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Methods for the microbiciogical analysis of drinking water must be abic to detect
Escherichio coli that may be injured by treaument. The Colilent method, which
simulancousiy detects total coliforms and E. coli in water samples by the observa-
ton of direct colour changes produced by defined substrates in the media, was
found 1o be equivaient 1o the reference EC MUG method in its ability 10 recover

low numbers ( < 4/100 ml) of oxidani-stressed E. coli.

Escherichia coli is present a1 concentrations of
10*-10%g facces and is specific 1o the mamma-
kan colon (Dufour 1976). Accordingly, E. coli
bas been utilized by public health and medical
mxrobiologists as & specific indicator of faecal
pollution of drinking water {Sarhan & Foster
1991) The methods for the detection of E. coli
from drinking water involve several sequential
steps, which ofien require several days and are
not casily performed in the field (Amercan
Public Health Association 1989). The Colilent
method simultaneously enumerates total coli-
forms and E. coli directly from & water sample
and is based on the direct observation of colour
production (Edberg et al. 1988). Jt involves the
addition of a water sample to the Colilert
powder, mixing to dissoive, incubation and
observation of the colour end-points. Although
the method was tested and found to be egui-
vaient 10 Standard Methods multiple tube-
fermentation and membrane filtration methods
for to1a! coliforms (Covert er al. 1989; Edberg e
al. 1988, 1989, 1990) and accepted procedures
for E. coli from drinking water (Katamay 1990;
Kromoredjo & Fujioka 1991) and the environ-
ment {Rice er al. 1990, 1991}, a question was
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raised in a limited study concerning its ability to
detect oxidant-stressed E. coli (Clark e al.
1991). Evaluated in this study was the ability of
the Colilert method 1o detest oxidant-stressed
E. coli. This method was compared with the EC
MUG procedure recently zpproved in the USA
and in use in Europe for some time {(Moberg
1985} A weli-established oxidant injury proto-
col was empioyed (Berman & Hofl 1984;
Berman er al. 1988). Specimens from patients
with acute diarthoea were chosen as the starting
matenal because these represent the greatest
challenge to the ability of the Colilert method to
recover E. coli. Furthermore, stool entering
drinking water from infected patients would
represent the greatest health threat.

Materials and Metbods

SAMPLES

Faccal specimens from patients suspected of
baving infectious diarrthoea were cultured to
recover bacterial patbogens (Balows e al. 1991).
A portion of the specimen was refrigerated
(4-8°C} for 24—48 h until a diagnosis was estab-
lished. When a specific agent was identified the
stool sampie was utilized in the oxidant stress
protocol.
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OXIDANT STRESS PROTOCOL

In order 1o ensure oxidant stress while retaining
a suflicient number of viable injured E. coli for
comparative analysis the method of Berman
and Hoff (1984) as modified for bacteria
{Berman ef al. 1988) was uulized.

OXIDANT STRESS

A 5 g stool sampie was added to 1 | sicriie water
and mixed well with continuous magnetic stir-
ring. To this mixture sodium hypochlorous acid
was added 1o yield a final measurable chiorine
levei of approximately 5 mg/l as measured by
the DPD method (American Public Health
Association 1989). Afier 10 min at room tem-
perature with vigorous stirring the activity of
chlorine was halted with sodium thiosulphate.
The number of E. coli viable after chlonnation
was determined by assaying viable colonies with
the m-TEC method (Dufour er al. 1981). While
awaiting the results of this analysis the sampie
was refrigerated at 4-8°C for 24 h. kt was
expected that this procedure would reduce
viable E. coli by approximately 10*-10* and
that the surviving species would be oxidant-
stressed.

RECOVERY OF E. coli

Based on the density of E. coli observed on
m-TEC, the sample was diluted in sterile, labor-
atory grade water to yeild a density of between
2 and 10 cfu/100 ml From this dilution two
rows of 10 tubes each were inoculated with 10
mi sampie into double-strength lauryl tryptose
broth (LTB). In parallel. two rows of 10 tubes
each containing Colilert powder received 10 ml
sampie from the same vessel. The vessel con-
tents were continuousiy mixed with 2 magnetic
surrer.

At 48 h the LTB tubes were sxamined for the
production of gas. Aliquots from ali gas-positive
tubes were transferred to EC MUG at 44-5°C.
At 24 h the tubes were examined for fluores-
cence at 366 nm, which indicates the presence of
E. coli. To confirm the specificty of the
observed fluorescence-positive EC MUG tubes,
these were subcultured onto MacConkey's agar.
Lactose-fermenting colonies were identified o0
species using the Sensititre microdifution system
{Radiometer. Denmark). The number of E. coli

recovered from each row of 10 (ubes was
expressed as & MPN value (American Public
Health Assocation 1989),

The Colilert analysec were interpreted as
follows: after 24 b incubaton at 35°C the tubes
were examined for the presence of 3 yellow
colour ({total coliform-posiuvel. All tubes
showing this colour were 2xposed to long-wave
u.v. light {366 nm). Fiuorescence indicated the
presence of E. coli. Fluorescent Colilert tubeés
were then processed as desenibed for EC MUG
tubes to establish the presence of E. coli. The
number of E. coli recovered from each row of 10
tubes was expressed as 3 MPN value (American
Public Health Association 1989).

COMPARISON OF THE METHODS

For cach row of 10 tubes a MPN value was
used for companson. Each sampic contained
two duplicate 10 tube analyses. The data were
analysed by three statistical means: tests of dif-
ferences between methods (analysis of variance
and Friedmans non-parametric iwo-way);
correlation (Pearson and Spearman), and
two-way analysis of variance (Fleiss 1981}

Resaits and Discussion

The comparison between E. coli recovery by the
EC MUG and the Colilert methods is shown in
Table 1. The oxidant stress protocol yielded E.
coli concentrations generally in the target range
of 2-10/100 ml although, as would be expected
at such Jow densities of heterogeneously dis-
persed particics, there was variation. However,
E. ¢oli densities fell in a range between |1 gad
23-0/100 ml, which were suitable for statistical
comparisons in all cases except two. More than
90% of the values fell within 95% confidence
limits of vanation, indicating that the expen-
mental conditions were under control.

Tests of differences between the two methods
were analysed by two-way analysis of vanance
and by Friedman's non-parametric two-way
test. The analysis of variance is used when com-
paring new procedures while the Friedman test
makes distributional assumptions concerning
the within-sampie rank of the data and is con-
sidered to be more robust. Both statstical
methods demonsirated that there was no sta-
tstical evidence of differences between the two
methods. The F statistic for the two-way
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Table 1. Companson of recovenes of oxidani-siressed Escherichia
cah by the Cohiert and EC MUG methods

MPN
Sample EC MUG Colilen
no Dhsease row |rrow 2* row L:row 2°
| Viral 1-1 51 22 14
2 Shigella 92 36 69 69
3 Viral 51 1-4 &9 51!
4 Yiral 120 51 36 69
) Shigella <il' 22 1-1, 2:2
[ Viral 36 120 S5y 92
7 Viral 1y 36 22 36
8 Viral 22 36 | B B
9 E. rolt, oxigenic 51120 36161
10 Viral 12:0.» 230 921120

* A 10tal of two rows, or duplicates, of 10 ml in 10 tubes per
row was inoculated (rom each diluted samplic The MPN numbers
represent the £, coli density from the first row of 10 tubes/E. coli
denuity from the second row of 10 tubes.

analysis of variance was F = 0-98 and had a
corresponding P value of 0-35. The Friedman
statistic was F = 0-52 and P = 0-48. Correlation
coeflicients were determined by the Spearman
and Pearson tests. The correlation coeflicients
were caluiated by maiching data by replicate
{ie. sample 2 by EC MUG repetition 2 was
matched with sampie 2, Coliier1 repetition 2}
The Pearson correlation was 0-73 and Spear-
man correlation 0-71. These correlations are in
the moderately high range, with 0-75 or higher
generally considered high (Fleiss 1981),

Subculture of fluorescent EC MUG and Col-
ilert tubes yielded E. coli from more than 97%.
Both EC MUG and Colilert fluorescent tubes
contained enteric bacteria other than E. coli. It
is likely that in the small number of cases in
which E. coli was not identified it was present in
8 mixed culture with other enteric bacteria and
was not retnieved. Furthermore, there are
approximately 5% of misidentifications at the
species level of environmentz! Enterobacter-
iaceae (¢.g. naming E. coli as E. hermanii or vica
versa) (D'Amato er of. 1981). Therefore, fluores-
cence by either EC MUG or Colilert was spe-
gfic for E. coli by the two methods.

The Colilent method offers public health and
medical microbiologists 8 100! 10 analyse water
for the two bacterial indicators—total coliforms
and E. coli—in an extremely simple format. 1t is
only mecessary to add water to the powder.
ncubate for 8 maximum of 24 h and observe for
2olour. The method has been approved by the

Upited States  Environmental Proiection
Agency for 1otal coliforms, and approval for £
coli is pending. The contamination of drinking
water with faccal matenal is 3 major threat to
public health. Of mos1 danger would be faecal
material from patients suffereing from infectious
disrrhoca enteting the system. The recovery of
E. coli from the latter would be the greatest
chalienge to any analytical system. Accordingly,
the ability of the Colilert method to recover
oxidant-stressed E. coli was demonstrated in
this study. This method was cquivalent to the
reierence EC MUG method and both detected
injured E. coli in numbers as low as 1-1/100 ml.
The Colilert method offers an accurate choice
for the microbiological analysis of total coli-
forms and E. coli from drinking water.

References

AMERICAN PunLic HEALTH ASSOCIATION 1989 Sean-
dard Methods for the Examination of Waler and
Wastewaier, 17th edn. Washingion. DC: American
Public Health Assocation.

BaLows, A. Hauvster, WJ_ Hexrmans, KL, Isen-
sxG, H.D. & SHaDOMY, HJ. 1991 Manual! of Clini-
cal Microbiology, 5th edn. Washinpion, DC:
American Society for Microbiology.

Beraian, D. & Horr, J.C. 1984 Lnactivation of simian
rotavirus SA11 by chlorine, chlorine dioxsde. and
menochoramine. Applied and Environmental Micro-
biology 48, 317-323.

Beaman, D, R EW. & Horr. J.C. 1928 lnac-
tivation of particle-associated coliforms by chlonne
and monochloramine. Applied and Enrsrommerial
Microbiology 54. 507-512.



250 S. A. Berger

CLarx. D.L. MunNen, BB, STEwART, M. H. WoOLFE
R.L & Ouson, BH. 1991 Comparative siudy of
commercial  4-methylumbeiliferyi-f-o-glucuronide
preparations with the Suandards Methods mem-
brane filtrauion faecai coliform test for the detection
of Excherichs coli in water samples. Applied and
Environmenial Microbiology 87, 1528-1534.

Covert, T.C_ Snapix, LC. Rice, EW. Hame JR.
& Frevmerc. R.W. 1989 Evaluation of the Auto-
analysis Colilert test for detecrion and enumeration
of 10tal coliforms Appiied and Environmental
Microbiology 55, 2443-2447.

D'Asato, R.F. Houmes, B. & Borrone EJ. 1981 The
gysiemns approach to diagnostic microbiology. Criti-
cal Reviews in Microbiology 54, 215-229.

Durour, A.P. 1976 Escherichia coli: the faecal coli-
form. In Indicators of Recrearion Warer Quality:
Bacterial Indicators/Healtk Hazards Associated with
Water od. Hoadley, A W. & Dutka, BJ, Philadel-
phia, PA: American Socety for Testing and
Materials.

Durour, AP, STRucKLAND, ER. & Cansrna V. 1981
Membrane Giier method for enumerating Escheri-
chia coli. Applied and Envirommerual Microbiology
41, 11521158,

Eoseng, S.C, Atuen, MJ., Swrmi, D.B. anD THE
NanonalL ColtasoraTive STUDY 1988 National
Heid evaluation of a defined-subsirate method for
the simulltaneous enumerstion of total coliforms
and Escherichia coli from drinking water: compan-
son with the sandard multipic tube fermentation
mwcthod. Applied and Environmental Microbiology
84, 1595-1601.

Eoaemc, S.C, ALten, MJ, SaimH, DB axD ™
NamionalL CoLLaBORATIVE STUDY 1989 National
field evaluation of a defined-substraie method for

the simuilaneous enumeration of total coliforms
and Escherichia coli from dnnking waier: compan-
son with presence-absence techmiques. Applied and
Encronmencal M icrobiology 55, 1003-1008.

Eoaenc. S.C. AtLes. MJ, Swomi. DB, & XKz N.
1990 Enumeration of total coliforms and Eschere-
chia coli from source waier by the defined substraie
technology. Applied and Encironmemial Micro-
biology 56, 366-369.

Funss, J.L. 1981 Swaristical Methods for Rates and
Proportions, 2nd edn. New York : John Wiley.

KaTamay, MM, 1990 Assessing defined-substraie
technology for meeting monitonng requirements of
the towal coliform rule. Journal! of the American
Water Works Ausociation B2, §3-87. )

Kaoworepio, P. & Funoxa. RS 1991 Evaluating
three simpic methods to assess the microbisl qualuy
of drinking water in Indonesia. Ensironmental Tech-
nology and Water Quality 6, 259-270.

Mosenc, LJ. 1985 Fluorogenic assay for the rapid
detection of Eschenichuia coli in food. Applied and
Enviroromercal Microbiology 50, 13831187,

Rice, EW. ALLEn, MU, Brenvex. DJ. & EDeexc,
5.C. 199 Asssay for f-glucuronidase in species of
the genus Escherichia and its applications for
drinking-water analysis. Applied and Enmronmentai
Microbiology 57, 591-591.

Rice EW_ ALies, MJ. & Eoserg, 5.C. 1990 Efficacy
of p-glucuronidise amay for identification of
Escherichia coli by the defined-substrate technology.
Applied and Environmenial Microbioiogy 56, 1203
1205.

Sanran. HR. & Fostex. HA. 1991 A rapid Buoro-
genic method for the detecion of Escherichia coli
by the production of f-glucuronidase Jownal of
Applied Bacteriology 70, 354—400.



