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Abstract. The recommended schedule for killed oral cholera vaccine (OCV) is two doses, 2 weeks apart. However,
during vaccine campaigns, the second round is often delayed by several months. Because more information is needed
to document antibody responses when the second dose is delayed, we conducted an open-label, phase 2, noninferiority
clinical trial of OCV. One hundred eighty-six participants were randomized into three dose-interval groups (DIGs) to
receive the second dose 2 weeks, 6 months, or 11.5 months after the first dose. The DIGs were stratified into three age
strata: 1 to 4, 5 to 14, and . 14 years. Inaba and Ogawa vibriocidal titers were assessed before and after vaccination.
The primary analysis was geometric mean titer (GMT) 2 weeks after the second dose. Data for primary analysis was avail-
able from 147 participants (54, 44, and 49 participants from the three DIGs respectively). Relative to the 2-week interval,
groups receiving a delayed second dose had significantly higher GMTs after the second dose. Two weeks after the sec-
ond dose, Inaba GMTs were 55.1 190.3, and 289.8 and Ogawa GMTs were 70.4, 134.5, and 302.4 for the three DIGs
respectively. The elevated titers were brief, returning to lower levels within 3 months. We conclude that when the second
dose of killed oral cholera vaccine was given after 6 or 11.5 months, vibriocidal titers were higher than when given after
the standard period of 2 weeks. This provides reassurance that a delayed second dose does not compromise, but rather
enhances, the serological response to the vaccine.

INTRODUCTION

Cholera is an infectious disease that continues to cause
outbreaks with a high burden in countries of Asia, Africa,
and, until recently, in Hispaniola.1 It occurs most often in
areas without adequate water and sanitation when the path-
ogen, Vibrio cholerae, is introduced into the area. The intesti-
nal infection with V. cholerae causes diarrhea, which in
severe cases, leads to severe, life-threatening dehydration.
Deaths can be prevented with rehydration using oral or intra-
venous rehydration, but outbreaks may occur suddenly,
before facilities are prepared to provide adequate treatment
or when patients are not able to reach the health facility. This
contributes to higher case fatality ratios early in outbreaks or
in areas without access to treatment.2,3 Furthermore, health
systems of most vulnerable areas are characterized by lim-
ited access to water, sanitation, and hygiene (WASH), insuffi-
cient preparedness of health facilities and weakness of the
epidemiological surveillance system.4 Cholera vaccination,
using the killed oral cholera vaccine (OCV) can reduce risk of
cholera in areas that are prone to outbreaks.5–7 Two WHO
prequalified brands of the killed OCV are available through
the global stockpile: Shanchol (Shantha Biotechnics Limited,
Telangana, India) and Euvichol (Eubiologics, Chunceon,
South Korea). When used during vaccine campaigns,
two doses of the vaccine are recommended for all persons
$ 1 year of age, with the doses to be given 2 weeks apart.8

Although OCV is effective against cholera, it must be used
strategically and be given to people at highest risk. This

includes 1) preventive use for people living in geographic
areas deemed to be cholera hotspots, 2) preventive and
emergency use for people in a humanitarian crisis in areas
with risk of cholera, and 3) emergency use to control an out-
break.8 Unfortunately, the supply of OCV is limited, and this
restricts the number of doses that can be distributed,
emphasizing the need for strategic use.7,9 There is evidence
that, under some circumstances, a single dose is also effec-
tive at least for the short term10,11 and that use of a single
dose might be appropriate12 or, alternatively, that a single
dose may be used to vaccinate a larger number of people
with a single dose and then a second dose could be admin-
istered later when additional vaccine doses are available or
when local resources allow for this.13,14

If there is to be a delay in administering the second round
of vaccine, the acceptable interval for this delay is not
known. Changing the interval to 1 month was not inferior to
2 weeks,15 but in some cases, the second round of the cam-
paign has been longer than 6 months.13 There is also evi-
dence that giving a booster dose after a prolonged period
can lead to an augmented response,16 suggesting there
could be a benefit in delaying the second dose. A study in
Zambia found that a second dose given at 6 months is not
inferior,17 but the results from the Zambia study were not
known when planning the Cameroon study. It was also felt
that additional data, including a group receiving the vaccine
after an even longer interval, was needed to guide policy
decisions regarding acceptable dose intervals.
The present study was conducted to compare the vibrioci-

dal antibody titers when the two doses of OCV were given at
longer intervals; thus, participants were randomized to
receive the second dose of OCV after 2 weeks, 6 months, or
11.5 months after the first dose. We then determined the
geometric mean titers (GMT) 2 weeks after the second dose,
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as well as additional follow-up periods in the different
groups. We hypothesized that the serum vibriocidal GMTs in
serum obtained 2 weeks after the second dose would not be
inferior to the recommended interval of 2 weeks if the
second dose was extended to 6 months or 11.5 months.
Additional aims of the study included an evaluation of 1)
age-group-specific serum vibriocidal GMTs during the same
time intervals, 2) vibriocidal seroconversion rates in the par-
ticipants overall and by age group, and 3) persistence of ele-
vated vibriocidal GMTs during follow-up for several months.
Because protection from OCV is age dependent,18 we strati-
fied participants into three age strata (1–4 years, 5–14 years,
and. 14 years). We understand that this study is not able to
compare effectiveness of protection against cholera with
these different dose intervals; nevertheless, the vibriocidal
titer after vaccination is associated with protection against
cholera.19,20

METHODS

Ethical considerations. This study was approved by the
Cameroon National Research Ethics Committee (2018/02/
975/CE/CNERSH/CE) and by the Institutional Review board
of the Johns Hopkins Bloomberg School of Public Health
(IRB No. 8114). Potential study participants received full
information regarding study objectives, procedures, dura-
tion, and their rights to decide to participate or not to partici-
pate. Adults gave signed informed consent and parents of
young children (1–12 years) provided signed parental per-
mission. Parental permission and participant assent was
obtained for participants aged 13 to 20 years, The trial was
monitored by a local monitor, and the protocol was regis-
tered at Clinical Trials.gov (NCT03719066).
Study design and participants. This was an open label,

randomized, phase 2, noninferiority clinical trial. Participants
were randomly allocated by stratified random sampling to
three dose-interval groups (DIGs). Each DIG received two
doses of OCV with the first dose given on day 0. The second
dose was given 2 weeks later for DIG1, at 6 months for
DIG2, and at 11.5 months DIG3. Each DIG was divided into
three age strata: 1 to 4 years, 5 to 14, and. 14 years. Vibrio-
cidal titers were assessed at different time points before and
after vaccination. Acceptable time windows were defined for
the dose intervals and blood draws.
The study was conducted at the Soboum health area

situated in the Nylon health district in the large port city of
Douala, Cameroon. This is a crowded urban area with
working-class families. Most people living in this area are
involved in commercial and urban transport activities, and a
smaller fraction working in business and as civil servants.
The first dose was administered on October 26, 2018, and

the field phase of the study ended on February 27, 2020.
Households of the health area were visited by trained com-
munity volunteers to invite potential participants to the study
site. Enrollment was done at the Soboum Medical Center,
which is the main health facility for delivering primary health
care in the Soboum health area. Although this area is consid-
ered at risk for cholera, there were no cases reported in Dou-
ala since a large outbreak in 2010–2012. OCV had never
been used in the study area before or during the study
period other than through this study.

Residents of the Soboum health area aged $ 1 year were
eligible to participate. We included clinically healthy partici-
pants who assured the study team that they would be avail-
able during the study period and consented to participate.
At the time of recruitment and before the second dose, we
excluded pregnant women, those who received OCV from
other sources or who received an investigational product
(within 30 days before vaccination). We also excluded those
with a history of diarrhea during the 7 days before first dose
of vaccine (defined as$ 3 unformed loose stools in 24 hours);
history of chronic diarrhea (lasting for more than 2 weeks in
the past 6 months); current use of laxatives, antacids, or
other agents to lower stomach acidity; planning to become
pregnant in the next 2 years; presence of a significant medical
or psychiatric condition. Examples include reported diagnosis
and treatment of tuberculosis or HIV, renal insufficiency,
hepatic disease, oral or parenteral medication known to
affect the immune function such as corticosteroids or other
immunosuppressant drugs, or behavioral or memory issues.
Participants who at one point could not been reached or did
not present to the health facility for their second dose with no
definitive reason were considered lost to follow-up and
excluded from the analysis.
Interventions. The cholera vaccine used in the study was

Shanchol (Lot 2SCNO33A17), which consists of a mixture of
killed V. cholerae O1 and O139 in single-dose glass vial con-
taining 1.5 mL of vaccine. The entire vial of OCV was admin-
istered orally to each participant irrespective of their ages.
The vaccine vial was shaken to ensure mixing and was
inspected by the study nurse before administration. To mon-
itor for safety, all participants were observed for 30 minutes
after taking the vaccine. The timing of the follow-up vaccina-
tions and blood draws along with the acceptable visit win-
dows for each event are shown on Figure 1.
Outcomes. The participants were followed for 12 months

for DIG1 and for 15 months for the other two DIGs. The pri-
mary outcome was the vibriocidal GMT measured 2 weeks
after the second doses of OCV for each DIG. Secondary out-
comes included 1) vibriocidal antibody seroconversion rates
($ 4-fold increase in vibriocidal titer compared with the
baseline titer) 2 weeks after the second dose, 2) age-group-
specific serum vibriocidal GMTs and seroconversion rates
2 weeks after the second dose in each DIG. Additional out-
comes compared the GMTs at other time points to deter-
mine persistence of the vibriocidal titer changes and the
geometric mean titer fold increase ratio.
Laboratory procedures. For adults, 5 mL of whole blood

was collected by venipuncture. For children (1–4 years),
350mL capillary blood was collected using a capillary tube
and diluted 1:5 in normal saline. The blood samples were
transported with ice packs to the field laboratory at the
Congo medical center located at about 5 km away from the
Soboum Medical Center. The samples were centrifuged for
serum extraction and stored at –20�C and were then trans-
ported to the central laboratory based in Yaound�e, �240 km
from Douala for serologic analyses.
The serum vibriocidal responses were measured as previ-

ously described,17,21 except that V. cholerae strains used as
the target vibrio strains were originally isolated in Cameroon
(Inaba FO14-2018-EN and Ogawa CPC-BACT-01). Briefly,
the strains were incubated with serially diluted, heat-
inactivated serum and exogenous guinea pig complement
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(Sigma Aldrich, catalogue # S234395) on a shaker (50 rev/min)
at 37�C for 1 hour.16 The starting dilution for the previously
undiluted serum was 1:10 while the previously diluted serum
from young children was used without further dilution consid-
ering the 1:5 dilution of whole blood to be equivalent to 1:10
dilution of serum. Vibriocidal titers were defined as the recip-
rocal of the highest serum dilution resulting in a 50% reduc-
tion in optical density (595 nm) compared with growth control
without serum. Standard sera, both high titer human serum
and high titer rabbit serum were used to normalize the results
and control for inter-experimental variation. Samples were
tested in duplicates. Titers lower than the lowest detectable
titer were assigned to have a titer equivalent to half of the
lowest detectable titer. The threshold for inter- and intra-
experimental variation was set at 2-fold. Seroconversion was
defined as $ 4-fold rise in vibriocidal titers compared with
baseline titer.
Statistical methods and randomization. The sample size

was calculated to determine noninferiority of the vibriocidal
GMTs of DIG2 and DIG3 compared with DIG1 2 weeks after
the second dose. The margin of noninferiority was set to 15%.
The true difference between the GMTs was assumed to be
0.000. The data assumed a population with a standard devia-
tion of 7.770 for both groups. With alpha 5 0.025, beta 0.10,
one-sided, two-sample mean, a sample size of 11 in each
group was required. Assuming a 10% high baseline titer and
20% dropout over the study period, a sample size of 20 per
age strata was calculated, totaling 180 subjects in the study.
Participants in each age strata were randomized into three

DIGs using a block randomization of 6 per block. Before study
initiation, three randomization tables for each of the age strata
were generated using “Sealed Envelope” (https://www.
sealedenvelope.com) to create a randomization list following

the fixed block randomization method. The random assign-
ment numbers were placed in sealed envelopes in sequential
order and participants were given their DIG assignment based
on their sequence of enrollment. Because the study was
designed to include a given number of participants in each
age stratum, recruitment continued to reach the planned num-
ber of participants, although in some cases a few additional
participants were included for logistical reasons.
For the primary analysis, we included data from partici-

pants if they had taken both the first and second dose and
had provided serum specimens for the primary outcome
(baseline and two weeks after the second dose). Data was
excluded from participants if they vomited one of the doses.
Vomiting was defined as the expulsion of stomach contents
through the mouth within 10 minutes after administration of
the vaccine. None of the subjects in the study experiencing
mild or transient spitting up when dosed. We observed each
subject to ensure that each child swallowed the entire dose.
If they missed one of the other scheduled blood draws, their
available data were included when analyzing the “additional
outcomes.”
All analyses were done between DIGs for overall and for

each age group considering DIG1 as the reference group.
Baseline characteristics and study outcomes were compared
using x2 test or Fisher exact test as appropriate for qualitative
variables and Student’s t test for quantitative variables.
Because of the imbalance of baseline titers, especially the
higher baseline titers for DIG3, we calculated the geometric
mean titer fold increase ratio by comparing the geomeans of
the fold increase between baseline and follow-up sera. The
95% confidence interval of Geometric Mean Responses was
constructed through 100,000 bootstraps. All analyses were
conducted using R (version 4.0.4).

FIGURE 1. Event schedule for the dose interval groups receiving killed oral cholera vaccine in Cameroon. DIG 5 dose-interval group; OCV 5
oral cholera vaccine.
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RESULTS

Enrollment. Participants were engaged in the study from
October 26, 2018, until February 27, 2020. Of 217 partici-
pants who came to the field study site to consider joining the
study, 18 did not consent to be screened and 13 were
excluded. One hundred and eighty-six (186) participants
were enrolled, with 62, 61, and 63 randomly assigned to
DIG1, DIG2, and DIG3, respectively. Two children in DIG2
and one child in DIG3 vomited a first dose of vaccine, and
their data were excluded. As shown on the consort flow dia-
gram, others did not take a second dose or missed a primary

blood draw. Serum was available from 147 participants who
took two full doses of vaccine and had blood samples
14 days after the second dose including 54, 44, and 49,
respectively, in DIG1, DIG2, and DIG3. Data from these par-
ticipants were included in the primary analysis. Details of
participants flow are presented in the consort flow diagram
of the study in Figure 2.
A comparison of participants’ characteristics per study

DIG is presented in Table 1. The children in the study were
well nourished with 38 of the 40 children in the 1 to 4 years
age group having a weight-for-age z score within 1 z score
of the reference value. The overall distribution of age groups,

FIGURE 2. CONSORT flow diagram. DIG5 dose-interval group. This figure appears in color at www.ajtmh.org.
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weight, and height did not differ significantly between DIGs,
but there were significantly fewer males in DIG3. The groups
did not differ significantly by type of housing, source of
water, or type of toilet. The definition of improved toilet is
consistent with the definition provided by the WHO.22

Baseline vibriocidal antibody titers. As shown in Table 2,
the baseline vibriocidal titers of the DIGs did not differ between
DIGs except that the 5 to 14 years age group in DIG3 had
more participants with an elevated Ogawa baseline titer
(Table 3) and the baseline GMT for DIG3 was higher (Table 4).
Comparison of GMTs between DIGs. The Inaba and

Ogawa GMTs for the DIGs during the entire span of the
study are shown in Figure 3. The titers were generally low
except for the samples obtained 2 weeks after a dose. For
DIG1, the GMT increased 2 weeks after the first dose and
remained elevated 2 weeks after the second dose on day
28. As shown on Figure 3, giving a second dose 2 weeks
after the first dose did not result in a further increase in GMT
compared with GMT after a single dose. On day 28, the
GMTs for DIG1 and DIG2 were not significantly different
even though DIG1 had received two doses and DIG2 had
received only a single dose by that time.
As expected, the vibriocidal GMTs 2 weeks after the sec-

ond dose were all significantly higher than baseline GMTs;

however, the increase in GMTs was greater for both DIG2
and DIG3 compared with DIG1. The vibriocidal GMTs before
the first dose and 2 weeks after the second dose and
response rates after the second dose are shown in Table 3.
The follow-up titers 3 months after the second dose,
although much lower than the peak, were significantly higher
than the baseline GMT.
The age-specific vibriocidal GMTs are shown in Figure 4.

The same trend for higher GMTs for DIG2 and DIG3 is
observed for each of the age strata; however, the sample
sizes are too small to make conclusions about differences
between the age groups. The vibriocidal response rates for
both Inaba and Ogawa were higher for the groups receiving
the delayed doses. Table 4 shows the response rates when
DIG1 is compared with the groups with a delayed second
dose (DIG2 and DIG3 combined).

DISCUSSION

This study from Cameroon found that extending the dose
interval to either 6 or 11.5 months elicited a higher vibriocidal
GMT 14 days after the second dose compared with the stan-
dard 14-day interval. After a single dose of OCV, the GMT
increased among participants in DIT1, but the second dose

TABLE 1
Distribution and comparison of participant characteristics per study dose interval

DIG1 (N 5 54) DIG2 (N 5 44) DIG3 (N 5 49) P value

Age group, n (%)
1–4 16 (30.0%) 12 (27.3%) 14 (28.6%) 0.96
5–14 18 (33.0%) 18 (41.0%) 18 (36.7%)
. 14 20 (37.0%) 14 (31.7%) 17 (34.7%)

Sex, n (%)
Male 23 (43.0%) 25 (56.8%) 15 (30.6%) 0.04
Weight (kg) 40.9 6 25.2 40.8 6 25.9 38.1 6 25.2 0.82
Height (m) 1.35 6 0.33 1.36 6 0.32 1.30 6 0.31 0.61

Main flooring material in house, n (%)
Tiles 14 (26.0%) 16 (36.3%) 13 (26.5%) 0.74
Cement/brick 38 (70.3%) 26 (59.1%) 33 (67.4%)
Mud/dirt 2 (3.7%) 2 (4.6%) 3 (6.1%)

Main drinking water source, n (%)
Own piped/borehole/tube well 18 (33.3%) 18 (40.9%) 10 (20.4%) 0.22
Piped/borehole/tube well from neighbor 32 (59.2%) 22 (50%) 33 (67.4%)
Piped/borehole/tube well far from home 3 (5.6%) 4 (9.1%) 6 (12.2%)
Unprotected well/pond/canal 0 0 0
Other 1 (1.9%) 0 0

Type of toilet facility, n (%)
Improved 16 (29.7%) 12 (27.3%) 12 (24.5%) 0.84
Unimproved 38 (70.3%) 32 (72.7%) 37 (75.5%)
DIG5 dose-interval group.

TABLE 2
Baseline vibriocidal antibody titers by age group and arms

1–4 years 5–14 years . 14 years

Baseline titers
DIG1,
N 5 16

DIG2,
N 5 12

DIG3,
N 5 14 P value

DIG1,
N 5 18

DIG2,
N 5 18

DIG3,
N 5 18 P value

DIG1,
N 5 20

DIG2,
N 5 14

DIG3,
N 5 17 P value

Inaba

, 10 12 10 11 0.99 14 14 15 0.38 14 8 11 0.18
10–40 3 2 2 1 3 3 4 1 5
$ 40 1 0 1 3 1 0 2 5 1

Ogawa

, 10 15 11 12 0.91 13 17 9 0.03 14 9 6 0.14
10–40 1 1 1 3 0 6 2 4 6
$ 40 0 0 1 2 1 3 4 1 5

DIG5 dose-interval group.
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given 2 weeks later did not increase the GMT further. By
contrast, when the second dose was delayed for 6 or 11.5
months, the increase in vibriocidal GMT was significantly
higher than when the second dose was given after 2 weeks.
Furthermore, by delaying the second dose, there were two
periods of the year, one after each dose, with an elevated
vibriocidal titer; however, each of these periods with an ele-
vated titer were relatively brief. Three months after vaccina-
tion, for each of the groups, the GMTs fell to lower levels,
but the titers were still significantly higher that the baseline
GMT. Thus, the study showed that the vibriocidal GMTs
2 weeks after the second dose were not inferior to the stan-
dard interval and in fact were superior to the standard dose
interval. In addition to the higher GMTs with the delayed sec-
ond dose, the vibriocidal response rate was also higher if the
second dose was delayed.
The recommendation for a second dose after 2 weeks was

based on results of the pivotal study in Kolkata that used
this 2-week dose interval and found this strategy to be pro-
tective for 5 years.23 When that study was designed, it was
assumed that protection required at least two doses.24 This
assumption was based on an earlier study from Bangladesh
with an earlier version of the vaccine in which a single dose
was found not to be efficacious. Furthermore, it was
assumed that an effective vaccination strategy needed to be
rapid to control outbreaks quickly. A strategy with a 2-week
interval was as rapid as was possible considering immuno-
logical and logistical considerations. Subsequently, a single
dose with the current version of vaccine was found to be
effective for at least a year,25 and for many situations, it was

estimated that an initial single dose, to be followed later by a
second dose, is an appropriate strategy.14 Thus, it seems
that a delay in administering the second dose will not com-
promise field effectiveness of OCV. This is especially true
considering the limited supply of vaccine when a single
dose, given to more people, is projected to prevent more
cases than two doses to fewer people.14

A dose-interval study with similar design conducted in
rural Zambia showed that extending the interval between
doses to 6 months stimulated GMT vibriocidal titers that
were not inferior to that stimulated by the 2-week sched-
ule.17 The study also found that some subgroups demon-
strated a higher rise in Ogawa GMTs, but overall, the rise in
GMTs were similar. Thus, both the Zambian and the Camer-
oon studies show noninferiority for an extended dose
interval. Another study done in Kolkata, India, found no sta-
tistically significant differences between a 28-day dose-
interval group and a 14-day dose-interval group.15 We do
not have an explanation for the clearly higher GMTs in this
study in Cameroon after a delayed second dose, but it is
reassuring that neither the Zambian study nor this one in
Cameroon found a delayed second dose to be inferior. One
potential explanation may be the severe cholera epidemic
that occurred in 2010–2012, which may have primed the
population in Douala, but this would potentially have
affected only the older age groups.
There is a potential immunological explanation for the

higher vibriocidal response after a delayed second dose.
The first dose of vaccine stimulates an intestinal immune
response, which is maximal at about 9 to 14 days after vac-
cination.26 When the second OCV dose is given at this time,
the intestinal antibodies stimulated by the first dose might
bind and neutralize the vaccine antigens and block the
response to the second dose. Studies from South Sudan
found no additional seroconversion after a second dose
when the second dose was given 3 weeks after the first
dose,27 and studies from Kolkata found that the second
dose given 2 weeks after the first dose did not increase the
vibriocidal responses.15 By waiting for the initial intestinal
immune response to lessen, one might avoid an immune
interference from the first dose.
The study did not have sufficient power for age-stratified

analysis due to a small sample size, but higher vibriocidal
responses were observed in the DIG2 and DIG3 groups
among participants aged 1 to 4 years. Although not statisti-
cally significant, the 1 to 4 years age group had a lower GMT
and lower seroconversion rate at 14 days post–dose 1 or
dose 2 compared with the other two groups. The higher

TABLE 3
Vibriocidal GMTs and response rates in dose-interval groups before and 2 weeks after receiving oral cholera vaccine in Cameroon

Inaba Ogawa

DIG1 N 5 54 (95% CI) DIG2 N 5 44 (95% CI) DIG3 N 5 49 (95% CI) DIG1 N 5 54 (95% CI) DIG2 n-44 (95% CI) DIG3 N 5 49 (95% CI)

Baseline GMT 9.1 (6.1, 11.9) 9.7 (6.1, 13.0) 8.9 (5.8, 11.9) 8.1 (5.7, 10.4) 7.3 (4.8, 9.6) 17.1 (8.3, 25.0)
GMT 14 days

after dose 2
55.1 (24.1, 82.5) 190.3 (76.1, 290.3) 289.8 (138.4, 423.8) 70.4 (35.6, 101.3) 134.5 (74.6, 188.5) 302.4 (159.5, 430.2)

GMF change
from baseline

6.0 (3.1, 8.6) 19.6 (9.9, 28.4) 32.5 (15.1-47.8) 8.6 (4.2, 12.5) 18.4 (9.5, 26.4) 17.6 (7.6, 26.5)

GMFR 3.3 (1.1, 5.7) 5.4 (1.6, 9.2) 2.1 (0.5, 3.5) 2.4 (0.3, 3.7)
Vibriocidal

response rate
24 (44.4%) 35 (79.5%) 40 (81.6%) 29 (53.7%) 34 (77.3%) 38 (77.6%)

CI5 confidence interval; GMFR5 geometric mean titer fold increase ratio; GMT5 geometric mean titer.

TABLE 4
Age-specific seroconversion rates comparing DIG1 with groups

receiving a delayed second dose

Age group

DIG1 RR DIG2 and DIG3 RR

Inaba

No. responding Total No. responding Total

1–4* 6 16 37.5% 20 26 76.9%
5–14 13 18 72.2% 30 36 83.3%
. 14** 5 20 25.0% 25 31 80.6%
Overall** 24 54 44.4% 75 93 80.6%

Ogawa

1–4* 6 16 37.5% 22 26 84.6%
5–14 12 18 66.7% 26 36 72.2%
. 14** 11 20 55.0% 24 31 77.4%
Overall** 29 54 53.7% 72 93 77.4%
DIG5 dose-interval.
* P5 0.01.
** P# 0.001, comparing response rates between DIG1 with DIG2 and DIG3.
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response rates with the delayed second dose for youngest
children is of potential importance because vaccine efficacy
and protection is lower in the age group , 5 years. The
potential benefit of delaying the second dose for young chil-
dren needs to be balanced against the longer interval
between doses, which leaves young children more vulnera-
ble until they receive the second dose. For preventive cam-
paigns designed to prevent future outbreaks (but not an
ongoing outbreak), this issue is less important. However,
during an outbreak, when active cholera transmission is
ongoing, a shorter interval between doses may be favored.
In a single-dose efficacy study and its follow-up study in

Dhaka, Bangladesh, one dose of OCV was not efficacious
for children# 5 years.28 On the basis of a systematic review,
young children , 5 had a lower seroconversion rates after a
single dose, but this did increase after a second dose given
2 weeks later.29 In another Bangladesh study, young chil-
dren who had received a single dose of OCV developed an
enhanced vibriocidal response when given OCV 3 years later
compared with others who had received a placebo 3 years
earlier, suggesting that the earlier dose had primed for a later
booster response.16 The increased responses seen in this
Cameroon study suggests that the delayed response may
also stimulate an augmented response in this young age
group. However, this observation will need to be confirmed
with larger sample numbers of young children.
These findings should be considered when considering

logistical and practical implications of delaying the second

dose. When vaccine campaigns are carried out, the cam-
paign attempts to provide vaccine to all persons $ 1 year
residing in the designated area. Thus, the two vaccine
rounds may reach somewhat different individuals in the two
rounds if there is movement of people in and out of the area.
With a longer delay, there is a higher chance that some per-
sons will have moved away and others will have moved into
the area. This increases the number of people who will
receive at least one dose, but also increases the number
who will receive only a single dose. For extremely mobile
populations (e.g., refugees), the control program will need to
consider the movement of people and may have to consider
a third round.
OCV responded more vigorously if they had received OCV

3 years earlier.16 A booster response with a similar killed oral
vaccine for enterotoxigenic Escherichia coli was seen in sub-
jects who had received the vaccine 1 to 2 years earlier.30 In
that study, the previously vaccinated subjects had an earlier
and an enhanced antibody response detected using the ALS
assay (antibody in lymphocyte secretions) compared with
naive vaccinees. The oral cholera vaccine is assumed to pro-
tect primarily through activation of local intestinal immunity,
and the vaccine protective antigen is thought to be LPS;
thus, a booster response to this oral vaccine is different from
booster responses to injectable antigens. Nevertheless, it is
worth noting that other vaccines including human papilloma
virus,31 Haemophilus influenzae Type B, and hepatitis B32

appear to benefit when the final dose is given after a long

FIGURE 3. Vibriocidal geometric mean titers of the three dose interval groups through the span of the study. D5 day; M5month.
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interval of 6 to 12 months, or even longer. A longer dose
interval also appears to enhance the immune response to
COVID vaccines.33

The study had several strengths that should be
highlighted. First, the participants were studied over a long
period with multiple follow-up serum specimens allowing for
evaluation of the persistence of vibriocidal titers. Second,
the study was conducted in an area at high risk for cholera,
but unlike areas in Asia where similar studies have been car-
ried out, no cases were reported in recent years, and none
were seen during the conduct of the study when such

cholera infections might have confounded the results. Third,
because age is an important variable, this study included a
similar number of subjects in the different age strata.
There were also some limitations. The sample size was

determined based on a comparison of the primary outcomes
between the three DIGs but was not sufficient to conduct
this comparison for the age-specific strata. Second, we did
not collect serum from participant in DIG2 and DIG3 2 weeks
after the first dose because we wanted to limit the number of
blood collections and assumed the randomization would
provide data to define the response 2 weeks after the first

FIGURE 4. Age stratified Inaba and Ogawa Geometric Mean Titers at baseline and following the first and second dose of oral cholera vaccine.
DIG5 dose-interval group.
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dose. Also, the slightly lower proportion of male subjects in
DIG3 was noted. Some studies have found a sex difference
in immune responses to other injected vaccines,34,35 but it
seems unlikely that this difference by sex would account for
the differences seen in this study. The children aged 1 to
4 years were generally well nourished, which may limit these
findings if extended to other populations where malnutrition
is more prevalent. Finally, this study was not intended to
monitor cholera cases, and one cannot extend our findings
to determine a dose interval that will be most efficacious for
reducing the rates of cholera; however, the data should pro-
vide reassurance that a delayed dose interval between the
first and second doses can be considered an acceptable
strategy.
There are several implications from this study. For exam-

ple, in regions with a predictable cholera seasonality (e.g.,
Burundi36), a single-dose OCV campaign could be carried
out shortly before the expected season and then provide the
second dose a year later, again before the cholera season.
Another implication relates to plans for revaccinating cholera
hotspots. Currently, the recommendation suggests revacci-
nation 3 to 5 years after the first campaign to maintain pro-
tection. This recommendation assumes two doses will be
needed for revaccination; however, if these repeat cam-
paigns target populations already primed by the earlier cam-
paigns, a single dose may be sufficient for the revaccination.
One indicator of a booster response is a rapid and vigorous
response with revaccination after 3 years,16,37 and this is
now being evaluated in Cameroon.

CONCLUSION

This study found that extending the dose interval to 6 or
11.5 months elicits higher vibriocidal antibody titers 14 days
after the second dose compared with the standard 14-day
interval, and this should allow increased flexibility regarding
timing of the second dose for programs implementing vaccine
campaigns. Future studies are needed, using case–control or
test-negative designs, to monitor vaccine effectiveness of
delayed dose intervals in countries where the second doses
were delayed. Second, future studies are needed with larger
groups of young children to evaluate whether a longer dose
interval will improve immune responses in this vulnerable age
group. Finally, if these findings are further validated, a recom-
mendation for a change in dose schedule may be considered
for OCV.
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Author addresses: J�erôme Ateudjieu, MA Sante, Yaound�e, Cameroon;
Department of Public Health, Faculty of Medicine and Pharmaceutical
Sciences, University of Dschang, Cameroon; Division of Health Oper-
ations Research, Ministry of Public Health, Cameroon, E-mail:
jateudjieu@masante-cam.org. David A. Sack, Shaoming Xiao, Kelsey
N. Murt, Malathi Ram, Mohammad Ali, and Amanda K. Debes, Johns
Hopkins University Bloomberg School of Public Health, Baltimore,
MD, E-mails: dsack1@jhu.edu, sxiao15@jhu.edu, kelsey.murt@gmail.
com, mram1@jh.edu, moali.jhsph@gmail.com, and adebes1@jhu.edu.
Sonia Sonkeng Nafack, Ketina Hirma Tchio-Nighie, Herve Tchoko-
meni, Landry Beyala Bita’a, Paul Ntsekendio Nyibio, Etienne Guenou,
Mayah Mondung, and Frank Forex Kiadjieu Dieumo, MA Sante,
Yaound�e, Cameroon, E-mail: nafacksonkengsonia@gmail.com,
ktchio@masante-cam.org, tchokoherve@yahoo.fr, lbeyala@masante-
cam.org, paulnyibio6@gmail.com, etienneg83@yahoo.fr, mkedia@
masante-cam.org, and fkiadjeu@masante-cam.org. Rosanne Minone
Ngome, Centre Pasteur of Cameroon, Yaound�e, Cameroon, E-mail:
ngome@pasteur-yaounde.org.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Ali M, Nelson AR, Lopez AL, Sack DA, 2015. Updated global
burden of cholera in endemic countries. PLoS Negl Trop Dis
9: e0003832.

2. Bwire G et al., 2021. Refugee settlements and cholera risks in
Uganda, 2016–2019. Am J Trop Med Hyg 104: 1225–1231.

3. Djouma FN, Ateudjieu J, Ram M, Debes AK, Sack DA, 2016.
Factors associated with fatal outcomes following cholera-like
syndrome in far north region of Cameroon: a community-
based survey. Am J Trop Med Hyg 95: 1287–1291.

4. Ateudjieu J et al., 2019. Health facility preparedness for cholera
outbreak response in four cholera-prone districts in Camer-
oon: a cross sectional study. BMC Health Serv Res 19: 458.

5. Khan AI et al., 2018. The impact and cost-effectiveness of con-
trolling cholera through the use of oral cholera vaccines in
urban Bangladesh: a disease modeling and economic analy-
sis. PLoS Negl Trop Dis 12: e0006652.

6. Bi Q et al., Oral Cholera Vaccine Working Group of The Global
Task Force on Cholera Control, 2017. Protection against chol-
era from killed whole-cell oral cholera vaccines: a systematic
review and meta-analysis. Lancet Infect Dis 17: 1080–1088.

7. Pezzoli L, Oral Cholera Vaccine Working Group of the Global
Task Force on Cholera Control, 2020. Global oral cholera vac-
cine use, 2013–2018. Vaccine 38 (Suppl 1): A132–A140.

8. World Health Organization, 2017. Cholera vaccines: WHO posi-
tion paper—August 2017. Wkly Epidemiol Rec 92: 477–498.

9. Desai SN, Pezzoli L, Alberti KP, Martin S, Costa A, Perea W,
Legros D, 2017. Achievements and challenges for the use of
killed oral cholera vaccines in the global stockpile era. Hum
Vaccin Immunother 13: 579–587.

10. Qadri F et al., 2018. Efficacy of a single-dose regimen of
inactivated whole-cell oral cholera vaccine: results from
2 years of follow-up of a randomised trial. Lancet Infect Dis
18: 666–674.

ATEUDJIEU, SACK, AND OTHERS982

mailto:dsack1@jhu.edu
mailto:dsack1@jhu.edu
mailto:jateudjieu@masante-cam.org
mailto:dsack1@jhu.edu
mailto:sxiao15@jhu.edu
mailto:kelsey.murt@gmail.com
mailto:kelsey.murt@gmail.com
mailto:mram1@jh.edu
mailto:moali.jhsph@gmail.com
mailto:adebes1@jhu.edu
mailto:nafacksonkengsonia@gmail.com
mailto:ktchio@masante-cam.org
mailto:tchokoherve@yahoo.fr
mailto:lbeyala@masante-cam.org
mailto:lbeyala@masante-cam.org
mailto:paulnyibio6@gmail.com
mailto:etienneg83@yahoo.fr
mailto:mkedia@masante-cam.org
mailto:mkedia@masante-cam.org
mailto:fkiadjeu@masante-cam.org
mailto:ngome@pasteur-yaounde.org
https://creativecommons.org/licenses/by/4.0/


11. Ferreras E et al., 2018. Single-dose cholera vaccine in response
to an outbreak in Zambia. N Engl J Med 378: 577–579.

12. Poncin M et al., 2018. Implementation research: reactive mass
vaccination with single-dose oral cholera vaccine, Zambia.
Bull World Health Organ 96: 86–93.

13. Ferreras E et al., 2019. Delayed second dose of oral cholera
vaccine administered before high-risk period for cholera trans-
mission: cholera control strategy in Lusaka, 2016. PLoS One
14: e0219040.

14. Azman AS, Luquero FJ, Ciglenecki I, Grais RF, Sack DA, Lessler
J, 2015. The impact of a one-dose versus two-dose oral chol-
era vaccine regimen in outbreak settings: a modeling study.
PLoS Med 12: e1001867.

15. Kanungo S et al., 2015. Flexibility of oral cholera vaccine dosing-a
randomized controlled trial measuring immune responses
following alternative vaccination schedules in a cholera hyper-
endemic zone. PLoS Negl Trop Dis 9: e0003574.

16. Chowdhury F et al., 2020. Augmented immune responses to a
booster dose of oral cholera vaccine in Bangladeshi children
less than 5 years of age: revaccination after an interval of over
three years of primary vaccination with a single dose of vac-
cine. Vaccine 38: 1753–1761.

17. Mwaba J et al., 2021. Serum vibriocidal responses when second
doses of oral cholera vaccine are delayed 6 months in Zam-
bia. Vaccine 39: 4516–4523.

18. Fong Y, Halloran ME, Park JK, Marks F, Clemens JD, Chao DL,
2018. Efficacy of a bivalent killed whole-cell cholera vaccine
over five years: a re-analysis of a cluster-randomized trial.
BMC Infect Dis 18: 84.

19. Ritter AS et al., 2019. Vibriocidal titer and protection from chol-
era in children. Open Forum Infect Dis 6: ofz057.

20. Levine MM, Chen WH, Kaper JB, Lock M, Danzig L, Gurwith M,
2017. PaxVax CVD 103-HgR single-dose live oral cholera vac-
cine. Expert Rev Vaccines 16: 197–213.

21. Charles RC et al., 2014. Immunogenicity of a killed bivalent (O1
and O139) whole cell oral cholera vaccine, Shanchol, in Haiti.
PLoS Negl Trop Dis 8: e2828.

22. World Health Organization. Nutrition Landscape Information
System, (NLiS). Available at: https://www.who.int/data/
nutrition/nlis/info/improved-sanitation-facilities-and-drinking-
water-sources. Accessed August 13, 2022.

23. Bhattacharya SK et al., 2013. 5 year efficacy of a bivalent killed
whole-cell oral cholera vaccine in Kolkata, India: a cluster-
randomised, double-blind, placebo-controlled trial. Lancet
Infect Dis 13: 1050–1056.

24. Clemens JD et al., 1990. Field trial of oral cholera vaccines in
Bangladesh: results from three-year follow-up. Lancet 335:
270–273.

25. Franke MF, Jerome JG, Matias WR, Ternier R, Hilaire IJ, Harris
JB, Ivers LC, 2017. Comparison of two control groups for

estimation of oral cholera vaccine effectiveness using a case-
control study design. Vaccine 35: 5819–5827.

26. Svennerholm AM, Gothefors L, Sack DA, Bardhan PK, Holmgren
J, 1984. Local and systemic antibody responses and immu-
nological memory in humans after immunization with chol-
era B subunit by different routes. Bull World Health Organ
62: 909–918.

27. Iyer AS et al., 2016. Immune responses to an oral cholera vac-
cine in internally displaced persons in South Sudan. Sci Rep
6: 35742.

28. Qadri F et al., 2016. Efficacy of a single-dose, inactivated oral
cholera vaccine in Bangladesh. N Engl J Med 374: 1723–1732.

29. Lopez AL, Deen J, Azman AS, Luquero FJ, Kanungo S, Dutta S,
von Seidlein L, Sack DA, 2018. Immunogenicity and protec-
tion from a single dose of internationally available killed oral
cholera vaccine: a systematic review and metaanalysis. Clin
Infect Dis 66: 1960–1971.

30. Lundgren A, Jertborn M, Svennerholm AM, 2016. Induction of
long term mucosal immunological memory in humans by an
oral inactivated multivalent enterotoxigenic Escherichia coli
vaccine. Vaccine 34: 3132–3140.

31. Gilca V, Sauvageau C, Panicker G, De Serres G, Schiller J,
Ouakki M, Unger ER, 2019. Long intervals between two doses
of HPV vaccines and magnitude of the immune response: a
post hoc analysis of two clinical trials. Hum Vaccin Immun-
other 15: 1980–1985.

32. CDC, 2000. From the Centers for Disease Control and Preven-
tion. Alternate two-dose hepatitis B vaccination schedule for
adolescents aged 11–15 years. JAMA 283: 2100.

33. Payne RP et al., 2001. Sustained T cell immunity, protection
and boosting using extended dosing intervals of BNT162b2
mRNA vaccine. Available at: https://www.pitch-study.org/
PITCH_Dosing_Interval_23072021.pdf. Accessed September 10,
2021.

34. Aldakak L, Huber VM, Ruhli F, Bender N, 2021. Sex difference
in the immunogenicity of the quadrivalent human papilloma
virus vaccine: systematic review and meta-analysis. Vaccine
39: 1680–1686.

35. Zimmermann P, Perrett KP, Ritz N, Flanagan KL, Robins-Browne
R, van der Klis FRM, Curtis N, group MB, 2020. Biological sex
influences antibody responses to routine vaccinations in the
first year of life. Acta Paediatr 109: 147–157.

36. Debes AK, Shaffer AM, Ndikumana T, Liesse I, Ribaira E, Djumo
C, Ali M, Sack DA, 2021. Cholera hot-spots and contextual
factors in Burundi, planning for elimination. Trop Med Infect
Dis 6: 76.

37. Falkard B et al., 2019. Bivalent oral cholera vaccination induces
a memory B cell response to the V. cholerae O1-
polysaccharide antigen in Haitian adults. PLoS Negl Trop Dis
13: e0007057.

DELAYED SECOND DOSE OF ORAL CHOLERA VACCINE 983

https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-sources
https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-sources
https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-sources
https://www.pitch-study.org/PITCH_Dosing_Interval_23072021.pdf
https://www.pitch-study.org/PITCH_Dosing_Interval_23072021.pdf

	TF1
	TF2
	TF3
	TF4
	TF5
	TF6

