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Göteborg University, Göteborg, Sweden
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In this study we have determined systemic and local antibody responses against different Helicobacter pylori
antigens in H. pylori-infected and noninfected subjects. In addition, we studied whether differences in antibody
responses between patients with duodenal ulcers and asymptomatic H. pylori carriers might explain the dif-
ferent outcomes of infection. Sera and in most instances gastric aspirates were collected from 19 duodenal ulcer
patients, 15 asymptomatic H. pylori carriers, and 20 noninfected subjects and assayed for specific antibodies
against different H. pylori antigens, i.e., whole membrane proteins (MP), lipopolysaccharides, flagellin, urease,
the neuraminyllactose binding hemagglutinin HpaA, and a 26-kDa protein, by enzyme-linked immunosorbent
assay. The H. pylori-infected subjects had significantly higher antibody titers against MP, flagellin, and urease
in both sera and gastric aspirates compared with the noninfected subjects. Furthermore, the antibody titers
against HpaA were significantly elevated in sera but not in gastric aspirates from the infected subjects.
However, no differences in antibody titers against any of the tested antigens could be detected between the
duodenal ulcer patients and the asymptomatic H. pylori carriers, either in sera or in gastric aspirates.

Infection with Helicobacter pylori can have several different
outcomes including chronic active gastritis, peptic ulcer disease
(PUD), and gastric cancer (3, 29, 31). However, most infected
subjects never develop any symptoms but remain asymptom-
atic (AS) throughout life. It is still poorly understood which
factors determine the result of infection, but variable expres-
sion of certain virulence factors may be one explanation. Al-
though several putative virulence factors have been described
for H. pylori, only some isoforms of the vacuolating cytotoxin
(VacA) and the pathogenicity island including the gene for the
cytotoxin-associated protein (CagA) have been shown to be
more prevalent in strains causing PUD than in other strains (2,
36).

Different abilities of hosts to control the inflammation caused
by H. pylori infection as well as the quality of the specific im-
mune response may also be important for the outcome of
infection. H. pylori infection is generally associated with a
massive infiltration of the gastric mucosa with neutrophils
and lymphocytes (38). The infection also gives rise to elevat-
ed levels of specific antibodies in serum, and significantly
increased antibody levels have also been demonstrated in sa-
liva, gastric juice, and feces (24, 38). Despite the usually strong
antibody responses against H. pylori infection, the bacteria are
rarely eliminated from the stomach and the infection is usually
lifelong. However, animal studies have shown a correlation
between mucosally derived immunoglobulin A (IgA) antibod-
ies against urease and protection against colonization with
H. felis in mice immunized with H. pylori urease (21).

In the present study, we have determined the levels of spe-
cific antibodies against several different H. pylori antigens in
sera and gastric aspirates from H. pylori-infected and nonin-
fected subjects. We have also compared the antibody levels in
H. pylori-infected patients with duodenal ulcers (DU) and in

AS H. pylori carriers to evaluate if there are any differences in
antibody responses to infection between these groups that may
explain the different outcomes of infection.

MATERIALS AND METHODS

Subjects and specimens. Sera and gastric aspirates were obtained from 13
H. pylori-infected patients with DU, 12 AS H. pylori carriers, and 12 healthy,
noninfected volunteers who were participating in other studies at the Depart-
ment of Surgery, Sahlgrenska University Hospital, Göteborg, Sweden. The DU
patients comprised four women and nine men (mean age, 49 years [range, 22 to
59]), the AS subjects were seven women and five men (mean age, 42 years [range,
23 to 66]), and the noninfected volunteers were five women and seven men
(mean age, 32 years [range, 23 to 66]). In addition, we studied sera collected from
six additional DU patients, three AS subjects, and eight noninfected volunteers
of corresponding ages. The DU patients had chronic relapsing DU disease, as
confirmed by endoscopy, but were at the time of the investigation in clinical
remission and had not been taking antisecretory medication for at least 5 days
before the study. The AS subjects were recruited from among blood donors who
had been screened for H. pylori infection by serology (13). Neither the AS
subjects nor the noninfected subjects had any history of gastrointestinal disease
or any other relevant illness. Infection with H. pylori was confirmed by culturing
of gastric biopsies, serology, or a urea-breath test (13). Subjects who were
negative in both culture and serology were included as noninfected controls,
while subjects with positive culture or urea-breath test were considered H. pylori
infected.

Gastric aspirates were obtained by collecting gastric juice from the fasting
subjects, by means of a nasogastric tube connected to a suction pump (Egnell,
Trollhättan, Sweden). At least 20 ml of gastric juice was aspirated from each
subject during 30 min. Immediately after collection, the aspirates were put on ice
and neutralized to pH 6 to 8 with Sörensen’s buffer containing 65 mM Na2HPO4
and 2 mM KH2PO4. To prevent enzymatic degradation of immunoglobulins, the
following substances were added to the aspirates: bovine serum albumin (Sigma
Chemical Co., St. Louis, Mo.) to a final concentration of 1 mg/ml, phenylmeth-
ylsulfonyl fluoride (Sigma) to a final concentration of 0.01 mg/ml, and soybean
trypsin inhibitor (Sigma) to a final concentration of 0.35 mg/ml. Gastric aspirates
were stored at 270°C and analyzed within 2 to 6 months; repeated analyses up
to 1 year later resulted in almost identical titers as observed 1 to 3 weeks after
collection. Serum specimens were obtained by intravenous puncture and stored
at 220°C.

Bacterial strains and growth conditions. Three reference strains—CCUG
17874 (NCTC 11637), E32, and E50 (kindly provided by E. Falsen, Göteborg
University, Göteborg, Sweden, and J.-P. Butzler, St. Pieter’s University Hospital,
Brussels, Belgium)—and two strains from our own collection—Hel 73, isolated
from a patient with chronic antral gastritis, and Hel 305, isolated from a DU
patient—were used for purification of specific antigens. The latter two strains
had been subcultured only twice before use. All strains were cultured on Co-
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lumbia II agar base plates containing 10% horse blood (produced at the Clinical
Bacteriological Laboratory, Sahlgrenska University Hospital) at 37°C for 3 days
under microaerophilic conditions (10% CO2, 5% O2, 85% N2) and then inocu-
lated on new blood agar plates for 2 days before harvesting.

Preparation of antigens. (i) MPs. Whole membrane proteins (MPs) were
prepared as described by Achtman et al. (1) from three different strains of
H. pylori—CCUG 17874, E50, and Hel 305—since we have previously shown that
immune responses against MPs from different strains may vary (35). Briefly,
H. pylori bacteria were harvested in a buffer containing 10 mM Tris and 5 mM
MgCl2, pH 8, and centrifuged at 17,400 3 g for 10 min. The pellet was subse-
quently sonicated at 22 kHz for 30 s eight times in a Vibra-cell ultrasonic
processor (Sonics & Materials Inc., Danbury, Conn.) on ice. After centrifugation
at 1,390 3 g for 10 min at 4°C the supernatant was centrifuged at 14,900 3 g for
30 min at 4°C. The pelleted bacterial membranes were then suspended in Tris
buffer. The protein concentration was calculated by determining the spectropho-
tometric A280-A310 value. The lipopolysaccharide (LPS) content of the MP prep-
arations varied between 2 and 12% (wt/wt) as determined by an inhibition
enzyme-linked immunosorbent assay (ELISA) using specific monoclonal anti-
bodies (MAbs) against the homologous LPS (22).

(ii) LPS. LPS was purified by the hot-phenol-water method of Westphal and
Jann (37) from three H. pylori strains with different O antigens (35)—CCUG
17874, E50, and Hel 73. The preparations were further purified by treatment with
DNase II (2,000 U/mg; Boehringer Mannheim Scandinavia AB, Bromma, Swe-
den), RNase (40 U/mg; Boehringer Mannheim), and protease (type XIV; Sigma)
followed by ultracentrifugation as described elsewhere (17). The protein content
in the LPS preparations was less than 1% as determined by Peterson’s modifi-
cation of the method of Lowry et al. (30), using the Sigma Diagnostics protein
assay kit. The low protein content was further confirmed by silver staining of
sodium dodecyl sulfate (SDS)-polyacrylamide gels using Bio-Rad’s original silver
staining kit (Bio-Rad Laboratories, Richmond, Calif.).

(iii) Flagellin. H. pylori flagellin was purified as previously described (18) from
strain E32 since this is the strain in our collection that expresses the highest levels
of flagellin; we tested purified flagellin from only one strain since H. pylori
flagellin is highly conserved (15). Briefly, bacteria were harvested in phosphate-
buffered saline (PBS) (pH 7.2), homogenized with an Ultra-Turrax blender
(IKA-Labortechnik, Staufen, Germany), and then centrifuged at 18,000 3 g for
1 h at 4°C. The supernatant was subsequently centrifuged at 100,000 3 g for 1 h,
whereupon the resulting pellet was resuspended in 20 mM Tris-HCl, pH 7.8,
containing 20 mM CaCl2 and 1 mg of trypsin (Boehringer Mannheim) per ml and
incubated at 37°C for 80 min. The enzyme reaction was stopped by adding
soybean trypsin inhibitor at a final concentration of 0.25 mg/ml. Further purifi-
cation was achieved by CsCl equilibrium density gradient ultracentrifugation in
1.27-g/cm3 CsCl2 at 180,000 3 g at room temperature for 20 h followed by
dialysis of the flagellin-containing fraction against PBS at 4°C for 12 h. The purity
of the flagellin preparations was assessed by SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE) and immunoblotting with antisera against whole H. pylori
bacteria. The specificity was confirmed by immunoblotting with specific MAbs
against flagellin (22).

(iv) Urease. Urease, which also is highly conserved in H. pylori (14), was
purified from strain E32, which is a good producer of urease. A combination of
the methods described by Dunn et al. (8) and Evans et al. (11) was used for
purification of urease. Briefly, H. pylori bacteria were harvested in PBS and
centrifuged at 17,000 3 g for 10 min. The pellet was then suspended in 1%
N-octylglucose and left for 20 min at room temperature. After centrifugation at
26,000 3 g for 15 min the supernatant was dialyzed against PBS overnight at 4°C.
Further purification was obtained by size exclusion chromatography on a Sepha-
rose CL 6B column (Pharmacia LKB, Uppsala, Sweden). The urease-containing
fractions were identified, pooled, and dialyzed against PBS. After filtration
through a 0.45-mm-pore-size filter the suspension was subjected to anion-ex-
change chromatography by fast protein liquid chromatography on a Resource Q
column (Pharmacia). The purity of the preparations was assessed by SDS-PAGE
and immunoblotting with urease-specific MAbs, and urease activity was con-
firmed by using a commercial urease test.

(v) 26-kDa protein and HpaA. The 26-kDa protein (28) and HpaA (10, 27)
were purified from strain CCUG 17874, which expresses high amounts of the
antigens in vitro (22); we used only one strain for purification since these proteins
are conserved in H. pylori (9, 23). The 26-kDa protein and HpaA were purified
from the supernatant formed after centrifugation of disintegrated H. pylori bac-
teria at 100,000 3 g for 1 h. The supernatant was added to a 17% bisacrylamide
separation gel, and the proteins were separated by SDS-PAGE at 200 V for 1 h
according to the protocol of Laemmli (20). After electrophoresis, two bands of
26 and 30 kDa (HpaA) were cut out from the gel. The proteins were then
electroeluted according to the manufacturer’s instructions (Bio-Rad). The eluted
proteins were dialyzed against PBS and frozen at 270°C. The purity was deter-
mined by SDS-PAGE and transblotting with polyclonal antisera against whole
H. pylori bacteria as well as with MAbs reacting with the respective antigen (4,
22).

Determination of total IgA concentrations and H. pylori-specific antibody
titers. Total IgA and total secretory IgA (SIgA) contents in gastric aspirates were
determined by a modified microplate ELISA as previously described (33). Goat
anti-human IgA (Jackson Immuno Research Laboratories, West Grove, Pa.) was
used for coating, horseradish peroxidase (HRP)-labeled goat anti-human IgA

(Jackson) was used for detection of total IgA, and HRP-labeled anti-secretory
component antibodies (Nordic Immunological Laboratories, Tilburg, The Neth-
erlands) were used for detection of SIgA. Gastric aspirates were added to the
plates in duplicates in initial dilutions of 1:30 (total IgA) or 1:5 (total SIgA) and
threefold diluted. Commercially available IgA standards (Sigma) were used as
references. Specimens with a total IgA concentration of #20 mg/ml were ex-
cluded from the study since samples with lower amounts of total IgA did not give
reproducible results on antibody determination.

Titers of specific antibodies in sera and gastric aspirates, against membrane
preparations and different purified H. pylori antigens were determined by ELISA.
Polystyrene microtiter plates (Nunc, Roskilde, Denmark) were coated with op-
timal concentrations, as determined by checkerboard titrations, of the different
antigens dissolved in PBS at room temperature overnight. The following antigen
concentrations were used: MP, 25 mg/ml; LPS, 10 mg/ml; flagellin, 5 mg/ml;
urease, 2.5 mg/ml; 26-kDa protein, 1.5 mg/ml; HpaA, 1.5 mg/ml. After two washes
with PBS, wells were blocked with 0.1% (wt/vol) bovine serum albumin-PBS at
37°C for 30 min. Subsequent incubations were performed at room temperature,
and plates were washed three times with PBS containing 0.05% Tween (PBS-
Tween) between incubations. Serum samples and gastric aspirates were added in
duplicates in initial dilutions of 1:10 and 1:2, respectively, and threefold diluted.
Wells to which only PBS-Tween was added were used for determination of
background values. After incubation at room temperature for 90 min, HRP-
labeled rabbit anti-human IgA or IgG antibodies (Jackson) were added and
incubated for 60 min. Plates were read in a spectrophotometer (Labsystems
Multiskan PLUS) 20 min after addition of H2O2 and ortho-phenylene-diamine
dihydrochloride in 0.1 M sodium citrate buffer, pH 4.5. The end point titers were
determined as the reciprocal interpolated dilution giving an absorbance of 0.4
(sera) or 0.2 (aspirates) above background at 450 nm (33). H. pylori-specific
antibody titers in gastric aspirates were expressed as the specific titer divided by
the total IgA concentration in the sample. The measurement error of the ELISA
(16) was determined to vary between 20 and 30% in repeat analyses over time.

Statistical methods. Differences in antibody titers between the study groups
were evaluated by the Mann-Whitney hypothesis test, and P values ,0.01 were
considered to represent significant differences. Correlations were expressed as
Spearman’s rank correlation coefficient, rS.

RESULTS

H. pylori-specific antibodies in serum. Serum samples from
19 H. pylori-infected patients with DU, 15 AS subjects, and 20
healthy, noninfected subjects were analyzed for specific anti-
bodies in ELISA. Most of the H. pylori-infected subjects, i.e.,
both DU and AS subjects, had significant levels of H. pylori-
specific antibodies in serum, while only a few of the nonin-
fected subjects had antibodies that reacted with the H. pylori
antigens (Table 1). The H. pylori-infected subjects had signif-
icantly higher IgG titers against MP prepared from H. pylori
E50, CCUG 17874, or Hel 305 (P , 0.00006 for all strains)

TABLE 1. Volunteers with significantly elevateda antibody titers
in serum against different H. pylori antigens

Antigen

% of subjectsb

IgG IgA

DU
(n 5 19)

AS
(n 5 15)

Hp2
(n 5 20)

DU
(n 5 19)

AS
(n 5 15)

Hp2
(n 5 20)

MP
E50 100 79 0 95 64 0
CCUG 17874 100 100 0 68 67 5
Hel 305 100 100 0 NT NT NT

LPS
E50 70 60 0 90 70 0
CCUG 17874 10 0 0 30 20 0
Hel 73 25 67 0 NT NT NT

Flagellin 88 100 0 47 50 6
Urease 89 93 0 22 20 5
26 kDa 0 0 0 22 0 5
HpaA 73 71 0 13 29 0

a More than 2 standard deviations higher than the geometric mean titer of the
noninfected subjects.

b Hp2, noninfected subjects; NT, not tested.
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than the noninfected subjects (Fig. 1). Similarly, the serum IgG
titers against LPS purified from strain Hel 73 (P 5 0.0020),
flagellin (P , 0.00006), urease (P , 0.00006), and HpaA (P ,
0.00006) were significantly higher in the infected than in the
noninfected group. However, IgG levels against LPS purified
from strains E50 and CCUG 17874 and the 26-kDa protein did
not differ significantly between the H. pylori-infected and the
noninfected subjects (P, 0.018, 0.28, and 0.70, respectively).
The subjects with high IgG titers against MP tended to have
high titers also against flagellin, urease, and HpaA. When
studying IgA responses, it was found that the H. pylori-infected
subjects had significantly higher IgA titers against the different
MPs, LPS from strain E50, flagellin, urease, and HpaA than
the noninfected subjects, although the IgA titers were approx-
imately 10 times lower than the IgG titers (Fig. 2). Comparison
of serum antibody titers between the DU patients and the AS
subjects did not reveal any significant differences between the

two groups against any of the tested antigens (Fig. 1 and 2).
Even though a higher proportion of the AS subjects had ele-
vated IgG titers against LPS prepared from strain Hel 73 than
the DU subjects (67% compared with 25%), this difference was
not statistically significant.

H. pylori-specific antibodies in gastric aspirates. Gastric as-
pirates collected from the three groups of subjects were ana-
lyzed for total IgA as well as H. pylori-specific IgA antibodies in
ELISA. Although the total IgA concentrations varied substan-
tially in samples from different subjects, there were no sig-
nificant differences in the mean values between the three
groups—H. pylori-infected DU and AS volunteers and the non-
infected subjects (data not shown). To adjust for the great
variations in total IgA content in different samples, the H. py-
lori-specific antibody titers in the aspirates were expressed per
microgram of total IgA per milliliter. The H. pylori-infected
subjects had significantly higher proportions of IgA antibodies

FIG. 1. Serum IgG titers (geometric means with standard deviation) against different H. pylori antigens in patients with DU (hatched bars; n 5 19), AS H. pylori
carriers (filled bars; n 5 15), and noninfected subjects (open bars; n 5 20). MP and LPS were purified from strains E50, CCUG 17874, Hel 73, and Hel 305 (E50, 17,
73, and 305, respectively). p, P , 0.01 (Mann-Whitney hypothesis test).

FIG. 2. Serum IgA titers (geometric means with standard deviations) against different H. pylori antigens in patients with DU (hatched bars; n 5 19), AS H. pylori
carriers (filled bars; n 5 15), and noninfected subjects (open bars; n 5 20). MP and LPS were purified from strains E50 and CCUG 17874 (17 in the figure). p, P ,
0.01 (Mann-Whitney hypothesis test).
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specific for the MPs (P , 0.00006), flagellin (P 5 0.0014), and
urease (P , 0.00006) than the noninfected subjects (Fig. 3). In
contrast to the findings in serum, only very few of the infected
subjects had gastric antibodies that reacted with HpaA and
there were no significant differences between the H. pylori-
infected and the noninfected subjects in IgA antibody levels
against LPS from strain E50 (P 5 0.011) or CCUG 17874 (P 5
0.085) or against the 26-kDa protein (P 5 0.29). No significant
differences in gastric antibody levels against any of the antigens
studied could be found between the DU and AS groups.

The correlation between serum IgA and gastric IgA anti-
body levels was low for all the antigens (rs , 0.5), as was the
correlation between serum IgG and gastric IgA antibody levels
(rs , 0.5). In no instance did an individual have antibodies
against a particular antigen in the gastric aspirate and not in
serum, while the opposite was frequently seen. To evaluate if
the antibodies detected in the gastric aspirates were of mucosal
or systemic origin, total SIgA concentrations were determined
in all the gastric aspirates. These analyses showed that a ma-
jority of the samples contained SIgA and that there was a
strong correlation between the SIgA and the total IgA levels
(r 5 0.830; P , 0.002). This suggests that at least a proportion
of the specific antibodies detected in the gastric aspirates were
mucosally derived.

DISCUSSION

Even though several previous studies have shown that H. py-
lori infection gives rise to specific antibody responses in the
stomach, the antigenic specificities of these antibodies have not
been analyzed in greater detail (32, 38). In the present study,
we show strong antibody responses both in sera and in gastric
aspirates against a number of different H. pylori antigens, e.g.,
MP, flagellin, and urease, in patients with DU and in AS car-
riers. We also demonstrate antibody responses against the neu-
raminyllactose binding hemagglutinin HpaA in serum, whereas
specific immune responses against a prevalent 26 kDa protein
could be detected neither in sera nor in gastric aspirates.

Despite the fact that the H. pylori-specific antibodies in-
duced by natural infection are not capable of eliminating the
bacteria, it is likely that a vaccine against H. pylori should in-
duce strong secretory antibody responses locally in the stom-

ach. In agreement with this belief, immunization of mice with
H. pylori urease together with Escherichia coli heat-labile toxin
has been shown to induce mucosal IgA antibodies which cor-
relate with protection against infection with H. felis (21). In
addition, it has been demonstrated that urease given to H. felis-
infected mice cures the infection and eliminates the bacteria
from the stomach (6). As we show in this study, natural infec-
tion with H. pylori induces strong systemic and mucosal anti-
body responses against urease in humans, and the urease has
been considered a potent vaccine candidate for a long time.
The effect of oral vaccination with urease on H. pylori infection
was recently tested in a study in which AS H. pylori carriers
were given recombinant urease (19). The urease was well tol-
erated by the subjects, but the vaccination did not have any
effect on the infection. However, this might well be due to the
fact that no mucosal adjuvant was included in the vaccine
preparation.

In contrast to the strong antibody responses against urease,
the antibody responses against the 26-kDa protein and HpaA
were very poor, especially in the gastric aspirates. We have
previously shown that H. pylori produces high amounts of the
two proteins in vitro (22, 34), but the antigens might be poorly
expressed in vivo or may be degraded by gastric juice since they
induce strong antibody responses in serum when administered
parenterally to experimental animals.

The H. pylori-infected subjects in this study had significantly
higher antibody titers in sera against LPS prepared from H. py-
lori Hel 73 (IgG and IgA) and E50 (IgA) than the noninfected
subjects, while no differences in antibody titers against LPS
from strain CCUG 17874 were found between the two groups.
It has previously been proposed that H. pylori strains could be
classified into different serotypes on the basis of O antigens
(26) and we have recently demonstrated considerably higher
antibody responses against homologous LPS preparations than
against LPS prepared from stock strains or heterologous clin-
ical isolates (35). The reason for the low number of responders
against LPS prepared from CCUG 17874 might well be due to
the fact that LPS from strain CCUG 17874 lacks an O-specific
side chain (35).

Although half of the human population is infected with
H. pylori, only a relatively low proportion of the infected indi-
viduals develop DU while the majority remain AS throughout

FIG. 3. H. pylori-specific IgA antibodies in gastric aspirates from patients with DU (hatched bars), AS H. pylori carriers (filled bars), and noninfected subjects (open
bars). The values are expressed as specific IgA titers divided by total IgA concentrations. The bars represent the geometric mean within each group, and each circle
represents the value for one individual. MP and LPS were purified from strains E50 and CCUG 17874 (17 in the figure).
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life. One aim of this study was to evaluate if there were any
differences in antibody responses either in sera or in gastric
aspirates between patients with DU and AS H. pylori carriers.
However, the serum titers were strikingly similar in the two
groups of subjects against all the antigens studied, and the only
difference that could be detected was that a higher proportion
of the AS subjects had elevated serum IgG titers against Hel 73
LPS than the DU patients. This might be explained by a higher
proportion of strains having the same O antigen as strain Hel
73 in the AS group than among DU patients, but since we do
not have access to the infecting strains from all the subjects,
this could not be evaluated. In spite of large individual varia-
tions in antibody titers in the gastric aspirates, no differences in
antibody responses could be detected between the AS and DU
subjects. Thus, the different outcomes of infection could not be
ascribed to differences in antibody responses against the anti-
gens tested in this study, either in serum or in gastric aspirates.
It would of course have been interesting to study immune
responses against CagA and VacA since several papers have
reported that H. pylori strains isolated from patients with PUD
more often express VacA and CagA than strains isolated from
individuals with other symptoms (2, 36) and also that it is more
common for patients with PUD to have antibodies against
CagA than it is for other H. pylori-infected individuals (5, 7).
Unfortunately, we did not have access to these proteins and
could not compare antibody levels against these antigens be-
tween the DU and AS subjects.

An obvious problem in assessing locally produced IgA anti-
bodies in gastric aspirates is to evaluate whether the antibodies
have been produced in the stomach or if they originate from
the mouth or the intestine or even if they have transudated
from serum. However, in another study we have shown that
there is a high prevalence of H. pylori-specific antibody-secret-
ing cells in the stomach in H. pylori-infected individuals and
that these cells produce antibodies reacting with the same
antigens as the antibodies detected in this study (25). This,
together with the fact that we found SIgA in the aspirates from
most of the H. pylori-infected subjects, suggests that at least a
proportion of the H. pylori-specific antibodies in the gastric
aspirates actually have been produced in the stomach. Another
problem in using gastric aspirates to assess levels of antibody
responses may be that the content of immunoglobulins varies
significantly, not only between individuals but also within the
same individual from one day to another and even in relation
to the migrating motor complex, i.e., the IgA levels produced
may vary at least threefold during the different phases of this
complex (12). In order to compensate for these variations, we
have expressed the H. pylori-specific antibodies in relation to
the total IgA concentrations in each sample.

In conclusion, this study demonstrates that H. pylori infec-
tion induces strong antibody responses against MP, flagellin,
and urease, both in serum and locally in gastric aspirates. How-
ever, no significant differences in antibody titers were found
between the DU patients and the AS subjects, and thus the dif-
ferent outcomes of infection probably could not be explained
by differences in specific antibody responses against the tested
antigens.
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