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Escherichia coli WG5, the strain recommended by the International Organization for Standardization (ISO)
to detect somatic coliphages, was transformed to F� by introducing the plasmid Famp, which rendered it
capable of simultaneously detecting both somatic and F-specific coliphages. Indeed, this strain, CB390, proved
as effective in detecting similar numbers of phages as the sum of somatic and F-specific bacteriophages
detected by the host strains recommended by both the ISO and the U.S. Environmental Protection Agency
standardized methods.

The suitability of coliphages as indicators of virus and fecal
contamination of water and food has long been studied, and
there is abundant scientific literature addressing this topic
compiled in several reviews (6, 8, 9, 12, 17). The recently
legislated Ground Water Rule (22), as well as the regulation
on the quality of drinking water in the Canadian State of
Québec (2), proposes that coliphages be used as fecal indica-
tors.

Somatic coliphages and F-specific coliphages are being used
for these purposes, with available standardized methods for
both the former (1, 11, 20, 21) and the latter (10, 20, 21). On
some occasions, it might prove advantageous to have the added
numbers of both phage groups. Examples can be found in
groundwater monitoring procedures (22) or in the evaluation
of disinfection of secondary wastewater effluents with UV ir-
radiation (16). In this disinfection, whereas somatic coliphages
predominate in secondary effluents, RNA F-specific phages
are the most abundant after UV irradiation (16). This can be
achieved by adding the values obtained by the standardized
methods or by using a host strain capable of measuring both.
Ideally, such a host strain should detect numbers of both
groups of phages identical to those detected by the standard-
ized methods. E. coli C-3000 (ATCC 15597) is one such host
strain that has been used for this purpose. In a study comparing
all of the host strains also tested here (except E. coli WG5),
strain C-3000 was reported to recover lower amounts of phages
than the sum of somatic and F-specific coliphages counted by
the standardized methods (19).

The aim of the research reported here was to introduce the
F-plasmid into Escherichia coli WG5, which is the strain rec-
ommended by the International Organization for Standardiza-
tion (ISO) to detect somatic coliphages and, by doing this, to
enable this strain to simultaneously detect somatic and F-
specific coliphages. Also, the adequacy of the strain was deter-
mined by comparing its efficiency in detecting coliphages of the
two groups in natural samples to those detected by the host

strains recommended in standardized methods and the C-3000
strain.

The Famp plasmid (3) was used to transform the E. coli
WG5 to an F� strain. The plasmid was purified by using the
Qiagen plasmid mini purification kit (Qiagen, Inc., Valencia,
CA). Electroporation-competent cells were prepared from 10-
to 50-ml cultures in Super Optimal Broth medium (7). Cells
were then transformed by electroporation according to the
method of Sambrook and Russell (18). Transformants were
selected by plating on Super Optimal Catabolite medium (7)
containing 100 �g of ampicillin ml�1. Thirty ampicillin-resis-
tant transformants were isolated after the transformation ex-
periments. These transformants were then tested for their ef-
ficiency in counting phages from suspensions of �X174 and
MS2 and from naturally occurring suspensions of phages pre-
pared as reference material, as previously described (14).
�X174 and MS2 are the reference phages used in the stan-
dardized methods for enumerating somatic and F-specific co-
liphages (10, 11, 20, 21). All of the transformants proved sen-
sitive to MS2, which indicates that they had become F� and
had retained sensitivity to �X174. Five of the isolates that gave
the highest recoveries for each of the phages and the naturally
occurring reference material were further twice tested for their
efficiency in recovering somatic and F-specific RNA phages
using the procedures and media recommended in the ISO

* Corresponding author. Mailing address: Department of Microbi-
ology, Biology Faculty, University of Barcelona, 645 Diagonal Avenue,
08028 Barcelona, Spain. Phone: 34-93-4021487. Fax: 34-93-4039047.
E-mail: jjofre@ub.edu.

� Published ahead of print on 16 November 2007.

FIG. 1. Mean values (bars show the 95% confidence intervals) of
PFU of phage �X174 on host strains WG5 and CB390 (A) and phage
MS2 on host strains WG49 and CB390 (B). The host strains used to
count the bacteriophages are listed on the x axis. Values are the means
of 10 independent assays.
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methods (10, 11). After these verification steps, strain CB390
was selected for further study.

All of the media recommended in the standardized ISO
methods were tested for enumerating �X174 (11) and MS2
(10) on CB390 strain. In addition, the following combination
was tested. CB390 was grown in MSB broth (11) with 100 �g
per ml of ampicillin, and TYG agar and TGY semisolid agar
(10) supplemented with ampicillin (100 �g ml�1), Ca2�, and
Mg2� as in the ISO method (11) were used for the lower and
upper layers in the double-agar-layer test. There were not
significant differences (analysis of variance [ANOVA], P �
0.05) between the media, but numbers detected by the later
combination proved slightly higher, so this is the combination
of media used in the assays to enumerate phages with strain
CB390 described above. All of the statistical analyses were
carried out by using the Statgraphics statistical analysis soft-
ware package (Statgraphics Plus 5.1; StatPoint, Inc.).

Strain CB390 was sensitive to bacteriophages SOM1, SOM2,
SOM4, SOM28, and SCH10 (15) and P1 and �X174 (4), which
represent the main somatic coliphages families and groups, as
well as, to phages MS2, GA, Q�, and FI, representing the four
serotypes of F-specific RNA phages (5).

Moreover, strain CB390 detected numbers of �X174 sim-
ilar (ANOVA, P � 0.05) to those detected by E. coli WG5
and numbers of MS2 similar (ANOVA, P � 0.05) to those
detected by Salmonella enterica serovar Typhimurium
WG49, as shown in Fig. 1.

Also, when very different natural matrices, including raw
municipal sewage, slaughterhouse wastewater, tertiary effluent
(UV irradiated and chlorinated), river water, and primary and
dehydrated sludge were tested, strain CB390 detected slightly
lower numbers of phages but not significantly (Fisher least
significant differences, P � 0.05) than the sum detected by the
WG5 and WG49 strains. The values are plotted in Fig. 2

(SigmaPlot 2000, v6.10; SPSS Science, Inc., Chicago, IL).
Other than UV-irradiated samples in which F-specific phages
were more abundant, and wherein, consequently, WG49 and
CB390 detected more phages than did WG5, both WG5 and
CB390 detected similar numbers of phages (Fisher least sig-
nificant differences, P � 0.05) and higher numbers than those
detected by WG49 in all of the other samples. More than 150
plaques formed on CB390 were replicated over WG5 and
WG49, and the ratios between the numbers of those replicated
in each strain maintained the ratios found between the num-
bers of somatic coliphages and F-specific phages detected by
the ISO methods for the same samples.

The next step was to determine the numbers of bacterio-
phages that CB390 strain detected in natural samples, as well
as the sum of those detected by strains WG5 and WG49, using

FIG. 2. Counts of bacteriophages enumerated on CB390 (ƒ), WG5 (E), and WG49 (�). The three values following the vertical line belong to
the same sample. Values correspond to 27 independent assays.

FIG. 3. Mean values (bars show the 95% confidence intervals) of
bacteriophages quantified on WG5 plus those enumerated on WG49
and those quantified on CB390 in different matrices using either the
double-agar-layer assay (DAL) or the MPN method. The host strains
used to count the bacteriophages are listed on the x axis. Values are the
means of 12 independent assays.
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both the double-agar-layer method (10, 11) and the most-
probable-number (MPN) method (10, 11). Knowing the MPN
efficiency is essential for determining whether the presence or
absence results are comparable. For this, naturally occurring
phages in several sample types, including UV-irradiated sec-
ondary effluents (those containing more F-specific than so-
matic phages), were tested for PFU by both techniques. Test
samples were diluted beforehand such that they contained
between 1 and 100 phages per ml. The results are shown in Fig.
3. No significant differences (ANOVA, P � 0.05) were found
either between the two procedures or between the phages
counted by CB390 and the sum of those counted by WG5 and
WG49. On the other hand, the number of phages detected by
CB390, the sum of those detected by E. coli strains CN13 and
HS (pFamp)R, which are the ones recommended by U.S. En-
vironmental Protection Agency (20, 21), and those detected by
strain C-3000 were determined by the double agar layer tech-
nique in a suite of natural samples similar to that previously
described. The values are plotted in Fig. 4 (SigmaPlot 2000).
Values detected by the CB390 strain, calculated as percentages
of the sum of values detected by strains CN13 and HS, were
significantly higher (ANOVA, P � 0.05) than those detected
by the C-3000 strain and similar (ANOVA, P � 0.05) to the
sum detected by CN13 and HS. One possible explanation for
this is that the C-3000 strain has a narrower spectrum of in-
fecting phages. In fact, upon challenge with the phages de-
scribed above, C-3000 was not sensitive to �X174 and SOM2.
Finally, 78 drinking water samples collected from two complex
water treatment plants using either chlorine or chlorine plus
ozone as disinfectants were tested for somatic coliphages on
WG5, for F-specific phages on WG49, and for both simulta-
neously on CB390. In this assay, 1 liter of water was concen-
trated according to the method of Méndez et al. (13). Somatic
coliphages were detected in two (2.3%) of the samples, phages

were detected on strain CB390 in 1 (1.3%), and F-specific
coliphages were detected in none of the samples. The maxi-
mum load detected by strain WG5 was 3 PFU per liter, and
that detected by strain CB309 was 7 PFU per liter.

In conclusion, CB390 strain detects lower, but not statisti-
cally significant, values of somatic and F-specific phages than
the sum of phages determined by the ISO methods. Moreover,
it detects numbers similar to the sum of phages enumerated by
the U.S. Environmental Protection Agency methods and sig-
nificantly higher values than those quantified by C-3000 strain.
Of course, the next step in the validation of the strain is a
multilaboratory comparison of results using this new host com-
pared to the conventional assays, but this exceeds the aims of
the research described here.
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