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The Biochemical Reactions
of the
Tribe KLEBSIELLEAE

INTRODUCTION

The purpose of this publication is to present the results of biochemical tests performed with
relatively large numbers of cultures of each of the genera and species contained in the tribe
KLEBSIELLEAE. The data obtained are presented in tabular form and the tables include the
results obtained with cultures of each species in tests that are commonly employed and in addi-
tional tests of value. Further, deviations from certain patterns of reaction are listed, summaries
of reactions given by the species within each genus are presented for comparative purposes, and
tables listing reactions of particular value in the differentiation of species are included. The
authors are hopeful that the information as well as the format in which it is presented, will prove
useful to investigators in laboratories at all of the various levels. Since the tabular data are self-
explanatory, comment will be limited. :

The nomenclature employed is based upon that proposed by Ewing (1962, 1963) and Ewing
et al. (1962) with one exception, which will be noted. This nomenclature, in turn, is based upon
the taxonomic system devised by Ewing and Edwards (1960) and employed by Edwards and Ewing
(1962).

No attempt was made to review the literature on the various genera of the tribe, since this
was beyond the scope and purpose of the publication. However, references to recent papers are
made when such references appear to be pertinent. These will serve as sources for anyone inter-
ested in delving into the literature more thoroughly.

MATERIALS AND METHODS

The cultures reported upon were among those
received for identification, or for confirmation of
identification, during the sixteen year period be-
tween July 1, 1948 and June 30, 1964. The sources
of the 1758 strains included in this report are
listed in table la. It should be noted (table la) that
only a few cultures from Type Culture Collections
or other collections were included, although many
such strains have been studied in the past. Since
only a very few cultures of Klebsiella rhinoschler-
omatis were received among diagnostic materials
submitted, it was necessary to augment the authors’
collection by including eleven strains which were
supplied by Dr. Ida @rskov of the State Serum In-
stitute, Copenhagen. Although a relatively large
number of cultures of Enterobacter alvei (Hafnia)

were received during the period inentioned, the
authors nevertheless felt that it was desirable to
include strains from the collections of individuals
who were instrumental in the characterization of
these bacteria. Hence, 20 cultures received in 1950
from the late Professor C. A. Stuart of Brown Uni-
versity, 4 strains from Professor Dr. F'. Kauffmann
and Dr. V. Mdgller of the State Serum Institute,
Copenhagen in 1954, and 2 cultures received in
1951 (indirectly, through the late Professor R. S.
Breed) from Dr. A. Castellani were included in the
study. The cultures from Professor Stuart were
designated type 32011 and were members of second
division of Aerobacter (Stuart et al., 1943). The
four strains received from Professor Kauffmann and
Dr. Méller were representative of 30 cultures



characterized by Mgller (1954). One of these four
was the original strain of B. paratyphus alvei of
Bahr (1919), which had been studied by Kauffmann
and Silberstein (1934) and found not to be a Sal-
monella. Mgller (1954) suggested in effect that
the Bahr culture presumably ought to be regarded
as the type species of Hafnia, under the name
Hafnia alvei. The two cultures received indirectly
from Dr. Castellani were labeled B. asiaticus and
were identified as type 32011 by one of the writers.
However, most investigators agree that the epithet
asiaticus does not enter into the synonomy of the
nomenclature of the Hafnia (32011) bacteria. This
opinion and the reasons for it were expressed by
Dr. S. T. Cowan in an Addendum (pg. 47) of the
Report of the International Subcommittee on Entero-
bacteriaceae (1958).
classified in the genus Aerobacter and since the
generic Enterobacter was
Cloacae and Aerobacter were rejected®, the correct
name for the Hafnia (32011) bacteria became Enter-
obacter alvei (Bahr) Mgller (v.inf.).

In table 1b the numbers of cultures reported
upon are compared to the total numbers of members
of the tribe KLEBSIELLEAE in the
Enteric Bacteriology Laboratories during the six-
teen year period. The 1758 cultures dealt with in
this report comprized about 38 percent of the total
number (4603) received (table 1b). In those in-
stances where the number of strains received was
comparatively small, all available cultures were
studied (e.g., Klebsiella ozaenae, table 1b), where-
as only a percentage (20 to 29) of the total numbers
of Klebsiella pneumoniae, Enterobacter cloacae,
and E. alvei were included in the study.

In general, the biochemical methods employed
were the recommended or standard methods given
in the 1958 Report of the International Subcommit-
tee on Enterobacteriaceae as revised and extended
by Ewing (1960, 1962) and Edwards and Ewing
(1962). However, several tests were employed that
were not listed in the above-mentioned publica-
tions. Tests for esculin hydrolysis were made ac-
cording to the method of Vaughn and Levine (1942),
in which ferric citrate was incorporated into the
medium. Lipolysis was studied by means of the
methods employed by Hugo and Beveridge (1962)
and Davis and Ewing (1964). The medium used for
‘the detection of alginolytic activity was a modifi-
cation of that mentioned by Skerman (1959), and

Since these bacteria were

name conserved and

received

*¥The Judicial Commission of the International Nomenclature
Committee acted upon the request of Hormaeche and Edwards
(Inter. Bull. Bact. Nomen. Tax. 10:77-78, 1960) and conserved
the generic name Enterobacter Hormaeche and Edwards (Opin-
ion 28, Inter. Bull. Bact. Nomen. Tax. 13:38, 1963).

that employed in tests for utilization of alginate
was prepared by substituting 0.25 percent sodium
alginate for the sodium citrate in a medium similar
to Simmons’ citrate agar (see Davis and Ewing,
1964, for details). Tests for beta-D-galactosidase
activity were made by means of the O-nitrophenyl-
B-D-galactopyranoside (ONPG) procedure as em-
ployed by LeMinor and Ben Hamida (1962), Lubin
and Ewing (1964), and Biilow (1964).

With the exception of the organic acid media of
Kauffmann and Petersen (1956), the methods of
inoculation, temperatures of incubation, and periods
of incubation for the tests given in the publications
of Ewing (1960, 1962) or Edwards and Ewing(1962)
were employed. Multiple tubes each of sodium
citrate and D-tartrate media were inoculated with
each culture and tests for utilization of the sub-
strates were made with lead acetate solution after
1, 2, 5, and 14 days of incubation according to the
method of Kauffmann and Petersen (1956). Mgller’s
medium was used for decarboxylase tests and
readings were made daily for four days.

In determining the sign (+ or -) to be used in
certain of the tables (e.g., 7a, 7b, 8 etc), 90 per-
cent levels were employed, as follows:

90% or more positive results equaled +

90% or more negative results equaled —

Less than 90% positive equaled + or —, or —or
+, in which instances the first sign indicated the
majority.

THE GENUS KLEBSIELLA

Klebsiella pneumoniae. The results obtained in
the examination of 705 cultures of K. pneumoniae
are given in tables 2a and 2b, which are self-
explanatory. Of these strains, 367 were taken from
the group reported upon by Edwards and Fife (1955)
and 338 were taken from materials received since
that publication appeared. The results obtained
with the two groups of cultures were analyzed
separately and compared. No essential differences
were noted, hence the results were combined.

It may be noted that 42(6 percent) of the strains
were indol positive and that 23 (3.3 percent)lig-
uefied gelatin. Further analysis of results obtained
in these two tests indicated the following rela-
tionships:

Indol + [ Indol — | Total

Gelatin + ......... 22 1 23
Gelatin = oo 70 5. 20 662 682
Totalri "o vameia ot 42 663 705




The 22 cultures that liquefied gelatin and produced
indol are regarded as a biotype of K. pneumoniae
by the authors. If desired, strains of this sort could
be referred to as the “‘oxytoca’ biotype of K. pneu-
moniae. The only essential difference between the
oxytoca cultures and other indol positive klebsiellae
presently known is gelatin liquefaction, which is
delayed. Therefore there is little doubt but that
these bacteria are Klebsiella. However, it is be-
lieved that the oxytoca cultures are not sufficiently
different to warrant status as a separate species.
For additional references on this subject readers
are referred to Lautrop (1956), Orskov (1955, 1956),
Hugh (1959), Cowan et al. (1960), and Ewing (1963).

The decarboxylase reactions given by the 705
cultures of K. pneumoniae may be summarized as

follows:
No. Lysine Arginine Ornithine
683 4 < -
2 + + o
4 - 4 -
16 - = —

Thus it was apparent that 96.9 percent of the cul-
tures studied yielded completely typical patterns
of reaction in these tests.

The various patterns of reaction given by the
above-mentioned 705 strains of K. pneumoniae with
respect to gas production from inositol, adonitol,
and glycerol, gelatin liquefaction, and decarboxy-
lase tests are listed in table 3. Also listed in this
table are the number of aberrant cultures in each
group together with the deviations recorded. It may
be noted that the first group contained 530 (75.2%)
of the cultures and that these were completely
typical with respect to the seven basic reactions
mentioned above. Further, the strains listed in
groups 2, 3, 4, 7, and 10 deviated in only one of
these seven reactions. If the cultures contained in
these groups are added to the 530 in the first group,
the total was 659 or 93.5 percent of all the K. pneu-

moniae strains examined.

Klebsiella ozaenae. The biochemical reactions
obtained with 117 strains of K. ozaenae are given
in tables 4a, 4b, 5a, and 5b. Cultures of this
species are readily recognizable and may be differ-
entiated from other Klebsiella species by means
of the reactions listed in tables 7a, 7b, 8, and 9 and
from other members of the tribe KLEBSIELLEAE
that may be negative in the Voges-Proskauer tests
by means of tests given in table 28.

Klebsiella rhinoschleromatis. The number of
cultures available to the authors for study was very
limited. However, the reactions obtained in bio-
chemical tests (tables 6a and 6b) were quite uni-
form and were similar to those reported by others
(e.g., Orskov, 1955) insofar as comparisons could
be made.

Differentiation of species of Klebsiella. The
biochemical reactions given by cultures of the
three species of Klebsiella are summarized in
tables 7a and 7b for comparative purposes.

Biochemical reactions of particular value in the
differentiation of the three species of Klebsiella
are listed in tables 8 and 9.

For additional data on the biochemical reactions
given by cultures of Klebsiella and for further
references, the reader is referred to Mgller (1954),
Edwards and Fife (1955), Orskov (1955, 1956),
Kauffmann (1954, 1956a, 1956b), Lautrop (1956),
Hormaeche and Munilla (1957), Sakazaki and
Namioka (1957), Hormaeche and Edwards (1958),
Hugh (1959), Sedlak and Slajsova (1959), Cowan
et al. (1960), Grimes (1961), and Edwards and
Ewing (1962). '

In passing, perhaps it should be noted that the
majority of atypical or aberrant cultures of K.
pneumoniae belong to capsular types 1 and 2 and
occasionally to 3, that strains of K. ozaenae al-
most invariably belong to capsular type 4, and that
cultures of K. rhinoschleromatis usually are mem-
bers of capsular type 3. For further discussion of
this matter, the reader is referred to Edwards and

Ewing (1962).

THE GENUS ENTEROBACTER

Enterobacter cloacae. The biochemical reactions
given by the 201 cultures of E. cloacae studied are
recorded in tables 10a and 10b. Further, the pat-
terns of reactions observed with respect to the
decarboxylases; gas production from inositol,
adonitol, and glycerol; gelatin liquefaction; and
motility are listed in table 11 together with the
numbers of aberrant strains and deviations noted.
As regards the decarboxylase reactions, 191 (95%)
zave the typical pattern of reaction (- + +) for this
species. It may be seen (table 11) that 96 (47.8%)
of the cultures gave completely typical reactions
with respect to the eight tests mentioned above.
Also, it may be noted that among the 105 cultures
in the other groups listed in table 11, 68 (64.8%)
deviated in only one of the eight above-mentioned
tests. Hence, 164 (81.6%) of the cultures gave com-



pletely typical results in these eight tests or gave
atypical reactions in only one of them.
Enterobacter aerogenes. Members of this species
apparently occur much less commonly than E.
cloacae. In any event, only 75 cultures of E. aero-
genes were submitted to the laboratory during the
16 year period as compared to a much larger num-
ber of strains of E. cloacae (table 1b). The bio-
obtained with the above-
mentioned 75 cultures of E. aerogenes are sum-
marized in tables 12a and 12b, and the patterns of
reactions given in eight tests are listed in table 13
together with the number of aberrant strains. Atten-
tion is directed to the fact (table 13) that73 (97,3%)
of the cultures yielded decarboxylase reactions
typical of the species, i.e., + — +. Further, only
one culture varied from the typical pattern in more

chemical reactions

than one of the eight more important tests listed
(table 13). This strain failed to decarboxylate
lysine and was nonmotile. All except 17 (22.7%) of
the cultures liquefied gelatin.

Enterobacter alvei. Since considerable work on
bacteria of this species was reported by Mgller
(1954) and more recently by Sakazaki (1961), the
authors elected to study 100 cultures which, with
the few exceptions noted above (table la), were
taken at random from a relatively large collection
(table 1b). Mgller studied 30 cultures and Sakazaki
included the results obtained with 294 strains in
his report.

The results obtained in the investigation of the
above-mentioned 100 cultures are given in tables
14a and 14b. In table 15 the strains are separated
into groups according to their decarboxylase reac-
tions; formation of gas from inositol, adonitol, and
glycerol, or lack of it; gelatin liquefaction; and
motility. Also, the number of strains that gave
aberrant reactions in other tests is given in table 15
together with the deviations noted.

In most instances there was agreement between
the results reported by Sakazaki (1961) and those
listed in tables 14a and 4b. However, there were
some notable differences. For example, Sakazaki
included 16 (5.4%) indol positive strains and 5
(1.7%) cultures that liquefied gelatin slowly in the
group of 294 which he reported upon.

Means by which cultures of E. alvei may be
differentiated from those of E. aerogenes are given
in table 16. The several points of difference be-
tween cultures of the two led the authors to the
conclusion (Ewing, Fife, and Edwards, in press)
that members of the Hafnia group should be ele-
vated to species rank (E. alvei) rather than be
maintained at the subspecific level as suggested

by Ewing (1963). The suggestion that these bacteria
comprize a species has been made or intimated by
others, e.g., Sakazaki (1961).

Enterobacter liquefaciens. Sixty-eight cultures
of this species were available for examination and
the results of biochemical tests obtained with these
are recorded in tables 17a and 17b. It should be
noted that strains of E. liquefaciens are more re-
active when incubated at 22 C than they are when
incubated at 37 C. Rapid liquefaction of gelatin
is a characteristic of this species of Enterobacter.
Grimes (1961) has referred to these bacteria as
cold-tolerant mesophilic strains, optimum tempera-
ture, 20 C to 30 C.

The patterns of reactions given by strains of
E. liquefaciens in decarboxylase tests; gas produc-
tion from inositol, adonitol, and glycerol; gelatin
liquefaction; and motility are given in table 18. In
the interest of clarity, acid and gas production by
E. liquefaciens strains from certain substrates at
incubation temperatures of 37 C and 22 C are
recorded separately in table 19.

Differentiation of species of Enterobacter. The
results obtained with the cultures of E. cloacae,
E. aerogenes, E. alvei, and E. liquefaciens studied
are summarized in tables 20a and 20b. In these the
differences between the four species are readily
discernible.

In table 21 are listed certain tests that are of
particular value in the differentiation of K. pneu-
moniae and E. cloacae. These two were the most
commonly occurring species of their respective
genera among materials examined by the writers.

For additional information regarding the bio-
chemical reactions of members of the genus Entero-
bacter and for further bibliographic sources, the
reader is referred to the publications of Mgller
(1954), Kauffmann (1954, 1956a, 1956b), Edwards
and Fife (1955), @rskov (1955), Sakazaki and
Namioka (1957), Hormaeche and Munilla (1957),
Hormaechae and Edwards (1958, 1960), Sedlak and
Matejovska (1958), Sedlak and Slajsova (1959),
Sakazaki and Namioka (1960), Sakazaki (1961),
Grimes (1961), and Edwards and Ewing (1962).

THE GENUS SERRATIA
Serratia marcescens subspecies marcescens.
The results of biochemical tests with 456 cultures
of this subspecies of S. marcescens are summarized
in tables 22a and 22b. No strains from type culture
collections or other collections were included. In
table 23 the patterns of reactions obtained in cer-
tain tests are listed together with the aberrant re-



actions given by some strains in other tests. It may
be noted that with respect.to the fermentation of
arabinose and raffinose, the Voges-Proskauer test,
utilization of malonate, gelatin liquefaction, and
the decarboxylase tests, 406 (89%) of the cultures
yielded completely typical results. Lactose fer-
mentation was. left out of consideration here be-
cause the majority of strains do not utilize this
substrate, and those that do, produce weakly posi-
tive delayed reactions. Similarly, gas production
was not considered since the majority of cultures
are anaerogenic and because the gas volumes pro-
duced by aerogenic strains are small.

Serratia marcescens subspecies kiliensis. Only
14 cultures of this subspecies were recognized
among cultures received for identification during
the period covered by this report. The biochemical
reactions obtained with these strains are given in
tables 24a and 24b. Attention is directed to the fact
that the only important difference between S. mar-
cescens subspecies marcescens and S. marcescens
subspecies kiliensis was the failure of cultures of
the latter to produce a positive Voges-Proskauer
test.

Biochemical tests of particular value in the
differentiation of S. marcescens and E. liquefaciens
are listed in table 25.

The data presented in tables 22a, 22b, 23, 24a,
24b, 25, and 26 (v. inf.) are from the work of Ewing,
Lubin, Davis, and Johnson (1965, in press).

For additional information and references con-
cerning the genus Serratia the reader is referred to

Ewing, Davis, and Reavis (1959), Ewing, Davis,
and Johnson (1962), Ewing, Johnson, and Davis
(1962), Sedlac, Dlabac, and Motlikova (1965), Col-
well and Mandel (1965), and Ewing, Lubin, Davis,

and Johnson (1965, in press).

Differentiation of Klebsiella, Enterobacter, and
Serratia. Biochemical reactions that are of partic-
ular value in the differentiation of K. pneumoniae,
the species of Enterobacter, and S. marcescens
subspecies marcescens are summarized in tables
26 and 27. Further, tests of value in the differen-
tiation of species and subspecies of KLEBSIEL-
LEAE that give or may give negative Voges-
Proskauer tests are given in table 28.

SUMMARY

The biochemical reactions given by 1758 cultures
of the tribe KLEBSIELLEAE (Klebsiella, Entero-
bacter, and Serratia) are summarized, primarily in
tabular form, and biochemical tests of particular
value in the differentiation of species within the
genera are given. Twenty-eight tables are included,
13 of which are divided into parts a and b.



Table la.—Sources of cultures reported

Klebsiella Enterobacter
Serratia
Sources ; marcescens
rhino- li
pneumo- |, aenae| sclero-| cloacae | aerogenes Lques | alvei
niae wabis faciens
Human:
Pulpecanal =5 i iiiats warei oottt el s | e | o e s re Rl Revaris s ToE | Foas v, 3
Nasopharynx, nasal secretion . 11 14 7 1 (%] e 1
Sputa, oral cavity, bronchial
washings, ear .. ... ... .. 161 74 1 28 o i A, SRS 100
Lungs, pleura, pleural fluid . . 42 P K 2 A R E SR 4
Stools, intestinal contents . . . 49 B AR AR 23 6 1 41 15
Gall bladder, bile. . .. ... .. S e T e | e s ) B [ et e e e el R 2
Urine, urinary tract. . . .. . .. 184 L B e 21 5 2l eaile 174
Blood e s s e aTas 80t ls sl 30 3 ) PSR 32
Spinal fluid. . . .......... Gl e et o 8l g R R e 2
Bone, synovial fluid . ... ... | B A At il Bl i b R e b ] [ S iatiis 7
Wounds, pus, abcesses ..... .3 o Bt N | Pl e o 14 ¥ LBy 1 47
T T i Mo et e i e e ) (e S ) [B-pis ot d (70 SO ool T ROl | s i el M e Bl N, 1
Miscellaneous (Scalp, eye,

brain, pericardial fluid,

BLC B n e s i N v 5 W Eare 2| e | Ry S 6
Animal and animal feeds ... .. b YA e ] Pt T 27 3 3 10 6
Miscellaneous (water, air, soil,

SCWAEE) s siaiiass o o sis siils ) B EA e Ty 3 oo it 78 (SRR 2 1 4
Type Culture Collections .. . .. 4 3 1 I s B o S oSl eieae

Other culture collections . . . .| .. ... . |...... J U 1 PRt o | e e e P e 26 R e e e e
D ATy P TO AU CES S et d s e e o | e ot dae | o e asZa| Srodearsin| iswoieiinge s s Homgind ST 0L A9 s Rl S o s
Dk N OWN e e e o i e ote 91 17 2 40 15 10 20 66

TotalEa st ian e e e e 705 117 22 201 75 68 100 470

Table 1b.—Numbers of cultures received during the 16-year period July 1, 1948 — June 30, 1964
compared to the numbers reported

Cultures reported
: Number of
Species cultures
received | Number Percent of

total received
Kiebsiella prenmoniGes s i, ovitiams o o e i S R 2,414 705 2
K¥ozaenaeiv, i s R T T T S AR Ty e i A T T i I 117 117 100
KT hino SChleromatiSEr. s ik ahie o e e e et T e e 22 22 100
Rt erobacter-CloQCa R I i i i s it f e e o e e e e 999 201 20
B GeTOEEnES i s e T e e e e S e N 75 75 100
B Al ey T e e e R e e R 379 100 26
Eoliquefactiens sim s it e e i e R e oA 68 68 100
S eI aLIG M ATCES CONn S o i s s se e Saeis e e r g S P LS 529 470 89
o LR e e T s s v 4,603 1,758 38




Table 2a.—Biochemical reactions given by cultures of

Klebsiella pneumoniae (Commonly used tests)

Number of cultures Percent
Test or substrate
+ (+) (+) (+) i + (+) (+) (+) i
1-21 3-7 8—-14 >14 1.=2 3—-7 | 8-14 >14

Hydrogen sulfide. .. ... ... 0 3 702 0 -4 99.6
Ureage: « w.a, ¢ s (5wt o /s slario s 666 s 39 94.5 Bl 5.5
Indoli TEondetBie s e s i 42 663 6 94
Methyl red (37 C) . ... .... 94 611 13.3 86.7
Voges-Proskauer (37 C) . ... 642 63 91.1 8.9
Citrate (Simmons’) . . .. .. .. 689 16 97.7 2.3
RN Sy o S s aieitine 690 15 97.9 2.1
Motility . . ............ 0 705 0 100
Gelatin (22C) .......... 23 682 3.3 96.7
Lysine decarboxylase ... .. 685 20 97.2 2.8
Arginine dihydrolase . ... .. 6 699 .9 99.1
Ornithine decarboxylase . . 0 705 0 100
Phenylalanine deaminase . . . 0 705 0 100
Glucose .. ..cvvvveens 705 0 100 0
Gas from glucose ........ 680 A A 25 96.5 s e 3.5
IS ACtDSErLr %o s iaieiie o o oheiens 692 9 1 3 98.2 1.3 .1 .4
SHCTOSe L i soaielis o mimwiirs 697 1 7 98.9 s | 1
Duleitoli s 7 o 505 » wiegets 5 222 S 483 31.5 s 68.5
Salicinmeife st o B2, crdabefir. 703 2 0 99.7 a3 0
Adonitol:

HOT Qlieat aieis febamaal BaSrat ol 55 618 A 87 87.7 Foo 12.3

BASKEIT s, o ag wiid o im e i fasce s 588 2 115 83.4 .3 16.3
Inositol:

acid s it i s Sarear eis 690 5 1 9 97.9 A7 =l 1.3

gasi NIl S B 648 14 X 43 91.9 2 6.1
Sorhitol i Tauaierits e 701 2 2 99.4 .3 3
Arabinose o « v vw o b et e e 704 s 1 99.9 e .1
Raffinose s iv aidve viaisains 703 ol 2 99.7 ks .3
Rhamnose . . ........... 700 3 2 99.3 .4 .3

lD ays of incubation



Table 2b.—Reactions given by strains of
Klebsiella pneumoniae (Additional biochemical tests)

Number of strains Percent
Test or substrate
+ (+) (+) (+) = + (+) (+) (+) o
1-2 3-7 8—-14 >14 1-2 3-7 8—-14 >14

Malonate ciie i ot fas easia e 652 53 92.5 7.5
Mucate:, o i sl e, o onazsnnie 654 51 92.8 752
Nitrite from nitrate . . .. ... 704 1 99.9 .1
Organic acids!:

citrate it e 454 251 64.4 35.6

D-tartrate . v .. ce v eie v e 473 232 67.1 32.9
Jordan’s tartrate (338) . . ... 319 19 94.4 5.6
Sodium alginate (90) .. .... 0 90 0 100
Lipases (90):

Corn-0il= 05t e i e e 0 90 0 R 100

B S o AT Ly R R e 1 89 1.1 s 98.9

Tributyrin v .. oL 0 90 0 are 100
Pectate (90) ... ........ 0 90 0 100
Starch i s it s e ateans 507 187 11 2 71.6 26.5 1.6 3
Xyloseras iianin i, 701 3 Byt 1 99.5 .4 AT 5 .1
Cellobiose: .

ACIdE S s kere sl 704 1 0 99.9 | 0

b A s T 675 2 28 95.7 .3 4
Glycerol:

ACId s s o e e e S 685 16 3 1 97.2 2.3 .4 =R =l

gaS Gtk i o 652 17 8 1 27 92.5 2.4 1.2 .1 3.8
Alpha methyl glucoside (95). . 82 13 i 0 86.3 13.7 A e 0
Erythritol (95). . . ........ 0 R 95 0 5 g 100
Esculin (95). .. «iv/e o o i 94 1 0 98.9 1.1 0

lMethod of Kauffmann and P etersen, 1956



Table

3.—Patterns of reactions given by cultures of Klebsiella pneumoniae in certain differential
tests and reactions obtained with strains that were somewhat aberrant

0

g a

"":-; o @ @l @ ‘5

o3 ol B B |k

S of &l 2| = = O Deviations noted

55| 9| 8l 2| 2| 2| 5| 5| ©8&

ag| E]8| % G & 8|82k

Eo | 2| ® Ef of 8| > s| 52

2al| Jl < S| El<|Tc|lo|=3

530 HAl=r=. ] & + | = | 114 | 30 urea —; 6 citrate —; 4 citrate (+); 11 indol +; 1 urea —, sucrose —; 1
sucrose —; 1 sucrose (+); 1 citrate —, thamnose (+); 4 rhamnose (+); 1
sorbitol —; 1 sorbitol (+); 1 cellobiose (+); 1 lactose (+), salicin (+); 25
MR +, VP —; 7MR +, VP —, indol +; 1 MR +, VP +, indol +; 1 MR +, VP —,
xylose —; 1 MR +, VP —, citrate (1), lactose —; 1 MR +, VP -, citrate (1),
urea —, KCN —; 1 MR +, VP —, citrate (4), sucrose —; 1 MR +, VP —, raffi-
nose —; 6 MR+, VP —, KCN —; 1MR +, VP —, urea—; 2MR +, VP —, lac-
tose —, thamnose —; 1 MR +, VP —, arabinose —; 2 citrate —, lactose (1);
1 MR +, VP —, citrate (+).

88 |+ |-|-]4+|-|+]| -| 85 |75 adonitol — (acid); 3 urea —, adonitol — (acid); 2 MR +, VP + adonitol —
(acid); 1 KCN -, adonitol — (acid); 2 lactose (+), adonitol — (acid); 1 cit-
rate —, adonitol — (acid); 1 citrate (+), adonitol — (acid).

S| +l=l=1+l+|=1- 3 | 1 citrate (+), lactose (+), salicin (+); 1 MR +, VP —, citrate —, lactose (+);
1 lactose (4), citrate —.

14| 3 = == # |+ ez 10 | 3MR+, VP —; 1 MR +, VP —, lactose (+); 2 xylose (+); 1 inositol - (acid);
1 MR +, VP —, KCN —; 1 indol +, MR +, VP +, sucrose (+); 1 urea —.

20+ = === #F] - 2| 1MR+, VP +; 1 MR 4, VP —, sucrose —.

22 i gl Wt b i Tl VTN V28] 22 | 5 anaerogenic; 2 anaerogenic, citrate —; 1 anaerogeuic, citrate (+); 3
anaerogenic, MR +, VP —; 1 anaerogenic, MR +, VP —, citrate (+); 1
anaerogenic, citrate (+), lactose (4), salicin (+); 4 anaerogenic, MR +,
VP +; 1 anaerogenic MR +, VP —, adonitol — (acid); 1 MR +, VP —; 1 MR +,
VP -, citrate —; 2 MR +, VP +, citrate (+).

22 B 28] il [ ) G ) W 2 VST, o (5, o 21 | 19 indol +; 2 indol +, MR +, VP +

$ B e e (e [l sl [ e 1 1 | 1indol +, anaerogenic
4 o 5 g [t I ) 1 o (8 ) (RN 4 | 2MR +, VP —; 1 MR +, VP —, citrate —, sucrose —, raffinose —; 1 sucrose
(+)
v Wt Sl IR 8 (EE B Bl 18, S (B o (S 1|1MR+, VP —, urea—
12 S (et (o B ot iy W [ ol 1|1MR+, VP -
11 ="1=]l=l+l=}+]- 1 | 1 adonitol — (acid)
1l =1=l=l=1=1+]- 1| 1MR+, VP —, citrate —, lactose (+), sucrose (+)
21 =-1=l=-1-1+| +]| - 2 | 1 MR +, VP —, sorbitol —; 1 inositol — (acid)
1 S e [ R I P ) It 1 | 1 anaerogenic, MR +, VP —




Table 4a. — Biochemical reactions given by cultures of Klebsiella ozaenae (Commonly employed tests)

Number Percent
Test or substrate Nambor
tested | * |® | O [Bf _ + | D[S
1-2 |3-7 | 8-14[K14 1-2 | 3-7 | 8-14K14

Hydrogenisulfide it i v iniato oo o s oo 117 0 wsin 117 0 St 100
U LeaSE Tea: Tt on s mear sl Co e helinsta ko gaidel focia o ok 117 | 12 13 92 10.3 | 11.1 78.6
Indol B e e s e T S e L 117 0:|n 117 0 A 100
Methyl red (37 CG) Lz i ot feitve s 117 {116 1 99.1 -9
Voges-Proskauer (37 C) .............. 117 (1] iy 117 0 e 100
Citrate:(SIMmMonSY)icl. v . . e seiis exe is el lsiinre ghas o 117:] 37 37 43 31.6 | 31.6 36.8
R O N G e T as i s oto e o llens s e e s sacdy s 51| 45 |... 6| 88.2 (... 11.8
T b e B s p R R Sl 117 0 117 0 100
Gelatin (22:C) 5 mioveiy o0 couiie ote e wpets dos 113 0 113 0 100
Lysine decarboxylase ................ 51 |125 26 | 49 51
Arginine dihydrolase ................ 51 3 48 5.9 94.1
Ornithine decarboxylase .............. 51 1 5 50 2 S5 158 98
Phenylalanine deaminase . . .. .......... 51 0= |50 51 0 <« |[--| 100
Glucose - i B st ce e o s s ety e sils 117 |117 T . 0| 100 o5 ot |5 0

Gas from glucose ..o . v cisiv ciorois oo e o oe 117 | 79 4 | ol 34| 67.5 3.40.. |.. 29.1

Llactose. ds it atn i S ke e e L e, T riekie 117 | 28 74 8 1 6| 23.9|63.3/6.8 (.9 5.1

DUCLOSE, 7y 55 sho by ererrots e toro ds sorortar gy e seie voitoit 117 | 19 14 Ts<]iee 77| 16.2 | 12 6 o le 65.8
Duleitolii il e e oot o st tateta e aua e ss Lo e 117 0 e | St 117 0 ek Ty 100
AU T S B IR ey B i s O 117 (114 3 0| 97.4| 2.6].. 0
Adonitol: :

acid S e St R Lo et 117 |116 1 0f 99.1 .9 0

Y N ey S e e S e 51 | 30 1 20| 58.8 39.2
Inositol:

S e B A R S R e 117 | 70 24 1 22| 59.8 | 20.5| .9 18.8

GRSt . s ASHene foye Te moliomunons Moot W etia e Toiolis 5o Hay 51| 14 4| .. 33 |~ 27.5 |+ 7.8 .% 64.7
Sorbitol- et e e R T e A 51 [ 40 3 2 6| 78.4| 5.9]3.9 11.8
ArabInose ot i s R e s i b e e nitee 51 | 51 e T 0100 s e |ae e 0
Ratfinose i o r oyt s ol foge e lis cobrioriolls nal e 51| 45 1 5| 88.2| 2 9.8
RhamN oS e . %o iseae s eere Saiels sosererbiess o shors 51 | 32 4 15| 62.8| 7.8 29.4

lEight strains gave positive reactions after 3 or 4 days’ incubation.
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Table 4b. — Reactions obtained with strains of Klebsiella ozaenae (Additional biochemical tests)

Number Percent
Test or substrate Number
featod i werk ) (BRG] S s @) [ RIS
1-2 | 3-7 | 8-14|<14 1-2 | 3-7 | 8-14|<14

Malonate | - .ia e s oslede o s Al Sy s e o0 51 3 48 | 5.9 94.1
M 16 . eormrb il 5D by o o S s 51| 13 38 |25.5 74.5
Nitrite from nitrate . . ............ 117 | 104 13 {88.9 11.1
Organic acids 1:

CIT A Tt e e S et iaralts oite Nem e o et 51 9 42 | 17.6 82.4

| BB TV AT | A N gt e TN <5y (o0t 51 20 31 |39.2 60.8
Jordan’s tartrate . . . ..o i i i ... 115 67 48 [ 58.3 41.7
Sodiumialgindte = &0 i wemieis o i . 45 0 i 45| 0 100
Pectateiististiliss s e rensie v & o eimels 51 [0 £ EEma ] b s 51 0 e s 100
S ERT G T e e s st o e gt S 109 37 49 16 7 133.9 45 14.7 6.4
Xylose it s nnditnse s e el 5 51| 47 2 1 1719251417 3.97 22 2
Cellobiose:

ACTA e % R o i e i o a1 51 50 1198 2

gas i e e A R R R e s 51| 36 15 |70.6 29.4
Glycerol:

e s A e o P ey kRN I oo o Rt 108 | 74 20 3 11 |[68.5 {18.5 | 2.8 10.2

(o L T e e e e R, o) 51 16 12 3 23 131.4123.5 | ... 45.1
Alpha methyl glucoside ........... 53| 33 13 7 162.3 |24.5 13.2
Brythritolins oo ol iniiisrs o s e oe v e 53 0 "ok 53| 0 5 100
ESCUlIN .. L i i Ek e orin I's oeatiat SRt By 53| 42 3 8(79.2 | 5.7 15.1

1 Method of Kauffmann and Petersen, 1956
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Table 5a. — Patterns of reactions given by cultures of Klebsiella ozaenae in certain differential tests
and reactions obtained with strains that were somewhat aberrant (Based upon 51 cultures on which complete
biochemical tests were made)

)
— — =
e = = &
0 < o g
- % =0 20 —®m
°n [ o bt —_— — O=s Rk
50 ] 1= = o o = > = g Deviations noted
O o B} = o = = 8 ) o ®
.-E = B g = = =] @ - = ok
2 = = = K =
53 2 £0 g <} - 2 © ° B
Zz0 | A < e} = < o O = |=z<
9 + - - + + + - - 1| 1KCN -
4 + - - - + + - - 3 | 3 rhamnose —
10 + - - - - - - - 10 | 1 sorbitol —, 1 rhamnose —, 8 anaerogenic
1 + — - - - + - - 1| 1 nitrate —
2 - - - + + + - - 2| 1 KCN —, 1 rhamnose —
8 - - - - + + - - 8 | 1 rhamnose —, sorbitol —; 2 KCN —, rhamnose —;
3 rhamnose —; 2 nitrate —, rhamnose —
1 - - - + - + - - 1| 1 cellobiose —
4 - - - + + - - - 1 | 1 sorbitol —
1 - - - - + - - - 1| 1 KCN —, xylose —, raffinose —, rhamnose —,
sorbitol —
7 - - - - - - - - 6 | 1 anaerogenic; 3 raffinose —, anaerogenic;
1 raffinose —, rhamnose —, sorbitol —,
anaerogenic; 1 sorbitol —, anaerogenic
2 = ok o + + + = = 1 1 nitrate —
1 + - + - - - - - 1| 1 KCN —, anaerogenic
Table 5b. — Patterns of reactions obtained with cultures of Klebsiella ozaenae in certain differential tests
(Based upon 66 cultures on which incomplete data were available)
: @ o o Number
L & %0 o of E
o ~ = Deviations noted
on —_ = i aberrant
o2 o - = i) .
-] = = [ = strains
= ] (=] > —
S0 g -] = ©
z0 —_ < &) &)
26 + + + - 1 1 nitrate —
7 + +| NT! - 1 1 nitrate —
3 - - + - 2 2 nitrate —
7 = + + -~ 2 2 nitrate —
12 - - - - 12 11 anaerogenic; 1 anaerogenic, nitrate —, MR —, VP—
1 - - | NT! - 1 1 anaerogenic
3 = - - NT! 3 2 anaerogenic; 1 anaerogenic, nitrate —
INT=no test.
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Table 6a. — Biochemical reactions obtained with cultures of Klebsiella rhinoschleromatis

(Commonly used tests)

Test or substrate

Number

+ (+) (+) (+) i

1-2 3-7 8-14 > 14
Hydrogen sulfide . . o im bl amte & o il 2705 o ololors ol urers Sal o o 3 Lo ons 0] e seiiane | s Lat S e EL epi s 22
Ureaseyiisi-o 9t s s Swisiiehe e o Bl idits ol 4 i spe2e) o 8ecs Sabihe, & s ralailetieh o lstigiiel /s [ [l I | (g T | M S S e 22
Ind o] e s T iina s o oy 10t b o ahia®la fata ot o 1o £ blay wFe e /51 ot Teibete T 1T 2 T )17 PR SR ) 1 O o gt LXARLERE, 0 22
Methylired (37 /C) ..o o o Bh  ww aliie ofia e 5 i e o ol 8 50w where, wietle joos QQE L e D= on RRSsh 101 gl 0
Voges-Proskauer (37 €) ¢« « s e é oo sio s bia o s oisnesaoissaaa 0 ran LR T N S e 22
Citrate F(SIMMONSY) %2 “ it foecnie s bor ol ra ie o1 i sl [oPeRonsila o 751 SnsmanBe Labissios e 0 AR (s e WPl Pl o 22
KCN S il ot 08 L S = Lol Wit s Sla o e o pe piarie o o ame loste 8 14 isiere | s b 0
MOtilTEyZRTeetans s o ios ne Aol (5 okis T 5onaloyivod o jnicaite ‘o v ishinlar 3150 ins il o1 01 s3le 0 o == T e Ml v e 22
e AT D1 00 L0 Sl oo AR AN o s Bl e . i £ SRR S ool Qfl%, & suet Fias il Ll VR 22
Lysine decarboxylase .. .. ... ..ttt (o) (B TERRE I H R | R s 22
Arginine dihydrolase ... ... ... . i i i i i i i [0 NI B Y i [y b 22
Ornithine decarboxylase ............0 i, (4 (AT oo eSSty el ol coor s 22
Phenylalanine deaminase . ......... ... i it 021 s e s el ], Satermsens 22
I COSe T s 0t s o tih s dsnis o AR s o lalEhe Jo i s R Merelars  BhAIreRe s den s QOFN e g T k| SN AL 0
Gas from glucoSe . o v s ais visie o o disia oo s misioiss oo sinaiena e as 0 - ok | s 22
L e CEOSE e ey o Po s sorme Mo teh ooy to e LT a el erbiud o o no pReisPolie s o vi o oliae s 0 8 Bl i 6
SUCTOSE s s (P ainachs “s e labiors Foltaltaa ‘olisiel o Be 6 ia Giw o = o) iotap o Waigs) s 5, wpii o s doTe 15 7 A 7 et 0
Mannitoli; st i et s Feval o s oo arisile s ot abusis 3 o arer & Yo w'ie & & e 15 e 225l o e WS S 0
DUlCatol il 3 airins & Seiebeas e s s W 6, sie B 8 et e lapelwrie e lu: o581 ol w1 o T O e B Aps i sr o L 22
Sl I o taia et Uar aSiatie e TodasTare, ot a: ] (o 0 musihe 858§, B REe)S Taner o e \i%) 5 i dem st DO S =i MR O 0
AdONIL0] 2Ty ot oishe ots ot euaue e RilaNe o  pes o 6 i leb e et SRy ey e 22 et | B s e T R e 0
I OSIE0]E o sl it sie o vt B iTares ol 6l W patdrt s yelis e Tekiaties'a Cola,sncia d . oliie debsaiis 21 ] (st s et e 0
S OTD IO e e telekisre o 0. 1w ia'Cn  sivaifobish ommtionanse Foiladalier 5 0 Yok ey 3 o ial fomse. 18 paitodals ) & Us 22 R PRVRES I A byt it 0
ATADINOSE. s rieiisydeiiss 5 ois it o o Sbeds o s ler st oe s Doltamioriaye o, ot o jolane 22 A s S | 0
RaTfiN0SE iv 05 oha: oris e iia acsnio b aiie) o ala o0 e, oilalie ve e sl e ~s e iosiakie 810 15 b o B T | ey 0
RO AMDOSE e o rie Shbias o ohal o o ré ol 3 cade MaEts 2e s o Briek e e ioiasis e ARelr=tieyis 21 R NSRS ot s A e e 0
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Table 6b.—Reactions given by strains of Klebsiella rhinoschleromatis

(Additional biochemical tests)

Number
Test or substrate
+ (+) (+) (+) i
1-2 3—7 8—14 >14
Malonate: . o btk (harst o ieadse e s ook oo BV kit o s s e Ta a3 Uttty 21 1
VTV < e AR I oo PRty i et R S P e CESepes PR Sy el oo ks 0 22
Nitrite from Mitrate s et oe ooniin o ARE o s b e A e s i e wsa s s esese s 22 0
Organic acids!:
CItrate R b o pam e s o S e e e A ey e BT 0 22
LD T A o Ny el ol el Lo i TIORGOS S R N> A 0 22
Jordanis tartrate (A) s S S T R e iy 50 s e Se i h e ls T 4 e e 4 7
Soditmzal ginater sy Fianiieiiii o s et fe et chaeis Lor rote s tat st orioiies aim wEee 0 22
Lipases (13):
(T UL L Sy o T T e i e D I S o s SRR o P s oo e A 0 13
S Tel Y B h 1 gt e Tt o ro i s RPN e M o s e O S RS S b T e 0 13
PribUtyrinG S8 sy, e s i ol e oliaioha bale vcatelle e htls vus nim e a oot anamatie faa 0 13
e R T e T T e et (oW o M e o R TR e S 0 13
AT G o T by sode i i s ta i o e s e e R S B, e 22% 0
Xylose s, AV tumi Soe MR Nl e s s e e e S Ga s et siTea Reie O 22 0
Cellobiose o s R St i e ot e e Li s - e e e s, v o h 22 0
(IR B e S e e e e R g o e e AN e e e B2 S T e s 22 0
Alphamethyl glucoside . ..o v i v vt i i i e 0 22
| RET e Y el s o SR e P R dn s DU P S e s ARt 0 22
) HSYeTT] BT At o i Sl i b S oy U B e g i I S SR 21 0
Beta galactosidase ... . 0. vl i e e et e e b e teie e aeie as 22 0

1Methn:)d of Kauffmann and P etersen, 1956.
w= weakly positive reactions.
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Table 7a.—Differentiation of species within the genus Klebsiella
(Commonly used biochemical tests)

Test or substrate

K. pneumoniae

K. ozaenae

K. rhinoschleromatis

1 %t 1 %t 1 %t
Index (%4 2 Index (%) 2 Index (%)

Hydrogen sulfide. . ... ................. -1 (4 = 0 = 0
Urease ziiis: iove s Pande . vl e W e MR e +| 94.5 d 9.5(10.3) = 0
Indoligizs. 0 SRain SO0l s LR e el el = 94 - 0 = 0
Methylired: ;37 C 50 civ o %o s o e aria s oroie otia % —.or + 13.3 +1 99.1 + | 100
Voges-Proskauer 37C .. ................ +| 91.1 = 0 = 0
Citrate (Simmons®) . « « e ¢ v ot v v s et oo neas +| 97.7 d 31.9(31) = 0
KGENilgrowth) =t v (53 sa Sl Lpasvai o Siela +] 97.9 +or—| 88 + | 100
Motility Sepmitecs L Sant il s e e T drnd ol = 0 = 0 - 0
Gelatin 22102 0t eiars b Ze i ailed b o 0 S Sl v - 3.3 = 0 = 0
Lysine decarboxylase «................. +| 97.2(2.8)| —ort| 48 = 0
Arginine dihydrolase .. ................. = .9 = 6 = 0
Ornithine decarboxylase . . . .. ............ = 0 - 4 = 0
Phenylalanine deaminase . . .............. = 0 = 0 = 0
Glucose:

BCTA i i i s o olie e e w4 e wi e e T Rl + | 100 + ] 100 + | 100

GASIEE I R e TR N T o T iyt Dedie BET Rl +| 96.5 d| 64(2) = 0
TSR CEOBE: S ko b ol & MeZkio, o oiie, wia e Tt RS e 1 + | 98.2(1.4) d 24.1(70.7) | (H)or— | (72.8)
S CTOSE %) rta ta e booss 5. ahs & 3581 i re Totat e i o o) w1 + 98.9 d 16.3(17.3)| +or(+) 68.2(31.8)
Mannitol s o o B s s s A o s e + | 100 + | 100 + | 100
Dl Cito ] ot e il T A e oy o Ty o e daiielbalEos S2leie: 15 -or + 31.5 = 0 = 0
T e Tl s s e S e S RS R I e + | 99.7(.3) + | 97.4(2.6) + | 100
Adonitol:

o R s LA o R e 3 DRI N -1 A R o +-ori—= | : 87.7 + | 98.3(1.7) + | 100

L ABY D rtaa o et s PR T b e BAERL L T N e et d | 83.4(.3) d| 60 (2) = 0
Inositol

et b St e Aol e =t W N o LSS il + | 97.9(.8) d 58.6(21.6) + | 95.5(4.5)

Y R N IR ol A O B A et + 1 91.9(2) d| 28(8) o= 0
SOTDILOIET s e ro TP iais /5 ot et 5 (3 e o b + | 99.4(.3) d 78 (10) + | 100
ATaDIN0SE: st o v i fa. sl alemis sl s ssies s are ieiie + 99.9 + | 100 + | 100
R affin o/ e st irie sty s s e aie eile iAo s G elie fas lile, o + 99.7 + 90 +or(4) 68.2(31.8)
Rhamuose 0t ain s Sehte il isl 5.6 /e shiain ke, axiwiior, o + | 99.3(.4) d| 60(8) + | 95.5(4.5)

Yndex:

+, positive within 1 or 2 days’ incubation
o, positive reaction after 3 or more days
—, no reaction

+ or —, majority of strains positive, occasional cultures negative
—ort, majority of cultures negative, occasional strains positive
() or +, majority of reactions delayed, some occur within 1 or 2 days

d, different reactions: +, (P, —

2Numerals in parentheses indicate percentage of delayed reactions (3 or more days)
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Table 7b.—Differentiation of species of the genus Klebsiella

(Additional biochemical tests)

K. pneumoniae K. ozaenae K. rhino-
schleromatis
Test or substrate
1 %ot 3 %t 4 Yot
Index (%) 2 Index (%+) 2 Indext | (94)2
Malonate s o s o e s s s ANt i e te e +| 92.5 = 4 +| 95.5
MU Rt s e e R e L e s +| 92.8 —or +| 24 = 0
Nitrite froMENItrate .o s biovic st ot s s e i s s +| 99.9 +| 92 + | 100
Organic acids3:
Ctrate i T e SR s e SR A e et + or —| 64.4 —or+| 18 = 0
Db Rrrate S . e s v B A T e e e A, +or—| 67.1 —or+| 36 <3 0
O AN S AT L AL E e s o s o e e s T s e oal8 el e s s +| 94.4 +or—| 56.9 —or+!| 36.4
Sodium alginate, synthetic . . . .. ....... ... ... + or —| 88.5(9.2) —or(+) [ (37.5) = 0
NULT EN P Tt D e e e ey e, L o e Saa B ST M e - 0 = 0 = 0
Lipases:

cornsoil e ey e R L R e R - O = 0 = 0

Pracetin s s ea e o e s e - 1:=1 = 0 = 0

RS gl Bt hseraemn o R R RN Ty ro =0 =510 = 0
Pectate i i oo s s et e e ek e o el S - O = 0 = 0
Starchs: i i s e e R L i e +or(+)| 71.6(28.1) d| 34.3(59.3) +w 1 100
Xylos e e R e A ot ey +| 99.5(.4) +| 92 (6) + | 100
Cellobiose:

ACI A e e e e e S A +[ 99.9(.1) +| 98 + | 100

gasE R e e s B e R o +| 95.7(.3) +or—| 70 = 0
Glycerol:

ACI ot P Pt e U S R e i SR +| 97.2(2.7) d| 68.2(21.5) + | 100

RS e T R +]| 92.5(3.7) d| 30 (24) = 0
Alpha methyl glucoside . . . .. ..o tor(+)| 86.3(13.7)| +or(+)| 75 (25) = 0
Erythritols st e oaa i s s o -1 0 = 0 = 0
B Scnlins e e e R e B e s e +]| 98.9(1.1) +or—| 75 —or+| 15.4

llndex:

+5 positive within 1 or 2 days’ incubation
(+), positive reaction after 3 or more days
=, no reaction
+ or =, majority of strains positive, occasional cultures negative
—ort, majority of cultures negative, occasional strains positive
(H) or +, majority of reactions delayed, some occur within 1 or 2 days
d, different reactions: 1 (+), =

2Numerals in parentheses indicate percentage of delayed reactions (3 or more days)

3Method of Kauffmann and Petersen, 1956
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Table 8.—Differentiation within the genus Klebsiella (Tests of particular usefulness)

K. pneumoniae K. ozaenae K. rhino-.
schleromatis
Test or substrate
%+ %ot %ot
Index ! (%:_) 2| Index! (%4 2 Index! (%_DH 2
TI L RIS E o orn G Sabisnial o ro mteled B o By s ot a0 KosVs v o i ond v & o i 15mva o1 5 +| 94.5 d 9.5 - 0
) e eI - o e s ClOIR)i| Tois o e iiiiss
Methyl red . Sieiois cihln anmmisi o o 5 60 & sl oo olel 4 o che w7 ve s dapms s —or+| 13.3 +[ 99.1 +| 100
Voges-Proskauer ... . .o ot it et ii et etenennnsooes +] 911 = 0 == 0
Citrate (SImmons’) . « « v v v v i it i it et e e v +| 97.7 d| 31.9 = 0
..... (31) S e
Organic acids3:

Cltrate f R usEm R BRI 1 o S iTh Wi ey et 68 8 ey sebieie et wifey et 0 | einiele +or—| 64.4 —or+ 18 = 0
DL AT T BLE T b ants L rtetmis doh S et sl - & aipaiet el ilcs! n o oot aia] o Vial o soit s Sodiolie +or—| 67.1 —ort| 36 - 0
Malonate 2 asm e Gl o B et i i G 3 s s el e ae 40 +| 92.5 = 4 +| 95.5

Mucate i i ot e s s yulis g @ LehE s Tee eye. sPsren e biTaLel e +| 92.8 —ort| 24 = 0
Lysine decarboxylase .. ............. ... ... +| 97.2 —-ort| 48 = 0
Gas from glucoSe . .. cv v i ive vt e +| 96.5 d| 64 = 0
0| TP (NS VI () Nl B | Sy
| e o L L e I L S S o SR P (TR - Oy o +| 98.2 d 24.1 | (HNor—| (72.8)
SR N U )l (R e (ZOTIME = e Bl s e
DU CAEO LS s i e o dabs euaiils, Lt e o el Gath o, wiasicabiiiis Laticilloriotlo bh taazd, T —-ort+| 3l.5 = 0 = 0
Index:
+, positive within 1 or 2 days’ incubation
(+ , positive reaction after 3 or more days
—, no reaction
+ or —, majority of strains positive, occasional cultures negative
— or +, majority of cultures negative, occasional strains positive
(+) or +, majority of reactions delayed, some occur within 1 or 2 days
d, different reactions: +, (1), —
2Numerals in parentheses indicate percentage of delayed reactions (3 or more days)
3Method of Kauffmann and Petersen (1956)
Table 9. — Reactions of members of the genus Klebsiella in sodium alginate media
Nutrient medium Synthetic medium
Species Number
P tested (@) +)
2 e G R ¥ 37 =
K. pneumoniae . .. ... ... ... 90 0 0 90 80(88.9) 8(8.9) 2(2.2)
K 0Z0ENaeE 1. orlaTs sy joTars b 5 e bl e 45 0 0 45 15(11) 40(89 )
K. rhinoschleromatis . ............ 22 0 0 22 0 22
1 These 5 strains gave doubtful or wea kly positive reactions after 3 to 7 days.

N.B., Numerals in parentheses are percentages of the numbers tested
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Table 10a. — Biochemical reactions of cultures of Enterobacter cloacae (Commonly employed tests)

Number Percent
Test or substrate
+ | W] OO + (T I 8 I I B
1-2 3-7 | 8-14; >14 1-2 3-7 8-14 | >14
Hydrogen-sulfide: s siaiiiin i voi e ioiar e b e as 0 201 0 100
UreRsest S i et e o e A e 130 71 64.7 35.3
Indol Gl S e I e s S R e e e 1 200 .5 99.5
Methylired (37-C)in o cstiinie il daman L v iagy 6w 95 .3 97
Voges-Proskauer (37 C) . ... ............. 200 1 99.5 5
Citrate (SImmonsy) i ol o o it e e e e e 200 1 99.5 459
KN o T i A e ey 197 4 98 2
Moty oo, s Aoy R 190 | . d il s Ay ot o 2l s et sah
Gelatina( 2 C i i s e i s enel e ey s 2 40 114 | 39 6 1 19.9 | 56.7 | 19.4 3
Lysine decarboxylase .................. Yoo | leri s i o el 2200 Sl el kR o laliRes | 529915
Arginine dihydrolase . .................. 193 8| 96.5 3.5
Ornithine decarboxylase ................ 194 7 96 4
Phenylalanine deaminase . ............... 0 201 0 100
Glncosers ihs L m i i s s s e e S e 201 0| 100 0
Gas fromeglucose s ol i i v it e o e fafiatia s doie e s 200.F 15w 0 | 100 Feoise 0
[iactoset fin i ol S A e e ey e e 188 11 2 93.5 5.5 1
SUCTOS Gt % Ty et s o it Tovadiese SUe Byl Rl i 194 1 6] 96.5 .5 3
Dulcitole: s i e s gt e e et e e s 96337 175 12,900 87.1
F U T DAt A Ll e R R R Do i ot e N i 152 37 12 75.6 18.4 6
Adonitol (acidand gas) . ................ 575 144 | 28.4 AN 71.6
Inositol:
Coh s s s DA A0S Lo NI e e o i e Sl T e S 44 25 132 21.9 12.4 65.7
e o e e O e e et 9 R 192 4.5 S % 95.5
Sorbitol=s i TS Ca e s e e i 190 1 10 94.5 .5 5
ATabINOSE . -oits. ion aines s i e e e e st s e e T e 200 5 e 1 99.5 S .5
R N0 S e T s e b e e St b 195 g 6 97 Bt 3
Rhamhose s s, toin e S al e ame sl o an ks 185 3 13 92 1.5 6.5

W-—weakly positive reactions
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Table 10b. — Reactions obtained with strains of Enterobacter cloacae (Additional biochemical tests)

Number Percent
Test or substrate
+ | O [H] | o+ [ I B I I
1-2 | 3-7 | 8-14 | >14 1-2 3-7 8-14 | >14

Malonatess . .. il e oo oieme v B ol o Ve g s 162 39 80.6 19.4
Mucate s S R S s o sonr o sperstatans bet s Cah 152 49 75.6 24.4
Nitrite from nitrate . . ... ... .00t et 201 0 | 100 0
Organic acids!:

Citrate i e i s Ao sl s R s s e S 0o 173 28 86.1 13.9

Ditartratessy Saerriasius o chdnmdny o | 2y 34 167 16.9 83.1
Jordan’s tartrate (198) . ... ..o v v e 55 143 27.8 B IR 454
Sodium alginate (133) . . .. ........ ...... 0 133 0 .1100
Lipases: (133)

COTN OIS e e Bl e L i o R e e 59 e ™ 2 130 .8 1.5 97.7

e EIaCe Pinas o e 20 S e St s ey vy e (1) BRI 133 0 o s 100

Tributyrin: i s] 307 B e m 0 1 132 0 .8 99.2
Rectate(133)5: = s enisr St S isiin 0o sasemllee it ol aisss] 2138 0 Siecea T | ket 100
Starch 2, 0 L oy I STt e e e ba Yo e e fo s 32 | 34 28 5] 102 15.9 | 17 13.9°| 2.5 | 50.7
Xylose Sfue s e S RIREhz sl e o gt e 97 1 ¥ 35 3| 98 BT o B e 1.5
Cellobiose:

acid it o N0 Sl N e a i a T h e 201 0 | 100 0

A S P e o e Ll B st e 201 0 | 100 0
Glycerol:

acidie = EERIe Ry fads S S DT 87 | 75 15 24 | 43.3 |37.3 | 7.5 11.9

A SE et e L T e e S T 11 | 10 22 158 55| 5 10.9 78.6
Alpha methyl glucoside (133) . . ........... 112:] 1780w, 4| 84.2 | 12.8 ep iy [
Erythritolf(133)5 i ta it e s e e o 0|2 133 0 WGt 100
Esculinc(183) 1 a0mtE 0 o e o s w Saieiaze cinge i pa s 39 94 | 29.3 70.7

1 Method of Kauffmann and Petersen, 1956

W=weakly positive reactions
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Table 11.—Patterns of reactions given by cultures of Enterobacter cloacae in certain differential
tests and reactions obtained with strains that were somewhat aberrant

0
0
5 0
3 o 13| @ £
8 3 218 & z
ol ol 2lZ15] S Deviati ted
5= o 2 E 3|2 g =l 2 58 eviations note
=l 11 P SRR B 013 = ! (S B B R i =
S e A A B P R E S
zE5|l J|<2|c|E(<| Ol o|=|=7
96 -l +]l+]=-|-|-|H]+] 50 1 MR +, VP —; 1 arabinose —; 3 xylose —; 3 lactose (+); 1lactose —,
sucrose —; 2 lactose (1), salicin (4); 1 lactose (1), salicin —; 1 sucrose
(+); 2 sucrose —, raffinose —; 1 sucrose —, raffinose —, sorbitol —; 10
rhamnose —; 6 salicin —; 11 salicin (4); 1 salicin (1), raffinose —;
1 salicin (+), raffinose —, sorbitol —; 4 KCN —; 1 indol +
33 -+ +|-1+]-1H]+] 12 3 lactose (+), salicin (4); 8 salicin (+); 1 salicin —
5 ==l | sl = ()] 4 | 4 sorbitol —
22 -1+ +|-1-1+|H]|+] 10 3 lactose (4), salicin (+); 1lactose —, sucrose —; 1 sucrose —, raffinose
—, thamnose —; 1 rhamnose —; 1 rhamnose (+); 1 rhamnose (1), salicin
(+); 1 salicin (+)
Lales ]l b e e e e i e e e e R e e e e
1 = i e [ i 2 vt Bl o (80 B o | B e A St S o Bl ot s s MR e B i Co P
16 -1+ +]-]+]|+]|BD]+ 7 3 salicin (4); 3 salicin —, 1 citrate —
2 A i ] s o] P B ) B B Ve 2 1 lactose (4); 1 sorbitol —
3 -l +|+|-|-1+]-1|+ 1 |1 salicin (+)
1 = e B e [l B o B B I D e R s o T R e e Lo ool o ol S S G W S 0 SRy S Oy O OB e o it 55 /05
6 -+ ]l+l1=]=-]1=-1PH]-=- 3 1 xylose (1), 1 salicin —, 1 salicin (+)
2 -1+ +]+ - (D] - 2 | 2 sorbitol -
1| - +]+]- -] - 1 | 1 salicin (+)
2 o B o [l [t B e G B 1 1 rhamnose —
1 b o MR Lo b it B ol v | L R T e s e R e L e e S ST L S
1 = = e = il ) A e SR i i e e e e e AR e il S D R e e e A R e e A e wt o Da T s
1 -+l ==+ -1+ 1 1 sorbitol (+), salicin (4)
1 + 1 + |+l -|+ ]+ D]+ 1 1 salicin (+)
3 = e R e e e ) e | T e e T e s e e e B e s el e e e S SR e o s
1 =al s e e S ) | e S R e o i o s e e e L A R e i s
2 Al e A e & ) o e e e e e e e T a  ne s e
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Table 12a. — Biochemical reactions given by cultures of Enterobacter aerogenes (Commonly used tests)

Number Percent
Test or substrate
+ | D@ O] - + | ® ] B W -
1-2 | 3-7 8-14 | >14 1-2 3-7 8-14 | >14
Hydrogen sulfide v ¢ oo v on's v v s on i v owm s o (071 U0 . A1) (P el ey £ 0 2Tl ale wmit] T 97.3
Ureases e sERaeaii? il oth o o e F i e iy 2 T 73 b %y g NI B Sty P 97.3
Indols: -3 it ir vt o SRR e s Tak 0 75 0 100
Methylired (37 C)ivisidsl. e s w o sl s 4 (0 noiine RN RRRN It | 2 4 0 100
Voges-Proskauer (37 C) ................ iy [l - 15 0| 100 0
Citrate (Simmons®) . civviie v i vt v e e e v enean T3 alm bl s lients 2 93.7 2.7
KON e e R e BT sty il it s 5 TARL G| serd S Lt 1 98.7 1.3
Motilityilir o ol S M Hemha R & e ST R e e 10 5 Pl ] R | 2 97 .3 | 5sts o]lat o o o] 202 27
Celatin (22 6) B s re T e st e e il et Palue sairinte teie 0]... 15 43 | 17 0 ik 20 |57.3 22.7
Lysine decarboxylase . ................. T IR R e 1 O8.7 |raanai [t simas | Wi 1.3
Arginine dihydrolase . . . ...... ... ... ... O 85 e al bt oo o 25 0 100
Ornithine decarboxylase ................ Tl i iitl| eeii] v 1 98.7 1.3
Phenylalanine deaminase . . .............. 048] 1 o 'toF |sansicie - s s e |00 0 100
] T e i e o SR P LI L (BT g 75 0 | 100 0
Gasfrom glucose. . . .iieiie vieeis s seiate e wie 753t - 0 |100 e 0
LIactoges iRimisns 5 s eus 5 o a e sllaeie] stiail ope 1 & 69 | 4 2 92.1| 5.3 2.6
SUCTOSE TR iin s ot o Slair s iine eisF o, wia s & simel ola 4! o YT N o) (P Ayt A 0 | 100 0
DUlCItoleatiiioh oo o arame® iy, o st doT i el as alazee 1o o wiie b1 R ] E| AR [ ) 4 96
Sal CIN s i e 5 s sie it The, A el 5 T T 741 1 Jemiil o5 0 98.7 | 1.3 0
Adonitol (acid and gas) ............c.... 74 | . 1 98.7:-17. ¥ 1.3
Inositol (acidand gas) ................. 75 0 | 100 0
Sorbitol ™5y PRl e L B e, e s 75 0| 100 0
ATaDINOSE SNty 5ot ki et e YaEe St Slel it e, 810 75 0 (100 0
Rat N oSe /Tuis e it T Lhen o AainWatlar o salivi b el tala 70 8 72 3 96 4
Rhammosessi b & s i oreiiers s e o sosetians s ot 74 .1 98.7 1.3
W=weakly positive reaction
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Table 12b. — Reactions obtained with strains of Enterobacter aerogenes (Additional biochemical tests)

Number Percent
Test or substrate
+ DO D] -]+ |G| -
1-2 | 3-7 | 8-14 | >14 1-2 | 3-7 | 8-14| >14

Malonate, i c oiv s imesoiadosss -snih o aobeFe e s s s 56 19 74.7 25.3
MUCALEL K & o vieria a0 toniet s, sebatmaee et ol S 78 4 94.7 5 53
Nitrite from mitrates. . i . s i til oo heloa e ot nre e 75 0 | 100 0
Organic acids 1:

citrate » il hril Lo i ot L LR s s S el s 73 2 97.3 DT,

DEItartrate - wi o rateress o ebioe.s v satets bhare o S e 30 45 40 60
Jordan's tartrate '".7. s EE N T a6 e 67 8 89.3 10.7
Sodium alginate (49) ........... 000 0 49 0 100
Lipases (49):

(o]v) ¢ B3 ) o ieaty o U P Eals - S e i ik s et 0 49 0 100

iTia CetInNE e s e ne ks fo siimita (s e A U e s etad 1 48 2 98

Tributyrin. o s (il edin e G50 v aupi s e o ofis 0 49 0 100
Pectate(49)=: . 5 criam il b o ene. e iocethieite ol .. oS 49 0 Sl S e 100
SR Ch = RN e SRS Sl s e el SRR e et o uie |SaF vy vobte St 29 6 4 5] 31 38.7 8 5.3 6.7 41.3
XY OS5 vl o o s e e s ot CaD\ s e WoaTerts 75 0| 100 0
Cellobiose (acidand gas) . ..........0..... 74 1 98.7 1.3
Glycerol:

A C R e e e e e R | s TGE| [P 0 | 100 S 0

TR e L e S e S e R 74 1 0 98.7| 1.3 0
Alpha methyl glucoside (49) . . .. ............ 47 1 1 9% | 2 2
Erythritol (49): = it is ageveotie o o o siio vel olne 0 49 0 100
Bsculini(49) 5. o s n e in, e eenerer s srvtelis siaSeralies ath 48 1 98 2

1 Method of Kauffmann and Petersen, 1956

Table 13.—Patterns of reactions given by cultures of Enterobacter aerogenes in certain differential tests
and reactions obtained with strains that were somewhat aberrant

Decarboxylases Gas from: No
Clgft.u?efs Gelatin | Motility aben:ant De;;&:ggns
Lysine | Arginine | Ornithine | Inositol | Adonitol | Glycerol strajns
54 + - i + i & (+) + 12| 1 KCN -, 3 raffi-
nose —, 1 gas from
raffinose (+), 2
lactose (4), 4 gas
from lactose (4), 1
citrate —
1 A = + + - + (+ + 1| 1 salicin (+)
17 + = + + = + = + 2| 1 gas from lactose
(4+); 1 cellobiose
(+), rhamnose —,
gas from raffinose
(+)
1 + - = + + + (+) b o By omatie] Rl S
1 - - + i + + (+) el e AU e e
1 + e + + i + (+) S e s D
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Table 14a. — Reactions given by cultures of Enterobacter alvei (Commonly employed biochemical tests)

Number
Test or substrate
+ || ® ] -
1-2 3-7 | 8-14|>14

Hydrogen sulfidel . 2ocwic - a8 35508 s e o oo B30T Rl Tles Dol ndiol e e VR R A PR | L e 100
Urease Fote s s @7 S oo o olm o (@ s w fa wpfer & | Shielwils Vet sl 5 16 ool Sin (e s e 8 BN e bt W % gl ssliess 97
113X (o3 (ol P Sl i P S U R el M 1) B e o T Kt B W v oe i e 5 07 e le o dirasbin | b et 100
Methyl red

BT 1C iGrsnds s 316 oashe nsyolie W aRa et § Whsneie swers, SUee 0 wia o slelyia, s e e e e s 54 PR Bl (=i 46

29:C . il e w ae i ety Jeiter e he s W m e eSS (a8 1a] 6Re e e el TS e bat 1 S5l PUSIUE i) (g BN 99
Voges-Proskauer:

QMTBICT = oiake: 1o shaieibiohsy 3 ToAOITE 18 51 o hanis. e Rt IRaTEe, @ 6, L B ialallacn Bher mails ey ol neris 1oy B 65 olpe et ze¥re gatyl| fa i 35

e s L 1 A e i TP S SR g 2 g 99 Arnd B e o s 1
Citrate (Simmons’):

S AR T 1 R R e SIS e L 2o e Tt SO i I LR S 5 0 50 7 1 42

2250 S AL T R ¢ SR ens e N The e e ek (6 s e, SR & e W e SERs 3 72 7 0 18
R N e e T Te s Tl e e ;09 B, o, & o 6 16 781 e (babni e, e e A suenl el le s, ot s w78 48 BT O7 "5 |essribel e, SR e e 3
MOEIIRtY =" 5l oa 5 & Siiele e s o1 o) o T oiim ia m o $1alsa s “siiaisi o ve” sTuallein ol o191 ot iiben s bibeite o yu b 03 13| lsratin Jioue ovil|sstnri 7
Gelating(22UC) LRIty ST | e ST, 1o st a1 b8 i B coniih o oot Iivin e ax g iiela s oo 1a n s, o (O] BT e o1 e 100
Lysine decarboxylase:

37 s et Hny T Sr m LT s e Bis 6T B e e Woie - emeia Wt Loy ol 100 iape vr {iols ol e ibie 0

D2 S e 1 15 el e Tarlafesel s 4 an B miatbe e ar wige: ‘o¥5n “al Shrie a1 o1 el seel miiaieetiets -a | Wierial Leclega: o 100007 ssve s Tl 0
Arginine dihydrolase:

Ll eyl A A TR g I S I M A SRR RO R L S 9 91

2 s L e R R e e i o e, A T e T s e S T o i 5 95
Ornithine decarboxylase:

BTG e it s nanitis e 8l er $E 20 8, s SERT &, Brsrreme s LSS (8 ka8 SHe 8w aelleRs w el iNe tyk 100 Sfereii lieataiens || e nes 0

2O e o o5 R LT R ol rox e slin; o Tallo La i tiak eia s liah in e or n: o, [olle ‘o¥a boria 1o | S Lo ReRbgmne ReLe: ono lofulls 100 P W oy I i 0
Phenylalanine deaminase .. .....c.ii ittt ittt anaan (19550 e | el [P 100
ClUCOSE < e et aarctuie s wdsl o ionie, vt 6oie 74 s ~alis onie $0a: b w5 o wide Ta. s aliuitasiae ol o) laice us 8L 100 ifoarsiadsssiiileere 0
Gasifromiglucosessin ke s sl Sl o S o, o snstata e Tnst ke 5 o e s ) e AR 10005 rts & S e oot 2 0
LAt 08 e e o s T e e o @) b e e s e Sos Yoice el J6aea Biie alEe o, a5, 8 Folein e mabs b e Iet, ke 0 5 14 4 (4
SUCTOS € i Fansite petloecia e o-taga o, Viivha-impsalle L o7ie: (s omalios lntiend oTwt Wiwie G rede o ba e bt tg e IRk 12 31 22 8 27
Mannato ] T . L TR e femaite s ehanelied ojreBanaiia: o Siisliete vos iia oharelpeioheciells o snserelads 1008 e st a s o] e 0
Dulcitolles =5 45t o 4 e Rt 555 T omans o o oot e LR R L e o i Losl PR sl Eios 99
Salicing.. . i I T 0 e 707 e aTe] ee) e 16 B ioie ISWoras o o VaiTed lan/ah e, whia T Bie2 13 2 5 1 79
Adonitol fo TRl Trimt il VaTin, o atets e ey et hnire ' us ohade e aie Sotebia ret wibi s s ke ra e el e P e ATIG [0 S PRI | A s 100
INOS YOl ttslall T e e o o o oloilatin ke, &f o onre lo hes S el r s merte, obla ol are, fosles onaiame bakiebie 05 tllzsia Belasevialzla 100
SOrbitOlNaEy Tt =c & aia ot s en sarelis 6 Mo, o o Aleie e . aLrenele, b Srie et 1V e s e e 6, Wit e T (1S5 [Erinald [ a e Bitess 100
ATabIN0SEF 02755 vl e, 5 e Gastaite: (Gharuss Fedays sifoe lo", 7L oL ioMih ol THeTeaael ot sns R e e e auTs 96 [l e s ileese 4
Raffinose’ i ieiiie aicrehe 's ateiisse ot v otebore o ebe wliaris s, aim bnis: ausvaiioin e snafiaie isie e [ JE Bvlesindo| Py I 100
RhamIOSE N, it ohodatiar ssms cul o506, 8 3if6 T oniols edavt  bore s rerto il Tha e e, et 93 i ] 0

W= weakly positive reaction
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Table 14b. — Biochemical reactions obtained with cultures of Enterobacter alvei (Additional tests)

Number
Test or substrate
4§ | [H] =
1-2 3-7 | 8-14| >14

Malonate s 5. i atersca oo s 5 e 5 e fs ok ehee i e 8 T Ry el LT 74 26
MU Cat e s e BT . e eral e e i e e el s (5e Wi e e e I e g e e e LR 0 100
N T O DTS 5 75 < e here 3 o inr e feste o b oo et e e R B o et Mae oot 100 0
Organic acids ! :

it Ea e T S s N e e o, v e e Lo A el i, TS e e 99 1

DAty at el o ST E T i vk o (e wie e e e S e o A Tet s e e A e 0 100
Jordan?sctartrate (57 . « et Rt s e b ey a1 o e W R R SR 43 14
Sodinmralginatez(I25)i& 1ot s bt oo e e e o L bt b eas b b cme ol 0 125
L paSesil00) Tl Cris e ot e e iy i 3% s et e gl Fa e T, o

(10) y Vo) 8 BT e it Kot S s i i 0 2ol B G i P Bl s SRS o N s doy o SRR S S 0 125

4 BT TeT-] 1) P e e S s BT ot s e e PR LR S s RN o S SR M Sl 0 125

LTI b0 by TN SR s G mis sl S b ertas e tes A e A e S Ao e o T S 0 125
Pectater(121)" 4 7san saratn e Gansais el Sty o e P D= R ST el e R 0:4 |4 S 121
StarC RS o o e T T e R T e eEe s s e e e s e Sk 50w | 14w 1w 1 34
Y, GANTET0) o e S I AR SOt ) S Mo = e s I s S D ey BN 4 s, LIS 97| Sle 3
Cellobiose:

A I R s R T N e s s s iia T e e 76w | 8 7 1 8

L s TR G AR P Fees ATy o e Sl g P G i U P oo e N S i e 67% |14 6 2 11
Glycerol :

i R e L e N T e Lo e e Ry e ‘ 100 5 0

BRS S i v name At e e fer s iele m i sl s e s ta e et o s 4y H e i intia ke et ey s A GE e 95 5 0
Alphaimethyl glucoside & o n o Ly i T vi s ari s spele S aohate e e eane 0 Sopma S 100
By o] e e e S A s it ake e Tos iah e o e A ierie i, i eiatetene iarats 0 oot i|iesae 100
S o T e e e i A s 5 T e e s e e et T as (aib. a e, 1 b nle ke eat S e ey el 6 2 : 92
Betd galactosidase(3912) = i s ST T O N S s S e, 39 0

1 Method of Kauffmann and Petersen, 1956
2Only strains that failed to ferment lactose were tested
W=weakly positive reaction

Table 15.—Patterns of reactions given by strains of Enterobacter alvei in certain differential tests and
reactions obtained with strains that were slightly aberrant

Decarboxylases Gas from: No
ool Gelatin | Motility | aberrant Deviations
Cultures strains noted
Lysine | Arginine | Ornithine | Inositol| Adonitol | Glycerol
84 + = + = = + = + 12 | 3 KCN —, 5 cello-
biose —, 1 Arabi-
nose —, 2 xylose—
6 + - 4 = - + = = 2| 1 arabinose —,
cellobiose —; 1xy-
lose —
9 + (+w) et = = + = + 1] 1 cellobiose —
1 F: = + = = + = + 1| dulcitol +,

w = weakly positive reaction
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Table 16.—Differentiation of Enterobacter aerogenes and Enterobacter alvei

(Biochemical tests of particular usefulness)

E. aerogenes E. alvei
Substrate or test ot ot
Index! (%) 2 Index! (%) 2
Adonitol:
(Top (s i e R VMR & 5 12 (L F R Sl 3 O vy E SN APl et L o +| 98.7 - 0
BASST T akt et E  n Re Ce  AS L B T S R e 4 SRl kite S e saR e +| 98.7 = 0
Inositol:
ACTA AR o o7 s e e i a o e B SR W ol S ST L 1y T 0 T RS L BT N M e G P +1100 = 0
e L A e T A e o 3 g e e A s e TR R S R v SR +1 100 . 0
SOThAt 0] it fliasaiin o it ie s R e e e e e s e e e e e oS +1 100 - 0
Ratfinoselz s £l ol A e e o e R s L o o +| 96 = 0
Salicin il v e b aey, Biaee s i Rl R e L BN T e e +| 98.7(1.3) d | 13(8)
Alpha' methyl glucoside T 255 Sheiidile sis Sarae, s i o eborsiinlors aite. fabressTore se s +| 96(2) o 0
BSCUlANT . o e cxot tendl & o h e ey S LTt [of o e e a Be Ealinetn 1o faialolle tellh T Ronibor ST oMo 5 +| 98 = 6(2)
Methyl red:
T O et Y T ey o e e R A Ll e P L T < =540 +or— | 54
22 G s T o S e e R i P s ) T e e O T T S| ke e e e 1
Voges-Proskauer:
TG RN e o B BRI, o3 el s Bl e e e T e SRl +1 100 +or—| 65
220G, 3 s i tias Rl Ray 61 T a1 eTianten s Sty be i ey e TR e Lo o B ai e n it e ey S RS e + | 99
Citrate (Simmons’):
BTG e sein e e s S K BRI e e et s A b Ty i ik +| 93.7 (+) or— (58)
2 G s e s B e B e BT ey s Tekis® & a0t e see jash 3. s Famie b oF Sital by o ey E SR ) A iy P d 3(79)
Gelatin: 22 C L. =, e it v R s o i S Lo ler o e e e, & T ek (+) or—| (77.3) - 0
MUCALE B s 2 SN A for e i 2 Bor fatie o i e Dt mpa i Loy IR B b Sl At +| 94.7 = 0
llndex:

+, positive within 1 or 2 days’ incubation
(+), positive reaction after 3 or more days
—, no reaction
+ or —, majority of strains positive, occasional cultures negative
—~ or +, majority of cultures negative, occasional strains positive
(1) or t+, majority of reactions delayed, some occur within 1 or 2 days
d, different reactions: +, (+), =

2Numerals in parentheses indicate percentage of delayed reactions (3 or more days)
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Table 17a.—Biochemical tests obtained with cultures of Enterobacter liquefaciens

(Commonly employed tests)

Number Percent
Test or
S it + @l W E: + @l el @ 5
1-2 3-7 8—14 | >14 1-2 3-7 8-14 >14

Hydrogen sulfide ........ 0 2A0 ISRt el Bt 66 0 2.9 97.1
Ureage rir i it et 3w T el FERne 52 4.4 19.1 76.5
IndolEZili o e i 0 el Bl a o Ll Cie 68 0 100
Methyl red:

Ry G S e A e e B 51 17 75 25

22UC(63):. o i nosn et 21 42 33.3 66.7
Voges-Proskauer:

A B R s Ty ek R s s 21 : 47 30.9 69.1

22Ci(68)acs Ariiani S 50 5 13 79.4( .... 2.6
Citrate (Simmons’) 62 5 1 91.2 7.3 1.5
K ENE ey i = nissen 67 ot 1 98.5 e, 1.5
Motility:

BTACE SR A v 54 12 2 79.4 17:9 2.9

2MC o, B ks, 68 S 0 100 Syl 0
Gelatin:

D O A I R e A e A 67 1 0 98.5 1.5 0
Lysine decarboxylase:

B CEs e L s 67 12 82.4 17.6

22iCH(68) st s s 63 0| 100 0
Arginine dihydrolase:

S By T B S R s 3 65 4.4 95.6

224G (63) i e 0 63 0 100
Ornithine decarboxylase: :

TG T e 67 1 98.5 1.5
22{C:(63) 7 st nan s 63 0| 100 0
Phenylalanine deaminase .. 1Y 67 15 98.5

Glucose:

Tl e s R S s S 68 8 0 100 Sen 0

A e e Tt 64 1 3 94.1 15 4.4
Lactose:

NG TR L T 1 14 5 1 47 1.5 2.6 7.3 1.5 69.1

221G U62):7 s i s e i 1 48 6 3 4 1.6 77.4 9.7 4.8 6.5
Sucrose:

Tab L e s S SIS e 2o o 68 0| 100 0
DulCitoli sl s s 0 68 0 100
Sal1CInG s s o miin e e 68 0| 100 0
Adonitol:

ACId e s ee e e e 6 2 60 8.8 2.9 88.3

gasEa LIS TG e 1 1 66 1.5 155 97
Inositol:

Lo Lo sy Rei i S 66 1 1 97 1.5 1.5

EASET R s, T e e 1 15 52 1.5 22 76.5
Sorbitol:

aCidani e T i ke 66 2 97 o 3

BASE. it i e 55 1 12 80.9 1.5 17.6
Arabinose:

Sl Bl R e S et 63 5 92.6 7.4

221CU(56) B v 53 3 94.6 4.4
Raffinose:

acidsiin oo, 59 2 7 86.8 2.9 e 10.3

STC gans s, 12 39 2 15| 17.6| 57.4 2.9 22.1

acid (55)0:wie vmie e 50 2 2 1 90.9 3.6 3.6 1.9
Coasilss) = 2 5 50 5| 90.9 S 9.1
Rhamnose . i i s 0 68 0 100

w= weakly positive reactions
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Table 17b.—Reactions obtained with strains of Enterobacter liquefaciens

(Additional biochemical tests)

Number Percent
Test or substrate + +) 4 +) . 4 ) ) ) E
1-2 3—-7 8—14 >14 1-2 3-7 8—14 >14
Malonate . %o i linban e bt i ST 63 7.4 92.6
Mucate: .. i i, e et 0 68 0 100
Nitrite from nitrate . ...... 68 0 100 0
Organic acids!
eitrate i it e e wige e 44 24 64.7 35.3
Dotartrate v« ossi ekt 15 53 221 77.9
Jordan’s tartrate (60). .. ... 45 15 75 25
Sodium alginate:
221G (64):in S A 0 64 0 100
37-Ci(64) =% st s Slrenias 0 64 0 100
Lipases (57): 5 . . . - e e
St U SRR R T 4 i 5 ’
Sl 56 B 0| 98.2 LE O 0
. G 3Gl s 11 23 19 4 19.3 40.4 33.3 7
Triacetin g9 ¢ .. ... 20 20 8 of 35.1)]. 851 14 15.8
Tiiburvem i O e 47 3 T 0 82.5 5.3 12.2 0
DD B T 52 1 4 91.2 1.8 Sl 7
Pectate (64):
TG e e, S 0 64 0 A 100
IR Bl P iRt a T 0 64 0 100
Starchiz. = ol tim i fo s ity ay 17 15 20 11 5 25 22.1 29.4 16.2 753
Xylose
QTG e i e 63 1 4 92.6 1.5 5.9
DA O (55 I S S N e 50 5 90.9 et 9.1
Cellobiose:
acidiis i S A 18 15 15 A e 20 26.5 22.1 22 29.4
gasiir L R e S e el 4 13 10 Bl 41 5.9 19.1 14.7 60.3
Glycerol
T Lot e e S TR L e o 67 1 s 0 98.5 1.5 SRS 0
Bass e N T R 31 25 1 11 45.6 36.7 1.5 16.2
Alpha methyl glucoside (60):
Ol O P L D oo e s ol 157 e 47 21.7 oo 78.3
D O i i ety 23 35 2 38.3 58.4 3.3
Erythritol (60):
B O e e T AR 0 60 0 100
PN Ciamreer SRR S S S 0 60 0 100
Esculin (60):
G e e i e 44 1 S 15 73.3 1.7 25
2 G L R s e 36 16 R 8 60 26.7 13.3
Beta galactosidase (39) . ... 39 0| 100 e 0

IMethod of Kauffmann and Petersen, 1956
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Table 18.—Patterns of reactions obtained with cultures of Enterobacter liquefaciens in certain
differential tests and reactions given by strains that were somewhat aberrant

)
o
2 Y e
—_ —_ ) -
; _:__D = o 'g \._; o B ] ; = Deviations noted
gl e|E|5|5]|E| 8| 55|28
Ecl 2| ®|Ele|ls| 2| =|E|58
ZzE| J|<|S|E|l<| Ol =|=1
33 o e ot ) B + |1+ + 1 1 raffinose (+)
13 ] et b5 2 G b R o ol BB ot o 4 1 arabinose —, raffinose —, adonitol +(37 C); 1 arabinose —, raffinose —,
xylose (+), adonitol +(37 C); 1 xylose —, raffinose —, adonitol +(37 C);
1 arabinose —, xylose —, raffinose —, adonitol +(37 C)
6 b ] ] i e ) ] et I e [PImmer s B S8 = T e e e o DU P St SR o Sl Y v
1 A rl [y [0 21 e | (oo T s [ i 1 1 adonitol +
1 ey Pt i 5 e 5 ol B i I 2 B 1 1 adonitol +
1 + R [ o B | ol N1 ] b 1 1 arabinose —, xylose —, raffinose —, adonitol +
1 bl e (S BN P il i ol B o 1 1 sorbitol —, adonitol A +
1 St Pt e 85 et Erieat ] ] i e it 1 1 KCN -, arabinose —, xylose —, raffinose —, sorbitol —, citrate —
1 = e P B B S o I o o o] e ] i e st o o o R s e b S o FY e o3t SN S
9 G Bl lsc ot P B I o IR i [ 1 1 raffinose —
1 =: =3 ==t G s e 1 1 inositol —
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Table 19.—Additional reactions given by cultures of Enterobacter liquefaciens

on certain substrates

37C 22 C
Substrate
No. X (+) (+) ()i No. + (+) (+) (+) T
tested 3-7| 8=14| >14 tested 3-7| 8=14| >14

Alpha methyl glucoside:

ACTAS /e oo s o gt o B gt 2y, 60 | 13 47 60 | 23 35 2

Casi= 3 58 s it ot ol L o it B 2 58: | ofevere s 1 25 34
Arabinose:

Vo) (s Pouga gl et i o AR Rl S Ll D 68 [ 63| ... 5 56 | 53 3

BT R e o i S T Rt SN e (| IR POl 16 10 42 ) e s 51 5
Cellobiose:

AT et g WL I, Tk e T e s 68 | 18 15 15 20 47 5 42 0

Gas T et MG Ry e § e e o s ol e e s 4 13 10 '3 g RS, 3 44 0
Glycerol:

ACIA . 5 25 i YN st o o e s e Sle: e 68 | 67 1 AR 0 47 | 47 0

GASTE te v Wesrend s genodotinns SRR M et uors o "y 31 25 .1 ) (3 Do 47 0
Erythritol:

AT S8 G St b i i v 3T 60 0 60 60 0 60

e T T S P R T R e | [ B 0 60i) i v 0 60
Esculin

ACTAE . 555 60 2 v Ts oo oo p o grm S te, o 3 b 60 | 44 1 15 60 | 36 16 8

Gasf ety L s Foe sl T aitr = r L ISl 22 2 36| s e 17 22 21
Inositol:

A CHA S ohi o o AT o 8 sl (e e s i 68 | 66 1 .1 47 | 46 | . .. 1 0

Gaslilis o & in st taaie Ak o bt e | SR a1 1 15 52| 3 43 1 0
Lactose

ACTAETRES ale & atehars ‘ormeipiate s mul soai LY 68 1 14 5 1| 47 62 1 48 6 3 4

Gas s g shanalt v mman 5. s she et dna Pl s Tor s 0 1 16 L8210 e 0 1 35 10 5
Raffinose:

ACid o2y bTET o ot e SUUSEA oy o oS e 2o te 68 | 59 2 7 55 | 50 2 2 1

(O oot e 5 il A o1 S Mt | PRt il 12 39 53] e 50 2R o 5
Xylose

ACTAL YR e 2 1 Yttt s e v s e 68" |63 1 A 1 4 55 | 50 4 1

G aS t  d  Sotieri 6] 4 s, s et e i ot B 21 13 3 srit | S . 50 s 5

Note: Of 57 strains tested, none was able to liquefy nor utilize alginate at either temperature.
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Table 20a. — Differentiation of species of Enterobacter (Commonly employed biochemical tests)

E. cloacae E. aerogenes E. alvei E. liquefaciens!
Test or substrate -
%+ 2 %+ %+ 2 %+
Index2 (%4)3 Index (%4)3 Index?2 (%4)3 Index (%4)3

Hydrogen sulfide (TSI) . . . ... . - 0 - 0 - 0 - 0
Hrease st it e +or— | 64.7 - 27 - 3 d 4.4(19.1)
Indo): i i s o s aehn s - D - 0 - 0 - 0
Methyl red

(BTG i n s s - 3 - 0 +or— 54 +or— | 75

(29:C) Bermdna o e e e T o Gty walie v e e | s SR e S - 1 —or+ 33.3
Voges-Proskauer:

(BC) T T S e + 99.5 + | 100 +or— 65 —or+ 30.9

(225 e e T + 99.5 + | 100 + 99 +or— | 79.4
Citrate (Simmons’):

(37 CY s i AR L e + 99.5 + | 93.7 (+)or— | (58) + | 91.2( 7.3)

(22:C) Bl e s et s, S iR e e e d 3(79) X Bl o
KCN (growth) ........ + 98 + | 98.7 + 96( 1) + | 98.5
Motility:

A7) e e e + | 94.5 +| 97.3 + | 93 d | 79.4(17.7)

(22:C): o Z e i T e S ens et | L e B Rt TR s + | 100
Gelatin®(22:C) . 2o o8 e e +) 1(96) (+)or — | (77.3) - 0 + 98.5( 1.5)
Lysine decarboxylase ....... - .5 + | 98.7 + | 100 +or— | 82.4
Arginine dihydrolase ....... +| 96.5 - 0 - 9 - 4.4
Ornithine decarboxylase . ... .. + ] 96 + | 98.7 + | 100 + | 98.5
Phenylalanine deaminase ... .. - 0 - 0 - 0 - 1.5
Glucose:

Acid st i s s + | 100 + | 100 + | 100 + | 100

Gastis ame e + | 100 + | 100 + | 100 + | 94.1( 1.5)
A CtOSE i e e s e e e + ] 93.5( 5.5) + | 92.1(5.3) | —or(+) | (23) d 1.5(29.4)
SUOTOSEL ok vem s vis e i s e i + 96.5( .5) + | 100 d 12(61) + | 100
Mannitol s on i s e e s + | 100 + | 100 + | 100 + | 100
Dulcitol = e T h sradasein —or+ 12.9 - 4 - 1 - 0
Sa N T i i eaeey s 75.6(18.4) + | 98.7(1.3) d 13( 8) + | 100
Adonitol:

ACidE o v e, —or+ 28.4 + 98.7 - 0 d 8.8( 2.9)

A, T —or+ 28.4 + 98.7 - 0 - 1.5( 1.5)
Inositol:

Acide oS e d| 21.912.4) + | 100 - 0 + | 97(1.5)

e RN s R e - 4.5 + | 100 - 0 d 1.5(22)
Sorbitols s i S i e + | 94.5( .5) + | 100 - 0 + | 97
Arabinose ...........0... + 99.5 + | 100 + 96 - + [ 92.6
Raffinose i i viniiani v s vie o + 97 + | 96 - 0 - d 86.8( 2.9)
Rhamnose .. .....0uovvue.. + 92(1.5) + 98.7 + 93(7 - 0

lSee table 19 for additional data on reactions obtained by incubation at 22 C

2Index:

+, positive within one or two days’ incubation
(1), positive reaction after 3 or more days

—, no reaction

+or—, majority of strains positive, occasional cultures negative
—or+, majority of cultures negative, occasional strains positive

(H)ort, majority of reactions delayed, some occur within 1 pr 2 days
d, different reactions: +, (+), =

3Nmﬂerals in parentheses indicate percentage of delayed reactions (3 or more days)
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Table 20b.—Differentiation of species of Enterobacter (Additional biochemical tests)

E. cloacae E. aerogenes E. alvei E. liquefaciens?
Test or substrate by o e s
Index? (,7:+) 3 Index? (%°+) 3 Index 2 (%o+) 3 | Index3 (%°+) 3
Malonate . Z5 oz i aisnae s + or — 80.6 + or — 74.7 + or — 74 = 7.4
Mucate' . nisb T s Tt + or — 75.6 +| 94.7 - 0 = 0
Nitrite from nitrate ... .... +| 100 +| 100 + | 100 + | 100
Organic acids*:
Citrate S st et s o s + or — 86.1 + 97.3 + 99.1 + or — 64.7
D-tartrate .. ...... R ) o 16.9 —ort+| 40 = 0 —or+t 22.1
Jordan’s tartrate . ........ —or+ 27.8 + or — 89.3 + or - 75.4 + or — 75
Sodium alginate, synthetic. . . = 0 = 0 = 0 = 0
MULTIeN i e et oo o ovs o e = 0 = 0 = 0 = 0
Lipases:
CornEoil = S T R st = .8(1.5) = 0 = 0 +or(+) 86(8.8)
triacetin. .. WP e S ams. . = 0 - 2 = 0 d 19.3(73.7)
tributyrin . . ... L. - (.8) = 0 - 0 +or(+) 82.5(17.5)
Pectate it . i s 5 s - 0 - 0 = 0 = 0
StaTCh il ol s e feae e s d 15.9(33.4) d 38.7(20) d 50(16) d 25(67.7)
Xylose ¥. iy Wai e e +| 98(.5) + | 100 +| 97 + | 92.6(1.5)
Cellobiose:
Acid T lsh e s e SuRe TS +| 100 +| 98.7 d 76(16) d 26.5(44.1)
BaSE S T SR i o +| 100 +| 98.7 d 67(22) d 5.9(33.8)
Glycerol:
acidinita . s it e e d 43.3(44.8) +.| 100 + | 100 + | 98.5(1.5)
[T ANPGRS 5 % o d 5.5(15.9) + | 98.7(1.3) + [ 95(5) d 45.6(38.2)
Alpha methyl glucoside. . . . . +or(+) | 84.2(12.8) + 1 96(2) = 0 —or+ | 217
Erythritol . . . .. ......... - 0 - 0 = 0 = 0
Esculin, & ra it o amis i —or+ 29.3 +| 98 = 6(2) d 73.3(1.7)

1See table 19 for additional data on reactions obtained by incubation at 22 C

2Index:
+3 positive within 1 or 2 days’ incubation
(+), positive reaction after 3 or more days

—, no reaction

+ or —, majority of strains positive, occasional cultures negative

— or +, majority of cultures negative, occasional strains positive

() or +, majority of reactions delayed, some occur within 1 or 2 days

d, different reactions: +, (), —

3Numerals in parentheses indicate percentage of delayed reactions (3 or more days)

4Method of Kauffmann and Petersen, 1956
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Table 21.—Differentiation of common species of Klebsiella and Enterobacter!

Test or substrate

K. pneumoniae

E. cloacae

%t %+

Index? (%4 3 Index 2 (%:_) 3
Gas from:

1nositol s i S e T s e SR e S R e T e B + 1 91.9 = 4.5
Ly cero) g o R i ey s e e e A B e T b e s e R L e +] 925 = 5.5
L0 B 1) B e Ry P ) e P O TR R s 15 R Ry o s P A S = Ve et PR Rl +or—-| 83.7 - or + 28.4
Bsculin . 2 i s S it s e e R L s TR e +| 98.9 —or+ 29.3
..... V)RS ] oty
Lysineldecarboxylase i it e Rus. siaTite oo snepbiabstZe o'« Sohionie 2 de b or sriete e o2 + 1| 97.2 = .5
Argininesdihydrolase s s Al e e e n e b ke are e e e Tacior ol Velefenatin = .9 + 96.5

Ornithine=decarboxylase =i i < i i . oo e 506 s e oTore s nioras. sive o siote sssite = 0 + 96
Yy e Ty 1oy ot B P e Bl o gl 0 s Bk S e S It b + | 94.5 + or — 64.7

Gelatin e 2 G G o T s D T R e b e o bals S T et L S o = 3.3 (+) 96
Moot Lty e S e o T T S e S e o = 0 + 94.6

Growth on synthetic alginatemedium . . . . ... ... ... L L., +or (4) 38.5 = 0
..... (DD P [ A

1Common among materials submitted for identification (see text)

2Index:
+, positive reaction within 1 or 2 days
(+), delayed reaction, 3 or more days
+or —, majority of strains positive, occasional cultures negative
— or +, majority of cultures negative, occasional strains positive

3Numerals in parentheses indicate percentage of delayed reactions (3 or more days)
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Table 22a. — Biochemical reactions obtained with cultures of Serratia marcescens subspecies

marcescens (Commonly used tests)

Number Percent
Substrate or test Number
Cultures + (+) (+) (+) - + @ | ® @ =
tested 1-2 3-7 8-14 | >14 1-2 3-7 | 8-14 >14

Hydrogen sulfide (TSI) . . ....... 323 0 78w | 85W 160 0 24.2 | 26.3 49.5
Urease ‘5 o, ali s ithts wFaeosa o e 435 | 56 119 42 218 12.9 | 27.4| 9.6 50.1
Indol 552 & 20 ieris T el by boidies: 5 5 456 0 456 1P [RAataind [ 100
Methyl red: .

(BTEQ)Y S5 ehs Sl o bl o g e s 456 | 61 395 13.4 86.6

(220C) (F5s Sy Suns o, ohoiadars 395 34 361. 8.6 91.4
Voges-Proskauer:

(BTN s et v o it ianhlie at arapa 08 456 | 456 0| 100 0
(221G -=ates b O Rl i 398 | 398 e 0] 100 A 0
Simmons’ citrate ... ..... ... 456 | 450 3 3 98.7 7 514
KON et s o o e e &lsToie o Jiliatoslotile 328 | 325 o e 3 99.1 5% .9
Motility:® . S5 25 sl ol S s 4 456 | 448 s acahis 8 98.3|.... 1.7

Gelatin (22 C):i ; seiiar i bl 455 | 443 12 0 97.4 2.6 0

Lysine decarboxylase ......... 456 | 454 s 21 996 (.... .4
Arginine dihydrolase . ......... 456 13% 443 2.8 97.2
Ornithine decarboxylase . . ... ... 456 | 454 2| 99.6 .4
Phenylalanine deaminase .. ... .. 330 9w 321 2:7 97.3
Glucoseacid . . ............. 456 | 456 0| 100 0

Gas from glucose! ........... 456 | 277 s e 179 | 60.8 s 39.2
Liactoses s i ot o7 ks i & 3 Suse 86 343 9 48 286 2.6 14 83.4
SUCLOS EUL Gt 25 el iawa ot = e 1o Moo Tega— o, o 374 | 373 B 1 99.7 o7 .3
MannitaIN=i e oo o e ranty e sTerie 4 352 | 352 Wqid 0 100 5 0

DulcitolFo ™ iar el s o e fns susie st b 450 0 »cels 450 0 Sarie 100

Salieintaaner Sty o TR . A s s 348 | 331 6 11 95.1 1.7 3.2
Adonitoli=iil. . 5 T LTS 438 | 207 98 133 47.2 | 22.4 30.4
InOsSitolleiais T s i oo wts srinuase fats 438 | 321 57 60 73.3 | 13 13.7
Sorbitol : 15 7o i IR i e i esiete, 434 | 427 7 98.4 ... 1.6
Arabinose . ... Lol 453 1 Pt 452 2 de 99.8
Raffinose ................. 451 4 11 . 436 9 2.4 96.7
Rhamnose . ................ 452 0 452 0 100

1 When gas was formed, the volumes were small (about 10% or less).

W= weakly positive reaction
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Table 22b. — Reactions obtained with strains of Serratia marcescens subspecies marcescens

(Additional biochemical tests)

Number Percent
Substrate or test Number
Cultures + (+) (+) +) - + (+) (+) +) -
tested 1-2 3-7 | 8-14 | >14 1-2 3-7 8-14 |>14

Malonates: i s cesiaimns 289 5 284 1.7 98.3
Mucate o 7 sy e i e e e e, 269 0 e 269 0 Ul 100
Christensen’s citrate . .. ....... 249 | 244 3 2 98 1.2 .8
Organic acids!:

citratei ity i S e e 47 47 e e 0| 100 R 0

Ditartrater il i s e e 47 3 L] B, oW, 37 2.1 19.1 78.7
Jordan’s tartrate . . ........... 186 | 185 T 1 99.5 S )
Sodium acetate © . i sie o e 49 44 5| 89.8 10.2
Ammonium salts glucose agar. .. .. 109 | 108 ez | ieanie 1 99.1 i .9
Sodium alginate, synthetic. ... .. .. 457 0% |0 w17 440 0 <37 96.3

nutrient elci s N Rsisrml e 457 0 e Elts 457 0 ST 100
Lipases:

cornroll i e e e 446 | 437 4 5 98 9 1.1

T I C RN e S il ot o o s BTt o s 14 59 373 3.2 13.2 83.6

Tributyrinz i sy i alon ... | 400 36 10 89.7 8.1 252
Maltose: . b o ARG o o, 311 | 302 4] s 5 97.1 1735y 1.6
Xylose i e E T it e 339 27 44| 18 250 8 13 5.3 73.7
Trehalose = Gt o nhe it iss s 307 | 306 ol o 0 99.7 b Bt 5 0
Cellobiose 2i . 5ot Snic ooty aatiode o 428 | 131 137 | 35 125 30.6 | 32 8.2 29.2
Glycerol2 rrioiso b mmnlvnl s Tk 414 | 393 18]... 3 94.9 4.4 .
Alpha-methyl glucoside . . .. ... .. 49 0 s 49 0 =0T, 100
BErythritolentlar e a0 49 0 1 48 0 2 98
Bsculinzge el Sy s 49 44 3 5 90.8 5% 10.2
Beta-d-galactosidase .......... 44 | 44 0] 100 0
Phenylpropionic acid agar . . ... .. 160 Bhd] i 157 AL et 98.1
Cetrimide agar . ............ 210 | 30 7 173 14.3 | 3.3 82.4
Nitrate reduction . ............ 331 | 317 2 14 95.8 S 4.2
Oxidase hit s T S g 242 0 242 0 100
Pigment ici ot S savnat 456 123 333 27 73

1 Method of Kauffmann and Petersen, 1956
2 Gas not formed
W=weakly positive reaction
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Table 23.—Patterns of reactions given by cultures of Serratia marcescens subspecies marcescens
in certain differential tests and reactions given by strains that were somewhat aberrant

‘0
m o
E 2
= ©
g & i
= gn 4 9 2 rE : . 2 Deviations noted
g=| @ 2] @ h < | 5 o | 5| 2
a9 ] = 8] 1) g = g £ = =
5el 8| 2| S| 8| 3|=| & 2| E| &
el saiddiieg ) 2l = ol 3= 16 &
319 = - = + - + + = + | 193 | 2 maltose (+), 5 maltose —, 2 raffinose +, 9 raffinose
(+), 5 sorbitol —, 36 salicin + weak, 4 salicin (1), 10
salicin —, 1 trehalose (1), 3 glycerol + weak, 16
glycerol (+), 3 glycerol —, 6 Simmons’ citrate + weak;
3 Simmons’ citrate (+), 3 Simmons’ citrate —, 1 Chris-
tensen’s citrate (+), 14 nitrite —, 10 gelatin (+), 7
phenylpyruvic acid + weak, 1 KCN -
39 — - = + - +| +w = + 21 | 3 salicin + weak, 1 glycerol —, 3 ornithine decarboxy-
lase + weak
48 | () - - + - + + = + 35 [ 2 maltose (+), 1 raffinose +, 2 raffinose (4), 1 sorbitol
; -, 2 glycerol (+), 2KCN -
8 - () = + = - + - + 6 | 1lactose (+), 1 sucrose —, 1 raffinose (+)
3 = = = + + + + = + 2 | 1phenylpyruvic acid + weak
2| (4 - = =+ + + =+ = + i I 0~ ol I e Ree [l 4 sl R
8 = = = + - + + (B + 5 | 2 glycerol + weak
1+ + +| + -| 4+ +2| +2| #3|... |1 sorbitol -
1 = = o + = + - = e e | - e 1= o~ B PR e g LR Geie sl nac P4l
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Table 24a. — Reactions given by cultures of Serratia marcescens subspecies kllxensls

(Commonly used biochemical tests)

Number
Test or substrate
+ || @
1-2 3-7 8-14| >14
Hydrogen-sulfide S537% Gl s Sl o s i i e e S L as 0| 4w 10
LU) CoTY-Y Tnes S e TG el ipper i LR B S £ 3 S e s S i S R S o s e 2:|="aw 10
Indolm e i e e L e T e T e e s 0 14
Methylred (37C)Tor (22 G ) o s o e v e e e e e s e et 14 0
Voges-Proskauer (37 C) or (22C) .......... R e i e S NI S s (1} Blyads s 14
Citrate S ImMmMoON Sl S ot s i e e e e b p ot o TR B e S T 10| 3 1 0
L O P et R et A S e L T e e P IO G s el 135 5 1
Moty S e e T e i L aTa e e e R e e s SRS S R e e 1 5 1 s 3
Gelating( 220G B s T i datle et oo 1o ot et e s S oL S I ek s e e 124542 0
Loysine-decarboxylase toin s s o o e a e L B SR R 12: e 2
Argininezdihydrolase: 75 S aor oS T Ot I e R 0 14
Omithinezdecarboxylase: . i e iia s sl cias 5 iaio s o cosiinio ol ois o msts aris s is sreies 14 0
Phenylalanine deaminase b e i it ihedsi e e sion st Sasol soa b s e o RReTE S 0 14
O T R i e S s e T e B I T N o A e Pl g Apu s i 14 0
Gas-fromglucose: o i it oyttt e A eiie it Tate, o 0 hal e s A e Vae o e B B e 13
L AC OB o s s, s sie wasie v o osvss oo s o e h aie are s 6l D N SRR et e s Taa e s 0| 3 2 1 8
SUCTOSE /5. s ToTershorsnois: sTorocol oo tomifer b ol i hatel AT s tucitlal oiiite i Te e Habin toraye islis ro Ts DS 13 ] 1 ot 275 0
M AR Ol S i s i i ot o e o el s Bt e e s e kel ke e e s e e 14 =000 0
D 0] e o oy o PO T Py AP Cogh s bt s ooy e s - S B S Sl AR A0 (#)o) Bk 14
ST Tes ) Bt e S\ S A et oL 2 i s SR B Sl SRl ST s LR e 14|55 0
e b o B e e e e s TR o L S o - o e i oo S 5% ]s:2 5 7
oS it0] s e e e v t e o e e A T e s Tep e e e L s e ey 8| 4 s 2
Sorbito] ot T, e ey e e Bt S Sl e an Tl el S 14707 0
ATADINOS EL . e e st s e e e e T s R M e e e 0 S 14
Ral in08 e e e e o el e N e s e s e s S Cra e e e N S e s e SR 0 14
REamMnose s . e E s o Tt T o e e e R s 0 14

W=weakly positive reaction
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Table 24b. — Biochemical reactions given by strains of Serratia marcescens subspecies kiliensis

(Additional biochemical tests)

Number
Test or substrate
+ || ® | W
1-2 | 3-7 | 8-14| <14

Malonate z i o mivlami b e DR T o s e o B e P e LS 0 14
MuCate i, il o Te 0 e cavene s o Tehe witera e wiveies s b is 6 e mreee e aieTie s BB T s lal 0 14
C RISt eN S EN S CITAE e s et e far voraiabia: oFiTn, = Sabge [n iasia? orharyaite ot mia s & ut wiuiye i ev thoa 5 bor wihe 14 0
Organic acids 1

CIITATEIERTET ot o 1an s <o dele o Seviorioi ey dastane: o ers bRl REertilial) 2 aa " ov o SRR & il fuy ‘s Bisealin s 14 0

D) StaT Tt e i iie fetine o eribs e £5 on AR o Fae S e fesa e ie, b or a1 fad Vet SRy 131 o Ao o 20 12
Jordanisitartrate - 3 syl ededi bkl e om0 St L e i T et 13 ks 1
Sodiumiacetate: s uidincin e e e 1] s e e e s 8 1o e s e B e 2 5 6 Bl 3
Ammonium salts ;glucose agar: ... ciie ois eis e o 6ls sie oo s om s e saels swu s s s e 9 4 1 0
Sodium’alginate vi.'e v i daiiie e e e ezeraiain s e aleisie om0 b e o whete e slete e 0 oo Te 14
Lipases:

cornoil e e R T e R el T T e A e e e S e e T 14 0

Prigcetinm s i, o o s e LR P et e o i s halva e e 5. 3 eBabe i e oo e Ca s s Va5 1 13

Eributyrin o tnt RS e i aR e R L S e AR L S R 14 & 0
Malltos ebfiloe. s tuete & 2 0 aais i Mo ve Toubenis st eae ot o) 1184, Sramsiatte sl S r ot ot e T4 14 e 2g 0
D, 672 L=V e M e R i s e PP e e S s 1 2 1 10
Trehalosede i o chifatmio P rl ARy TUs0 © So o i Tintiers & inslaie vh ol v S LA 14 s S 0
Cellobiose s s i u t et Sdad B T I S (5 e s i inare e et b AT e e s 9 2 2 1
Glycerolisi i g, al, S50 o Thesiadel biistat e otore s ialieraits o6 o (oo E e tomaliell s\ 2 S0t b oie 20 s 12 2 oh 0
Alpha:methyl glucoside il i s o ivis o suein i ot oo a5 o 5in s aisions os o wls n abevis. o 0 o e 14
Erythrito] o= a5 o i G0 S sl o s o ivisieisioin oo s s e 16 Sl o810 6 L atia oA t6: b tT 418 0 1 7 6
Esculin: o, s e o (S o WBalsh, $LaRiniuavs: s et (e 10 e, e uilsrais s el Wit ays e e 13 B 1
Beta galactosidase oo i e o vn v ediale dlele el v ale e el e e e e el Caiare o 14 0
Phenyl propionic acid agar . ... . ...ttt i e i e e 0 % 14
Cetrimide agar v ais7s s wivusis s wiitie o shokameis Sle sdors. s o s (4 .or e eiess 3 ‘eleie s ailshine ss 3 1 10
Nitrite frominitrate ... 4 ieiois ain o il sie o e el visms st edste. s alier e oiie siie et agor e s 14 T 0
Oxddas e v e R Ue e Eeiarie o o co 110 otin caiyn ! h et e Praiet e -5 ariet e fn 1a e Teikaiie” oiTealie b7 0 14
PIgmentis . s 8 it i n eheliate be oie shis il a e ien s onens Ahaiie, s el Wikt Ter e e e 3 11

1 Method of Kauffmann and Petersen, 1956
W= weakly positive reaction
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Table 25 — Differentiation of Serratia marcescens and Enterobacter liquefaciens

E. liquefaciens S. marcescens
Substrate or test Tdexl | %5 (%2 | ndex | % %D
Glucose:
T, Ces s R R S P O e 3 (e PO S O RS s et R e Ao +=1:1000= L +| 100 |.....
G s e T ol e ot e s e e e el e s ey S T L + (17 1) s +3or— 615315
Inositol:
A I AR e e e T T e S e e e + 97 (1.5) d 73.8| (12.6)
GRS i s o Ty Tt e s it e e o ey o T SRR A e d 1.5 (22 ) - 0 0
Glycerol:
A I i e e e A Rt + 98.5| ( 1.5) + 94.6 (4.4)
O Y e T S e g R TR P Y R R O oS T el 2 eI d 45.6| (38.2) - 0 0
Cellobiose:
A iAo T e e s R S e e e d 26.5| (44.1) d 30.6( (40.2)
(BT V- Tor Al s B A e - S S NI e Jo s 2t i s e e S e e B < d 5.9 (33.8) - 0 0
Esculin:
A I o e A e e S s T e e S d 75 ( 1.6) d 71,31 (3252)
GRS R T e i e e T e R Ta s o e Bl Se e e e et —or+4| 37.5|..... - 0 0
Raffinose:
A CId e R i st e e e el o A e e e e e Pt e d 86.8| ( 2.9) - 91 ( 2.6)
Ga s s e LS g S B e T e D R e o e et d 17.6| (60.3) - 0 0
Arabinose:
/s e DR S e A e S e e i ol o s g o e RSl Sl e G + 926/ i . - .21 (1.9)
s s T S AR Sl Lo RS T ot R pet i g IR i d 23.5| (14.7) - 0 0
Xylose
A A T e o B e e T s Sl e e T e + 92.6| ( 1.5) d 7.9( (18.6)
O e s e R A S R T T e T 33 T e B e R et d 30.9| (23.5) - 0 0
Erythritol:
7,0 b e i e O R PR e e Te St e L S e B e - 0 d 1.71 (22.8)
Alpha methyl glucoside:
IO 1= SR rio SRk SR s e LAt S - oS N Ay A e v o A o —or+ 21.7 - .9 (.6)
Methyl red:
(B G ) e e e S e e R L e o ar s +or— 75 —or+ 14
() T o e e e et e ol Ty A —or+ 33.3 —or+ 8.8
Voges-Proskauer:
(R G T e e e e e o —or+ 30.9 +| 100
(2 ) e R e e T s e e e e +or— 79.4 +| 100
lIrxdex:

+, positive within 1 or 2 days’ incubation
(+), positive reaction after 3 or more days
—, no reaction
+or', majority of strains positive, occasional cultures negative
—or+, majority of cultures negative, occasional strains positive
(+)or—, majority of reactions delayed, some occur within 1 or 2 days
d, different reactions: +, H"), =

2Numerals in parentheses indicate percentage of delayed reactions (3 or more days)

3Cvas volumes 10 percent or less

4Gas volumes: bubble to 10 percent
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Table 26.—Differentiation of species of Klebsiella, Enterobacter, and Serratia

Enterobacter Serratia
Klebsiella marcescens
pneumonia subsp.
Test or substrate cloacae aerogenes alvei liquefaciens marcescens
Index!| %+ | Index?!| %+ | Index!| %+ |Index!| %+| Index? %+ | Index! %ot
Gas from:
glucose ........ +] 96.5 +1100 +| 100 + | 100 + | 94.1 | +20r- 61.3
adonitol ........ +or—|83.7| —or+| 28.4 +| 98.7 e 0 - 1.5 - 0
inositol. . ....... +| 91.9 -1 4.5 +| 100 - 0 d| 23.5 = 0
glycerol . ....... +| 92.5 ~}. 5.5 +|( 100 + | 100 d| 82.3 = 0
cellobiose .. .. ... +| 95.7 +1100 +| 98.7 d| 88 d| 25 = 0
Sorbitol iluEEi L nTi +] 99.4 +| 94.5 +{ 100 = 0 + | 97 + 98.3
Raffinose ........ +| 99.7 +| 97 +| 96 - 0 d | 89.7 = .9
Rhamnose . ....... +]99.3 +] 92 +| 98.7 +| 93 = 0 5 0
Arabinose . ....... +1 99.9 +| 99.5 +| 100 +| 96 + | 92.6 = .2
Methyl red:
S0 AENRE i A —or+| 13.3 = .3 -1 0 t+or—| 54| +or—| 75 —or+t+ 14
2250 . R aG R R g AT Lt ] el - 1] —or+ | 25 = 8.8
Voges-Proskauer: >
& ¥ i OB REME RS T +|91.1 +| 99.5 +| 100 +or—| 65| —or+ | 30.9 3+ 100
220 L SRR e e ALt i (el I B i e +| 99| +or—| 79.4 + | 100
Lysine
decarboxylase +197.2 > .5 +| 98.7 +]100| +or—| 82.4 & 99.8
Arginine
dihydrolase . ..... = .9 +| 96.5 -1 0 = 9 = 4.4 = 3
Ornithine
decarboxylase -1 0 +| 96 +| 98.7 + | 100 + | 98.5 99.8
Malonate . . .. ... .. +]92.5| +or—| 80.6 t+or—| 74.7 | tor—| 74 = 7.4 = 1.9
Mucate .. Tt ot an. +|92.8| +or-| 75.6 + 94.7 = 0 = 0 = 0
Urease .i.ovalc Siye e +]94.5| +or—| 64.7 =e52.7 = 3 d| 23.5 d 52.4
Gelatin 22C...... -| 3.3 (B 96) () or—| (77.3) - 0 + | 100 + 97.2
Motility ......... -1 0 +| 94.5 +| 97.3 +1 93 + 1 97.1 + 99.1
Growth on synthetic. . | +or(+)| 88.5 -1 0 -1 0 = 0| —or(+) | (20.3) - 0
alginate medium ... [..... [(150) (RSt M) RSN el e A s HURTomnsd bolectis) Mt ois Janes | e

1Index:

+, positive reaction within 1 or 2 days

(+), delayed reaction, 3 or more days
d, different biochemical reactions. In this table (only) the percentages given with the symbol ‘‘d’’ are based upon the
positive reactions obtained within 7 days of incubation

2When gas is formed from glucose by Serratia, the volumes are small (10% or less)
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Table 27.—Additional reactions of members of the tribe KLEBSIELLEAE on certain substrates!

Alpha methyl glucoside Erythritol Esculin
Species tgs(:;':d
+ (+) = + (+) + (+) =
3-7 3-7 3-7
K. pneumoniae:
acid:iia. sathisiis 95| 82(86)| 13(14) 0 O |4 TR, 95 94(99) 1(1) 0
gast hinn oo, 95| 82(86)| 11(12) Al Rl T Pt [ e B 92(97) |..... 3(3)
K. ozaenae:
acid s, it e, 53| 33 13 7. (Ve i s S e 53 42 3 8
gasTiwi i, iR 53 17 10 27 Oz gl iiln 53 22 4 27
K. rhinoschler-
omatis:
Yoh [ RN I Ak 22 (VB 2 i 22 (1S ] el e 22 21 1 0
BASI: ottt 22 (1 ] RSt 22 i) el i B 22 re | 22
E. cloacae:
acidnr = o 133| 112(84)| 17(13) 4(3) s W s 133 39(29) [..... 94(71)
BAS ki s dereia e 133] 106(80)] 13(10)] 14(10) | ... . e eeveuu]eveunnn 3U2B) Tl 96(72)
E. aerogenes:
T s e 49| 47 1 1 () ] R 49 48 1 0
gasiaic STl 49| 46 2 It e e R R S e 48 1 0
E. alvei:
acid:37°Ca. mi oA 100 0. Rl 100 Vet s 100 6 2 92
gas:37 G vl V00 s P | s e e s 5 2 93
acid:22:C v ol vi 100 [ Ee e 100 s B T 100 2 10 88
gas:i22:C=" v, S50 1 (00} Bl ey o A SO A ES sl S Bt BOR ety i nt o 2 10 88
Serratia marcescens:
acidtr fic, s et 464 4(.9) 3(.6) | 457(98.5)| 8(1.7)| 106(22.8)| 350(75.5) | 331(71.3)| 1(.2) |132(28.5)
gaST Tt e e 464 0% =lawdes 464 05 i g sl 464 0Fmapl e oty 464
lSee table 19 for reactions given by E. liquefaciens.
N.B., numerals in parentheses are percentages of numbers tested
Table 28.—Biochemical tests of value in the differentiation of species and subspecies of
Klebsielleae that give or may give negative Voges-Proskauer reactions
K. rhino- S. marces-
K. ozaenae schlero- E. alvei E. liquefaciens cens, subsp.
T matis kiliensis
est or substrate
Index! %+ Index! Index! %t Index! %t Index!
Methyl red:
G e s e S te s alaet + 99 + + or — 54 + or — 75 +
D S e . o o | s - 1 —or+ 33 +
Voges-Proskauer:
Rl eE R e e e SR s - 0 - +or— | 65 —or+ | 31 =
2GRt e e, S | e R e e s e e Ve + 99 + or — 79 =
Citrate (Simmons'): 37C ... .. d 31(31) - | () or— | (58)2 + | 91(7) d
Motility: v s e = 0 - + | 93 d | 79(18)° d
Gelatin: =22C e aiies o e = 0 - = 0 + 98(2) + or (4)
Lysine decarboxylase:
I s e e e e —or+t+ 49 = + | 100 + or — 82 + or —
DDA A T b b P B T L S oL | e e | e + | 100 F= | 005 2l T
Arginine dihydrolase:
S S s et = 6 = - 9 - 4 -
P Ol oty S B R et o 1 A T e ] A S e Farr A e e) [y 2 v i = 5 - (Vo P e S s

(See footnotes at end of table)



Table 28.—Biochemical tests of value in the differentiation of species and subspecies of

Klebsielleae that give or may give negative Voges-Proskauer reactions —Continued

K. rhino- S. marces-
K. ozaenae schlero- E. alvei E. liquefaciens |cens, subsp.
matis kiliensis
Test or substrate
Index! %+ Index! Index! %+ Index! %t Index!
Omithine decarbosylase:

b il O e S S e e = 2 - + | 100 + | 98 +
220 pas BTl o S e Lkl hia BT Seaen! [ER e el + | 100 LENR 00 e e
Gas from glucose . . . ....... d | 68(3) = + | 100 + | 94(2) —or+
Lactose: & i iie s T e o d 24(71) H)or—| —or(+) | (23) d 2(29)® (+) or —
SUCTOSe (S aites sty A srate Ty s d 16(18) + or (4) d 73 + | 100 +or (4)

Adonitol:

acidinEiE meriiorn el e + 1 99(1) + = 0 d 9(3) d

BBR v, SESANERRCT. S, d 59(2) = - 0 - 2@ D ] LS e MR
Inositol:

ACIA s o0 0 s T ALl et s d 60(21) + or (+) . 0 + | 97(2) d

ARG et el st d 28(8) = = 0 d 2(22) =
Cellobiose:

ACLAT % oo s s e e o Ty + | 98 + d 76(16) d 27(44) d

BASE: . i et tor—| 71 = d | 67(22) d 6(34) =
Glycerol:

QCTA Teihosei e isae 5ol i tiokre L ERSEST T 8 i d 69(21) + + | 100 + 98(2) + or (4)

BASE L Bl G s o e d 31(24) = + 95(5) d 46(38) =
Sorbitol s i ft G s e d 78(10) + - 0 + | 97 +
Arabinose it 18 ole o el s ol + | 100 + + | 96 + | 95 =
Raffinose s o v ams d | 88(2 + or (+) - 0 d | 87(3)® =
RhAMNOSE i ar s ot s, o oiint siiolia berth d| 63(8) + or () + | 93(7) = 0 =
Alpha methyl glucoside . . . ... d | 62(25) = = 0 —or+ | 22b e
Esculin:

acid s e e, B d | 79(6) +or (+) - 6(2) d | 75(2) + or —

QA8 ISR, ST S ) d 42(8) - - 5(2) d 75(2) =
Malonate .. ... %o eeeon - 6 + or — + or — 74 = 7 -
Mucate  #5 i B e de e m et o —-or+ 26 - - 0 = 0 -
Organic acids?:

citrate s s RER SR —or+ 18 = + 29 + or — 64.7 +

Drtartrate is. &t el sy —or+ 39 - - 0 —-or+ 22 —or+%
Lipases:

corn oil:

b 74 0 S M e G = 0 - - 0 d | 86(9) +
22C sk el SRl Ly o - Qe S o = 0 4| 5082 kil A S A

Triacetin v s il e i Joa e = 0 - - 0 d 19b —or+

Bigment i oot Sekeat o ol - 0 = = 0 = 0 —or +

N.B. Numerals indicate percentages of positive reactions that occurred within 1 or 2 days.

percentages of delayed positive (3 or more days) reactions.

Undex:

+, positive reaction within 1 or 2 days
), delayed positive (3 or more days)

=, negative test

+ or—, majority of cultures positive, some strains negative

d, different biochemical reactions

w, weakly positive

2Method of Kauffmann and Petersen, 1956,
8When incubated at 22 C, 82% of E. alvei (Hafnia) cultures gave positive reactions on Simmons' citrate medium.

bWhen incubated at 22 C, 100% of E. liquefaciens strains were motile, 91.9% fermented lactose (88.7% in 1 to 14 days), 90.9%
fermented raffinose, 35% hydrolysed triacetin, and 38% fermented alpha methyl glucoside rapidly and 58% produced acid from it

in 3 or more days of incubation.

ort, majority of strains negative, some cultures positive
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