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In 1976, Kilian and Bulow described the association of ,-glucuronidase with the genus Escherichia (97%
positive) and suggested that a I-glucuronidase assay would be a useful identification test. Since that report,
papers about the sensitivity and specificity of this enzyme for the identification of Escherichia coil from clinical
sources, food, seawater, potable-water supplies, and various environmental sources have appeared. A study
was undertaken to determine the efficacy and specificity of the defined-substrate technology ,1-glucuronidase
(Colilert) assay for the identification of this species from fecal samples. A total of 460 human, 105 cow, and 55
horse E. coli isolates were tested. Results showed 95.5% 0-glucuronidase-positive isolates in 24 h and 99.5%
positive after 28 h of incubation. Only one E. coli isolate was negative. There were no significant differences in
the percentage of I-glucuronidase-positive isolates among the human or animal isolates. There were no non-

E. coli isolates that were positive. All subjects carried 13-glucuronidase-positive E. coli.

Escherichia coli has been used as an indicator of fecal
pollution for nearly 100 years (11). This member of the
family Enterobacteriaceae has been shown to be present in
high numbers in the colons of all mammalian species (4).
Within the last decade, there has been renewed interest in
the direct enumeration of E. coli. The U.S. Environmental
Protection Agency has proposed that water samples be
assayed for the presence of either fecal coliforms or E. coli
from any drinking water sample containing total coliforms
(12). There have been a number of surrogate systems em-
ployed for the determination of E. coli, such as the original
fecal coliform temperature elevation test (10). Methods that
detect an end product likely to be associated with this
species, such as indole, have also been used (20). However,
all of these methods have been shown to suffer from a lack of
both sensitivity (1) and specificity (3).

Kilian and Bulow first described the association of the
enzyme 3-glucuronidase with the Escherichia-Shigella
group (17). 3-Glucuronidase has been shown to be limited to
E. coli, Shigella species, and Salmonella species in the
family Enterobacteriaceae (18). Since that report, ,B-gluc-
uronidase substrates have been incorporated in diverse
media to detect E. coli in samples from a variety of sources,
such as environmental (13), food (14, 23), seawater (21), and
clinical (7, 9) sources. The sensitivities of P-glucuronidase
assays vary, depending on whether constitutive or inducible
enzymes are being measured. Constitutive enzyme tests
demonstrate that 87 to 97% of E. coli isolates are positive,
and inducible procedures show 91 to 100% positivity (8, 15,
19, 22, 23, 24). A recent report, however, indicates that E.
coli from humans shows a P-glucuronidase positivity rate of
only 66% (2).
The defined-substrate technology Colilert method uses

4-methylumbelliferyl-p-glucuronide (MUG) as the fluoro-
genic indicator nutrient for detecting E. coli (5). The meta-
bolic activity of the target microbe is directed towards a
specific substrate which the microbe utilizes for growth.
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Accordingly, there is no interference by nontarget microor-
ganisms. The pH is controlled, thereby optimizing the pro-
duction of fluorescence from the substrate. To determine the
efficacy and specificity of source E. coli by this new method,
a variety of stool specimens were analyzed. Wild-type E.
coli isolates from humans, cows, and horses were examined.

MATERIALS AND METHODS

Isolate sources and identffication. Isolates were obtained
from both healthy and ill human beings (University Hospital,
University of Cincinnati, Cincinnati, Ohio, and Yale Univer-
sity School of Medicine, New Haven, Conn.) and cows and
horses maintained on nonantibiotic dietary control (New
Haven, Conn.). Ages ranged from 6 months to 83 years for
humans, from 1 month to 5 years for cows, and from 6
months to 11 years for horses. All stool samples were
collected fresh in appropriate transport media (Culturette;
Marion Scientific, Div. Marion Laboratories, Inc., Kansas
City, Mo.) and plated on MacConkey agar within 24 h of
collection. After 24 h of incubation at 35°C in ambient air,
five randomly chosen lactose-fermenting colonies per sub-
ject were analyzed. Each of the five isolates was identified to
the species level by the API 20E system (Analytab Products,
Plainview, N.Y.). Supplemental tests were employed when
required (16).

Colilert system. The Colilert system was obtained in pow-
dered form in the multiple fermentation tube configuration
(Access Analytical Systems, Branford, Conn.). For the
identification of bacteria from colonies, each Colilert tube
was reconstituted with 10 ml of sterile distilled water. The
powder was mixed until dissolved. Each Colilert tube was
inoculated within 2 h of hydration. The formula became
yellow if total coliforms were present and fluorescent if E.
coli was present.

Protocol. Five lactose-fermenting colonies per subject
were randomly picked from the MacConkey agar plate used
for initial isolation, identified by the API 20E system, and
subcultured to both MacConkey and Mueller-Hinton agars
for purity. MacConkey agar was used as a sugar-containing
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TABLE 1. Identification of fecal isolates by the
Colilert f3-glucuronidase test

No. of No. (%) fluorescent at 366 nm at:
Species isolates

tested 24h 28h 120 h

Escherichia coli 620 592 (95.5) 617 (99.5) 619 (99.8)
Enterobacter cloacae 55 0 0 0
Klebsiella pneumoniae 28 0 0 0
Citrobacter freundii 6 0 0 0
Citrobacter diversus 9 0 0 0
Serratia sp. 1 0 0 0
Unidentified 1 0 0 0

medium and Mueller-Hinton agar was used as a medium that
does not contain a fermentable carbohydrate. The Mueller-
Hinton agar was used to determine if a decrease in the
amount of fermentable substrate would affect the production
of the P-glucuronidase enzyme. The top of the colony in
each subculture was lightly touched with a sterile wooden
applicator stick. This inoculum was transferred to a Colilert
tube and thoroughly agitated to disperse the bacteria. Coli-
lert tubes were incubated at 35°C in ambient air. Tubes were
read for fluorescence after 24, 28, and 120 h of incubation.
Fluorescence, which indicates the hydrolysis of the P-
D-glucuronidase substrate, was determined by exposing the
test tubes to a 4-W long-range UV generator (366 nm;
Edmund Scientific Co., Barrington, N.J.) from approxi-
mately 2 in. (ca. 5 cm) away. Tubes that were negative for
fluorescence were incubated for 5 days. Fluorescence was
graded on a scale from negative to 4+. Negative tubes
showed no discernible fluorescence by eye and were quality
controlled by inoculating a Klebsiella pneumoniae isolate
(always ,-glucuronidase negative) with every test run. Weak
fluorescence, or 1+, was defined as fluorescence that was
just discernible to the observer and equal to that of a
standard comparator tube (Access Analytical Systems). E.
coli ATCC 25922 served as a positive control and routinely
yielded the strongest fluorescence, or 4+. Gradings of 2+
and 3+ were intermediate readings.

RESULTS AND DISCUSSION

This study was designed to evaluate the efficacy of the
13-glucuronidase assay for the identification of E. coli by
using the Colilert autoanalysis procedure. A total of 720
enteric bacterial isolates were obtained from the feces of 106
human subjects, 24 cows, and 14 horses. Of the 720 enteric
isolates, 620 (86%) were identified as E. coli. The results of
the 0-glucuronidase assays for all isolates are shown in Table
1. The test was highly specific, with 592 (95.5%) of the E. coli
isolates yielding a positive response within 24 h. This num-
ber increased to 617 (99.5%) with an additional 4 h of
incubation. None of the other fecal isolates, which included
members of the genera Enterobacter, Klebsiella, Citrobac-
ter, and Serratia, gave a positive reaction within 28 h. Only
one of the 620 E. coli strains failed to produce a positive
response. Subculturing from the media with (MacConkey
agar) or without (Mueller-Hinton agar) a fermentable carbo-
hydrate did not affect the B-glucuronidase assay in the
Colilert system.
The results of the ,B-glucuronidas'e test for the isolates

from the different mammalian species are listed in Table 2.
There were no meaningful differences in carriage for the E.
coli strains from the three mammalian species. E. coli was
the most common gram-negative bacterium isolated from

TABLE 2. Detection of P-glucoronidase from E. coli
originating in different host species

Incubation No. of positive isolates/no. tested (%) from:
time (h) Human Cow Horse

24 441a/460 (95.9) 99b/105 (94.3) 52c155 (94.5)
28 457d/460 (99.3) 1051/105 (100) Sf1155 (100)
120 459/460 (99.8)

a 80% 4+, 11% 3+, 6% 2+, 3% 1+.
b 85% 4+, 5% 3+, 5% 2+, 5% 1+.
c88% 4+, 4% 3+, 4% 2+, 4% 1+.
d 91% 4+, 7% 3+, 1% 2+, 1% 1+.
- 93% 4+, 3% 3+, 3% 2+, 1% 1+.
f 92% 4+, 4% 3+, 2% 2+, 2% 1+.

each human and animal species (>90% of the enteric strains
in the fecal samples). Of all the E. coli isolates from each
host species, 90% or more gave a positive response within 24
h, with the percentages increasing to >99% positivity after
28 h of incubation. The gradation of the fluorescence re-
sponse, which indicated the degree of hydrolysis of the
MUG substrate by the P-glucuronidase enzyme, showed that
a 4+ reaction occurred in 80% or more of the isolates from
all sources after 24 h and in more than 90% of the isolates
after 28 h of incubation.
These results indicate that the Colilert 3-glucuronidase

test is an efficacious and highly specific system for the
identification of E. coli. This is a rapid assay; readily
discernible results are produced within 24 to 28 h of initial
inoculation. The findings reported here corroborate the
reports of other investigators, which indicate that 90% or
more of E. coli strains isolated from a variety of sources
contain the enzyme 3-glucuronidase (8, 15, 19, 22-24).
The results of the present study, coupled with the histor-

ical data base, are in contrast to the recent report by Chang
et al. (2) which cites 66% positive ,-glucuronidase activity
for the strains of E. coli investigated. The sensitivity of the
lactose-based MUG medium used in this study would not
appear to entirely account for this discrepancy, since it was
used as a confirmatory medium with large inocula of pure
cultures. Another explanation might be that in attempting to
pick different colony types from the initial isolation medium,
organisms other than E. coli were overrepresented. One
such group of organisms could be Escherichia species other
than E. coli. While E. coli is the major gram-negative enteric
bacterium in the mammalian gut, other species of this genus,
such as Escherichia fergusonii, Escherichia hermannii, and
Escherichia vulneris, have been isolated from feces and have
been reported to be MUG negative (24). These Escherichia
species are not readily differentiated by many commercial
kits available for taxonomic identification of members of the
family Enterobacteriaceae. The misidentification of E. coli
with commercially available kits has also been cited in
reference to other enteric organisms (6). The hypothesis put
forth by Chang et al. that clinical specimens may contain a
larger percentage of MUG-positive E. coli strains than other
sources (2) is not supported by the current findings, which
are from examinations of strains from domestic animals as
well as healthy humans.
The ability to detect the presence of fecal contamination is

a matter of urgent concern for public health authorities. E.
coli is generally considered a more reliable sanitary indicator
than fecal coliforms, since the presence of E. coli directly
relates to fecal contamination and the implied threat of the
presence of enteric disease agents. Any test procedure used
for the analysis of environmental samples must possess the
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required specificity to identify wild-type E. coli from a
variety of sources.

This study confirms previous findings indicating that the
vast majority of wild-type E. coli strains possess P-glucuron-
idase and can be detected by using assays for that enzyme.
The Colilert system is a rapid test procedure producing
definitive results within 24 to 28 h of initial inoculation.
Incubation of the Colilert tubes at 35°C, instead of 44.5°C as
in the fecal coliform test, favors the recovery of stressed
organisms (4). Anaerogenic strains of E. coli, which are not
detected by conventional procedures which rely on lactose
fermentation, can also be detected by using the Colilert
MUG assay.
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