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Since the associations between Helicobacter pylori genotype and disease differ in Asia and the West, we
investigated the correlation between HP0638, encoding an outer membrane protein, and potential markers of
virulence (cagA, vacA, and iceA). For 109 strains from nine countries, the status of cagA, vacA, and iceA was
determined by PCR and/or a line probe assay. We also studied 18 strains from 8 patients (parents and 6
daughters) from a Dutch family and paired strains collected on average 8 years apart from 11 patients. When
the HP0638 signal sequences were amplified by PCR and DNA sequence determinations were performed, 89
(96%) of 93 cagA-positive strains had HP0638 in frame, versus none (0%) of 16 cagA-negative strains (P <
0.001). Among strains in which HP0638 was in frame, a six-CT dinucleotide repeat pattern was dominant in
Western countries (23 of 33 strains [70%]), while a pattern of three CT repeats with another CT after four T’s
(3 � 1-CT-repeat pattern) was dominant in East Asia (31 of 46 strains [67%]); however, specific CT repeat
patterns did not correlate with clinical outcome. HP0638 phylogenetic trees also showed geographic characters.
The HP0638 frame status and CT dinucleotide repeat patterns were identical for 9 of 11 pairs of strains
obtained on average 8 years apart from individuals and the 15 strains obtained from the mother and all six
daughters. Thus, HP0638 frame status and cagA status are strongly correlated. The CT dinucleotide repeat
pattern in the putative HP0638 signal sequence has geographic characters and appears stable in particular
patients and families over a period of years. Analysis of HP0638 CT polymorphisms may serve as a new typing
system to discriminate H. pylori isolates for epidemiological purposes.

Helicobacter pylori, a microaerophilic, gram-negative bacte-
rium that colonizes the human stomach, is involved in the
pathogenesis of peptic ulcer disease and gastric cancer (GCA)
(8, 9). H. pylori is highly genetically diverse, with isolates being
easily distinguishable by various fingerprinting techniques (2, 3,
32) or by sequencing of representative gene segments (16).
Extensive interstrain gene transfer and recombination are im-
portant causes of such diversity (1, 18, 31).

Recently, several H. pylori genes related to the risk of disease
were identified (22). The cytotoxin-associated gene (cagA) is a
marker for the cag island, whose presence is associated with a
more severe clinical outcome (9, 12, 13, 15, 20, 36). The cag
island genes encode proteins that enhance the virulence of the
strain, for example, by increasing host cell cytokine production
(5, 12, 35) and by altering protein tyrosine phosphorylation
(24). A protein that induces vacuoles in epithelial cells is en-
coded by vacA (14, 21, 29, 33). vacA is present in all H. pylori
strains and contains at least two variable regions (6). The s
region (encoding the signal peptide) exists as s1 (including s1a,
s1b, and s1c) or s2 allelic types (39). The m region (middle)
occurs as m1 or m2 allelic types. Most vacA s1 strains are cagA

positive, and most vacA s2 strains are cagA negative (6), even
though these two genetic elements do not have any physical
linkage on the H. pylori chromosome (10). The vacA and cagA
DNA sequences in strains from the United States and Europe
differ from those of strains in China and Japan (7, 17, 26, 38,
39, 41, 46). For example, in Western countries, most s1 strains
are s1a or s1b, while about 80% of the s1 strains from East Asia
are s1c (39). The allelic groupings of babA and babB, other
outer membrane protein genes, are independent of one an-
other, and each allelic group has geographic variations (28).
cagA-positive strains frequently are vacA s1, vacA m1, and
iceA1. The iceA1 genotype also is associated with vacA s1 and
vacA m1 (42).

Several previous studies addressed whether H. pylori clusters
geographically by examining sequences of housekeeping genes
(1), ureAB (11), and cagA (23, 41, 45); these reports indicated
that H. pylori sequences have geographic characters. However,
Asian and Western strains remain difficult to distinguish, and
further genetic markers are needed to reliably differentiate
strains from different regions of the world.

Gram-negative bacterial outer membranes mediate the in-
teraction with the surrounding environment. For H. pylori to
survive and persist in the gastric milieu, specific adaptations
involving its outer membrane proteins would be expected. The
expression of HP0638, encoding the OipA outer membrane
protein, has been reported to correlate with interleukin 8
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(IL-8) induction (44). Variations in dinucleotide repeats lo-
cated in the region encoding the signal sequence determine
whether or not the complete open reading frame (ORF) is in
frame. Since the associations between H. pylori genotype and
disease differ in Asia and the West, we hypothesized that the
expression of HP0638 might correlate with that of other genes
associated with inflammation, such as cagA, and that geograph-
ically based alleles might exist. We also sought to determine
whether HP0638 frame status is stable in isolates from indi-
viduals over time and among members of a family.

MATERIALS AND METHODS

Bacterial strains. We studied H. pylori isolates from 109 patients undergoing
upper gastrointestinal tract endoscopy in six different areas (38 in the United
States, 13 in Europe, 4 in Colombia, 38 in Japan, 8 in China, and 8 in India)
(Table 1). For each patient, clinical status had been determined as described
previously (5). From the 109 patients, biopsy specimens were homogenized with
a glass rod and incubated on brucella agar plates with 10% newborn calf serum
(BS agar; Intergen) for 5 to 7 days at 37°C in a 5% CO2 atmosphere. A single
colony was picked and streaked for isolation on a BS agar plate for 3 days, and
H. pylori strains were identified by Gram staining and catalase, oxidase, and
urease assays. We also examined a group of 18 strains previously collected from
8 patients (parents and 6 adult daughters) from one extended Dutch family (37)
and paired strains collected on average 8 years apart from 11 patients as de-
scribed previously (19).

Assessment of H. pylori cagA, vacA, and iceA1 status. A chloroform-phenol
extraction method was used to obtain DNA from the H. pylori isolates as de-
scribed previously (43). Analyses for the presence of cagA, vacA s- and m-region
allelic types, and iceA subtypes were done by PCR with established primers (6,
36, 40). PCRs were performed by standard methods with a reaction volume of 50
�l containing 0.5 U of Taq (Qiagen), 1.5 mM MgCl2, and 200 ng of each primer.
The PCR protocol (30 cycles) included a denaturing step at 94°C for 1 min,
annealing at 5°C below the predicted melting temperature of the primers for 1
min, and extension at 72°C for 1 min/kb of amplification product. cagA and vacA

status also had been confirmed by reverse hybridization with a line probe assay
(40).

Assessment of HP0638 status. According to the complete genome sequence of
H. pylori strains 26695 and J99 (4, 34), CT dinucleotide repeats are located in the
region encoding the signal sequence of HP0638. The region of the signal se-
quence of HP0638 including the repeats was amplified by PCR with primers
AN9260 (5�-CAAGCGCTTAACAGATAGGC-3�) and AN9261 (5�AAGGCGT
TTTCTGCTGAAGC-3�) (44). PCR products were purified by using a QiaQuick
PCR purification kit and a QiaQuick gel extraction kit (both kits from Qiagen);
directly sequenced on both strands by using an automated Applied Biosystems,
Inc., sequencer at the New York University Medical Center DNA Sequencing
Core Facility; and analyzed by using Sequencer 3.1.1 (Gene Code Corp., Inc.,
Ann Arbor, Mich.).

Phylogenetic analysis. Alignments of HP0638 nucleotides 1 to 150 derived
from the PCR with primer pair AN9260-AN9261 were created by using GCG
Pileup (Wisconsin Package version 9.1), and phylograms were constructed.

RESULTS

cagA, vacA, and HP0638 status of H. pylori strains from
different geographic areas. The 109 strains studied could be
divided into dichotomous groups by cagA status (positive, 93;
negative, 16), vacA s allelic type status (s1, 95; s2, 14), vacA m
allelic type status (m1, 80; m2, 29), and iceA status (iceA1, 61;
iceA2, 48). HP0638 in-frame status was more correlated with
cagA-positive (100%; P � 0.001), vacA s1 (100%; P � 0.001),
vacA m1 (83%; P � 0.001), and iceA1 (62%; P � 0.01) than
HP0638 out-of-frame status (cagA positive, 20%; vacA s1,
20%; vacA m1, 30%; and iceA1, 30%). HP0638 was in frame in
all 54 strains from East Asia and India and in 35 (64%) of the
55 strains from western countries, essentially mirroring cagA
status (Table 2). Of the 109 patients studied, those carrying
strains in which HP0638 was in frame had the more severe
diseases (duodenal ulcer [DU], 30%; gastric ulcer [GU], 25%;
nonulcer dyspepsia [NUD], 34%; and GCA, 11%) than did
those with strains in which HP0638 was out of frame (DU,
25%; GU, 5%; and NUD, 70%). Since all 54 strains from
Asian patients both were cagA positive and had HP0638 in
frame, no analysis of independent relationships with clinical
findings was possible. For the 55 patients from western coun-
tries, the effects of cagA positivity, HP0638 frame status, and
clinical outcome also could not be dissociated (Table 2). All 16
cagA-negative strains had vacA s2 alleles, and all 93 cagA-
positive strains had s1 alleles. Among the 93 cagA-positive
strains, 54 Asian strains had the s1c (43) or s1a (11) allele,
whereas 39 western strains had the s1a (14) or s1b (25) allele.

Analysis of HP0638 variants and vacA s-region allelic types.
The sequence heterogeneity of nucleotides 1 to 150 of the
HP0638 PCR products was examined. From each sample, the
PCR amplicon was of the expected size. Phylogenetic analysis
of these sequences revealed the existence of three major
groupings based on geographic origin (Fig. 1). Strains from
East Asia appeared exclusively in group A, six of the eight
Indian strains constituted group B, and Western strains com-
prised group C. Group C was further subdivided into sub-
groups C1 and C2. C1 consisted of strains from Caucasian
individuals only, whereas strains from African-Americans ap-
peared only in subgroup C2. Phylogenetic analysis of the
HP0638 fragment retained geographic characters even when
the CT repeat region was removed (data not shown).

CT dinucleotide repeats in the signal peptide coding region
of HP0638. CT repeat patterns differed between the groups of
strains based on their geographic origin (Tables 2 and 3).

TABLE 1. Characteristics of the 109 H. pylori strains studied

Origin Clinical
diagnosis

No. of
strains

Asian countries (n � 54)
Japan DU 9

GU 16
GCA 6
NUD 7

China DU 4
GCA 4

India DU 1
NUD 7

Western countries (n � 55)
United States

Caucasian DU 10
GU 1
NUD 17

African-Americans DU 3
GU 2
NUD 5

Europe DU 4
GU 1
NUD 8

Colombia DU 1
GU 3
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Among the 46 strains isolated from East Asia, all had �5 CT
repeats (Table 3, values in boldface), and the pattern of three
CT repeats with another after four T’s (3 � 1-CT-repeat pat-
tern) was the most common (67%). Conversely, among the 35
strains in which HP0638 was in frame and which were isolated

from western countries, all but 2 had �6 CT repeats (Table 3,
values in boldface), and the six-CT-repeat pattern was the most
common (24 of 35 strains [69%]). The strains from India had
mixed CT repeat patterns (Tables 2 and 3). Twenty strains in
which HP0638 was out of frame showed variable CT repeat

TABLE 2. Variations in HP0638 CT repeat region sequences in 109 H. pylori strains from six geographic regions

Origin cagA
genotypea

No. of CT
repeats HP0638 CT repeat region sequence Frame

status Total
No. of isolates by diagnosis

DU GU NUD GCA

Asian countries
Japan (n � 38) � 1 � 1 � 1 CTTTCTGTCTTTCTCGTT In 3 2 1 0 0

1 � 1 � 2 CTAACTTTCTTT(CT)2CGTT In 1 0 1 0 0
1 � 3 CTTTCTGT(CT)3CGTT In 2 0 2 0 0
2 � 1 CTTT(CT)2TTTTCTCGTT In 1 0 0 1 0
3 � 1 CTAA(CT)3TTTTCTCGTT In 26 6 10 6 4
3 � 2 CTAA(CT)3TT(CT)2CGTT In 1 0 1 0 0

5 CTTTTACTAA(CT)5TTCGTTb In 4 1 1 0 2

China (n � 8) � 2 � 1 CTTTTA(CT)2TTCTGTCT In 1 1 0 0 0
3 CTAA(CT)3TTTTATCGTT In 1 1 0 0 0

3 � 1 CTAA(CT)3TTTTCTCGTT In 5 2 0 0 3
3 � 2 CTAA(CT)3TT(CT)2CGTT In 1 0 0 0 1

India (n � 8) � 1 � 1 � 1 CTTTCTGTCTTTCTCGTT In 1 0 0 1 0
2 � 3 CTAA(CT)2TT(CT)3CGTT In 1 0 0 1 0
3 � 1 CTAA(CT)3TTTTCTCGTT In 2 0 0 2 0

6 CTTACTAA(CT)6CGTT In 4 1 0 3 0

Total � In 54 14 16 14 10

Western countries
Europe (n � 13) � 6 CTTACTAA(CT)6CGTT In 5 2 1 2 0

8 CTTA(CT)8CGTTc In 1 0 0 1 0
9 CTTACTAA(CT)9CGTTd In 2 1 0 1 0
7 CTTA(CT)7CGTT Out 1 0 0 1 0
8 CTTACTAA(CT)8CGTTc Out 1 0 0 1 0

� 9 CTTA(CT)9CGTTd Out 1 0 0 1 0
10 CTTTTA(CT)10CGTT Out 2 1 0 1 0

United States
Caucasians (n � 28) � 6 CTTACTAA(CT)6CGTT In 13 7 0 6 0

9 CTTACTAA(CT)9CGTTd In 3 0 1 2 0
4 ATAA(CT)4CGTT Out 1 0 0 1 0

12 CTTA(CT)12CGTTe Out 1 1 0 0 0
� 5 CTTACTAA(CT)5CGTTb Out 3 0 0 3 0

7 CTTACTAA(CT)7CGTT Out 5 1 0 4 0
8 CTTACTAA(CT)8CGTTc Out 1 0 0 1 0
9 CTTA(CT)9CGTTd Out 1 1 0 0 0

African-Americans (n � 10) � 5 CTTACTAACC(CT)5CGTTb In 2 1 0 1 0
6 CTTACTAA(CT)6CGTT In 5 2 1 2 0
9 CTTACTAA(CT)9CGTTd In 1 0 1 0 0

12 CTTACTAA(CT)12CGTTe In 1 0 0 1 0
� 7 CTTACTAA(CT)7CGTT Out 1 0 0 1 0

Colombia (n � 4) � 6 CTTACTAA(CT)6CGTT In 1 0 1 0 0
9 CTTACTAA(CT)9CGTTd In 1 0 1 0 0

� 8 CTTACTAA(CT)8CGTTc Out 2 1 1 0 0

Total � In 35 13 6 16 0
Out 4 1 0 3 0

� Out 16 4 1 11 0

a �, positive; �, negative.
b ORF with five CT repeats is in frame due to insertion of TT sequence 6 bp upstream of CT repeats or insertion of CC sequence immediately upstream of CT repeats.
c ORF with eight CT repeats is in frame due to deletion of CTAA sequence immediately upstream of CT repeats.
d ORF with nine CT repeats is out of frame due to deletion of CTAA sequence immediately upstream of CT repeats.
e ORF with 12 CT repeats is out of frame due to deletion of CTAA sequence immediately upstream of CT repeats.
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patterns. There was no correlation between specific CT repeat
patterns and clinical outcome (DU, GU, NUD, or GCA) (Ta-
ble 2). In strains with both in-frame and out-of-frame HP0638,
5-, 8-, 9-, or 12-CT-repeat patterns were found (Tables 2 and
3). In strains in which a TT sequence was present 6 bp up-
stream of the CT repeats or a CC sequence was present im-
mediately upstream of the CT repeats, HP0638 was in frame,
even when five CT repeats were present. For strains with
CTAA deleted immediately upstream of the CT repeats, frame
status depended on the number of repeats (8, in frame; 9 or 12,
out of frame) (Table 2).

HP0638 status of strains from an extended family. Next, we
examined 18 strains from an extended Dutch family, including
parents and six adult daughters (Table 4). Since the 15 strains
from the mother and from her daughters all had been shown to
have nearly identical randomly amplified polymorphic DNA
patterns, they were believed to be from the same origin,
whereas the strains from the father clearly differed (37). Each
of the 15 strains from the mother or daughters showed the
same unique 5 � 2-CT-repeat pattern, and HP0638 was in
frame in all. In contrast, the father’s strains showed a six- or
seven-CT-repeat pattern, and all had HP0638 out of frame
(Table 4).

HP0638 status of paired isolates obtained years apart from
the same host. Next, we examined HP0638 frame status for
pairs of H. pylori isolates obtained an average 8 years apart
from each of 11 persons (Table 5). Nine of 11 strain pairs

(patients 3 to 13) were highly related to one another, based on
recA sequence analysis and on randomly amplified polymor-
phic DNA and amplified fragment length polymorphism anal-
yses (19). In two (22%) of the nine patients, the number of CT
repeats differed between the first and second isolates and, in
both patients, HP0638 was out of frame in the first isolate. In
only one patient (patient 5) did the HP0638 frame status differ
between the two isolates; despite this difference, both isolates
were cagA negative. In patient 9, the numbers of CT repeats
were eight in the first isolate and seven in the second, but in
both isolates HP0638 was out of frame.

DISCUSSION

Although H. pylori has worldwide distribution (39, 41), the
important differences in the vacA s1 alleles (39) and in the 5�
region of cagA (41), among other polymorphisms, strongly
indicate that certain strains predominate in specific geographic
areas. Despite evidence suggesting such geographic characters
for H. pylori (1, 11, 23, 45), it remains difficult to clearly stratify
H. pylori strains into geographic groupings. Therefore, we ex-
amined additional strain-specific markers that clearly differen-
tiate H. pylori strains. We found clear geographic differences in
HP0638 sequences for the first 150 nucleotides (Fig. 1), and we
found geographic characters even for the CT repeat patterns in
the signal sequence region (Table 3). HP0638 frame status
correlated strongly with cagA and vacA status; all of the strains

FIG. 1. Phylogram of H. pylori strains based on the first 150 bp of the HP0638 ORF. Regions from 109 strains were aligned by using GCG
Pileup, subjected to phylogenetic analysis by using Paup 4.0b2, and subjected to neighbor-joining analysis based on Kimura’s two-parameter model
distance matrices (25). Isolates from East Asia (blue) and western countries (red) segregate into two major branches (A and C). Branch C can be
divided into two subbranches (C1 and C2); all strains from African-Americans (AFUSA) are on subbranch C2. vacA s-region allelic types also are
shown. Branch B, which is paraphyletic to the other two major branches, is composed of strains from the Indian subcontinent (green).

TABLE 3. Comparison of variations in HP0638 CT repeat region sequences among the 109 H. pylori strains, grouped by HP0638 frame status

HP0638 status No. (%) of
cagA-positive strains No. of CT repeats

No. of strains by geographic regiona

East Asia
(n � 46)

India
(n � 8)

Western
countries
(n � 55)

Total
(n � 109)

In frame (n � 89) 89 (100) 3 � 1 31 2 0 33
�4 (other than 3 � 1) 11 2 0 13

5 4 0 2 6
6 0 4 24 28
8 0 0 1 1
9 0 0 7 7

12 0 0 1 1

Total 46 8 35 89

Out of frame (n � 20) 4 (20) 4 0 0 1 1
5 0 0 3 3
7 0 0 7 7
8 0 0 4 4
9 0 0 2 2

10 0 0 2 2
12 0 0 1 1

Total 0 0 20 20

a For values shown in boldface, the distribution of CT repeats was significantly (P � 0.001) different between East Asia isolates (all 46 had �5 repeats) and Western
isolates (33 of 35 had �6 repeats).
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in which HP0638 was in frame were cagA positive and vacA s1,
whereas most of the strains in which HP0638 was out of frame
were cagA negative (80%) and vacA s2 (70%). In our study,
HP0638 frame status was most closely correlated with cagA
status, suggesting that cagA positivity could affect selection for
in-frame status. Further studies are needed to assess the cor-
relation between HP0638 status and cagA positivity.

That the isolates from all the daughters in the extended
Dutch family shared the same 5 � 2-CT-repeat pattern and
HP0638 in-frame status with the isolates from the mother but
not the father further supports the presumption that the
daughters acquired their H. pylori isolates from their mother,
confirming and extending previous findings (37). These find-
ings also suggest the stability of the HP0638 frame status and
CT repeat pattern under in vivo conditions over the presumed
combined 150 person-years of colonization. The stability of
HP0638 sequences in this setting encourages us to examine
other epidemiologically related strains to assess variability and
to determine the underlying causes of variability. The CT re-
peat differences observed in the HP0638 signal sequence re-
gions in two of nine paired strains from the same hosts (Table
4) are consistent with the presumed high frequency of slipped-
strand mispairing associated with dinucleotide repeats (27)
and further support the concept that the H. pylori population in
an individual host represents a mixture of closely related clonal
variants, or “quasispecies” (19). That the 206-nucleotide se-
quence within recA was identical within each pair (19) indicates
that the strains from each patient had a similar origin and
suggests that the CT repeat region may be hypervariable. Al-
ternatively, it is possible that the numbers of HP0638 CT re-
peats in the paired strains changed as a result of in vitro

passage. Arguing against that hypothesis is the finding that the
15 related isolates obtained from the extended family were all
identical for frame status and number of CT repeats (Table 5).
Further long-term in vitro passages and animal models will
help elucidate whether in vivo variation or in vitro passage
accounts for changes in HP0638 frame status in H. pylori.

Of the 109 patients studied, those carrying strains in which
HP0638 was in frame had more severe diseases than did those
with strains in which HP0638 was out of frame (NUD, [70%])
(Table 3). Among the strains of each group, with HP0638
either in frame or out of frame, there was no correlation
between specific CT repeat patterns and clinical outcome.
Thus, among HP0638 polymorphisms, only HP0638 frame sta-
tus affected clinical status. However, the correlation of HP0638
frame status with cagA status was so strong (Table 2) that it was
not possible to establish the relationship of HP0638 status to
pathogenicity. Yamaoka et al. (44) reported that HP0638 mu-
tants induced significantly lower IL-8 levels from AGS gastric
epithelial cells than did their wild-type parent strains. How-
ever, in a recent study (5a), HP0638 disruption did not affect
IL-8 production or CagA tyrosine phosphorylation status in
AGS gastric epithelial cells. Akanuma et al. [M. Akanuma, K.
Ogura, S. Maeda, Y. Mitsuno, Y. Hirata, H. Yoshida, Y. Shira-
tori, and M. Omata, Abstr. Gastroenterol. 120(Suppl. 1):A-
100, 2001] also reported that HP0638 mutants induced IL-8
levels similar to those induced by their wild-type parent strains
but that HP0638 is important for gastric H. pylori infection of
gerbils. In vitro experiments indicate that IL-8 is induced in
epithelial cells after viable H. pylori organisms attach (30);
outer membrane proteins would be good candidates for the
unknown proinflammatory virulence factors. Further study of

TABLE 4. Variations in HP0638 CT repeat region sequences among members of an extended family in The Netherlandsa

Strain
designation

Patient
age (yr)b

Family
relationship

cagA
status

No. of CT
repeats HP0638 CT repeat region sequence Frame

status

1a 60 Father � 6 CTCTTA(CT)6CGTTTTG Out
1b � 7 CTCTTA(CT)7CGTTTTG Out
1c � 7 CTCTTA(CT)7CGTTTTG Out

2a 55 Mother � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
2b � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

3a 35 Daughter 1 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

4a 32 Daughter 2 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
4b � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

5a 29 Daughter 3 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
5d � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

6a 26 Daughter 4 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
6b � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
6c � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

7a 25 Daughter 5 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
7b � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

8a 24 Daughter 6 � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
8b � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In
8c � 5 � 2 CTTTTA(CT)5TT(CT)2CGTT In

a Strain designations, family relationships, and cagA status (�, negative; �, positive) were as previously described (37).
b Age on date when H. pylori culture was obtained.
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the role of HP0638 as well as other outer membrane proteins
in H. pylori pathogenesis is needed.

In summary, the phylogeny of HP0638 has geographic char-
acters, and its frame status is correlated with cagA, vacA, and
iceA genotypes. The CT dinucleotide repeat pattern in the
putative signal sequence of HP0638 also has geographic char-
acters and appears relatively stable in individual patients and
families over periods of years. Nevertheless, strains obtained
from the same host and appearing otherwise identical can vary
in frame status. HP0638 frame status but not the number or
pattern of CT repeats is correlated with clinical outcome. If
confirmed in independent studies, analysis of HP0638 poly-
morphisms may be useful as an H. pylori typing system for
epidemiological purposes.
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