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An evaluation of three methods of typing organisms
of the genus Proteus
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SYNOPSIS An assessment of three simple methods of typing Proteus strains is described. The methods
chosen were biochemical typing, bacteriocine typing, and typing by means ofthe Dienes phenomenon.
Dienes typing was deemed to be superior to biochemical typing and bacteriocine typing.
A brief discussion on the relationship between the Dienes phenomenon and bacteriocine production

is appended.

Proteus infections in hospital practice may present a
therapeutic problem, since Proteus species readily
develop resistance to antibiotics (Carpenter, 1964).
The extent to which Proteus cross-infection occurs is
hard to assess, and in evaluating this problem diffi-
culty arises because the infection may be exogenous
or endogenous; since it is impossible to distinguish
between these two routes of infection this problem
must remain unsolved until a suitably simple and
accurate tyDing system is made available.

Several methods have been used: serology
(Belyavin, Miles, and Miles, 1951; Krikler, 1953;
Nestoresco, Popovici, Racovitai, Dimitriu,
Floresco, Mermezan, Filipesco, Thomas, and
Dragan, 1963), biochemistry (Kippax, 1957; Huang,
1966), Dienes typing (Krikler, 1953; Story, 1954;
De Louvois, 1969; Skirrow, 1969). Bacteriocine
typing (Cradock-Watson, 1965) and bacteriophage
typing in conjunction with biochemistry (France
and Markham, 1966) have all been employed.
We wished to select a method suitable for a diag-

nostic laboratory rather than a reference laboratory,
and accordingly chose the simplest of the available
methods for study. For this reason, serology and
bacteriophage typing were excluded as being too
cumbersome for such a purpose. The remaining
methods-biochemistry Dienes typing, and bacterio-
phage typing-were selected for evaluation. It was
thought that these methcds were particularly
suitable, as they required only simpleequipment and
were not time-consuming.
'Present address: Sectoral Bacteriological Laboratory, Victoria
Infirmary, Langside, Glasgow, S2.
Received for publication 9 June 1971.

Materials and Methods

STRAINS OF BACTERIA
One hundred and fifty Proteus isolates were
obtained from clinical specimens over a six-month
period. Of these 75 were random isolates and the
remainder were selected from two units in the
hospital where cross infection was thought to be
occurring. These were the Burns Unit and the
Urology Department.
Where more than one isolate was made from an

individual patient only the original one was examined,
any other isolates being excluded from the investiga-
tion.

IDENTIFICATION OF SPECIES AND BIOCHEMICAL
TYPING
Cultures were screened for urease production
(Christensen's medium) and phenylalanine deaminase
production (phenylalanine agar slopes), and, in
addition, species identification of 83 strains was
carried out.
For species identification five further tests were

used. These were indole production, hydrogen
sulphide production, gelatin liquefaction, and
fermentation of maltose and mannitol. For these
reactions the multitest media of Huang (1966) were
employed. Proteus vulgaris (NCTC 4363), Proteus
mirabilis (NCTC 5887), Proteus rettgeri (NCTC
7475), and Proteus morganii (NCTC 235) were used
as controls. These were obtained from the National
Collection of Type Cultures, Central Public Health
Laboratory, Colindale, London, NW9.
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TYPING BY THE DIENES PHENOMENON
The medium used was nutrient agar (Oxoid columbia
agar base), an agar concentration of 1 % being found
to be most satisfactory. The inocula were six-hour
Hartley's digest broth cultures. One loopful of each
of three cultures was placed on a nutrient agar plate,
these inocula being kept as far apart as possible. Of
these three cultures, one was an unknown test strain,
and the others were two cultures which were known
to be dissimilar and which would give a positive
Dienes reaction. The plates were incubated over-
night at 370 C, and then examined for the presence
of demarcation lines, using a bright light and against
a dark background.

BACTERIOCINE TYPING

The method was that of Cradock-Watson (1965) and
the medium was Oxoid CM7 MacConkey agar. The
results were read according to the criteria of Abbott
and Shannon (1958). Attempts to assay the potency
of the bacteriocines detected were made, using both
the method of McGeachie (1965) and also that of
Osman (1965). For the method of McGeachie, the
recommended medium and, in addition, Oxoid CM7
MacConkey agar, were used, since it was known that
the composition of medium has a marked effect on

bacteriocine yield (McGeachie and McCormick,
1963).

and 13 (17-1o%) to biotype 2 of the France and
Markham scheme. No members of biotypes 3 or 4
were found.

DIENES TYPING

The Dienes reaction is negative when the 'haloes' of
spreading colonies merge imperceptibly and positive
when a narrow zone of inhibition can be seen where
they meet. Dissimilar cultures give a positive Dienes
reaction and the negative reaction is the ieaction of
identity. The results were interpreted accordingly.

Using this method, 100 isolates were divided into
27 types, of which seven were the most common.

These seven types formed the Dienes panel, and a

total of 150 isolates was tested against this panel. The
results of Dienes typing are shown in Tables I and II.

It can be seen that there was evidence of cross infec-
tion in both the Burns Unit and the Urology Depart-
ment.

Randomn Strains Selected Strains

Burns Unit Urology Dept.

Total number
of strains 75 22 53
Number typable 16 17 28
Percentage
typable 21 77 53

Table I Results of Dienes typing
Results

BIOCHEMISTRY

Eighty-three isolates were subjected to biochemical
typing. Of these, 76 (91 5 %) were identified as

Proteus mirabilis, three (3 6%.) as Proteus vulgaris,
three (3 -6%) as Proteus morganii, and one (1 2%) as

Proteus rettgeri.
For practical purposes, therefore the problem

consisted of the subdivision of the 76 isolates
identified as Proteus mirabilis. These were divided
into biotypes, 63 (82 9%) conforming to biotype 1

BACTERIOCINE TYPING

One hundred isolates were tested; the indicator
strains of the Cradock-Watson typing system were
used to detect bacteriocine production. None of the
isolates was typable by this method. Only six pro-
duced bacteriocines active against the Cradock-
Watson indicator panel, and these gave patterns not
recognizable as those of any known type.

It was felt that the results of bacteriocine typing
might be improved if an indicator panel composed
of locally isolated strainswas employed.The group of

Type Random Strains Selected Strains

Burns Unit Urology Department

No. % No. No. %

1 9 12 (12) 1 5 (4-54) 5 9 (9-43)
4 - - 1 5 (4-54) 5 9 (9*43)

29 - - - 5 9 (9 43)
34 1 1 (1 33) 1 5 (4 54) 7 13 (13-20)
62 4 5 (5*33) - - 3 6 (5 66)
IA 2 3 (2-66) 13 59 (59 09) 3 6 (5*66)
4A - - 1 5 (4-54) - -

N.T. 59 79 (78 66) 5 23 (22 72) 25 47 (47 17)

Total 75 22 53

Table II Distribution of types among Dienes typable strains
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100 isolates subjected to bacteriocine typing had
already been divided by Dienes typing into 27 types.
These 27 types were now employed as indicators for
the 100 random isolates in bacteriocine typing. It
was found that 19 of the 100 isolates produced
bacteriocines active against a member or members of
this panel. Eight producei patterns were obtained,
and designated types 1-8. Of these, 11 were type 1,
two type 7, and the rest one each of the remaining
types. The 11 type 1 strains were distributed at
random in the hospital.

Discussion

In the selection of a Proteus typing method for
routine use, it was felt that biochemical typing had
failed to provide sufficient differentiation of strains
to be useful for epidemiological purposes.
The Dienes method has the advantage that pre-

viously unrecognized types can be identified as being
similar. However, the method may give rise to prob-
lems in practice; strains sometimes enter a non-
swarming phase, known as the 'B' phase (Belyavin,
1951). If, therefore, two Proteus strains are subjected
to the Dienes method of typing the swarming growth
of one strain may obscure the fact that the second
strain is in the non-swarming 'B' phase, and the two
organisms may be wrongly regarded as being identi-
cal. The method employed in this study was an
attempt to avoid this pitfall by incorporating two
strains known to give a positive Dienes reaction, to
act as a control in each test. This avoids any fallacy
in the interpretation of the test, but the occasional
appearance of the 'B' phase in test strains may cause
difficulty in practice.
A source of error which may occur in the stroke

plate method of bacteriocine typing has been pointed
out by McGeachie and McCormick (1967). These
authors advocate extraction of bacteriocine, lest
weak bacteriocine production should be missed. We
were not successful in preparing extracts from our
strains and so were unable to assess the bacteriocine
typing of B. proteus by this method. This is unfortu-
nate, since it may be that the disappointing bacterio-
cine typing results which we obtained were due to
weak, undetected bacteriocine production.
None of our strains was typable by the Cradock-

Watson indicator panel. This, coupled with the fact
that a relatively large number of Dienes types was
found, might indicate that a considerable variety of
types of B. proteus exist. Consequently, it might be
umeasonable to expect that a typing method suitable
for use in one area would be applicable in another
epidemiological situation. We believe, therefore,
that at present Dienes typing provides the most
4

satisfactory method of Proteus typing, since it is one
which can be applied to any group of isolates.
A consideration of the relationship between bac-

teriocine production and the Dienes phenomenon is
also pertinent. The original observations of Dienes
on the phenomenon which bears his name were made
during a study on reproductive processes in Proteus
cultures (Dienes, 1946, 1947). It appeared to Dienes
that his findings could be attributed to an unusual
reproductive process in Proteus strains. Subsequently,
Krikler (1953) showed that the Dienes phenomenon
could be related to the H antigen composition of
strains of B. proteus. This work, however, merely
reflects a correlation between two methods of typing
Proteus isolates, and cannot be considered to provide
an explanation of the phenomenon. Another possi-
bility is that the Dienes phenomenon is due to
bacteriocine production. If this were the case, each
type could be expected to produce bacteriocines
active against all other Dienes types. This prediction
was not fulfilled in our study. Though it is true that
failure to demonstiate bacteriocine production may
have been a reflection of weak bacteriocine potency,
the results obtained cannot be considered to confirm
the hypothesis that the Dienes phenomenon might
be due to bacteriocine activity.

Our thanks are due to Dr J. C. J. Ives for his interest
and encouragement and we are most grateful to Dr
J. E. Cradock-Watson, Public Health Laboratory,
Withington Hospital, Manchester, who very kindly
supplied indicator strains and details of the
bacteriocine typing system. We also wish to thank
the Director of the National Collection of Type
Cultures for providing the type strains of Proteus.
Requests for reprints should be addressed to Dr
E. J. Thomson, Department of Bacteriology, Royal
Infirmary, Glasgow, C4.
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