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Enterobacterial repetitive intergenic consensus (ERIC) sequence polymorphism was studied in Vibrio chol-
erae strains isolated before and after the cholera epidemic in Brazil (in 1991), along with epidemic strains from
Peru, Mexico, and India, by PCR. A total of 17 fingerprint patterns (FPs) were detected in the V. cholerae
strains examined; 96.7% of the toxigenic V. cholerae O1 strains and 100% of the O139 serogroup strains were
found to belong to the same FP group comprising four fragments (FP1). The nontoxigenic V. cholerae O1 also
yielded four fragments but constituted a different FP group (FP2). A total of 15 different patterns were observed
among the V. cholerae non-O1 strains. Two patterns were observed most frequently for V. cholerae non-O1
strains, 25% of which have FP3, with five fragments, and 16.7% of which have FP4, with two fragments. Three
fragments, 1.75, 0.79, and 0.5 kb, were found to be common to both toxigenic and nontoxigenic V. cholerae O1
strains as well as to group FP3, containing V. cholerae non-O1 strains. Two fragments of group FP3, 1.3 and
1.0 kb, were present in FP1 and FP2, respectively. The 0.5-kb fragment was common to all strains and
serogroups of V. cholerae analyzed. It is concluded from the results of this study, based on DNA FPs of
environmental isolates, that it is possible to detect an emerging virulent strain in a cholera-endemic region.
ERIC-PCR constitutes a powerful tool for determination of the virulence potential of V. cholerae O1 strains
isolated in surveillance programs and for molecular epidemiological investigations.

Vibrio cholerae serotype O1 is the causative agent of a severe
secretory diarrhea and has historically been considered the
cause of cholera epidemics. V. cholerae non-O1 serovars (se-
rogroups which do not agglutinate with O1 V. cholerae anti-
serum) have been reported to cause gastroenteritis (31, 32, 34),
extraintestinal infections (20), septicemia (18), and meningitis
(39). At the end of 1992, a new serogroup emerged as an
epidemic agent, V. cholerae O139, that was found to be the
causative agent of outbreaks occurring in October 1992 in
Madras, India (5).
The hypothesis is that V. cholerae is an autochthonous bac-

terial species in brackish water and that an environmental
source can explain the seasonality (8, 9, 12) and distribution of
the organism in regions of the world where cholera is endemic
(9).
Laboratory diagnosis of cholera has traditionally been based

on phenotypic characteristics of V. cholerae O1, expressed as
morphological, physiological, and biochemical properties, in-
cluding antigenic composition. Specific assays have been de-
veloped for detection of such antigens, enzymes, toxins, and
related products (36). An empirical method currently em-
ployed in bacterial population genetics research is multilocus
enzyme electrophoresis (MEE), which, by indexing allelic vari-
ation in sets of randomly selected structural genes of the chro-
mosomal genome, provides a basis for estimating overall levels
of single-locus and multilocus genotypic variation in popula-

tions and species (46). Several methods of indexing nucleotide
sequence variation, other than protein electrophoresis and
DNA hybridization, recently have been applied in epidemio-
logical research, and genetic variation can be documented by a
variety of molecular biology techniques. Genotyping of V. chol-
erae O1, i.e., construction of molecular genetic maps by ana-
lyzing the segregation of restriction fragment length polymor-
phisms (RFLPs) among the progeny of strains with different
restriction enzymes, can be highly informative (25, 48, 52, 53).
A standardized ribotyping has been proposed for V. cholerae
O1, with a total of 17 rRNA gene restriction patterns observed
after BglI cleavage (26, 36).
Detailed analysis can be performed by direct nucleotide

sequence analysis of specific regions in the genome (15), but
this technique is not applied in all microbiological laboratories.
However, PCR can be performed with only one instrument for
rapid detection of specific sequences of nucleic acid (27, 40).
Williams et al. (51) described a new DNA polymorphism

assay based on amplification of random DNA segments with
single primers of arbitrary nucleotide sequence, i.e., random
amplified polymorphic DNA-PCR, arbitrary primer PCR, and
PCR DNA fingerprinting. Dispersed repetitive DNA se-
quences have been described recently for eubacteria. Oligonu-
cleotides matching enterobacterial repetitive intergenic con-
sensus (ERIC) sequences (21) were synthesized, tested, and
compared with ERIC-PCR primers for the amplification of
eubacterial genomic DNA (47). In 1992, de Bruijn examined
the distribution of dispersed repetitive DNA sequences in the
genomes of a number of gram-negative soil bacteria using
conserved primers corresponding to ERIC sequences by PCR
(14).
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Molecular markers are necessary for monitoring the pres-
ence of toxigenic strains in environmental samples in order to
understand the epidemiology of cholera. In this study, ERIC-
PCR was used to analyze toxigenic and nontoxigenic strains of
V. cholerae O1 and non-O1 isolated since 1977 from sewage
and seawater in Säo Paulo State, Brazil, as well as V. cholerae
O139 from India and epidemic strains from Peru and Mexico.

MATERIALS AND METHODS
Bacterial strains. A total of 83 V. cholerae strains, collected in Brazil since

1977, were subcultured onto thiosulfate-citrate-bile salts-sucrose (TCBS) agar
(Difco). A total of 32 V. cholerae O1 El Tor and 36 V. cholerae non-O1 strains
isolated in the state of Säo Paulo, Brazil, 2 V. cholerae O1 El Tor strains from
Peru, 1 V. choleraeO1 El Tor strain fromMexico, and 12 V. choleraeO139 strains
from India were used in this study and are listed in Table 1 with their sources. V.
cholerae O1 strains ATCC 25870 (569B), 14033, and 14035 and V. cholerae
non-O1 strain J3 from an aquatic source in Japan (8) were used to determine
fingerprint patterns (FPs) in known strains from sources other than Latin Amer-
ica. All strains were preserved in Luria-Bertani (LB) broth (43) amended with
30% glycerol and stored at 2708C. The identities of the V. cholerae O1 strains
were confirmed by coagglutination with monoclonal antibody (11). V. cholerae
non-O1 strains were characterized by the Biolog identification system (Biolog
Inc., Hayward, Calif.).
All strains were previously tested for the presence of virulence factors, i.e., ctx

and zot genes, by PCR techniques described elsewhere (7, 38).
Genomic DNA extraction. DNA was extracted by a modification of the plant

DNA extraction method published by Murray and Thompson (35) and as de-
scribed previously (38). DNA extracts were resuspended in Tris-EDTA (10 mM
Tris-HCl, 0.10 mM EDTA [pH 8.0]) buffer and stored at 48C for further analysis.
PCR primers and amplification conditions. The oligonucleotide ERIC prim-

ers ERIC1R (59ATGTAAGCTCCTGGGGATTCAC39) and ERIC2 (59AA
GTAAGTGACTGGGGTGAGCG39) were designed as described elsewhere
(47).
The following was added to each 100 ml PCR mixture: 10 ml of Mg-free 103

amplification buffer (500 mM KCl, 100 mM Tris-HCl [pH 8.3], 0.1% gelatin); 6
ml of 25 mM MgCl2; 4 ml each of 1.25 mM dATP, dCTP, dGTP, and dTTP;
forward and reverse ERIC primers (100 pmol of each); and 2.5 U of Taq DNA
polymerase (Perkin-Elmer-Cetus). PCR was carried out in 0.5-ml microcentri-
fuge tubes, with 19 ml of the PCR mixture described above and 1 ml (ca. 0.10 mg)
of template DNA. The solution was overlaid with one drop of sterile mineral oil
and placed in an automated thermocycler (Perkin-Elmer DNA thermal cycler).
The DNA in the reaction mix was denatured at 958C for 5 min. PCR ampli-

fication was done as follows: denaturation at 928C for 45 s, annealing at 528C for
1 min, and extension at 708C for 10 min, with a final extension at 708C for 20 min
at the end of 35 cycles. The samples were maintained at 48C.

The PCR products were separated by agarose gel electrophoresis in 13 TAE
buffer (0.04 M Tris-acetate, 0.001 M EDTA [pH 8.0]).
Analysis of FPs. The sizes of bands generated by electrophoresis of the PCR

amplifications were calculated by comparison with DNA molecular size markers
(HindIII-digested l DNA and pGEM [Promega Corp., Madison, Wis.]). The
migration positions of fragments of the marker were plotted on semilog paper
according to molecular size, and the migration distances of bands in the samples
were measured to establish the molecular size for each band.
Computer analysis. Data for the different sizes of fragments generated by

ERIC-PCR for each FP group were analyzed by using SAS-Graph (22, 44, 45) for
cluster analysis and employing the simple matching (Sm) and Jaccard (Sj) coef-
ficients, with unweighted average linkage.

RESULTS

ERIC-PCR of genomic DNA from various V. cholerae
strains resulted in amplification of multiple fragments of DNA
in sizes ranging between 0.18 and 4.0 kb. A total of 17 FPs were
identified for the strains of V. cholerae included in the study.
The data on FPs associated with V. cholerae serogroups, their
frequency of distribution, and the presence of toxin genes in
each group are summarized in Table 2. Approximately 96.7%
(29 of 30) of the V. cholerae serogroup O1 toxigenic (ctx1/zot1)
strains isolated from clinical and environmental samples from
Brazil, Peru, and Mexico and 100% (12 of 12) of the V. chol-
erae serogroup O139 strains isolated from clinical samples in
India fell within the same FP group (FP1) (Table 2 and Fig. 1).
All nontoxigenic V. cholerae O1 strains isolated before the
cholera epidemic which occurred in 1991 in São Paulo State,
Brazil, exhibited a different pattern and belonged to the FP2
group (Table 2 and Fig. 1). Isolates of V. cholerae non-O1 had
a total of 15 different FPs (Table 2). Among the V. cholerae
non-O1 FPs, FP3 (25%, 9 of 36) and FP4 (16.7%, 6 of 36)
appeared more frequently than the other groups.
Within the FP groups, FP1 (comprising the toxigenic V.

cholerae O1 and O139 serogroups), FP2 (nontoxigenic V. chol-
erae O1), and FP3 (nontoxigenic V. cholerae non-O1) showed
the presence of three analogous fragments of 1.75, 0.79, and
0.5 kb (Table 2). FP3 included two fragment sizes, one coin-
ciding with FP1 (1.3 kb) and the other with FP2 (1.0 kb).
One common band, 0.50 kb, was found in all strains of V.

TABLE 1. V. cholerae O1, O139, and non-O1 strains used in this study

Serogroup Sourcea and yr Obtained fromb: Strain(s) (total no.)

O1 BS, 1978 M. T. Martins TM16457, TM207831, TM207832 (3)
BS, 1980 M. T. Martins TM11079 (1)
BS, 1991 CETESB CT25016, CT25017 (2)
BSRSt, 1992 CETESB CT24082, CTMARMI1, CTMARMI2, CTMACMI1 (5)
BS, 1993 CETESB CT5369, CT7606, CT9995, CT15861, CT15989, CT16125, CT22317, CT31644,

CT31802 (9)
BSR, 1994 CETESB CT1546, CT2578, CT2846, CT4252, CT7022, CT7237, CT7649, CT8511, CT8514,

CT20093, CT20094 (12)
PSt, 1993 IAL IAL1941, IAL1943 (2)
MSt, 1993 J. A. K. Hasan JH332 (1)

O139 IC, 1993 G. B. Nair CO391, CO396, CO403, CO404, CO411, CO415, B04, VO6, SO19, NPO390,
MDO84, MDO-90 (12)

Non-O1 BS, 1977 M. T. Martins TM35123, TM41338, TM34162 (3)
BS, 1978 M. T. Martins TM3634, TM52479, TM3233 (3)
BS, 1979 M. T. Martins TM19225, TM23256, TM31152, TM37869, TM9024 (5)
BSw, 1981 M. T. Martins TM50022, TM46720, TM45535 (3)
BS, 1982 M. T. Martins TM17019, TM48733, TM17015 (3)
BSSw, 1983 M. T. Martins TM1187, TM16589, TM5455 (3)
BO, 1990 G. R. Matte (30, 31) GM30, GM31, GM32, GM33, GM34, GM35, GM36, GM37, GM38, GM39 (10)
BSR, 1992 CETESB CT16291, CT10738, CT3481, CT3477, CT10834, CT12009 (6)

a Geographic: B, Brazil; I, India; P, Peru; M, Mexico. Isolation: S, sewage; St, stool; R, river; C, clinical; Sw, sea water; O, oysters and mussels.
b CETESB, Companhia de Tecnologia de Saneamento Ambiental; IAL, Adolfo Lutz Institute.
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cholerae examined (Table 2). The FP group which contained
the largest number of fragments was FP8, with eight fragments,
followed by group FP7, with seven fragments. Both of these
groups included only V. cholerae non-O1 strains (Fig. 2).
Among the known strains, V. cholerae non-O1 strain J3 re-

vealed five bands, with three fragments of the same sizes as in
the V. cholerae non-O1 group FP3. V. choleraeO1 strain ATCC
25870 (569B) exhibited only two fragments, 0.68 and 0.50 kb,
one of which (0.68 kb) was not found in any other strain used
in this study. The only fragment common to all strains was the
0.5-kb one (Tables 2 and 3).
The distribution of FPs of V. cholerae non-O1 strains during

the period 1977 to 1992 is shown in Table 4. Again, the FP1
pattern, representative of the epidemic strains, was not ob-
served in any of the environmental V. cholerae non-O1 isolates
collected during the pre-epidemic period (Table 4).

The 17 FPs obtained for the 83 strains of V. cholerae exam-
ined in this study clustered into two major and three single-
member groups in 0.80 simple-match similarity groups when
the Sm coefficient and unweighted average linkage were used
(Fig. 2). Further analysis with the Sj coefficient produced sim-
ilar clusters (data not shown). Most of the V. cholerae O1
strains (toxigenic and nontoxigenic), all of the O139 strains
tested, and a few strains of the non-O1 serogroups fell within
the same cluster group (Fig. 2).

DISCUSSION

ERIC sequences are 126 bp long and appear to be restricted
to transcribed regions of the genome, either in intergenic re-
gions of polycistronic operons or in untranslated regions up-
stream or downstream of open reading frames. ERIC se-

TABLE 2. FPs obtained by ERIC-PCR for the V. cholerae strains included in the study

FP V. cholerae
serogroup Strain(s) Frequencya

(%) Fragment size(s) (kb)

Toxin
genesb

ctx zot

1 O1 CT25017, CT24082, CTMARMI1, CTMARMI2, CTMARCMI1,
CTMARCMI4, CT5369, CT7606, CT9995, CT15861, CT15989,
CT16125, CT22317, CT31644, CT31802, CT1546, CT2578,
CT2846, CT4252, CT7022, CT7237, CT7649, CT8511, CT8514,
CT20093, CT20096, JH332, IAL1941, IAL1943

96.7 1.75, 1.3, 0.79, 0.5 1 1

O139 CO391, CO396, CO403, CO404, CO411, CO415, B04, VO6, SO19,
NPO390, MDO84, MDO90

100 1.75, 1.3, 0.79, 0.5 1 1

2 O1 TM16457, TM207832, TM207832, TM11079, CT25016 100 1.75, 1.0, 0.79, 0.5 2 2

3 Non-O1 TM35123, TM19225, TM23256, TM31152, GM33, GM35, GM36,
GM37, CT16291

25 1.75, 1.3, 1.0, 0.79, 0.5 2 2

4 Non-O1 TM41338, TM3634, TM17019, TM48733, TM1187, CT10738 16.7 1.0, 0.5 2 2

5 Non-O1 TM52479, TM16589, CT3481 8.3 1.75, 0.5 2 2

6 O1 CT7021 3.3 0.5 1 1

Non-O1 TM50022, TM46720, CT3477 8.3 0.5 2 2

7 Non-O1 GM32, GM34 5.6 4.0, 1.7, 1.15, 1.0,
0.85, 0.78, 0.5

2 2

8 Non-O1 GM38, GM39 5.6 2.7, 1.4, 1.2, 1.1, 0.98,
0.88, 0.5, 0.4

2 2

9 Non-O1 TM17015, TM5455 5.6 1.2, 0.96, 0.5 2 2

10 Non-O1 TM37869, GM30 5.6 1.25, 0.76, 0.5 2 2

11 Non-O1 TM9024 2.8 1.4, 1.0, 0.73, 0.5, 0.19 2 2

12 Non-O1 CT10834 2.7 1.7, 1.25, 0.95, 0.5 2 2

13 Non-O1 GM31 2.8 1.2, 1.0, 0.78, 0.5 2 2

14 Non-O1 TM34162 2.7 1.0, 0.54, 0.5 2 2

15 Non-O1 TM3233 2.8 1.0, 0.5, 0.18 2 2

16 Non-O1 CT12009 2.7 1.7, 0.85, 0.5 2 2

17 Non-O1 TM45535 2.8 1.2, 0.5 2 2

a Frequency, percentage of strains in the serogroup showing that FP.
b Data on toxin genes are from reference 38. 1, present; 2, absent.
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quences are novel and highly conserved at the nucleotide
sequence level, but their chromosomal locations differ between
species (21). The ERIC sequence in V. cholerae has been
identified and is located near the hemolysin gene, apparently
‘‘hitchhiking’’ with the hemolysin gene (21). The hemolytic
property of biotype El Tor has been shown to be less strong in
V. cholerae strains isolated during the course of an epidemic
(1), i.e., as the epidemic progresses, and is interconvertable
within hemolytic and nonhemolytic variants (17).
It is possible, by ERIC-PCR, to generate a characteristic

genomic fingerprint for given bacterial species, including Vibrio
mimicus, Vibrio vulnificus, Vibrio parahaemolyticus, Vibrio
campbelli, Vibrio mediterranei, Vibrio alginolyticus, Escherichia
coli, Shigella sonnei, Shigella dysenteriae, Shigella boydii, Shigella
flexneri, and Bacillus subtilis, which can be used to distinguish
patterns of particular strains (37, 47). ERIC-PCR also allows
clear distinction among bacterial species and strains containing
these repetitive elements (47).
Both toxigenic and nontoxigenic strains of V. cholerae O1

demonstrated three identical fragments of 1.75, 0.79, and 0.5
kb (Table 2). About 96.7% of the toxigenic V. cholerae O1 El
Tor and 100% of the V. cholerae O139 isolates demonstrated a
common fingerprint (FP1). We also obtained the same finger-
print for epidemic V. cholerae O1 toxigenic strains from Brazil,
Peru, and Mexico, as well as from V. cholerae O139 Bengal
strains isolated in India. Similarity between strains of the epi-
demic serogroups O1 and O139 was also revealed by MEE,
both O1 and O139 serogroups belonging to zymovar 14 (23,
42), and by Southern blot and hybridization with a probe for
the iron-regulated gene (2). ERIC-PCR is relatively easy and
rapid to perform compared with restriction analysis, probing,
or MEE.
The nontoxigenic V. cholerae O1 strains showed a different

FP (FP2), readily differentiated (visually) from toxigenic
strains, in which the amplified 1.0-kb fragment was replaced by

another fragment of 1.3 kb (Fig. 1). The relationship between
toxigenic and nontoxigenic V. cholerae O1 isolates has been
examined by MEE, and identical patterns were reported for
100% of the toxigenic strains and 30.4% of the nontoxigenic
strains (42). By using ERIC-PCR, as described in this study, it
is possible to differentiate toxigenic (FP1) from nontoxigenic
(FP2) strains of V. cholerae O1.
Two of the nontoxigenic V. cholerae O1 strains included in

this study, originally isolated from sewage samples collected in
Brazil, were classified previously as ET-10 by MEE (4), be-
longing to pattern 13 of BglI-restricted RFLP of rRNA and
electrophoretic type 6 by ribotyping (48). The molecular epi-
demiology of cholera in Latin America was studied by genomic
analysis, rRNA RFLP, and MEE, all of which gave apparently
conflicting results. The RFLP profiles of the Latin American
isolates were identical to those of some isolates from the sev-
enth pandemic, whereas the results of MEE indicated that the
Latin American isolates were distinct from seventh-pandemic
isolates (4, 48).
In this study, V. cholerae non-O1 strains gave 15 different

FPs, indicating the existence of a heterogeneous group of or-
ganisms in the environment. FP3 (25%) was the most common,
with five bands of 1.75, 1.3, 1.0, 0.79, and 0.5 kb (Table 2). The
distribution of FPs among V. cholerae non-O1 strains was di-
verse and independent of sample type, as can be seen from
data presented in Table 4. Since non-O1 isolates represented
V. cholerae serogroups O2 through O138, it is expected that a
diverse set of FPs would result from the strains used in this
study.
Analysis of the data with the Sm coefficient resulted in the

determination of five cluster groups, representing the 17 FPs.
V. cholerae non-O1 group FP3 fell into the same cluster as the
toxigenic V. cholerae O1 and O139 (Fig. 2), indicating molec-
ular similarity of V. cholerae non-O1 strains to epidemic
strains. V. cholerae non-O1 strains may have acquired genes in
the environment from epidemic strains, a hypothesis that re-
mains to be fully tested. Nevertheless, it is possible to distin-
guish toxigenic V. cholerae O1 from nontoxigenic O1 strains by
ERIC-PCR followed by gel electrophoresis (Fig. 1).
It is important to determine the toxigenic potential of

non-O1 isolates since, on occasion, they can cause gastroen-
teritis and extraintestinal infections (24). Furthermore, the so-
called eight pandemic, caused by the new serogroup, V. chol-
erae O139, suggests that strains other than V. cholerae O1 can
acquire epidemic potential (5). Therefore, the absence of V.
cholerae O1 and presence of V. cholerae non-O1 strains in any
environment should not be ignored. It is interesting to note
here that, in this study, ERIC-PCR generated an identical FP
for the toxigenic O1 and O139 serogroups of V. cholerae ex-
amined.
Epidemiologic surveillance of cholera has been limited in

the past by rather insensitive laboratory systems, mainly cul-
ture and physiological and serological grouping of strains. Tra-
ditionally, toxigenic V. cholerae serogroup O1 strains, which
are the major cause of epidemic cholera, are differentiated by
serology into two serotypes, Inaba and Ogawa, and by bacte-
riological tests into two biotypes, classical and El Tor (49).
Cook et al. (13) used plasmid profiles and Southern blot anal-
ysis with ctxA and VcA1 probes to show that 42 classical bio-
type strains, isolated as early as 1916 and 1921 (sixth pandem-
ic), were indistinguishable from the 1982 isolates. Unlike
toxigenic El Tor isolates, which showed no plasmid DNA, most
classical isolates possess 4.8- and 33.6-kb plasmids. Further-
more, nontoxigenic O1 strains revealed no plasmid or up to
three plasmids. No significant similarities between ERICs and
plasmid, phage, or eukaryotic sequences were found in this

FIG. 1. DNA fingerprints of toxigenic and nontoxigenic strains of V. cholerae
O1 generated by ERIC-PCR amplification. Lanes: 1, molecular size markers
(HindIII-digested l DNA [Promega]); 2 to 5, V. cholerae O1 strains lacking ctx
and zot genes (FP2); 6 to 9, V. cholerae O1 strains with ctx and zot genes (FP1);
10, molecular size markers (pGEM [Promega]).
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study, and the ERICs did not resemble any known insertion
sequence or transposable element (21).
According to Goldberg and Murphy (16), epidemiology

based solely on hybridization of the cloned E. coli heat-labile
toxin gene or on data obtained with cholera toxin gene probes
is not sufficient to determine relationships among tox1 and
wild-type tox isolates. The conclusion was that there is a mech-
anism for the addition, deletion, or both of the cholera entero-
toxin structural genes in V. cholerae.
The most discriminative typing schemes may be those that

analyze several loci evenly scattered in the chromosome be-
cause they are most likely to reflect overall genomic DNA
polymorphism. MEE was used to examine the relationships
between V. cholerae strains; they were grouped into 73 zymo-
vars (strain or group of strains with the same alleles) by using

13 structural loci (41) and into 10 electrophoretic types by
using 16 enzyme loci (4).
Koblavi et al. (26) developed an rRNA RFLP, or ribotyping,

assay based on BglI cleavage of whole-cell DNA to study a
collection of 89 V. cholerae O1 isolates. A total of 17 rRNA
gene restriction patterns were observed. No correlation be-
tween serotype and rRNA gene restriction pattern was ob-
tained, however.
The molecular epidemiology of V. cholerae isolates in Latin

America has been studied by using RFLP of rRNA, ctx genes,
ribotyping, MEE, etc. It was established that there are at least
four distinct toxigenic El Tor V. cholerae O1 clones: seventh
pandemic (Eastern Hemisphere); U.S. Gulf Coast; Australia;
and Latin America (48). Other methods were also used to
distinguish different serovars and biotypes, such as RFLP-

FIG. 2. Dendrogram of simple-match similarity matrix clustered by the unweighted pair-group method with arithmetic means.

TABLE 3. FPs obtained for known strains of V. cholerae used in the study

V. cholerae strain V. cholerae
serogroup Fragment size(s) (kb)

Toxin genesa

ctx zot

J3 (8) Non-O1 4.3, 1.35, 1.3, 0.79, 0.5 2 2
ATCC 25870 (569B) O1 0.68, 0.5 1 1
ATCC 14033 O1 0.5 NT NT
ATCC 14035 O1 0.5 1 1

a See Table 2, footnote b. NT, not tested.
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PFGE (pulsed-field gel electrophoresis) (6), but the method
used was complicated. PFGE was found to be more discrimi-
nating than the MEE or ribotyping schemes described previ-
ously (3). However, V. cholerae O1 isolates from the Latin
American epidemic were indistinguishable by MEE, ribotyp-
ing, or PFGE (3). Arbitrary primer PCR and priming efficiency
in various PCR experiments carried out by other investigators
were also found to be low in sensitivity and did not allow
distinction of strains within a species (2, 42). In contrast, the
approaches applied here and by Versalovic et al. (42) are a
simple and useful alternative to the other methods used to
date, because ERIC primers are highly specific and the proce-
dure rapidly distinguishes toxigenic strains from nontoxigenic
strains of V. cholerae. Multiple colonies isolated from the same
culture, as well as repeated isolation of the same strain over
time, revealed a consistent pattern, demonstrating that the
fingerprint is stable and specific to a given bacterial strain (28).
ERIC-PCR is proving to be a powerful tool for molecular
analysis of toxigenic and nontoxigenic V. cholerae. Our results
to date demonstrate that the fingerprints generated signifi-
cantly facilitate cholera surveillance in environmental studies
as well as molecular epidemiological investigations.
The ERIC-PCR methods applied here for V. cholerae are

applicable to other microbial species and to strains in the
viable but nonculturable state, as has been shown for V. chol-
erae, which can exist in the environment in the viable but
nonculturable state under conditions adverse for growth (12).
Detection of such cells and of the emergence of newly virulent
strains has been very difficult. The ERIC-PCR technique is
currently being applied in our laboratory to analyze environ-
mental specimens. We speculate that the application of ERIC-
PCR techniques to environmental samples may aid in under-
standing the molecular ecology of the cholera agent and
related enteric pathogens in the environment.
In summary, we report the first application of ERIC-PCR-

generated fingerprints to differentiate toxigenic and nontoxi-
genic strains of V. cholerae serogroup isolates from a variety of
sources, including environmental. With this tool, health offi-
cials should be able to monitor environments and thereby
predict the emergence of virulent strains, which in turn will
allow the institution of preventive measures in cholera-en-
demic regions.
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31. Matté, G. R., M. H. Matté, I. G. Rivera, and M. T. Martins. 1994. Distri-
bution of potentially pathogenic vibrios in oysters from a tropical region. J.
Food Prot. 57:870–873.

32. Morris, J. G. 1990. Non-O1 group 1 Vibrio cholerae: a look at the epidemi-

ology of an occasional pathogen. Epidemiol. Rev. 12:179–191.
33. Morris, J. G., Jr., J. L. Picardi, S. Lieb, J. V. Lee, A. Roberts, M. Hood, R. A.

Gunn, and P. Blake. 1984. Isolation of nontoxigenic Vibrio cholerae O group
1 from a patient with severe gastrointestinal disease. J. Clin. Microbiol.
19:296–297.

34. Morris, J. G., T. Takeda, B. D. Tall, G. A. Losonski, S. K. Bhattacharya,
B. D. Forrest, B. A. Kay, and M. Nishibuchi. 1990. Experimental non-O1
group Vibrio cholerae gastroenteritis in humans. J. Clin. Invest. 85:697–705.

35. Murray, M. G., and W. F. Thompson. 1980. Rapid isolation of high-molec-
ular-weight plant DNA. Nucleic Acids Res. 8:4321–4325.

36. Popovic, T., P. I. Fields, and O. Olsvik. 1994. Detection of cholera toxin
genes, p. 41–52. In I. K. Wachsmuth, P. A. Blake, and O. Olsvik (ed.), Vibrio
cholerae and cholera: molecular to global perspectives. American Society for
Microbiology, Washington, D.C.

37. Rivera, I. G., M. A. R. Chowdhury, A. Huq, R. R. Colwell, and M. T. Martins.
1995. Genomic fingerprinting of vibrio species using ERIC primers and
PCR, abstr. R-10. In Abstracts of the 95th General Meeting of the American
Society for Microbiology 1995. American Society for Microbiology, Wash-
ington, D.C.

38. Rivera, I. G., M. A. R. Chowdhury, P. S. Sanchez, M. I. Sato, A. Huq, R. R.
Colwell, and M. T. Martins. Detection of cholera (ctx) and zonula occludens
(zot) toxin genes in Vibrio cholerae O1, O139 and non-O1 strains. World J.
Microbiol. Biotechnol., in press.

39. Rubin, I. G., J. Altman, L. J. Epple and R. H. Yolken. 1981. Vibrio cholerae
meningitis in a neonate. J. Pediatr. 98:940–942.

40. Saiki, R. K., D. H. Gelfand, S. Stoffel, S. J. Scharf, R. Higuchi, G. T. Horn,
K. B. Mullis, and H. A. Erlich. 1988. Primer-directed enzymatic amplifica-
tion of DNA with thermostable DNA polymerase. Science 239:487–491.

41. Salles, C. A., and H. Momem. 1991. Identification of Vibrio cholerae by
enzyme electrophoresis. Trans. R. Soc. Trop. Med. Hyg. 85:544–547.

42. Salles, C. A., H. Momen, A. M. Coelho, E. F. Oliveira, A. C. P. Vicente, and
G. B. Nair. 1994. Bengal: El Tor cholera vibrio in a new robe. Mem. Inst.
Oswaldo Cruz Rio de J. 89:115–116.

43. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a
laboratory manual, 2nd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.

44. SAS Institute, Inc. 1985. SAS user’s guide: statistics version, 5th ed. SAS
Institute, Inc., Cary, N.C.

45. SAS Institute, Inc. 1985. SAS-graph user’s guide: statistics version, 5th ed.
SAS Institute, Inc., Cary, N.C.

46. Selander, R. K., D. A. Caugant, H. Ochman, J. M. Musser, M. N. Gilmour,
and T. S. Whittam. 1986. Methods of multilocus enzyme electrophoresis for
bacterial population genetics and systematics. Appl. Environ. Microbiol.
51:873–884.

47. Versalovic, J., T. Koeuth, and J. R. Lupski. 1991. Distribution of repetitive
DNA sequences in eubacteria and applications to fingerprinting of bacterial
genomes. Nucleic Acids Res. 19:6823–6831.

48. Wachsmuth, I. K., G. M. Evins, P. I. Fields, O. Olsvik, T. Popovic, C. A.
Bopp, J. G. Wells, C. Carrillo, and P. A. Blake. 1993. The molecular epide-
miology of cholera in Latin America. J. Infect. Dis. 167:621–626.

49. Wachsmuth, K., O. Olsvik, G. M. Evins, and T. Popovic. 1994. Molecular
epidemiology of cholera, p. 357–370. In I. K. Wachsmuth, P. A. Blake, and
O. Olsvik (ed.), Vibrio cholerae and cholera: molecular to global perspectives.
American Society for Microbiology, Washington, D.C.

50. Welsh, J., and M. McClelland. 1991. Genomic fingerprinting using arbitrarily
primed PCR and a matrix of pairwise combinations of primers. Nucleic
Acids Res. 19:5275–5279.

51. Williams, J. G. K., A. R. Kubelik, K. J. Livak, J. A. Rafalski, and S. V.
Tingey. 1990. DNA polymorphisms amplified by arbitrary primers are useful
as genetic markers. Nucleic Acids Res. 18:6531–6535.

52. Yam, W. C., M. L. Lung, K. Y. Ng, and M. H. Ng. 1989. Molecular epide-
miology of Vibrio cholerae in Hong Kong. J. Clin. Microbiol. 27:1900–1902.

53. Yam, W. C., M. L. Lung, and M. H. Ng. 1991. Restriction fragment length
polymorphism analysis of Vibrio cholerae strains associated with a cholera
outbreak in Hong Kong. J. Clin. Microbiol. 29:1058–1059.

2904 RIVERA ET AL. APPL. ENVIRON. MICROBIOL.


