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ABSTRACT

BACKGROUND
A single-dose regimen of the current killed oral cholera vaccines that have been
prequalified by the World Health Organization would make them more attractive for
use against endemic and epidemic cholera. We conducted an efficacy trial of a single
dose of the killed oral cholera vaccine Shanchol, which is currently given in a two-dose
schedule, in an urban area in which cholera is highly endemic.

METHODS

Nonpregnant residents of Dhaka, Bangladesh, who were 1 year of age or older were
randomly assigned to receive a single dose of oral cholera vaccine or oral placebo. The
primary outcome was vaccine protective efficacy against culture-confirmed cholera
occurring 7 to 180 days after dosing. Prespecified secondary outcomes included protec-
tive efficacy against severely dehydrating culture-confirmed cholera during the same
interval, against cholera and severe cholera occurring 7 to 90 versus 91 to 180 days
after dosing, and against cholera and severe cholera according to age at baseline.

RESULTS
A total of 101 episodes of cholera, 37 associated with severe dehydration, were de-
tected among the 204,700 persons who received one dose of vaccine or placebo. The
vaccine protective efficacy was 40% (95% confidence interval [CI], 11 to 60%; 0.37
cases per 1000 vaccine recipients vs. 0.62 cases per 1000 placebo recipients) against all
cholera episodes, 63% (95% CI, 24 to 82%; 0.10 vs. 0.26 cases per 1000 recipients)
against severely dehydrating cholera episodes, and 63% (95% CI, -39 to 90%), 56%
(95% CI, 16 to 77%), and 16% (95% CI, —49% to 53%) against all cholera episodes
among persons vaccinated at the age of 5 to 14 years, 15 or more years, and 1 to
4 years, respectively, although the differences according to age were not significant
(P=0.25). Adverse events occurred at similar frequencies in the two groups.

CONCLUSIONS
A single dose of the oral cholera vaccine was efficacious in older children (25 years
of age) and in adults in a setting with a high level of cholera endemicity. (Funded
by the Bill and Melinda Gates Foundation and others; ClinicalTrials.gov number,
NCT02027207.)
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HOLERA REMAINS A SERIOUS GLOBAL
health problem despite advances in the
understanding of its pathogenesis and
treatment™? and despite the placement of im-
proved water quality and sanitation at the fore-
front of global development priorities.> Killed
oral vaccines against cholera have been under
active development since the 1970s. In 2009, a
public—private partnership in India developed
and licensed a new killed whole-cell-only oral
cholera vaccine (Shanchol, Shantha Biotechnics),
which was modified from an earlier oral cholera
vaccine produced in Vietnam and which is cur-
rently priced affordably for the public sector, at
$1.85 per dose. In a trial conducted in Kolkata,
India, the currently recommended two-dose reg-
imen of this vaccine was found to confer 65%
cumulative protection at 5 years of follow-up.*
More recently, the same regimen was found to
confer 53% protection over 2 years of follow-up
in Dhaka, Bangladesh.®
In 2013, the World Health Organization (WHO)
created a global stockpile of this vaccine for use
in cholera epidemics. It has been argued that
this vaccine would be more useful if it could be
administered as a single-dose regimen, which
would be easier to administer during cholera
epidemics occurring in disrupted health systems
after natural disasters. Because substantial im-
munologic responses are observed after the first
dose of the two-dose regimen of this vaccine,*’
we conducted a clinical trial to evaluate a single
dose in an urban setting in Bangladesh in which
cholera is highly endemic. Here, we report the
results of this trial during the initial 6 months
after vaccination.

METHODS

STUDY SITE AND PARTICIPANTS

The trial was conducted in the urban slums of
Mirpur, Dhaka, where endemic cholera typically
peaks during March and April and the highest
rates are seen in young children.® The study area
was at least 300 m from an area where an earlier
study of oral cholera vaccine had been conducted
(Fig. S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org).
We conducted a census of residents according to
their place of usual residence in this area from
November 12, 2012, to January 29, 2013, to enu-
merate the regular residents and to identify the
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locations of households with the use of a geo-
graphic information system.’ This census was
updated immediately before the initiation of
vaccine administration in 2014. A household was
defined as a group of people living in the same
structure and recognizing a common head. The
census included households with one or more
features that putatively placed them at higher
risk for cholera, including overcrowding (defined
as three or more adults per room), poor sanita-
tion and drainage (defined as not having a flush
latrine or water-sealed latrine or having a pit la-
trine with no direct connection to a sewer line or
septic tank), or having drinking water sources,
kitchens, or toilets shared with other households.
Individual-level and household-level demographic
and socioeconomic information was collected
from an adult inhabitant of each household after
oral informed consent had been obtained. A
household identification (ID) card was given to
each potential study participant. Births, deaths,
and migrations in the population were subse-
quently monitored at 6-month intervals.

ETHICS, REGISTRATION, AND STUDY OVERSIGHT
The research and the ethical review committees
of the icddr,b (formerly known as the Interna-
tional Centre for Diarrhoeal Disease Research,
Bangladesh) and the institutional review board
of the International Vaccine Institute, as well as
a data and safety monitoring board, approved
the protocol and monitored the progress of the
study. Informed consent was obtained from all
participants (or from parents or guardians of par-
ticipants younger than 18 years of age); assent
was also obtained from participants who were
11 to 17 years of age. Consent and assent were
obtained either by signature or, for participants
who were not literate, by thumbprint. A witness
also signed each informed-consent form. The
study was registered with ClinicalTrials.gov in
2013, shortly after approval was obtained from
the institutional review board in 2012 but before
vaccination in 2014. All authors vouch for the
completeness and accuracy of the data and
analyses presented.

INTERVENTIONS

The vaccine (Shanchol), which was purchased
from the manufacturer for the study, and the
placebo under study were presented in single-
dose vials that were identical in appearance,

NEJM.ORG MAY 5, 2016

The New England Journal of Medicine
Downloaded from nejm.org on February 1, 2018. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



SINGLE-DOSE ORAL CHOLERA VACCINE IN BANGLADESH

each containing 1.5 ml of liquid agent. Each
dose of vaccine contained approximately 1.5x10"
inactivated Vibrio cholerae O1 bacteria and 5x10™
inactivated V. cholerae O139 bacteria, as described
previously.® Placebo vials contained 1.5 ml of
identical-appearing liquid that contained only
the inert constituents starch and xanthan gum.
The study agents were administered between
January 10 and February 4, 2014. To be eligible
for participation in the trial, participants or their
guardians had to provide written informed con-
sent, and participants had to be at least 12 months
of age, could not be pregnant (ascertained by
self-report), could have no severe illness (defined
as being too ill to leave bed), and could not have
a history of previous intake of an oral cholera
vaccine. At the time of the dosing, completeness
of dosing was assessed and recorded by the vac-
cination team on study forms.

RANDOMIZATION AND BLINDING
We designed the study as an individually ran-
domized trial to measure vaccine efficacy.* Each
vial was labeled with a unique number, in con-
secutive numbers, with vaccine and placebo as-
sembled in random order (in blocks of six) within
columns of the boxes of vials (see the Supplemen-
tary Appendix). Vaccination teams were instruct-
ed to administer the vials to each consecutive
eligible and consenting participant according to
the numerical order of the vials in the box. At the
time of dosing, the number of the administered
vial was entered into a vaccination registry book.
The identities of the numbered vials were kept
by the producer and two staff members of the
International Vaccine Institute who were exter-
nal to the trial. In addition, the on-site principal
investigator had sealed envelopes containing the
identity of each code number, with the provision
that the envelopes should be opened only if nec-
essary for clinical management. During the
course of the trial, no envelope was opened.

OUTCOMES
Surveillance for Cholera

Surveillance for treated episodes of diarrhea was
initiated on January 10, 2014, at two icddr,b
hospitals and at 11 other health facilities serving
the study area, constituting all major health fa-
cilities serving the study population (Fig. S1 in
the Supplementary Appendix). Patients in the
study area who had diarrhea were identified with
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the use of their household study ID cards or by
a computerized search of the census at the treat-
ment center. Patients were examined by trained
physicians, and consent for the collection of clini-
cal data and stool was obtained. Fecal speci-
mens were transported in Cary-Blair media to a
central laboratory, where specimens were tested
for V. cholerae according to serogroup, biotype,
and serotype with the use of methods described
elsewhere.’”'* During surveillance, we detected
813 treatment-center visits for acute watery diar-
rhea among the study participants; all these
participants consented to a fecal culture. The
identity of each patient whose fecal specimen
yielded V. cholerae O1 or 0139 was confirmed by
a visit, conducted within 14 days after the isola-
tion of V. cholerae, to the household of the person
whose name was given at the treatment center.

Age was calculated on the day on which the
vaccine or placebo was received. A treatment-
center visit for diarrhea was defined as a visit
during which the patient reported having had
three or more loose or liquid stools in the 24
hours before presentation or having had one,
two, or an indeterminate number of loose or
liquid stools in the 24 hours before presentation
along with some sign of dehydration according
to the WHO criteria.”® Treatment-center visits for
diarrhea with onset dates that were 7 or fewer
days after the discharge date of the previous
visit were concatenated into the same episode of
diarrhea, with the onset of diarrhea for the first
constituent visit being considered the onset of
the episode.

An episode of cholera, the prespecified pri-
mary outcome for this trial, was defined as an
episode of nonbloody diarrhea, with onset at
least 7 days after the day on which the vaccine
or placebo was received, in which a fecal culture
yielded V. cholerae O1 or 0139 and in which a
postdischarge visit to the patient’s home con-
firmed that the person whose name had been
given at the treatment center had indeed sought
care for diarrhea on the date of presentation. All
other outcomes were considered to be secondary
outcomes. Severe cholera, a prespecified second-
ary outcome, was defined as an episode of cul-
ture-confirmed cholera in which severe dehydra-
tion, ascertained according to the WHO criteria,"
was noted during at least one constituent visit of
the episode. The full details of study conduct are
provided in the protocol, available at NEJM.org.
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Surveillance for Adverse Events

Participants were requested to remain at the
dosing site for at least 30 minutes after the dose
was administered so that immediate adverse ef-
fects could be observed and treated. In passive
surveillance, we requested participants to visit
study physicians at designated sites if they re-
quired any kind of medical care within 28 days
after dosing. At these visits, physicians system-
atically entered information on signs, symp-
toms, clinical diagnoses, and treatment offered.
In active surveillance, we visited the homes of
6021 participants, selected from nine vaccina-
tion sites, on days 14 and 28 after dosing to
obtain histories at 2-week intervals. An adverse
event was defined as any untoward medical
event with onset on or after the date of dosing,
up to 28 days thereafter. A serious adverse event
was defined in accordance with WHO defini-
tions.!® Surveillance for deaths was undertaken
during demographic follow-up, and verbal au-
topsies were performed in the home of the de-
ceased participant with the use of an autopsy
questionnaire prepared according to WHO guide-
lines.”

Acute watery diarrhea was defined as an epi-
sode of diarrhea with onset 7 or fewer days be-
fore presentation for care and for which stools
were described as liquid or watery in consistency
and without visible blood; invasive diarrhea was
defined as an episode of diarrhea in which blood
was visible. Other signs, symptoms, and diagno-
ses were determined and recorded by the physi-
cian examining the patient.

STATISTICAL ANALYSIS

The primary analysis of vaccine protection was
per protocol and included only first episodes of
cholera with onsets of 7 to 180 days after dosing
among participants who had completely ingest-
ed the assigned agent; for persons who left the
study because they migrated out of the area or
because they died, the last known recorded day
was used. We estimated that with the inclusion
of at least 102,219 participants who took one
complete dose, the study would have 80% power
to show the effectiveness of one dose of vaccine
as compared with placebo, assuming that the
risk of cholera was 0.56 episodes or higher per
1000 persons, that the vaccine protective effi-
cacy would be 50% or higher, that the lower
limit of the one-sided 95% confidence interval
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for vaccine protective efficacy would be greater
than 10%, and that the loss to follow-up would
be 25%, at a one-tailed P value of less than 0.05.

Prespecified individual-level and community-
level baseline variables that were judged to be
potentially related to the risk of cholera were
compared between vaccine recipients and place-
bo recipients with the use of the chi-square test
(or Fisher’s exact test) for categorical variables
and Student’s t-test (or the Mann—-Whitney U test
for variables not following a normal distribu-
tion) for dimensional variables.

In simple analyses, we estimated rate ratios
of cholera episodes in vaccine recipients versus
placebo recipients, using test-based methods
for statistical appraisal of the ratios and calculat-
ing vaccine protective efficacy as (1—rate ratio) x
100.81° We also compared the temporal pattern
of cholera cases between the vaccine group and
the placebo group with the use of Kaplan—-Meier
survival curves, evaluated with the log-rank test.
In multivariable analyses, we fitted Cox regres-
sion models of time to event, including as in-
dependent variables the vaccination variable
and any baseline variables that were judged to
differ statistically or substantively between the
two groups, and used the coefficient for the
vaccination variable to estimate the hazard ratio
for cholera and its standard error. To avoid over-
fitting the models, we used a backward elimina-
tion algorithm, set at a P value of less than 0.10,
to select covariates associated with time to
event.?

In prespecified secondary analyses of vaccine
protective efficacy, we evaluated rate ratios, sur-
vival curves, and multivariable hazard ratios of
initial episodes of cholera and severely dehydrat-
ing cholera during the periods 7 to 90 days and
91 to 180 days after dosing, as well as according
to age at dosing (1 to 4, 5 to 14, or 215 years of
age), creating a total of 10 prespecified second-
ary analyses. Vaccine protective efficacy against
noncholera acute watery diarrhea was assessed
in a post hoc analysis to evaluate the success of
randomization in creating similar groups. For
these analyses, we used statistical approaches
similar to those used in the primary analyses.
We assessed the heterogeneity of vaccine protec-
tive efficacy in subgroups by analyzing two-way
interaction terms between the vaccination vari-
able and subgroup variables in the models, and
we assessed the heterogeneity of vaccine protec-
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tive efficacy over time by evaluating fulfillment
of the proportional hazards assumption for the
vaccine variable.

To analyze adverse events, we compared the
risk of each type of event among vaccine recipi-
ents versus the risk among placebo recipients,
with methods appropriate for categorical vari-
ables, including all recipients of vaccine or pla-
cebo regardless of the amount of the agent
swallowed. In these analyses, we counted only
the first occurrence of an event in participants.
Although one-tailed P values and 95% confi-

dence intervals were prespecified for the pri-
mary analysis, we cite two-tailed P values and
95% confidence intervals for all analyses to fa-
cilitate interpretation of our findings.

RESULTS

STUDY PARTICIPANTS

A total of 204,700 persons (58% of the census
population) underwent randomization and were
included in the analysis (Fig. 1). No important
differences were found in the distribution of

352,157 Patients were assessed

6051 Were not age-eligible

(9 erroneously received a dose)

346,106 Were age-eligible

140,593 Were not included
140,116 Declined to participate
12 Were pregnant

1 Was severely ill
464 Received oral cholera vaccine
in the past

205,513 Underwent randomization
and received at least one dose

813 Were not included
69 Received two doses

133 Had irregular randomization number
611 Received incomplete dose

204,700 Were included in the analysis

102,552 Received vaccine and were
included in the analysis

102,148 Received placebo and were
included in the analysis

25,701 Migrated out during follow-up
76 Died during follow-up

25,483 Migrated out during follow-up
79 Died during follow-up

Figure 1. Enrollment and Randomization of the Population for the Analysis of the Primary Outcome.

The 12 pregnant women who were not included in the study presented for dosing at the vaccination center; most
pregnant women did not present for dosing, because at the time of the census they were told not to do so. An irreg-
ular randomization number refers to a duplicated randomization number on different dosing vials, an absence of a
sticker number for a participant who received a dose in the vaccination register, a sticker number that was out of
range (i.e., not in the range of 1 through 224,442), or two different sticker numbers on the same vial.
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Protocol Analysis.*

Table 1. Baseline Individual-Level and Community-Level Characteristics of Vaccine Recipients and Placebo Recipients Included in the Per-

Variable
Individual-level variables
No. of participants
Age on the day on which vaccine or placebo was received — yr
Male sex — no. (%)
Diarrhea in the previous 6 months — no. (%)
No. of residents in the household
Living in own house — no. (%)
Duration living in the study area — mo
Living in household with improved water source — no. (%)
Living in households using treated water for drinking — no. (%)§
Living in households with sanitary toilets — no. (%)

Living in households in which residents washed hands with soap and
water — no. (%)

Monthly per-capita expenditure of household — Bangladeshi taka¥|

Distance from household to the nearest health facility — m

Distance from household to the previous intervention area — m||
Community-level variables**

Persons living in households using sanitary toilets — %

Persons living in households in which residents washed hands with
soap and water — %

Persons living in households with an improved water source — %

Population density per 100 m?

Vaccine Placebo
Recipients Recipients P Value}
102,552 102,148
23.90+16.1 24.14+16.1 <0.001
47,322 (46.1) 47,157 (46.2) 0.92
10,640 (10.4) 10,501 (10.3) 0.48
4.75£1.8 4.74£1.8 0.66
18,278 (17.8) 18,192 (17.8) 0.94
44.31+77.7 44.37+77.9 0.85
8,492 (8.3) 8,503 (8.3) 0.72
60,952 (59.4) 60,654 (59.4) 0.79
74,572 (72.7) 73,906 (72.4) 0.06
96,483 (94.1) 96,023 (94.0) 0.45
3037.57£1651.8 3022.16+1549.3 0.03
964.57+620.8 967.37+623.1 0.31
1474.13+766.0 1467.03+763.5 0.04
73.56+22.0 73.45+22.0 0.29
93.98+7.7 93.98+7.8 0.93
8.26x11.3 8.27+11.3 0.88
5.56+3.2 5.56+3.2 0.67

Plus—minus values are means +SD.

P values are for two-tailed comparisons between vaccine recipients and placebo recipients.

T
I Animproved water source was defined as a tap, well, or hand pump.

>

)
9 One U.S. dollar equals approximately 77.03 Bangladeshi taka.

Water that was boiled, filtered, or chlorinated was considered to have been treated.

| The previous intervention area is the area in which an oral cholera vaccine campaign was conducted in 2011.

** Community-level variables considered people living within a prespecified 100-m radius around the household, as measured with a geo-
graphic information system.
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baseline characteristics between vaccine recipi-
ents and placebo recipients (Table 1). There were
101 first cholera episodes during the 6 months
of follow-up, 37 with severe dehydration; the
calendar timing and case load were similar to
those observed during past years in this popula-
tion (Fig. 2 and Table 2). All cases were V. chol-
erae O1 El Tor biotype; one isolate was Inaba
serotype, and the remainder were Ogawa sero-
type. A total of 51,339 persons (21%) migrated
out of the study area or died before completion
of the 6-month follow-up; the distributions of

N ENGL ) MED 374;18

baseline characteristics among the migrants
were similar in the two groups.

VACCINE SAFETY AND PROTECTION

The occurrence of adverse events (severe and
nonsevere) was similar in the two groups in
both active and passive surveillance (Tables S1
and S2 in the Supplementary Appendix). During
the 28-day follow-up period after dosing, no
deaths associated with diarrhea occurred; no
deaths or other serious adverse events were
judged by personnel who were unaware of the
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treatment assignments as being causally related
to vaccination, nor were serious adverse events
significantly more common among vaccine re-
cipients than among placebo recipients.

The adjusted 6-month protective efficacy of
the vaccine was 40% for all cholera episodes
(95% confidence interval [CI], 11 to 60%; 0.37
cases per 1000 persons who received the vaccine
vs. 0.62 cases per 1000 persons who receive pla-
cebo; P=0.01) and 63% for severely dehydrating
cholera episodes (95% CI, 24 to 82%; 0.10 vs.
0.26 cases per 1000 persons; P=0.007) (Fig. 3
and Table 2, and Fig. S2 in the Supplementary
Appendix). The vaccine protective efficacy against
noncholera acute watery diarrhea was 9% (95%
CI, =6 to 22%; P=0.21). We found low point
estimates of vaccine protective efficacy for chil-
dren vaccinated at younger than 5 years of age,
both against all cholera episodes (16%; 95% CI,
—49 to 53%) and against severely dehydrating
cholera episodes (28%; 95% CI, —221 to 84%). In
contrast, the vaccine protective efficacy against
all cholera episodes was 63% (95% CI, -39 to
90%) among persons 5 to 14 years of age and
56% (95% CI, 16 to 77%) among persons 15 years
of age or older. Somewhat higher values for pro-
tective efficacy against severely dehydrating diar-
rhea were observed in these two age groups, as
compared with the youngest age group. However,
the differences in vaccine protective efficacy ac-
cording to age were not significant for either all
cholera episodes (P=0.25) or severely dehydrating
cholera episodes (P=0.49) (Table 2). There was
no significant heterogeneity of vaccine protective
efficacy according to duration of follow-up for
all episodes of cholera (P=0.82) or for severely
dehydrating cholera (P=0.38). During follow-up,
there were 76 deaths in the vaccine group and 79
deaths in the placebo group; 2 deaths were as-
sociated with diarrhea and occurred in vaccine
recipients. Both vaccine recipients who died were
adults, one of whom had bloody diarrhea and
neither of whom had a fecal culture performed
because neither was seen in a study treatment
center.

DISCUSSION

Our findings indicate that a single dose of the
killed oral cholera vaccine provided 40% protec-
tion against all cholera for at least 6 months of

N ENGL J MED 374;18
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Figure 2. Numbers of Cholera Cases Included in the Analysis According to
Calendar Month during the 6 Months of Follow-up in the Per-Protocol Anal-

follow-up in a population living in an area in
which cholera was highly endemic. The protec-
tion against cholera with severe dehydration was
higher than that against all episodes of cholera,
and vaccine protection was evident only in per-
sons who were vaccinated as older children (>5
years of age) or adults. Vaccine administration
was not associated with a significantly higher risk
of adverse events than placebo.

Several potential limitations of our trial de-
serve mention. First, the trial was conducted in
Bangladesh, a country in which cholera is en-
demic and in which the population has some
degree of natural immunity to cholera. Whether
our findings are generalizable to populations
without natural immunity to cholera can be de-
termined only by studies performed in such
populations. Second, because our study design
involved individual randomization, our analyses
did not capture the overall population effect of
vaccination through both direct and indirect vac-
cine protection.”” Third, our findings address
protection only during the 6 months after vac-
cination.

Although our results do not rule out a small
degree of oral cholera vaccine protection of
young children, the suggestively lower protec-
tive efficacy seen in this age group, which is
consistent with results from other trials of killed
oral cholera vaccines,>%?? could reflect a lesser
degree of preexisting natural anticholera im-
munity in young children than in older persons
at the time of vaccination; this age-related pat-
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tern may be illustrated by the lower serum vibrio-
cidal antibody titers in younger age groups in
population serologic surveys.”* The fact that
serum vibriocidal antibody responses to a first
dose of the oral cholera vaccine were observed
in both young and older age groups in earlier
studies, however, serves to emphasize that
these antibodies are not correlates of vaccine
efficacy.®”*

From a pragmatic perspective, our data sug-
gest that a single dose of vaccine will not be
adequate for young children who are targeted
for vaccination in settings in which cholera is
endemic. Whether and how a single dose might
still be used in settings in which cholera is
endemic is a matter for further study. At the
same time, because a single dose of this vac-
cine seems sufficient at least for short-term
protection of older children and adults, infra-
structural challenges to completing a two-dose
regimen need not be a consideration in the
decision to use the vaccine to help contain epi-
demics in these settings. Similarly, our find-
ings provide further encouragement for the use
of a two-dose regimen for the routine control
of endemic cholera, because some degree of
protection will be provided to older children
and adults who do not receive a second dose.
Further follow-up in our study will be required
to ascertain the duration of protection con-
ferred by a single dose of this vaccine in older
children and adults.”
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Placebo 102,148 92,097 85,919 83,750 82,032 79,374 76,523
Figure 3. Kaplan—-Meier Estimates of the Cumulative Probability of Not
Developing Cholera among Participants in the Per-Protocol Analysis.
The inset shows the same data on an expanded y axis.
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