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Vibrio cholerae O139 emerged in 1992 as a major cause of epidemic cholera. However, the incidence of disease
due to this new serogroup subsequently decreased for almost a decade. In April 2002, there was a dramatic
resurgence of V. cholerae O139 in Bangladesh. We compared the phenotypic properties of the bacterial isolates
and the immunological responses in patients with disease due to V. cholerae O139 during the 2002 epidemic
with those dating to the emergence of this disease in 1993 to 1995. Strains isolated from patients in the two time
periods were compared with respect to capsular polysaccharide, their resistance to the bactericidal effect of
serum, and their capacity to be used as target strains in complement-mediated vibriocidal assays. Phase-
contrast microscopy showed that strains isolated in 2002 had less capsular material than those isolated from
1993 to 1995 (P � <0.001), a finding confirmed by electron microscopic studies. Strains isolated in 2002 were
more susceptible to the bactericidal activity of serum compared to strains from 1993 to 1995 (P � 0.013).
Compared to results using a standard O139 strain, a modified vibriocidal assay utilizing a 2002 strain, CIRS
134, as the target organism detected higher vibriocidal responses in both O139-infected cholera patients as well
as O139 vaccine recipients. The vibriocidal assay utilizing the less encapsulated 2002 strain, CIRS 134, is a
more sensitive indicator of adaptive immune responses to recent infection with V. cholerae O139. Consequently,
this assay may be useful in studies of both O139-infected patients and recipients of O139 vaccines.

Vibrio cholerae is a gram-negative bacillus that causes severe,
dehydrating diarrhea in humans (20). V. cholerae is part of the
free-living bacterial flora of estuarine environments. In areas
where cholera is endemic, cholera exhibits a distinctive sea-
sonal pattern, often coinciding with changes in temperature
and water level (25, 34). In addition to its environmental
growth, V. cholerae is unique among the diarrheal pathogens
because of its ability to cause global pandemics. Since 1817,
there have been seven pandemics during which disease has
spread across Asia, Europe, and Africa and to the Western
Hemisphere.

A large component of the ability of V. cholerae to cause
pandemic disease may be the continued differentiation and
evolution of the organism. Strains of V. cholerae can be differ-
entiated serologically by the O side chain of the lipopolysac-
charide (LPS) component of the outer membrane. The vast
majority of strains that produce epidemic cholera belong to
serogroup O1 or O139. V. cholerae O1 is divided into two
biotypes, classical and El Tor, which differ clinically and bio-
chemically. V. cholerae O1 biotype El Tor is responsible for the
current seventh pandemic of cholera; the last classical strain
was isolated at the International Centre for Diarrhoeal Dis-

ease Research in Bangladesh (ICDDR,B) in 1991. In 1992, a
previously unrecognized serogroup of V. cholerae emerged as a
cause of cholera in South and Southeast Asia, V. cholerae O139
(3, 33). This new serogroup is nearly identical to the El Tor
biotype of V. cholerae O1, except for the substitution of genes
encoding the O139 LPS and acquisition of the ability to pro-
duce a capsule (6–9, 38). After a period in which V. cholerae
O139 caused extensive cholera in Southeast Asia, El Tor V.
cholerae O1 returned and now predominates over a smaller
number of continuing cases of V. cholerae O139.

V. cholerae O139 induces strong mucosal and systemic anti-
body responses in patients with dehydrating illness (16, 18, 28,
31, 32). However, the presence of the capsular polysaccharide
in V. cholerae O139 makes O139 strains more difficult to use in
conventional vibriocidal antibody assays, which is the only cur-
rently recognized marker of protective immunity to V. cholerae
O1 infection (16). We have previously shown that O139 infec-
tion gives rise to significant vibriocidal antibody responses (31);
however, these responses could only be determined using cap-
sule-deficient variants of O139 strains and under somewhat
different conditions than those used for V. cholerae O1 (31).
The immune responses observed in individuals immunized
with live oral or killed O139 vaccines are also different from
those seen following O1 immunization with regard to magni-
tude and kinetics of vibriocidal immune responses. In 2002, an
epidemic of V. cholerae O139 infection in Bangladesh (11)
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prompted us to more closely analyze the microbiologic prop-
erties and immunologic responses to V. cholerae O139 infec-
tion, especially since they were similar to what was observed
when O139 first emerged over a decade ago.

(This work was presented in part at the 12th Annual Meet-
ing of the International Centers for Tropical Disease Research
Network, Bethesda, MD, May 2003.)

MATERIALS AND METHODS

Study subjects. Twenty-eight adult patients (14 males and 14 females), aged
between 22 to 35 years, with cholera caused by V. cholerae O139 were recruited
for the study from March to May 2002 at the ICDDR,B. For comparison, sera
and strains collected from 33 patients with V. cholerae O139 infection from
November 1993 to May 1995 (31, 32) were also analyzed. Twenty adult individ-
uals (14 males and 6 females) in the same age group as the patients, whose stools
tested negative for enteric pathogens and who were of socioeconomic back-
grounds similar to those of enrolled patients, were randomly recruited from in
and around Dhaka and studied as healthy controls. Informed consent was ob-
tained from study participants. The research was approved by the Ethical Review
Committee of the ICDDR,B.

Sample collection. After microbiological confirmation of V. cholerae O139 in
stools, patients were enrolled into the study (31, 32). Venous blood was collected
from consenting patients approximately 2 days after the onset of diarrhea (day 2
[acute stage]) as well as on day 7 and 21, during convalescence. Single blood
samples were collected from the 20 healthy subjects. Pooled sera from cholera
patients, consisting of serum from five individuals at the convalescent phase of
infection (day 7 and/or day 21), as well as pooled sera from 10 healthy control
subjects were also used. Serum samples that were collected from patients from
1993 to 1995 had been kept frozen at �70°C. Preimmunization (day 0) and
postimmunization (day 21 [7 days after the second dose of the vaccine]) sera
from 21 adult male Bangladeshis who had received two doses of the oral bivalent

B-subunit O1/O139 whole-cell killed cholera vaccine (17, 27) were also used as
patients in the study.

Strains. V. cholerae O139 strains isolated from patients from March to May
2002 (designated VC-O139/2002) and during the first outbreak in Bangladesh
between 1993 and 1995 (designated VC-O139/1993) were studied (31). Strains
were stored at �70°C in T1N1 broth containing 20% glycerol and were streaked
on blood agar for subsequent vibriocidal assays and on gelatin agar plates for
other bactericidal assays (29). Proteolytic soluble hemagglutinin activity was
tested in 22 VC-O139/2002 isolates and selected strains of VC-O139/1993
(VC044, VC088, and 4260B) using the azocasein assay with bacteria grown in
trypticase soy broth (5, 23). Characterization of VC-O139/2002 strains was also
carried out using phage JA1, which is specific for O139 encapsulated strains (1).

India ink staining. The V. cholerae O139 strains (22 VC-O139/2002 and 15
VC-O139/1993 strains) cultured on gelatin agar plates were tested for the pres-
ence of capsule by using negative staining with India ink (22, 30). For staining,
one loopful of India ink was placed on a glass slide, and one loopful of sterile
saline was added. A portion of a colony of V. cholerae O139 grown on a gelatin
agar plate overnight at 37°C was transferred to the slide and mixed with India ink
stain. The unstained halo of capsular material around the bacteria was visualized
using phase-contrast microscopy (Leica DM microscope) at �400 magnification.
The percentage of the opaque capsular area was estimated as the percentage of
total area minus the percentage of stained cellular area using the Leica QWin
software version 2.0 computer program (Leica Wetzlar GmbH, Germany).

Electron microscopy. For ultrastructural studies, VCO139/2002 (CIRS 121,
124, and 134) and VCO139/1993 (VC088) strains were grown on Luria agar
plates, resuspended in cacodylate buffer (0.1 M, pH 7.2), labeled with polyca-
tionic ferritin (1 mg/ml), and visualized using a Philips 420T transmission elec-
tron microscope (15).

Serum bactericidal killing. Bactericidal killing was carried out with V. cholerae
O139 strains grown on gelatin agar overnight at 37°C and then subcultured in
Luria broth for 4 h. Pooled normal human sera (ranging from 10% to 95%
concentration) and bacteria (�1 � 103 CFU) were incubated at 37°C for 2 h, and
viable counts were determined (30). Results were expressed as the percentage of
bacterial cells that were killed by different concentrations of serum compared to
that observed in the absence of serum.

Vibriocidal antibody assays. Vibriocidal assays were carried out using a stan-
dard procedure (31) with guinea pig complement (1:10 dilution) and pooled sera
from cholera patients or using sera on different study days from individual
patients (days 2, 7, and 21 after onset of disease). The assay was carried out using
VCO139/1993 and VCO139/2002 strains. For the assay, V. cholerae O139 strain
4260B, the current standard O139 strain used in the vibriocidal assay, was used
as the control (26, 31, 32). Strains stored at �70°C were subcultured on blood
agar plates for around 18 h at 37°C (19, 31). Opaque colonies that produced only
a small zone and halo around it were selected and grown in brain heart infusion
(BHI) broth (Difco, Detroit, Mich.) at 37°C for 3 h. After centrifugation at 3,000
� g, the pellet was suspended in physiological saline to an optical density (OD)
at 600 nm of 0.2 (approximately 4 � 108 CFU/ml); 20 �l of this suspension (final
dilution, 1:150; 2.7 � 106 CFU/ml) was added to 300 �l of guinea pig comple-
ment (final concentration, 1:10) and 2.68 ml of physiological saline to make a

TABLE 1. Characteristics of V. cholerae O139 strains and cholera patients studied from 1993 to 1995 and in 2002

Parameter
Period of recruitment

1993–1995 2002

No. of patients studied 33 28
Age, median yra (range) 30 (21–45) 30 (22.5–35)
Gender (male:female) 33:0b 14:14
Dehydration status (severe) (%) 67c 88
Antibiotic used (no. of patients/total no. [%]) Erythromycin (13/33 [39]),

tetracycline (20/33 [61])
Erythromycin (3/28 [10]),

doxycycline (25/28 [90])
Blood group (%) O (71), A (15), B (14), AB (0) O (46), A (18), B (29), AB (7)
Antibioticd susceptibility pattern of isolated

strains
Tet, S; Strep, R; SXT, R; Nal, S Tet, S; Strep, S; SXT, S; Nal, R

Lysis by phage JA1e (no. of patients/total no.) 28/28 27/28

a Median and range (25th to 75th centile) are shown. Clinical features were monitored at the acute phase of infection.
b Only adult males could be enrolled in the study from 1993 to 1995.
c Statistical significance (P � 0.001) was determined by �2 test.
d All strains isolated from patients were susceptible (S) to tetracycline (Tet), streptomycin (Strep), trimethoprim, and sulfamethoxazole (SXT) as well as other

antibiotics (12). Only strains isolated in 2002 were resistant (R) to nalidixic acid (Nal).
e Number positive for lysis/total number studied.

TABLE 2. Quantification of capsular polysaccharide using phase-
contrast microscopy of India ink-stained V. cholerae O139 strains

isolated from 1993 to 1995 and in 2002a

V. cholerae O139 isolated in % Capsular contenta (median)

1993–1995 (n � 15) ................................................85 (82–89)b

2002 (n � 22) ..........................................................45 (31–54)b

a Phase-contrast microscopy was used for visualization (magnification, �400);
strains isolated from 1993 to 1995 and in 2002 were studied. Percent capsular
content was calculated as the percentage of total area minus percentage of
stained cellular area.

b Median (25 to 75 centiles).
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final volume of 3 ml. The mixture was applied to microtiter plates (25 �l/well;
Nunc, Roskilde, Denmark) containing serially twofold-diluted (25 �l/well) serum
samples (starting dilution, 1:10), and this mixture was incubated in a shaker
incubator (40 rpm) for 1 h at 37°C. After adding 150 �l of BHI broth, the plates
were again incubated at 37°C for about 4 h. The ODs were measured at 595 nm.
The vibriocidal titer was defined as the reciprocal of the highest serum dilution
causing a 	50% reduction of the OD at 595 nm when compared with the OD of
the control wells without serum. Wells containing only serum, physiological

saline, or growth medium were included on each plate to exclude the possibility
of bacterial contamination of reagents. Paired serum samples were tested in each
case. All plates contained duplicate rows of pooled convalescent-phase sera as
internal positive controls.

Modified vibriocidal assay for V. cholerae O139. The vibriocidal assay de-
scribed above was also modified to make it more compatible with the assay that
is used for V. cholerae O1 (31) using VCO139/2002 strain CIRS 134. After
screening 28 VCO139/2002 strains in the vibriocidal assay described above,
VCO139/2002 strain CIRS 134 was chosen as a type strain for use in a modified
vibriocidal assay, since consistently higher titers of vibriocidal antibody responses
could be obtained when CIRS 134 was used as the target bacterium. For the
modified assay, CIRS 134 was grown in BHI broth as described above and
adjusted to an OD at 600 nm of 0.3 (approximately 2 � 109 to 3 � 109 CFU/ml),
and 150 �l of the suspension (final dilution of 1:20) containing 1 � 108 CFU/ml
was used in a volume of 3 ml of the assay mixture. The assay was completed after
incubation for 2 h at 37°C with CIRS 134 as the target bacterium. For vibriocidal
antibody responses using V. cholerae O1 Ogawa and Inaba as target bacteria,
previously described procedures were used (31). For calculations, a titer of 5 was
assigned in cases in which no vibriocidal activity was observed. A fourfold or
greater increase in titer from the onset of cholera or vaccination from that in
follow-up were considered to represent seroconversion.

FIG. 1. Ultrathin sections of ferritin-labeled V. cholerae O139 strains isolated in 2002, (A) CIRS 134, (B) CIRS 121, and (C) CIRS 124 and a
strain isolated in 1993, (D) VC 088. Ferritin particles are visible in different densities around the cell periphery, indicating the presence of capsule.
Various amounts of particles are visible in the different strains. CIRS 134 has the least amount of capsular material.

TABLE 3. Killing of strains of V. cholerae O139 by
normal human seruma

Yr(s) of isolation
No. of susceptible strains/total no. (%)

30–40% serum 50–80% serum 	90% serum

1993–95 2/28 (7) 22/28 (79) 22/28 (79)
2002 19/28 (68) 28/28 (100) 28/28 (100)

a Bactericidal activity was determined after incubation in different concentra-
tions of serum for 120 minutes. Results show lowest serum concentrations pro-
ducing bactericidal activity for the different strains.
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Phagocytosis. Killing by polymorphonuclear neutrophils (PMNs) was carried
out using PMNs and pooled human sera isolated from healthy volunteers (2, 30).
Blood was collected from healthy adult individuals, and PMNs were separated by
density gradient centrifugation using Ficoll-Hypaque followed by dextran sedi-
mentation. Residual erythrocytes were removed by hypotonic lysis in deionized
water. PMNs were washed twice in Hanks balanced salt solution and titrated to
a density of 1 � 107 cells/ml. Killing of bacterial cells by PMNs was determined
by mixing 0.1 ml of bacterial suspension (approximately 1 � 105 CFU/ml), 0.4 ml
of PMNs, and 0.1 ml of pooled serum in siliconized glass tubes. Hanks balanced
salt solution was substituted for PMNs in the controls. Tubes were incubated at
37°C for 2 h, after which 8 ml of cold deionized water was added to lyse PMNs.
Samples were plated for viable counts on gelatin agar medium (30).

Statistical analyses. The Wilcoxon signed-rank test and the Mann-Whitney U
test were used where applicable for statistical analyses. A two-tailed P value of
�0.05 was the criterion for a significant difference. Analyses were carried out
using the statistical software SigmaStat version 2.01 (Jandel Scientific, San
Rafael, CA). Data are expressed as median values with 25 and 75 centiles or as
geometric means 
 1 standard errors of the means (SEM).

RESULTS

Clinical characteristics of V. cholerae O139-infected pa-
tients. The patients enrolled in the spring of 2002 were similar
in age (Table 1) to those recruited from November 1993 to
May 1995. However, compared to the initial study population,
the 2002 cohort included women. Most patients enrolled in the
study from both epidemic periods suffered from severe dehy-
dration and were given intravenous fluid rehydration. Patients
in 2002 mainly received doxycycline, while those in 1993 to
1995 received tetracycline or erythromycin.

Characteristics of V. cholerae O139 strains. All strains were
smooth and agglutinated with monoclonal antibody specific for
the lipopolysaccharide of V. cholerae O139. VCO139/1993
strains were resistant to streptomycin, trimethoprim, and sul-
famethoxazole but susceptible to nalidixic acid; VCO139/2002
strains were resistant to nalidixic acid but susceptible to other
antibiotics. Most strains were also susceptible to lysis by phage
JA1 (27/28 of the 2002 isolates) (Table 1). Strains isolated
during the two periods showed similar protease activities. Only
4260B, the control strain used for vibriocidal assays, showed an
approximately 10-fold lower protease activity as has been pre-
viously reported (19, 31).

Phase-contrast and electron microscopy for visualization of
capsular content. India ink staining showed that strains iso-
lated in 2002 had an average of 40% less capsular content than
those that had been isolated earlier (Table 2). Electron mi-
croscopy studies using ultrathin sections of V. cholerae O139
strains labeled with polycationic ferritin revealed that repre-
sentative strains isolated in 2002 (Fig. 1A to C) had less cap-
sular material than a representative strain, VC088, from the
1993-to-1995 period (Fig. 1D). The amount of capsular mate-
rial varied in the three strains from 2002 that were studied.
Strain CIRS 134 had little capsular material (Figure A), while
strains CIRS 121 (Fig. 1B) and CIRS 124 (Fig. 1C) had more
capsular material.

Susceptibility of V. cholerae O139 to killing by normal hu-
man serum. As shown in Table 3, strains isolated in 2002 were
more susceptible to relatively lower concentrations of serum in
bactericidal assays compared with what was observed using
strains isolated from 1993 to 1995.

Effect of variation of strains on the vibriocidal response.
When VCO139/2002 strains were tested for activity in the
vibriocidal antibody assay, we found that 25/28 strains could be

used as target bacteria for the assay (Fig. 2); this compares to
only 3/28 VCO139/1993 strains that could be used as target
bacteria using the standard vibriocidal method and pooled
convalescent-phase sera from cholera patients (31). The vibrio-
cidal titers against the 2002 strains ranged from 5 (n � 3) to
640. Of these strains, the antibody titer was highest in 11
VCO139/2002 strains (titer of 640). The titers obtained using
the 2002 strains were significantly higher than those measured
using the strains from 1993 to 1995 (P � 0.001). Based on these
data, we chose four VCO139/2002 strains for further studies.
One strain of VCO139/2002, namely, CIRS 134, consistently
gave the highest vibriocidal titer (titer of 2,560) with pooled
convalescent-phase sera. This strain was used to establish a
modified vibriocidal assay, comparable to the vibriocidal assay
in which strains of V. cholerae O1 are used as target bacteria.
The resultant assay required less time to complete and gave
consistently higher vibriocidal antibody titers using either
pooled convalescent-phase sera or individual sera from pa-
tients collected at convalescence.

Comparison of the immune responses in O139 patients in-
fected in 2002 and those of patients infected from 1993 to 1995.
We used strains CIRS 134 and 4260B to analyze the vibriocidal
antibody responses in O139-infected cholera patients (Table
4). Compared to the responses seen with 4260B, results using
strain CIRS 134 as the target organism yielded a fourfold
higher mean antibody titer on day 7 after onset of infection
both in patients recruited in 2002 (P � 0.001) and in patients
from 1993 (P � 0.033), with individual patient responses rang-
ing from 2- to 32-fold higher using strain CIRS 134.

The vibriocidal antibody response rates were also higher in
patients recruited in 2002 than those from 1993 to 1995, when
either strain 4260B (P � 0.001) or CIRS 134 (P � 0.001) was
used as target bacterium (Table 5). Even at the onset of dis-

FIG. 2. Vibriocidal antibody titers obtained with V. cholerae O139
strains isolated from 1993 to 1995 and in 2002, using the same pool of
convalescent-phase sera collected from 1993 to 1995 from cholera
patients (31). The closed symbols indicate titers when strains 4260B
(■ ) or CIRS 121, 124, 126, or 134 (}) were used as target bacteria.
Points indicate individual titers, and bars indicate geometric means of
titers.
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ease, more patients recruited in 2002 had baseline vibriocidal
titers over 100 (P � 0.001) when either of the strains was used
in the assay. A similar trend was seen at day 7, when more
patients from 2002 had titers over 1,000 (P � 0.001) (Table 5).

The baseline vibriocidal antibody titers in sera of 20 healthy
Bangladeshi control subjects recruited in 2002 were low against V.
cholerae O139 (median titer of 5) using either strain 4260B (Fig.
3) or CIRS 134 (median titer of 5); baseline titers were higher
against V. cholerae O1 Ogawa and Inaba strains (P � 0.001).

Vibriocidal antibody responses in recipients of the oral
whole-cell killed O1/O139 bivalent vaccine. About 50% of the
Bangladeshi vaccinees who received two doses of the oral bivalent
cholera vaccine responded with fourfold increases in vibriocidal
antibodies when strain CIRS 134 was used in the assay; with strain
4260B, only 9% of patients showed a significant response (Table
6). Thus, both the magnitude of the vibriocidal responses and the
proportion of vaccine responders were higher when CIRS 134
was used in the modified vibriocidal assay (P � 0.005).

DISCUSSION

Although V. cholerae O139 emerged in Bangladesh in 1992,
causing epidemics of acute dehydrating illness, the incidence of
cholera caused by the O139 serogroup fell and subsequently
remained low for about a decade. The sudden reemergence of
O139 in 2002 in Bangladesh was associated with an epidemic
affecting approximately 30,000 patients (11). Studies have
shown that isolates of V. cholerae O139 have undergone more
rapid genetic changes in the last decade than the O1 serogroup
(12–14). Studies have also shown that isolates of V. cholerae

O139 in 2002 have undergone changes in ribotype and antibi-
otic susceptibility patterns compared to those isolated from
1993 to 1995. However, limited information is available on the
evolution of phenotypic differences in the new epidemic strain,
particularly in relation to capsule and its impact on resistance
to killing by immune or nonimmune sera.

An important surrogate marker for protection from cholera
is the vibriocidal antibody assay, which has been used success-
fully to predict protection from natural infection with V. chol-
erae O1 and efficacy of O1 cholera vaccines. The vibriocidal
assay has been less useful in assessing protection from infec-
tion by V. cholerae O139 and in demonstrating responses in
O139 vaccinees (4, 10, 21, 24, 31, 35, 36). For example, a recent
prospective study in a population of exposed household con-
tacts of patients with cholera in Bangladesh failed to demon-
strate any correlation between the baseline vibriocidal anti-
body titer and protection from subsequent infection with V.

FIG. 3. Baseline vibriocidal antibody titers of healthy Bangladeshi
subjects when V. cholerae O1 Ogawa, O1 Inaba, or O139 (strain
4260B) was used in assays. Asterisks indicate statistically significant
differences between responses using O139 compared to those using O1
Ogawa or O1 Inaba strains (P � 0.001). Bars show geometric means;
lines show SEM.

TABLE 4. Comparison of vibriocidal antibody responses in sera in
O139 patients recruited from 1993 to 1995 and in 2002

Day
after
onset

Vibriocidala titer (GM)b

1993–1995 strain 2002 strain

4260B CIRS134 4260B CIRS134

2 11 (8–14) 8 (6–11) 16 (10–24) 30 (21–41)
7 137 (83–226) 682 (457–1,018)c 496 (353–674) 1,779 (1,236–2,559)c

21 54 (28–107) 103 (48–220) 370 (262–503) 692 (501–955)

a Vibriocidal responses were studied using strain 4260B (isolated in 1993)
utilizing conventional methods (31) or strain CIRS 134 utilizing a modified
method as described in the text.

b GM, geometric mean plus range (
1 SEM).
c Statistical significance (P � 0.001 [2002]); P � 0.033 [1993 to 1995]) was

determined by using the Wilcoxon signed-rank test.

TABLE 5. Comparison of response rates in V. cholerae O139
patients during the periods of 1993 to 1995 and 2002

Yr(s) of
isolation

Response at
day 2

(titer, 	100)

Response at
day 7

(titer, 	1,000)

Response at
day 21

(titer, 	1,000)

4260B CIRS134 4260B CIRS134 4260B CIRS134

1993–1995
(n � 33)

3% 3% 21% 45% 21% 27%

2002 (n � 28) 25% 22% 51% 85% 31% 47%

P valuea �0.001 �0.001 �0.001 �0.001 0.107 0.003

a Comparison of difference in proportion of responses in cholera patients was
carried out using the �2 test.

TABLE 6. Comparison of serum vibriocidal antibody responses in
vaccinees challenged with the bivalent cholera toxin B-subunit

O1/O139 whole-cell cholera vaccine by using 4260B and
CIRS134 as target bacteria

Parameter
Strain used for vibriocidal assay

4260B CIRS134

Fold differencea 1 3.0
GMb (range) 8.5 (6–11) 59 (39.5–87)
Responder frequencyc 2/21 (9.5) 10/20 (50)

a Postimmunization titer (geometric mean) compared to preimmunization ti-
ter.

b Geometric mean (GM) plus range (
1 SEM) are shown.
c A �4-fold increase in vibriocidal titer between pre- and postimmunization

specimen was shown to signify seroconversion.
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cholerae O139 (35). The presence of a capsule in O139 organ-
isms contributes to the decreased utility of the vibriocidal assay
since the presence of capsular material interferes with both the
binding of vibriocidal antibodies to LPS and other cell surface
antigens and the attachment of complement to the bacterial
surface. Previous O139-based vibriocidal assays were only fea-
sible when capsule-deficient strains of V. cholerae O139 were
used.

We tested wild-type vibriocidal O139 strains isolated in 2002
to see if they had undergone changes in capsular content that
might directly alter the capacity of the bacteria to be used as
target organisms in the vibriocidal assay. Interestingly, the ma-
jority of strains isolated in 2002 contained less capsular mate-
rial on the cell surface than strains isolated from 1993 to 1995.
Strain CIRS 134, which appeared to be almost devoid of cap-
sule by electron microscopy, was the strain that gave the high-
est vibriocidal antibody responses when used as a target or-
ganism. Since almost all VC-O139/2002 strains including CIRS
134 (27/28) were susceptible to lysis by phage JA1, a phage
specific for the capsular polysaccharide of V. cholerae O139, we
surmise that the strains isolated in 2002 do contain capsular
material, although in a lower quantity that permits these
strains to be sensitive to lysis by complement and antibody. We
found that almost 90% of V. cholerae O139 strains isolated in
2002 could be used in vibriocidal assays, in contrast to only
10% of O139 strains isolated from patients from 1993 to 1995.
All 2002 strains were agglutinated by ICL12 (26), a monoclonal
antibody specific for the O-antigenic polysaccharide of the LPS
of V. cholerae O139, suggesting accessibility of LPS when these
strains are used as targets in vibriocidal assays. Using CIRS 134
as the target bacterial strain, a significantly higher vibriocidal
antibody response was seen in patients than when the previous
vibriocidal O139 type strain, 4260B, was used.

The use of O139 CIRS 134 as the target organism in the
vibriocidal assay also allowed detection of more prominent
responses in individuals vaccinated with a V. cholerae O139-
containing vaccine. Using V. cholerae strain 4260B (17, 37) or
AI1837 (36), it has previously been difficult to show prominent
vibriocidal responses in O139 vaccinees. Even when an unen-
capsulated mutant strain of V. cholerae O139 (MO10) was
used, low responder frequencies and magnitudes of responses
were seen in vaccinees (37). Thus, the use of CIRS 134 and the
procedural modifications described above should contribute to
an improved utility of the vibriocidal assay for evaluating im-
mune responses in individuals infected with V. cholerae O139
or vaccinated with anti-O139-based vaccines.
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