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Abstract

Background: Helicobacter pylori, a genetically diverse bacterium has shown to have geographic specific genotypes. This may be relevant since there are 
also differences in clinical outcome among H. pylori infected patients from different geographical origin.

Aim: The aim of this study was to identify a true marker for African origin based on the sequence of a housekeeping gene (hspA) and if African origin 
could be defined, to establish possible differences in virulence attributes between African and non-African strains.

Material and methods: The hspA gene was analyzed by PCR amplification and direct sequencing of the PCR products in 163 strains from patients with 
diverse ethnic origin. To asses for virulence, the cag pathogenic island (cag PAI) was analyzed by three different kinds of PCR amplifications in the same 163 
strains. 

Results: The hspA gene showed to be very informative for differentiating strains of diverse ethnic origin. In particular, different phenotypes defining 
African and East Asian origin were found when amino acid sequences were compared. In addition, a marker for East Asian origin was found upstream of the 
hspA gene. Based on the presence of cag PAI, African American strains together with East Asian strains were shown to be the most virulent. East Asian strains 
amplified lower molecular weight PCR products than African American strains at the cag PAI level. Whether this is relevant for the functionality of the cag PAI 
should be further explored. 

Conclusion: Highly specific markers that define H. pylori strains of African and East-Asian origins were identified. However, no differences in virulence 
attributes were observed between those strains. 

INTRODUCTION

Background

Helicobacter pylori are a gram-negative bacterium that 
colonizes the gastric mucosa. It is considered to be one of the 
most widespread human infections worldwide [1]. Unless 
treated with antibiotics, the infection will persist for decades or 
even throughout the lifetime of the host [2,3]. Persistent infection 
is strongly associated with gastric adenocarcinoma and peptic 
ulcer disease [3-7].

There are differences in clinical outcome between patients 
from different geographical origin. The incidence of gastric 
adenocarcinoma is for example much higher in East Asia 
than in Central Africa even though the incidence of H. pylori 
infection is high in both areas. This paradox is named the African 
enigma. The phenomenon may be explained because of genetic 
differences among human populations, environmental factors 

and/or strain differences of H. pylori. H. pylori are a genetically 
diverse bacterium, but, geographic specific genotypes have been 
described. Therefore it may be possible that strain differences in 
the bacteria are involved in different clinical outcomes [8,9].

The genetic fingerprints of H. pylori isolated from unrelated 
individuals are different. However, bacteria are mainly 
transmitted between individuals in one family, isolates from 
patients within the same family often has similar genetic 
fingerprinting. The fact that H. pylori are mainly transmitted 
within a family suggests vertical transmission and probably 
the same strain persists throughout generations. This indicates 
that the evolution of H. pylori is linked to the social behavior of 
humans. Since humans have been living in isolated communities 
until very recently, genetic exchange has been limited and genetic 
traits became segregated. It is likely that a segregation of the 
genes of H. pylori happened along with this, hence the geographic 
specific genotypes of the bacteria [3]. The genotype differences 
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may explain differences in virulence of the bacteria and thereby 
the differences in clinical outcome [9].

Geographic specific genotypes and markers have been found 
in several sites in the H. pylori genome. One example is an insert 
of 180bp that is more common in strains of H. pylori of African 
origin than in strains of other origin [10]. Another example is the 
vacA gene, which codes for a cytotoxin that induces vacuolization 
in epithelial cells. The toxin gene contains three variable portions; 
the s-region, the i-region, and m-region. The s-region codes for 
a signal peptide and exist as s1 or s2 allelic types. The s1 type 
has three subtypes; s1a, s1b and s1c. These subtypes have been 
shown to be unevenly distributed throughout the world and have 
shown ethnic specificity [11,12].

When the sequence of fragments of vacA was analyzed 
together with fragments of seven housekeeping genes it was 
shown that H. pylori can be divided into seven populations 
and subpopulations with distinct geographical distribution on 
the basis of those sequences. The populations all arose from 
populations in Africa, East Asia and Central Asia [13].

A housekeeping gene that has shown signs of geographic 
specific variability is hspA gene [14-16]. It is present in all H. 
pylori strains and encodes the protein HspA, a homologue of the 
heat shock proteins of the GroES class in Escherichia coli. There 
is a high degree of similarity between HspA and GroES when 
looking at the first 90 amino acids (the A domain). However, it 
has a unique C-terminus of 27 amino acids (the B domain) that 
GroES proteins lack. The HspA B domain is the area in which 
H. pylori shows geographic specific variability in amino acid 
sequence between strains. [14-17]. Evidence of geographic 
specific genotypes within this gene is seen in phylogenetic trees 
based on the nucleotide sequence of strains originating from 
different parts of the world. Both African and East Asian branches 
have been found in such analyses [14-15].

CagA (cytotoxin-associated gene A), an approximately 128 
kDa protein encoded by the cagA gene, is a virulence factor of 
H. pylori [18]. The cagA gene is located at the end of the cag 
pathogenicy island (cag PAI), which is a 40-kb DNA segment 
that contains a total of 31 genes. Some of these genes encode 
for proteins that are components of a bacterial type IV secretion 
system that delivers bacterial proteins into eukaryotic cells. CagA 
is delivered to the cells of the human gastric epithelia by this 
system [9,19-21].

Strains of H. pylori can be divided into cagA positive and cagA 
negative strains using cagA as a marker for the whole cag PAI. 
cagA positive strains are associated with an increased risk of 
developing gastric adenocarcinoma whereas infection with cagA 
negative strains not [22-25].

Thus, the aims of this study were to try to find a true marker 
for African origin and, if African origin can be defined, to establish 
difference in virulence attributes between African and non-
African strains. Because of the variability and geographic specific 
genotypes in all H. pylori strains, the hspA gene was analyzed to 
find a true marker for African origin. In addition, because of its 
strong association with virulence, the cag PAI was analyzed in 
this study to establish difference in virulence attributes between 
African and non-African strains [26-29].

MATERIALS AND METHODS

Bacterial strains

A total of 192 isolates of H. pylori were studied. The isolates 
where obtained from patients with diverse ethnic or geographic 
origin that suffered from H. pylori associated diseases. The ethnic 
origins of the patients included East Asian, African-American, 
Caucasian, Hispanic, and Amerindian. After the exclusion of a total 
of 29 strains (see below) the final ethnic distribution is presented 
in Table 1. The patients defined themselves as belonging to the 
different ethnical groups. The East Asians were patients with 
origin from Japan, China, Vietnam, Hong Kong, Burma and 
Malaysia. The African-Americans were patients living in North 
America, South America or the Caribbean with sub-Sahara 
African roots. Caucasians were patients of European or Middle 
East origin. The Hispanics were individuals who speak Spanish 
as their native language. Amerindians are Native Americans in 
Northern, Central and South America who probably mix with 
Hispanics, Caucasians or African-Americans.

Analysis of the hspA gene and its encoded protein 

hspA PCR and sequencing: Purified DNA from the 197 
strains that had previously been extracted was used to analyze 
the hspA nucleotide sequence. A 487-bp segment containing the 
354-bp hspA gene was amplified by polymerase chain reaction 
(PCR) (Figure 1, panel A) (Table 2).

Gel electrophoresis on a 2% agarose gel was carried out for 
all samples to confirm that the PCR amplification was successful. 
Positive and negative controls were used. If the amplification 
was not successful the first time, one additional amplification 
was performed before the samples were considered defect and 
thus unusable. The PCR products from the strains for which the 
PCR amplification was successful (n=186) were purified with 
the Qiagen QIAquick DNA purification kit (Qiagen, Valencia, 
CA) and were submitted for direct sequencing (SeqWright DNA 
Technology Services).

The same primers as for the hspA PCR were used to sequence 
both strands of the PCR product.

Sequence analysis: The resulting nucleotide sequences 
from all the strains were edited using SEQUENCHER (version 
4.7). The nucleotide sequences were aligned using CLUSTALW. 
A phylogenetic tree of the hspA gene of 354bp was created by 
the neighbor-joining method (28) with MEGA (version 4.1). The 
stability of the tree was tested by performing 500 bootstrap 
replicates. The nucleotide sequences were translated into amino 
acid sequences using GCG (Genetics computer group; Madison, 
WI). The amino acid sequences were aligned using CLUSTALW.

Analysis of the cag PAI

Empty site PCR: In order to determine the absence of 
the cag PAI a 550bp segment containing the empty site was 
amplified by PCR in the 163 of the 186 strains included in this 
study. The cag PAI is located between the two protein coding 
H. pylori genes Hp0519 and Hp0549, (Figure 1, panel B) (Table 
2). Gel electrophoresis on a 2% agarose gel was carried out for 
all samples to control which samples contained the empty site. 
Positive and negative controls were used.
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Table 1: Ethnicity distribution and age and gender of patients included in the study.

Ethnicity n % Subjects with gender and age 
available Mean age (years) Ratio F:M

East Asian 24 14.3 19 54.5 10:09

Amerindian 28 16.7 26 40.3 16:10

Hispanic 67 39.9 65 54.2 40:25:00

Caucasian 17 10.1 15 54.5 6:11

African American 27 16.1 21 60.2 1:20

Figure 1 Schematic representation of the target genes selected for molecular analysis and/or sequencing. Panel A, schematic representation of loci 
hspA, based on H. pylori strain J-99. Panel B, Schematic representation of the loci used to analyse the empty site, based on H. pylori strain 26695. 
Panel C, Schematic representation of the loci used for analysing the left and right border of the cag pathogenicity island from H. pylori strain 26695 
(Courtesy of Dr Steffen Backert).
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Analysis of the left and right border of the cag PAI: Left 
and right border PCR can be used to determine which strains 
that are cag PAI positive. This means that only cag PAI positive 
strains will amplify a product with left and right border PCR. 
The approximate sizes of the left and right border can also be 
investigated with this technique (Figure 1, panel C) (Table 2).

Left border PCR: In the strains that did not yield the 
550bp product that represents the empty site (n=122), the 
left border of cag PAI was further analyzed by left border PCR. 
Gel electrophoresis on a 2% agarose gel was carried out for all 
samples to control that the PCR amplification was successful 
and to see what approximate sizes the amplified segments had. 
Positive and negative controls were used.

Right border PCR: In the strains that did not yield the 550bp 
product that represents the empty site (n=122), the right side of 
cag PAI was further analysed by right border PCR.

Gel electrophoresis on a 2% agarose gel was carried out for 
all samples to control that the PCR amplification was successful 
and to see what approximate sizes the amplified segments had. 
Positive and negative controls were used.

Intergenic region between jhp0153 and jhp0152

A PCR reaction amplified an intergenic region from the H. 
pylori genome as previously reported [10]. Based on the product 
size amplified, we could identify H. pylori strains of African origin 
by the distinctive 180bp insert that they carry in this intergenic 
region (Table 2) [10].

Statistics

The chi-square test was carried out with Epi-Info software 
(version 3.3.2), when appropriate. Differences were defined as 
being statistically significant if the P value was less than 0.05.

RESULTS

Analysis of the hspA gene and its encoded protein 

hspA PCR: Amplification was successful the first time for all 
but 14 (8.8%) samples and the second time for all but 6 samples, 
ending up with a total of 3.1% failed amplifications and 186 
successfully amplified strains. All strains amplified a product of 
the same size (~487bp).

hspA nucleotide sequences: Direct DNA sequencing was 
successful for 174 (93.5%) of the 186 strains. After the sequence 
analysis 11 strains were excluded, one strain was excluded for 
lack of ethnicity criteria, 9 were excluded for being replicates 
of the same patient, and one 1 was excluded for being the same 
strains previously included. The nucleotide sequence of the 
hspA gene was analyzed in 163 strains. The phylogenetic tree 
derived from the hspA gene of 354bp of the 163 strains suggested 
geographic segregation of H. pylori (Figure 2). Out of the 24 East 
Asian strains, 19 (83.3%) belonged to the same branch in the tree 
(East Asian branch). Out of the 27 African-American strains, 17 
(62.9%) were part of another branch (African branch). However, 
the East Asian branch and the African branch were not supported 
by a significant bootstrap number (Figure 2).

Comparison of HspA amino acid sequences: Next, amino 

acid sequence of HspA was analyzed for 163 strains. The amino 
acid sequences showed high degree of conservation in domain A, 
except for amino acid 90.

Variability in this residue was seen in 36 strains. Besides the 
variation in residue 90, 40 strains had some other amino acid 
substitution in domain A. Forty-three strains exhibited a single 
amino acid substitution and two strains had two substitutions. 
The other 123 strains were exactly identical in the first 89 amino 
acids (Data not shown).

There was a greater variation in domain B, confined to amino 
acid residues 91 and 97-99. Three major phenotypes can be 
seen when analyzing residue 91-100 of domain B together with 
residue 90 of domain A (Table 3).

One group had Serine instead of Glycine in residue 90, and 
Asparagine/Serine or Aspartic acid/Serine instead of Glycine/
Asparagine in residues 98-99 or both when compared to the 
reference phenotype (Table 3). Because these phenotypes exist 
in almost all strains of East Asian origin (91.7%) the group was 
designated as the East Asian group and the phenotypes are 
collectively referred to East Asian phenotypes. A significantly 
higher percentage of the East Asian strains have these phenotypes 
than strains from any other ethnic origin (Table 4). The East 
Asian phenotypes are present among strains from all ethnic 
groups except African-American, where none of the strains have 
these phenotypes.

The second group had either Alanine instead of Serine 
in residue 91, and/or Alanine/Asparagine/Serine instead of 
Threonine/Glycine/Asparagine in residues 97-99 or both when 
compared to the reference phenotype (Table 3). Because these 
phenotypes exist in most strains of African origin (74%) the 
group was designated the African group and the phenotypes 
are collectively referred as African phenotypes. A significantly 
higher percentage of the African-American strains have these 
phenotypes than strains from any other origin (Table 5). The 
African phenotypes are present among African-American, 
Hispanic, Caucasian and Amerindian strains but not in the East 
Asian strains.

The third group does not seem to have anything in common 
with the African or East Asian phenotypes and it is referred as 
the non-African/ non East Asian group. The reference phenotype 
is included in this group. The reference group it is the most 
abundant phenotype and it is similar in amino acid sequence 
in the 90 to 99 residues to the reference or prototype strains of 
previous studies (14-16).

Comparison of amino acid sequences upstream of the 
hspA gene: The amino acid sequence in the inter-genetic region 
between the dnaG gene and the hspA gene was also found to 
vary. Two phenotypes can be clearly identified. One group has 
Arginine/Isoleucine instead of Isoleucine/Threonine at residues 
18-19 before the starting codon of the hspA gene, when compared 
to the reference phenotype (Table 6). Because this phenotype 
exists in almost all strains of East Asian origin (87.5%) the group 
was designated the East Asian group and the phenotypes are 
collectively referred to as East Asian phenotype. A significantly 
higher percentage of the East Asian strains have this phenotype 
than strains from any other ethnic origin (Data not shown). As 
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Figure 2 Phylogenetic tree of hspA nucleotide sequences of 163 strains of H. pylori of different self-defined ethnical origins. Strains marked with 
pink are from Amerindian origin, strains marked with green are from Hispanic origin, strains marked with red are African American origin, strains 
marked with yellow are East Asian origin and strains marked with blue are Caucasian origin.

Figure 3 Visualization of the left border of the cag PAI by PCR products. 2% agarose gel electrophoresis Line C is the negative control H2O. Lanes E 
represented H. pylori strains of East Asian origin, lanes C represented Caucasian origin and H lanes represented Hispanic origin.

previously observed, the East Asian phenotype was present in 
strains from all ethnic groups except African-American, where 
none of the strains has this phenotype.

The second group was made out of the strains not having the 
Arginine/isoleucine substitution. It is designated the non-East 
Asian group. The reference phenotype is included in this group. 
An analysis of the strains that had both East Asian phenotypes 
upstream the hspA gene and between residues 90-100 in HspA 
was carried out. A significantly higher percentage of the East Asian 
strains (87.5%) have both East Asian phenotypes than strains of 

any other ethnic group (Table 7). All East-Asian strains had the 
East Asian phenotypes in the upstream region and in HspA. Very 
few of the strains of Amerindian, Hispanic and Caucasian origin 
had the East Asian phenotype in both places.

Analysis of the cag PAI

Empty site PCR: Amplification was successful in 41 (25.1%) 
of the 163 strains, meaning that those strains where empty site 
positive and thereby cag PAI negative. All successfully amplified 
strains amplified a product of the same size (~550bp) (Data not 
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Table 2: Primers used for PCR and qPCR.
Gene target Primers Temperature and step

hspA
5’GCTATCTGAAAATTTGATTTCTTTTGC-3’

94°C 30s, 52°C 30s, 72°C 2min.
5’-TGCGCTATAGTTGTGTCGC-3’

 cagPAI 5’-CTCTTTTTGTGCCTTTGATTGAA-3’
94°C 30s, 54°C 45s, 72°C 1min.

Empty-site 5’-CCAAATACATTTTGGCTAAATAAAC-3’

Cag PAI 5’-CCAAATACATTTTGGTAAATAAAC
94°C 1 min, 57°C 1 min, 72°C 1.5 min

Left border 5´-GCTTATCAGTCAAATTGTTTTTG

Cag PAI 5´-GGCTCAAGCTCGTGAATGAT 
94°C 1 min, 60°C 1 min, 72°C 1.5 min

Right border 5’-CTCTTTTTGTGCCTTTGATTGAA

Intergenic region
5'-GTGGCGCGTTTCTTGCAATACC-3'

94°C 30s, 57°C 30s, 72°C 1min.
5'-AACTCGCTCAAAAACTCGGC-3'

Table 3: HspA geographic-specific phenotypes determined by amino acid sequence in 163 H. pylori strains isolated from patients with different 
ethnic origin.

Distribution by sequence type

Designation Amino Acid sequence Total EA AA His Cauc Afri

163 24 28 67 17 27

Referencea 90GSGSCCHTGNH100 63 1 9 35 11 7

1b 90S - - - - - - - - NS - 100 27 8 12 6 1

2b 90 - - - - - - - - - NS - 100 11 10 1

3b 90S - - - - - - - - N - - 100 1 1

4b 90S - - - - - - - - DS - 100 1 1

5b 90 - - - - - - - - - DS - 100 1 1

6b 90 - - - - - - - - - D - -100 1 1

7b 90S - - - - - - - - - - - 100 3 3

8c 90SA - - - - - - ANS-100 1 1

9c 90 - - - - - - - - ANS -100 3 3

10c 90 -A - - - - - -ANS- 100 5 1 2 2

11c 90 - - - - - - - - A -S -100 1 1

12c 90 - A- - - - - - - - - - 100 37 4 16 4 13

13c 90 -A- - - - - - - -S - -100 1 1

14c 90 -A - - - - - - - D - 100 2 1 1

15a 90 - - - - - - - - - - S- 100 1 1

16a 90 - A - - - - - - I - - -100 2 1 1

17a 90 - - - - - - - - - E - -100 1 1

18a 90 DE - - - - - - - - - -100 1 1
aNon African/ non East Asian. H. pylori strains J99 and 26695 belongs to this group, having the reference phenotype.
bEast Asian (EA)
cAfrican (Afri)

Table 4: Comparative prevalence of East Asian phenotype between residues 90-100 in the HspA protein from H. pylori strains isolated from 163 
patients, by ethnicity.
Ethnicity n % East Asian OR CI P-value

East Asian 24 91.7 1.00

Amerindians 28 46.4 0.08 0.01-0.46 0.002

Hispanic 67 13.4 0.01 0.00-0.08 <0.001

Caucasian 17 5.9 0.01 0.00-0.09 <0.001

African American 27 0.0 0.00 0.00-0.03 0.001
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Table 5: Comparative prevalence of African phenotype between residues 90-100 in the HspA protein from H. pylori strains isolated from 163 
patients, by ethnicity.
Ethnicity n % OR CI P-value

African American 27 74.1 1.0

Caucasian 17 23.5 0.2 0.03-0.72 0.013

Hispanic 67 32.8 0.2 0.08-0.69 0.006

Amerindians 28 21.4 0.1 0.03-0.52 0.002

East Asian 24 0.0 0.0 0.00-0.13 <0.001

Table 6: Geographic-specific phenotype determine by amino-acid residues left of the HspA protein in 163 H. pylori strains from patients with different 
ethnic origin.

Designation Amino acid sequence Distribution by sequence type

Total
n=168

EA
n=24

AA
n=28

His
n=67

Cauc
n=17

Afri
n=27

Referencea LITISAKFLFYLSKLRRTEM 101 2 14 48 13 24

1c - RI- - - - - - - - - - - - - - - - - 29 8 4 16 1

2c - RI- - -N - - - - - - - - - - - - - 4 2 2

3c - RI- - -N - - - - - - - - - - -N - 7 6 1

4c - RI- - - - - - - - - - - - - - - N - 4 2 1 1

5c - RI- -TN - - - - - - - - - - - - - 1 1

6c - RI- - -N - - - - - - - - - - I - - 1 1

7c - RI- - -I - - - - - - - - - - - N - 1 1

8c - RI- - - - - - - - - - - - - - - S - 1 1

9c - RI- - - - - P - - - - - - - - -N - 4 4

10c - RI- - T - - - - - - - - - - - -N - 1 1

11b - - - - - - - - - - - - - - - - - -N - 5 1 1 1 1 1

12b - T - - - - - - - - - - - - - - - - - - 1 1

13b - R - - - - - - - - - - - - - - - - - - 1 1

14b - - - - - T- - - - - - - - - - - - - - 2 2

aNon East Asian. H. pylori strain J99 belongs to this group, having the reference phenotype.

Table 7: Comparative prevalence having both East Asian phenotypes in of H. pylori strains isolated from 163 patients by ethnic origin.

Ethnicity n % with both
phenotypes OR CI 95% P-value

East Asian 24 87.5 1.00

Amerindian 28 10.7 0.02 0.00-0.12 <0.001

Hispanic 67 9.0 0.01 0.00-0.07 <0.001

Caucasian 17 5.9 0.01 0.00-0.11 <0.001

African American 27 0.0 Undef. 0.00-0.04 <0.001

Table 8: Comparative prevalence of cag PAI negative strains of H. pylori isolated from 163 patients, by ethnicity.

Ethnicity n % CagPAI negative OR CI 95% P-value

Hispanic 67 37.3 1.00

Caucasian 17 41.2 1.18 0.35-3.39 ns

Amerindians 28 21.4 0.46 0.14-1.41 ns

African American 27 11.1 0.21 0.05-0.84 0.024

East Asian 24 0.0 0.00 0.00-0.38 0.001
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Table 9: Comparative prevalence of low molecular weight PCR products in cag PAI positive strains of H. pylori, by ethnicity.

Left border (n=105) Right border (n=111)

Ethnicity n % with low
mol. Weight* P-value n % with low

mol. Weight* n

East Asian 18 94.4 22 90.9 0.001

Caucasian 9 33.3 0.002 10 30.0 <0.001

Hispanic 36 16.7 <0.001 38 5.3 <0.001

Amerindian 19 10.5 <0.001 19 10.5 <0.001

African-American 23 8.7 <0.001 22 9.1 <0.001

*Low molecular weight <500bp for the left and <700bp for the right

Table 10: Prevalence of East Asian markers in H. pylori strains from different ethnic groups.

Ethnicity % of strains with:

n East Asian HspA type East Asian Upstream 
type

Absence of 
180bp

Low MW cag PAI 
left side

Low MW cag PAI 
right side

East Asian 24 91.7 83.3 100.0 70.8 83.3

Amerindian 28 46.4 39.2 60.7 7.1 7.1

Hispanic 67 13.4 26.9 77.6 9.0 3.0

Caucasian 17 5.9 17.6 70.6 17.6 17.6

African American 27 0.0 0.0 48.1 7.4 7.4

Table 11: Number of East Asian characteristics in the different H. pylori strains, by ethnicity.

Ethnicity n
Number of strains with:

5 types 4 types 3 types 2 types 1 types 0 types

East Asian 24 13 7 2 2 0 0

Amerindian 28 1 0 8 5 5 9

Hispanic 67 0 0 5 18 36 8

Caucasian 17 1 0 0 5 7 4

African American 27 0 0 2 0 11 14

shown). The Caucasian, Hispanic and Amerindian ethnic groups 
had the highest percentage of empty site presence, meaning that 
they had the highest percentage cag PAI negative strains (Table 
8). East Asian and African American ethnic groups had the lowest 
percentage cag PAI negative strains. There was no significant 
difference between East Asian and African American strains in 
cag PAI negativity.

Left border PCR: Of the 122 strains that did not amplify an 
empty site PCR product, 105 (86.1%) were successfully amplified 
with the left border PCR. Products of four different sizes were 
amplified; 450bp, 500bp, 550bp and 600bp (Figure 3). Product 
less than or equal to 500bp in size was considered being of low 
molecular weight. The East Asian strains had the low molecular 
weight PCR product significantly more often than strains from 
any other ethnic group (Table 9).

Right border PCR: Of the 122 strains that did not amplify 
with empty site PCR, 111 (91.0%) were successfully amplified 
with the right border PCR. Of the 11 that did not amplify, 4 did 
not amplify with left border PCR either. Products of four different 
sizes amplified; 650bp, 700bp, 800bp and 1000bp (Data not 
shown). Products less than or equal to 700bp in size was 
considered being of low molecular weight. East Asian strains had 

low molecular weight PCR product significantly more often than 
strains from any other ethnic group (Table 9).

Correlation between East Asian origin and East Asian 
characteristics

As previously reported, an insert of 180bp is more often 
present in H. pylori strains of African origin than in strains 
from other ethnic origins [10]. Information about which strains 
have the insert was obtained. The characteristics that seem to 
be typical of an East Asian population are the presence of the 
East Asian phenotypes in HspA and upstream of the hspA gene, 
the lack of the 180bp insert and the presence of low molecular 
weight PCR products of the left and right border of the cag PAI. 
Prevalence of each characteristic in the different ethnic groups 
can be seen in Table 10. The concordance in all characteristics 
in the different ethnic groups can be seen in Table 11. Strains 
that shared four or more of the East Asian characteristics can be 
considered true East Asian. The strains of self-defined East Asian 
origin was significantly more often true East Asian than strains 
from any other ethnic origin (P<0.001).

DISCUSSION
H. pylori strains were examined and our findings have some 
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limitations which need to be pointed out. The strains were 
obtained from symptomatic patients and thus, the results are 
representative only for symptomatic patients and not the entire 
population with H. pylori. The samples were obtained from 
several laboratories around the world which makes it possible 
that differences in methods used affect the results. The fact that 
no reliable method was used to define the ethnic group in the 
patients studied and was based of self-defined ethnicity makes it 
possible that some of the patients were placed in the wrong group. 
The gender and age data was also limited. The data available 
showed that the mean age was relatively even throughout the 
groups although, based on the mean age, Amerindians was the 
youngest group and the African Americans the oldest group 
when compared with other groups. The proportion of females to 
males was relatively even in general. However African American 
males outnumber the females. This is because samples from 
these patients were mainly obtained at a hospital for US veterans 
in New York, where male patients greatly outnumber the female 
patients.

Strains that did not amplify a PCR product were run several 
times, thus it is unlikely that amplification failure is due to 
technical difficulties. Also, positive controls showed in all cases 
PCR products followed by the gel electrophoresis visualization. 
Therefore, poor quality of DNA from the failure samples could be 
the main reason for failure. At the end, the percentage of failed 
amplifications was small (3.1%).

It is important indicated that branches in the phylogenetic 
tree were not supported by a significant bootstrap number, 
suggesting that the tree has a low confidence level. However, East 
Asian and African branches have been seen before in phylogenetic 
trees of the hspA gene [14-15,30].

Conservation in the first 89 amino acids of HspA and the 
variability confined to residue 90 of domain A and 91 together 
with 97-99 of domain B is in line with previous findings [14-16]. 
Some of the phenotypes belonging to the East Asian group have 
previously been reported in strains of H. pylori isolated from 
patients in Hong Kong [14]. In another study, both the East Asian 
phenotypes and the African phenotypes have been reported 
based on the East Asian sequences and African sequences 
respectively [15]. The phenotypes upstream of the hspA gene 
is new and may be used as a marker for East Asian origin since 
it correlates strongly with East Asian origin and it is present 
significantly more often in East Asian strains than in strains form 
any other origin.

East Asian phenotypes both in HspA and upstream of the 
hspA gene combined, it seems to be an extremely good marker 
for East Asian origin of H. pylori strains.

The strong correlation between East Asian origin and the East 
Asian phenotypes and the fact that were present significantly 
more often in East Asian strains than in strains of other origin 
suggests that they can be used as markers for East Asian origin. 
The correlation between African-American origin and African 
phenotypes is weak but there is a significant difference between 
African-American origins suggesting that they can be used as 
markers for African origin.

The fact that Amerindian strains have the East Asian 

phenotypes relatively often may be explained by the fact that 
human migrations took place from East Asia region colonizing 
North and South America with this East Asian population of H. 
pylori until the arrival of the European colonization [12,13,30].

Hispanic and Caucasian strains also have the East Asian 
phenotypes indicating possible mix with East Asian population. 
Similar mixing may explain why in some cases Hispanic, Caucasian 
and Amerindian strains, carried the African phenotype. None of 
the East Asian strains have the African phenotypes and none of 
the African-American strains have the East Asian phenotypes, 
indicating that no mix has occurred between those groups.

The fact that Amerindian strains have the East Asian 
phenotype relatively often and that Hispanic and Caucasian 
strains may have the same explanations as above. Strains that 
did not amplify a product with empty site PCR but that did 
amplify with left and/or right border PCR were definitely cag PAI 
positive. The four samples that failed to amplify with empty site 
PCR, left border PCR and right border PCR were probably of poor 
quality, hence the failed amplifications.

Caucasian, Hispanic and Amerindian ethnic groups have 
the highest percentage of cag PAI negative strains. In contrast, 
African strains together with East Asian strains are the most 
virulent based on the highest percentage of cag PAI positive 
strains. No difference in cag PAI presence between East Asian and 
African American strains was observed. As previously mentioned 
differences in clinical outcome between the ethnic groups cannot 
be explained exclusively by differences in virulence due to cag 
PAI presence. A systematic review of prospective endoscopic 
studies in African populations reported that prevalence rate of 
peptic ulcer disease and gastric cancer among patients infected 
with H. pylori was similar to that of many developed countries 
[29].

An explanation to bacterial virulence factors causing different 
clinical outcome is host genetic factors which determine the 
immune and inflammatory responses to H. pylori infection. 
Polymorphisms in the interleukin-1 gene cluster and in the gene 
of tumour necrosis factor α, both encoding for pro-inflammatory 
cytokines, have been associated with H. pylori-related gastric 
cancer and its precursors [31,32].

The differences in size of the left and right border PCR 
products between East Asian and African American strains might 
indicate some difference within the cag PAI, but whether the low 
molecular weight PCR product characteristic of East Asian strains 
plays a role in increase virulence among the East Asian strains 
or affects the functionality of the cag PAI is unknown. There are 
reports involving the right border size variations, particularly the 
size of cagA which is a part of the right border PCR product, has 
been shown to vary due to a variable number of repeat sequences 
in the 3´ region of the gene that encoding for phosphorylation 
motifs [18]. cagA genotypes with the higher number of repeats 
were found disproportionally among H. pylori strains of non-East 
Asian origin [26,27,33,34].

Variations in the 3´ region of cagA may accounts for size 
variations in the right border and can explain why the low 
molecular weight PCR product of the right border are more 
prevalent in H. pylori strains of East Asia origin. However, CagA 
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alone may nothing to do with the pathogenesis of gastric cancer 
and it is the whole cag PAI that can be associated with disease 
[35].

The presence of the East Asian phenotypes in HspA and 
upstream of the hspA gene, the lack of the 180bp insert and 
the presence of low molecular weight PCR products of the left 
and right border of the cag PAI correlates strongly with East 
Asian origin. When four or more of the molecular markers are 
combined, we can determine a true East Asian strain. However, 
there is nothing that indicates that these molecular markers are 
correlated with higher virulence of the bacteria.

The markers for East Asian and African origin found in this 
study can be used to differentiate H. pylori strains of diverse 
ethnic or geographic origin. The possibility that colonization 
with H. pylori is not harmful but may also protect its host from 
diseases of the esophagus, it may not always wise to eradicate the 
bacteria [8]. The recommendations for the future are therefore to 
investigate if any of the characteristics in any way are correlated 
with the virulence of the bacteria. This is particularly interesting 
for the low molecular weight PCR products of the left and the 
right border of the cag PAI characteristic to East Asian origin 
since disease outcome is more severe in East Asia than in other 
parts of the world. 
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