
Geographic Distribution of vacA Allelic Types
of Helicobacter pylori
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Background & Aims: Distinct allelic types of Helicobac-
ter pylori vacA have been defined. The geographic
distribution of vacA alleles and cagA was assessed in
this study. Methods: A total of 735 cultures from
patients in 24 countries were analyzed by polymerase
chain reaction and reverse hybridization on a line probe
assay (LiPA). Results: In 124 (16.9%) of the 735
cultures, multiple vacA genotypes were detected, per-
mitting analysis of 611 strains. In Europe, a distribu-
tion gradient of s1 subtypes was observed. In northern
and eastern Europe, 89% were subtype s1a. s1a and
s1b were equally present in France and Italy, whereas
in Spain and Portugal 89% of strains were subtype s1b.
s1a and s1b were approximately equally prevalent in
North America. In Central and South America, virtually
all s1 strains were subtype s1b. Subtype s1c was
observed in 77% of the s1 isolates from East Asia. m1
and m2a have equal presence, except on the Iberian
peninsula and in Central and South America, where m1
(86.2%) is more prevalent than m2 (13.8%). Subtype
m2b was found exclusively among East Asian s1c
strains. In all parts of the world, vacA s1/cagA-positive
genotypes were associated with peptic ulcer disease
(P F 0.001). Conclusions: These data indicate a geo-
graphic distribution of H. pylori genotypes and aid in
understanding the relationship of H. pylori with dis-
ease.

Helicobacter pylori is a gram-negative bacterium in-
volved in the pathogenesis of peptic ulcer disease

and associated with gastric carcinoma.1 The ecological
niche of H. pylori is the human stomach, where it
establishes long-term colonization of the mucosa.2 The
use of various methods, such as DNA fingerprinting and

restriction fragment length polymorphism, has shown
substantial genetic variation among different isolates,
and the overall heterogeneity of H. pylori is greater than
in most bacteria.3–6 Recently, several H. pylori genes
related to the risk of disease have been identified.7–10 The
cytotoxin-associated gene (cagA) is a marker for a ge-
nomic pathogenicity (cag) island of about 40 kilobase
pairs whose presence is associated with more severe
clinical outcome.11–19 This cag island contains genes
encoding proteins that enhance the virulence of the
strain, for example by increasing cytokine production by
host cells.11,20

A cytotoxin that injures epithelial cells is encoded by
vacA.21–27 vacA is present in all H. pylori strains and
contains at least two variable parts.22,28 The s-region
(encoding the signal peptide) exists as s1 or s2 allelic
types. Among type s1 strains, subtypes s1a, s1b, and s1c
have been identified.29 The m-region (middle) occurs as
m1 or m2 allelic types. Among type m2, two subtypes
have been identified, designated m2a and m2b. Produc-
tion of the vacuolating cytotoxin is related to the mosaic
structure of vacA. In general, type s1/m1 and s1/m2
strains produce high and moderate levels of toxin,
respectively, whereas s2/m2 strains produce little or no
toxin.28 Because most vacA s1 strains are cagA posi-
tive,28,30 the two markers are closely related. In U.S. and
European strains, the particular vacA s/m genotype is a
marker of the pathogenicity of an individual strain
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because in vitro production of the cytotoxin, in vivo
epithelial damage, and peptic ulcer disease are related to
the vacA genotype.8,31,32 Differences in pathogenicity
related to H. pylori could play a role in the incidence of
H. pylori–associated diseases in certain sites. Although
H. pylori is cosmopolitan, little is known about the
geographic distribution of specific H. pylori strains. As
shown for other microorganisms related to human illness,
such as Neisseria meningitidis33 and Mycobacterium tuberculo-
sis,34 there also may be substantial differences within the
global Helicobacter population.35,36

This study focused on the distribution of the distinct
vacA allelic types by analyzing a large number of H. pylori
strains from various geographic origins, using polymerase
chain reaction (PCR) and a reverse hybridization assay.
Efficient genotyping permitted exploration of the relation-
ship between cagA and vacA status and clinical symp-
toms.

Materials and Methods

H. pylori Cultures
A total of 735 H. pylori cultures were obtained from the

following countries: Australia (n 5 28), Brazil (n 5 57), Canada
(n 5 13), Czech Republic (n 5 13), China (n 5 6), Colombia
(n 5 6), Costa Rica (n 5 36), Egypt (n 5 33), France (n 5 58),
Germany (n 5 22), Hong Kong (n 5 52), Hungary (n 5 14),
Italy (n 5 32), Japan (n 5 12), The Netherlands (n 5 96),
Peru (n 5 6), Poland (n 5 23), Portugal (n 5 92), Romania
(n 5 23), Spain (n 5 9), Sweden (n 5 18), Thailand (n 5 4),
the United Kingdom (n 5 22), and the United States (n 5 60).
Each culture was obtained from a gastric biopsy specimen of a
different patient. After primary isolation and identification of
the organisms as H. pylori, strains were frozen at 270°C until
their use in the study. Bacteria were cultured on Trypticase Soy
Agar plates containing 5% sheep blood (Becton Dickinson,
Franklin Lakes, NJ) for 3–5 days at 37°C under microaerobic
conditions (5% O2, 10% CO2, 80% N2), but were not
subcultured to single colonies. The H. pylori cells were
harvested from plates by suspension in 2 mL sterile 0.9% NaCl
solution and pelleted by centrifugation at 10,000g for 2
minutes. Cells were resuspended in 400 µL of 10 mmol/L
Tris-HCl (pH 8.0), 5 mmol/L EDTA, 0.1% sodium dodecyl
sulfate, and 0.1 mg/mL proteinase K and incubated for 2–4
hours at 55°C, until a clear lysate was obtained. Proteinase K
was inactivated by incubation at 95°C for 10 minutes. The
lysates were centrifuged for 1 minute at 10,000g, and the
clarified supernatant was diluted 1/100 in sterile water and
used directly for PCR. All molecular analyses were performed
in our laboratory in The Netherlands. (Investigators interested
in the strains can obtain additional information from L.J.V.D.)

Analysis of vacA Genotypes and Detection
of cagA

Genotyping of vacA s- and m-region alleles and
detection of cagA were performed as described in detail

previously.29,31 Briefly, parts of the vacA s- and m-region, as
well as part of cagA, were amplified by general PCR primers,
followed by reverse hybridization analysis onto a line probe
assay (LiPA). Diluted DNA (1 µL) from a culture lysate was
used in each PCR reaction. The LiPA assay consists of a
nitrocellulose strip that contains a number of oligonucleotide
probes (immobilized as parallel lines) for type-specific detec-
tion of the amplified vacA and cagA sequences.

Statistical Analyses

Statistical significance was calculated with the x2 or
Fisher exact tests.

Results

The geographic distribution of the vacA allelic
types was investigated by analysis of 735 H. pylori
cultures obtained from patients in 24 countries. In 124
(16.9%) of the 735 cultures, multiple vacA genotypes
were detected in either the s-region (29.8%), the m-region
(37.9%), or both (32.3%). The prevalence of cultures
containing multiple strains varied between countries. In
northern Europe, France, and Italy, only 34 (10.6%) of
the 321 cultures contained multiple vacA types, whereas
in Portugal and South America this was observed in
44.5% and 23.8% of the cases, respectively. Among the
735 cultures, no s2/m1 strains were found. In the
remainder of the analysis, only the 611 (83.1%) cultures
that yielded a strain of single genotype are reviewed
(Tables 1 and 2; Figure 1).

vacA s-types

Within the vacA s-region, four distinct subtypes
(s1a, s1b, s1c, and s2) have been determined.29 In this
study, 609 (99.7%) of the 611 cultures could be unequivo-
cally distinguished as possessing strains belonging to one
or more of these subtypes. In only one strain from The
Netherlands, the vacA s-region repetitively failed to be
amplified by PCR and therefore could not be analyzed on
the LiPA. One culture from an Italian patient showed an
aberrant pattern on LiPA, hybridizing to one of the s1a
probes and one of the s1b probes. Analysis of the s-region
from this culture revealed the presence of a recombinant
s1a/s1b sequence (data not shown).

The distribution of vacA s-types is shown in Table 1
and Figure 1. In Europe, a significant distribution
gradient of s1 types was observed. Among the 170 type
s1 strains from patients from northern and eastern
Europe, 151 (88.8%) were subtype s1a and only 15
(8.8%) were s1b. Among the 61 type s1 strains from
France and Italy, the prevalence of subtypes s1a (47.5%)
and s1b (52.5%) was nearly identical. Of the 53 type s1
strains from the Iberian peninsula (Spain and Portugal), 6
(11.3%) and 47 (88.7%) were subtype s1a and s1b,
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respectively. This north-south gradient was highly signifi-
cant (P , 0.001). The distribution of s1a (78.6%) and
s1b (21.4%) subtypes in Australia resembled that of
Northern and Eastern Europe. In North America (Canada
and the United States), 48.8% of the s1 strains were s1a
and 51.2% were s1b. Among strains from Central and

South America, 74 (98.6%) of the 75 type s1 strains were
s1b, 1 (1.3%) was s1c, and no s1a strains were found. Of
the 70 type s1 strains from East Asia, 13 (18.6%) were
s1a, 3 (4.3%) were s1b, and 54 (77.1%) were s1c. The
association of subtype s1c with East Asian strains was
highly significant (P , 0.001).

Table 1. Geographic Frequency Distribution of vacA s- and m-Region Allelic Types

Geographic
localea Total

s1a s1b s1c s2 Multiple genotypesb

Untypedm1 m2a m1 m2a m1 m2a m2b m2a s m s 1 m

Northern and eastern Europe 231 77 74 7 8 4 0 0 34 11 10 5 1
France and Italy 90 16 13 19 13 0 0 0 20 4 4 0 1
Portugal and Spain 101 4 2 40 7 0 0 0 7 12 7 22 0
North America 73 7 15 19 4 0 0 0 16 1 5 6 0
Central and South America 105 0 0 66 8 1 0 0 5 3 16 6 0
East Asia 74 7 6 1 2 27 19 8 1 0 3 0 0
Australia 28 6 5 2 1 2 0 0 8 2 2 0 0
North Africa (Egypt) 33 2 5 2 3 0 0 0 16 4 0 1 0
Total 735 119 120 156 46 34 19 8 107 37 47 40 2

aNorthern and eastern Europe includes Czech Republic, Germany, Hungary, The Netherlands, Poland, Roumania, Sweden, and the United
Kingdom. North America includes Canada and the United States. East Asia includes China, Hong Kong, Japan, and Thailand. Central and South
America includes Brazil, Colombia, Costa Rica, and Peru.
bCultures were classified as possessing multiple genotypes if, by PCR-LiPA, hybridization was observed in multiple probes of the vacA s-region (s),
the m-region (m), or both (s 1 m).

Figure 1. Distribution of vacA s- and m-region and cagA genotypes of H. pylori strains from different parts of the world. For each region, the
prevalence of each type (s1a, s1b, s1c, s2, m1, m2a, and m2b; cagA positive) is given as a percentage of the total number of strains (shown in
parentheses). Only strains containing a single vacA genotype are represented.
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Apart from East Asian strains, subtype s1c was
observed in only 7 subjects from other parts of the world,
including The Netherlands (n 5 3), Sweden (n 5 1),
Colombia (n 5 1), and Australia (n 5 2). Six of them
were born in East Asia (Vietnam, Indonesia, Malaysia, or
Taiwan), but the Colombian patient with s1c was a
32-year-old woman from the southern Colombian An-
dean region of Narino. She is a native of that region with
no history of foreign travel.

vacA m-types

Within the m-region, two main types (m1 and
m2) have been identified.28 Recently, among East Asian
isolates, a novel m2 subtype (m2b) was designated to
distinguish it from the original m2 subtype, which now
is designated m2a.29 Of the 611 cultures, 610 (99.8%)
could be genotyped as either m1, m2a, or m2b (Table 1
and Figure 1).

Of the 292 type s1 strains from northern and central
Europe, North America, and Australia, 159 (54.5%)
contained m1 and 133 (45.5%) were m2a. Among the
128 s1 strains from Spain, Portugal, and Central and
South America, m1 (86.7%) was substantially more
prevalent than m2a (13.3%). Among the 70 s1 strains
from East Asia, the prevalence of m1 (50.0%) and m2a
(38.6%) was about equal. Subtype m2b was found in 8
(11.4%) of 70 East Asian s1 strains (7 strains from Hong
Kong and 1 from China), but was not found in any strains
from other geographic origins (P , 0.001). Subtype m2b
only was observed in strains that were s1c, representing
14.8% of the 54 East Asian s1c strains. Together, among
the 441 s1a and s1b strains, the presence of subtype s1a
was significantly associated with type m1 (P , 0.001;
Table 1).

cagA Detection

The presence of cagA as determined by PCR-LiPA
was observed in more than two thirds of the cultures in
each population sample, except for Egypt, where most of
the isolates were from nonulcer patients (Table 2). The
presence of cagA and of vacA s1 were strongly associated
(P , 0.001), as reported earlier,28 but there was no
significant difference in cagA prevalence between vacA
s1a, s1b, and s1c subtypes (P 5 0.22). The presence of
cagA and of the vacA m1 genotype also were associated.
Among the cagA-positive cultures, 284 contained m1 and
185 contained m2; of the cagA-negative cultures, 114
were type m2 and only 27 type m1 (P , 0.001).

Association of H. pylori Genotypes and
Clinical Symptoms

Clinical data were available from 600 (81.6%) of
the 735 patients. Of them, 360 patients had peptic ulcer

disease, 151 had nonulcer dyspepsia, and 89 had gastric
carcinoma. The genotyping results of ulcer, nonulcer, and
gastric carcinoma cases are shown in Table 3. The
prevalence of cases with multiple H. pylori vacA geno-
types was similar in nonulcer and peptic ulcer patients.
The high number of carcinoma cases with multiple vacA
genotypes is due to the large proportion of Portuguese
patients in this group. vacA s1 strains were significantly
more prevalent in peptic ulcer patients than in nonulcer
patients (P 5 0.002). Although subtype s1a strains were
more frequently associated with ulcer disease than sub-
type s1b strains, the difference between these subtypes
was not significant (P 5 0.06). cagA-positive strains were
more frequently observed in peptic ulcer patients than in
nonulcer patients (P 5 0.03). The vacA m-region geno-
type was not associated with peptic ulcer disease
(P 5 0.44). A total of 157 peptic ulcer cases were
identified as duodenal ulcer (n 5 120) or gastric ulcer
(n 5 37). cagA and vacA s and m genotypes were not
significantly different between these patients, indicating
that they can be considered as one group. Thus, this
worldwide examination extends trends observed in North
American and European patients.28,31,37

Strains from gastric carcinoma patients were only
obtained from Portugal (n 5 65), Hong Kong (n 5 16),
Brazil (n 5 7), and the United States (n 5 1). Overall
(Table 3), the prevalence of cagA-positive strains in
patients with carcinomas (92.1%) is higher than among
peptic ulcer patients (79.7%), which in turn is higher
than among nonulcer patients (72.2%). However, these
differences were not significant. The numbers of carci-
noma cases from Brazil and the United States are too low
to be analyzed. Only patients with peptic ulcer and
carcinoma were available from Portugal and Hong Kong;
the relevance of vacA and cagA genotypes was analyzed
separately in these groups.

Table 2. Association Between vacA s Region Genotype
and Presence of cagA in 609 H. pylori Strains
From 24 Countries

Region

All strains vacA s1 strains vacA s2 strains

N
cagA1

(%) N
cagA1

(%) N cagA1

Northern and
eastern Europe 204 72.1 170 84.1 34 11.7

France and Italy 81 74.1 61 90.2 20 25.0
Portugal and Spain 60 86.7 53 90.6 7 57.1
North America 61 73.8 45 88.9 16 31.3
Central and South

America 80 88.8 75 93.3 5 20.0
East Asia 71 90.1 70 91.4 1 0.0
Australia 24 66.7 16 87.5 8 25.0
North Africa (Egypt) 28 35.7 12 50.0 16 25.0
Total 609 76.4 502 87.8 107 25.6

NOTE. Two of 611 cultures that were untypeable were excluded.
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Fifty-one of the 92 Portuguese patients had a single
H. pylori genotype; 11 had peptic ulcer disease and 40 had
gastric carcinoma. The prevalence of cagA-positive strains
was not significantly different between these groups.
s1-type strains were more prevalent among carcinoma
patients than among ulcer patients, but this difference
was not significant (P 5 0.06). However, there was a
marked difference between the prevalence of vacA m
genotypes. Among ulcer patients, m1 was less prevalent
than m2, whereas among carcinoma patients the reverse
was observed (P 5 0.005). Among 47 patients from
Hong Kong with a single genotype, no s2 strains were
detected with no significant difference between the cagA
genotypes of peptic ulcer and carcinoma patients. How-
ever, among patients with peptic ulcer, vacA m2 was
more prevalent than m1; among gastric carcinoma pa-
tients, m1 was more prevalent than m2 (P 5 0.06).

In the combined group of Portuguese and Hong Kong
patients (n 5 98), prevalence of cagA-positive or vacA s1
strains was not significantly different between peptic
ulcer and carcinoma patients. However, there was a
strong association of vacA m1 with carcinoma patients
and vacA m2 strains with peptic ulcer patients
(P , 0.0001).

Discussion

H. pylori has a worldwide distribution, and the
prevalence ranges from approximately 25% in developed
countries to more than 80% in the developing world.38,39

However, the incidence of H. pylori–associated diseases is
not evenly distributed around the globe, even when
correcting for H. pylori prevalence. This phenomenon
may be due to heterogeneous host genetic factors,
socioeconomic status, and environmental differences36,40–42

or to the existence of distinct H. pylori genotypes.8,9

Carriage of certain genotypes (cagA-positive, vacA type

s1) is significantly associated with more severe clinical
outcome or differential responses to anti-Helicobacter
therapy.8,16,43–45

Thus far, little has been learned about the geographic
distribution of H. pylori genotypes. This study therefore
investigated the cagA and vacA status of a large collection
of H. pylori cultures from patients of diverse geographic
origins. Although many cultures were examined, interpre-
tation of our findings has certain limitations. First,
locales sampled are not representative of the world’s
population. Rather, we sought to include specimens
representing a diverse group of geographic locales. Sec-
ond, within each area, the strains were obtained at
endoscopy from symptomatic patients. Thus, the find-
ings are reflective of symptomatic persons rather than the
entire population with H. pylori, in which asymptomatic
persons greatly outnumber those with symptoms. Symp-
toms were not classified in these studies, and patients
with nonulcer dyspepsia likely represent a heterogeneous
group. Third, sampling of symptomatic patients was not
performed systematically, and the available data about
the exact clinical circumstances were limited. Fourth, we
are not certain of the microbiological practices in each of
the participating laboratories, and cultures were not
obtained by standardized protocols. The culture of H. pylori
from the gastric biopsy specimens may represent a single
colony or a mixture of colonies. Despite these limitations,
by examining broad trends, this study aids our understand-
ing of several phenomena related to H. pylori colonization
of humans.

The genetic diversity of the H. pylori genome is greater
than that of most other bacteria related to humans, as
shown by multilocus enzyme electrophoresis analysis.3

However, mutations in genes encoding enzymes are
subject to functional constraints that represent a powerful
selection mechanism. Such selection may yield distinct

Table 3. Associations Between vacA and cagA Status of H. pylori Isolates From Patients With Peptic Ulcer Disease, Nonulcer
Dyspepsia, or Gastric Carcinoma

Clinical
Total

(n 5 593)

Number of isolates (% of total)

vacA s-region genotypea vacA m-region genotypeb

cagAc

positives1 s2 Multiple s m1 m2 Multiple m

Nonulcer dyspepsiad 151 93 (61.6) 43 (28.2) 15 (9.9) 53 (35.1) 79 (52.3) 18 (11.9) 109 (72.2)
Peptic ulcer diseasee 360 271 (75.3) 52 (14.4) 36 (10.0) 141 (39.2) 182 (50.6) 37 (10.3) 287 (79.7)
Gastric carcinomaf 89 67 (75.2) 3 (3.4) 19 (21.3) 48 (53.9) 22 (25.8) 16 (19.1) 82 (92.1)

aDistribution of vacA s-region genotypes between peptic ulcer patients and nonulcer dyspepsia patients was significantly different (P 5 0.002).
bDistribution of vacA m-region genotypes between patients with peptic ulcer and those with nonulcer dyspepsia was not significantly different
(P 5 0.44).
cDistribution of cagA status between patients with peptic ulcer and those with nonulcer dyspepsia was significantly different (P 5 0.03).
dOne culture of a patient with nonulcer dyspepsia was not typeable in the vacA m-region.
eOne culture of a patient with peptic ulcer disease was not typeable in the vacA s-region.
fvacA s and cagA genotypes were not significantly different among carcinoma patients; vacA m genotypes differ significantly between peptic ulcer
and carcinoma patients (P , 0.0001).
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genetic variants rather than randomly mutated DNA
sequences. Alternatively, recombination events may re-
sult in novel genetic subtypes. Recently, phylogenetic
analyses of vacA, encoding a cytotoxin, have shown
distinct vacA allelic variants (s1a, s1b, s1c, and s2 for the
s-region and m1, m2a, and m2b for the m-region) in
several parts of the world.28,29,46 This finding allowed the
classification of H. pylori into a limited number of distinct
genotypes, in contrast to multilocus enzyme electrophore-
sis and DNA fingerprinting, which yield a very large
number of variants. Virtually all (.99%) cultures in this
study could be typed in both the s- and m-region of vacA,
indicating that our current identification system of vacA
genotypes is highly consistent and complete. That vacA
s2/m1 strains were not found confirms earlier observa-
tions,28 indicating that either they do not exist or are
extremely rare. Only two strains (0.3%) could not be
genotyped by the current PCR-LiPA method, because of
lack of amplification or aberrant hybridization patterns.
Thus, the PCR-LiPA system permitted rapid and highly
reliable genotyping of the vacA and cagA genes of
H. pylori from diverse geographic origins, and our results
clearly showed the broad applicability of this assay. As
other clinically relevant polymorphic loci are identified,
specific LiPA probes can be developed for further analysis
of the epidemiology and significance of H. pylori geno-
types.

The strains used in this study were not purified from a
single colony and may therefore reflect the presence of
multiple strains in host’s stomach. Purification of approxi-
mately 50 H. pylori strains from various geographic
locations by culturing from a single colony universally
resulted in detection of a single vacA genotype (data not
shown). It is thus unlikely that detection of multiple
genotypes is a result of nonspecific reactivity of the
PCR-LiPA method. Preliminary data indicate that the
LiPA permits the detection of a specific vacA genotype if
it only represents 1% of a mixture of genotypes. Because a
considerable proportion of cases appeared to contain
multiple genotypes, we confirmed that patients may have
more than one H. pylori strain.45,47,48 Because multiple
strains that have identical vacA and cagA genotypes are
not detected by this method, the proportion of specimens
that have multiple strains is systematically underesti-
mated. Use of additional polymorphic markers should
help to identify further mixed colonizations. Whether the
observed frequency of multiple strains is associated with a
high prevalence of H. pylori in some areas or reflects
differences in microbiological practices remains unclear.
The use of nonsterile endoscopes may be an alternative
explanation for the high percentage of multiple strains.49

The clear geographic differences in the distribution of

both the vacA s- and m-region subtypes strongly suggest
a geographic structure of H. pylori populations through-
out the world. Several findings are notable. The distribu-
tion of both s- and m-region allelic types in Central and
South America is similar to that in the Iberian peninsula.
This distribution of H. pylori vacA genotypes may reflect
the extensive cultural and socioeconomic relationships
between these parts of the world during past centuries.
Particular H. pylori strains may have been spread through
Central and South America by colonization of these areas
by Spanish and Portuguese descendants. Similarly, sub-
type s1a is more common in the northern European
countries and its predominance in Commonwealth coun-
tries (Canada and Australia) again may reflect historic
relationships. It is unknown whether the evolution of
both subtypes occurred in Europe. Within Europe, the
distribution gradient of subtypes s1a (northern and
eastern Europe) and s1b (Iberian peninsula) was highly
consistent among all tested strains from 12 different
countries. If subtypes s1a and s1b already existed for a
long time in Europe, and were freely movable, a more
homogeneous distribution would have been expected. On
the other hand, if transmission of H. pylori is highly local,
only occurring over very short distances during child-
hood, this may have prevented a broader geographic
distribution of each subtype. An alternative hypothesis
would be that the distribution of different subtypes
reflect particular adaptation of H. pylori to specific host
populations.

The observed genotype distribution also may help to
explain some of the differences in H. pylori–associated
diseases within Europe, for example, the high rate of
gastric cancer in Portugal, which is out of proportion to
H. pylori prevalence. In the present study, the number of
patients from some parts was too low to assess clinical
relevance of genotypes. To analyze the clinical signifi-
cance of the different H. pylori genotypes in a particular
part of the world, the distribution of genotypes among
different patient groups from that area should be taken
into account. Therefore, gastric carcinoma cases among
patients from Portugal and Hong Kong were analyzed
separately. The proportions of vacA s1 and s2 genotypes
seem to be different between nonulcer and peptic ulcer
patients, whereas those of vacA m1 and m2 genotypes are
similar. In contrast, the vacA m1 and m2 genotypes differ
significantly between peptic ulcer and gastric carcinoma
patients, a finding consistent with the hypothesis that
these diseases represent two different pathways after
H. pylori colonization. Although the number of strains
analyzed in this study is limited and the selection of
strains was not random, these very similar observations

828 VAN DOORN ET AL. GASTROENTEROLOGY Vol. 116, No. 4



made for two independent groups of strains from differ-
ent parts of the world suggest a real phenomenon.

Subtype s1c is prevalent in East Asia but appears to be
rare in other parts of the world. In other locales, subtype
s1c was nearly exclusively identified in individuals who
were born and spent their early years in East Asia. These
data concerning migrants support the hypothesis that,
after acquisition of H. pylori during childhood, the same
strain persists in a host for many years, if not for life. The
Colombian woman with s1c was born in rural Colombia
and, apparently, has never traveled to East Asia. The
presence of s1c strains may be related to a prehistoric
Asian origin of native South American populations, or
may reflect a much more recent event, because East
Asians have worked and lived in South America for nearly
200 years.

The presence of cagA was strongly associated with vacA
s1 strains, confirming earlier reports.8,28,32 Although this
observation suggests a genetic linkage, there is substan-
tial distance between the cagA and vacA loci on the
bacterial genome.50 Thus, the selection for vacA s1/cagA–
positive genotype may have a functional basis, perhaps in
counterbalancing proinflammatory11,14 and anti-inflam-
matory51 characteristics of strains to facilitate long-term
equilibria in the human gastric mucosa.2 Conversely, the
association between cagA positivity and vacA s1 may be
epidemiological (representing a founder effect), rather
than mechanistic, as also suggested for the association
observed between cagA and Leb binding activity.52 The
substantial difference between cagA sequences of H. pylori
strains from China and The Netherlands53 is consistent
with clonal contributions to H. pylori population biology,
in parallel to our observations for vacA, although analysis
of housekeeping genes, such as glmM,53 is consistent with
panmyxis. The nonrandom distribution of H. pylori
genotypes that we observed may have implications for
understanding the evolution of H. pylori, its population
biology, and its clinical consequences in different parts of
the world.
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