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Persons of blood group O are at increased risk of developing cholera gravis. In a randomized, placebo-
controlled, double-blind safety-immunogenicity trial of live oral cholera vaccine CVD 103-HgR in 5- to
9-year-old Chilean children, vibriocidal antibody seroconversion (74% overall) did not differ by blood group.
However, the reciprocal geometric mean titer (GMT) in blood group O vaccinees (GMT5 486) was higher than
that in non-O vaccines (GMT 5 179) (P < 0.02).

When infected with Vibrio choleraeO1 of the El Tor biotype,
persons of blood group O are at significantly higher risk of
developing severe cholera (cholera gravis) than individuals of
other blood groups (1, 10, 22, 25). Whether such a correlation
exists with classical biotype V. choleraeO1 is less clear (5). That
the population living in the Ganges delta of Bangladesh and
West Bengal, India, has one of the lowest prevalences of blood
group O in the world (10) presupposes that this may be the
consequence of selective genetic pressure in the ancestral
home of cholera. The biologic basis for the relationship be-
tween O blood group and cholera gravis has not been eluci-
dated, but it has been hypothesized that V. cholerae O1 may
adhere better to mucosa of persons of this phenotype. Because
of the increased susceptibility of individuals of O blood group
to develop severe cholera, the immunogenicity and protective
efficacy of cholera vaccines in persons of this blood group
should be examined with particular attention. Such studies may
also provide insights into blood group O as a risk factor. In the
course of a large, randomized, placebo-controlled, double-
blind trial designed to evaluate the clinical acceptability and
immunogenicity of live attenuated oral cholera vaccine CVD
103-HgR among 5- to 9-year-old children in Santiago, Chile,
we had the opportunity to assess the relationship between
blood group and vibriocidal antibody titer.
The clinical protocol was approved by an ethics committee

of the Servicio de Salud Metropolitano Norte in Santiago,
Chile, and by the Institutional Review Board of the University
of Maryland at Baltimore. Informed parental consent was ob-
tained for age-eligible children recruited in public schools in a
low-socioeconomic-level community. Excluded were children
with fever or chronic diseases or those on antibiotic therapy.
Lyophilized vaccine and placebo were contained in random-

ized coded aluminum foil sachets. The code remained unbro-
ken until the clinical study, including serology, was completed.
Each vaccine packet contained 5 3 109 CFU of lyophilized
CVD 103-HgR (recombinant vaccine strain derived from clas-
sical Inaba 569B) (15, 20, 21). Placebo packets contained heat-
inactivated Escherichia coliK-12 (11, 16, 17, 28–30). Vaccine or

placebo was mixed with buffer and water and administered as
an oral cocktail (11, 16, 17, 28–30). Double-blind clinical fol-
low-up to detect adverse reactions was maintained daily for 8
days after the single oral immunization. Diarrhea was defined
as the passage of three or more liquid stools in 24 h; vomiting
was defined as one or more episodes of emesis; an axillary
temperature of $37.58C was considered to be fever.
In total, 349 5- to 9-year-old children were enrolled, of

whom 178 received the vaccine and 171 imbibed the placebo
formulation. Gender, age strata, and blood groups were dis-
tributed similarly among the vaccine and placebo groups. Ad-
verse events during the follow-up period were observed no
more frequently in the vaccine than in the control group (Table
1). Diarrhea occurred in 2 of 178 vaccinees (1.1%) and in 1 of
176 controls (0.6%). Neither nausea, vomiting, nor malaise
occurred more frequently in vaccinees than in placebo recipi-
ents (Table 1).
Serum samples collected on the day of vaccination and 8

days thereafter were assayed for vibriocidal antibody by micro-
titer method (2), and a fourfold or greater rise in reciprocal
titer was considered significant. Serum Inaba vibriocidal anti-
bodies were transformed to logarithms to better approximate
normality. Rates of seroconversion were compared by chi-
square test or by Fisher’s exact test when appropriate. Paired
sera were available from 97% of the participants (171 vaccin-
ees and 168 placebo recipients). Overall, a fourfold or greater
rise in serum vibriocidal antibodies was seen in 127 of 171
(74.3%) vaccinees, representing a mean 16-fold rise in vibrio-
cidal reciprocal titer (Table 2). No vibriocidal seroconversions
occurred among the 168 placebo recipients (prevaccination
geometric mean titer [GMT] 5 15; postvaccination GMT 5
15).
Blood group was determined in 168 of the 171 vaccinees for

whom paired sera were available. The relationship between
blood groups (O and non-O) and the postimmunization recip-
rocal GMT of vibriocidal and antitoxic antibodies (vide infra)
was examined by analysis of covariance (the independent vari-
able was the blood group, the dependent variable was the day
8 titer, and the covariate was the day 0 titer). The rate of
seroconversion among individuals of blood group O (78.2%)
was not significantly different from that of the subjects with a
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non-O phenotype (67.2%) (P 5 0.11) (Table 2). However, the
postimmunization vibriocidal reciprocal GMT in persons of
blood group O (GMT 5 486) was significantly higher than the
GMT in persons of non-O blood groups (GMT 5 179) (P ,
0.002). The mean rise in vibriocidal titer was 23-fold in subjects
of O blood group and 9-fold in vaccinees of other blood groups
(P 5 0.004).
Stool cultures were obtained on the first and seventh days

following oral immunization and processed as described pre-
viously to detect excretion of the vaccine strain (16, 28, 30).
The occurrence of positive stool cultures was not significantly
greater in vaccinated children of blood group O (10.2%) than
in vaccinees of other blood groups (6.7%) (P 5 0.37). This
study corroborates results of earlier studies that demonstrate
that the CVD 103-HgR vaccine strain is highly immunogenic
and yet minimally shed, thereby minimizing the chance of
transmission to contacts or of introduction into environmental
niches (20, 28, 30).
Immunoglobulin G antitoxin was measured by an enzyme-

linked immunosorbent assay (24) wherein a rise in net optical
density of$0.20, from comparing the baseline with the postim-
munization specimen, was considered significant (11, 16, 17,
28–30). Rises in serum immunoglobulin G antitoxin occurred
at similar rates in children of blood group O (37%) and those
of other blood groups (31%). However, the postvaccination
GMT of children of blood group O (i.e., 269) was slightly
higher than that of children of other blood groups (i.e., 231) (P
5 0.16). Children of blood group Omanifested a mean 2.3-fold
rise in GMT over baseline, whereas subjects of non-O blood
group had a 1.7-fold rise in GMT.
Natural infection with V. cholerae O1, particularly of the

classical biotype, elicits an immune response that confers long-
lived protection against cholera (7, 9, 19). While intestinal
secretory antibodies are believed to be the basis for this pro-
tection, serum vibriocidal response is generally accepted as the
best correlate of protection (23). Antitoxin titers do not cor-
relate with protection (23). For this reason, quantitating the
rate of vibriocidal seroconversion and the mean fold rise and
GMT of vibriocidal antibodies has been the main measure to
evaluate the immunogenicity of live and inactivated oral chol-

era vaccines (6, 11, 16, 17, 20, 21, 27–30). The overall serocon-
version rate (74%) and the mean vibriocidal rise (16-fold)
observed in this study appear quite satisfactory, considering
that only a single oral dose was administered. As a point of
comparison, three doses of oral inactivated antigen vaccines
stimulated much lower rates of vibriocidal antibody serocon-
version among children of similar ages in a clinical trial in
Bangladesh, and there was no difference in the immune re-
sponses of subjects of blood group O and those of non-O blood
groups (6, 27).
This clinical trial in Santiago, Chile, offered an unusual op-

portunity to examine the vibriocidal antibody response in re-
lation to blood group in recipients of a live oral cholera vac-
cine. The population of metropolitan Santiago, which has a
high prevalence of individuals of blood group O (circa 60% of
the population), is at risk of cholera since the disease is now
endemic in neighboring Peru and Bolivia (26). However, to
date, this population has had little contact with cholera as
there have been only two small outbreaks of cholera in San-
tiago (18). The lack of prior antigenic contact with V. cholerae
O1 means that immunogenicity could be examined in this
population in relation to blood group in the absence of possi-
ble confounding effects stemming from prior immunity. The
serological response recorded in this trial suggests that atten-
uated vaccine strain CVD 103-HgR may be more immuno-
genic in persons of blood group O (Table 2). What possible
biological explanation can be evoked to explain this finding,
and what are its implications?
The predisposition of blood group O individuals for cholera

gravis does not derive from an increased susceptibility to in-
fection with V. cholerae O1 (22) but rather from a more severe
host clinical response to infection. One of the steps in the
pathogenesis of cholera involves attachment of vibrios to the
intestinal mucosa and then uptake of cholera enterotoxin into
the enterocytes. Fimbrial colonization factors including toxin
coregulated pili (31) and mannose-sensitive hemagglutinin
fimbriae (14) mediate vibrio attachment to the mucosa. Fur-
thermore, volunteer studies with recombinant strains lacking
toxin-coregulated pili have shown that these fimbriae must be
expressed by classical biotype strains for a vigorous vibriocidal
response to ensue (13).
One possible explanation for the increased severity of chol-

era in persons of blood group O is that an enhanced adherence
of vibrios to the intestinal mucosa occurs in such individuals.
The human small intestinal epithelium is rich in blood group
antigens; indeed, they should more appropriately be referred
to as histo-blood group antigens (4, 8). An analysis of the
structure of these antigens reveals that they consist of a back-
bone of L-fucose a132D-galb13R (the H antigen of O blood
group) from which may emanate N-acetylgalactosamine or D-
galactose residues, giving rise to A and B antigens, respectively
(4). It is conceivable that the H antigen of blood group O
serves as a better receptor for vibrio adhesins than the A or B
antigens. The observation that both biotypes of V. cholerae O1
exhibit hemagglutination of human O erythrocytes that is in-
hibited by L-fucose provides some support to this hypothesis
(12). An analogous interaction between gastrointestinal patho-
gen and histo-blood group of the host has been reported re-
cently (3). Helicobacter pylori adheres more avidly to gastric
mucosa of persons who express histo-blood group antigen Leb

(which has a terminal L-fucose in its structure, like H antigen)
(3). Thus, if attenuated CVD 103-HgR, like wild-type V. chol-
erae O1, adheres more avidly to the intestinal mucosa of per-
sons of blood group O, one might expect to encounter a height-
ened vibriocidal response in individuals of this blood group, as
was observed.

TABLE 1. Adverse reactions among 5- to 9-year-old Chilean
children receiving a single 5 3 109 CFU dose of CVD 103-HgR
or placebo during 9 days of follow-up after immunization

Group
Children witha:

Diarrhea Vomiting Malaise

Vaccine 2/178 (1.1) 12/178 (6.7) 34/178 (19.1)
Placebo 1/171 (0.6) 16/171 (9.3) 34/171 (19.8)

a Each value is the number of children with the reaction per total number of
children vaccinated. Percentages are shown in parentheses.

TABLE 2. Blood group and vibriocidal antibody response to
CVD 103-HgR live oral cholera vaccine in 5-

to 9-year-old Chilean children

Blood
group of
children

N
Sero-

conversion
(%)

GMT Fold rise
in titerPrevaccination Postvaccination

Non-O 67 67 19 179 9
O 101 78 21 486 23
P NS NS 0.002 0.004
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Inactivated oral vaccines protect persons of blood group O
less well than they protect persons of other blood groups (5).
Since persons of blood group O who are immunized with CVD
103-HgR appear to exhibit enhanced vibriocidal antibody re-
sponses, this raises the intriguing question of whether this may
translate to somewhat improved protection for this high-risk
group. This question of the protective efficacy of CVD 103-
HgR in relation to blood group must be answered in the course
of large-scale, randomized, placebo-controlled, double-blind
field trials. One such trial is currently being carried out with
67,000 subjects in North Jakarta, Indonesia, by the Indonesian
National Institute of Health Research and Development (Cyrus
Simanjuntak, principal investigator) and collaborating institu-
tions under sponsorship of the World Health Organization.

This work was supported by a grant from the World Health Orga-
nization and by research contract NO1 AI 15096 and cooperative
agreement UO1AI35948 from NIAID.
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