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A polymerase chain reaction (PCR) to detect a region of the Al cholera toxin gene was applied to the identification of 43 Vibrio cholerue strains 
isolated from the recent outbreak in Argentina. A good correlation was observed between the GMI-enzyme-linked immunosorbent assay (GMI- 
ELISA) to detect the B subunit of the enterotoxin and PCR. However, a V. cholerae non-01 strain that was negative by the ELISA test, was positive 
by the PCR assay for the Al region. A second PCR test to detect the A2-B coding region was developed to solve this case. We propose that routine 

detection of toxigenic V. cholerae by PCR should include analysis of A2-B coding region or the whole cholera toxin operon. 
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1. INTRODUCTION 

Infection by V&rio cholerue cause alterations in the 
digestive tract when the enterotoxin gene is present and 
expressed [l]. Some strains of V. cholerae 01 may not 
produce the enterotoxin (CT) [2] while other K chol- 
erue non-01 may be enterotoxigenic [3]. The locus for 
the cholerae toxin is a single transcription unit made up 
of sequences encoding the toxin subunits A (c&A) and 
B (c&B) [4]. The single polypeptide A is usually prote- 
olytically nicked to form two disulphide-linked pol- 
ypeptides named Al and A2. The A subunit is responsi- 
ble for the toxic activity and B subunit is involved in the 
binding of the toxin to the ganglioside GM1 of the 
target cell [4]. 

tection. This approach was applied to strains isolated 
from the recent Argentine outbreak. 

2. MATERIALS AND METHODS 

In 1991, cholera made a dramatic reappearance in the 
Americas [5]. From February to July 1992,450 cases of 
cholera were detected in Argentina. As expected, several 
non-toxigenic V. choierae have been identified after the 
cholera outbreak. Thus, detection of CT (or ctx) has 
become essential to assess the possible involvement of 
a given strain in pathology. The polymerase chain reac- 
tion (PCR) could be a good alternative for this purpose 
[6,7]. In this paper, we show that it is necessary to 
amplify by PCR both regions, c&Al and ctxA2-B, in 
order to obtain a perfect correlation with GM 1 -enzyme 
linked immunosorbent assay (GMl-ELJSA) for CT de- 
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Forty-three isolates of V. cholerae were obtained from the recent 
outbreak in Argentina. They were collected from human infections 
and from water or fishes taken from the Pilcomayo River in the North 
of Argentina (Table I). V. cholerae and Escherichza coli strains were 
identified by standard techniques [8]. Well characterized strains and 
indigenous isolates of V. cholerae were cultured in AK1 medium at 
37°C for 18 h in a stationary test tube [9]. Their serological character- 
ization was performed by slide agglutination using polyvalent and 
monovalent O-antisera produced at the ‘Instituto National de Micro- 
biologia’. For toxin production tests, all V. cholerae strains were 
subjected to GMI-ELISA as described [IO]. E. coli strains were grown 
in Evans medium [l I]. Enterotoxins produced by E. coli, were charac- 
terized by GMI-ELISA with monoclonal antibodies [12,13]. PCR 
assays were carried out with purified DNA [14] or with l/l of boiled 
bacterial cultures with identical results. Oligonucleotides homologous 
to a region of ctxA1 were designed, which differ in sequence from 
those of the heat-labile toxin of enterotoxigenic E. coli [15-11. The 
sequence used was 5’-AGACGGGATTTGTTAGGCACGAT-3’ (for- 
ward primer, positions 715-737) and S’-AGAACCTCGTAAGGG- 
TGTTGGGCJ’ (reverse primer, positions 1123-I 145). A second set 
of primers to detect the region encoding the A2 and B subunits was 
constructed. The sequence of these primers were 5’-TAGAGCTTG- 
GAGGGAAGAGCCGTJ (forward primer, positions (1082-I 104) 
and 5’-ATTGCGGCAATCGCATGAGGCGT-3’ (reverse primer, 
positions 1647-l 625). PCR reactions were performed in 50~1 of a final 
mix containing 50 mM KCI, 10 mM Tris, pH 8, 5 mM MgCl,, 0.01% 
gelatin, 1 PM of primers, 200 yM of each dNTP (deoxynucleotides), 
100 ng of DNA or the equivalent of 1 ~1 of boiled bacterial cultures 
and 2 units of Taq polymerase (Bethesda Research Laboratories, 
USA). After 5 min at lOO”C, DNA was amplified through 30 cycles 
of 2 mm at 94°C 1 min at 55’C and 1 min of 72°C. Amplified DNA 
fragments were subjected to 2% agarose gel electrophoresis. 
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Table I 

Results of GMl-ELISA and PCR to detect a region encoding ctxA1 in K cholerue strains isolated in Argentina 

Serogroup Serotype No. of isolates Origin” Number of isolates positive by 

H W F GMl-ELISA PCR (Al) 

01 Ogawa 26 19 5 2 24 24 
01 Inaba 10 I 3 0 8 8 
Non-01 I 4 2 1 0 1 

“H = human; W = water; F = fish. 

3. RESULTS AND DISCUSSION 

Forty-three V. cholerae strains isolated from human 
infections, water and fishes in Argentina during the re- 
cent cholera outbreak were obtained. All of them were 
tested for the presence of enterotoxin by GMl-ELISA 
and for the presence of the gene encoding part of the Al 
subunit by PCR. The results are summarized in Table 
I and examples of the amplified products obtained in 
ctxA1 PCR are shown in Fig. 1. PCR reactions were 
considered positive when an amplified fragment of 
about 431 bp was obtained (Fig. 1A) and when diges- 
tion of this PCR product with the enzymes TaqI and 
HpaII generated fragments of 239 bp and 192 bp, or 356 
bp and 75 bp, respectively (Fig. lB, and data not 
shown). I’. cholerae isolates were considered crxA1 
PCR negative when they did not show an amplified 
product of the expected size and failed to hybridize with 
a probe specific for ctxA (Fig. lA, and data not shown). 
Weak and unspecific amplified products were observed 
in some reactions. These products can be eliminated by 
increasing the temperature of annealing during PCR. 
Four toxigenic K cholerae 01, El Tor biotype, three 
non-toxigenic K cholerae as well as six toxigenic and 

one non-toxigenic E. coli reference strains showed a 
perfect correlation between GMl-ELISA and PCR for 
ctxA1 (results not shown). 

Thirty-six out of the 43 Argentine isolates were iden- 
tified as K cholerae 01, El Tor biotype (26 Ogawa and 
10 Inaba serotypes) (Table I). Twenty-four out of 26 
Ogawa and 8 out of 10 Inaba isolates were positive by 
both, GMl-ELISA and PCR methods, for ctxA1. Two 
Ogawa and two Inaba strains were negative by both 
methods. Thus, results from all 36 V. cholera 01 isolates 
showed a perfect correlation between GMl-ELISA and 
PCR for ctxA1. Seven of the 43 I’. cholerae strains 
tested were non-01 and they were, as expected, negative 
by GM 1 -ELISA. However, one out of the seven non-01 
isolates was positive for ctxA1 (Fig. lC, and Table I). 
This isolate was named S563. Since this result was 
rather unexpected, two independent cultures of S563 
were prepared and tested by GM1 -ELISA and by ctxA 1 
PCR. The same results were obtained. The identify of 
the S563 PCR product was confirmed by digestion with 
TaqI, which generated the same bands as shown in Fig. 
1B for GMl-ELISA positive strains (not shown). To 
know whether S563 had a mutation in a region other 
than ctxA1, primers to detect the A2-B region were 

Fig. 1. Identification of ctxA1 PCR products in Argentine isolates of V. cholera (A) PCR amplified fragments from toxigenic and non-toxigenic 
Argentine isolates. Lanes 1 and 3-7, V. cholerae 01 El Tor biotype from human infections, GMl-ELISA positive; lanes 2 and 8, V. cholerue 01 
El Tor biotype isolated from a fish and from water, GMl-ELISA negative. Molecular weight marker was ~0x174 phage DNA digested with the 
restriction enzyme HaeIII. (B) Digestion with the restriction enzyme TaqI of PCR amplified products from four V. cholerae 01 El Tor biotype from 
human infections, GMI-ELISA positive. (C) Lane 1, amplified products in ctxA1 PCR from the non-01 V. cholerue isolate S563. Lane 2 is a positive 
control (V. cholerae 01 El Tor biotype from a human infection, GMI-ELISA positive), and lane 3 is a negative control (V. cholerue non-01, 

GMl-ELISA negative). 
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Fig. 2. Identification of PCR products in V. cholerae strains isolated 
in Argentina using primers for cmA2-B. Arrow indicates the position 
corresponding to the 566 bp A2-B amplified product. Lanes 1. 2 and 
7, V. cholerae 01 GMl-ELISA positive isolates; lanes 3 and 4, V. 
cholerae non-01 GMl-ELISA negative isolates; 5, V. cholerae 01 
strain GMI-ELISA negative; 6, V. cholerue non-01 S563 strain, GMI- 

ELISA negative. 

constructed and used in PCR assays (Fig. 2). Non-01 V. 
cholera S563 was negative in ctxAZB PCR (Fig. 2, lane 
6). V. cholerae isolates that were negative by GMl- 
ELISA and in ctxA1 PCR, failed to generate any ampli- 
fied product by ctxA2-B PCR (Fig. 2, lanes 3-5). Posi- 
tive controls were GMl-ELISA and ctxA1 PCR posi- 
tive V. cholera, which generated the expected amplified 
product of 566 bp (Fig. 2, lanes 1, 2 and 7). Further 
digestion of these products with restriction enzymes 
AU, Mb011 and H&II confirmed that these DNA 
bands were amplified from ctxA2-B (not shown). We 
conclude that the mutation present in S563 strain is 
different to those present in other non-toxigenic K chol- 
era isolates. When this work was completed, two related 
papers were published. Both used PCR for ctxA and 
found a perfect correlation with toxin production as 
detected by GMI-ELISA [6,7]. We found, however, 
that in some cases it might be necessary to use a second 

set of primers to avoid false positive results. Given the 
possible wide utilization of PCR in samples like food 
and water, we suggest that amplification of ctxA2-B, 
which appears to perfectly correlate with the GM1 - 
ELISA procedure or, alternatively, the whole cholera 
toxin operon, should be analyzed in routinely tests for 
toxigenic V. cholerae detection by PCR. 
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