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Received 31 March 1997/Returned for modification 23 May 1997/Accepted 13 June 1997

Vibrio cholerae O139 has recently emerged as the second etiologic agent of cholera in Asia. A study was
carried out to evaluate the induction of specific immune responses to the organism in V. cholerae O139-infected
patients. The immune responses to V. cholerae O139 Bengal were studied in patients by measuring antibody-
secreting cells (ASC), as well as vibriocidal and antitoxic antibodies in the circulation. These responses were
compared with those in patients with V. cholerae O1 disease. Strong immunoglobulin A (IgA) and IgM ASC
responses were seen against the homologous lipopolysaccharide or serogroup of V. cholerae. The magnitude and
isotype of the responses were similar in O139- and O1-infected patients. Vibriocidal antibody responses were
seen against bacteria of the homologous but not heterologous serogroup, and these responses reflect the lack
of cross-protection between the infections caused by the two serogroups. The two groups of patients showed
comparable cholera toxin-specific ASC responses, with the IgG isotype dominating over the IgA isotype, as well
as comparable antitoxic immune responses in plasma. These results suggest that despite having a polysac-
charide capsule, V. cholerae O139 induces systemic and intestine-derived ASC responses in peripheral blood
comparable to those seen in patients with V. cholerae O1 disease.

Vibrio cholerae O139 Bengal is the second etiologic agent of
cholera, and the disease due to this organism has now become
endemic in the Indian subcontinent and the neighboring coun-
tries (1). Prior infection with V. cholerae O1, the traditional
causative agent of cholera, does not cross-protect against in-
fection with V. cholerae O139 (2, 4), since the lipopolysaccha-
ride (LPS) antigens of the two vibrios are different (13). In
addition, unlike V. cholerae O1, V. cholerae O139 possesses a
capsular polysaccharide (CPS) (16, 17, 37, 38). By analogy with
other capsulated V. cholerae strains, it is likely that the CPS can
potentially mask certain critical surface antigens, with a result-
ing decrease in the host immune response (26). Therefore, it
was of interest to compare the immune responses in patients
with cholera due to both vibrio serogroups. We did this by
comparing the whole-cell (WC) and LPS- and cholera toxin
(CT)-specific antibody-secreting cell (ASC) responses in V.
cholerae O139-infected patients with the corresponding re-
sponses in patients with V. cholerae O1 disease as a proxy
indicator of the mucosal immune response (22). In addition,
conventional serological markers of cholera, i.e., the vibrio-
cidal antibody and the CT-specific antibody responses, have
also been evaluated in both categories of patients (12, 14).

MATERIALS AND METHODS

Study group. Twenty-three patients with cholera caused by V. cholerae O139
and 28 patients with V. cholerae O1 El Tor (26 with V. cholerae O1 Ogawa and
2 with V. cholerae O1 Inaba) cholera were recruited for the study from November
1993 to April 1995. The degree of dehydration in the patients (mild to severe)
was assessed by a physician according to the Denver system (42). Twenty adult
males in the same age group (18 to 40 years, with a median age of 24.5 years) with
no history of diarrhea during the previous 6 months were also studied as controls.

Confirmation of bacterial strains. The stools of patients suffering from acute
watery diarrhea were screened by dark-field microscopy for the darting move-
ment of vibrios (5) and its inhibition by antibodies specific for V. cholerae O1 or
O139 (27). Stools were then plated on taurocholate-tellurite-gelatin agar (23)
and gelatin agar (Difco, Detroit, Mich.); after overnight incubation of plates,
serological confirmation of suspected vibrio colonies was carried out by slide
agglutination (27, 32). Stools were also cultured to detect other enteric patho-
gens, including enterotoxigenic Escherichia coli (35, 36) and Salmonella, Shigella,
and Campylobacter spp. (41) and, in addition, were tested by direct microscopy
for cyst and vegetative forms of parasites and ova of helminths. The stools of the
healthy controls were also screened for these pathogens.

Sample collection. After microbiological confirmation of cholera, venous
blood was collected from patients at the acute stage. This occurred on the second
day of hospitalization and was considered to be approximately 2 days after the
onset of diarrhea (day 2) for the purpose of this study. Blood was also collected
5, 9, and 20 days later, during convalescence (that is, 7, 11, and 22 days, respec-
tively, after the onset of the disease). Single blood samples were collected from
the controls.

MNC, plasma, and serum. Peripheral blood mononuclear cells (MNC) were
isolated from heparinized venous blood by gradient centrifugation on Ficoll-
Isopaque (Pharmacia, Uppsala, Sweden). Plasma collected from the top of the
Ficoll gradient and serum separated from another aliquot of blood were stored
in aliquots at 220°C.

Detection of ASC. The MNC were assayed for ASC, using a lower number of
cells (105 to 104) for total cells and a higher number of cells (106 to 105) for
specific cells, by a two-color micromodification of the ELISPOT (enzyme-linked
immunospot) technique (8), with samples collected on days 2, 7, and 11 postin-
fection. The ASC response was also studied in controls. Assays were carried out
in plates coated with WC, LPS, or purified recombinant B subunit of CT (CTB)
(34).

For ASC response to WC antigens, whole live cells of V. cholerae O1 El Tor
Ogawa (strain 25049), V. cholerae O1 El Tor Inaba (strain T-19479), or V.
cholerae O139 (strain 4260B) isolated from patients with cholera were used as
the solid-phase antigens. Bacteria from blood agar plates were grown in Tryp-
ticase soy broth (without glucose; Difco) at 37°C for 3 to 4 h with shaking (120
rpm). After centrifugation at 4°C for 20 min, bacteria were washed once in
phosphate-buffered saline (10 mM, pH 7.2) and adjusted to 1010 CFU per ml,
which was confirmed by colony counts. Wells of nitrocellulose-bottom 96-well
plates (Millititer HA; Millipore Corp., Bedford, Mass.) were coated with WC as
described previously (15). Plates were also coated with purified LPS (28, 40)
isolated from strains of V. cholerae O1 and O139 (used for coating as WC
antigens) by using similar procedures (15). Both the WC- and LPS-coated plates
prepared in this way were stored at 220°C and used for up to 4 weeks. For the
detection of a CT-specific ASC response, the GM1-CTB ELISPOT procedure
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(39) was used with purified recombinant CTB as the antigen (34). Before use, the
plates (coated with WC, LPS, and CTB) were washed with phosphate-buffered
saline three to four times, and remaining binding sites were blocked with Iscove’s
complete medium (Gibco, Gaithersburg, Md.) containing 5% (vol/vol) fetal calf
serum and 50 mg of gentamicin per ml for 30 min at room temperature. Sus-
pensions of 0.1 ml of MNC were added to wells (105 to 106 cells), and plates were
incubated at 37°C for 3 to 4 h in the presence of 5% CO2. Assays were carried
out for all three isotypes, immunoglobulin A (IgA), IgM, and IgG, as described
previously (39). A positive response was defined as greater than 3 standard
deviations (SD) above the geometric mean (GM) of the ASC of the controls for
that antigen and antibody class. Total numbers of IgA-, IgG-, and IgM-secreting
cells were similarly detected in wells previously coated with affinity-purified goat
antibodies to the F(ab9)2 fragment of IgG, which recognizes all three isotypes
(Jackson Immunoresearch Laboratories Inc., West Grove, Pa.).

Detection of plasma antibodies. Plasma samples from patients were tested for
CT-specific antibodies of the IgA and IgG isotypes (33), and endpoint titers were
determined by ELISA (29). A twofold or greater increase in titer between the
acute- and convalescent-phase samples on day 7, 11, or 22 was used to signify
seroconversion and a positive response.

Vibriocidal antibodies. Serum samples collected at early (day 2) and conva-
lescent (day 7 and 11) phases of cholera infection were tested for vibriocidal
antibody response, using V. cholerae O1 El Tor Ogawa (strain 25049) (14) or V.
cholerae O139 (strain 4260B) (17) as the target organism in procedures opti-
mized previously (15, 30). A fourfold or greater increase in titer between the
early- and convalescent-phase samples on day 7 or 11 was used to signify sero-
conversion. A reference pooled serum specimen from O1- and O139-infected
patients (30) was included in each test to control for variation between analyses
on different occasions.

Analyses. The Wilcoxon signed rank test and the Mann-Whitney U test were
used where applicable for statistical analysis. A P value of ,0.05 was the criterion
for a significant difference. Analyses were carried out with the statistical software
SigmaStat (Jandel Scientific, San Rafael, Calif.). The GM and standard errors
(SE) of the mean values were calculated for all samples. A comparison of the
number of positive antibody responses in vibriocidal assay with LPS-specific IgA
ASC response was made by using four-field table analyses. The sensitivity and
predictive accuracy for antibody measurements using the ASC responses were
determined by using the vibriocidal antibody response as a reference since it has
previously been used as a reasonably accurate indirect measure of the intestinal
immune response in O1 cholera (14). A similar comparison was made between
the CT-specific IgG ASC and the antitoxic IgG response in plasma.

RESULTS

Clinical history of the study groups. The patients with V.
cholerae O139 disease were 21 to 45 (median, 30) years of age
who had severe (61% cases) and moderate (39% cases) dehy-
dration with a history of 4 to 15 (median, 8) h of watery
diarrhea prior to hospitalization. The patients with O1 cholera
were 18 to 42 (median, 25) years of age who had severe (82%
cases) or moderate (18% cases) dehydration with a history of
4 to 14 (median, 9) h of diarrhea before hospitalization. The
two groups of patients were similar in all respects except that
V. cholerae O139 patients had a higher median age (P 5 0.006).

Examination of stools from patients showed that Campy-
lobacter jejuni was isolated from one O1 cholera patient. Stool
microscopy revealed the presence of a few ova of Ascaris lum-
bricoides in one patient with O1 and three patients with O139
cholera. No bacterial pathogens were isolated from stools of
the healthy controls. However, A. lumbricoides was detected in
two individuals, and hookworm was observed in one.

Specific ASC responses in healthy controls. In 16 of 20
apparently healthy controls, the ASC response to the LPS of V.
cholerae O1 or O139 was absent or poor (range of GM from 1.1
to 1.8 in the three isotypes). Four controls exhibited ASC
responses to the O1 Ogawa, Inaba, and O139 LPS antigens
(maximum response in a control, about 30 ASC/106 MNC).
The responses in the control group, however, did not differ
significantly from the responses seen at the acute stage in V.
cholerae O1- or O139-infected patients (P 5 not significant
[NS] for all comparisons). A response in patients was consid-
ered positive when it exceeded .3 SD of the GM of the ASC
response of the controls for each antigen and isotype.

ASC responses to WC antigens. All V. cholerae O139 pa-
tients showed a response to O139 WC antigen which peaked
on day 7. On average, a greater than 60-fold increase in ASC
numbers specific for O139 WC antigen (Table 1) was seen by
day 7 of the onset of the disease in both IgA and IgM isotypes
(P , 0.0001), but only a 7-fold increase (P , 0.001) was seen
in the IgG isotype. The response decreased significantly in all
isotypes by day 11. A response to heterologous Inaba or Ogawa
WC antigen was seen mainly in the IgA isotype and was ob-
served in 34 to 48% of the patients; these increases, though
very modest, were significant (P 5 0.006).

The response to the homologous and heterologous WC bac-
teria was also studied in 18 patients with V. cholerae O1 infec-
tion (Table 2). V. cholerae O1 patients showed a peak ASC
response to Ogawa WC antigens around 7 days after the onset
of cholera which declined by day 11 (P , 0.001 for all three
isotypes). Numbers of Ogawa-specific IgA ASC increased on
average 52-fold (P , 0.001), and 83% of the patients showed
a response. Corresponding increases in the IgM and IgG iso-
types were 24- and 12-fold, respectively, and significant differ-
ences were observed only in the peak ASC response between
the IgA ASC and IgG ASC responses (P 5 0.0001). The
patients also responded to Inaba WC antigen, with peak ASC
increases by day 7 after the onset of disease in the IgA (52-
fold), IgM (22-fold; P , 0.0021), and IgG (14-fold; P , 0.005)
isotypes. Responses to both the O1 Ogawa and Inaba WC
antigens decreased significantly by day 11 (P , 0.05 for the
different isotypes). The magnitudes of the ASC responses
against the Ogawa and Inaba WC antigens were comparable.

Some V. cholerae O1-infected patients also showed a re-
sponse to WC antigens of V. cholerae O139 in the different
isotypes at the acute stage and at convalescence (Table 2).
These responses were modest and not statistically significant.

LPS-specific ASC responses. The V. cholerae O139-infected
patients showed a strong response to the homologous LPS
(Table 1). All patients showed a response in the IgA isotype,
and 83% showed a response in the IgM isotype. A 94-fold-
higher IgA ASC response was observed by day 7 of the onset
of the disease; this response decreased later. The IgM response
also was high. An increase in the LPS-specific IgG response
was observed (P , 0.0001). The V. cholerae O139-infected
patients showed a weak response to the heterologous Ogawa
or Inaba LPS antigen which was not statistically significant for
any isotype.

V. cholerae O1-infected patients showed strong Ogawa LPS-
specific IgA and IgM ASC responses and a moderate response
in the IgG isotype (Table 2). About 93% of these patients
showed an IgA ASC response to the homologous LPS antigen.
Two patients also showed a weak response to the O139 LPS
antigen mainly in the IgA isotype. An Inaba LPS-specific ASC
response was also seen in all three isotypes, with an increase in
the IgA response and the IgM response dominating over IgG
response. The magnitude and isotype distribution of the ASC
response to the homologous or heterologous LPS in V. chol-
erae O139- or V. cholerae O1-infected patients mirrored the
response to the WC antigen (P 5 NS for all comparisons).

CT-specific ASC responses. All V. cholerae O139-infected
patients showed CT-specific responses peaking on day 7 in the
IgG isotype (P , 0.0001), followed by a response in the IgA
isotype (P , 0.0001). The response in the IgM isotype was
poor (P 5 NS) (Table 1). V. cholerae O1 patients showed a
comparable CT-specific response (Table 2). No differences
were observed with respect to the magnitude of the antitoxin
ASC responses between O1- and O139-infected patients.

Total ASC response. In V. cholerae O139-infected patients,
the total numbers of IgA ASC increased by day 7 of the onset
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of cholera (P 5 0.01) and decreased to the acute levels by day
11 (P 5 NS) (GM on days 2, 7, and 11 5 1,413, 2,754, and 1,862
ASC/106 MNC) and to the levels seen in healthy controls
(GM 5 1,820 ASC/106 MNC). In V. cholerae O1-infected pa-
tients, the total IgA ASC numbers were already elevated in the
acute stage, and further elevation at day 7 was modest (P 5
NS) (GM on days 2 and 7 5 2,194 and 2,637 ASC/106 MNC)
and then decreased by day 11 (1,950 ASC/106 MNC to control
levels). In both groups of patients, total numbers of IgG ASC
on day 7 (GM on day 7 for O139- and O1-infected patients 5
2,235 and 1,445 ASC/106 MNC) were significantly higher than
those on day 2 (GM for O139- and O1-infected patients 5 777
and 1,185 ASC/106 MNC; P , 0.002) or day 11 (GM for O139-
and O1-infected patients 5 1,380 and 1,230 ASC/106 MNC;
P , 0.04) and higher than the values for healthy controls
(GM 5 1,318 ASC/106 MNC). The levels of total IgM ASC
remained unchanged (GM ranging from 263 to over 660 ASC/
106 MNC for O1- or O139-infected patients) and were not
significantly different from those in controls (GM 5 490 ASC/
106 MNC; P 5 NS in all cases).

CT-specific antibody response in plasma. The majority of
V. cholerae O139-infected patients seroconverted, with CT-
specific IgA and IgG antibodies in plasma by day 22 of conva-
lescence (Fig. 1). On average, an eightfold increase in titer in
the IgA isotypes was observed by day 7 (P , 0.0001); this level
declined by day 22 (P 5 0.0018). The CT-specific IgG plasma
response was greater than that seen in the IgA isotype at all
time points (P 5 0.0001).

As expected, the majority of the V. cholerae O1-infected
patients showed highly significant increases in toxin-specific
antibodies in the IgG and IgA isotypes (P , 0.0001 for re-
sponses in both IgA and IgG isotypes) (Fig. 1). Again the
plasma IgG response was significantly higher than the IgA
response at all stages of the infection (P , 0.0001). The max-
imal antibody titer increase was 12-fold for IgA on day 11 and
9-fold for IgG on day 22 (P 5 0.0001 for both isotypes).

Among 23 O139-infected patients showing a CT-specific IgG
ASC response, 17 responded with the plasma antibody on day
7, whereas by day 22 all patients that could be studied showed
seroconversion. The ASC response on day 7 thus showed a
sensitivity and an accuracy of 100% compared with the IgG
response in plasma at late convalescence. In O1 cholera, of the
27 of 28 patients responding with ASC on day 7, 26 responded
with IgG antibodies. The ASC response thus showed a sensi-
tivity and accuracy of 96% for comparisons with the plasma
IgG response.

Vibriocidal antibody responses. As shown in Table 3, both
the V. cholerae O139- and V. cholerae O1-infected patients
responded with vibriocidal antibodies to the homologous se-
rogroup of bacteria at the convalescent stage of illness. The
response to the homologous organism was higher in V. cholerae
O1-infected than in V. cholerae O139-infected patients (P ,
0.0001). both groups of patients did not respond to the heter-
ologous serogroup O1 or O139.

When the vibriocidal antibody response in O139-infected
patients measured on day 7 was compared with the LPS-spe-
cific IgA ASC response on day 7, the ASC response showed a
sensitivity of 100% and a predictive accuracy of 91%. When we
compared the ASC response on day 7 with the vibriocidal
response on day 11, both the sensitivity and predictive accuracy
were 100%. In O1 patients, a sensitivity of 93% and predictive
accuracy of 100% were found for the ASC response when
comparisons were made with vibriocidal responses measured
on day 7 or 11.
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DISCUSSION

Cholera patients responded with antigen-specific ASC re-
sponses which increased sharply at around day 7 of the onset of
the disease and decreased by day 11. This transient increase in
specific ASCs is typical of a mucosal response and similar to
observations made previously in patients with diarrhea (19, 29,
33) or vaccinees orally immunized against enteric diseases (18,
20, 21). Thus, both the O139- and O1-infected patients exhib-
ited strong antibacterial B-cell responses in the IgA and IgM
isotypes after natural disease, which are indicative of a mucosal
immune response (9, 10). As expected, the response to the
bacterial antigen was mainly against the serogroup of the in-
fecting strain. Weak ASC responses to the heterologous anti-
gen were seen mainly in the IgA isotype in some O1- and
O139-infected patients. In the O139-infected patients, this may
be due to an anamnestic response, as these patients may have
been exposed previously to the O1 antigens. However, some
O1-infected patients as well as controls showed a response to
the new O139 antigen. It is possible that these individuals had
been recently exposed to this pathogen or to bacteria which
cross-react with V. cholerae O139. For example, V. cholerae
serogroups O22 and O155 and Aeromonas trota share antigens
with V. cholerae O139 (3). Otherwise, this could be explained
by nonspecific polyclonal B-cell activation, which has previ-
ously been documented in patients with diarrhea and in
healthy controls in other studies (19, 33).

We have compared the pathogen-specific ASC response,
which can be considered a proxy measure of the mucosal im-
mune response in the gut (9, 10), with the vibriocidal antibody
response, which in previous studies has been used as an indi-
rect indicator of the intestinal immune response (14). This
comparison showed the LPS-specific IgA ASC assay to have a
sensitivity of 93 to 100% compared to the vibriocidal response.
This finding suggests that as with the vibriocidal antibody re-

FIG. 1. IgG and IgA antitoxin responses in plasma of patients with cholera
due to V. cholerae O1 and V. cholerae O139. GM titers and SE are shown for day
2 (d2), day 7 (d7), day 11 (d11), and day 22 (d22) after onset of cholera. n,
number of patients studied; PR, number of patients showing a positive antibody
response to CT.
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sponse, the LPS-specific IgA ASC response can also be used as
an indirect marker of the mucosal immune response in cholera.
The antigen-specific ASC response, although sensitive and use-
ful as a proxy indicator of the mucosal immune response of the
gut, must be interpreted with caution since weak responses to
the heterologous antigen in cholera-endemic regions are also
seen.

In this study, both the O1- and O139-infected patients
mounted a stronger CT-specific IgG ASC response than IgA
ASC response, unlike the immunologically naive Swedish vol-
unteers, who had a stronger IgA ASC response than IgG ASC
response when orally immunized with vaccines containing CTB
(31, 39). In patients with diarrhea, IgG ASC may simply reflect
the induction of a memory response and/or leakage of antigens
to the systemic compartment due to an inflamed gut, which can
generate specific ASC of systemic origin (18, 20, 33). The
antitoxic IgG antibody response in serum has previously been
shown to be a good correlate of the gut mucosal immune
response to CT in cholera (14). Our data indicate that mea-
suring the CT-specific antibody response in plasma corre-
sponds well with the CT-specific ASC response in the periph-
eral blood. Thus, for cholera diagnosis and for vaccine
evaluation based on antitoxin immunity, determinations of tox-
in-specific ASC responses will be useful.

As expected, the kinetics of the antibody responses in
plasma were different from those of the specific ASC re-
sponses. This is to be expected since the plasma antibody
responses induced by natural cholera infection are believed to
be in part a systemic immune response and in part a spillover
from the intestine into the circulation (10). Systemic antibodies
in cholera (14, 29) or other enteric infections (25, 33) persist
longer, whereas specific ASC make only a transient appear-
ance. The circulating ASC mainly represent gut-derived B-cell
blasts en route to the gut mucosa.

Since V. cholerae O139 possesses a polysaccharide capsule
(16, 37, 38), it had initially been speculated that it may shield
critical surface antigens, resulting in a decrease of certain im-
munological responses in the host (11, 16, 24). However, it is
apparent that V. cholerae O139-infected patients show WC-
and LPS-specific ASC responses comparable to those seen in
V. cholerae O1 patients. This may be due to the fact that the
CPS and LPS are antigenically related; CPS is a polymer of the
side chain of the LPS (7). In a study of the immune response
of North American volunteers after challenge with V. cholerae
O139, responses to LPS, CPS, and CT were demonstrated (24).
However, a vibriocidal antibody response was not seen in this
study. In other studies carried out in North America and Swe-
den with live (6) or killed O139 candidate vaccines (15), vol-
unteers responded with vibriocidal antibodies. In an earlier
study (30) carried out by us, we optimized conditions under
which these antibodies can be detected in O139 patients by
using a modification of the vibriocidal test for V. cholerae O1

(14). All of these studies show that by a suitable modification
of the vibriocidal assay that is used for V. cholerae O1, includ-
ing the selection of an appropriate V. cholerae O139 strain, a
vibriocidal antibody response to V. cholerae O139 infection can
be detected.

This is the first study in a region where cholera is endemic in
which immune responses of patients suffering from O1 or
O139 cholera to both the homologous and heterologous caus-
ative agents of cholera were examined. The immunological
assays carried out were also more comprehensive than in pre-
vious studies. We measured ASC responses to WC, LPS, and
CT in all isotypes of immunoglobulins, plasma antibody to CT,
and the vibriocidal antibody. Even though we have not mea-
sured the immune response to the CPS, since it is a polymer-
ized form of the side chain of the LPS (7), it is likely that
CPS-specific ASC and antibodies will be detected in O139
patients as was observed in North American volunteers chal-
lenged with V. cholerae O139 (24). The data presented here
can be used to assess immunity after natural disease or after
vaccination.

ACKNOWLEDGMENTS

This research was supported by the Swedish Agency for Research
Cooperation with Developing Countries (grant INT-ICDDR,B-HN-
01-AV), the Swedish Medical Research Council, the European Union
(grant DG12 HSMU), and the International Centre for Diarrhoeal
Disease Research, Bangladesh (ICDDR,B). The ICDDR,B is sup-
ported by countries and agencies which share its concern for the health
problems of developing countries. Current donors include the aid
agencies of the governments of Australia, Bangladesh, Belgium, Can-
ada, Japan, The Netherlands, Norway, Saudi Arabia, Sri Lanka, Swe-
den, Switzerland, United Kingdom, and United States; international
organizations including the Arab Gulf Fund, Asian Development
Bank, European Union, United Nations Children’s Fund, United Na-
tions Development Programme, and World Health Organization; pri-
vate foundations including the Aga Khan Foundation, Child Health
Foundation, Ford Foundation, Population Council, Rockefeller Foun-
dation, Thrasher Foundation and George Mason Foundation; and
private organizations including East-West Inc., Helen Keller Interna-
tional, International Atomic Energy Centre, Lederle Praxis, New En-
gland Medical Center, Procter & Gamble, RAND Corporation, SAN-
DOZ, Social Development Center of Philippines, Swiss Red Cross,
Johns Hopkins University, University of Alabama at Birmingham,
UCB Sidac, Wander A. G., and others.

We thank Manzurul Haque for secretarial assistance.

REFERENCES

1. Albert, M. J. 1996. Epidemiology and molecular biology of V. cholerae O139
Bengal. Indian J. Med. Res. 104:14–27.

2. Albert, M. J., K. Alam, M. Ansaruzzaman, F. Qadri, and R. B. Sack. 1994.
Lack of cross-protection against diarrhea due to Vibrio cholerae O139 syn-
onym Bengal after oral immunization of rabbits with V. cholerae O1 vaccine
strain, CVD103-HgR. J. Infect. Dis. 169:230–231.

3. Albert, M. J., M. Ansaruzzaman, T. Shimada, A. Rahman, N. A. Bhuiyan, S.
Nahar, F. Qadri, and M. S. Islam. 1995. Characterization of Aeromonas trota

TABLE 3. Vibriocidal antibody titers in patient sera collected after onset of diseasea

Patient group

GM (61 SE) vibriocidal antibody titer (range) to:

V. cholerae O139 V. cholerae O1

Day 2 Day 7 Day 11 Day 2 Day 7 Day 11

V. cholerae O139 infected 11.5 (9.4–14.0) 209.0 (139–315) 437.0 (312–611) 83.0 (63–110) 76.0 (57–102) 76.0 (54–107)
n 23 23 18 23 23 18

V. cholerae O1 infected 6.0 (5.0–6.4) 6.0 (5–7) 6.0 (5.0–6.4) 66.0 (47–99) 1,748.0 (1,171–2,610) 2,630.0 (1,832–3,775)
n 28 28 22 28 28 22

a See the footnotes to Table 1.

VOL. 65, 1997 IMMUNE RESPONSES TO INFECTION WITH V. CHOLERAE O139 AND O1 3575



strains that cross-react with Vibrio cholerae O139 Bengal. J. Clin. Microbiol.
33:3119–3123.

4. Albert, M. J., A. K. Siddique, M. S. Islam, A. S. G. Faruque, M. Ansaruz-
zaman, S. M. Faruque, and R. B. Sack. 1993. Large outbreak of clinical
cholera due to Vibrio cholerae non-O1 in Bangladesh. Lancet 341:704.

5. Benenson, A. S., M. R. Islam, and W. B. Greenough III. 1964. Rapid iden-
tification of Vibrio cholerae by dark field microscopy. Bull. W.H.O. 30:827–
831.

6. Coster, T. S., K. P. Killeen, M. K. Waldor, D. T. Beattie, D. R. Spriggs, J. R.
Kener, A. Trofa, J. C. Sadoff, J. J. Mekalanos, and D. N. Taylor. 1995. Safety,
immunogenicity, and efficacy of live attenuated Vibrio cholerae O139 vaccine
prototype. Lancet 345:949–952.

7. Cox, A. D., and M. B. Perry. 1996. Structural analysis of the O-antigen core
region of the lipopolysaccharide from Vibrio cholerae O139. Carbohydr. Res.
290:59–65.

8. Czerkinsky, C., Z. Moldoveanu, J. Mestecky, L. A. Nilsson, and O. Ouchter-
lony. 1988. A novel two colour ELISPOT assay. I. Simultaneous detection of
distinct types of antibody-secreting cells. J. Immunol. Methods 115:31–37.

9. Czerkinsky, C., S. J. Prince, S. M. Michalek, S. Jackson, M. W. Russell, Z.
Moldoveanu, J. R. McGhee, and J. Mestecky. 1987. IgA antibody-producing
cells in peripheral blood after antigen ingestion: evidence for a common
mucosal immune system in humans. Proc. Natl. Acad. Sci. USA 84:2449–
2453.

10. Czerkinsky, C., A.-M. Svennerholm, and J. Holmgren. 1993. Induction and
assessment of immunity and enteromucosal surfaces in humans: implications
for vaccine development. Clin. Infect. Dis. 16:S106–S116.

11. Favre, D., S. J. Cryz, Jr., and J.-R. Viret. 1996. Construction and character-
ization of potential live oral carrier-based vaccine against Vibrio cholerae
O139. Infect. Immun. 64:3565–3570.

12. Glass, R. I., A.-M. Svennerholm, M. K. Khan, S. Huda, M. I. Huq, and J.
Holmgren. 1985. Seroepidemiological studies of El Tor cholera in Bang-
ladesh: association of serum antibody levels with protection. J. Infect. Dis.
151:236–242.

13. Hisatsune, K., R. S. Kondo, Y. Isshiki, T. Iguchi, Y. Kawamata, and T.
Shimada. 1993. O-antigenic lipopolysaccharide of Vibrio cholerae O139 Ben-
gal, a new epidemic strain for recent cholera in the Indian subcontinent.
Biochem. Biophys. Res. Commun. 196:1309–1315.

14. Jertborn, M., A.-M. Svennerholm, and J. Holmgren. 1986. Saliva, breast
milk, and serum antibody responses as indirect measures of intestinal im-
munity after oral cholera vaccination or natural disease. J. Clin. Microbiol.
24:203–209.

15. Jertborn, M., A.-M. Svennerholm, and J. Holmgren. 1996. Intestinal and
systemic immune responses in humans after oral immunization with a biva-
lent B subunit2-O1/O139 whole cell cholera vaccine. Vaccine 14:1459–1465.

16. Johnson, J. A., C. A. Salles, P. Panigrahi, M. J. Albert, A. C. Wright, R. J.
Johnson, and J. G. Morris, Jr. 1994. Vibrio cholerae O139 synonym Bengal
is closely related to Vibrio cholerae O139 El Tor but has important differ-
ences. Infect. Immun. 62:2108–2110.

17. Jonson, G., J. Osek, A.-M. Svennerholm, and J. Holmgren. 1996. Immune
mechanisms and protective antigens of Vibrio cholerae serogroup O139 as a
basis for vaccine development. Infect. Immun. 64:3778–3785.

18. Kantele, A., H. Arvilommi, and I. Jokinen. 1986. Specific immunoglobulin-
secreting human blood cells after peroral vaccination against Salmonella
typhi. J. Infect. Dis. 153:1126–1131.

19. Kantele, A. M., T. Takanen, and A. Arvilommi. 1988. Immune response to
acute diarrhea seen as circulating antibody secreting cells. J. Infect. Dis.
158:1011–1016.

20. Li, A., A. Karnell, P. T. Huan, P. C. Cam, N. B. Minh, L. N. Tram, N. P. Quy,
D. D. Trach, K. Karlsson, G. Lindberg, and A. A. Lindberg. 1993. Safety and
immunogenicity of the live oral auxotrophic Shigella flexneri SFL 124 in adult
Vietnamese volunteers. Vaccine 11:180–189.

21. Losonsky, G. A., C. O. Tacket, S. S. Wasserman, J. B. Kaper, and M. M.
Levine. 1993. Secondary Vibrio cholerae specific cellular antibody responses
following wild-type homologous challenge in people vaccinated with CVD
103-HgR live oral cholera vaccine: changes with time and lack of correlation
with protection. Infect. Immun. 61:729–33.

22. McDermott, M. R., and J. Bienestock. 1979. Evidence for a common mucosal
immune system. I. Migration of B immunoblasts into intestinal, respiratory,
and genital tissues. J. Immunol. 122:1892–1892.

23. Monsur, K. A. 1961. A highly selective gelatin-taurocholate tellurite medium

for the isolation of Vibrio cholerae. Trans. R. Soc. Trop. Med. Hyg. 55:440–
442.

24. Morris, J. G., Jr., G. E. Losonsky, J. A. Johnson, C. O. Tacket, J. P. Nataro,
P. Panigrahi, and M. M. Levine. 1995. Clinical and immunologic character-
istics of Vibrio cholerae O139 Bengal infection in North American volunteers.
J. Infect. Dis. 171:903–908.

25. Orr, N., G. Robin, G. Lowell, and D. Cohen. 1992. Presence of specific
immunoglobulin A-secreting cells in peripheral blood after natural infection
with Shigella sonnei. J. Clin. Microbiol. 30:2165–2168.

26. Panigrahi, P., S. Srinivas, and J. G. Morris, Jr. 1992. In vivo modulation of
non-O1 Vibrio cholerae virulence, abstr. 616, p. 213. In Program and abstracts
of the 32nd Interscience Conference on Antimicrobial Agents and Chemo-
therapy. American Society for Microbiology, Washington, D.C.

27. Qadri, F., T. Azim, A. Chowdhury, J. Hossain, R. B. Sack, and M. J. Albert.
1994. Production, characterization and application of monoclonal antibodies
to Vibrio cholerae O139 synonym Bengal. Clin. Diagn. Lab. Immunol. 1:51–
54.

28. Qadri, F., S. Haq, S. A. Hossain, I. Ciznar, and S. Tzipori. 1991. The
association of haemagglutination and adhesion with lipopolysaccharide of
Shigella dysenteriae serotype 1. J. Med. Microbiol. 34:259–264.

29. Qadri, F., G. Jonson, Y. A. Begum, C. Wenneras, M. J. Albert, M. A. Salam,
and A.-M. Svennerholm. 1997. Immune response to the mannose-sensitive
hemagglutinin in patients with cholera due to Vibrio cholerae O1 and O139.
Clin. Diagn. Lab. Immunol. 4:429–434.

30. Qadri, F., G. Mohi, J. Hossain, T. Azim, A. M. Khan, M. A. Salam, R. B.
Sack, M. J. Albert, and A.-M. Svennerholm. 1995. Comparison of the vibrio-
cidal antibody response in cholera due to Vibrio cholerae O139 Bengal with
the response in cholera due to Vibrio cholerae O1. Clin. Diagn. Lab. Immu-
nol. 2:685–688.

31. Quiding, M., I. Nordstrom, A. Kilanda, G. Andersson, L. A. Hanson, J.
Holmgren, and C. Czerkinsky. 1991. Intestinal immune response in humans.
J. Clin. Invest. 88:143–148.

32. Rahman, M., D. A. Sack, S. Mahmood, and A. Hossain. 1987. Rapid diag-
nosis of cholera by coagglutination test using 4-h fecal enrichment cultures.
J. Clin. Microbiol. 25:2204–2206.

33. Raqib, R., S. Tzipori, M. Islam, and A. A. Lindberg. 1993. Immune response
to Shigella dysenteriae 1 and Shigella flexneri lipopolysaccharide and polysac-
charide antigens in Bangladeshi patients with shigellosis. Serodiagn. Immu-
nother. Infect. Dis. 1:37–45.

34. Sanchez, J., and J. Holmgren. 1989. Recombinant system for over-expres-
sion of cholera toxin B subunit in Vibrio cholerae as a basis for vaccine
development. Proc. Natl. Acad. Sci. USA 86:481–485.

35. Svennerholm, A.-M., J. Holmgren, R. Black, M. Levine, and M. Merson.
1983. Serologic differentiation between antitoxic response to infection with
Vibrio cholerae and enterotoxin-producing Escherichia coli. J. Infect. Dis.
147:514–521.

36. Svennerholm, A.-M., M. Wikström, M. Lindblad, and J. Holmgren. 1986.
Monoclonal antibodies against Escherichia coli heat-stable toxin (ST) and
their use in a diagnostic ST ganglioside GM1-enzyme-linked immunological
assay. J. Clin. Microbiol. 24:585–590.

37. Waldor, M. K., R. Colwell, and J. J. Mekalanos. 1994. The Vibrio cholerae
O139 serogroup antigen includes capsular and lipopolysaccharide virulence
determinants. Proc. Natl. Acad. Sci. USA 91:11388–11392.

38. Weintraub, A., G. Widmalm, P.-E. Jansson, M. Hansson, K. Hultenby, and
M. J. Albert. 1994. Vibrio cholerae O139 Bengal possesses a capsular poly-
saccharide which may confer increased virulence. Microb. Pathog. 16:235–
241.

39. Wenneras, C., A.-M. Svennerholm, A.-C. Ahren, and C. Czerkinsky. 1992.
Antibody-secreting cells in human peripheral blood after oral immunization
with an inactivated enterotoxigenic Escherichia coli vaccine. Infect. Immun.
60:2605–2611.

40. Westphal, O., and K. Jann. 1965. Bacterial lipopolysaccharides: extraction
with phenol-water and further application of the procedure. Methods Car-
bohydr. Chem. 5:83–91.

41. World Health Organization. 1987. Programme for control of diarrhoeal
diseases, p. 9–20. In Manual for laboratory investigations of acute enteric
infections. CDD/83.3, revision 1. World Health Organization, Geneva, Swit-
zerland.

42. World Health Organization. 1990. Manual for the treatment of diarrhoea:
for use by physicians and other senior healthworkers. WHO/CDD/SER/80-2,
revision 2. World Health Organization, Geneva, Switzerland.

Editor: P. E. Orndorff

3576 QADRI ET AL. INFECT. IMMUN.


