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We examined 281 non-Qi Vibrio cholerae isolates from Thailand for homology with genes coding for cholera
toxin. Five isolates from environmental sources were homologous with the cholera toxin gene probe and
produced both the A and B subunits of cholera toxin.

To determine whether non-O1 Vibrio cholerae isolated
from patients with diarrhea (4, 5), their close contacts (5), or
environmental sources (3, 5) in Thailand contained nucleo-
tide sequences coding for cholera toxin (CT) or Escherichia
coli heat-labile toxin (LT), we examined isolates with radio-
labeled segments of DNA coding for the A and B fragments
of CT (7, 8, 10) and for LT (8). Culture supernatants of
isolates that hybridized with the CT and LT gene probes
were further examined in a GM-1 enzyme-linked immuno-
sorbent assay (ELISA) with monoclonal antibodies to the A
and B subunits of CT (A. M. Svennerholm et al., in press).
We examined 281 non-O1 V. cholerae isolates from hu-

man and environmental sources in rural and urban Thailand
in 1980, 1981, and 1982 (Table 1). Isolates from humans and
animals were recovered from stools or rectal swabs incu-
bated on thiosulfate-citrate-bile salts media (Difco Labora-
tories, Detroit, Mich.) at 37°C overnight. Non-O1 V. chol-
erae was isolated from water and food in the homes of
persons with diarrhea as previously described (5). Isolates
from flies were collected during a study conducted to iden-
tify enteric pathogens on flies in a village in northeastern
Thailand (3). V. cholerae was identified by standard tech-
niques (1) and tested by slide agglutination with polyvalent
O1 and monospecific Inaba and Ogawa antisera (Difco). All
isolates were lyophilized within 1 month of isolation.
The a-32P-labeled gene probe coding for CT was prepared

from E. coli MS371(pJM17) containing a recombinant plasmid
coding for the A and B subunits of CT (10); the DNA probe
coding for LT was prepared from plasmid pEWD299 (8).
DNA hybridization of isolates (grown on nitrocellulose
paper) with the a-32P-labeled LT and CT probes was per-
formed under conditions of high and low stringency as
described by Kaper et al. (7), Moseley et al. (8), and
Moseley and Falkow (9); cellular DNA of non-O1 V. chol-
erae that hybridized with the CT probe was prepared by the
method of Brenner et al. (2). DNA (1 ,ug) was digested with
either EcoRI or HindIII under conditions recommended by
the manufacturer (Bethesda Research Laboratories, Gaith-
ersburg, Md.). The DNA fragments were separated by
electrophoresis and examined by the Southern technique
(12) with the CT probe under high-stringency conditions (9).
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Of the 281 non-O1 V. cholerae isolates examined, 5
hybridized with the CT probe under both hybridization
conditions and with the LT probe under low-stringency
conditions (25% formamide); EcoRI and HindIII digests of
cellular DNA of these 5 non-O1 V. cholerae isolates hybrid-
ized with the CT probe, as determined by the Southern
technique (Fig. 1). These five isolates were from environ-
mental sources that were not associated with persons who
had diarrhea and from whom O1 or non-O1 V. cholerae had
been isolated (four isolates from water and one isolate from
a collection of flies). None of 44 non-O1 V. cholerae isolates
from patients with diarrhea hybridized with the CT or LT
gene probe.

Culture supernatants of six non-O1 V. cholerae strains
grown in Syncase media (6) with aeration were tested for the
presence of the A and B subunits of CT with monoclonal
antibodies in a GM-1 ELISA (Svennerholm et al., in press).
As shown in Table 2, all five isolates that hybridized with the
CT probe produced both the A and B subunits of CT, as
determined by the GM-1 ELISA, with regard to immunolog-
ical reactivity with monoclonal antibodies distinguishing
both the A and B subunits of CT.
None of the 276 non-O1 V. cholerae isolates from Thai-

land that did not hybridize with the CT or LT gene probe
produced CT or LT, as determined by the GM-1 ELISA
(11). Furthermore, none of these isolates contained nucleo-
tide sequences coding for CT or LT.
What role non-O1 V. cholerae containing genes coding for

CT has in the epidemiology of cholera in Thailand, if any, is
uncertain. As the five environmental isolates were not
associated with cases of cholera or even with episodes of

TABLE 1. Sources of non-O1 V. cholerae isolates from Thailand
in 1980, 1981, and 1982

No. of strains from:

Location Patients Contacts of
with patients with Water' Fooda Animalsa

diarrhea diarrhea

Rural areas il il 86 10 il1'
Bangkok 33 25 153 27 0

aSome of the specimens were collected from individuals or sources in the
homes of patients with diarrhea.

b Two of these isolates were from flies.

288

Vol. 21, No. 2



NOTES 289

5 6 7 8 9 10

Im

là*a .4 _~ m «_

FIG. 1. Whole-cell DNA of non-O1 V. cholerae cut with EcoRI
(A) or HindIII (B) and examined by Southern blot analysis with a
radiolabeled probe for CT genes. Lanes show various V. cholerae
strains, except as otherwise noted: 1, W-14; 2, WBDH697; 3,
WBDH712; 4, W-12; 5, NWBD40/lF1; 6, WBDVlOlE1; 7, FY-2G;
8, E. coli K-12 Xac; 9, 569B (classical); and 10, 2982B (eltor).

TABLE 2. Enterotoxin production by non-O1 V. cholerae as
tested in a GM-1 ELISA with monoclonal antibodies to the A and

B subunits of CT
Absorbance at 450

Strain Hybridization nm with monoclo-Strain concna with the CT nal antibody to CT
gene probe subunit:

A B

Test
FY-2G 10 + >2.0 >2.0

1 + 0.31 0.89

WBDVlOlE1 10 + 1.11 >2.0
1 + 0.09 0.79

NWBD40/lF1 10 + 0.94 >2.0
1 + 0.19 1.20

WBDH697 10 + 0.96 >2.0
1 + 0.30 1.48

WBDH712 10 + 1.20 >2.0
1 + 0.08 0.68

W-14 10 - 0.01 NT
1 NTb NT

Reference 0.5 >2.0 >2.0
0.1 0.86 >2.0
0.02 0.36 1.53
0.004 0.10 0.65

a Concentrations of the test strains are given in "fold"; concentrations of
the reference strain are given in micrograms per milliliter. The 10-fold
concentration was achieved by desiccating the test strains with polyethylene
glycol.

b NT, Not tested.

diarrhea from which non-O1 V. cholerae was isolated, they
appeared to be natural inhabitants of the environment.
Where the genes were acquired from and what benefit
bacteria could gain in retaining genes coding for CT are
unknown.
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