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Assessment of Helicobacter pylori vacA and cagA Genotypes and
Host Serological Response
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Helicobacter pylori strains can be distinguished by genotyping of virulence-associated genes, such as vacA and
cagA. Because serological discrimination between strain types would reduce the need for endoscopy, 61 patients
carrying H. pylori were studied by vacA and cagA genotyping of H. pylori in gastric biopsy specimens and by
detection of specific serum antibodies. Serological responses to H. pylori were determined by Helicoblot (ver-
sions 2.0 and 2.1). Antibodies to CagA also were determined by a rapid anti-CagA assay (Pyloriset screen CagA) as
well as by two noncommercially developed enzyme immunoassays, each using a recombinant CagA protein.
Assessment of performance of the Helicoblot assays indicated substantial interobserver variation, with kappa
values between 0.20 and 0.93. There was no relationship between the serological profiles on the Helicoblot and
the genotypes from the same patients, except for strong associations between the presence of anti-CagA and the
cagA-positive and vacA s1 H. pylori genotypes. Detection of anti-CagA by the five different assays varied
considerably, with kappa values ranging from 0.21 to 0.78. Using the cagA genotype as the “gold standard,” the
sensitivity and specificity of the anti-CagA assays varied from 71.4 to 85.7% and from 54.2 to 100%, respectively.
Thus, serological profiles of antibodies to H. pylori are heterogeneous and, with the exception of anti-CagA
antibodies, show no relation to the H. pylori vacA and cagA genotypes. Detection of anti-CagA antibodies is
strongly dependent on the test used.

Helicobacter pylori persistently colonizes the mucosa of the
human stomach, causes chronic gastritis, and is an important
risk factor for gastroduodenal diseases, such as peptic ulcers
and gastric carcinoma (11). There is increasing evidence that
distinct variants of H. pylori exist and that these may be asso-
ciated with the pathogenicity of the bacterium (41); several
virulence-associated genes have been identified (1, 8).

vacA encodes a vacuolating toxin that is released by H. pylori
and injuries epithelial cells (9, 21). vacA is present in all
H. pylori strains, and includes two variable regions (1). The
s region (encoding the signal peptide) is located at the 59 end
of the gene and exists as an s1 or s2 allele. Within type s1,
several subtypes (s1a, s1b, and s1c) can be distinguished (39).
The m region (middle) occurs as an m1 or m2 allele. The
mosaic combination of s- and m-region allelic types correlates
with the production of the cytotoxin and is thereby associated
with virulence of the bacterial strain (1).

cagA (cytotoxin-associated gene) is considered a marker for
the presence of the pathogenicity (cag) island of about 35 kbp
(6). Carriage of cagA1 strains increases the risk for the devel-
opment of atrophic gastritis and gastric cancer (4, 19). Several
studies have shown clinical relevance of specific antibodies to
CagA using noncommercial assays (3, 5, 7, 20, 29, 33–35, 44),

whereas others failed to confirm these findings (14, 17, 18, 23,
27, 45)

H. pylori can be diagnosed by analysis of gastric biopsy spec-
imens by urease tests, culture of the bacterium, histopathology,
or detection of bacterial DNA by PCR. Noninvasive diagnostic
methods include the urea breath test and serological assays
measuring antibodies to H. pylori in the serum (15, 22). The
distinct vacA and cagA genotypes of H. pylori can best be iden-
tified by molecular methods, using cultured strains, or directly
in gastric biopsy specimens, but this requires endoscopy. There-
fore, serological typing methods analyzing specific antibodies
to H. pylori if accurate, would be most suitable for routine clin-
ical use. The present study assessed the relationship between
the vacA and cagA genotypes of H. pylori and the presence of
specific anti-Helicobacter antibodies, in particular, antibodies
to CagA.

MATERIALS AND METHODS

Patients. Gastric (antral) biopsy specimens and serum samples were obtained
from patients, undergoing upper endoscopy for routine clinical indications. Bi-
opsy specimens were tested for H. pylori by a rapid urease assay (CLO test;
Delta-West). A total of 61 patients were randomly selected from several hundred
patients in The Netherlands to ensure that each of the vacA s1, vacA s2, vacA m1,
vacA m2, cagA-negative, and cagA-positive genotypes was sufficiently repre-
sented in the test group.

Genotyping of H. pylori. The vacA and cagA status of H. pylori was determined
directly in gastric biopsy specimens, as described earlier (38, 39). Briefly, total
DNA was isolated from the specimens, and vacA s and m regions as well as part
of cagA were simultaneously amplified by multiplex PCR. PCR products were
hybridized to subtype-specific probes by reverse hybridization on a line probe
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assay (LiPA), detecting vacA s1a, s1b, s1c, s2, m1, m2a, and m2b and cagA. This
assay has been extensively evaluated and showed high accuracy for detection of
distinct genotypes (38–40).

Serological assays. Serum samples were analyzed by various commercially
available and noncommercial assays. Immunoglobulin G antibody profiles were
determined by Helicoblot versions 2.0 and 2.1 (Genelabs Diagnostics, Singapore,
Singapore) and were performed according to the manufacturer’s instructions.
The Helicoblot assays are based on Western blot analysis of whole-cell H. pylori
antigens. Interpretation of the serologic reactivity is restricted to antigens of
various molecular masses. Version 2.0 contains antigens of 19.5, 26.5, 30, 35, 89
(VacA), and 116 (CagA) kDa. Version 2.1 contains antigens of 19.5, 30, 35, 37,
89 (VacA), and 116 (CagA) kDa. For Helicoblot 2.1, the criteria for H. pylori
seropositivity are as follows: (i) positive result for the 116-kDa (CagA) band,
where CagA has to be present with one or more bands at the following positions:
89 (VacA), 37, 35, 30 (UreA), and 19.5 kDa together, or with current infection
marker (CIM); (ii) presence of any one band at 89, 37, or 35 kDa, with or without
the current infection marker; (iii) presence of both the 30- and 19.5-kDa bands,
with or without the CIM.

Presumably, different H. pylori strains have been used as the protein sources
for the two versions of the Helicoblot assay. Version 2.1 also contains an addi-
tional antigen line, designated the CIM. The nature of this antigen is not ex-
plained by the manufacturer and remains unknown. Anti-CagA antibodies also
were determined using a rapid assay (Pyloriset screen CagA; Orion Diagnostics,
Espoo, Finland) and two specific anti-CagA enzyme immunoassays (EIAs)
(DDL prototype CagA assay and Vanderbilt University anti-CagA EIA, based
on recombinant CagA proteins [10, 30]).

Statistical analyses. All statistical analyses were performed using SPSS version
8.0 for Windows (SPSS, Inc., Chicago, Ill.). To assess the interobserver variation
for interpretation of the Helicoblot assays, and to determine the agreement
between the different anti-CagA assays, Cohen’s kappa values were calculated.
kappa values represent the degree of agreement between any pair of observa-
tions, and the values can be interpreted as follows: 0 to 0.2 (poor), 0.21 to 0.40
(fair), 0.41 to 0.60 (moderate), 0.61 to 0.80 (good), 0.81 to 0.99 (very good), and
1 (perfect agreement).

Relationships between serological profiles and genotypes were calculated by
the chi-square test with Bonferroni correction to increase the stringency of the
analysis, since multiple comparisons are being made.

RESULTS

Genotypes of H. pylori strains in the gastric biopsy speci-
mens. Gastric biopsy specimens and serum samples were ob-
tained from 61 H. pylori-positive patients living in The Neth-
erlands. DNA was isolated from the biopsy specimens, and the
H. pylori vacA and cagA genotypes were determined by multi-
plex PCR and LiPA (Table 1). All samples could be completely
genotyped. In seven (11.5%) patients, multiple vacA genotypes
were detected, indicating the presence of multiple H. pylori
strains in the biopsy specimens. Of the 31 s1 strains, 29 were
s1a, one was s1b, and one was s1c. Twenty (64.5%) of the 31 s1
strains also were cagA positive, whereas only 2 (8.7%) of the 23
s2 strains contained cagA (P , 0.001).

Serological responses to H. pylori antigens. Serological pro-
files were determined by Helicoblot 2.0 and 2.1. Results were
independently interpreted by three persons, the individual re-
activity (positive, negative, or dubious) to each of the indicated
antigens was scored, and average kappa values were calculated
for each of the antigens on the blots (Table 2). For Helicoblot
2.0, the average kappa values of the 19.5-, 26.5-, 30-, 35-, 89-,
and 116-kDa antigens ranged between 0.457 (19.5 kDa) and
0.692 (26.5 kDa). For Helicoblot 2.1, the average kappa values
of the 19.5-, 30-, 35-, 37-, 89-, and 116-kDa antigens ranged
between 0.325 (37 kDa) and 0.646 (116 kDa). The average
kappa value for the CIM in Helicoblot 2.1 was 0.822. A con-
sensus score (Table 2) also was determined for the reactivity of
each serum sample to the individual antigens. If antibody re-
activity was scored positive by two or more observers, it was
considered a positive reaction. As such, negative and dubious
scores were grouped together. The results of Helicoblot 2.0
and 2.1, using the interpretation criteria provided in the man-
ufacturer’s instructions, showed a high degree of discordance.
Helicoblot 2.0 yielded positive results with 52 (85.2%) of the 61
patients tested, whereas Helicoblot 2.1 yielded positive results
with 57 (93.4%) of the patients tested. The positivity rate for
individual antigen bands on Helicoblot 2.0 varied from 26.2%
(19.5 kDa) to 83.6% (26.5 kDa). For Helicoblot 2.1, the pos-
itivity rates varied between 54.1% (116 kDa) and 75.4% (19.5
kDa). Antibodies to the 89-kDa antigen, representing the vac-
uolating toxin VacA, were detected in 39.3% of the sera by
using Helicoblot 2.0 and 59.0% of the sera by using Helicoblot
2.1. Antibodies to the CIM (which was applied as an additional
and separate line on the Helicoblot 2.1 membrane) were found
in 52 (85.2%) of the sera.

The consensus scores also were used to determine the asso-

TABLE 1. H. pylori vacA and cagA genotypes detected in
single gastric biopsy specimens of 61 patients

Genotype
n %

vacA s vacA m cagA

s1a m1 1 12 19.7
s1a m1 2 7 11.5
s1a m2a 1 6 9.8
s1a m2a 2 4 6.6
s1b m2a 1 1 1.6
s1c m2a 1 1 1.6
s2 m2a 1 2 3.3
s2 m2a 2 21 34.4
Multiple Multiple 1 6 9.8
Multiple Multiple 2 1 1.6

TABLE 2. Detection of antibodies to specific antigens present on Helicoblot 2.0 and 2.1 in 61 H. pylori-positive patients
and corresponding kappa values

Assay Parameter
Serological reactivity to different antigen lines at indicated position (kDa)b

CIM 19.5 26.5 30 35 37 89 116 Totalc

Helicoblot 2.0 Consensus positivity scorea (%) 16 (26.2) 51 (83.6) 35 (57.4) 26 (42.6) 24 (39.3) 24 (39.3) 52 (85.2)
Average kappa value 0.457 0.692 0.570 0.648 0.608 0.507

Helicoblot 2.1 Consensus positivity score (%) 52 (85.2) 46 (75.4) 45 (73.8) 34 (55.7) 34 (55.7) 36 (59.0) 33 (54.1) 57 (93.4)
Average kappa value 0.822 0.595 0.338 0.529 0.325 0.530 0.646

a Number of patients showing a positive reaction with the indicated antigen. The consensus score was determined as stated in Materials and Methods.
b Different antigen lines were present on Helicoblot 2.0 and 2.1 and were interpreted by three independent observers according to the manufacturer’s instructions.
c The overall seropositivity of each serum sample was determined according to the manufacturer’s instructions.
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ciation between the detection of antibodies in the serum and
the presence of specific vacA and cagA genotypes in the stom-
ach. For Helicoblot 2.0, no significant associations were found
between vacA s, vacA m, and cagA genotypes, and antibodies
against the antigens of 19.5, 26.5, 30, 35, and 89 kDa (all P
values . 0.05). In contrast, there was a strong association
between the presence of vacA s1 and cagA-positive strains, and
the presence of anti-CagA (116 kDa) antibodies (P , 0.001).
For Helicoblot 2.1, no significant associations were found be-
tween the vacA s, vacA m, and cagA genotypes, and antibodies
against the antigens of 19.5, 30, 35, 37, and 89 kDa. As for
Helicoblot 2.0, there was a strong association between the
presence of vacA s1 and cagA-positive strains, and the presence
of anti-CagA antibodies (P , 0.001).

Anti-CagA antibodies. Antibodies to CagA also were mea-
sured by the Pyloriset screen rapid assay and two independent
anti-CagA EIAs based on recombinant CagA proteins (Table
3). The detection rate of anti-CagA differed considerably be-
tween the five different assays, and kappa values, measuring
interassay agreement, ranged from 0.213 to 0.783. The agree-
ment between the two versions of the Helicoblot with respect
to anti-CagA (116 kDa) was only 0.557.

Finally, the association between the H. pylori cagA genotype
detected in the gastric biopsy specimens and the anti-CagA
reactivity in the serum was assessed (Table 4). Despite the
clear association between the cagA genotype and detection of
anti-CagA, a considerable number of discrepant results were
observed. The kappa values for comparisons between the cagA
genotype and the antibody detection were 0.437 and 0.332 for
Helicoblot 2.0 and 2.1, respectively. The DDL prototype CagA
EIA showed the highest agreement with the cagA genotype
(k 5 0.736), but this was not significantly higher than that for
the Pyloriset screen test (0.632) and the Vanderbilt EIA
(0.696). Using the cagA genotype as the “gold standard,” the
sensitivity of the assays ranged from 71.4% (Helicoblot 2.0 and
Pyloriset) to 85.7% (DDL EIA). The specificity of the assays

ranged from 54.2% (Helicoblot 2.1) to 100% (Vanderbilt
EIA). The positive predictive values varied between 66.6%
(Helicoblot 2.1) and 100% (Vanderbilt EIA), and the negative
predictive values were between 68.4% (Helicoblot 2.1) and
87.9% (DDL EIA) (Table 4).

DISCUSSION

Serological methods are valuable tools for detecting the
presence of H. pylori but do not allow direct characterization of
the H. pylori strain. The present study compared the serum
antibody responses to H. pylori antigens with the H. pylori vacA
and cagA genotypes in antral biopsy specimens. That the vacA
and cagA genotypes could be determined for all 61 patients by
the extensively validated PCR LiPA method facilitated this
analysis (37–39, 42). Specimens from approximately 10% of
the patients contained multiple genotypes, which is in agree-
ment with earlier findings (37).

Serum antibodies to several H. pylori antigens, identified by
their molecular weight, were determined by two different ver-
sions of the Western blot-based Helicoblot assay, which gen-
erate particular serological profiles. The reactivity toward each
antigen was assessed visually, and signal intensities may vary
considerably. Consequently, interobserver variation of both
the 2.0 and 2.1 versions was substantial. Of all the individual
antigens, an additional antigen line, designated the CIM, which
is of unknown clinical relevance, performed best (k 5 0.822),
but antibodies to the CIM were found in only 85.2% of the
H. pylori-positive patients. That the CIM was present on Hel-
icoblot 2.1 as a separate line at a clearly defined position
probably limited erroneous interpretations. Taken together,
our results demonstrate that the reproducibility of the visual
scoring of the Helicoblot results is limited, in part due to the
low intensity of some signals and due to variation between
different strip batches, preventing accurate alignment with the
provided template. Scanning of blots and computer-assisted

TABLE 3. Anti-CagA reactivities in specimens from 61 H. pylori-positive patients as determined by five different serological assays

Assay Result

No. of specimens with indicated reaction by the following assay

Helicoblot 2.1 Pyloriset DDL Vanderbilt

Negative Positive Dubious Negative Positive Negative Positive Negative Positive

Helicoblot 2.0a Negative 16 6 8 28 2 20 10 30 0
Positive 1 23 0 3 21 6 18 5 19
Dubious 2 4 1 7 0 7 0 7 0

Helicoblot 2.1b Negative 19 0 13 6 19 0
Positive 10 23 13 20 14 19
Dubious 9 0 7 2 9 0

Pylorisetc Negative 29 9 37 1
Positive 4 19 5 18

DDLd Negative 31 2
Positive 11 17

a The average kappa values (95% confidence intervals) for comparisons with the Helicoblot 2.1, Pyloriset, DDL, and Vanderbilt assays were 0.042 (0.277 to 0.607),
0.639 (0.473 to 0.806), 0.319 (0.115 to 0.522), and 0.635 (0.471 to 0.799), respectively.

b The average kappa values (95% confidence intervals) for comparisons with the Pyloriset, DDL, and Vanderbilt assays were 0.483 (0.329 to 0.636), 0.213 (0.027 to
0.399), and 0.389 (0.240 to 0.537), respectively.

c The average kappa values (95% confidence intervals) for comparisons with the DDL and Vanderbilt assays were 0.565 (0.359 to 0.771) and 0.783 (0.620 to 0.946),
respectively.

d The average kappa value (95% confidence interval) for comparison with the Vanderbilt assay was 0.560 (0.359 to 0.762).
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interpretation may improve the performance of these assays.
Although Helicoblot 2.0 and 2.1 contain different antigens,
reactivities against the shared 19.5-, 30-, 35-, 89-, and 116-kDa
proteins differed considerably. This may be due to differences
in H. pylori strains used in both assays, in batches of strips, and
in observers. Therefore, to adequately compare serological
results from various patients or use for follow-up studies, strips
from the same batch should be used and need to be interpreted
by the same observer.

The only significant associations were found between the
presence of anti-CagA on the Helicoblot and the vacA s1 and
cagA-positive genotypes. Since strains lacking cagA do not pro-
duce the CagA antigen, the lack of anti-CagA antibodies in
hosts carrying cagA-negative strains was expected. The associ-
ation we found between colonization with vacA s1 strains and
presence of anti-CagA antibodies confirms earlier findings,
since most cagA-positive strains also have the vacA s1 genotype
(41).

The 89-kDa antigen represents the mature vacuolating toxin
VacA (9). Although antibodies to VacA might have been ex-
pected in all H. pylori-positive patients, in our patient group
only 39.3 to 59.0% of the sera contained antibodies to the
89-kDa antigen, confirming earlier studies (12, 32), but with no
significant association with the vacA genotype of H. pylori. This
result may indicate that most antibodies against VacA recog-
nize conformational epitopes (25), whereas the Helicoblots
only present denatured, linear epitopes, in contrast to studies
using purified VacA protein (31).

The great majority of cagA-positive strains produce the
CagA protein (26). Therefore, if cagA-positive strains are
present, the immune system usually will have been exposed to
the CagA antigen, especially since CagA is injected into gastric

epithelial cells by a type IV secretion apparatus encoded by the
cag pathogenicity island (28). Absence of anti-CagA antibodies
in such patients may be due to sequence variation in cagA,
resulting in different epitopes (24, 43). Several cagA variants
have been described that have particular geographical distri-
bution (36, 40). The anti-CagA assays we studied are based on
different CagA proteins, which may contain different B-cell
epitopes. The Vanderbilt and DDL EIAs were both based on
recombinant CagA protein, derived from Western H. pylori
strains. No information is available on the source of CagA used
for the Helicoblot 2.0, 2.1, and Pyloriset assays. However, spec-
imens from patients from different parts of the world appear
able to recognize a single recombinant CagA protein (16, 30).

The presence of antibodies may reflect recent past carriage,
and therefore, antibodies may be found when the bacteria are
no longer present in the stomach. However, none of the pa-
tients in the present study had been treated, and all were H.
pylori positive at the time of investigation, as determined by
PCR. Similarly, it is possible that cagA-positive strains were
present in the stomach but were not detected due to sampling
error, since each antral gastric biopsy specimen only represents
a very small sample of the entire gastric mucosa.

The five assays comprised three different test formats, i.e.,
Western blot (Helicoblot), rapid immunoassay using a lateral
flow system (Pyloriset screen CagA), and microtiter EIA
(DDL and Vanderbilt EIAs), and were not in full agreement
with each other (Table 3). Although different assay formats
may influence the test performance of anti-CagA measure-
ments (2, 13), using the cagA genotype as the standard, both
Helicoblot assays show limited sensitivity and specificity. In
contrast, the DDL assay was most sensitive, while the Vander-
bilt assay was most specific (Table 4).

TABLE 4. Association between cagA genotype and detection of anti-CagA antibodies by various assays

Assay and
result

No. with
genotypea

Kappa value Sensitivity (%) (95% CI) Specificity (%) (95% CI) PPV (%) (95% CI)c NPV (%) (95% CI)d

cagA
negative

cagA
positive

Helicoblot 2.0 0.557 (0.339–0.776) 71.4 (52.9–84.7) 84.6 (66.5–93.8) 83.3 (64.1–93.3) 73.3 (55.6–85.8)
Negative 22 8
Positive 4 20
Dubious 7 0

Helicoblot 2.1 0.332 (0.079–0.586) 78.6 (60.4–89.8) 54.2 (35.1–72.1) 66.6 (49.6–80.2) 68.4 (46.0–84.6)
Negative 13 6
Positive 11 22
Dubious 9 0

Pyloriset 0.632 (0.438–0.826) 71.4 (52.9–84.7) 90.9 (76.4–96.8) 87.0 (67.9–95.5) 79.0 (63.8–88.9)
Negative 30 8
Positive 3 20

DDL 0.736 (0.565–0.906) 85.7 (68.5–99.3) 87.9 (72.7–95.2) 85.7 (68.5–94.3) 87.9 (72.7–95.2)
Negative 29 4
Positive 4 24

Vanderbilt 0.696 (0.521–0.870) 67.9 (49.3–82.1) 100 (89.6–100) 100 (83.2–100) 78.6 (64.1–88.3)
Negative 33 9
Positive 0 19

a Including patients whose specimens contained multiple vacA genotypes.
b CI, confidence interval.
c PPV, positive predictive value.
d NPV, negative predictive value.
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In conclusion, measurement of anti-CagA antibodies by dif-
ferent test formats revealed considerable differences in detec-
tion rates. Both in-house EIAs and the Pyloriset screen CagA
showed good agreement, but the Helicoblots were not highly
reproducible or accurate. Therefore, in future studies in which
anti-CagA measurements are used, investigators should in-
clude evaluation of the serological assays used in the popula-
tion studied.
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