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ABSTRACT
The killed bivalent (O1 and O139) whole cell oral cholera vaccine (OCV) (ShancholTM) was first licensed in
India in 2009 and World Health Organization pre-qualified in 2011. We assessed the safety and
immunogenicity of this OCV in the Philippines. This was a phase IV, single-arm, descriptive, open-label
study. We recruited 336 participants from 2 centers: 112 participants in each age group (1–4, 5–14 and �
15 years). Participants received 2 OCV doses 14 d apart. Safety was monitored throughout the trial. Blood
samples were collected at baseline (pre-vaccination) and 14 d after each dose. Serum vibriocidal antibody
titers to V. cholerae O1 (El Tor Inaba and El Tor Ogawa) and O139 strains were assessed, with
seroconversion defined as � 4-fold increase from baseline in titers. No immediate unsolicited systemic
adverse events/reactions were observed. Unsolicited systemic adverse events were mostly grade 1
intensity. One serious adverse event occurred after the first dose, but was unrelated to vaccination. High
seroconversion rates (range 69–92%) were achieved against the O1 serotypes with a trend toward higher
rates in the 1–4 y (86–92%) and 5–14 y (86–88%) age groups than the � 15 y age group (69–83%). Lower
seroconversion rates were achieved against the O139 serotype (35–70%), particularly in those aged � 15 y
(35–42%). The 2-dose regimen of the killed bivalent whole cell OCV was well-tolerated in this study
conducted in the Philippines, a cholera-endemic country. Robust immune responses were observed even
after a single-dose.
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Introduction

Cholera is endemic in over 60 countries with recent global esti-
mates of 2.9 million cases and 95,000 associated deaths annu-
ally.1 Endemic countries are primarily located in Sub-Saharan
Africa and South-East Asia, which together account for about
90% of the global burden of cholera cases. The disease is trans-
mitted via contaminated water and food, and is often prevalent
in overcrowded areas with poor sanitation. Although all age
groups are affected, the disease burden may be highest in chil-
dren aged under 5 y.2

In the Philippines, there were 42,071 suspected cholera cases
reported from 2008 to 2013, of which 5,006 were confirmed.3

The annual incidence of suspected and confirmed cholera cases
during this period was estimated at about 1 per 10,000 popula-
tion. About half of the provinces and metropolitan regions
reported at least one confirmed case. The overall case fatality
was 0.62%, which increased to up to 2% during outbreaks, with
the highest fatality rates among children aged under 5 y.

The killed bivalent (O1 and O139) whole cell oral cholera
vaccine (OCV) (ShancholTM, Shantha Biotechnics Pvt LTD,

Hyderabad, India) was developed and licensed in India in 2009.
Licensure of this OCV was based on studies that demonstrated
an acceptable safety profile, robust immune responses and effi-
cacy up to 3 y in adults and children in India, a historically
cholera-endemic area.4-7 Over the longer-term, a 2-dose regimen
of OCV was shown to provide 65% protective efficacy against
cholera up to 5 y.8 A study assessing the immunogenicity of
OCV in Haiti, where cholera was introduced in 2010, found
that the 2-dose OCV regimen was highly immunogenic.9

Although vibriocidal geometric mean titers (GMTs) after the
first dose of OCV were lower in Haitian individuals than age-
and blood group-matched individuals from Bangladesh, a his-
torically cholera-endemic area, these did not differ between the
2 groups after the second OCV dose. Moreover, during a cam-
paign that included both water and sanitation improvements
and vaccination in poor Haitian urban slums in 2012,10 OCV
was shown to be 97.5% effective in reducing the number of cul-
ture-confirmed cholera cases in the 37 months post-vaccination.

The ShancholTM vaccine became WHO prequalified in 2011,
becoming the second OCV to be prequalified since 2001.11 In
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addition to India, it is licensed in 23 other countries in Asia,
Africa and Latin America. Prequalification enabled the vaccine
to be procured by United Nations’ agencies and included in the
OCV stockpile for epidemic response against cholera globally.
As part of the standard requirements for pre-qualified vaccines,
the WHO requested that additional studies to assess the safety
and immunogenicity of the ShancholTM vaccine be undertaken
in Asian countries other than India and Bangladesh. Here we
present the results of a study undertaken to assess the safety
and immunogenicity of this OCV in the Philippines.

Results

Study population

A total of 336 participants were recruited: 112 participants in
each age group (1–4, 5–14, and � 15 y age groups) (Fig. 1). All
participants received both doses of the OCV primary vaccina-
tion series; the scheduled interval of 14 (C2 d) between vacci-
nations was exceeded for 5 participants (3 in the 1–4 y age
group, and 1 each in the 5–14 and � 15 y age groups), ranging
18 to 28 d. The participants’ characteristics are summarized in
Table 1. Only one participant discontinued from the study, in
the � 15 y age group, due to non-attendance for 2 of the sched-
uled study visits (visits 3 and 4).

Reactogenicity and safety

There were no immediate unsolicited adverse events or
reactions after any dose of the vaccine in any age group.
Solicited systemic reactions tended to be more frequently
reported after the first OCV dose than after the second
dose, and were more frequent in children aged 1–4 y than
the older age groups post-dose 1 and post-dose 2. The most
frequent solicited reactions were: cough in the 1–4 y age
group (17.9% of children post-any dose); vomiting, abdomi-
nal pain and diarrhea in the 5–14 y age group (3.6%, 3.6%

and 2.7%, respectively); and diarrhea in the � 15 y age
group (5.4% post-any dose) (Table 2). Most solicited sys-
temic reactions were Grade 1 intensity. No Grade 4 solicited
systemic reactions were reported during the 7 d after vacci-
nation. There were no vaccine-related SAEs, and no with-
drawals for adverse events. No death occurred during the
study.

One participant experienced a SAE (pneumonia) between 7
and 15 d after the first dose of vaccine, requiring hospitalization
between d 11 and 13. A chest X-ray confirmed a diagnosis of
pneumonia in this patient. The participant recovered without
sequelae and completed the study.

Few unsolicited systemic adverse events were assessed as
related to vaccination by study investigators: 2 (1.8%) partici-
pants in the 1 to 4 y age group (both Grade 1 gastroenteritis;
one occurring within 14 days’ post-dose 1 and one within
30 days’ post-dose 2); and 1 (0.9%) participant in the � 15 y age
group (grade 1 flatulence occurring within 14 days’ post-dose 1).

Immunogenicity

Immune responses to V. cholerae O1 Inaba, O1 Ogawa, and
O139 after 1 and 2 doses of OCV are summarized in Table 3
and Fig. 2. Baseline GMTs increased with age against all sero-
types assessed. The percentages of participants with baseline
titers � 80 1/dil increased with age for O1 Inaba (8.0% [1¡4 y
olds], 38.4% [5–14 y olds] and 50.0% [� 15 y olds]) and O1

Figure 1. Flow of participants through the study. Visit 1 (Day 0), Visit 2 (D14), Visit 3 (D28), Visit 4 (D44) and study completion. Blood samples were drawn at Visit 1, 2 and
3 (nD112 at Visit 1, 2, and 3 for ages 1–4 and 5–14 years; nD112 at Visit 1 and 2, and nD111 at Visit 3 for �15 years).

Table 1. Participants’ characteristics (full analysis set).

1–4 y 5–14 y � 15 y Overall
(N D 112) (N D 112) (N D 112) (N D 336)

Sex, n (%)
Female 57 (50.9) 55 (49.1) 80 (71.4) 192 (57.1)

Age, years
Mean (SD) 2.83 (1.06) 8.90 (2.85) 37.2 (11.7) 16.3 (16.5)

Racial origin, n (%)
Asian 112 (100) 112 (100) 112 (100) 336 (100)
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Table 2. Summary of safety and reactogenicity. Data are presented as n (%) (Safety analysis set). For solicited systemic reactions, n represents the number of participants
experiencing a reaction (note: some participants experienced the same reaction after both doses 1 and 2, hence the numbers of PD-1 and PD-2 reactions do not necessar-
ily add up).

1–4 y (N D 112) 5–14 y (N D 112) � 15 y (N D 112) All groups (N D 336)

Solicited systemic reaction (PD-1)# 26 (23.2) 5 (4.5) 16 (14.3) 47 (14.0)
Solicited systemic reaction (PD-2)# 16 (14.3) 4 (3.6) 7 (6.3) 27 (8.1)
Solicited systemic reaction (Any dose)# 36 (32.1) 9 (8.0) 19 (17.0) 64 (19.0)
Fever 12 (10.7) 1 (0.9) 2 (1.8) 15 (4.5)
Nausea 3 (2.7) 1 (0.9) 2 (1.8) 6 (1.8)
Vomiting 6 (5.4) 4 (3.6) 0 10 (3.0)
Diarrhea 10 (8.9) 3 (2.7) 6 (5.4) 19 (5.7)
Abdominal pain 10 (8.9) 4 (3.6) 4 (3.6) 18 (5.4)
Itching 3 (2.7) 1 (0.9) 3 (2.7) 7 (2.1)
Rash 5 (4.5) 0 3 (2.7) 8 (2.4)
Weakness 8 (7.1) 1 (0.9) 1 (0.9) 10 (3.0)
Cough 20 (17.9) 0 4 (3.6) 24 (7.1)
Vertigo 2 (1.8) 1 (0.9) 4 (3.6) 7 (2.1)
Dry mouth 3 (2.7) 0 4 (3.6) 7 (2.1)
Solicited Grade 3/4 systemic reaction (Any dose) 4 (3.6) 1 (0.9) 0 5 (1.5)
Unsolicited systemic adverse event (Any dose) 39 (34.8) 17 (15.2) 10 (8.9) 66 (19.6)
Serious adverse event 1 (0.9) 0 0 1 (0.3)

#Solicited systemic reactions within 7 d after each vaccination.
yNo Grade 4 solicited systemic reactions were reported
PD-1, post-dose 1; PD-2, post-dose 2.

Table 3. Geometric mean titers, individual ratio titers and seroconversion rates for V. cholera serogroups, by age group (full analysis set).

1–4 y 5–14 y � 15 y
(N D 112) (N D 112) (N D 112)

M or n/M Mean titer, ratio or % (95% CI) M or n/M Mean titer, ratio or % (95% CI) M or n/M Mean titer, ratio or % (95% CI)

O1 Inaba
GMT, 1/dil
D0 112 2.74 (2.03; 3.71) 112 18.7 (11.9; 29.4) 112 35.6 (23.2; 54.6)
D14 112 193 (118; 316) 112 1103 (805; 1513) 112 894 (672; 1189)
D28 112 202 (132; 310) 112 922 (707; 1202) 111 636 (502; 807)

Individual ratio titers
D14/ D0 112 70.2 (45.9; 108) 112 59.1 (38.6; 90.4) 112 25.1 (16.6; 38.1)
D28/ D0 112 73.8 (49.9; 109) 112 49.4 (32.8; 74.3) 111 17.4 (11.7; 25.6)

Seroconversion (� 4-fold rise)
D14/D0 98/112 87.5 (79.9; 93.0) 99/112 88.4 (81.0; 93.7) 93/112 83.0 (74.8; 89.5)
D28/D0 100/112 89.3 (82.0; 94.3) 97/112 86.6 (78.9; 92.3) 87/111 78.4 (69.6; 85.6)

O1 Ogawa
GMT (1/dil)
D0 112 2.56 (1.90; 3.45) 112 18.2 (11.6; 28.7) 112 68.5 (44.3; 106)
D14 112 183 (115; 292) 112 856 (637;1151) 112 975 (764; 1244)
D28 112 247 (169; 360) 112 766 (593; 989) 111 748 (600; 932)

Individual ratio titers
D14/ D0 112 71.5 (46.4; 110) 112 47.0 (30.4; 72.6) 112 14.2 (9.64; 21.0)
D28/ D0 112 96.3 (66.3; 140) 112 42.0 (27.6; 64.0) 111 10.5 (7.24; 15.3)

Seroconversion (� 4-fold rise)
D14/D0 96/112 85.7 (77.8; 91.6) 96/112 85.7 (77.8; 91.6) 87/112 77.7 (68.8; 85.0)
D28/D0 103/112 92.0 (85.3; 96.3) 99/112 88.4 (81.0; 93.7) 76/111 68.5 (59.0; 77.0)

O139
GMT (1/dil)
D0 112 3.36 (2.42; 4.66) 112 5.31 (3.64; 7.74) 112 7.68 (5.19; 11.4)
D14 112 64.2 (46.9; 87.9) 112 68.5 (51.5; 91.0) 112 39.0 (28.1; 54.2)
D28 112 20.5 (14.1; 29.9) 112 57.8 (44.1; 75.8) 111 29.7 (20.8; 42.3)

Individual ratio titers
D14/ D0 112 19.1 (12.7; 28.8) 112 12.9 (8.74; 19.1) 112 5.08 (3.54; 7.29)
D28/ D0 112 6.11 (4.15; 9.01) 112 10.9 (7.45; 15.9) 111 3.80 (2.69; 5.38)

Seroconversion (� 4-fold rise)
D14/D0 78/112 69.6 (60.2; 78.0) 70/112 62.5 (52.9; 71.5) 47/112 42.0 (32.7; 51.7)
D28/D0 56/112 50.0 (40.4; 59.6) 69/112 61.6 (51.9; 70.6) 39/111 35.1 (26.3; 44.8)

CI: confidence interval. M: number of participants with available data. n: number of participants with � 4-fold rise in titers at the specified timepoint.
Note that 112 participants had data available for assessment of the immunogenicity endpoints at each time point for 1–4 and 5–14 y age groups, and for D0 and D14 for
the � 15 y age group; 111 participants had available data for D28 assessments in the � 15 y age group.
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Ogawa (8%, 36.6% and 58.9%, respectively). For the O139 sero-
type, the lowest percentage was observed for the youngest age
group, with similar percentages for the 5–14 and � 15 y age
groups (8.9%, 18.8% and 17.0%).

High seroconversion rates (range 69–92%) were achieved
post-dose 1 and post-dose 2 against the O1 serotypes with a
trend toward higher rates in the 2 younger age groups
(1–4 years, range 86–92%; 5–14 years, range 86–88%) than the
� 15 y age group (range 69–83%) (Table 3; Fig. 2). Lower sero-
conversion rates were achieved against the O139 serotype
(range 35–70%) than against the O1 serotypes, particularly in
those aged � 15 y (35–42%). Also of note, there was a consis-
tent trend toward lower seroconversion rates against all sero-
types post-dose 2 than post-dose 1 in the � 15 years age group,
but not in the other age groups.

Post-dose 1, marked increases in GMTs to the O1 Inaba and
Ogawa serotypes were observed for all age groups. However, the
GMTs post-dose 1 were considerably higher in the 5–14 and �
15 y age groups than in the 1–4 y age group. In the older age
groups, GMTs (1/dil) increased from 18–69 pre-vaccination to
856–1103 post-dose 1, whereas for 1–4-year-olds GMTs
increased from 3 pre-vaccination to 183 and 193 (1/dil) (O1
Inaba and O1 Ogawa, respectively) post-dose 1. An increase in
GMTs, although less pronounced, was also observed against the
O139 serotype for all age groups post-dose 1 (Table 3; Fig. 2).

No marked increase in GMTs against O1 Inaba, O1 Ogawa
and O139 was observed post-dose 2 relative to post-dose 1
GMTs (Fig. 2). GMTs to O1 Inaba and O1 Ogawa tended to
slightly decrease from post-dose 1 to post-dose 2 in the 5–14 y
and � 15 y age groups. In contrast, there were slight increases
in GMTs against O1 Inaba and O1 Ogawa serotypes in the

1–4 y age group. Overall, GMTs to O139 tended to decrease
from post-dose 1 to post-dose 2, the decrease being more
marked in the 1–4 y age group.

In complementary analyses, participants were reclassified
based on age groups similar to those used in several previous
OCV studies9,12: 1–4, 5–17 and � 18 y. Similar trends were
observed, with higher seroconversion rates in the 1–4 (range
86–92%) and the 5–17 y age groups (range 86–89%) than in
the � 18 y age group (range 67–83%) (Table S1). There was
also a consistent trend toward a lower seroconversion rate
post-dose 2 compared with post-dose 1 against the O1 sero-
types in the � 18 y age group. GMTs tended to be similar or
slightly lower post-dose 2 compared with post-dose 1 in the 2
older age groups (5–17 and � 18 years), consistent with obser-
vations for the 5–14 and � 15 y age groups.

Discussion

This study confirms for the first time that the 2-dose OCV
(ShancholTM, Shantha Biotechnics Pvt LTD, Hyderabad, India)
vaccination regimen is well-tolerated and immunogenic in an
Asian setting, outside of India or Bangladesh. The safety profile
observed for OCV in this study showed that the vaccine was
well-tolerated among all age groups, confirming previous
observations in India,4,13 Bangladesh12 and Ethiopia.14 No
safety issues were identified during the current study. The
greater frequency of solicited systemic reactions after the first
dose compared with the second dose of OCV is also consistent
with previous studies.

Our findings showed that the vaccine appears to induce a
similar immunogenicity pattern in Philippines as previously

Figure 2. Vibriocidal antibody titers and proportion of participants with a � 4-fold rise from baseline (seroconversion) (full analysis set).
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observed in India, Bangladesh and more recently in Ethio-
pia.4,12-14 In particular, in this and previous studies, especially
those conducted in historically endemic countries like India
and Bangladesh, the robust antibody responses induced follow-
ing the first dose generally do not show a further increase after
the second dose. A general trend toward a decrease in GMTs
after the second dose compared with the first was observed in
the current study for the older age groups (� 5 y), consistent
with previous data.4,12-14 These observations have been previ-
ously suggested to result from the greater antigenic content,
and thus increased immunogenicity of OCV, resulting in a
stronger response following the first dose compared with the
previous generation of OCV (oral whole-cell recombinant B
subunit cholera vaccine15) and mitigating a further increase in
response after a second dose.13,16 Indeed, the current reformu-
lated OCV has approximately 2 times the lipopolysaccharide
(LPS) content of the older version of OCV.

Unlike observations in the older age groups, GMTs against
O1 serotypes for the youngest (age 1–4 y) age group tended to
be higher or similar to those following the second dose. Similar
findings post-dose 2 compared with post-dose 1 were also pre-
viously reported for the youngest age group in Bangladesh (1–
23 month age group)12 and Ethiopian studies (1–5-year-
olds).14 This difference in observations between the younger
and older age groups may be due to previous exposure among
older individuals in an endemic setting, leading to a booster-
like effect after the first dose and high vibriocidal titers.
Whereas, in very young age groups, antibody titers may remain
sufficiently low to allow a further boost in titers following the
second dose.4,13

Baseline titers have been shown to influence serotype-spe-
cific vibriocidal responses in both endemic settings like Bangla-
desh12 and outbreak prone settings like South Sudan17; for each
serotype, those with high baseline titers (> 80) tended to have
lower fold-increases than those with low titers (� 80) irrespec-
tive of age. Although this was also the case in our study (Sup-
plementary Table S2 compared with Table 3), the difference in
responses between those with high compared with lower base-
line titers was less pronounced in the youngest age group com-
pared with the other age groups across all serotypes. The
greatest difference in vibriocidal responses between those with
high compared with low baseline titers was observed in 5–14-
year-olds. The differences in vibriocidal responses between
those with high and low baseline titers by age group may be
related to host physiology such as maturity of the immune sys-
tem and/or evolving gut microbiota composition.

Antibody responses against O139 were much lower than those
against the O1 serotypes, also consistent with previous data.4,12,14

It should be noted that baseline GMTs reported in Bangladesh12

and Ethiopia14 were much higher than those reported in the cur-
rent study. This may simply reflect the higher cholera endemicity
in those countries than the Philippines. However, it remains
unclear whether the low GMTs observed with O139 in the cur-
rent study may be due to the low immunogenicity of this antigen
or the limited sensitivity of the assay used. Variation among labo-
ratories in terms of the vibriocidal activity of sera infected with V
cholerae O139 has been previously noted.18,19 A potential expla-
nation may lie in the different complement dilutions used for the
vibriocidal assay; indeed, a highly diluted complement, as used in

the V. cholorae O1 assay, may not be sufficient to mediate killing
of O139, which has a capsule.18 Strain-specific differences in the
degree of expression of capsule may also impact the capacity of
the assay strain to detect anti-O139 antibody.19 In the current
study, the O139 strain used in the vibriocidal assay, CIRS 134-
SR, is almost devoid of capsule and therefore, considered to have
increased sensitivity in the assay compared with other previously
used strains.20 Alternatively, limited circulation of O139 could be
a factor leading to reduced immune response against this sero-
type21; indeed, to date O139 has not been isolated in the National
Reference Laboratory for Enteropathogens in the Philippines.
Baseline GMTs increased with age against all serotypes assessed,
though only marginally so with O139. This observation was
expected as cholera is endemic in the Philippines.3 Thus, the
increasing GMTs with age reflect an increasing cumulative expo-
sure to wild-type cholera over time.

We used a vibriocidal antibody assay to detect serum vibrio-
cidal antibodies to strains of V. cholera O1 El Tor Inaba, El Tor
Ogawa and V. cholerae O139. Although intestinal secretory
IgA is probably the best predictor of protection, it is not a prac-
tical indicator to measure in the context of a large clinical
trial.22 Currently, serum vibriocidal antibody is the most useful
and most widely studied surrogate marker of intestinal immune
response when the antigen is given orally. Detection of serum
vibriocidal antibodies is thus considered the ‘gold standard’ in
determining immune responses to V. cholerae infection.23 In a
recent study, responses targeting V. cholerae LPS, including
vibriocidal responses that correlate with protection against
cholera, were shown to predominantly target the O-specific
polysaccharide (OSP) component of the LPS.24 As the OSP
defines serogroup specificity, this polysaccharide most likely
contributes significantly to the observed immune responses
to V. cholerae LPS. OSP ELISA may be a useful tool for examin-
ing immune responses specific to the sugar component of LPS,
in the absence of contaminating V. cholerae proteins, for future
immunological studies.

To date, there is no recognized vibriocidal antibody titer
threshold for seroprotection. However, the 2-dose regimen of
the OCV has been shown to confer 67% cumulative protective
efficacy against confirmed cholera at 2 y, with only a marginal
decrease in efficacy to 66% and 65% at 3 and 5 y follow up,
respectively.5,6,8 Significant herd immunity conferred by the
OCV to non-vaccinated individuals has also been demon-
strated.25 In a recently published study, it was observed that a
single-dose regimen of the OCV at 6 mo follow up was effica-
cious in older children (� 5 y of age) and in adults in a setting
with a high level of cholera endemicity.26 The protective effi-
cacy was 63%, 56%, and 16% against all cholera episodes
among persons vaccinated at the age of 5–14 y, � 15 y, and
1–4 y, respectively. The findings of the single-dose efficacy
study correlate with the current and previous immunogenicity
studies,4,12-14 which show robust immune responses after a sin-
gle dose in those aged � 5 y in a cholera-endemic population.
However, further follow-up of the single-dose efficacy study
will be required to ascertain the duration of protection and to
confirm long-term efficacy of a single dose of this vaccine in
older children and adults.

In conclusion, the 2-dose regimen of the killed bivalent
whole cell OCV has a good safety profile and is well-tolerated
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across all age groups in the Philippines. The OCV elicited a
robust immune response even after a single-dose, similar to
that observed in previous studies undertaken in cholera-
endemic populations. OCV would be a suitable additional tool
to control cholera in this country.

Methods

Study design

This was a phase IV, single-arm, descriptive, open-label study
undertaken at 2 centers in the Philippines from 29 Apr 2014 to
17 Jul 2014. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and the Inter-
national Conference on Harmonization-Good Clinical Practice.
The study was approved by each study site’s institutional review
board. Written informed consent was obtained from all partici-
pants aged � 18 y or their parents/legal representative if <18 y
before study entry; participants aged � 12 y also signed an
assent or informed consent form depending on the study site’s
institutional review board regulations.

Individuals aged 1 y and older were eligible for inclusion.
Toddlers aged less than 2 y had to be born at full term
(� 37 weeks gestation) and/or with a birth weight � 2.5 kg.
Women of childbearing potential had to use an effective
method of contraception, or be sexually abstinent for at least
4 weeks before the first vaccination until at least 4 weeks after
the last vaccination.

Exclusion criteria included: pregnancy; breast feeding; previ-
ous vaccination against cholera in the preceding 5 years; history
of clinically, serologically, or microbiologically confirmed chol-
era infection; high risk for cholera infection; antibiotics use
within 1 week before the start of the study; known or suspected
congenital or acquired immunodeficiency; and abdominal pain
or cramps, loss of appetite, nausea, or vomiting within 24 hours
before enrollment.

Participants were asked to attend 4 study visits (visit 1–4),
at d 0, 14 (C 2 d), 28 (C 2 d) and 44 (C 7 d). Telephone
contacts were scheduled for d 8 ( § 2 d) and 22 ( § 2 d).

Vaccines

Participants received 2 doses of OCV 14 d apart, with a 2-
day window (Day 0 and Day 14 [C2 d]). The vaccine was
provided as a 1.5 mL buffered solution containing thiomer-
sal 0.02% (w/v) and 2100 ELISA units (EU) of formalin- or
heat-killed whole-cell bacterial lipopolysaccharide (LPS)
from 5 strains of V. cholerae O1 and O139: 600 EU of LPS
from V. cholerae O1 Inaba El Tor strain Phil 6973 forma-
lin-killed; 300 EU of LPS from V. cholerae O1 Ogawa classi-
cal strain Cairo 50 heat-killed; 300 EU of LPS from V.
cholerae O1 Ogawa classical strain Cairo 50 formalin-killed;
300 EU of LPS from V. cholerae O1 Inaba classical strain
Cairo 48 heat-killed; 600 EU of LPS from V. cholerae O139
strain 4260B formalin-killed.

The vaccine was presented as a white suspension, which had
to be vigorously shaken to obtain a homogeneous turbid white
suspension. The vaccine suspension was poured into the recipi-
ents’mouth, followed by a drink of water if needed.

Reactogenicity and safety

Participants were kept under observation for 30 minutes after
each vaccination to assess the occurrence of any immediate
adverse events or reactions. Participants or their parents/legally
acceptable representatives were provided with safety diary cards
and digital thermometers to record for 7 d (i.e., D0 to D7) axil-
lary temperature, intensity of solicited systemic reactions (diar-
rhea, fever, nausea, vomiting, abdominal pain, itching, rash,
weakness, cough, vertigo, and dryness of mouth), and action
undertaken to treat each event. All reactions, except for fever,
were recorded on a 4-point severity scale (grade 1, 2, 3 or 4) in
the diary card; grade 1 indicated minimal symptoms and grade
4, severe symptoms requiring a visit to the emergency depart-
ment or hospitalization. Fever was graded on a 3-point scale
during statistical analysis as follows: grade 1, for temperatures
� 38.0�C to � 38.4�C; grade 2, �38.5�C to � 38.9�C; and
grade 3, � 39.0�C.

In addition, any unsolicited non-serious adverse event was
recorded during the 14 d after the first vaccination dose and
during the 30 d after the second dose. These were graded on a
3-point scale as follows: grade 1, no interference with activity;
grade 2, some interference with activity; and grade 3, prevents
daily activity.

Serious adverse events (SAE) were collected and assessed
throughout the trial, from inclusion until 30 d after the last vac-
cination. The study investigators assessed the causal relation-
ship between each unsolicited adverse event or SAE and the
OCV as either “not related” or “related.”

Immunogenicity assessments

Blood samples were collected before the first dose and the sec-
ond dose, and 14 d after the second dose (study visits 1, 2 and
3). The blood samples were left to clot at room temperature for
up to 2 hours, centrifuged to separate the serum, and the serum
stored at ¡20�C or lower before analysis.

Assessment of serum vibriocidal antibodies to specific
strains of V. cholerae O1 El Tor Inaba, El Tor Ogawa and V.
cholerae O139 was undertaken using the microtiter technique
at a central laboratory, the International Vaccine Institute (IVI)
in Seoul, Korea.27,28 Two-fold serial dilutions of pre- and post-
immunization serum samples were tested side-by-side in dupli-
cate, with the mean of the 2 determinations taken as the final
titer. Titers were adjusted in relation to a reference serum speci-
men included in each test to compensate for variations between
analyses on different occasions. The assay was repeated if a �
2-fold difference was noted between the results of the duplicate
tests. Seroconversion after dose 1 or dose 2 was defined as
4-fold or greater rises in serum vibriocidal antibody titers from
baseline.

Statistical analyses

No hypothesis was tested. All analyses were descriptive, and
presented by age strata where possible. The number of partici-
pants enrolled in the study was determined arbitrarily.

The geometric mean titers (GMTs) and the percentages of
participants who seroconverted and their 95% CIs were
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calculated using the normal approximation for quantitative
data and the exact binomial method (Clopper-Pearson method)
for proportions, respectively.29 For GMTs, it was assumed that
log10 transformation of the titers followed a normal distribu-
tion. First, the mean and 95% interval were calculated on log10
(titers) using the usual calculation for normal distribution; then
antilog transformations were applied to the results of the
calculations.

Two main analysis sets were used: the Full Analysis Set
(FAS) and the Safety Analysis Set (SAS). The FAS was defined
as those participants who had received at least one dose of the
vaccine. The SAS for any one dose was defined as the subset of
participants who had received at least one dose; post-dose 1
and post-dose 2, the SASs were defined as those participants
who received the corresponding dose, respectively.
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