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Environmental waters are an important reservoir for Vibrio cholerae, and effective surveillance of the
pathogen can help to warn of and prevent infection with this potentially fatal pathogen. An immunofluorescent-
aggregation (IFAG) assay to detect V. cholerae O1 and O139 was established and evaluated with estuarine water
samples. The practical application of this assay was compared with the conventional culture method and
real-time PCR. The IFAG method had a sensitivity of 103 CFU/ml for detection of V. cholerae O1 and O139
strains in a suspension containing 10 different species of enterobacterial strains (total, 105 CFU/ml). Ten
fluorescent bacterial aggregate colonies were randomly picked and tested positive in serum agglutination tests
for the V. cholerae O1 and O139 strains, showing a high specificity. The enrichment broths of 146 samples of
estuarine water were tested, and the percentage positive by the IFAG assay was 19.9% (29/146), which was
significantly higher than that of the conventional culture method (10.3%, 15/146; P < 0.01) but lower than that
of real-time PCR (29.5%, 43/146; P < 0.01). The coincidence rates of real-time PCR and IFAG detection were
decreased with the reduction of the V. cholerae concentration. The IFAG method, with a high specificity and a
relatively high sensitivity, may be used for detection and isolation of V. cholerae in environmental water
samples.

Vibrio cholerae causes disease by colonizing, proliferating,
and secreting toxins in the intestine of the host. The resulting
profuse diarrhea and vomiting can be fatal if left untreated.
Among the more than 200 known Vibrio cholerae serogroups,
only the O1 and O139 strains are pathogenic, causing epidem-
ics and pandemics throughout history (24). The El Tor biotype
of the O1 serogroup first emerged in Indonesia at the begin-
ning of the seventh pandemic in 1961 (16), became prevalent in
the Ganges delta of the Indian subcontinent, and then spread
into other countries (13, 26). The first non-O1 serogroup epi-
demic, which emerged in southern India and then spread into
many Asian countries, was caused by an O139 strain of V.
cholerae (3, 5). Currently, cholera is still a major threat to
public health in many countries of Asia, Africa, and South
America (4).

Many cholera epidemics originated in the coastal areas (21),
where water habitats are important niches contributing to the
prevalence of V. cholerae (15, 21). Surveillance studies in
the Bay of Bengal found that cholera epidemics correlated with
the propagation of V. cholerae in estuarine waters (14, 21).
Remote sensing data analysis showed that sea surface temper-

ature (SST) and sea surface height (SSH) are also associated
with the cholera outbreaks, suggesting that the epidemics are
climate linked (11, 23). Although V. cholerae was once thought
to inhabit only the human small intestine, it is known that the
pathogen can persist in environmental waters during nonepi-
demic periods (12). This bacterium attaches to the bodies of
zooplankton, crustaceans, and aquatic plants in seawater and
estuarine water and survives by forming a biofilm on the sur-
face of these organisms (1) or as a biofilm in the water (2).

Therefore, monitoring of V. cholerae O1 and O139 in the
estuarine waters in the interim period between cholera epi-
demics is of great significance for early warning of an outbreak,
as well as prevention and control of cholera epidemics when
they occur. To date, a number of methods for detection of V.
cholerae in environmental water have been developed. Due to
the general low level of V. cholerae in water and to reduce the
impact of other bacteria that can interfere with its detection,
selective enrichment of the bacterial population from water
samples, followed by selective isolation and culture in selective
medium, is generally required. This method is time-consuming,
especially in handling a large number of water samples. Cur-
rent rapid detection methods include the use of immunomag-
netic beads (25) and nucleic acid-based methods such as PCR
(9, 22) and DNA probe hybridization (10). The sensitivity of
immunomagnetic bead detection is low, and there is a greater
possibility of false positives. The PCR and DNA probe hybrid-
ization techniques require designing of specific primers or
probes that can detect only nucleic acids rather than live bac-
terial cells. The recently developed real-time PCR technique
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has high sensitivity in detecting V. cholerae (7, 17), although it
also detects nucleic acids, and it still requires isolation and
culture of sample after PCR detection.

The fluorescent labeling technique uses antibodies to spe-
cifically identify pathogens, and some studies have applied this
method to detection of V. cholerae in environmental water
samples. Brayton et al. established a fluorescent-antibody (FA)
direct viable count (FA-DVC) assay (8) in Bangladesh which
yields relatively high specificity and sensitivity and can rapidly
and easily detect culturable and nonculturable V. cholerae O1.
The direct fluorescent antibody (DFA) assay has also been
applied to detect viable but nonculturable V. cholerae O1 in
environmental water (6) and in studies on the role of V. chol-
erae biofilm on the transmission of cholera (2). In addition,
Hasan et al. (18) developed two monoclonal antibody-based
methods, the coagglutination test and the direct fluorescent-
antibody test, which has a high specificity, and the detection
limit for V. cholerae O139 in environmental water samples
reached 2.0 � 103 CFU/ml and 1.5 � 102 CFU/ml, respectively.
Therefore, use of FA may be an effective method to directly
detect V. cholerae in samples, followed by isolation and culture.

In this study, we established an immunofluorescent-aggre-
gation (IFAG) assay using fluorescence-labeled monoclonal
antibodies against V. cholerae O1 and O139, respectively. After
enrichment for bacterial populations in estuarine water sam-
ples, V. cholerae was detected in the samples, and then the
observed fluorescent bacterium aggregates were picked for
further isolation and culture. We also evaluated the feasibility
of our IFAG assay by comparison with the direct enrichment,
isolation, and culture method, as well as real-time PCR detec-
tion. The combination of IFAG and real-time PCR for envi-
ronmental monitoring of V. cholerae can provide rapid and
efficient detection of V. cholerae O1 and O139.

MATERIALS AND METHODS

Experimental strains. V. cholerae N16961 (O1 strain) and MO45 (O139 strain)
were used in this study to establish our IFAG assay. Additionally, we selected 20
isolates of the O1 El Tor strain from China collected during the years between
1964 and 2005 (10 isolates of toxigenic strains from patients and 10 isolates of
nontoxigenic strains from environmental sources) and 20 isolates of V. cholerae
O139 from China collected during 1994 to 2005 (10 isolates of toxigenic strains
from patients and 10 isolates of nontoxigenic strains from environmental
sources). Other Vibrio bacteria that were isolated from environmental waters
were used to determine specificity of our detections methods; these included 8
strains of V. parahaemolyticus, 5 of V. mimicus, 5 of V. metschnikovii, 5 of V.
vulnificus, 3 of V. alginolyticus, 3 of V. furnissii, 3 of V. fluvialis, 2 of non-O1/non-
O139 V. cholerae), other enteric bacteria (including 10 strains [each] of Esche-
richia coli, Shigella, Salmonella, Klebsiella, Citrobacter, and Proteus), and 5 of
Aeromonas hydrophila. All of the test strains had undergone serum or biochem-
ical identification and were preserved in our laboratories.

Fluorescent antibody preparation. V. cholerae O1 strain Wujiang-2 (serotype
Inaba, isolated from a patient; our laboratory store) and O139 strain MO45 were
used for generation of monoclonal antibodies (MAbs), and the MAbs were
prepared in our laboratory. Cells were grown on nutrient agar at 37°C for 12 to
14 h, killed by formaldehyde (Formalin) at a concentration of 1.0% for 8 h, and
then washed three times with 0.9% NaCl, with 109 CFU/ml of suspension used
as an antigen, to immunize mice (female BALB/c; age, 6 to 8 weeks). All other
methods of immunization, hybridization, and selection of hybridoma cell lines
were as described previously (19). IgG antibodies were purified by the octanoic
acid-ammonium sulfate method, and the purity and content were determined by
SDS-PAGE. The concentration of IgG was adjusted to 10 mg/ml, and after
incubation in 1 mg/ml dichlorotriazinyl aminofluorescein (DTAF) (Sigma) solu-
tion (pH 8.6) at 37°C for 1 h, the purified fluorescent antibodies were collected
by a Sephadex G-50 purification column. The fluorescent-antibody solution was

prepared with antibodies at concentrations of 0.5 mg/ml in peptone solution
(water with 1% peptone, 1% NaCl, pH 8.6).

IFAG. One hundred microliters (each) of peptone solution with fluorescent
antibodies specific for V. cholerae O1 and O139 in peptone water was dropped in
two points on glass slides, which were boiled in paraffin oil for 10 min before use.
Ten microliters of the sample to be analyzed was mixed with the O1 fluorescent-
antibody solution droplet, and another 10 �l mixed solution was mixed with the
O139 fluorescent antibody solution droplet. After culturing in a wet disc at 37°C
for 6 h, the samples were observed under a fluorescence microscope (Nikon
TS100) equipped with a 200-V high-voltage mercury lamp and a light filter
(ELWD0.3T1-SNCP). If fluorescent masses with irregular edges (bacterial ag-
gregates) were observed, it was judged to be a positive IFAG detection. For
IFAG-positive samples, fluorescent bacterial aggregates were drawn with an
aggregate picker (a manually made glass capillary pipette with an about 0.5-mm
inner diameter) under the microscope and transferred to one of three drops of
sterile peptone water on a slide. With the use of a microscope to locate the
bacteria, the labeled aggregates were “washed” by serial transfer with the cap-
illary pipette, each time expelling the aggregate into one droplet and then
drawing it up again to transfer to the next drop. After the final “wash” in the last
droplet, the fluorescent bacterial aggregate was dropped onto a gentamicin agar
plate (Shanghai KeMaJa Biotech), streaked, and cultured at 37°C for 8 to 12 h.
Suspected colonies of V. cholerae were selected to be tested with diagnostic
serum for V. cholerae O1 and O139 (National Institute for the Control of
Pharmaceutical and Biological Products) and monoclonal antibodies to O1 and
O139 in slide agglutination tests.

Sensitivity and specificity of detection of IFAG. Single colonies of the O1
N16961 and O139 MO45 strains were cultured in LB enriched broth at 37°C
overnight. The pure culture media were serially diluted 10-fold and plated for
colony counts. Ten microliters of the serially diluted samples were detected by
IFAG to assess its sensitivity; the LB broth samples with no V. cholerae strains
were used as the blank controls. In the specificity experiments, each of the
serially diluted samples (including the blank samples) was added with an equal
volume of interfering bacteria mixture (the final concentration of each of the
interfering bacteria in the mixture was 105 CFU/ml, including non-V. cholerae, V.
cholerae non-O1/non-O139, and other enteric bacteria listed under “Experimen-
tal strains”). Each of the serially diluted samples was detected by IFAG for either
V. cholerae O1 or O139 in separate diluted samples. The bacterial aggregates
detected as fluorescence positive by the IFAG assay were picked under the
microscope using the aggregate picker, streak inoculated onto a gentamicin agar
plate, and cultured at 37°C for 8 to 12 h. Suspected V. cholerae colonies on the
plates were selected, and slide agglutination tests were performed using V.
cholerae O1 and O139 diagnostic serum for verification.

Collection of estuarine water samples. Water samples were collected from the
Pearl River in the Guangzhou urban area and from its estuary, and V. cholerae
was detected. The sites selected were watercourses associated with past out-
breaks, according to past monitoring data, and areas around terminals for sea-
water products. During July 2008 to October 2008, a total of 146 water samples
were collected in the 4 consecutive months. At each sampling point, three
samples of 450 ml surface water (more than 30 cm below the surface) were
collected using sterile water sample bottles. After sealing, the sample bottles
were sent at room temperature to the laboratories on the same day for isolation
and culture of V. cholerae.

Conventional culture. The enrichment of cultures was done by adding 50 ml of
10� alkaline peptone water to 450 ml water sample, which was adjusted to a pH
of 8.4 by NaOH. The enriched cultures were incubated at 37°C for 8 h and then
streak inoculated on a gentamicin agar plate and a thiosulfate citrate bile salts
sucrose (TCBS) agar plate for V. cholerae screening. The plates were cultured at
37°C for 8 to 12 h, and the suspected colonies on the TCBS agar plate were
inoculated on a nutrient agar plate for pure culture at 37°C for 8 to 12 h. The
culture was tested in slide agglutination tests with diagnostic sera for V. cholerae
O1 and O139. Suspected colonies on the gentamicin agar plate were directly
assayed in the slide agglutination tests with diagnostic sera. At least five sus-
pected colonies in each sample were picked (all were picked when fewer than 5
colonies were in the plate) for slide agglutination tests. The culture was per-
formed independently along with other detection methods.

Real-time PCR. This study applied the established SYBR green I real-time
PCR method (27). The primers O1-P2F (5�-GCG TAA ATA TCT AAA CGA
TTG CAT TG-3�) and O1-P2R (5� AAA CTC AGT TTC GAA GCG ATC AA
3�) amplify a fragment of 83 bp from the O1 rfb gene. The primers O139-P1F
(5�-GCG GTG TAG CGG GTT TTA TTA G-3�) and O139-P1R (5�-TGC ATA
ATA CTT TCG ACC ATG GA-3�) amplify a fragment of 76 bp from O139 rfb.
The real-time reaction conditions in the LightCycler (Roche) were as follows:
stage 1, 95°C for 10 s; stage 2, 95°C for 5 s and 60°C for 20 s, 40 cycles; stage 3,
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dissolution curve analysis, 95°C for 0 s, 65°C for 15 s, and 95°C for 0 s. DNA was
extracted using a kit (Tiangen Biotech) from 1 ml enrichment broth of water
samples as the template. The real-time PCR was performed independently along
with other detection methods.

PCR detection of the toxin gene ctxAB. Primers for detection of the ctxAB gene
isolated from water samples were CT1 (5�-ATTTTGAGGTGTTCCATGTG-3�)
and CT2 (5�-ATAAAGCAGTCAGGTGGTCT-3�), with a product length of 749
bp; PCR conditions were at 94°C for 5 min; 94°C for 30 s, 58°C for 40 s, and 72°C
for 50 s for 30 cycles; and 72°C for 7 min.

Statistical analysis. The percent-positive results of different detection meth-
ods were compared by the �2 test using the row � column table (McNemar’s
test).

RESULTS

Specificity of monoclonal IgG antibodies to V. cholerae O1
and O139. High-purity IgG antibody bands were observed by
protein electrophoresis with the DTAF-labeled monoclonal
antibodies to V. cholerae O1 and O139 (data not shown). In
determining the specificities of IgG antibodies to V. cholerae
O1 and O139, the two MAbs were found to agglutinate only
with the corresponding V. cholerae serogroup, and no cross-
agglutination was detected. The two antibodies also did not
cross-agglutinate with non-O1/non-O139 V. cholerae strains,
nor with those of other Vibrio spp., including V. parahaemo-
lyticus (n � 8), V. mimicus (n � 5), V. metschnikovii (n � 5), V.
vulnificus (n � 5), V. alginolyticus (n � 3), V. furnissii (n � 3),
and V. fluvialis (n � 3), and enteric bacteria, including E. coli,
Shigella, Salmonella, Klebsiella, Citrobacter, and Proteus (10
strains each) and A. hydrophila (n � 5). The results showed
that the monoclonal antibodies used in this study were specific
to V. cholerae O1 and O139.

Sensitivity of IFAG detection. The pure culture media of the
O1 N16961 and O139 MO45 strains were serially diluted 10-
fold in LB medium. Ten microliters of these cultures were used
as test samples to determine the sensitivity of the IFAG assay.
Plate colony counts determined the concentration of LB cul-
ture of N16961 to be 6.5 � 107 CFU/ml, and that of MO45 was
2.8 � 107 CFU/ml. The serially diluted samples were then
detected by the IFAG assay in triplicate for each sample.
When fluorescent bacterial aggregates were detected by IFAG
one or more times, the sample was determined to be positive.

Fluorescent aggregates of bacteria formed by bacterial agglu-
tination were visible under the microscope (Fig. 1). We found
that the detection limit of the IFAG assay for both the O1 and
O139 strains reached 103 CFU/ml. At this concentration, each
of the N16961 and MO45 isolates had one out of the triplicate
samples test positive by IFAG. In fact, when the concentration
was 103 CFU/ml, the number of V. cholerae CFU in the tested
samples was only 101 in the 10 �l used for IFAG detection.
After these bacteria were agglutinated with the fluorescent
antibodies, the formed fluorescent aggregates of bacteria were
still easily identified in the dark background.

Determination of IFAG specificity. To evaluate IFAG spec-
ificity in the laboratory, LB cultures of N16961 and MO45
were serially diluted 10-fold and then added to an equal
volume of mixed solution of interfering bacteria. In the
serially diluted samples containing V. cholerae, the content
of N16961 or MO45 was 1.75 � 106 to 1.75 � 101 CFU/ml
or 3.0 � 106 to 3.0 � 101 CFU/ml, respectively. When the
final concentrations of strains N16961 and MO45 were �103

CFU/ml, fluorescent aggregates were observed in the mixed
bacterial solution with the 10 types of interfering bacteria
with the use of IFAG (see Fig. 2). The fluorescent aggre-
gates were randomly drawn and transferred into gentamicin
plates for culture, and the cultured suspected colonies were
assayed by serum agglutination tests for the diagnosis of V.
cholerae O1 and O139, which was matched with the original

FIG. 1. The fluorescent aggregates of bacteria of V. cholerae O1 strain N16961 (upper) and O139 strain MO45 (lower) in LB culture. The
aggregates were observed under the fluorescence microscope (20 � 40). The concentration in LB samples of N16961 was 6.5 � 105 CFU/ml (A),
6.5 � 104 CFU/ml (B), or 6.5 � 103 CFU/ml (C), and that for MO45 was 2.8 � 105 CFU/ml (D), 2.8 � 104 CFU/ml (E), or 2.8 � 103 CFU/ml
(F), respectively.

FIG. 2. IFAG detection for fluorescent aggregates of V. cholerae
under the fluorescence microscope. (A) O1 strain N16961, 1.75 � 103

CFU/ml, 10 � 40; (B) O139 strain MO45, 3.0 � 103 CFU/ml, 40 � 40.
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V. cholerae serogroups in the samples. No fluorescent ag-
gregates were observed in the samples with only the mixture
of the interfering bacteria.

Detection of water samples. To evaluate the sensitivity of
IFAG for V. cholerae in environmental water samples, we com-
pared the IFAG method by using the samples collected from
estuarine waters with the conventional culture and real-time
PCR methods, carried out simultaneously. All these different
methods were performed independently. Among the 146 sam-
ples collected from the Pearl River in the Guangzhou urban
area and from its estuary, the percent-positive results of IFAG
and real-time PCR were 19.9% (29/146) and 29.5% (43/146),
respectively, both of which were significantly higher than
10.3% (15/146), attained by the conventional method (Table
1). There was also a significant difference between the percent-
positive result of IFAG and that of real-time PCR detection
(Table 1).

In the detection of water samples by IFAG, an example of
the bacterial aggregates observed under the fluorescence mi-
croscope is shown in Fig. 3. Of the 29 samples positive by
IFAG detection (19 samples of V. cholerae O1 and 10 of V.
cholerae O139), 22 isolates were obtained by drawing the flu-
orescent bacterial aggregates to the gentamicin agar plates for
culture (75.9% positive) (Table 1). Among them, 16 strains
were O1 and 6 strains were V. cholerae O139 (no samples
obtained tested positive for both serogroups). The serotypes of
V. cholerae O1 and O139 by initial IFAG assay detection were

consistent with those of the strains determined after culture of
the IFAG-positive samples. The strains which were initially
obtained by conventional culture were also positive by IFAG
and IFAG plus culture detection, and the serotypes were con-
sistent with those of isolated strains obtained by culture of
IFAG-positive samples. This showed that the isolation rate of
culture after detection with IFAG was higher than that by
conventional isolation.

We simultaneously used real-time PCR to detect V. cholerae
O1 and O139 in the water samples. It was found that all the
samples positive by the conventional culture, IFAG, and
IFAG-plus-culture methods were consistent with the samples
positive by real-time PCR, including the serotypes of isolates.
We grouped the 43 real-time-PCR-positive samples according
to the threshold cycle (CT) values of PCR detection and com-
pared the percent-positive results of IFAG, IFAG plus culture,
and conventional culture within these samples (Table 2). In the
lower-CT groups, the coincidence rate between the results of
conventional culture, IFAG, IFAG plus culture, and real-time
PCR was high, and V. cholerae was more easily isolated by the
conventional method. With the CT values increasing, the per-
cent-positive results of IFAG and culture decreased. There-
fore, when the concentration of V. cholerae in the enrichment
broth was low, the detection abilities of conventional culture
methods and IFAG were decreased.

We also detected the virulence gene ctxAB for V. cholerae
strains isolated from water samples in this study. The ctxAB
genes in all 22 of the V. cholerae isolates were negative, indi-
cating that the V. cholerae strains in these waters were pre-
dominantly nontoxigenic.

DISCUSSION

In this study, the sensitivity of the established IFAG method
for detection of V. cholerae O1 and O139 in laboratory culture

TABLE 1. Positive results among conventional culture, IFAG,
IFAG plus culture, and real-time PCRa

Parameter for
results

Value for method

Conventional
culture IFAG IFAG �

culture
Real-time

PCR

No. positive 15 29 22 43
No. negative 129 115 124 103
% Positive 10.3 19.9 15.1 29.5

a Total sample, n � 146. Statistical tests: between conventional culture and
IFAG, �2 � 12.1 and P � 0.01; between IFAG and real-time PCR, �2 � 12.1 and
P � 0.01.

FIG. 3. Fluorescent aggregates of V. cholerae (serogroup O1) by
IFAG detection of a water sample.

TABLE 2. Comparison of samples positive by IFAG, IFAG plus
culture, and conventional culture methods with real-time PCR

CT groupa

No. (%b) of samples positive by:

Real-time
PCR IFAG IFAG �

culture
Conventional

culture

Serogroup O1
�20.00 8 8 (100) 8 (100) 7 (87.5)
20.01–23.00 10 8 (80) 7 (70) 3 (30)
23.01–26.00 4 3 (75) 0 (0) 0 (0)
26.01–29.00 1 0 (0) 0 (0) 0 (0)
�29.01 1 0 (0) 0 (0) 0 (0)

Total 24 19 15 10

Serogroup O139
�20.00 7 7 (100) 7 (100) 5 (71.4)
20.01–23.00 3 0 (0) 0 (0) 0 (0)
23.01–26.00 6 3 (50) 0 (0) 0 (0)
26.01–29.00 1 0 (0) 0 (0) 0 (0)
�29.01 2 0 (0) 0 (0) 0 (0)

Total 19 10 7 5

a The CT value increases with a decreasing amount of template or a high
template concentration.

b Values within parentheses are percentages relative to the number of real-
time PCR-positive samples.
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was 103 CFU/ml; the method was also highly specific. In the
mixed bacterial solution containing 10 species of interfering
bacteria and the target V. cholerae O1 and O139 strains, IFAG
was able to specifically detect fluorescent aggregates of V.
cholerae O1 and O139 without cross-reactivity. Furthermore,
the aggregates were verified to be V. cholerae O1 and O139 in
the subsequent culture and serum agglutination tests, showing
high specificity. Hasan et al (18). used DFA to detect V. chol-
erae O139; because the water samples were filtered and con-
centrated in that study, the sensitivity of V. cholerae O139
detection reached 1.5 � 102 CFU/ml and the specificity was
100%. In this study, because neither the pure cultures nor
on-site water samples were filtered or concentrated, the sensi-
tivity of detection was one log lower than that of Hasan et al.,
but our assay had the same specificity.

A number of methods have been evaluated for detection of
V. cholerae O1 and O139 in samples from environmental wa-
ters. The colloidal gold technique was used to easily screen V.
cholerae, but the sensitivity is low (requiring the bacteria con-
centration in samples to be more than 105 CFU/ml). Conven-
tional culture requires a larger sample size, for which prepro-
cessing steps for isolation and detection are laborious and
cumbersome. The real-time PCR technique has high sensitivity
in detecting V. cholerae, but it still requires culture and isola-
tion of sample after PCR detection when the strain is needed.
The IFAG assay has high specificity and a higher isolation rate
than the conventional culture and should be a good choice for
environmental surveillance of V. cholerae, especially surveil-
lance and study based on obtaining isolates from environmen-
tal samples. We previously performed studies on the use of
IFAG for detection of V. cholerae by using antisera to V.
cholerae O1 and O139 (28, 29). Here we analyzed the enriched
broth of estuarine water samples and used monoclonal anti-
bodies to serogroups O1 and O139 in IFAG. We determined
that the IFAG percentage positive was higher than that of
conventional culture while the assay time was less than that of
conventional culture methods. Additionally, with its high spec-
ificity, IFAG can be used to improve the isolation rate for V.
cholerae and efficiency when dealing with a large number of
samples, since only IFAG-positive samples are forwarded for
further isolation. Also, the isolation rate could be increased by
drawing the fluorescent aggregates of bacteria in the IFAG-
positive samples, compared to that for conventional culture.

In this study, 22 out of 29 IFAG-positive water samples were
positive by subsequent culture of fluorescent aggregates, but
for 7 samples, there was a failure to culture V. cholerae from
the fluorescent aggregates (Table 1). Among possible reasons
for the inability to obtain culture from some aggregates, one
may be the presence of viable but nonculturable (VBNC) V.
cholerae in the waters. Studies by Binsztein et al (6) suggested
that in the interim period between cholera epidemics, V. chol-
erae is still present in the environment in a VBNC state, indi-
cating that even if fluorescent aggregates of bacteria are de-
tected, no viable bacteria can be obtained by culture. The
second reason is that even if fluorescent aggregates were ob-
tained, they may have been suppressed in the gentamicin plate
of subsequent culture or no colony could be formed in the
gentamicin agar by a single colony due to interference from
other bacteria. The third reason may be that the colonies were

false positive due to incomplete washings and the presence of
nonspecific fluorescence.

The IFAG percentage positive (19.9%) was lower than the
real-time PCR positive rate (29.5%). The discordance between
the two methods (where the real-time PCR gave a positive
result and the IFAG result was negative) was found mainly in
samples with higher CT values by real-time PCR detection. At
low V. cholerae concentrations, the sensitivity of the assay or
the formation of fluorescent aggregates of bacteria may have
been affected by the composition of estuarine water after en-
richment. Moreover, this study used a small amount (10 �l) of
enrichment broth for IFAG detection, and this small sample
could possibility result in weak detection.

In environmental monitoring of cholera, a large number of
samples is often required. Enrichment, isolation and identifi-
cation, and conventional culture methods are labor intensive,
with many time-consuming steps. This study demonstrated that
during handling of samples for real-time fluorescent PCR
screening, the real-time PCR-positive samples can be used for
isolation with the use of IFAG. This process not only reduces
the workload of detection but also improves the isolation rate.

Nontoxigenic V. cholerae was isolated from the estuary water
of the Pearl River in this study. Currently China has a smaller
number of reported cholera cases each year than before, less
than 200 cases during the most recent 3 years. In the year we
conducted this study, fewer than 10 cases of cholera were
found in the Guangdong province. In the interim period be-
tween cholera outbreaks, V. cholerae bacteria present mainly as
nontoxigenic strains (20). However, if nontoxigenic strains ab-
normally increase during environmental monitoring, it would
suggest that toxigenic strains may also be increasing under the
same environmental conditions, which are suitable for propa-
gation of the pathogen. Therefore, the method described in
our study would help to more efficiently accumulate monitor-
ing data for V. cholerae in environmental waters, which can
provide a basis for early warnings of cholera outbreaks.
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