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In this paper, we describe a reduced sequence of identification that includes T-mod medium, a selective and
differential isolation medium which allows accurate presumptive identification of the most common gram-

negative bacteria encountered in urine samples. The present study, performed on bacteria isolated from 1,762
independent urine samples, has shown that a few selected tests (lysine and ornithine decarboxylase, urease and
trehalose fermentation tests) improve the identification accuracy of T-mod, making it possible both to identify
the less frequent species and to prevent some misidentifications of Klebsiella pneumoniae and Proteus mirabilis.
The proposed work flow agreed with conventional identification protocols to a 99.3% extent and allowed
identification of 87.4% of the isolates directly from the primary plate, 11.4% after 1 to 3 additional tests, and
1.2% after an identification gallery.

In a previous paper, we described a new selective and
differential plating medium (T-mod) which yielded good
results in the screening of the main gram-negative urinary
tract pathogens (11). Although T-mod medium enabled us to
differentiate the more frequent pathogens, the identification
percentage for Proteus mirabilis and Klebsiella pneumoniae
was not higher than about 80%. Some strains belonging to
other species of the Proteeae tribe, indeed, were misidenti-
fied as P. mirabilis because of a falsely negative indole spot
test on T-mod. Moreover, the reaction pattern of K. pneu-

moniae on this medium can be shared by some Enterobacter
cloacae and Serratia marcescens strains. Both these species
are infrequently recovered in outpatient populations, but
their frequency increases when inpatient populations are
considered.
To improve the identification accuracy, therefore, we

have selected some biochemical tests in order to devise a

reduced sequence of identification. The aims of our study
were (i) to increase, with a few additional tests, the agree-

ment percentage of identification as far as the main species
are concerned; (ii) to make possible the identification, at the
species level, of other gram-negative urinary tract patho-
gens, especially those which are recovered from inpatient
populations; and (iii) to lower the costs without a substantial
loss of accuracy.
A comparative evaluation with the practical work flow

devised by Trepeta and Edberg (12) has also been per-
formed.

MATERIALS AND METHODS

Urine samples. A total of 1,762 independent urine speci-
mens, submitted to our laboratory from both inpatient and
outpatient populations, was studied. Out of these, 1,266
were collected with the midstream clean-catch technique
and 496 were collected by catheterization. The specimens
arrived in the laboratory within 2 h of collection. After
arrival and accessioning, the samples were refrigerated until
being processed (no more than 3 h).
Media. T-mod medium (Italian patent no. 47512A/87,

Consiglio Nazionale delle Ricerche, January 1987), which
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combines ,-glucuronidase, adonitol, and phenylalanine
deaminase tests and makes possible the performance of
indole and cytochrome oxidase spot tests directly from the
selective plate, was prepared as previously described (11).
Methylumbelliferyl-p-D-glucuronide medium (FGM), which
allows the detection of lactose fermentation and ,B-glucuron-
idase activity, was prepared by adding 150 mg of methylum-
belliferyl-p-D-glucuronide (Sigma Chemical Co., St. Louis,
Mo.) to MacConkey agar (Difco Laboratories, Detroit,
Mich.), by the method of Trepeta and Edberg (12). Urea agar
base was obtained from Difco; it was prepared according to
the instructions of the manufacturer, and the results were

read after 4 to 6 h. Lysine and ornithine decarboxylase tests
were performed by using Decarboxylase base Moeller
(Difco) with 5% agar plus 1% L-lysine or 1% L-ornithine, and
the trehalose fermentation test was performed by using the
standard method (10). The results of lysine, ornithine decar-
boxylase, and trehalose fermentation tests were read after 18
to 24 h. The ,-glucuronidase activity was detected, on
T-mod and FGM plates, by the production of blue, fluores-
cent, isolated colonies under a 366-nm UV light lamp (12).
The oxidase test was done with oxidase sticks (Oxoid Ltd.,
Basingstoke, Hampshire, United Kingdom) by following the
instructions of the manufacturer. The indole test was done as

a spot test (13); whenever a negative indole spot test
occurred with a Proteus, Morganella, or Providencia isolate
from T-mod (11), provided that it was recovered in pure
culture, the T-mod plate was gently washed with sterile
saline and a small amount (about 1 ml) of this suspension was
tested with Kovacs reagent (0.5 ml) in a tube. 2-Aminoace-
tophenone production was detected by the method of Cox
and Parker (2). API Rapid E was obtained from API Systems
S.A. (La Balme Les Grottes, Montalieu Vercieau, France).
Specimen processing. A 0.01-ml volume of the well-mixed,

unspun urine samples was streaked onto blood agar, Mac-
Conkey, FGM, and T-mod plates. After an overnight incu-
bation at 35°C, the plates were observed for growth, and if it
was not present, they were reincubated and examined at 48
h.
Blood agar plates were used for CFU counts and to

perform indole and oxidase tests, if necessary. All the
gram-negative isolates grown on MacConkey and blood agar
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FIG. 1. T-mod work flow. Symbols: , test performed directly from the T-mod plate; O, additional tube test or commercial rapid
identification gallery; Fluor, fluorescence detection under a 366-nm-light lamp; Ind, indole spot test; CO, oxidase test; LD, lysine
decarboxylase test; OD, ornithine decarboxylase test; U, urease test; TR, trehalose fermentation test; Y, yes; N, no; +, positive; -, negative;
v, variable.

were identified according to the criteria of Farmer and
colleagues (3) and of Palleroni (9), by using standardized
procedures (5, 10).
The gram-negative organisms grown on FGM were proc-

essed according to the identification protocol devised by
Trepeta and Edberg (12) (FGM pathway). Lactose fermen-
tation and ,-glucuronidase activity were detected directly on
the FGM plate; oxidase and indole tests were performed as
spot tests from the companion blood agar plate. The lactose-
positive,"-glucuronidase-positive, indole-positive, and oxi-
dase-negative isolates were considered Escherichia coli.
Oxidase-negative organisms that scored negative for at least
one of the other three tests were identified by using a 4-h
commercial identification system (API Rapid E). Oxidase-
positive isolates were tested for 2-aminoacetophenone pro-
duction (2), and if they were positive, they were identified as
Pseudomonas aeruginosa; if they were negative, they were
identified by conventional means (9).
Gram-negative bacterial isolates grown on T-mod medium

were processed and identified according to our pathway
(T-mod pathway) as shown in Fig. 1.

Cost analysis. The costs of T-mod and FGM media per
plate were calculated by using the 1987 Difco and Sigma
price lists at the maximum volume discount. The cost of a
T-mod plate medium was based on that of the in-house-made
medium; the cost of FGM was derived from the cost of
commercially available MacConkey (Difco) plus that of
4-methylumbelliferyl-,3-D-glucuronide (Sigma). The costs of
the API Rapid E gallery, the oxidase stick, lysine and
ornithine decarboxylase media (Decarboxylase base Moeller
with 5% agar plus 1% L-lysine or L-ornithine), the urease
tube test (Urea Agar Base plus chemical urea), and the
trehalose fermentation tube (peptonized water with An-
drade's indicator plus 1% trehalose) were derived from 1987
API System, Oxoid, Difco, and Sigma price lists at the
maximum volume discount. The costs of the identification to

species level of the tested isolates were calculated by adding
to the cost of the primary plate the costs of the required
additional tests, when necessary. For example, for the costs
of identifying a Providencia rettgeri isolate by using the
T-mod pathway, the costs of the urease, ornithine decarbox-
ylase, and trehalose tests were added to the cost of the
T-mod plate.

RESULTS

Unless specifically requested by clinicians, only urine
samples with 105 CFU/ml or more were considered for
processing.
Out of the 1,762 examined urine samples, 642 had >105

CFU/ml and 7, for which counts had been requested, had
between 103 and 104 CFU/ml. Therefore, there were 649
processed samples. Of these, 371 (57.2%) gave rise to the
growth of a single gram-negative strain; 63 (9.7%) had a
gram-negative and a gram-positive strain; 68 (10.4%) had
two different gram-negative strains; 125 (19.3%) had only a
gram-positive strain; and 22 (3.4%) had yeasts. The gram-
negative isolates totaled 570 (Table 1), and all were recov-
ered on MacConkey, FGM, and T-mod plates.

Using the proposed T-mod pathway (Fig. 1), we scored
99.3% (566 out of the 570 examined strains) agreement with
standard identification protocols (3, 9) (Table 1). The incon-
sistencies (0.7%) included three Pseudomonas putida strains
that were identified as P. aeruginosa and one Enterobacter
agglomerans isolate that was identified as Citrobacter fre-
undii.
Among the few Providencia isolates (Table 1), three

strains (one Providencia rettgeri and two Providencia stuar-
tii isolates) gave an apparent negative indole spot test on
T-mod whereas they were positive when tested on blood
agar plates.
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TABLE 1. Results with 570 gram-negative strains, isolated
from the infected urine samples, by using

the T-mod pathway

No. of Mis-
Organism correctly identifi- Reason for

(no. of isolates) identified cation misidentification
isolates (no.)b

Escherichia coli 402
(402)

Proteus mirabilis 42
(42)

Pseudomonas 55
aeruginosa (55)

Pseudomonas P. aerugi- P. putida is not includ-
putida (3) nosa (3) ed in our key

Providencia 3c
rettgeri (3)

Providencia stu- Y
artii (3)

Klebsiella pneu- 21
moniae (21)

Enterobacter clo- 15
acae (15)

Citrobacter fre- 10
undii (10)

Serratia marces- 8
cens (8)

Klebsiella oxy- 3
toca (3)

Morganella mor- 3
ganii (3)

Citrobacter diver- 1
sus (1)

Enterobacter ag- C. freundii Enterobacter agglome-
glomerans (1) (1) rans is not included

in our key

aPercent correctly identified, 99.3%.
b Percent misidentified, 0.7%.
C Two Providencia stuartii and one Providencia rettgeri isolate could have

been misidentified as Proteus mirabilis, according to the indole spot test. They
were correctly identified by following the technique described in the text (see
Materials and Methods).

The calculated costs of the single components used in the
two pathways are reported in Table 2.

Table 3 summarizes the efficiency and the related costs for
the identifications yielded by using both the studied path-
ways.
Out of the 495 strains directly identified from the T-mod

plate, 395 were E. coli, 55 were P. aeruginosa, 42 were
Proteus mirabilis, and the remaining 3 strains were the
above-mentioned P. putida. Out of the 68 isolates that were
identified after one to three tests, 3 were Morganella mor-
ganii, 3 were Providencia rettgeri, 3 were Providencia
stuartii, 21 were K. pneumoniae, 3 were Klebsiella oxytoca,
15 were Enterobacter cloacae, 10 were C. freundii, 1 was
Citrobacter diversus, 8 were S. marcescens, and the remain-
ing strain was the above-mentioned Enterobacter agglomer-
ans. The seven strains that needed an identification gallery
were ,-glucuronidase-negative E. coli.
When the FGM pathway was used (Table 3), out of the 570

isolates, 361 (63.3%) were typical E. coli and 58 (10.2%)
underwent the 2-aminoacetophenone test; of these, 55 were
P. aeruginosa and 3 were P. putida. The remaining 151
(26.5%) isolates (i.e., 7 ,-glucuronidase-negative E. coli
isolates, 34 indole-negative E. coli isolates, 42 Proteus
mirabilis isolates, 3 M. morganii isolates, 3 Providencia
rettgeri isolates, 3 Providencia stuartii isolates, 21 K. pneu-

TABLE 2. Cost analysis of the single components employed
in the T-mod and FGM pathways

Cost Test in Incubation TechnologistComponent ($) which used time labor time'

T-mod plate 0.43 T-mod 18-24 h 3 min
FGM plateb 0.86 FGM 18-24 h 3 min
Kovacs reagent' 0.001 Both 1 min
Oxidase stick 0.49 Both 40 s
Diethyl etherd 0.06 FGM 5 min 2 min
Ornithine decarboxylase 0.06 T-mod 18-24 h 1 min

test tube
Lysine decarboxylase 0.12 T-mod 18-24 h 1 min

test tube
Trehalose test tube 0.02 T-mod 18-24 h 1 min
Urease test tube 0.02 T-mod 6 h 1 min
API Rapid E gallery 4.13 Both 4 h 7 min

'Time required to perform the test and to read the results.
b 20 ml of medium per plate.
'1 drop to perform the indole spot test.
d 5 ml to perform the 2-aminoacetophenone test.

moniae isolates, 3 K. oxytoca isolates, 15 Enterobacter
cloacae isolates, 1 Enterobacter agglomerans isolate, 8 S.
marcescens isolates, 10 C. freundii isolates, and 1 C. diver-
sus isolate) needed a commercial identification gallery to be
identified.

DISCUSSION

Urine specimens represent an important part of the work-
load in clinical microbiology laboratories, so that a protocol
allowing a savings of time and materials without a loss of
accuracy would be highly desirable. The work flow we
devised improves the T-mod performances. With the use of
T-mod plates, no additional tests are required to identify E.
coli, Proteus mirabilis, and P. aeruginosa isolates (11). In
other cases, no more than three tests are necessary to reach
the identification to the species level. The use of the expen-
sive commercial identification galleries is limited to the
infrequent isolates which show blue, nonfluorescent, indole-
positive colonies (e.g., P-glucuronidase-negative E. coli,
Citrobacter amalonaticus, or phenylalanine deaminase-neg-
ative M. morganii). The proposed pathway increases the
identification accuracy of the T-mod medium, which is now
able to identify to species level the less frequently encoun-
tered species also without the use of commercial identifica-
tion galleries. The proposed additional tests (ornithine and
lysine decarboxylase, urease, and trehalose fermentation)
are routine tests in microbiological laboratories with, per-
haps, the exception of the trehalose fermentation that is
needed to distinguish the emerging pathogen Providencia
stuartii (1, 4, 14) from the other Providencia species. Also,
as far as the Proteeae tribe is concerned, in performing the
indole test, washing the plate (see Materials and Methods)
improves the T-mod performances because the brown water-
soluble pigments which can mask the indole spot reaction
are not present in the alcoholic phase of Kovacs reagent,
where the indole is extracted and revealed.

In our experience, we did not find any adonitol-negative
K. pneumoniae strain, but although 90% of K. pneumoniae
strains are adonitol positive (3), negative strains can occur
and have been considered in Fig. 1, where the atypical,
adonitol-positive E. coli (3) and the infrequent Proteus
penneri strains (3, 7) are not included. However, adonitol-
positive E. coli isolates are easily recognized, in the T-mod
plate, by screening the yellow colonies for fluorescence also,
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TABLE 3. Comparison of the results yielded by and costs of T-rnod and FGM pathways

Directly from plates' After one to After a complete gallery Totalthree additional tests
Pathway

No. (%7c) of Related No. (cX) of Related No. (%/c) of Related No. (%c) of Cost
strains identified cost ($) strains identified cost (S) strains identified cost (S) strains identified

T-mod 495 (86.8) 241.30 68 (11.9) 49.90 7 (1.2) 31.90 566 (99.3)" 325.10
FGM 361 (63.3) 487.70 55 (9.6) 77.60 154 (27.1)' 844.20 570 (100) 1,409.60

` Indole and oxidase tests were considered only when actually performed.
b See Table 1.
' Including the three P. plaida strains fully identified after using conventional means (see text).

and Proteuis penneri can be easily distinguished from Pro-
teuis mirabilis by a simple ornithine decarboxylase test.
P-Glucuronidase-positive Salmonella and Shigella strains
have been described previously (6, 8); however, they have
not been included in our pathway, because it is devised for
urine samples. Almost all of the cytochrome oxidase-posi-
tive strains we have isolated belonged to the P. aeriuginosa
species, and we believe, therefore, that further testing
should be restricted to those strains lacking features, such as
colonial morphology or grapefruit smell, peculiar to P.
aeruginosa.
The T-mod pathway is easy to perform but not as rapid as

the FGM pathway because some of the additional tests need
an overnight incubation. However, whenever saving time is
essential, rapid identification can be obtained by using the
API Rapid E galleries, which yield results within 4 h and
contain the trehalose fermentation test. Moreover, the T-
mod pathway is less expensive than the FGM work flow,
even if commercial identification galleries have to be used
instead of test tubes. That is because the biochemical
reactions included in the T-mod medium allow a reduction in
the number of galleries needed in the FGM pathway (for
instance, in this study 154 galleries would have been needed
for the FGM, in contrast with 75 for the T-mod work flow,
with a total cost of $1,409.60 versus $552.60, respectively).
The identifications obtained by using the T-mod reactions

and the selected tests agreed very well with those obtained
by using the standard methods. The incorrect identifications
scored only 0.7% and concerned rather infrequent species.
We believe, therefore, that the T-mod pathway could be
advantageously used in clinical microbiology laboratories,
whenever an urine sample has to be processed.
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