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Abstract. As part of a phase 4, randomized, double-blind, placebo-controlled trial to assess the immunogenicity and
safety of PXVX0200 in children andadolescents aged 2–17years, a subset of 73 adolescent subjects aged 12–17yearswas
followed for 2 years after vaccination and had blood collected for antibody assays on days 1, 11, 29, 91, 181, 365, 547, and
730. Endpoints included serum vibriocidal antibody (SVA) seroconversion, definedas a 4-fold or greater rise in antibody titer
over baseline; geometric mean titers (GMTs); and geometric mean fold increase (GMFI) over baseline. Serum vibriocidal
antibody seroconversionpersisted inmost subjects,with a rateof 64.5%notedatday730.Geometricmean titers andGMFI
both peaked at day 11 and remained greater than baseline at all time points, including day 730. Vaccinationwith PXVX0200
produces an immune response which persists for at least 2 years in adolescents aged 12–17 years.

Vibrio cholerae causes potentially life-threatening diarrhea
and persists in much of the developing world. Cholera is en-
demic in 69 countries, with studies suggesting 1.3–4 million
cases and 21,000–143,000 deaths annually in endemic
countries and 2,500 deaths annually in non-endemic coun-
tries.1 It also represents an ongoing risk for travelers to
countries with endemic or epidemic cholera.2

Serum vibriocidal antibodies (SVAs) produced by natural or
experimental V. cholerae infection correlate with protection
against cholera.3,4 Experimental infection in adults resulted in
protective immunity against rechallenge with both homolo-
gous and heterologous strains that lasted for at least 3 years.5

This led to the development of Center for Vaccine Develop-
ment (CVD) 103-HgR (Emergent Travel Health, RedwoodCity,
CA), a live, attenuated strain of V. cholerae that does not
produce active cholera toxin but induces a protective immune
response. The vaccine was previously licensed in several
countries under the namesMutachol, Orochol, and Orochol E
but was discontinued for commercial reasons in 2001. CVD
103-HgR was acquired by PaxVax in 2009 and given the re-
search name PXVX0200. Under the trade name Vaxchora™
(Emergent TravelHealth, RedwoodCity,CA), it was licensed in
the United States in 2016 for use in adults aged 18–64 years
and in Europe in 2020 for use in individuals aged 6–64 years
traveling to cholera-affected areas.
The efficacy of PXVX0200 was established in a phase three

cholera challengestudy in volunteers aged18–45years. In this
trial, a single dose of PXVX0200 provided 90% and 80%
protective efficacy against moderate-to-severe diarrhea fol-
lowing challenge at 10 days and 3 months, respectively, with
1 × 105 colony-forming units of wild-type V. choleraeO1El Tor
Inaba strain 16961.6 In the challenge study, SVA serocon-
versionwas shown to be a strong correlate of protection.7 The
safety and immunogenicity of PXVX0200 were further estab-
lished in several immunologic bridging studies in subjects
aged 2–64 years.8–11 However, the duration of immunity pro-
vided by PXVX0200 and SVA seroconversion, the correlate of
protection, have not been studied beyond 6 months after

immunization. Here we report, for the first time, the long-term
SVA response following vaccination with PXVX0200.
As part of a phase 4, randomized, double-blind, placebo-

controlled trial to assess the immunogenicity and safety of
PXVX0200inchildrenandadolescentsaged2–17years,asubsetof
adolescent subjects aged 12–17 years was followed up for 2 years
after vaccination. Study methods, including SVA methods, have
been previously described.10,12 In the long-term follow-up subset,
vaccine recipients hadbloodcollected for antibodyassaysondays
1, 11, 29, 91, 181, 365, 547, and 730, whereas placebo recipients
were followedupthroughday181.Thesub-studywasperformedat
four sites in the United States from July 2017 to September 2019.
Endpoints included SVA seroconversion, defined as a 4-fold or
greater rise in antibody titer over baseline, geometric mean titers
(GMTs) and geometric mean fold increase (GMFI) over baseline.
A total of 73 subjects enrolled in the long-term sub-study.

The demographic and baseline characteristics of these sub-
jects and the corresponding cohort from the main study up to
day 181 were similar (Table 1). Serum vibriocidal antibody
seroconversion persisted in most subjects, with a rate of
64.5% noted at day 730 (Table 2). Geometric mean titers and
GMFI both peaked at day 11 and remained greater than
baseline at all time points, including day 730.
Cholera remains a threat to travelers of all ages to countries

with endemic or epidemic disease and can be severe or fatal.
Travelers at risk include those visiting friends and relatives,
tourists, and relief workers. Those with blood group O and
medical conditions such as underlying heart, gastrointestinal,
or renal disease are at increased risk for severe disease
(cholera gravis).13,14 A single-dose vaccine which could rap-
idly provide long-term protection would be ideal.
Infection with naturally or experimentally acquired cholera in-

duces serum vibriocidal antibodies, and these antibodies are as-
sociated with a reduced risk of cholera infection, with a stronger
vibriocidal response resulting in greater protection.3,15 Whereas
SVA response is a strong correlate of protection, the exact
mechanism of protection is not completely understood, and SVA
may be a proxy for a local intestinal immune response.16 One
possibility is that vaccine- or infection-induced intestinal immunity
is maintained by the presence of mucosal memory B cells, which
can rapidly differentiate into plasmablasts on cholera exposure.17

Experimental infection with V. cholerae mimics natural in-
fection and induces protective immunity against rechallenge
with both homologous and heterologous strains that lasts for
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at least 3 years.5 Previous studies with CVD 103-HgR dem-
onstrated protection against rechallenge with heterologous
biotypes and serotypes of V. cholerae up to 6 months after
vaccination and evidence of persistent antibody response at
3.5 years.18–21 The duration of vaccine-derived protection
produced by immunization with PXVX0200 is unknown and,
given the persistence of serum vibriocidal antibodies for at
least 2 years after immunization, it may be long term, although
the degree of such protection is difficult to predict with con-
fidence. In the cholera challenge trial, four of 68 PXVX0200
vaccinees at day 10 exhibited GMFI levels that were similar to
those seen at days 365 and 730 in the current study. Half of
those four subjects were protected from moderate or severe
cholera when challenged later.6,7 Although this observation
may suggest long-term protection, it is unclear how relevant
GMFI levelsmeasured 10 days after vaccination are towaning
GMFI levels obtained a year or more after vaccination.
Ideally, prolonged protection could be definitively demon-

strated by experimental challenge studies performed in

volunteers 2–3 years after vaccination with PXVX0200.16

These studies are difficult to perform and are not without risk.
The need for and timing of booster doses are also unknown at
this time and should be studied. A rise in lipopolysaccharide
(LPS) specific immunoglobulin A (IgA)memory B cells has also
been shown to be significantly correlated with protection
against cholera challenge following immunization with
PXVX0200.22 IgA and IgG LPSmemory B-cell studies through
day 730 are pending from the long-term immunogenicity sub-
study andmay provide further evidence of enduring immunity.
In conclusion, vaccination with PXVX0200 produced an

immune response which persisted for 2 years in adolescents
aged 12–17 years. Because SVA seroconversion is a strong
correlate of protection, PXVX0200 may provide protection
against cholera infection for at least 2 years in individuals from
developed countries when traveling to or visiting areas at risk
for cholera. Long-term studies of cholera-specific memory
B cells are in progress and will further characterize the per-
sistence of immunity.

TABLE 1
Long-term sub-study subject demography and baseline characteristics

Adolescents (12–17 years)

Baseline characteristic Main study to day 181 (N = 163) Long-term sub-study to day 730 (N = 73)

Age (years)
Mean (SD) 14.4 (1.7) 14.1 (1.7)
Median (min–max) 14.0 (12-17) 14.0 (12-17)
Gender, n (%)
Male 88 (54.0) 38 (52.1)
Female 75 (46.0) 35 (47.9)

Race, n (%)
American Indian or Alaskan native 0 0
Asian 1 (0.6) 1 (1.4)
Native Hawaiian or other Pacific

Islander
0 0

Black or African American 28 (17.2) 18 (24.7)
White 121 (74.2) 44 (60.3)
Multiple 13 (8.0) 10 (13.7)
Other 0 0

Ethnicity, n (%)
Hispanic or Latino 18 (11.0) 10 (13.7)
Not Hispanic or Latino 145 (89.0) 63 (86.3)

TABLE 2
Long-term immunogenicity of PXVX0200 and placebo subjects in the IEP

Visit (PXVX0200,
placebo, n)

Serum vibriocidal antibody seroconversion rate
percentage, 95% CI Geometric mean titer, 95% CI Geometric mean fold increase, 95% CI

PXVX0200 Placebo PXVX0200 Placebo PXVX0200 Placebo

Day 1 (n = 72*,
n = 23)

n/a n/a 32.4 (26.2, 40.0) 43.8 (27.5, 69.6) n/a n/a

Day 11 (n = 72,
n = 23)

100% (94.9%, 100%) 0 (0.0%, 14.3%) 9,035.4 (6,745.3, 12,103.0) 41.2 (26.1, 65.1) 279.2 (212.4, 366.9) 0.9 (0.8, 1.1)

Day 29 (n = 72,
n = 23)

100% (94.9%, 100%) 0 (0.0%, 14.3%) 2,791.7 (2,176.4, 3,580.9) 42.5 (27.1, 66.7) 86.3 (67.6, 110.1) 1.0 (0.8, 1.2)

Day 91 (n = 72,
n = 23)

88.9% (79.6%, 94.3%) 0 (0.0%, 14.3%) 391.7 (293.9, 522.1) 42.5 (28.7, 62.9) 12.1 (9.3, 15.8) 1.0 (0.7, 1.3)

Day 181 (n = 71,
n = 21)

83.1% (72.7%, 90.1%) 0 (0.0%, 15.5%) 223.0 (166.5, 298.6) 38.7 (25.8, 58.0) 6.9 (5.4, 8.9) 0.9 (0.8, 1.1)

Day 365 (n = 70,
n/a)

68.6% (57.0%, 78.2%) – 158.4 (121.6, 206.4) – 4.8 (3.8, 6.1) –

Day 547 (n = 67,
n/a)

73.1% (61.5%, 82.3%) – 175.6 (134.1, 229.9) – 5.2 (4.2, 6.6) –

Day 730 (n = 62,
n/a)

64.5% (52.1%, 75.3%) – 133.8 (101.9, 175.7) – 4.1 (3.2, 5.2) –

IEP = immunogenicity evaluable population; n = number of subjects; n/a = not applicable: no placebo comparison beyond day 181.
* n = 72 due to one subject not receiving at least 80% of the dose and being excluded from the IEP.
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