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The ABO blood group system has been implicated in susceptibility to cholera or in explaining variability in
the immune response to a cholera vaccine. O blood group individuals were found to be more susceptible to
cholera and elicited lower vibriocidal antibody response to cholera toxin B subunit-killed oral vaccine. Based
on the observations that O blood group individuals were more susceptible to cholera and that high mortality
was associated with cholera, an evolutionary explanation was provided for the extremely low prevalence of the
O blood group in the Gangetic Delta (West Bengal, India, and Bangladesh). However, conflicting results were
reported from a later study conducted in Indonesia using a live attenuated oral cholera vaccine; O blood group
individuals showed a higher vibriocidal antibody response. In a study conducted in a region of India where
cholera is endemic (Kolkata, West Bengal) that comprised 992 individuals vaccinated by a killed whole-cell
oral cholera vaccine, we found no statistically significant difference between O and non-O individuals either in
the frequency distributions of the fold increase or in the postvaccination increase in geometric mean titer
compared to the baseline. Further, in contrast to the earlier observation that the O allele frequency is extremely
low in the Gangetic Delta, we have noted that the O allele frequency exceeds 0.5 in the vast majority of ethnic
groups of this region. In addition, we have found large differences in response to the vaccine among residents
of an area where cholera is not endemic compared to an area where cholera is endemic to The percentages of
vaccinees who seroconverted in an area where cholera is not endemic (Son La province of Vietnam) was >90%
compared to �50% in Kolkata, India, an area where cholera is endemic.

Cholera continues to be endemic in many countries, includ-
ing India (12). It also accounts for a significant fraction of
mortality in developing countries (7). The Gram-negative bac-
terium, Vibrio cholerae, has two major serogroups—O1 and
O139—that are responsible for most cholera cases. These se-
rogroups are defined by characteristics of the O side chain of
its polysaccharide. The O1 serogroup is subclassified into two
biotypes—classical and El Tor—and two major serotypes—
Inaba and Ogawa.

Among other control measures, the World Health Organi-
zation (WHO) advocates vaccination for cholera (11). Viet-
nam is the only country in the world with large areas where
cholera is endemic and where a vaccine for cholera has been
widely used (1) for a long time. The bivalent oral cholera
vaccine that has been used there since 1997 was recently re-
formulated for international use, in accord with WHO require-
ments (1). In a clinical trial of this vaccine (1) conducted in the
Son La province, an area in Vietnam where cholera is not

endemic, it has been shown that the vaccine is safe, well tol-
erated, and immunogenic. Ninety percent of the vaccine recip-
ients developed �4-fold increases in vibriocidal antibodies to
V. cholerae O1. Among vaccinees, there was a 27-fold rise in
the geometric mean titers. There was, of course, considerable
variation in postvaccination titers of vibriocidal antibodies and
fold increases among vaccinees. One contributing factor to this
postvaccination variation was the prevaccination titer, since it
was found (1) that all vaccinees with a baseline titer �80
seroconverted, while only 12% of those with baseline titer
�160 seroconverted. In order to investigate whether the
genomic backgrounds of vaccinees also contributed to varia-
tion in immunological response to the vaccine, we undertook a
large study (n � 1,000) in an area of Kolkata, India, where
cholera is endemic. One of the genetic factors reported earlier
in the literature (3, 5, 6, 8) is that persons belonging to the O
blood group are more susceptible to cholera than persons
belonging to a non-O blood group. Past studies on the rela-
tionship of the blood group distribution to the efficacy of a
cholera vaccine have yielded equivocal results. In a trial of a
cholera toxin B subunit-killed oral vaccine in Bangladesh, O
blood group vaccinees showed lower protective efficacy (3).
However, in a study in Indonesia, O blood group individuals
elicited higher vibriocidal antibody responses to a live attenu-
ated oral cholera vaccine, CVD 103-HgR (8). In view of these
conflicting reports and the fact that O blood group individuals
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are more susceptible to cholera, we sought to test whether O
blood group vaccinees in Kolkata (an area where cholera is
endemic), India, elicit a lower immunological response, as as-
sessed by the serum vibriocidal antibody assay, to a two-dose
whole-cell killed oral cholera vaccine. We report our findings
here. We also report significant differences in the nature and
extent of the immunological response to the vaccine in India
compared to those found in Vietnam (1).

MATERIALS AND METHODS

Study participants. Institutional ethical approvals were obtained from all
collaborating institutions before initiation of the present study. Individuals (n �
1,000), unrelated at least to the first-cousin level based on family history report,
aged 14 years or older, inhabiting a socioeconomically depressed locality of
Kolkata, India, were recruited into the present study with written informed
consent. Cholera is endemic in this locality. The residents belonged to two
maritally isolated, religious groups, Muslim and Hindu. The Muslims of this
locality are mostly religious converts, during the last 100 years, to Islam from
Hinduism. The individuals recruited into the present study, for which a stratified
random sampling scheme was used, are representative of the entire locality.
Based on self-report, individuals who had ever been diagnosed with cholera or
who had experienced diarrhea or vomiting during the week preceding recruit-
ment were excluded. Pregnant or lactating women were also excluded.

Vaccination and collection of blood samples. A two-dose vaccine, orally ad-
ministered 14 days apart, was used. Each dose of the vaccine contained 600
enzyme-linked immunosorbent assay units (EU) of lipopolysaccharide (LPS) of
formalin-killed V. cholerae Inaba, El Tor biotype (strain Phil 6973); 300 EU of
LPS of heat-killed V. cholerae Ogawa classical biotype (Cairo 50); 300 EU of LPS
of formalin-killed V. cholerae Ogawa classical biotype (Cairo 50); 300 EU of
LPS of heat-killed V. cholerae Inaba, classical biotype (Cairo 48); and 600 EU of
LPS of formalin-killed V. cholerae O139 (4260B). Approval was obtained from
the Drug Controller General, Government of India, for the use of this vaccine in
the present study. The vaccine doses were procured from Shantha Biotechnics,
Hyderabad, India. The vaccine was stored at 4 to 8°C before administration,
including during transport from the base laboratory to the vaccination field-site.

From each study participant, a blood sample was collected immediately prior
to vaccination (day 0 sample) and 28-days postvaccination (day 28 sample) and
used for the vibriocidal assay and determination of the blood group.

Vibriocidal assay. Vibriocidal assay was performed with the V. cholerae O1
Inaba (OS-418), Ogawa (MAK757) and uncapsulated O139 (MO-10T4) strains
using sera collected during pre- and post-vaccine trials according to published
methods (2). Commercially available guinea pig serum (Rockland, Gilbertsville,
PA) was used as a source of complement. The sera (100 �l) were added to 100
�l of phosphate-buffered saline in the first well to give a 2-fold dilution, and the
subsequent dilutions were made reciprocally up to 4,800. A �4-fold increase in
titer between the day 0 and day 28 serum samples was used to identify serocon-
version. Reference rabbit antisera against V. cholerae O1 Inaba, Ogawa, and

O139 were included in each set of assay as controls. In addition, in every batch
of the assay, serum obtained from a healthy volunteer and a high-titer antiserum
obtained from one of the volunteers in the present study were included as
negative and positive controls, respectively.

Blood grouping. For each study participant, the blood group with respect to
the ABO system was determined. For each participant, either a day 0 or a day 28
blood sample was used for blood group determination. A, B, and AB antisera
were procured from CSL Biotherapies, Melbourne, Australia. Blood grouping
was carried out on microplates according to standard protocols.

Statistical analysis. Rank correlation between titers to different serotypes was
estimated by using Spearman’s � statistic. The effect of covariates on titers was
estimated using regression analysis. Comparison of the rates of seroconversion
was carried out using a binomial test of proportions. A test of significant differ-
ences in frequencies of the blood groups between groups was performed using
the contingency �2 statistic.

RESULTS

Demographic characteristics of vaccine recipients. After all
missing or ambiguous data were eliminated, the data on a total
of 992 study participants (536 [54%] male and 456 [46%]
female; 406 [41%] Muslim and 586 [59%] Hindu) were in-
cluded in our analysis. The demographic characteristics of the
study participants are provided in Table 1.

Pre- and postvaccination titer levels, effects of covariates,
and seroconversion rates. Considerable variation was observed
in pre- and postvaccination titers to Inaba and Ogawa but not
to O139 (see Fig. S1 in the supplemental material). Absolute
titers to O139 were also very low for the vast majority of
individuals (98% for prevaccination and 95% for postvaccina-
tion). The correlation between prevaccination titers to Inaba
and Ogawa was high (Spearman’s � � 0.544) and statistically
significant (P � 0.0006). The fold increases of post- to prevac-
cination titers to Inaba and Ogawa were highly variable across
vaccinees. Although the effects of covariates (age, religion, and
gender) were variably significant on pre- and postvaccination
titers, only the effect of age, but not religion or gender, on
variation in fold increase was significant with respect to both
Inaba and Ogawa (Table 2). The fold increases to in response
to both Inaba and Ogawa were significantly higher if the vac-
cine was administered at a younger age (Fig. 1; Spearman’s �
values were �0.237 and �0.168 for Inaba and Ogawa, respec-
tively; the P values for both of these correlations were
�0.0006). This effect was primarily due to significantly lower

TABLE 1. Demographic characteristics of the vaccine recipients

Age group
(yr) Gender

No. of recipients (%)
Total

Muslim Hindu

14–18 Male 10 (48) 11 (52) 21
Female 8 (62) 5 (38) 13
Total 18 (53) 16 (47) 34

18–30 Male 126 (55) 105 (45) 231
Female 52 (27) 140 (73) 192
Total 178 (42) 245 (58) 423

31–40 Male 61 (43) 80 (57) 141
Female 45 (39) 69 (61) 114
Total 106 (42) 149 (58) 255

�40 Male 59 (41) 84 (59) 143
Female 45 (33) 92 (67) 137
Total 104 (37) 176 (63) 280

TABLE 2. Effects of religion, gender, and age on antibody titers,
pre- and postvaccination, to V. cholerae strains Inaba,

Ogawa, and O139

Strain Assay day or fold
increasea

Effect (P) on antibody titerb

Religion Gender Age

Inaba Day 0 0.2 0.02 0.009
Day 28 0.1 �0.0006 0.4
Fold increase 0.1 0.6 0.004

Ogawa Day 0 0.1 0.001 0.9
Day 28 0.03 �0.0006 0.1
Fold increase 0.3 0.7 0.04

O139 Day 0 1 0.2 0.2
Day 28 0.7 0.5 0.3
Fold increase 0.8 0.7 0.9

a Day 0, prevaccination; day 28, postvaccination.
b That is, the antibody titer to the strains listed in column 1.
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prevaccination titers among younger individuals for both Inaba
and Ogawa (both P values were �0.0006). The correlation
(Spearman’s � � 0.434) between the fold increase for Inaba
and Ogawa was statistically significant (P � 0.0006). The per-
centages of vaccinees who seroconverted (postvaccination fold
increase of �4) with respect to Inaba and Ogawa were, respec-
tively, 46.47 and 30.23. Seroconversion rates monotonically
and significantly (P � 0.0006) decreased with age for Inaba and
nearly so for Ogawa (P � 0.001) as well (Table 3). The sero-
conversion rate for Inaba was �2-fold in individuals younger
than 18 years of age (70%) compared to those older than 40
years (33%), and for Ogawa was the rate was more than 1.5-
fold (34% versus 22%).

Comparison to the characteristics in a population where
cholera is not endemic. We have compared our data from an
area where cholera is endemic to that of a study (9) with a very
small sample size conducted in the same area (Kolkata, India)
and a study (1) conducted in Son La province of Vietnam,

where cholera is not endemic. The study in Vietnam (1) was
restricted to adults in the age group of 18 to 40 years. Consid-
erable variation was observed in the frequency distributions of
prevaccination titers to Inaba (see Fig. S2 in the supplemental
material). Prevaccination titer to Inaba was generally lower
(but not statistically significant [P � 0.20]), and the postvacci-
nation titer was significantly (P � 0.05) higher (see Fig. S3 in
the supplemental material) in an area of nonendemicity (Viet-
nam) than in an area of endemicity (Kolkata). The rates of
seroconversion observed in these studies are presented in Fig.
2. The rates of seroconversion observed in the two studies
conducted in Kolkata were not statistically significant either
among vaccinees younger than 18 years (P � 0.432) or among
those who were 18 years or older (P � 0.378). However, the

FIG. 1. Frequency distributions in the fold increase of postvaccination to prevaccination titer levels to Inaba and Ogawa for different age groups
of the vaccinees.

TABLE 3. Seroconversion rates with respect to strains Inaba and
Ogawa by age group

Age group (yr)

No. of subjects examined
(% seroconverted)

Inaba Ogawa

�18 33 (70) 32 (34)
18–30 417 (55) 414 (36)
31–40 250 (44) 249 (28)
�40 277 (33) 271 (22)

Total 977 (46) 966 (30) FIG. 2. Percentages of vaccinees, by age group, who seroconverted
in three separate studies that used the same vaccine against cholera.
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percentage of seroconverted adult vaccinees (i.e., �18 years)
in Vietnam (90.2%) was significantly (P � 0.00001) higher
than in Kolkata (�50%). In other words, the rate of serocon-
version among adults was 1.8-fold higher in the area of non-
endemicity than in the area of endemicity.

Relationship of postvaccination titer with blood group. The
frequencies of A, B, AB, and O blood groups among the
vaccinees are presented in Table 4. There was no statistically
significant difference in the frequencies of the various blood
groups between the two religious groups (P � 0.822) or be-
tween genders within the two religious groups (P � 0.426 for
Muslim and P � 0.665 for Hindu). Therefore, the data on all
vaccinees were pooled. Overall, 27.7% of vaccinees were of O
blood group. Figure 3 presents the frequency distributions of
postvaccination fold increase in response to Inaba and Ogawa
by the blood group (O and non-O) of the vaccinees. The
frequency distributions of the fold increase were not signifi-
cantly different between O and non-O blood group vaccinees,

either for Inaba (P � 0.464) or for Ogawa (P � 0.311). The
postvaccination increase in geometric mean titer compared to
the baseline were also similar for O blood group and non-O
blood group vaccinees for both the Inaba and Ogawa strains
(Fig. 4).

DISCUSSION

The new two-dose whole-cell killed oral vaccine for cholera
exhibited large differences in immune response. Prevaccination
titers to the O1 serotypes Inaba and Ogawa were highly cor-
related, but postvaccination titers showed considerable differ-
ences. The fold increase in response to both of these serotypes
was greater if the vaccine was administered at a younger age.
The immunological response to O139 was minimal. Until 1992,

TABLE 4. Prevalence of O, A, B, and AB blood groups among
vaccinees by religious group and gender

Religion Gender
No. (%) of vaccinees of blood group:

Total
O A B AB

Muslim Male 72 (28) 60 (23) 99 (39) 25 (10) 256
Female 35 (23) 35 (23) 58 (39) 22 (15) 150
Total 107 (26) 95 (23) 157 (39) 47 (12) 406

Hindu Male 81 (29) 68 (24) 106 (38) 25 (9) 280
Female 87 (28) 72 (23) 110 (36) 37 (12) 306
Total 168 (29) 140 (24) 216 (37) 62 (10) 586

FIG. 3. Frequency distributions in the fold increase in response to the Inaba and Ogawa strains among individuals of the O and non-O blood
groups.

FIG. 4. Postvaccination increase in geometric mean titer compared
to prevaccination value for O blood group (solid line) and non-O blood
group (broken line) vaccinees for both Inaba and Ogawa.
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V. cholerae serogroup O1 was the only serogroup responsible
for large epidemics and pandemics of cholera. In 1992, a new
serotype—O139—emerged in southeast Asia that caused a
large cholera outbreak in India and neighboring countries.
Serotype O139 is no longer prevalent in India. Unlike O1,
O139 possesses a capsular polysaccharide that, in general, is a
T-independent antigen giving rise to poor immune response
and lacking immunological memory. This is the most likely
reason why we have observed low response to O139.

Large differences were found in response if the vaccinees
were drawn from an area of nonendemicity compared to vac-
cinees from an area of endemicity. The percentages of vaccin-
ees who seroconverted to Inaba in an area of nonendemicity
(Son La province of Vietnam) was �90% (1) compared to
�50% in the Kolkata, India (both in a study of 101 vaccinees
[9] and in the present study, with a sample size of 992), area of
endemicity. It is interesting that the significantly lower rate of
seroconversion among residents of Kolkata compared to Son
La was not due to higher prevaccination titer levels among the
Kolkata residents; in fact, there was no statistically significant
difference in the prevaccination titer levels of residents of these
two regions. It is also intriguing that differences in age distri-
bution of vaccinees also do not provide an adequate distribu-
tion of the observed differences in the rate of seroconversion
between the two regions. In the Son La study (1), all vaccinees
were older than 18 years of age, whereas in our (Kolkata) study
a small number of (33 of 977) of vaccinees were younger than
18 years of age. Among vaccinees in the age range from 18 to
40 years (which was the age range of vaccinees included in the
Son La study), the observed seroconversion rate in Son La was
90% compared to only ca. 51% observed in the present study
in Kolkata. It is possible that the observed differences in im-
munological response between the two regions may be due
largely to differences in ethnicity.

One of the genetic factors implicated in susceptibility to
cholera or in explaining variability in immune response to a
cholera vaccine is the ABO blood group system. Blood group
O individuals were found to be more susceptible (5). Interest-
ingly, in a prospective study of a cohort of household contacts
of patients with cholera in Bangladesh (6), it was found that
persons with blood group O were less likely than those with
other blood groups to become infected with V. cholera O1. A
trial of a cholera toxin B subunit-killed oral vaccine in Bang-
ladesh showed a lower protective efficacy in blood group O
individuals (3), but a live oral attenuated cholera vaccine, CVD
103-HgR, resulted in higher vibriocidal antibody responses in
blood group O individuals in Indonesia (8). We have found no
significant difference between O and non-O individuals either
in frequency distributions of the fold increase or in the post-
vaccination increase in geometric mean titer compared to
baseline values. The susceptibility of O blood group individuals
to cholera was postulated (5) to be the reason, via pressures of
natural selection, for the “extremely low prevalence of O blood
group genes . . . among people living in the Gangetic Delta,”
i.e., the area around Kolkata, including the states of West
Bengal (India) and Bangladesh. However, from an extensive
analysis of ABO blood group profiles of a large number of
ethnic groups of India, including 75 data sets from ethnic
groups of West Bengal, India, and Bangladesh (10), the fre-
quency of O blood group individuals varied between 15 and

64%, and the O allele was the major allele in most ethnic
groups, with frequencies exceeding 0.5. Thus, the observation
(5) that in the Gangetic Delta there is “extremely low preva-
lence” of O blood group genes was inaccurate. Even if blood
group O individuals are more susceptible to cholera (5) or
suffer from increased disease severity if infected (6), our results
also show that compared to individuals with non-O blood
group, the O blood group individuals do not elicit greater
vibriocidal antibody responses to a killed whole-cell cholera
vaccine in an area where cholera is endemic.

Although O blood group individuals were found to be more
susceptible to develop severe cholera, the biological basis for
this phenomenon is not clearly understood. It has been pre-
sumed that V. cholerae O1 may adhere better to intestinal
mucosa of persons of O blood group. If this hypothesis is
correct, then O blood group individuals may be expected to
show altered immunogenicity compared to non-O blood group
individuals, with implications for vaccination programs for
cholera especially in regions of the world where the prevalence
of both cholera and the O blood group is high. The present
study conducted in such a region failed to find any difference in
vibriocidal antibody response between O and non-O individu-
als, indicating that inactivated oral vaccines may not necessar-
ily provide less protection to O blood-group individuals, as was
found in a previous study (3). The reasons for conflicting find-
ings for the susceptibility to cholera and the antibody responses
to vaccines for cholera in relation to O blood group may, in
part, be due to other factors, such as helminth infection and
the use of antihelminth drugs. Indeed, it has been found (4)
that among vaccinees who were recipients of albendazole (an
antigeohelminth drug), postvaccination titers were significantly
greater in non-O blood group individuals than in those belong-
ing to the O blood group.
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