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The number of cholera cases and the mortality rates reported from different regions of Vietnam varied
considerably in the period from 1979 to 1996, with between 2,500 and 6,000 cases reported annually from 1992
to 1995. Annual mortality rates ranged from 2.0 to 9.6% from 1979 to 1983 to less than 1.8% after 1983. Major
cholera outbreaks were reported from the High Plateau region for the first time in 1994 and 1995; this is an
area with limited access to health services and safe drinking-water supplies. All cases were associated with
Vibrio cholerae O1. Using ribotyping, cholera toxin (CT) genotyping, and characterization of antibiotic sus-
ceptibility patterns and antibiotic resistance genes by PCR, we show that strains isolated after 1990 were
clearly different from strains isolated before 1991. In contrast to strains isolated before 1991, 94% of 104
strains isolated after 1990 showed an identical ribotype R1, were resistant to sulfamethoxazole and strepto-
mycin, and showed a different CT genotype. Furthermore, PCR analysis revealed that sulfamethoxazole-
resistant strains harbored class I integrons containing a gene cassette ant(3()-1a encoding resistance to
streptomycin and spectinomycin. This is, to our knowledge, the first report of class I integrons in V. cholerae.
The development of cholera and the changes in the phenotypic and genotypic properties of V. cholerae O1 shown
in the present study highlight the importance of monitoring V. cholerae O1 in Vietnam as in other parts of the
world. In particular, the emergence of the new ribotype R1 strain containing class I integrons should be further
studied.

Cholera has been an important cause of diarrhea in Vietnam
for more than a century, with two million cases reported in
1850. In 1885, an outbreak of cholera was associated with
mortality rates of up to 50% among French soldiers, and from
1910 to 1930 between 5,000 to 30,000 cholera cases were re-
ported annually (27). After the emergence of the seventh pan-
demic in Indonesia in 1961, Vibrio cholerae O1 biotype El Tor
entered South Vietnam in 1964 with a total of 20,009 cases and
821 deaths. Historically, the majority of cholera outbreaks have
occurred in the central coastal areas and in South Vietnam. V.
cholerae O1 El Tor was rarely reported in North Vietnam until
1976, where it caused outbreaks in the city of Hai Phong and
in the Quang Ninh province.

During the last decade, remarkable changes have been re-
ported in the incidence and characteristics of V. cholerae, in-
cluding the entry of V. cholerae O1 into Latin America in 1991
(21, 33), the emergence in 1992 and rapid spread of O139 in
Southeast Asia (39), recent major cholera outbreaks in Africa,
and the recognition of non-O1, non-O139 serotypes of V. chol-
erae as important causes of diarrhea (24, 38). Studies of the
molecular evolution of V. cholerae O1 strains isolated in Peru
from 1991 to 1995 (11), in India (37, 45), and in Thailand (10)
indicate that V. cholerae O1 undergoes genetic changes at

relatively high rates. Although the significance of the genetic
changes within V. cholerae remains uncertain, these changes
are important in understanding the epidemiology and evolu-
tion of V. cholerae.

Despite the fact that V. cholerae continues to be an impor-
tant cause of diarrhea in Vietnam, little information on cholera
has been provided in the national and international scientific
literature. Testing of an oral, killed whole-cell vaccine based on
V. cholerae strains isolated outside of Vietnam has recently
been initiated (43). However, V. cholerae O1 strains associated
with cholera outbreaks in the different regions of Vietnam
have not been characterized and possible changes in their
phenotypic and genotypic traits are unknown.

In the present study, we report the number of cholera cases
reported to the National Institute of Hygiene and Epidemiol-
ogy (NIHE) from the different regions of Vietnam between
1979 and 1996. Taking advantage of several molecular-biology-
based typing techniques and traditional phenotypic character-
ization, we selected and characterized 135 V. cholerae O1 bio-
type El Tor strains not only to describe possible geographic
and time-dependent differences but also to investigate a pos-
sible epidemiological relationship among strains and V. chol-
erae O1 strains isolated in other Southeast Asian countries.
Furthermore, strains were tested for their antibiotic suscepti-
bilities, plasmid contents, and antibiotic resistance genes to
evaluate if the current recommendations of antibiotic treat-
ment of cholera are adequate and to determine if antibiotic-
resistant V. cholerae O1 strains, which are increasingly being
reported worldwide, are associated with cholera in Vietnam.
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MATERIALS AND METHODS
Cholera surveillance. Surveillance of cholera constitutes an important part of

the continuing national surveillance program of notifiable infectious diseases
carried out by the NIHE. At the district level, health centers collect surveillance
data from each commune and report them monthly to 1 of 61 Provincial Pre-
ventive Medicine Centers, which then report the data to one of four regional
Pasteur Institutes under the direction of the NIHE. The district centers report
cases by residence and are often defined clinically without formal case definitions
or culture of specimens. However, each provincial center does conduct standard
bacteriological analysis of stool samples for Vibrio spp. by using alkaline-pep-
tone-water, followed by plating onto thiosulfate-citrate-bile salt-sucrose (TCBS)
agar.

Bacteriology. Among a collection of more than 350 V. cholerae O1 biotype El
Tor strains recovered from cholera patients from 1979 to 1996, 135 strains were
included in the present study for further analysis (Tables 1 and 2). Strains were
selected to represent cholera outbreaks reported in provinces throughout the
country, although a few strains were also studied from single cholera cases. V.
cholerae O1 strains isolated in 1984, 1987, 1988, 1989, 1991, 1992, and 1993 were
not available in the strain collection at the NIHE.

Fecal specimens were analyzed by the Provincial Preventive Medicine Centers,
and the NIHE for V. cholerae by enrichment for 3 to 6 h in alkaline-peptone-
water (pH 9.0) and were then plated onto TCBS agar (Difco, Detroit, Mich.).
Presumptive identification was performed on the basis of standard biochemical
reactions, including oxidase activity, Gram stain, growth in nutrient broth con-
taining 0% NaCl, and acid production from glucose, inositol, mannitol, and
sucrose. All suspected V. cholerae isolates were tested by agglutination tests with
polyvalent O1 and monospecific Ogawa and Inaba antisera raised at the NIHE
and O139 antisera (kindly provided by Yoshifumi Takeda, Research Institute,
International Research Center of Japan). The O139 antiserum has been used for
agglutination of V. cholerae isolates at the regional Pasteur Institutes and the
NIHE since 1994. Further analysis and studies of strains were carried out at the
Royal Veterinary and Agricultural University, Frederiksberg, Denmark.

V. cholerae isolates were tested for DNA sequences encoding cholera toxin
(CT) in hybridization studies with an alkaline phosphatase-labeled 23-base oli-
gonucleotide probe (44). The CT-producing V. cholerae strains 889 (3) and
MS371 (15) were used as positive controls on the hybridization filters. An
Escherichia coli K-12 strain was used as a negative control.

The following strains were included in the ribotyping studies for comparison
purposes: V. cholerae O1 strain 33/97 isolated in 1997 in Bangkok, Thailand; V.
cholerae O1 strain 697/38 isolated in 1994 in Samut Sakorn, Thailand (16); V.
cholerae strain O1 VC20 isolated in 1992 in Calcutta, India (37); and V. cholerae
O1 strain 1076/25 isolated in 1982 in Samut Sakorn, Thailand (41). V. cholerae
strains contained in the oral vaccine currently being tested in Vietnam were
included in the ribotyping studies, the antibiotic susceptibility testing, the plas-
mid analysis, the PCR analysis, and the CT genotyping. The vaccine strains
included were V. cholerae O139 strain 4260B; the classic biotype V. cholerae O1
serotype Inaba strain, Cairo 48; the classic biotype V. cholerae O1 serotype
Ogawa strain, Cairo 50; the El Tor biotype V. cholerae O1 serotype Inaba strain,
Phil 6973; and the classic biotype V. cholerae O1 serotype Inaba strain, 569B (43).

Antibiotic susceptibility testing. Each isolate was tested for susceptibility to 12
antibacterial agents by the disk diffusion method as recommended by the Swed-
ish Reference Group for Antibiotics (SRGA) (29) by using Iso-Sensitest agar

(Oxoid, Ltd., Basingstoke, United Kingdom). Testing was carried out according
to the instructions of the disk manufacturer (Oxoid, Ltd.) and the SRGA with the
following concentrations of antibiotics and inhibition zone diameter breakpoints
(resistant and sensitive, respectively, in millimeters): ampicillin at 10 mg/disk
(#13 and $16), chloramphenicol at 30 mg/disk (#19 and $24), ciprofloxacin at
5 mg/disk (#17 and $20), colistin at 10 mg/disk (#14 and 18$), gentamicin at 10
mg/disk (#12 and $16), kanamycin at 30 mg/disk (#11 and $16), nalidixic acid
at 30 mg/disk (#16 and $21), neomycin at 30 mg/disk (#11 and $15), strepto-
mycin at 10 mg/disk (#10 and $14), sulfamethoxazole at 100 mg/disk (#19 and
$24), tetracycline at 30 mg/disk (#19 and $24), and trimethoprim-sulfamethox-
azole (1.25:23.75) (#19 and $24) at 25 mg/disk. Isolates were recorded as
susceptible, intermediate, or resistant. The National Committee for Clinical
Laboratory Standards has proposed breakpoint values for V. cholerae (26).

Isolation of plasmid DNA. Plasmid preparation was carried out by the method
of Kado and Liu (19), which was modified by incubating the cells at an elevated
pH (12.54) for 30 min at 56°C during the lysis step. After lysis, phenol-chloro-
form-isoamylalcohol (25:24:1) was added, and the samples were mixed well.
After centrifugation, a sample of the supernatant was electrophoresed, and
plasmids were visualized essentially as described previously (28). V. cholerae O1
strain V 1075/25 containing an approximately 150-kb plasmid was used as the
control strain (41). Plasmid sizes were estimated from the migration distance in
the agarose gels relative to the migration distance of reference plasmids in E. coli
V517 and 39R861 (22, 42) by the method of Rochelle et al. (34).

Ribotyping. Total bacterial DNA was extracted by the method of Murray and
Thompson (25). On the basis of previous studies (9, 31), the restriction enzyme
BglI was used to digest chromosomal DNA. Ribotyping was performed by the
procedure described by Dalsgaard et al. (9) with digoxigenin-labeled 16S and 23S
rRNA probes. A 1-kb DNA molecular size standard (GIBCO-BRL, Gaithers-
burg, Md.) was used as a size marker. Ribotype patterns were considered to be
different when there was a difference of one or more bands between isolates.
Each ribotype was designated R, followed by an arbitrary number.

PCR. Since resistance to sulfonamides may be associated with the presence of
class I integrons, we investigated whether a subset of the strains contained class
I integrons (30, 32). Integrons comprise two conserved segments, the 59 con-
served segment (59-CS) and the 39 conserved segment (39-CS) and an internal
variable region which may contain gene cassettes encoding antibiotic resistance.
Figure 1 was modified from the structure of class 1 integrons reported by
Sandvang et al. (36). We initially selected a specific class I primer set sul1 and
qacED1 directed at the 39 conserved segments of the integrons (Fig. 1, Table 3)
(30, 32). A total of 34 V. cholerae O1 representative strains were selected based
on their antibiogram, ribotypes, and year of isolation. The number of strains
studied are marked in brackets in Table 2. The PCR results of a subset of the
strains tested are shown in Fig. 3 and 4. PCR was carried out by suspension of
one bacterial colony in 100 ml of distilled H2O, which was then boiled for 15 min
at 95°C. After lysis, the suspension was centrifuged and stored at 220°C. For
each reaction, 5 ml of the lysis suspension was used for PCR. The PCR ampli-
fication was performed according to the method of Aarestrup et al. (1) and
optimized to detect amplicons in the range of 300 to 1,500 bp. The annealing
temperature was set at 58°C. Strains yielding a PCR product with the class I
primers were further amplified with the primers int1 F and int1 B, which amplify
from each conserved segment products of variable sizes depending on the num-
ber and length of inserted gene cassettes (Fig. 1). Primers int1 F and ant(30)-Ia
B were used to determine if the integron contained a gene cassette encoding
resistance to streptomycin and spectinomycin (20). All PCR primers used are
listed in Table 3. Salmonella serotype Typhimurium strain 9720921 and Acineto-
bacter spp. strain R4-96 were included as positive and negative controls, respec-
tively (36). A 100-kb molecular mass standard (GIBCO-BRL) was used as a size
marker during electrophoresis of the PCR products.

CT genotyping. Restriction fragment length polymorphism analysis of DNA
sequences encoding CT genes (CT genotyping) was performed by hybridization
of nylon membranes with BglI-digested DNA with a digoxigenin-labeled 23-base
oligonucleotide CT probe (44). A total of 15 strains representing different ri-
botypes and the vaccine strains were typed. The hybridization procedures and
detection of the probe were performed as described by the manufacturer (Boehr-
inger GmbH, Mannheim, Germany). The restriction enzyme BglI was selected
because it does not have any recognition sequence within the ctxA gene, but it has
a single cleavage site located upstream and adjacent to the ctxA gene (23).
Accordingly, the number of bands comprising each CT genotype pattern repre-
sent the possible number of copies of the CTX genetic element harbored by each
strain.

RESULTS
Surveillance data. The number of cases registered between

1979 and 1996 in the four regions of Vietnam are presented in
Tables 1 and 2. A part of the data included in Table 1 was
reported previously by Dalsgaard et al. (12). Several coastal
areas of central Vietnam have experienced cholera outbreaks
during the last decade, including repeated and recent out-
breaks in the ancient city of Hue. As in the southern provinces,
cholera appears to be endemic in certain central regions of the

TABLE 1. The regional number of cholera cases in Vietnam
reported by the provinces to the NIHE between 1979 and 1996

Yr of
isolation

No. of cholera cases by region

North Center South High plateau No. of deaths/total
no. of cases (%)

1979 0 0 2,017 0 194/2,017 (9.6)
1980 1,685 0 6,501 0 427/8,186 (5.2)
1981 442 1,613 708 0 89/2,763 (3.2)
1982 0 126 1,686 0 56/1,812 (3.1)
1983 78 3,571 3,750 0 151/7,399 (2.0)
1984 0 114 149 0 3/263 (1.1)
1985 381 3,271 702 0 77/4,354 (1.8)
1986 1,622 3,147 832 0 66/5,601 (1.2)
1987 1,018 218 833 0 23/2,069 (1.1)
1988 1,389 916 224 12 41/2,541 (1.6)
1989 1 0 129 0 0/130 (0.0)
1990 0 798 1,161 0 15/1,959 (0.8)
1991 3 142 0 0 3/145 (2.1)
1992 12 1,849 649 0 12/2,510 (0.5)
1993 0 2,684 776 0 11/3,460 (0.3)
1994 216 1,822 626 1,459 58/4,123 (1.4)
1995 814 3,494 1,327 453 45/6,088 (0.7)
1996 149 324 149 8 1/630 (0.2)
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country (Tables 1 and 2). For the first time during the last
decade, cholera outbreaks were reported in 1994 and 1995 in
the provinces of Dac Lac and Gia Lai in the mountainous High
Plateau area, including 1,459 and 453 cases, respectively. Hai

Phong, an important port city in North Vietnam, experienced
an outbreak of cholera in September 1995 which extended into
July 1996 and included more than 250 cases (Tables 1 and 2).
Although a number of cholera cases were reported in the

TABLE 2. Origin, antibiogram, and ribotype(s) of 133 clinical V. cholerae O1 strains isolated in Vietnam from 1979 to 1996

Date of isolation (no. of
isolates) Province/region of isolation Antibiograma Ribotype

Mar.–Dec. 1979 (2) Nghia Binh/center Cl;SmI R6
Nov. 1979 (1) Khanh Hoa/center Cl;SmI (1) R6
Dec. 1979 (1) Thuan Hai/center Cl;SmI (1) R6
Feb. 1980 (1) Khanh Hoa/center Cl;SmI R6
Mar. 1980 (1) Khanh Hoa/center Cl;SmI R1
Apr. 1981 (1)b Khanh Hoa/center Cl;SmI R6
Aug. 1981 (2)c Khanh Hoa/center Cl;SmI (2) R6
Feb.–Mar. 1982 (3) Khanh Hoa/center Cl;SmI (1) R6
June 1983 (1)b Hue/center Cl;SmI R4
June 1983 (2) Hue/center Cl;SmI R4, R6
Aug. 1985 (2) Ham Tan-Thuan Hai/center Cl;SmI (1) R5
June 1986 (2) Da Nang/center Cl;SmI (1) R5
Aug. 1990 (7) Hue/center Cl;SmI (2) R4(6), R6(1)
Aug. 1990 (3) Khanh Hoa/center Cl;SmI R4
Mar. 1994–June 1995 (13) Ben Tre/south Cl;Sm;Su (1) R1
Apr.–June 1994 (5) Ho Chi Minh City/south Cl;Sm;Su (2) R1
May–June 1995 (3) Dong Thap/south Cl;SmI;Su (2) R1
May 1994–June 1995 (7) Dong Thap/south Cl;Sm;Su (2) R1
May–June 1994 (4) Dak Lak/high plateau Cl;Sm;Su (1) R1
July 1994 (1) Gia Lai/high plateau Cl;Sm (1) R1
May–July 1994 (6) Gia Lai/high plateau Cl;Sm;Su (2) R1
June–July 1994 (3) Da Lat/high plateau Cl;Sm;Su R1
July 1994 (1) Dak Lak/high plateau Cl;Sm (1) R1
July 1994 (1) Dak Lak/high plateau Cl;Sm;Su (1) R1
July 1994–June 1995 (2) Vinh Long/south Cl;Sm;Su R1
Nov. 1994 (1) Can Tho/south Cl;Sm;Su R1
Nov. 1994 (1) Minh Hai/south Cl;SmI (1) R4
Nov. 1994 (1) Ca Mau/south Cl;SmI (1) R3
Nov. 1994–May 1995 (3) Minh Hai/south Cl;Sm;Su (2) R1
Dec. 1994 (3) Dong Nai/south Cl;Sm;Su R1
1995 (1) Gia Lai/high plateau Cl;Sm;Su (1) R2
1995 (1) Dak Lak/high plateau Cl;Sm;Su (1) R2
Mar. 1995 (1) Dong Thap/south Cl;Sm;Su (1) R8
Apr. 1995 (1) Long An/south Cl;Sm;Su R1
Apr. 1995 (2) Soc Trang/south Cl;Sm;Su R1
May 1995 (1) Hue/center Cl;Sm R1
Apr. 1995–Jan. 1996 (19) Hue/center Cl;Sm;Su (3) R1
May 1995 (1)b Hue/center Cl;Sm R7
June 1995 (1) Soc Trang/south Cl;Sm;Su R1
Sept. 1995–July 1996 (19) Hai Phong/north Cl;Sm;Su (2) R1
Oct. 1995 (1) Gia Lai/high plateau Cl;SmI (1) R1
June 1996 (1) Hai Hung/north Cl;Sm;Su (1) R1

a The numbers of strains studied by PCR analysis for the presence of integrons are shown in brackets. Cl, colistin; Sm, streptomycin; Su, sulfamethoxazole; subscript
“I,” intermediate resistance.

b Strains did not hybridize with the CT probe.
c In addition to V. cholerae O1, V. mimicus, which contained CT genes and showed an antibiogram and ribotype R6 identical to that of the V. cholerae O1 strains,

was isolated from both patients.

FIG. 1. Association between integron structure and PCR products modified from Sandvang et al. (36). The lines below the integron structure represent amplicons.
The numbers above the PCR products refer to the primers used on V. cholerae O1 (see Table 3). 59-CS and 39-CS represent the 59 and 39 conserved segments of the
integron; qacE and sul1 encode resistance to disinfectant and sulfonamide, respectively. Numbers correspond to the sequence positions in GenBank accession number
D43625 (20).
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northern provinces in the period from 1985 to 1988 and from
1994 to 1996, cholera is not recognized as endemic in North
Vietnam. Information was not available to explain the low
number of cases reported to the NIHE for certain regions in
1989, 1990, 1991, and 1993 (Table 1). From 1979 to 1983, the
case fatality rate ranged from 2.0 to 9.6%. However, after 1983
the case fatality rate remained low, varying between 0.0 and
1.8%. The factor(s) responsible for the decrease in the case
fatality rate were not identified. It should be noted that the
strains studied from 1979 and 1980 originated from Central
Vietnam, although the cases from which these strains were
isolated were not reported to the NIHE (Tables 1 and 2).
Bacteriological analysis of stool samples showed that all cases
studied were associated with V. cholerae O1. Thus, V. cholerae
O139 was not isolated from any cases. Furthermore, no out-
breaks of diarrhea appeared to be associated with other
non-O1 serogroups of V. cholerae which are increasingly being
reported worldwide (8, 38).

Specimens, antibiotic susceptibility patterns, and plasmid
analysis. Strains in the present study showed biochemical and
serological reactions typical of those of V. cholerae and were
identified as V. cholerae O1 biotype El Tor. However, in re-
peated testing, two strains were sucrose negative and did not
agglutinate the O1 antisera. Each of the strains, which were
identified as V. mimicus, were recovered from stool samples
from young girls that also yielded V. cholerae O1 (Table 2).
Strains isolated from 1979 to 1981 agglutinated Ogawa anti-
sera, whereas strains isolated from 1982 to 1990 were all sero-
type Inaba. Strains isolated after 1990 were all serotype
Ogawa. In colony hybridization studies with the CT probe, 132
of the 135 strains tested were deemed positive, yielding dark
blue or purple colonies. The two V. mimicus strains hybridized
with the CT probe in repeated studies, whereas the three
CT-negative strains did not hybridize with the probe in re-
peated testing (Table 2).

All strains isolated in Vietnam showed resistance to colistin
but were generally sensitive to most of the remaining antibac-
terial agents tested, including tetracycline. However, irrespec-
tive of the province of isolation and with few exceptions, each
of the strains isolated after 1990 were found to be resistant to
streptomycin and sulfamethoxazole. This was in contrast to
strains isolated before 1991, which were susceptible to sulfa-
methoxazole and showed intermediate resistance to streptomy-
cin. Among the vaccine strains, strain 4260B showed resistance
to colistin, streptomycin, sulfamethoxazole, and trimethoprim,
while the remaining vaccine strains were susceptible or showed
intermediate resistance to colistin and streptomycin. Plasmid
analysis revealed that only one strain isolated in Hai Phong in
September 1995 carried plasmids (a single 70-kb plasmid). The
vaccine strain Cairo 50 contained two plasmids that were 43
and 6.2 kb, respectively. The control strain showed an approx-
imately 150-kb plasmid (results not shown).

Ribotyping. Ribotyping of strains isolated in Vietnam pro-
duced two groups of rRNA restriction patterns (Fig. 2, Table
2). The DNA fragments containing rRNA genes ranged in size
from 1.5 to 12.5 kb. All patient isolates showed common frag-
ments of 2.3, 4.1, 4.6, 5.7, 6.0, 6.4, and 9.3 kb. The first group
consisted of V. cholerae O1 strains isolated after 1990, of which
the majority (98 of 104 strains) showed an identical ribotype,
ribotype R1 (Fig. 2). Two strains isolated from outbreaks in
Gia Lai and Dak Lak in the High Plateau region in 1995
showed ribotype R2, which differed from R1 by a single 12.4-kb
fragment not seen among the R1 strains. One strain isolated in
Dong Thap in 1995 showed a ribotype R8 that differed from
R1 by a single fragment. A CT-negative V. cholerae O1 strain
isolated in Hue in 1997 showed a unique ribotype R7 (Table 2).

The second group consisted of 29 strains isolated before
1991 which showed four closely related ribotypes, R3, R4, R5,
and R6, which differed by one or two fragments only (Fig. 2,
Table 2). Each of these ribotypes lacked a 10.7-kb fragment
seen among isolates of the R1, R2, and R8 ribotypes. With one
exception, ribotype R6 was shown only by V. cholerae O1
strains isolated from 1979 to 1983. The two V. mimicus strains
also showed ribotype R6. Ribotype R5 was shown only by
strains isolated during two major cholera outbreaks in central
Vietnam in 1985 and 1986 (Fig. 2). Ribotypes R3 and R4 were
also shown by two strains isolated in the Minh Hai province in
South Vietnam in 1994 (Table 2).

Strains 33/97 and 697/38 isolated in Thailand in 1997 and
1994, respectively, and strain VC20 isolated in Calcutta in 1992
showed identical ribotypes that were similar to ribotype R1
(Fig. 2). Strain 1076/25 isolated in Thailand in 1982 showed
ribotype R4. The vaccine strain V. cholerae O139 strain 4260B
showed a unique ribotype, whereas V. cholerae O1 strain Phil
6973 showed ribotype R4. The three remaining vaccine strains
showed different but closely related ribotypes demonstrating
two unique large size fragments typical of classical strains (31).
Strains Cairo 48 and Cairo 50 showed an identical ribotype.
Repeated studies of the strains showed no variation in ribotype
patterns, although differences in band intensity and the degree
of background were observed for a few strains.

The division of strains into two groups based on ribotype
patterns and date of isolation thus corroborates the results of
the antibiotic susceptibility testing in which strains isolated
before 1991 were found to be sensitive to sulfamethoxazole
and intermediately resistant to streptomycin, whereas strains
isolated after 1990 were resistant to both antibiotics.

PCR. An approximately 800-bp class I integron PCR prod-
uct was obtained from each of the 20 sulfamethoxazole-resis-
tant V. cholerae O1 strains studied by using the primers qacED1
F and sul1 B (Fig. 3, Table 2). Strains that contained integrons
represented ribotypes R1, R2, and R8, whereas PCR of 14
sulfamethoxazole-sensitive strains did not yield any product,
indicating that integrons were not present (Fig. 3, Table 2).

TABLE 3. PCR primers for identification and characterization of integrons and gene cassettes in V. cholerae O1 from Vietnam

PCR primer
Accession no.b Primer position Reference

No. Namea Sequence

1 int1 Fa (59–CS) GGC ATC CAA GCA GCA AGC U12338 141631433 Collis and Hall (7)
2 int1 Ba (39-CS) AAG CAG ACT TGA CCT GAT U12338 483134814 Hall et al. (13)
3 qacED1 F ATC GCA ATA GTT GGC GAA GT X15370 2113230 Stokes and Hall (40)
4 sul1 B GCA AGG CGG AAA CCC GCG CC X12869 136031341 Stokes and Hall (40)
5 ant(30)-Ia B ATT GCC CAG TCG GCA GCG M10241 104031023 Hollingshead and Vapnek (17)

a F, nucleotide sequence forward 59339; B, nucleotide sequence backward 39459.
b Accession numbers are from the published sequences in the GenBank database.
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The four sulfamethoxazole-sensitive ribotype R1 strains iso-
lated after 1990 and the vaccine strains did not yield of PCR
product (Table 2).

A PCR product of approximately 1,000 bp was obtained
from each of the 20 class I integron strains by using the int1 F
and int1 B primers (Fig. 4, Table 3). The control strain 9720921
showed two distinct integrons, which were earlier found to be
1,008 and 1,133 bp in size, respectively (Fig. 4, lane I) (36). An
amplicon of approximately 750 bp was obtained from each of
the 20 strains by using the int1 F and ant(30)-Ia B primers (17),
thus confirming the presence of the aminoglycoside resistance
gene cassette ant(30)-Ia, which is 752 bp and confers resistance
to streptomycin and spectinomycin (Fig. 4, Table 3) (17, 20).

CT genotypes. Southern blot hybridization with the CT
probe of BglI-digested genomic DNAs of strains isolated after

1990 which belonged to ribotypes R1, R2, and R8 showed
identical patterns demonstrating fragments of 3.5 and 7.0 kb
(Fig. 5, lanes C to I). By contrast, the five V. cholerae O1 strains
isolated before 1991 representing ribotypes R3, R4, R5, and
R6 all showed an identical but different pattern which demon-
strated three fragments (Fig. 5, lanes J to N; since the approx-
imately 6.7-kb fragment appeared weakly in repeated testing
and was thus difficult to visualize, the fragments are indicated
by arrowheads). Strain VC-346 contained a single copy of the
CTX element, strain VC-351 contained three copies and
showed a unique CT genotype; the CT negative control strain
VC-302, however, did not hybridize with the probe. The vac-
cine strains contained two to four copies of the CTX element
(Fig. 5, lanes Q to U).

FIG. 2. Examples of BglI ribotypes of V. cholerae O1 strains associated with cholera outbreaks in Vietnam from 1979 to 1996, of clinical strains from Thailand and
India, and of strains used in an oral vaccine. Unless otherwise stated, explanations for the contents of the lanes indicate the strain designation, the place and date of
isolation, and the ribotype designation. Lanes: A, 1-kb molecular mass standard; B, Gia Lai, 1995, type R2; C, Ho Chi Minh City, June 1994, type R1; D, 33/97, Bangkok
1997, type R1; E, 697/38, Samut Sakorn 1994, type R1; F, VC20, Calcutta, 1992, type R1; G, Dong Thap, March 1995, type R8; H, Thuan Hai, December 1979, type
R6; I, Minh Hai, November 1994, type R3; J, Ham Tan Thuan Hai, August 1985, type R5; K, Hue, June 1983, type R4; L, 1076/25, Samut Sakorn, Thailand, 1982, type
R4; M, Hue, May 1995, type R7; N, 4260B, V. cholerae O139 vaccine strain; O, Phil 6973, vaccine strain, type R4; P, Cairo 48, vaccine strain; Q, Cairo 50, vaccine strain;
R, 569B, vaccine strain; and S, 1-kb molecular mass standard.

FIG. 3. Examples of PCR for the presence of class I integrons among V.
cholerae O1 strains isolated in Vietnam by using the primers qacED1 F and sul1
B. Unless indicated otherwise, the following explanations for the contents of the
lanes indicate province and year of isolation, antibiogram, and ribotype. Lanes:
A, 100-bp molecular mass standard; B, Khanh Hoa, 1979, Cl;SmI, type R6; C,
Ham Tan-Thuan Hai, 1985, Cl;SmI, type R5; D, Hue, 1990, Cl;SmI, type R4; E,
Ben Tre, 1994, Cl;Sm;Su, type R1; F, Dak Lak, 1994, Cl;Sm,Su type R1; G, Hue,
1995, Cl;Sm;Su, type R1; H, Gia Lai, 1995, Cl;SmI, type R1; I, Dong Thap, 1995,
Cl;Sm;Su, type R8; J, Dak Lak, 1995, Cl;Sm;Su, type R2; K, Hai Hung, 1996,
Cl;Sm;Su, type R1; L, PCR mixture, negative control, M, R4-96, negative con-
trol; N, 9720921, positive control; and O, 100-bp molecular mass standard.

FIG. 4. Examples of PCR products of V. cholerae O1 strains isolated in
Vietnam by using the primers int1 F and int1 B (lanes B to G) and int1 F and
ant(30)-Ia B (lanes K to P). Unless indicated otherwise, the following explana-
tions for the contents of the lanes indicate the province and year of isolation,
antibiogram, and ribotype. Lanes: A, 100-bp molecular mass standard; B, Ben
Tre, 1994, Cl;Sm;Su, type R1; C, Dak Lak, 1994, Cl;Sm,Su, type R1; D, Hue,
1995, Cl;Sm;Su, type R1; E, Dong Thap, 1995, Cl;Sm;Su, type R8; F, Dak Lak,
1995, Cl;Sm;Su, type R2; G, Hai Hung, 1996, Cl;Sm;Su, type R1; H, R4-96,
negative control; I, 9720921, positive control; J, PCR mixture, negative control;
K, Ben Tre, 1994, Cl;Sm;Su, type R1; L, Dak Lak, 1994, Cl;Sm,Su, type R1; M,
Hue, 1995, Cl;Sm;Su, type R1; N, Dong Thap, 1995, Cl;Sm;Su, type R8; O, Dak
Lak, 1995, Cl;Sm;Su, type R2; P, Hai Hung, 1996, Cl;Sm;Su, type R1; Q,
9720921, positive control; R, R4-96, negative control; and S, 100-bp molecular
mass standard.
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DISCUSSION

The present study describes the development of cholera in
Vietnam in the period from 1979 to 1996. The number of
cholera cases reported to the NIHE from the provinces in the
four regions of the country showed that V. cholerae O1 remains
an important cause of diarrhea, especially in the central and
southern provinces where cholera appears to be endemic. The
annual total number of cholera cases showed a high degree of
variation, and no decreases in the number of cholera cases
were registered in the study period with recent reports of
between 2,500 and 6,000 cases reported annually from 1992 to
1995. Cholera was not reported from the provinces in the High
Plateau region until two major outbreaks occurred in 1949 and
1995. However, data allowing identification of the causes of the
two outbreaks were not available. The introduction of V. chol-
erae O1 into the High Plateau provinces is disturbing since this
region is one of the Vietnam’s poorest, with the inhabitants
having limited access to health services and safe drinking-water
supplies. V. cholerae O139 has so far not been reported in
Vietnam, in contrast to most of the neighboring countries;
however, agglutination of V. cholerae in O139 antisera remains
important in monitoring a possible introduction of the O139
serotype into Vietnam.

Based on the promising results of vaccine trials with orally
administered cholera vaccines in Bangladesh, the NIHE de-
cided that deployment of an effective cholera vaccine would be
a useful preventive strategy to protect human health. Initial
testing suggested that a two-dose regimen of an oral killed
whole-cell vaccine can confer substantial protection against
cholera (43). The appearance of V. cholerae O139 in India and
Bangladesh in 1992 (2) and the subsequent spread to other
Southeast Asian countries (5) was a cause for concern that
O139 might spread into Vietnam. Since immunity to the O1
serogroup is not cross-protective against the O139 serogroup,
V. cholerae O139 strain 4260B was included in a modified
vaccine, for which testing began in central Vietnam in 1997. As
no information was available about the immunogenic and ge-

notypic properties of V. cholerae O1 strains isolated from pa-
tients in Vietnam, all of the strains included in the vaccine were
isolated outside of Vietnam. However, we suggest based on the
results of the present study that in the further development of
an oral cholera vaccine, the new V. cholerae O1 ribotype R1
strain should be considered as a vaccine candidate strain.

The NIHE is aware that the current system for reporting
cholera cases is inadequate and that the actual number of cases
is higher than that shown in Table 1. Accordingly, the NIHE is
promoting the definition of cholera cases according to the
recommendations from the World Health Organization. In
addition, bacteriological media and training of staff for the
isolation of V. cholerae O1 from stool specimens are provided
by the NIHE to provincial and regional laboratories. Despite
some improvements in the reporting of cholera cases, it is
likely also in the future that a significant proportion of cases
will not be reported, partly because there does not exist a
formal reporting system for the increasing number of private
physicians and laboratories.

Based on ribotype patterns and the CT genotypes, the
strains could be divided into two similar groups as described
for the antibiotic susceptibility testing. The first and largest
group contained 98 V. cholerae O1 strains isolated after 1990,
of which 94% showed an identical ribotype R1. Ribotype R1
was shown by strains isolated in provinces in each of the four
regions studied. It appears that this particular ribotype has
established itself in Vietnam as the major genotype of V. chol-
erae O1 associated with cholera. As strains from 1991, 1992,
and 1993 were not available for our study, it is unknown if the
ribotype R1 strain was already present before 1994 as the
major ribotype associated with cholera. The two large cholera
outbreaks reported in the High Plateau region in 1995 showed
a unique ribotype R2. However, ribotype R2 strains differed
from R1 by a single fragment only and showed phenotypic
characteristics identical to those of the ribotype R1 strains,
including identical antibiotic susceptibility patterns.

Strains 33/97 and 697/38 isolated in Thailand and strain

FIG. 5. Southern hybridization analysis of genomic DNA from 15 V. cholerae strains isolated from patients in Vietnam and 5 vaccine strains digested with BglI and
probed with a cholera toxin probe. Unless stated otherwise, explanations of the contents of the lanes indicate the strain designation, the province/region of isolation,
and the ribotype. Lanes: A, HindIII digest of phage lambda as molecular size markers; B, VC-351, Khanh Hoa/Center ribotype R1; C, VC-320, Hue/Center, type R1;
D, VC-233, Dong Thap/South, type R1; E, VC-288, Gia Lai/High Plateau, type R1; F, VC-378, Dak Lak/High Plateau, type R1; G, VC-281, Dong Thap/South, type
R8; H, VC-181, Dak Lak/High Plateau, type R2; I, VC-182, Gia Lai/High Plateau, type R2; J, VC-203, Minh Hai/South, type R3; K, VC-367, Khanh Hoa/Center, type
R4; L, VC-362, Ham Tan-Huan Hai/Center, type R5; M, VC-364, Da nang/Center, type R5; N, VC-336, Hue/Center, type R6; O, VC-346, Khanh Hoa/Center, type
R6; P, VC-302, Hue/Center, type R7; Q, Cairo 48, vaccine strain; R, Cairo 50, vaccine strain; S, 569B, vaccine strain; T, 4260 B, vaccine strain; U, Phil 6973, vaccine
strain; and V, HindIII digest of phage lambda as molecular size markers. Since the approximately 6.7-kb fragment appeared weakly (lanes J to N) in repeated testing
and was difficult to visualize, the position of the fragment is indicated by arrowheads.
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VC20 from India showed ribotype R1. Strain 697/38 was in-
cluded in a recent study of phenotypic and molecular charac-
teristics of V. cholerae O1 isolated in Samut Sakorn, Thailand,
before, during, and after the emergence of V. cholerae O139 in
August 1993 in Samut Sakorn (10). Among 43 strains isolated
during and after the O139 epidemic, all strains showed ri-
botype R1 (10). Thus, the emergence and disappearance of the
O139 serotype in Samut Sakorn was associated with the ap-
pearance of a V. cholerae O1 strain which showed a ribotype
R1 identical to the type shown by O1 strains isolated in Viet-
nam after 1990. As indicated by the ribotype R1 shown by
strain 697/38 isolated in 1997, this ribotype R1 seems to con-
tinue to be associated with cholera in Thailand. Although
strain VC20 represents the major ribotype R1 associated with
cholera in India before the emergence of O139 in 1992, a new
but closely related ribotype seems to have displaced ribotype
R1 in India (37).

Four closely related ribotypes were shown by strains isolated
before 1990, whereas none of the strains isolated after 1990
showed similar ribotypes (Fig. 2, Table 2). Although closely
related, certain ribotypes were only associated with cholera
outbreaks in certain geographical regions. For example, ri-
botype R5 was associated only with two major outbreaks in the
central region in 1985 and 1986 (Table 2).

It was interesting that each of the two V. mimicus strains
recovered from two different cholera patients showed identical
ribotypes R6 and antibiograms, as demonstrated by the V.
cholerae O1 strains isolated from the patients. This is, to our
knowledge, the first report of a simultaneous isolation of CT-
positive V. cholerae O1 and V. mimicus strains showing iden-
tical ribotypes and antibiograms from cholera patients. Thus,
our strains of the two species appear to differ only in the
utilization of sucrose.

Except for four strains, ribotype R1 and R2 strains isolated
in Vietnam after 1990 showed resistance to sulfamethoxazole,
streptomycin, and colistin whereas strains isolated before 1991
were susceptible to sulfamethoxazole and showed resistance to
colistin and intermediate resistance to streptomycin. Thus, the
current recommendations for the treatment of cholera patients
by the administration of tetracycline to adults remain valid
(12). However, the resistance to sulfamethoxazole shown by
strains isolated after 1990 is disturbing, since trimethoprim-
sulfamethoxazole or ampicillin is recommended for the treat-
ment of children and pregnant women (12).

Using PCR with a combination of primers, we showed that
each of the sulfamethoxazole-resistant strains tested contained
class I integrons and the aminoglycoside resistance gene cas-
sette ant(30)-Ia, which encodes resistance to streptomycin and
spectinomycin (Fig. 1, 3, and 4; Table 2) (20). In addition, two
sulfamethoxazole-sensitive and streptomycin-resistant strains
also contained integrons and the gene cassette indicating that
the genetic elements encoding sulfamethoxazole were not ex-
pressed. This is, to our knowledge, the first report of V. chol-
erae O1 strains containing class I integrons and the resistance
gene cassette ant(30)-Ia. Integrons are mobile DNA elements
able to incorporate single or groups of antibiotic resistance
genes by site-specific recombination within and between bac-
terial species (14). A scheme for the evolution of integrons,
including the existence of a putative ancestor In0, has been
proposed by Bissonnette and Roy (4). They further proposed
that the streptomycin gene aadA2 was first inserted at the hot
spot of In0, followed by the insertion of other resistance genes
(4). Similarly, we found only one gene cassette encoding resis-
tance to streptomycin and spectinomycin; however, the origin
of the integrons found in V. cholerae O1 in Vietnam is un-
known and remains to be determined.

Chromosomal repetitive sequence elements that conform to
the definition of an integron were recently described for V.
cholerae (6). However, these elements, which were designated
VCR elements, seem to differ in that they contain the promot-
ers for the 39 genes and the terminators for the 59 genes, a
feature that is not common in the known integrons (6). Also,
the VCR elements seem to contain more genes than integrons
(6).

Isolates of Enterobacteriaceae often carry integrons, espe-
cially class I, encoding resistance to various antibacterial com-
pounds (18, 35). Interestingly, similar changes in antibiotic
susceptibility patterns, as seen in the present study, were re-
ported in the Samut Sakorn study in Thailand, where strains
isolated after 1990 showed ribotype R1, and were resistant to
sulfamethoxazole, streptomycin, and colistin (10). Preliminary
results indicate that strains isolated in Samut Sakorn also con-
tain identical class I integrons, suggesting that the V. cholerae
O1 ribotype R1 strain became established in both countries as
the main cause of cholera and that it could have been trans-
ferred between the two countries (data not shown). Since an-
tibiotic resistance gene cassettes can be inserted in integrons
and integrons may also be carrying genes encoding other im-
portant properties, the emergence, distribution, and evolution
of integrons should be closely monitored.

In conclusion, we have shown that cholera remains an im-
portant cause of diarrhea in Vietnam. The reports of cholera in
the High Plateau region, which was previously free of the
disease, underscores the need to monitor the epidemiology of
V. cholerae. The phenotypic and genotypic characterization
showed that V. cholerae O1 isolated before 1991 and after 1990
were clearly different, suggesting that V. cholerae O1 strains are
continuously undergoing changes or that new strains of V.
cholerae O1 strains may have been introduced. The emergence
of a new ribotype R1 strain containing sul1 gene-associated
class I integrons with a resistance gene cassette encoding re-
sistance to streptomycin and spectinomycin is disturbing and
needs to be further studied.
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