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Table 1 Hydrolysis of aesculin and fermentation of inositol by 756 isolates of Gram-negative bacilli
Total Hydrolysis of aesculin! Fermentation of inositol*
of 4 Hours 16 Hours 16 Hours
- ++ o+t - ++ +++ - + ++ e+

Klebsiella aerogenes/oxytoca/

atlantae[edwardsii 202 60 142 0 0 0 202 1 7 18 176
K. pneumoniae 15 11 4 0 0 0 15 6 8 1 0
K. ozaenae 12 7 5 0 0 1 11 2 4 6 0
K. rhinoscleromatis 4 0 4 0 0 0 4 0 2 2 0
Enterobacter aerogenes 16 10 6 0 0 3 13 0 2 1 13
Enterobacter|Serratia® 33 20 13 0 0 4 29 17 8 7 1
Proteus mirabilis 56 56 0 0 56 0 0 56 0 0 0
P. vulgaris 5 5 0 0 2 3 0 5 0 0 0
P. morganii 11 11 0 0 10 1 0 8 3 0 0
P. retigeri 20 20 V] V] 15 3 2 4 2 3 11
Escherichia coli 316 316 0 o0 302 10 4 300 15 1 0
Citrobacter spp. 44 44 0 0 41 3 0 41 2 1 0
Providencia spp. 3 3 0 0 3 0 0 2 0 1 0
Pseudomonas aeruginosa 22 22 0 0 19 3 0 22 0 0 0

1Hydrolysis of aesculin was recorded as (—) no hydrolysis, (+ +) clear zone of colour change due to hydrolysis, (+ + +) complete change

within inoculation compartment.

2Fermentation of inositol was recorded as (—) no fermentation, (+) indicator change along line of stab inoculation, (+ +) clear zone of indicator
colour change, (+ + +) complete indicator change within individual inoculation compartment.

3Isolates include Enterobacter spp. and Serratia spp. other than Enterobacter aerogenes.

NB Apart from Klebsielleae only five isolates, all Proteus rettgeri, gave a positive reaction on both substrates.

incubation, and aesculin hydrolysis of all Klebsiel-
leae, excepting one, resulted in a complete colour
change within the inoculation compartment after 16
hours’ incubation.

No isolates of non-Klebsielleae exhibited any
hydrolysis of the substrate after four hours’ incuba-
tion. Although 27 (5:6%) of non-Klebsielleae iso-
lates screened showed detectable hydrolysis of
aesculin after 16 hours, hydrolysis by only six
isolates resulted in a complete colour change within
the inoculation compartment. Indeed, with the ex-
ception of four isolates of E. coli and two isolates of
P. rettgeri, aesculin hydrolysis by non-Klebsielleae
was restricted to the vicinity of bacterial growth on
the surface of inoculation.

Inoculation with dilutions, prepared from the
original peptone water, demonstrated that reduction
of inocula of Klebsielleae, from 107 viable organisms
per ml to 102 viable organisms per ml, did not re-
sult in diminution in aesculin hydrolysis within 16-
hour incubations. Similar dilutions of inocula of
non-Klebsielleae resulted only in a change in
aesculin hydrolysis of Pseudomonas spp where a
distinct reduction in activity was noted.

FERMENTATION OF INOSITOL

A semiquantitative determination of inositol fer-
mentation by Gram-negative bacilli in an inositol-
hydrogen sulphide-motility medium was under-
taken. As previously described (Barr and Mahood,
1976), and as indicated in Table 1, Klebsielleae could
be divided into two groups on the basis of rate of
inositol fermentation. K. aerogenes/oxytoca/atlantae/

edwardsii and Enterobacter aerogenes were normally
rapid fermenters while K. pneumoniae, K. ozaenae,
K. rhinoscleromatis, and Enterobacter|Serratia, other
than Enterobacter aerogenes, were frequently slow or
non-fermenters of inositol (Table 1).

Among non-Klebsielleae, 39 isolates (8:1%)
fermented inositol under the experimental condi-
tions described. Eleven of 20 isolates of P. rettgeri
gave a strong fermentation reaction comparable to
that shown by the majority of the K. aerogenes/
oxytocalatlantaeledwardsii and Enterobacter aero-
genes group. Inositol fermentation by other non-
Klebsielleae, including 15 isolates of E. coli, was re-
corded as weak.

COMPLEMENTARY VALUE OF AESCULIN
HYDROLYSIS AND INOSITOL-HYDROGEN
SULPHIDE-MOTILITY MEDIA
It has been shown here (Table 1) that during routine
screening of Gram-negative bacilli, inositol fermen-
tation by a considerable number of Klebsielleae was
weak or absent. Difficulties in differentiation of
Klebsielleae on this basis from other Enterobacteri-
aceae was compounded by the ability of many
strains of P. rettgeri to ferment inositol strongly and
the demonstration of weak inositol fermentation,
particularly by other Proteus isolates and by E. coli.
- The evidence presented demonstrates that Kleb-
siella spp and Enterobacter aerogenes could not be
distinguished as a group on the basis of a semi-
quantitation of inositol fermentation alone.
However, all strains of Klebsielleae examined,
excepting one, showed a similar rapid hydrolysis of
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Table_ 2 Tygt:cal test reaction patterns, given by rapid aesculin hydrolysing (+ + +) isolates, on inositol-hydrogen
sulphide-motility and potassium cyanide medium: percentage isolates of each species giving particular reactions

are quoted

Fermentation of inositol* Motility* Growth on  Organisms® % Isolates with
- + F + o+ KCN agar reaction pattern

+ - + Kilebsiella aerogenes, etc. (202)* 82-1

K. aerogenes, etc. (202) 89

+ - + K. ozaenae an 54-5

K. rhinoscleromatis “4) 50-0

K. aerogenes, etc. (202) 34

+ - + K. ozaenae an 272

K. rhinoscleromatis (C))] 50-0

+ _ + K. aerogenes, etc. (202) 0-5

K. ozaenae 1n 182

Enterobacter aerogenes (13) 92-3

+ + + Enterobacter|Serratia (29) 34

Proteus rettgeri @) 100-0

+ + + Enterobacter aerogenes 13) 77

Enterobacter|Serratia 29 24-1

+ + + Enterobacter|Serratia (29) 272

+ + + Enterobacter|Serratia 29 44-8

+ - - K. pneumoniae 15 66

+ - - K. pneumoniae (15) 533

+ - - K. pneumoniae 15) 40-1

+ + - Escherichia coli @) 100-0

!Fermentation of inositol was recorded as (—) no fer

h

or colour along line of stab inoculation, (+ +) clear zone of

+
indicator colour change, (+ + +) complete indicator change within individual inoculation compartment.
$Motility was recorded after 16 hours and after 40 hours’ incubation. Motility recorded as (+) indicates motility in majority of isolates.

3Total number of isolates of each species examined (bracketed).

lod:

e

4Klebsiella aer etc. includes K. aer Joxy

aesculin which readily differentiated them as a group
from other Enterobacteriaceae. Only six of 477 other
isolates showed a comparable activity.

The results suggested that the use of these two
media in parallel could be utilised in the differentia-
tion of Klebsielleae and in the presumptive identifi-
cation of particular species within that group. Among
non-Klebsielleae investigated, only five isolates, all
P. rettgeri, gave a positive reaction in both aesculin
and inositol media.

An analysis of the results obtained for aesculin
hydrolysis, inositol fermentation, and motility is
summarised in Table 2. Growth in KCN medium
was subsequently added to this biochemical test
sequence to enable the differentiation of K. preu-
moniae (Friedlander’s bacillus) from other Klebsiella
spp.

Since all excepting one Klebsielleae isolate in-
vestigated demonstrated evidence of rapid aesculin
hydrolysis during 16-hour incubations, only strains
showing strong aesculin hydrolysis have been in-
cluded in Table 2. No isolate giving rapid aesculin
hydrolysis was shown to produce hydrogen sul-
phide in the inositol-hydrogen sulphide-motility
medium. The results clearly demonstrate that the
complementary use of these two test media would be
of value in the presumptive identification and differ-
entiation of Klebsielleae.

With the use of aesculin alone, six isolates only
were encountered which gave rapid hydrolysis

eawarasii.

typical of Klebsielleae. With the use of an inositol
screening medium alone a much larger number of
non-Klebsielleae (39) was encountered, the majority
being differentiated from Klebsiella spp on the basis
of motility. Only two isolates of P. morganii could be
differentiated from motile Klebsielleae on the basis
of hydrogen sulphide production, and no inositol-
fermenting isolate of P. rettgeri, 16 in number,
produced hydrogen sulphide in the inositol-hydrogen
sulphide-motility medium.

The use of the inositol medium in parallel did,
however, allow a presumptive differentiation among
the Klebsielleae to be made. The non-motile rapid
inositol-fermenting species K. aerogenes/oxytoca/
atlantae/edwardsii are differentiated particularly from
K. pneumoniae and K. ozaenae, and among the motile
Klebsielleae, Enterobacter aerogenes is differentiated
from other Enterobacter spp and Serratia spp.

The utilisation of these two test media, and KCN
agar medium, in parallel may enable the diagnostic
bacteriologist to detect significant differences among
isolates of Klebsielleae before embarking on exten-
sive biochemical testing.

VALUE OF AESCULIN AND INOSITOL-MOTILITY
MEDIA IN BIOCHEMICAL TESTING SCHEMES
FOR DIFFERENTIATION OF
ENTEROBACTERIACEAE

In this laboratory a modification of the scheme of
Chadwick et al. (1974) has been adopted with
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success, particularly in the identification of Gram-
negative bacterial urinary tract infections. The
scheme incorporates indole production, phenyl-
alanine deaminase activity, ornithine decarboxylase
activity, aesculin hydrolysis, inositol fermentation,
and growth on xylose-lysine-deoxycholate agar.
Within this scheme, however, inositol has been
maintained in a motility agar medium, and a KCN
agar medium has been introduced. The latter
medium enabled differentiation of K. pneumoniae
from other Klebsielleae and contributed to the
differentiation between other genera.

In this scheme the evaluation of ornithine de-
carboxylase activity enables the differentiation of
Klebsiella spp from other Klebsielleae and over-
comes the need for dependence on demonstration of
organism motility. This is clearly an advantage,
because of the intrinsic difficulty in predictably
demonstrating motility in agar in some 16-hour in-
cubations and in view of the prevalence among
hospital Enterobacteriaceae of non-motile isolates
of Serratia spp and Enterobacter spp (Oberhofer and
Hajkowski, 1970).

By adopting this scheme, E. coli and P. rettgeri,
which in a simple aesculin-inositol-motility screening
regimen could be mistaken for Klebsielleae, are
adequately differentiated. P. rettgeri is differentiated
on the basis of phenylalanine deaminase activity.
Rapid aesculin hydrolysing isolates of E. coli which,
in the simple scheme, could not be differentiated
from K. pneumoniae, except in the presence of an
adequate demonstration of motility, are clearly
separated on the basis of indole production. As far
as we are aware, no reports of indole-positive K.
pneumoniae have been noted, although indole-
positive isolates of other Klebsielleae are frequently
encountered (Rosner, 1970; Davis and Matsen,
1974). The rapid recognition of K. pneumoniae may
be of special value, particularly if the widely held
view that this species is potentially the most patho-
genic Klebsiella spp was upheld.

In this laboratory, a compromise has been
reached between the use of the simple biochemical
testing scheme described and the more extensive
biochemical identification screen. When staff are
available during weekdays the complete range of
tests are carried out and isolates are reported at

genus or species level at the same time as antibiotic
sensitivity reports are made.

At weekends, or other periods of staff shortage,
only aesculin and inositol media are utilised. Al-
though the limitations of this practice are noted, the
system allows, in the majority of cases, the accurate
reporting of isolates as Klebsiella spp, Proteus spp, or
coliform species. For epidemiological studies, iso-
lates examined and reported by the limited range of
tests can be stored and identified at a later date.

We are grateful to Mrs W. Booth for preparation of
this text and to Mr W. Dillon, Mr H. Walker, and
Mr K. Curry for valuable assistance.
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