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bstract

Vietnam currently produces an orally administered, bivalent (O1 and O139) killed whole-cell vaccine and is the only country in the
orld with endemic cholera to use an oral cholera vaccine in public health practice. In order to allow international use, the vaccine had

o be reformulated to meet World Health Organization (WHO) requirements. We performed a randomized, placebo controlled, safety and

mmunogenicity studies of this reformulated vaccine among Vietnamese adults. One hundred and forty-four subjects received the two-dose
egimen and 143 had two blood samples obtained for analysis. We found that this reformulated oral killed whole-cell cholera vaccine was
afe, well tolerated and highly immunogenic.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

Since the mid-1980s, when Vietnamese scientists devel-
ped a killed oral vaccine containing Vibrio cholerae follow-
ng technology transfer from Sweden, the vaccine has been
sed extensively in Vietnam and it is the only country in the

orld with endemic cholera to use an oral cholera vaccine

n public health practice. This vaccine has been found to be

� Presented in part at the 40th US–Japan Cholera and other Bacte-
ial Enteric Infections Joint Panel Meeting held in Boston, MA, 30th
ovember–2nd December 2005.

�� Registered at: http://www.clinicaltrials.gov Clinicaltrials.gov identi-
er: NCT00128011.
∗ Corresponding author. Tel.: +82 2 872 2801; fax: +82 2 872 2803.
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afe and protective. In a field trial in Hue, the vaccine con-
erred 66% protection against V. cholerae O1 El Tor Ogawa
n an outbreak that occurred 8–10 months after vaccination
1]. Following the emergence of V. cholerae O139 in 1992,
he Vietnamese government decided to modify the vaccine to
nclude killed V. cholerae O139 cells. The subsequent biva-
ent vaccine produced have been found to be safe and elicited
ve-fold rises in serum anti-O1 vibriocidal antibodies when
dministered to Vietnamese adults [2]. It conferred signifi-
ant protection against El Tor cholera in both children and
dults with 50% over-all effectiveness against clinically sig-
ificant El Tor cholera, 3–5 years following immunization

3].

More than 9 million doses have been administered since
he licensure of the bivalent oral cholera vaccine in Vietnam
n 1997, where it is used as part of the Expanded Programmed

http://www.clinicaltrials.gov/
mailto:anlopez@ivi.int
dx.doi.org/10.1016/j.vaccine.2006.09.049
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f Immunization (EPI) in high risk areas of the Mekong Delta,
entral coastal areas and some provinces in Northern Viet-
am. Although no available data exist regarding the public
ealth impact of the cholera vaccine in Vietnam, no cholera
ase has been reported to World Health Organization (WHO)
ince 1999. The vaccine is safe and there has been no report of
erious adverse reaction [4]. It is easily administered since it
oes not require ingestion of buffer. Because of these fea-
ures, and the relative inexpensive and easily transferable
roduction technology for the vaccine, the Diseases of the
ost Impoverished (DOMI) Program, funded by the Bill and
elinda Gates Foundation, targeted this vaccine for transfer

o additional emerging vaccine producers in Asia and for
otential use for the global control of endemic cholera. How-
ver, DOMI’s evaluation of this vaccine found that cholera
oxin could not be reliably removed by additional washing
sing diafiltration, or increased centrifugation/re-suspension
teps, which still resulted in small amounts of toxin detected.

It was established that the most reliable way to guar-
ntee undetectable toxin levels in the final vaccine was to
eplace the toxin hyper-producing classical Inaba strain 569B
ith another classical Inaba strain Cairo 48 which was low

oxin producing. In addition to the replacement of 569B, a
ormalin-killed V. cholerae O1 classical Ogawa (Cairo 50)
omponent was added to increase the proportion of Ogawa
erotype in the vaccine.

Although the current vaccine is safe and is used widely
n Vietnam’s public health programs [1–4], WHO guidelines
or the production and control of killed oral cholera vaccines
pecify that residual levels of clinical active cholera toxin in
he final formulated vaccine should be insignificant [5]. To
ulfill World Health Organization requirements, and thus to
acilitate international use of this vaccine in programs for the
oor in cholera-endemic countries, DOMI and the Company
or Vaccine and Biological Production No. 1 (VABIOTECH)
n Hanoi, Vietnam’s vaccine producer, reformulated the vac-
ine so that it will meet WHO guidelines. This study reports
n the safety and immunogenicity of the reformulated vac-
ine in Vietnamese adults.

. Methods
We conducted a double-blind placebo-controlled random-
zed trial among adults residing in SonLa Province, North-
est Vietnam from May to June 2005. The trial protocol was

E
a
t
c

able 1
omposition of the previous and reformulated bivalent Vietnamese killed oral chol

accine strain

. cholerae O1 Inaba El Tor strain Phil 6973 formalin killed

. cholerae O1 Ogawa classical strain Cairo 50 heat killed

. cholerae O1 Inaba classical strain 569B formalin killed

. cholerae O1 Ogawa classical strain Cairo 50 formalin killed

. cholerae O1 Inaba classical strain Cairo 48 heat killed

. cholerae O139 strain 4260B formalin killed
(2007) 1149–1155

pproved by the Institutional Review Boards of the National
nstitute of Hygiene and Epidemiology in Hanoi, Vietnam
nd the International Vaccine Institute in Seoul.

.1. Vaccine and placebo

The previous formulation of the Vietnamese vaccine
ontained: 5.0 × 1010 formalin-killed V. cholerae Inaba, El
or (strain Phil 6973); 2.5 × 1010 heat-killed V. cholerae
gawa, classical (strain Cairo 50); 2.5 × 1010 formalin-killed
. cholerae Inaba, classical (strain 569B); and 5.0 × 1010

ormalin-killed V. cholerae O139 (strain 4260B). Because
he vaccine containing the 569B strain, which is a hyper-
roducer of cholera toxin, would not be produced effectively
n a manner that reliably removed cholera toxin, DOMI
nd VABIOTECH reformulated the vaccine by removing the
69B strain and replacing it with two other strains, a formalin-
illed V. cholerae O1 classical Ogawa (Cairo 50) and a
eat-killed V. cholerae O1 classical Inaba (Cairo 48) (see
able 1). To comply with WHO requirements, the vaccine’s
ntigen content was standardized using an ELISA assay spe-
ific for V. cholerae O1 and V. cholerae O139 LPS antigens
the earlier version of the vaccine had used optical density to
tandardize antigen content). The use of the ELISA assay for
uantification of the LPS plus the additional O1 serogroups
omponent effectively resulted in an increase in the amount
f LPS antigen present in the vaccine. The reformulated vac-
ine contains no detectable cholera toxin.

Each dose of the reformulated Vietnamese vaccine con-
ained 600 ELISA Units (EU) LPS of the formalin-killed V.
holerae Inaba, El Tor biotype cells (strain Phil 6973); 300
U LPS of the heat-killed V. cholerae Ogawa classical bio-

ype cells (Cairo 50); 300 EU LPS of the formalin-killed V.
holerae Ogawa classical biotype cells (Cairo 50); 300 EU
PS of the heat-killed V. cholerae Inaba, classical biotype
ells (Cairo 48); and 600 EU LPS of the formalin-killed V.
holerae O139 (strain 4260B). The vaccine was also tested for
oxin content and found to contain no detectable toxin (limit
f detection 1 ng/ml). The LPS and toxin assays were per-
ormed at the University of Gothenburg. All other lot release
ssays were performed at VABIOTECH.

The locally produced placebo consisted of a heat-killed

scherichia coli K12 strain and had identical appearance
s the reformulated vaccine. The reformulated vaccine and
he placebo were packaged as liquid formulations in identi-
al vials containing five 1.5-ml doses. Each study agent was

era vaccines

Previous version Reformulated version

5 × 1010 cells 600 Elisa units (EU) LPS
2.5 × 1010 cells 300 EU LPS
2.5 × 1010 cells –
– 300 EU LPS
– 300 EU LPS
5 × 1010 cells 600 EU LPS



cine 25

s
d

2

P
W
S
o
a
t
t
o
w
m
i
a
t

2

s
o
t
i
s
g
d
T
f
p

2

t
s
o
a
r
(
n
1
w
(
s
v
p
t
t
r
a
t
o

t
<
c
s
p

2

a
c
a
t
s
t
s
a
r
t
w
a
p
t
o
l
o
g
o
7

2

C
V
v
w
o
p
g
c
u
t
f
p
a
a
t
f
i

w

D.D. Anh et al. / Vac

tored at 4–8 ◦C before administration, and was given in two
oses separated by an interval of 2 weeks.

.2. Study participants

Healthy male and non-pregnant female residents of SonLa
rovince aged 18–40 years were recruited for the study.
ritten informed consent was obtained prior to enrolment.

ubjects with history of diarrhea, anti-diarrheal and antibi-
tic use during the past week, or a history of diarrhea and
bdominal pain lasting for 2 weeks during the 6 months prior
o the start of the study were excluded from the study. We ini-
ially randomized 153 volunteers to receive either two doses
f the reformulated vaccine or placebo. A randomization list
as prepared by a statistician who otherwise was not involve-
ent in the study. Randomization numbers were generated

n blocks of four, which included two of each type of study
gent. Doses were given 14 days apart and subject participa-
ion lasted for 28 days (see Fig. 1).

.3. Surveillance for adverse events

Participants were asked to return for follow-up for 3 con-
ecutive days after each dose. A physician who was unaware
f the study agent received by the subject conducted a struc-
ured interview regarding the subjects’ over-all level of activ-
ty and bowel movements as well as occurrence of symptoms
uch as diarrhea, abdominal pain, loss of appetite, nausea,
eneral ill feeling, fever, headache or vomiting. Diarrhea was
efined as three or more loose or liquid stools in a 24 h period.
wo weeks after each dose was given, subjects were asked
or any illness that may have occurred during the interval
eriod.

.4. Serological surveillance

Venipuncture was performed to obtain blood samples prior
o administration of the study agents and 14 days after the
econd dose. Sera were separated, shipped frozen to the lab-
ratory at the International Vaccine Institute (IVI) and stored
t −70 ◦C until paired testing was performed. Serum vib-
iocidal antibodies to V. cholerae O1 El Tor Inaba strain
T19479) [6] were performed in IVI using the microtiter tech-
ique as previously described. The initial dilution of sera was
:2.5. Sera were shipped frozen to University of Gothenburg
here serum vibriocidal antibodies to V. cholerae O139 strain

A361) were evaluated. At Gothenburg, the initial dilution of
era used for the V. cholerae O139 assay was 1:20 as pre-
iously described [8]. Two-fold serial dilutions of pre- and
ost-vaccination sera were performed in duplicates, and the
itre ascribed was the mean of the two determinations. If more
han a two-fold difference was noted between the duplicate

esults, the assay was repeated. The titres were adjusted rel-
tive to a reference serum specimen included in each test
o compensate for variations between analyses on different
ccasions. Testing was performed by technicians blinded to

r
s
r
p

(2007) 1149–1155 1151

he study agent received by the subjects. Vibriocidal titres
2.5 for V. cholerae O1 or <20 for V. cholerae O139 were
onsidered as 1.25 and 10, respectively, for statistical analy-
es. A four-fold or greater increase in titre between pre- and
ost-vaccination sera was used to indicate seroconversion.

.5. Sample size

The sample size was calculated to evaluate diarrhoeal
dverse events after either dose and seroconversion to V.
holerae O1 Inaba (defined as ≥4-fold increase in vibriocidal
ntibody titre between baseline and bleed 2). It was assumed
hat the background rate of diarrhoea after either dose was the
ame in both placebo and vaccine recipients at 10%. Using
he method of Dunnett and Gent for precision-based sample
ize calculation [7] in order to exclude an upper boundary of
one-tailed 95% CI for the vaccine–placebo difference in the

ate of diarrhoea of greater than 20% with a power of 0.95,
he minimum number of subjects required for each group
as 49. Similarly, for serum vibriocidal responses, it was

ssumed that the background rate of seroconversion among
lacebo recipients was 5% after the second dose and that the
rue vibriocidal response in the vaccine group was 60%; in
rder to exclude a lower-boundary of a one-tailed 95% CI of
ess than 33% for the vaccine–placebo difference with power
f 0.95, a minimum of 64 subjects were required for each
roup. To adjust for the number of persons expected to drop
ut of the study after the first dose, we estimated that at least
0 persons per group would need to be enrolled in the study.

.6. Data management and analysis

Data was entered in Visual Fox ProTM V 7.0 (Microsoft
orp., USA) and analyses were performed using StataTM

8.0 (Stata Corp., USA). For safety data, an intention-to-
accinate analysis was performed wherein all subjects who
ere randomized in the study and received one dose or more
f any study agent were included. For immunogenicity data, a
er-protocol analysis was performed wherein only those eli-
ible and randomized subjects who received two doses of the
orrect study agent and were available until the last follow-
p were included. The Chi-square test was used to compare
wo groups of dichotomous outcomes except for sparse date
or which Fischer’s exact test was used. Student’s t-test was
erformed for continuous outcomes. Geometric mean titres
nd fold rises were determined and serum vibriocidal titres
nd fold rises were logarithmically transformed prior to sta-
istical analyses. Analysis of covariance was used to adjust
or imbalances in baseline titres for comparison of fold rise
n titres.

The two primary objectives of the study were to assess
hether the vaccine induced serum vibriocidal antibody
esponses to vaccine that exceeded those to placebo by a
pecified threshold, and to evaluate whether the diarrhoea
isk after any dose among vaccinees exceeded that after
lacebo by no more than a specified threshold. Accord-
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Fig. 1. Flowchart o

ngly, differences between vaccine and placebo groups in
egard to the occurrence of diarrhoea and seroconversions
ere evaluated with one-tailed 95% confidence intervals.

ll other contrasts were evaluated using the p < 0.05 (two-

ailed). The 95% confidence intervals for these differences
hen the numbers were small were calculated using an exact
ethod.

e
o
r
o

ipants in the study.

. Results

One hundred and fifty-three subjects were initially

nrolled in the study and received one dose of either vaccine
r placebo. However, upon review after the first dose, five
andomized subjects were later found to be ineligible, four
f whom received antibiotics within 1 week prior to vaccina-
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Table 2
Demographic characteristics of vaccine and placebo recipients

Characteristics Vaccine recipients,
N = 77

Placebo recipients,
N = 76

p-Value

Age (in years)a

Mean (S.D.) 23 (4) 23 (5) 0.70
Median 21 21

Sexa

Male 51 (67%) 43 (57%) 0.22

p
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Table 3
Comparison of solicited adverse events among participants following receipt
of dose 1 and dose 2 of vaccine or placebo

Vaccine,
N (%)

Placebo,
N (%)

p-Value

Within 3 days after dose 1 N = 77 N = 76
Diarrhoea 1 (1) 1 (1) 1.0
Abdominal pain 7 (9) 5 (7) 0.56
Loss of appetite 1(1) 2 (3) 0.55
Nausea 7 (9) 7 (9) 0.98
Vomiting 1 (1) 1 (1) 0.99
Fever 3 (4) 1(1) 0.32
Headache 11 (14) 14 (18) 0.49
General ill feeling 4 (5) 3 (4) 0.71

Within 3 days after dose 2 N = 74 N = 70
Diarrhoea 0 0 –
Abdominal pain 5 (6) 3 (4) 0.72
Loss of appetite 0 0 -
Nausea 2 (2) 0 0.50
Vomiting 1 (1) 0 1.0
Fever 1 (1) 2 (2) 0.61
Headache 7 (9) 4 (6) 0.40
General ill feeling 1 (1) 0 1.0

No (%) with ≥ one adverse
event within 3 days of dose 1

25 (32) 25 (33) 0.95

No (%) with ≥ one adverse
event within 3 days of dose 2

14 (20) 9 (13) 0.32

No (%) with ≥ one adverse 29 (38) 29 (38) 0.95

N

t
l
<
o
r
l
(

T
S
r

G

G

N

a No statistically significant differences were found between vaccine and
lacebo recipients.

ion and one was 41 years of age. Of the 148 eligible subjects,
44 (74 vaccinees and 70 placebo recipients), received the full
wo-dose regimen and 143 two-dose recipients were followed
p with a second blood collection (Fig. 1). In the intention-
o-vaccinate analysis, there were no significant differences in
he age and sex distribution of the two groups (Table 2). No
dverse event occurred more frequently in the vaccine group
Table 3). The majority of the reported events were mild.
wo subjects developed diarrhoea, both after the first dose,
ne subject received vaccine and the other received placebo.
either required treatment. The 95% one-sided confidence

nterval for this comparison excluded a more than 9% greater
ccurrence of diarrhoea among vaccinees than placebo recip-
ents. Headache was the most commonly reported adverse
vent among both placebo recipients and vaccinees. There
ere no serious adverse events reported during the study.
The baseline vibriocidal antibody titre to V. cholerae O1

f the subjects ranged from <2.5 to 2560. The geometric
ean vibriocidal antibody titres to V. cholerae O1 for vac-

inees were 26.8-fold higher than for the placebo recipients
4 days after intake of the second dose (p < 0.001). Sixty-
even (90.5%) of the vaccine recipients had a ≥4-fold rise in
he vibriocidal antibody titres, with 35 of them having a 32-
old increase from baseline. In contrast, none of the placebo
ecipients seroconverted (p < 0.001; Table 3). Six of 11 vac-

inees with baseline titres ≥320 seroconverted (Table 5). The
5% confidence interval of differences between seroconver-
ion among vaccine and placebo recipients excluded an 81%
ower response rate among vaccinees.

f
c
t
o

able 4
erum vibriocidal antibody titres to V. cholerae O1 and V. cholerae O139 serogroup
ecipients

V. cholerae O1

Vaccine recipients,
N = 74

Placebo recipients
N = 69

MTa

Bleed 1 18.6 17.2
Bleed 2 497.0 17.2

MF-riseb 26.8 1

o. of subjects who seroconvertedc 67 (91%) 0
a Geometric mean reciprocal titre for the cited bleed.
b Geometric mean fold rise between first and second bleed.
c Number of subjects with ≥4-fold rise in titres between first and second bleed.
event within 28 days
o (%) with a serious adverse
events

0 0

One hundred and forty-one paired sera were available for
esting of vibriocidal antibodies to V. cholerae O139. Base-
ine vibriocidal antibodies to V. cholerae O139 ranged from
5 to 1280. None of the placebo recipients had a four-fold
r greater increase from baseline whereas 8 (11%) vaccine
ecipients did (p = 0.006). A two-fold increase from base-
ine was noted among 9 (13%) placebo recipients and 15
20%) vaccine recipients. The geometric mean fold increase

rom baseline of vibriocidal antibodies to O139 among vac-
ine recipients was statistically significantly higher than
he placebo recipients 14 days after intake of the sec-
nd dose (p = 0.001) (Table 4). This difference remained

s at baseline and 14 days after the second dose among vaccine and placebo

V. cholerae O139

, p-Value Vaccine recipients,
N = 72

Placebo recipients,
N = 69

p-Value

0.8 36.3 48.4 0.3
<0.001 52.4 46.0 0.6

<0.001 1.4 1 0.001

<0.001 8 (11%) 0 0.006
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Table 5
Frequency table of fold rise of serum vibriocidal antibodies to V. cholerae O1 and O139 from baseline and 14 days post-immunization according to pre-
immunization titres among vaccine recipients

Baseline titres Fold increasea

V. cholerae O1 V. cholerae O139

≤1 2 4 8 16 32 64 128 256 512 ≤1 2 4 8 16 32 64 ≥128

≤5 2 1 4 6 5 3 5 19 1 3 2 2
10 2 3
20 3 3 3 1 1
40 1 6 4 7
80 3 1 6 9 2 1

160 1 1 1 2 9 1
320 1 3 3 3 2

≥640 4 4 2

cipients
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a From baseline to 14 days after receipt of second dose among vaccine re

tatistically significant after controlling for baseline titres
p < 0.05).

. Discussion

The two-dose regimen of this reformulated oral killed
hole-cell cholera vaccine was safe, well tolerated and

mmunogenic in this trial, though the immune responses
o the O1 serogroup were substantially greater than the
esponses to the O139 serogroup. No serious adverse events
ccurred during the study period. No adverse events were
ore frequently detected in the vaccine group than in the

lacebo group.
Ninety percent of the vaccine recipients developed ≥4-

old rises in vibriocidal antibodies to V. cholerae O1, whereas
one of the placebo recipients did. Among vaccinees there
as a 27-fold rise in the geometric mean titres. All vaccine

ecipients in our study with baseline titre of ≤80 serocon-
erted, in contrast only 9 (12%) vaccine recipients with
aseline titres of 160 or higher seroconverted and none of
he participants with baseline titres of 640 or greater did
Table 5). In previous studies in Vietnam with the older Viet-
amese vaccine formulation and the internationally licensed
BS-WC vaccine using the same vaccination schedule, 60%
f adult vaccine recipients seroconverted and the GMF rise
n titres was only five-fold with either vaccine [2]. Attenu-
ted immune responses in individuals with pre-existing high
ibriocidal antibody titre had been reported in studies with
ther cholera vaccines [9–11]. However, the baseline GMT
n our study was even higher than the baseline GMT in the
revious study in Vietnam.

The higher vibriocidal antibody responses to V. cholerae
1 observed for the reformulated Vietnamese vaccine than

or the previous version may have been due to differences

n the quantities of LPS antigen in the two vaccines. The
LISA-based standardization methods used for the refor-
ulated vaccine resulted in significantly higher levels of
PS antigen in this vaccine than in the previous vaccine,

f
t
v
a

.

hich was standardized with use of optical density measure-
ents. Moreover, the addition of two other V. cholerae O1

trains further increased the antigenic content of the reformu-
ated vaccine. These findings suggest that the reformulated
accine is more immunogenic than the earlier formulations
2,8,10,11].

The baseline vibriocidal titres to O139 among our sub-
ects were higher than the baseline titres to V. cholerae O1.
ur study was performed in a non-cholera-endemic area in
ietnam and these pre-existing antibodies may reflect prior
xposure to bacteria with cross-reacting O antigens to O139
16,17]. Unlike V. cholerae O1, vibriocidal responses to V.
holerae O139 were modest. Only 11% of vaccine recipi-
nts seroconverted to V. cholerae O139 and a GMF-rise of
.4 was achieved. All eight responders to V. cholerae O139
ere vaccinees, seven of whom had baseline vibriocidal titres
f <10. The lower vibriocidal response to V. cholerae O139
han to V. cholerae O1 has been reported in previous stud-
es and is believed to be due to the presence of a capsular
olysaccharide in V. cholerae O139 that may interfere with
he immune response and detection of vibriocidal antibodies
12–14,16].

The vibriocidal responses to O139 were somewhat lower
n our study than in a study that tested the previous formula-
ion of the bivalent Vietnamese vaccine [2]. This difference
ould be due to methodological differences between the two
tudies. The earlier study used two different test strains for
he assay and selected only the higher vibriocidal responses
o the two strains for analysis [2]. Among adults, serocon-
ersion ranged from 17 to 31% and GMF rise from baseline
itres ranged from 1.4 to 2.4, depending on the test organ-
sm used [2]. In our study, only 11% of vaccine recipients
eroconverted and a GMF-rise of anti-O139 serum vibrioci-
al antibodies of 1.4 was achieved. In contrast, the current
tudy used only one test organism (V. cholerae O139 A361)

or the O139 vibriocidal assay, which differed from the two
est organisms used in the earlier study. Whether the lower
ibriocidal titres to V. cholerae O139 in our study indicate
poorer immune response or differences in the sensitivity
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f the vibriocidal assay used for O139 remains to be seen.
astly, although serum vibriocidal antibodies to O1 have been

egarded as immunological correlates of protection against
holera, their use for V. cholerae O139 remains contentious
12,14]. Earlier studies with V. cholerae O139 revealed pro-
ection against homologous rechallenge without concomitant
etection of a vibriocidal antibody response [15]. Clarifi-
ation of whether this bivalent vaccine protects against V.
holerae O139 therefore will likely require studies of clini-
al vaccine efficacy.

A phase III trial is currently planned for this vaccine in
n endemic area in West Bengal, India. If found safe and
ffective, the reformulated vaccine will provide an inexpen-
ive alternative for use in the control of cholera in outbreak
ettings, as well as endemic areas.
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