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An epidemic of a cholera-like disease occurred among Khmers in a camp in Aranyaprathet, Thailand, in
May 1990. Of 215 patients with diarrhea, Vibrio cholerae 01 was isolated from 25 (12%) and V. cholerae
non-Ol was isolated from 15 (7%). Five of 15 (33%) non-Ol V. cholerae isolates hybridized with two different
oligonucleotide probes previously used to detect V. cholerae non-Ol that produces a heat-stable toxin. This is
the first description of an epidemic of diarrhea caused by V. cholerae non-Ol that produces heat-stable toxin.

Vibrio cholerae serovar non-01 is frequently isolated from
sewage, estuarine waters, seafood (e.g., oysters and crabs),
and animals (4, 7, 16, 25) in cholera-endemic and non-
cholera-endemic countries (3); this organism has been asso-
ciated with sporadic episodes of diarrhea worldwide (1, 5,

11, 14, 18, 21, 23, 26) but does not cause pandemics. The
clinical spectrum of diarrhea associated with V. cholerae
non-O1 includes mild watery diarrhea of 1 or 2 days dura-
tion, a severe dehydrating disease resembling cholera, and
dysentery (26, 27). A number of different V. cholerae non-O1
putative virulence determinants have been identified, includ-
ing the El Tor and Kanagawa hemolysins (10, 12), shiga-like
toxin (20), cholera toxin (CT) (28), and cell-associated he-
magglutinins (29). Differences in the presence of virulence
factors between V. cholerae non-O1 of clinical origins and
those of environmental origins have been sought, but no
definite association of these virulence determinants with
clinical isolates has been found (6, 7, 13, 15). Morris et al.
(19) demonstrated in human volunteers that the virulence of
V. cholerae non-O1 that produced a heat-stable toxin (ST)
depended on its ability to colonize the intestine as well as to
produce toxin. Two oligonucleotides, one derived from the
amino acid sequence of V. cholerae non-O1 ST (9) and the
other from the cloned and sequenced gene coding for V.
cholerae non-O1 ST (21), have been described. These two
oligonucleotides, as well as a polynucleotide probe to detect
genes coding for CT (22), were used to identify genes coding
for V. cholerae non-O1 ST and CT in V. cholerae strains
isolated from patients with a cholera-like disease that oc-
curred among Khmers in a camp on the Thai-Cambodian
border.

MATERIALS AND METHODS

Patients and specimens. Between 1 May and 11 July 1990,
an epidemic of severe watery diarrhea occurred among
Khmers in a camp in Aranyaprathet, Thailand. Two hundred
and fifteen patients with severe cholera-like diarrhea who
were seen at one of three treatment facilities in the camp
were referred to a cholera treatment center (this was to
facilitate treatment and to collect specimens and epidemio-
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logical information). Fecal specimens were collected from
patients with a cholera-like disease and their family contacts.
Patients were given either a World Health Organization
formulation of oral rehydration solution or intravenous flu-
ids. Patients 210 years of age received tetracycline, 500 mg
orally four times a day for 3 days, or doxycycline, 300 mg as
a single dose. Patients < 10 years of age and pregnant women
received trimethoprim-sulfamethoxazole (8 mg of tri-
methoprim and 40 mg of sulfamethoxazole per kg per day) in
two divided doses for 3 days.

Conventional bacteriology. Rectal or stool swabs were
inoculated into Cary Blair transport medium, held at 4°C,
and cultured within 48 h of collection on thiosulfate-citrate-
bile salts medium (Difco, Detroit, Mich.) at 37°C before and
after enrichment in alkaline peptone water. Vibrios were
serotyped and biotyped by the method of Sakazaki (24). This
includes a positive oxidase reaction; the ability to grow at an
NaCl concentration of 0% but not at 7% in 10% tryptone
broth; the ability to ferment glucose, saccharose, and man-
nose but not arabinose; no motility; a positive indole reac-
tion; and production of lysine and ornithine decarboxylase
but not arginine dehydroxylase or hydrogen sulfide (detect-
able in triple sugar iron agar or Kligler iron agar medium).

V. cholerae isolates were tested for hemolysis of sheep
erythrocytes, polymyxin B susceptibility, and agglutination
in V. cholerae 01 Ogawa and Inaba antisera (Difco). Anti-
biotic susceptibilities were determined by the Bauer-Kirby
method (2). Specimens were not examined for diarrheogenic
Escherichia coli, Shigella spp., Campylobacter spp., or
rotavirus.

Hybridization procedures. V. cholerae 01 and non-Ol
isolates were tested for hybridization with a 32P-labeled gene
probe coding for CT (22) as previously described (8). Two
oligonucleotide probes, one described by Hoge et al. (9) and
another described by Ogawa et al. (21), were used to detect
genes coding for V. cholerae non-Ol ST. Colony blots with
V. cholerae 01 and non-Ol isolates were performed on
nitrocellulose filters. ST-producing V. cholerae non-Ol
strains, NRT 36S and A5, and CT-producing V. cholerae
569B were used as positive controls on all filters. An E. coli
K-12 strain was used as the negative control. Oligonucle-
otides were end-labeled with [-Y-32P]ATP by a forward kinase
procedure (17). Hybridization buffer consisted of 3x SSC
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FIG. 1. Isolation of V cholerae from Khmers with cholera-like
diarrhea in a camp in Aranyaprathet, Thailand, in May and June
1990. NAG, nonagglutinating.

(lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.5%
bovine serum albumin, 0.5% polyvinylpyrrolidone, and 1%
sodium dodecyl sulfate. Hybridization was performed for 16
h at 50°C, followed by a 30-min wash in 3x SSC at room
temperature and a final wash in 2x SSC for 1 h at room

temperature. Hybridized filters were exposed to X-Omat
X-ray film (Kodak, Rochester, N.Y.) for 16 h at -70°C.
X-ray film was developed according to the manufacturer's
instructions.

RESULTS

The epidemic started at the end of April 1990. V. cholerae
01 was isolated from seven patients (six of serotype Ogawa
and one serotype Inaba) on 1 and 2 May. Surveillance was
maintained from 1 May to 11 June (42 days), during which
time V. cholerae 01 was isolated from 25 of 215 (12%)
patients with diarrhea and 2 of 42 (5%) family contacts. All of
the V. cholerae 01 isolates were Heiberg group I, biotype El
Tor, and were intermediately resistant to streptomycin. Six
of the seven V. cholerae 01 isolated on 1 and 2 May were of
serotype Ogawa. After 2 May, 14 of 18 (78%) V. cholerae 01
isolated from patients with diarrhea were determined to be of
serotype Inaba (Fig. 1). A total of 27 V. cholerae 01 strains
(25 patients with cholera and 2 family contacts) were isolated
from Khmers during the surveillance period. All 01 isolates
hybridized with the CT probe; none hybridized with the two
V. cholerae non-Ol ST probes.

V. cholerae non-O1 was isolated from 15 of 215 (7%)
patients with cholera-like diarrhea. All of these isolates were
of Heiberg group II and did not hybridize with the CT probe.
Five of 15 (33%) V. cholerae non-O1 isolates hybridized with
both V. cholerae non-O1 ST oligonucleotide probes. None of
the 10 other isolates hybridized with either V. cholerae
non-O1 ST probe. V. cholerae non-O1 was isolated from 12
patients with cholera-like diarrhea on May 5, 7, and 8. In
contrast to V. cholerae 01, 14 of 15 non-O1 isolates from
unrelated patients were resistant to three or more antibiot-
ics.

Epidemiologically, it was not possible to identify a source
of either 01 or non-O1 V. cholerae in this epidemic, and so
no environmental cultures were collected. The cases came
from different sections of the camp.

DISCUSSION

Seven percent of 103 V. cholerae non-O1 isolates isolated
in Thailand were reported to produce ST, as determined with
an oligonucleotide probe designed from the amino acid
sequence of V. cholerae non-O1 ST (9). In this small
epidemic, 33% of V. cholerae non-O1 isolates hybridized
with the ST probes. This epidemic was probably caused by
a single clone because all isolates were of Heiberg group II.
None of these isolates hybridized with the CT probe. The
disease associated with these isolates was clinically indistin-
guishable from the disease caused by V. cholerae 01.
Because of the setting, it was not possible to compare the
clinical outcome of patients infected with V. cholerae 01
with that of patients infected with V. cholerae non-O1.

Despite the clinical similarity and temporal clustering of
cases, V. cholerae non-O1 isolates were distinctly different
from 01 strains. V cholerae non-O1 strains did not contain
genes coding for CT and were of Heiberg group II; 93% were
resistant to multiple antibiotics, and 33% contained genes
coding for ST.
Both case series (18) and a volunteer challenge study (19)

have suggested that V. cholerae non-O1 is an enteric patho-
gen. If ST is the essential virulence determinant for V.
cholerae non-O1, then only a proportion (33% in this epi-
demic) caused diarrhea. Other virulence determinants may
have been present in the other 10 isolates. This epidemic
provided additional evidence that V. cholerae non-O1 iso-
lates that produce ST cause cholera-like diarrhea.
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