-resistant,
lactose-fermenting strain of Proteus rettgeri. Experi-
entia 26:437-438.

36. Traub, W. H., M. E. Craddock, E. A. Raymond, M. Fox,
and C. E. McCall. 1971. Characterization of an unusual
strain of Proteus rettgeri associated with an outbreak of
nosocomial urinary tract infection. Appl. Microbiol.
22:278-283.

37. Washington II, J. A., D. H. Senjem, A. Haldorson, A. H.
Schutt, and W. J. Martin. 1973. Nosocomially acquired
bacteriuria due to Proteus rettgeri and Providencia
stuartii. Am. J. Clin. Pathol. 60:836-838.

38. Weldin, J. C. 1927. The colon-typhoid group of bacteria
and related forms. Relationships and classification.
Iowa State Coll. J. Sci. 1:121-197.


