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Healthy adults (n 5 330) were randomized to receive either a bivalent vaccine composed of Vibrio cholerae
CVD 103-HgR and Salmonella typhi Ty21a or a placebo. The combined vaccine was well tolerated. Approxi-
mately 80% of vaccinees manifested a significant rise in anti-S. typhi immunoglobulin G or immunoglobulin A
lipopolysaccharide antibody levels. Significant (fourfold or greater) rises in anti-Inaba or anti-Ogawa vibrio-
cidal antibody titer were achieved by 94 and 80% of vaccine recipients, respectively. Elevated baseline vibrio-
cidal antibody titers showed a modest suppressive effect on the rate of seroconversion.

Enteric diseases continue to cause significant morbidity and
mortality among individuals residing in undeveloped areas of
the world (3, 28, 30). Many enteric pathogens, such as Salmo-
nella typhi and Vibrio cholerae, are coendemic in such areas.
While monovalent vaccines against cholera and typhoid fever
have been available for some time, combined vaccines would
offer a distinct public health benefit by simplifying immuniza-
tion programs, expanding disease coverage, and reducing costs.
The introduction of vaccination programs may prove to be
necessary in areas where antibiotic resistance to first-line drugs
used to treat such infections is widespread or where conditions
are ripe for epidemic outbreaks (13, 22, 29).
Presently, two live oral attenuated bacterial enteric vaccines

have been licensed for human use: V. cholerae CVD 103-HgR
(18, 19) and S. typhi Ty21a (6). The fact that protection is
afforded after only a single dose of CVD 103-HgR, versus
three doses for Ty21a, had led us to investigate various vacci-
nation regimens to optimize the immune response to both
vaccines (9). Coadministration of both vaccine strains on day 1
followed by two additional doses of monovalent Ty21a vaccine
on days 3 and 5 engendered the optimal rates of immune
response to both vaccine components. Combining these two
vaccines did not appear to increase the frequency or severity of
adverse reactions above what was observed for the monovalent
vaccines. However, since no placebo was included in our pre-
vious study, it was not possible to determine if there was an
absolute excess rate of reactions with the bivalent formulation.
In the present study, healthy adult volunteers were random-

ized to receive either three doses of a heat-inactivated Esche-
richia coli placebo or the combined Ty21a and CVD 103-HgR
vaccine strains followed by two doses of monovalent Ty21a
given on alternate days.
S. typhi Ty21a and V. cholerae CVD 103-HgR were grown,

harvested, and processed as previously described (9). Each
dose of combined vaccine contained 2 3 109 to 6 3 109 CFU
of Ty21a and 2 3 108 to 6 3 108 CFU of CVD 103-HgR. Each
dose of the monovalent Ty21a vaccine also contained 2 3 109

to 6 3 109 CFU. Each dose of placebo contained approxi-

mately 53 108 heat-killed E. coli K-12 organisms. The vaccines
(bivalent vaccine or monovalent Ty21a vaccine) or placebo
were used to fill identically appearing aluminum foil sachets,
which were labeled with an identifier. Buffer sachets contained
2.5 g of NaHCO3 and 1.65 g of ascorbic acid. All sachets were
tested for microbial purity and freedom from abnormal toxicity
by standard tests.
A total of 330 healthy adult volunteers of both sexes were

recruited from the student body and faculty of the University
of Vienna, Vienna, Austria. Potential participants were given a
physical examination, and a brief medical history was taken.
Exclusion criteria included previous immunization with the
trial vaccines, known hypersensitivity to the contents of the
vaccine or placebo, acute febrile or gastrointestinal illness, an
underlying disease which could adversely affect the immune
response, and current receipt of immunosuppressive therapy.
After written informed consent was obtained, each subject was
randomized to receive either vaccine or placebo, at a ratio of
approximately 4:1 for vaccine and placebo groups, respectively.
Food intake was restricted for approximately 1 h before and
after immunization. Vaccination was performed as described
previously (9). The bivalent vaccine was given on day 1 and was
followed by two doses of S. typhi Ty21a on days 3 and 5. The
control group received three doses of E. coli placebo on days 1,
3, and 5. Subjects were observed for approximately 30 min
after each immunization to detect immediate-type reactions.
Subjects were requested to complete an adverse-reaction re-
port form following each immunization (9). Each adverse
event noted was to be scored as follows: none, mild, moderate
(symptoms were found to affect normal daily activities), or
severe (symptoms prevented normal daily activities). Diarrhea
was classified as follows: absent, mild (slight deviation from
normal stool movements, three or fewer loose stools in 24 h),
moderate (four to six loose stools in 24 h), or severe (more
than six loose stools in 24 h). Venous blood samples were
collected before immunization (baseline) and at 10 and 14 days
after immunization.
Anti-S. typhi immunoglobulin A (IgA) and IgG serum anti-

body levels were determined by enzyme-linked immunosor-
bent assay (ELISA) with S. typhi Ty2 lipopolysaccharide (LPS)
as described elsewhere (9, 17). A significant response was de-
fined as an increase of$0.15 optical density units (.3 standard
deviations) over the baseline value at the same serum dilution.
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Inaba and Ogawa vibriocidal antibody titers were determined
by a microtiter plate assay as previously described (5). A sig-
nificant response was defined as a fourfold or greater rise in
titer over the baseline value. Serum samples were analyzed in
a blinded fashion.
Of the total of 330 subjects enrolled, there were 6 dropouts,

none of which was due to an adverse event associated with
immunization. Completed adverse-reaction report forms were
returned by 321 subjects (256 vaccine recipients and 65 placebo
recipients). The rates of adverse reactions reported for the two
groups are shown in Table 1. The percentages of subjects who
reported no reaction after ingesting all three doses were com-
parable among placebo and vaccine recipients (;25%). Ap-
proximately 75% of subjects from either group reported one or
more reactions subsequent to immunization. The vast majority
of symptoms reported were classified as mild and resolved
spontaneously. There was no statistically significant difference
in reaction rates between the two groups for any type of ad-
verse event.
A complete set of serum samples was obtained from 260

vaccine and 65 placebo recipients. Immunization with CVD
103-HgR and Ty21a on day 1 followed by monovalent doses of
Ty21a on days 3 and 5 induced a vigorous humoral immune
response to both vaccine components (Tables 2 and 3). The
anti-S. typhi IgA and IgG response rates were similar, with 80
and 83% of subjects responding, respectively (Table 2). Over
90% of the subjects responded with a significant rise in either
IgG or IgA antibody levels. No placebo recipient showed a
significant rise in either antibody class.
The serum Inaba and Ogawa vibriocidal antibody responses

are shown in Table 3. There was a .40-fold rise in the Inaba
geometric mean titer (GMT) 14 days after receipt of the biva-
lent vaccine, with 94% of the subjects achieving a $4-fold rise
in titer. The increase in the Ogawa GMT was more modest

(12-fold). This may be related to the fact that the baseline
Ogawa mean titers were higher than the Inaba titers (see
below). Eighty percent of vaccine recipients manifested a four-
fold or greater rise in Ogawa vibriocidal titers after vaccina-
tion. Only five placebo recipients (6%) showed a significant
rise; three of them did so against both test strains.
There was a trend towards a lower rate of seroconversion

with increasing baseline titers for both test strains (data not
shown). Subjects with a baseline titer of $80 were significantly
(P , 0.05) less likely to seroconvert after immunization than
those with lower titers.
Combined vaccines have long formed the cornerstone of

routine childhood vaccination programs. The ability to simul-
taneously confer protection against multiple pathogens offers
many advantages to both the patient and the health care pro-
vider, offering expanded disease coverage, convenience, and
reduced costs. The fact that many enteric pathogens are coen-
demic in developing nations indicates that multivalent vaccines
would offer a distinct public health benefit to residents and to
travellers visiting such areas (15, 20). In the present study we
have confirmed and extended results from a previous prelim-
inary clinical trial in which the Ty21a typhoid and CVD 103-
HgR cholera vaccines were combined and administered to
volunteers by various regimens (9).
The excellent safety previously demonstrated for monova-

lent Ty21a and CVD 103-HgR vaccines (19, 21, 23, 24) was not
compromised when the vaccines were combined. While certain
adverse reactions, such as nausea and abdominal cramps, oc-
curred at a somewhat higher rate among subjects who received
the vaccine than among those who received the placebo, the
difference was not statistically significant. Such reactions were
predominantly mild and transient. The overall rate for all types
of adverse events in both groups was higher than would be
expected on the basis of prior studies with these vaccines and
an E. coli K-12 placebo (19, 21, 23, 24). This may be due in
large part to intense monitoring for any potential reaction by a
highly motivated study group. For example, nearly 40% of
subjects complained of headache and malaise, which would not
be expected to be caused by an oral vaccine. The fact that
nearly 30% of placebo recipients noted abnormal stool move-
ments, while 10% reported nausea or abdominal cramps, sug-
gests that many reactions may be caused by sodium bicarbon-
ate buffer even though it was neutralized with ascorbic acid to
make it more palatable. Comparable elevated adverse reac-
tions rates have been observed in two previous studies involv-
ing European subjects (2, 7).
Serum vibriocidal antibody rises following immunization

have proven to be an excellent correlate of immunity to cholera
in field studies (4, 11, 19, 27). The Inaba vibriocidal antibody
seroconversion rate currently found (94%) was nearly identical
to that in a previous study (92.5%) with this bivalent vaccine
formulation and the same immunization regimen. These sero-
conversion rates are comparable to those obtained previously
among North Americans and Europeans after the administra-
tion of a single dose of monovalent CVD 103-HgR (7, 14, 19,
27). As in prior studies with CVD 103-HgR, elevated baseline
levels of vibriocidal antibodies suppressed the immune re-
sponse to vaccination (12, 25, 26). This most likely reflects
preexisting local gut immunity which acts to clear the vaccine
strain before a degree of multiplication sufficient to engender
an immune response is achieved (8, 26).
Rises in serum anti-S. typhi LPS antibodies engendered by

vaccination with Ty21a have been shown to correlate with
protection against disease in the field and may serve as a
surrogate marker of immunity (15). The currently employed
liquid Ty21a vaccine formulation was found to confer a higher

TABLE 1. Adverse reactions reported after immunization

Symptom

% (No.) reporting symptoma

Placebo group
(n 5 65)

Vaccine group
(n 5 256)

Nausea 9.2 (6) 14.8 (38)
Vomiting 1.5 (1) 2.3 (6)
Diarrhea 29.2 (19) 30.1 (77)
Abdominal cramps 9.2 (6) 15.6 (40)
Fever 1.5 (1) 2.7 (7)
Headache 43.1 (28) 37.5 (96)
Fatigue 56.9 (37) 49.6 (127)
Rash 4.6 (3) 3.1 (8)

a Combined rate for all three doses of vaccine or placebo administered. In all
cases the differences between the vaccine and placebo groups were not significant
(P . 0.05) as determined by chi-square analysis.

TABLE 2. Anti-S. typhi LPS antibody response following
immunization with bivalent vaccine

Groupa

GMT % Seroconversion

IgG IgA
IgG IgA IgG or

IgADay 1 Day 11 Day 15 Day 1 Day 11 Day 15

Placebo 0.122 0.131 0.142 0.031 0.033 0.030 0 0 0
Vaccine 0.137 0.550b 0.571b 0.033 0.433b 0.367b 83 80 91

a Subjects were vaccinated on days 1, 3, and 5, and serum samples were
obtained on days 1, 11, and 15.
b P , 0.01 versus baseline value.
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level of protection than enteric coated vaccine in field trials
conducted in Chile and Indonesia (16, 24). Among school-aged
Chilean children, three doses of Ty21a presented as enteric
coated capsules resulted in a 67% seroconversion rate (15). A
similar rate (69%) was observed among young Thai children
who were vaccinated with three doses of the liquid formulation
(10, 21). Among adults residing in Europe or North America,
the seroconversion rate ranged from 51 to 55% following the
ingestion of three or four doses of enteric coated Ty21a vac-
cine with a test system identical to that used in the present
study. In an independent study using a different ELISA system,
the rate of response to three doses of enteric coated Ty21a was
86% (1; our unpublished observation). These data suggest that
the liquid formulation possesses enhanced immunogenicity in
individuals residing in regions where typhoid is not endemic
which is not compromised by simultaneous administration of
CVD 103-HgR. Also encouraging is the fact that the magni-
tude of the immune response to both vaccine strains was com-
parable to that observed among residents where these diseases
are endemic. This would argue against the need to prime the
immune system via natural exposure to obtain an optimal re-
sponse rate (1, 10, 15, 21).
The present findings confirm that it is indeed possible to

combine different live oral attenuated vaccine strains without
compromising either safety or immunogenicity, even when the
vaccines are used in a multiple dosing scheme. This has im-
portant practical implications with regard to how such vaccines
can be formulated. For example, the protection conferred by
CVD 103-HgR, and by its parent strain, CVD 103, is far su-
perior if the challenge strain of V. cholerae expresses the ho-
mologous biotype and serotype compared with a cross-biotype,
cross-serotype challenge (19, 27; our unpublished observa-
tions). Therefore, studies are now under way to evaluate the
safety and immunogenicity of a bivalent cholera vaccine com-
posed of CVD 103-HgR combined with an El Tor Ogawa
variant.
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