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The BabA, cagA, and vacA statuses of 827 Helicobacter pylori isolates were used in logistic regression models
to discriminate duodenal ulcer from gastritis. Only BabA was a candidate for a universal virulence factor, but
the low c statistic value (0.581) indicates that none of these factors were helpful in predicting the clinical
presentation.

As a general rule, important disease-associated bacterial
toxins are tightly associated with their respective diseases irre-
spective of geographic region (e.g., cholera toxin and cholera)
(3). Recently it was suggested that the babA2 gene of Helico-
bacter pylori was associated with duodenal ulcer in a German
population (2). Because of a strong correlation between the
presence of babA2, vacA s1, and cagA (triple-positive strains)
and the prevalence of duodenal ulcers, it was suggested that
this pattern could be used to identify patients at higher risk for
specific H. pylori-related diseases (2). We examined a large
number of strains from both Western and East Asian countries
and constructed models to discriminate duodenal ulcer from
gastritis on the basis of the presence of H. pylori putative
virulence factors babA, cag pathogenicity island (PAI), and
vacA.

(Preliminary results of this study were presented in ab-
stract form at the 102nd Annual Meeting of the American
Gastroenterological Association, May 2001, Atlanta, Georgia
[Gastroenterology 120(Suppl. 1):A652], and at the 14th Inter-
national Workshop on Gastroduodenal Pathology and Helico-
bacter pylori, September 2001, Strasbourg, France [Gut 48
(Suppl. 11):A15].)

H. pylori organisms were cultured from antral biopsy speci-
mens by using standard methods (8, 9), and multiple colonies
on the plates were used to extract the genomic DNA. The vacA
genotypes (s1 or s2 and m1 or m2) were determined on the
basis of PCR results as previously described (1, 8). Samples
with mixed infections of different vacA genotypes were ex-
cluded. The cag PAI status was evaluated by PCR for seven
loci in the island: cagA, cagE, cagG, cagM, cagT, HP0527, and
HP0524 (strains with HP numbers are derived from strain
26695; GenBank accession number AE000511) (7). Specific

primers for the cag empty site were used to confirm the ab-
sence of the cag PAI, as previously described (5). We regarded
samples as cag PAI positive if all seven genes yielded positive
PCR results. Samples positive for all cag PAI primers and cag
empty site primers were regarded as harboring mixed infec-
tions with cag PAI-positive and -negative strains and were
excluded from further analysis. When samples were positive by
PCR for only some of the seven genes, Southern blot hybrid-
ization was performed. When a given gene was detected by
hybridization and not by PCR, the isolate was considered pos-
itive for that gene. We regarded isolates with results positive
for only some of the genes as cag PAI deletion strains and
excluded them from analysis.

We evaluated the BabA status of the isolates by a combina-
tion of PCR and Western blot analysis. The functional BabA
adhesin is encoded by the babA2 gene, which differs from the
babA1 gene by the presence of a 10-bp insert with a repeat
motif in the signal peptide sequence. It is therefore technically
difficult to evaluate babA2/BabA status by PCR alone. We
assessed BabA protein based on the premise that a combina-
tion of PCR and Western blotting techniques would provide a
more accurate evaluation of the BabA status than PCR alone.
BabA-specific antiserum was generated using a fusion protein
with an N-terminal MS2 polymerase, and the His tag was
produced using the Escherichia coli expression vector pEV40
(6). Parts of the babA2 gene lacking its signal sequence were
amplified by PCR and the fragment was cloned into pEV40,
resulting in plasmid pSO129a. The fusion protein was ex-
pressed by temperature induction of the �PL promoter and
purified by Ni2�-nitrilotriacetic acid affinity chromatography.
The purified fusion protein was used to immunize a rabbit to
obtain the polyclonal antiserum AK253. BabA status was de-
fined as positive if the Western blotting yielded positive results.
The samples were BabA negative if both the PCR and Western
blotting yielded negative results. We excluded samples that
were PCR positive but Western blotting negative from further
analysis.
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Overall, the analysis was based on data from 827 patients,
504 (61%) with duodenal ulcer and 323 with gastritis, including
474 from Japan and Korea (East Asia), of whom 295 (62%)
had duodenal ulcer. There were 353 from Colombia and the
United States (Western), of whom 209 (59%) had duodenal
ulcer. There were no significant differences in gender or age
distribution among the populations or in disease presentation.

Independent univariate analysis using Fisher’s exact test
showed that the presence of BabA was significantly related to
that of duodenal ulcer in both East Asian and Western popu-
lations (Table 1). In the United States, the presence of cag PAI
and vacA s1 genotypes was also significantly related to that of
duodenal ulcer. However, as the BabA, cag PAI, and vacA
genotypes were closely linked (data not shown), univariate
analysis had limited power. We therefore constructed logistic
regression models to test whether it was possible to discrimi-
nate duodenal ulcer from gastritis. For logistic regression anal-
ysis, cag PAI and BabA were coded as 1 for positive and 0 for
negative and vacA s and vacA m were coded as 1 (for s2 or m2)
or 0 (for s1 or m1). Regions (East Asian and Western) and
diseases were included as independent variables. The refer-
ence group in the logistic regression consisted of cag PAI
positive, BabA positive, vacA s1, and vacA m1, because it was
by far the largest group. From the best subsets of predictors,
the largest set which had significantly nonzero coefficients and
maximized the area under the receiver operating characteristic
(ROC) curve was chosen as the discriminant function. The c
statistic, or area under the ROC curve, expressed the proba-
bility of correctly identifying from a random pair (normal and

abnormal) the abnormal individual. The selection rule for lo-
gistic regression is to pick the individual with the higher prob-
ability of duodenal ulcer. A significance level of 0.05 was used
for tests of hypotheses. The c statistic ranged from 0 to 1, with
1 indicating a perfect prediction and 0.5 indicating a chance
prediction. SAS 6.12 procedures were used for the statistical
analyses (SAS Institute Inc., Cary, N.C.).

The best model to discriminate duodenal ulcer from gastritis
contained BabA, irrespective of the regional category (Table
2). For example, the absence of BabA decreased the odds of
the presence of duodenal ulcer by a factor of 0.49 in all four
countries (P � 0.01). Although many investigators have sought
putative virulence markers in East Asian countries, no reliable
disease specificity has emerged, in part because the cag PAI-
positive and vacA s1 genotypes are almost uniformly present in
these countries (8, 9). The fact that the best model contained
BabA even in East Asia implies that BabA is important. BabA
is one of the outer membrane proteins in H. pylori, and the
biological importance of BabA as an adhesin to Lewis b anti-
gen has been confirmed in vitro (4). However, it is important to
note that although the best model contained BabA, the c
statistic value was relatively low (0.583 for all four countries).
Although the absence of BabA decreased the risk of duodenal
ulcer by an odds ratio of 0.34 in East Asian countries, which
was statistically significant, the overall c statistic value of the
model in East Asian countries (0.543) did not reach statistical
significance. Because the prevalence of BabA was very high
even in gastritis cases in all four countries (Table 1), the pres-
ence of BabA alone was not a useful marker for duodenal ulcer.

TABLE 1. Univariate analysis of the relationship between H. pylori typing and duodenal ulcer prevalence in four countriesa

Location(s) Disease
(no. of cases)

No. of cases (% of total cases)

BabA cag PAI vacA s1 vacA m1

East Asian countries
Japan and Korea Duodenal ulcer (295) 283 (96) 288 (98) 295 (100) 282 (96)

Gastritis (179) 159 (89) 176 (98) 179 (100) 174 (97)
P value 0.003* NS NS NS

Japan Duodenal ulcer (180) 172 (96) 177 (98) 180 (100) 178 (99)
Gastritis (126) 112 (89) 124 (98) 126 (100) 124 (98)

P value 0.024* NS NS NS

Korea Duodenal ulcer (115) 111 (97) 111 (97) 115 (100) 104 (90)
Gastritis (53) 47 (89) 52 (98) 53 (100) 50 (94)

P value 0.054 NS NS NS

Western countries
United States and Columbia Duodenal ulcer (209) 176 (84) 196 (94) 187 (89) 137 (66)

Gastritis (144) 103 (72) 124 (86) 114 (79) 100 (69)
P value 0.003* 0.013* 0.006* NS

United States Duodenal ulcer (145) 123 (85) 138 (95) 136 (94) 98 (68)
Gastritis (92) 66 (72) 77 (84) 73 (79) 64 (70)

P value 0.012* 0.003* 0.001* NS

Colombia Duodenal ulcer (64) 53 (83) 58 (91) 51 (80) 39 (61)
Gastritis (52) 37 (71) 47 (90) 41 (79) 36 (69)

P value 0.102 NS NS NS

a P values were determined by Fisher’s exact test. *, significantly different (P � 0.05); NS, not significant (P � 0.1).
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The best logistic regression model also contained vacA s1/
vacA m2 irrespective of the country of origin (Table 2). It is of
interest that although the presence of vacA s1 and vacA m2
increased the odds of the presence of duodenal ulcer in our
model, if both vacA s2 and vacA m2 were present, the odds of
a duodenal ulcer were significantly decreased, a finding which
is consistent with prior data showing that vacA m2 genotypes
alone are not markers for duodenal ulcer disease. Taken to-
gether, our results therefore show that vacA m genotypes alone
do not have value in predicting disease presentation.

Overall, although BabA appears to be a good candidate for
universal H. pylori virulence factor status as well as being bio-
logically plausible, neither BabA nor combinations of the
BabA, cag PAI, and vacA genotypes were helpful in predicting
the clinical presentation of an H. pylori infection.
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TABLE 2. The best models to discriminate duodenal ulcer from gastritis on the basis of H. pylori types

Population (countries) Predicted strain or characteristic Coefficient Odds ratio c statistic

Combined (Japan, Korea, United States, and Colombia) BabA negative �0.721a 0.49b 0.583c

vacA s1-m2 0.867a 2.38b

vacA s2-m2 �1.209a 0.30b

Intercept 0.497

East Asian (Japan and Korea) BabA negative �1.079a 0.34b 0.543
vacA s1-m2 0.387 1.47

Intercept 0.569

Western (United States and Colombia) vacA s1-m2 1.070a 2.92b 0.622c

vacA s2-m2 �1.428a 0.24b

BabA negative �0.486 0.62
Intercept 0.374

a Coefficient significantly different from 0 at the 0.05 significance level.
b Odds ratio is significantly greater or less than 1 at the 0.05 significance level.
c Area under the ROC curve is significantly greater than 0.50 at the 0.05 significance level.
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