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Several different families of vacuolating toxin (vacA) alleles are present in Helicobacter pylori, and they
encode products with differing functional activities. H. pylori strains containing certain types of vacA alleles
have been associated with an increased risk for peptic ulcer disease. In this study, we tested serum samples and
gastric juice from 19 H. pylori-negative and 39 H. pylori-positive patients for enzyme-linked immunosorbent
assay reactivity with two different types of VacA antigens (types s1/m1 and s2/m2), which were purified from
H. pylori 60190 and 86-338, respectively. Both antigens were recognized better by serum immunoglobulin G
(IgG) from H. pylori-positive persons than by serum IgG from H. pylori-negative persons (P < 0.01). The s1/m1
VacA antigen was better recognized by sera from patients carrying vacA type s1/m1 strains than by sera from
patients carrying vacA type s2/m2 or s1/m2 strains (P < 0.01). Conversely, the s2/m2 VacA antigen was better
recognized by sera from patients carrying type s2/m2 or s1/m2 strains (P 5 0.03). Serum IgG anti-VacA
antibodies were present more frequently in patients carrying type s1/m1 strains than in other H. pylori-positive
patients (P 5 0.0002). In addition, the highest levels of IgA anti-VacA antibodies were detected in the gastric
juice of patients carrying type s1/m1 strains. These data indicate that different VacA isoforms have distinct
antigenic properties and that multiple forms of VacA elicit antibody responses in H. pylori-positive humans.

More than half of the world’s human population is colonized
with the gram-negative gastric bacterium Helicobacter pylori.
Colonization with this organism consistently gives rise to infil-
tration of the gastric mucosa by immune and phagocytic cells
and is associated with an increased risk for development of
peptic ulceration, distal gastric adenocarcinoma, and gastric
lymphoma (1, 2, 14).

Many H. pylori strains secrete a toxin (VacA) that induces
cytoplasmic vacuolation in mammalian cell lines in vitro (6–8,
17). In addition to this action, VacA interferes with normal
maturation and trafficking of lysosomal enzymes (27), dis-
rupts antigen presentation by T cells (20), and increases the
permeability of polarized epithelial cell monolayers (23).
VacA is initially translated as a 140-kDa protoxin, which
then undergoes proteolytic processing to yield a mature
;90-kDa secreted toxin (12, 29). These VacA monomers
assemble into complex six- or seven-sided oligomeric struc-
tures (11, 18).

Sequence analysis has revealed that there is considerable
allelic variation among vacA genes from different H. pylori
strains. Diversity is particularly striking in the region of vacA
that encodes the N-terminal signal sequence and in the midre-
gion of vacA. Two different families of vacA alleles (s1 and s2)
have been recognized based on analysis of the signal sequence
region, and two families of vacA alleles (m1 and m2), which are
about 70% identical in nucleotide sequences within a 0.7-kb

region, have been recognized based on analysis of the midre-
gion (3, 12). H. pylori strains that produce vacuolation of HeLa
cells in vitro usually contain type s1/m1 or occasionally type
s1/m2 vacA alleles, whereas strains with type s2/m2 vacA alleles
lack detectable cytotoxin activity for HeLa cells (3). Some
strains with type s1/m2 vacA alleles produce vacuolation of
RK-13 cells but not HeLa cells, which suggests that VacA
sequence differences confer cell type-specific activities (21).
Several studies performed in the United States and Europe
have shown that the risk of peptic ulcer disease is higher
among persons colonized with H. pylori strains containing type
s1 vacA alleles than among those with strains containing type
s2 vacA alleles (3, 28, 30).

The considerable diversity in the deduced amino acid se-
quences of different vacA products suggests that there might be
marked antigenic diversity among VacA proteins from differ-
ent strains. In previous studies (9, 10), it has been shown that
about 50% of H. pylori-positive persons in the United States
produce serum immunoglobulin G (IgG) antibodies that react
with a purified VacA antigen from H. pylori 60190 (a type
s1/m1 VacA antigen). However, other types of VacA proteins
have not yet been tested for possible utility as antigens in
serodiagnostic assays. In addition, it is not known whether the
vacA genotypes of H. pylori strains influence anti-VacA immu-
noglobulin responses. Therefore, in this study we used two
different purified VacA antigens in enzyme-linked immunosor-
bent assays (ELISAs) to analyze specific serum and gastric
juice anti-VacA responses in patients who were colonized with
H. pylori strains of known vacA genotype. We report here that
both type s1/m1 and type s2/m2 forms of VacA are useful
antigens in serologic assays and that these two isoforms have
distinguishable antigenic properties.
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MATERIALS AND METHODS

Purification of H. pylori VacA antigens. Two different H. pylori strains (60190
and 86-338) were selected as the sources for VacA antigens used in this study. H.
pylori 86-338 was isolated from a patient with nonulcer dyspepsia in the United
States, and H. pylori 60190 (ATCC 49503) was isolated from a patient in the
United Kingdom. The vacA sequence of strain 60190 (GenBank U05676) is the
prototype for the s1/m1 family of vacA alleles (12). PCR-based typing and partial
sequence analysis of vacA from strain 86-338 indicate that this strain contains a
type s2/m2 vacA allele (3, 15). Both strains produce high-molecular-mass VacA
oligomers with similar ultrastructural morphologies (11). Both strains were cul-
tured in sulfite-free brucella broth containing 0.5% charcoal, and proteins in the
broth culture supernatants were concentrated by precipitation with a 50% satu-
rated solution of ammonium sulfate. VacA oligomers then were purified by gel
filtration chromatography with a Superose 6 HR 16/50 column, as described
previously (8, 11). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and silver staining demonstrated isolation of ;90-kDa VacA
bands from both strains (Fig. 1), and both VacA bands reacted with polyclonal
rabbit anti-VacA serum (8) (data not shown). The VacA band from strain 86-338
was slightly larger than the VacA band from strain 60190, which is consistent with
previous analysis of a type s2/m2 VacA protein from a different H. pylori strain
(3). Supernatant from H. pylori 60190 yielded about 10-fold-higher quantities of
purified VacA than supernatant from strain 86-338 (15), which accounts for the
increased representation of trace contaminant bands in preparations of the latter
VacA protein (Fig. 1, lane b).

Collection of H. pylori isolates, sera, and gastric juice specimens. We studied
58 human patients (mean age, 55.9 6 12.6 years) who underwent routine upper
gastrointestinal endoscopy at the VA Medical Center in Nashville, Tenn., be-
tween February 1993 and May 1995 (Table 1). This group of patients has been
described in several previous studies (3, 4, 24). Two biopsy specimens from each
patient, taken from the gastric antrum and gastric corpus, were cultured under
microaerobic conditions at 37°C for isolation of H. pylori. Unstimulated gastric
juice aspirates, obtained after an overnight fast, were collected from each patient
and immediately separated into aliquots, which were stored at 220°C. Gastric
biopsy specimens from each patient were examined and histologic parameters
were graded, as described previously (4). All patients classified as colonized by H.
pylori (n 5 39) had a positive gastric mucosal culture for H. pylori, and all were
seropositive by an ELISA that tests for the presence of IgG antibodies to a pool
of antigens from several different sonicated H. pylori strains (25). IgG antibody
results in this ELISA are reported as optical density (OD) ratios, based on
comparison with a pool of sera from H. pylori-negative children (13). The vacA
genotypes of H. pylori isolates were determined by a PCR-based typing method,
as described previously (3). All patients classified as not colonized (n 5 19) had
a negative H. pylori culture, a negative rapid urease test, and no evidence of H.
pylori on histologic examination and were seronegative by an ELISA that tested
for antibodies to sonicated H. pylori. In addition to being tested for reactivity with
sonicated H. pylori, sera were tested for ELISA reactivity with purified recom-
binant CagA, as described previously (5). A total of 21 of the 39 patients

colonized with H. pylori, and 3 of the noncolonized patients were reported to
have past or present peptic ulcer disease.

ELISA for detection of antibodies to VacA in human sera. Serum samples were
tested for reactivity with purified VacA proteins in ELISAs. Plates (96-well,
Immulon 2; Dynatech, Alexandria, Va.) were coated with VacA antigens (ap-
proximately 25 ng/well) in carbonate buffer and stored overnight at room tem-
perature. Sera were diluted in phosphate-buffered saline and were incubated
with the bound antigens for 1 h at 37°C. After the plates were washed, peroxi-
dase-conjugated anti-human IgG or anti-human IgA (Biosource International,
Camarillo, Calif.) was added and the conjugate dilutions were incubated for 1 h.
Antigen-antibody complexes were resolved with 2,29-azinobis(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS) (1 mg/ml) in McIlvain’s buffer (consisting of titra-
tions of 0.2 M Na2HPO4 plus 0.1 M citric acid, pH 4.6) (25). The optimal
concentrations of patient sera and peroxidase-conjugated anti-human antibodies,
determined by checkerboard titrations (25), were a serum dilution of 1:100, an
IgG conjugate dilution of 1:4,000, and an IgA conjugate dilution of 1:2,000. OD
values were determined with an MRX ELISA reader (Dynatech) at dual wave-
lengths (405 and 490 nm). OD values were linear in a range from 0 to 2.5. Each
serum sample was tested in duplicate.

ELISA for detection of antibodies to VacA in human gastric juice. Gastric
juice samples were first mixed (1:1 [vol/vol]) with a buffer containing 100 mM
Tris (pH 7.6), 60 mM sodium chloride, 0.2% sodium azide, 0.05 U of aprotinin
protease inhibitor (Sigma, St. Louis, Mo.) per ml, and 2 mM tetrasodium EDTA
(33). This procedure consistently resulted in neutralization of the gastric juice
samples; i.e., pH .6.8. Neutralized gastric juice samples were diluted 1:4 with
Dulbecco’s phosphate-buffered saline (Gibco-BRL) containing 2.5% bovine se-
rum albumin, and 100-ml aliquots were added to wells of ELISA plates that had
been coated with purified VacA antigens (25 ng/well). After the plates were
incubated at 37°C for 1 h, biotin-conjugated goat anti-human IgA (Sigma),
diluted 1:1,000, was added to the wells for 1 h at 37°C. Avidin-conjugated
alkaline phosphatase (Sigma), diluted 1:1,000, was added for 1 h, followed by
substrate solution (1 mg of P-nitrophenyl phosphate per ml in 0.1 M diethylano-
lamine-HCl, pH 9.8) for 15 min. OD values were determined as described above.

Statistical analysis. Distributions of ELISA OD values (mean 6 standard
error of the mean) were compared by using Student’s t test for independent
variables.

RESULTS

Serum IgG and IgA responses to VacA. Serum and gastric
juice specimens were collected from 58 patients, of whom 39
(67.1%) were classified as H. pylori positive and 19 were clas-
sified as H. pylori negative (Table 1). The vacA genotypes of
the 39 H. pylori isolates were classified as type s1/m1 (n 5 19),
s1/m2 (n 5 12), or s2/m2 (n 5 8). Sera from the 58 patients
were tested for the presence of IgG and IgA anti-VacA anti-
bodies in two different ELISAs, which used either type s1/m1
or s2/m2 VacA antigens. Sera from the 39 persons colonized
with H. pylori demonstrated significantly greater IgG and IgA
reactivity with the type s1/m1 VacA antigen from strain 60190
than did sera from the 19 noncolonized persons (Table 2).
Among the 39 patients carrying H. pylori, there was no signif-
icant association between levels of anti-VacA IgG antibodies
and levels of IgG antibodies to H. pylori whole-cell sonicates
(not shown). Sera from H. pylori-colonized patients demon-
strated significantly greater IgG reactivity with the type s2/m2
VacA antigen from strain 86-338 than did sera from noncolo-
nized patients (Table 2). However, there were no significant
differences in IgA reactivity to the s2/m2 VacA antigen.

TABLE 1. Characteristics of the study population of 58 dyspeptic
patients from Tennessee

Characteristic

Value for group

H. pylori
negative

H. pylori positive, by vacA genotype

s2/m2 s1/m2 s1/m1

Total subjects 19 8 12 19
Mean age 6 SEM (yr) 52.3 6 3.0 52.9 6 3.9 61.5 6 3.3 57.8 6 3.2
Seropositive for CagA

antibodies (%)
0 0 75.0 77.8

With peptic ulcer (%) 15.8 25.0 75.0 52.6

FIG. 1. Purification of type s1/m1 and s2/m2 VacA antigens. VacA was pu-
rified from broth culture supernatants of H. pylori 60190 and 86-338 (lanes a and
b, respectively), and the two preparations (standardized by protein concentra-
tion) were analyzed by SDS-PAGE and silver staining. Yields of VacA from
strain 60190 were about 10-fold higher than those from strain 86-338; therefore,
the VacA preparation from the latter strain was concentrated 10-fold by ultra-
filtration with a Centricon-30 device (Amicon) prior to SDS-PAGE.
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In the next analysis, H. pylori-positive patients were divided
into three groups, based on the vacA genotypes of the H. pylori
strains that they carried (s1/m1, s1/m2, or s2/m2). Sera from
patients carrying s1/m1 strains demonstrated significantly
greater IgG and IgA reactivity with the s1/m1 antigen than did
those from patients carrying s2/m2 or s1/m2 strains (P , 0.01)
(Table 2). Conversely, the s2/m2 antigen was recognized more
strongly by serum IgG from patients carrying type s2/m2 or
s1/m2 strains than by serum IgG from patients carrying type
s1/m1 strains (P 5 0.03).

Based on cutoffs for seropositivity defined as 2 standard
deviations above the mean OD value for sera from H. pylori-
negative persons, 21 of the 39 H. pylori-positive patients had
serum IgG antibodies that reacted with the type s1/m1 VacA
antigen, and 16 of these 21 were colonized with type s1/m1
strains. Only 6 of the 39 patients had IgG antibodies that
reacted with the type s2/m2 VacA antigen. Of these 6 patients,
5 were colonized with strains containing type m2 vacA alleles
(two s2/m2 and three s1/m2 alleles) and 1 was colonized with a
type s1/m1 strain. Thus, 16 (84.2%) of the 19 patients colo-
nized with type s1/m1 strains had detectable serum anti-VacA
IgG antibodies in an assay that used a type s1/m1 antigen. In
comparison, 5 of 20 patients colonized with type m2 strains had
detectable serum IgG anti-VacA antibodies (P 5 0.0002), and
sera from these 5 patients yielded positive results in ELISAs
with either type s1/m1 or type s2/m2 antigens. Based on the
combined results of both assays, we conclude that anti-VacA
IgG antibodies are detectable in sera from patients colonized
with type s1/m1 strains significantly more frequently than in
sera from patients colonized with type m2 strains.

Gastric juice IgA responses to VacA. In the next series of
experiments, we sought to determine whether anti-VacA anti-
bodies could be detected in human gastric juice. Since prelim-
inary studies indicated that gastric juice samples from H. pylori-
positive patients contain IgA but minimal IgG antibodies to H.
pylori sonicates (26), only gastric juice anti-VacA IgA re-
sponses were analyzed. The type s1/m1 VacA antigen was
recognized significantly more strongly by gastric juice IgA from
H. pylori-colonized persons than by gastric juice IgA from H.
pylori-negative persons (P 5 0.002), and as expected, gastric
juice from patients carrying vacA type s1/m1 strains yielded the
highest reactivity (Table 3). Reactivity to the s2/m2 antigen was
higher for gastric juice from H. pylori-positive patients colo-
nized with vacA type s1/m1 strains than for gastric juice from
H. pylori-negative patients (P 5 0.02); the differences in reac-
tivity of gastric juice from s1/m2, s2/m2, and H. pylori-negative
patient groups were not statistically significant. Thus, there are

differences in the patterns of serum and gastric juice reactivity
to s1/m1 and s2/m2 VacA antigens (compare Tables 2 and 3).
Interestingly, among H. pylori-positive patients, levels of gastric
juice IgA antibodies to H. pylori sonicate antigens and to pu-
rified VacA were significantly associated, and this relationship
was detected with both VacA antigens (r 5 0.52 and 0.61 for
assays using type s1/m1 and s2/m2 VacA antigens, respectively;
P # 0.001). In summary, these data are consistent with the
production of secretory IgA antibodies to VacA in the gastric
mucosa of H. pylori-colonized persons.

Relationship between vacA genotype, gastric histology, and
gastric juice pH. As reported previously (4), patients colonized
with type s1/m1 vacA-containing strains of H. pylori had higher
scores for epithelial degeneration and gastric mucosal inflam-
mation than did patients carrying H. pylori with type s2/m2
strains. However, there was no evidence that the magnitude of
the humoral immune response to specific VacA antigens was a
determinant of tissue injury or inflammation (data not shown).
In addition, the occurrence of peptic ulceration was unrelated
to the presence or absence of an anti-VacA antibody response.

DISCUSSION

The initial classification of vacA alleles into several major
families was based on analysis of H. pylori strains isolated from
patients in the United States (3). Subsequent analysis has con-
firmed the existence of these major families of vacA alleles in
H. pylori strains isolated from patients throughout the world
and has led to the identification of vacA subfamilies that pre-
dominate in certain geographic regions (16, 22, 28, 31, 32).
Interestingly, nearly all H. pylori strains isolated from patients

TABLE 2. Serum antibody reactivity to two different VacA antigens

Patient
classification

No. of
patients

ELISA values by antibody class and type of VacA antigena

IgG IgA

H. pylori
sonicate s1/m1 s2/m2 s1/m1 s2/m2

H. pylori negative 19 0.41 6 0.05 0.07 6 0.02 0.16 6 0.05 0.04 6 0.01 0.05 6 0.01

H. pylori positive 39 6.02 6 0.30 0.37 6 0.04c 0.33 6 0.04b 0.39 6 0.03c 0.11 6 0.02
s1/m1 19 5.54 6 0.46 0.56 6 0.09e 0.25 6 0.04d 0.56 6 0.08e 0.07 6 0.01
s1/m2 12 6.17 6 0.56 0.20 6 0.04 0.42 6 0.07 0.26 6 0.08 0.15 6 0.08
s2/m2 8 6.90 6 0.49 0.18 6 0.07 0.38 6 0.09 0.17 6 0.08 0.14 6 0.08

a Values for ELISA reactivity of sera with H. pylori sonicate are reported as OD ratios. All other values are ODs.
b P 5 0.007 compared with values obtained for the H. pylori-negative group.
c P , 0.0005 compared with values obtained for the H. pylori-negative group.
d P 5 0.03 compared with values obtained for the other two groups of H. pylori-positive patients.
e P , 0.01 compared with values obtained for each of the three other groups (H. pylori negative, s2/m2, s1/m2).

TABLE 3. Gastric juice IgA antibody reactivities to two different
VacA antigens

Patient
classification

No. of
patients

ELISA OD values by type of
VacA antigen

s1/m1 s2/m2

H. pylori negative 19 20.04 6 0.01 20.03 6 0.01
H. pylori positive 39 0.45 6 0.01a 0.14 6 0.06

s1m1 19 0.73 6 0.26b 0.20 6 0.10c

s1m2 12 0.35 6 0.22 0.15 6 0.014
s2m2 8 20.004 6 0.04 20.006 6 0.02

a P 5 0.002 compared with values obtained for the H. pylori-negative group.
b P 5 0.004 compared with values obtained for the H. pylori-negative group.
c P 5 0.02 compared with values obtained for the H. pylori-negative group.
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in Asia or developing countries contain type s1 vacA alleles
(16, 22, 31, 32). The deduced amino acid sequences of type
s1/m1 and s2/m2 VacA proteins are quite different from each
other (3), and the results of this study suggest that these iso-
forms also differ in antigenic properties. Thus, it seems likely
that regions of maximum VacA sequence diversity may corre-
spond to surface-exposed epitopes.

Previous studies (9, 10) have demonstrated that about 50%
of H. pylori-positive persons in the United States possess serum
antibodies that react in an ELISA with purified VacA from H.
pylori 60190 (a type s1/m1 antigen). One interpretation of these
results is that these patients were colonized with strains that
produce VacA antigens closely related to the type s1/m1 VacA
antigen used in the ELISA. In agreement with this explanation,
the current study indicates that 84% of patients colonized with
type s1/m1 strains possess serum IgG anti-VacA antibodies
detectable in an ELISA that uses the type s1/m1 VacA antigen
from H. pylori 60190. Of the 20 patients in this study who were
colonized with strains containing either s2/m2 or s1/m2 vacA
alleles, only 5 (25%) had detectable serum IgG anti-VacA
antibodies. Anti-VacA antibodies in the latter 5 patients re-
acted relatively more strongly in an ELISA with a type s2/m2
VacA antigen than in one with a type s1/m1 antigen, but there
was clearly cross-reactivity.

The results of this study indicate that strains producing type
s1/m1 forms of VacA are more likely to elicit production of
serum anti-VacA antibodies than are H. pylori strains produc-
ing alternate forms. Similarly, gastric juice anti-VacA IgA re-
sponses are detected most commonly in patients harboring H.
pylori strains producing type s1/m1 VacA proteins. There are
several possible explanations for these differences. First,
strains of H. pylori containing type s1/m1 vacA alleles typically
produce and secrete higher levels of VacA in vitro than do
strains containing alternate alleles (3, 8, 15), and if similar
differences exist in vivo, this could account for the observed
pattern of serologic responses. Alternatively, type s1/m1 VacA
may be more highly immunogenic than other forms. Finally,
s1/m1 strains have been associated with higher levels of gastric
epithelial injury than other forms (4), and this may be associ-
ated with increased entry of VacA into the gastric mucosa,
where antigen recognition probably occurs.

Since in this study, humoral immune responses to VacA
were best detected in assays using homologous VacA antigens,
the use of multiple VacA antigens may be desirable if VacA is
to be used as a component of diagnostic assays for the detec-
tion of H. pylori infection. If only one antigen is to be used,
assays that use a type s1/m1 antigen rather than a type s2/m2
antigen are recommended, since they seem to have greater
sensitivity. Immunization of mice with a type s1/m1 VacA
antigen has been reported to confer protective immunity only
against H. pylori strains expressing homologous types of VacA
(19). Thus, if VacA is to be used as a component of an H. pylori
vaccine, the use of both type s1/m1 and s2/m2 isoforms may
yield an increased level of protection.
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