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ABSTRACT

Objective: Helicobacter pylori (H. pylori) is a bacterium that infects 
the gastric mucosa of 50% of the world population. It is known that 
different regional treatment practices used against the infections 
of H. pylori affect both the expression of virulence and antimicrobi-
al resistance genes, giving the bacteria geographic differentiation. 
The aim of this study was to perform in silico analysis of virulence, 
resistance genes and phylogeny of H. pylori strains obtained from  
people living in different continents. 

Material and Method: Complete gene sequences of 18 H. pylori 
strains from six continents were downloaded from the National 
Center for Biotechnology Information (NCBI) database. The phy-
logeny of the strains, resistance and virulence genes were analyzed 
by CSI phylogeny, CARD and VFanalyzer, respectively. 

Results: African strains were the most distant identity to Europe-
an strains.  A2147G single nucleotide polymorphism  associated 
with clarithromycin resistance was detected in South American 
and Asian origin. It was determined that strains were differentiated 
by a total of 95 related virulence genes under eight headings. The 
cagA, cagE, cagL and vacA genes were found in all strains in Asia. 

Conclusion: In conclusion, our study demonstrated that H. pylori 
strains, whose data were collected in different continents, differ 
from each other in terms of similarities and there is a serious differ-
ence especially in terms of virulence genes.

Keywords: Helicobacter pylori, virulence genes, in silico analysis, 
geographic phylogeny

ÖZ

Amaç: Helicobacter pylori (H. pylori), tüm dünya popülasyonunun 
%50’sinin mide mukozasını enfekte eden bir bakteridir ve bölgesel 
farklı tedavi uygulamaları, hem virülans genleri, hemde antimik-
robiyal direnç genlerini etkileyerek, bakteriye coğrafik olarak fark-
lılaşma kazandırdığı bilinmektedir. Çalışmamızda, dünyanın farklı 
kıtalarında yaşayan insanlardan elde edilen H. pylori kökenlerinin 
filogeni, virülans ve antimikrobiyal direnç genleri açısından in silico 
analizinin yapılması amaçlanmıştır.

Gereç ve Yöntem: Altı kıtadan, toplam 18 H. pylori kökenine ait 
tüm genom dizileri NCBI veritabanından indirilerek çalışmamıza 
dahil edildi. Kökenlerin evrimsel yakınlıkları, direnç gen belirteçleri 
ve virülans genleri, sırasıyla CSI filogeni, CARD ve VFanalyzer online 
yazılımları ile gerçekleştirildi.

Bulgular: Avrupa kökenine göre en uzak benzerlik Afrika kökenle-
riydi. Klaritromisin direnci ile ilişkili A2147G tek nokta polimorfizmi 
Güney Amerika ve Asya kökeninde saptandı. Suşların 8 başlık altın-
da toplam 95 ilişkili virülans geni taşıdığı belirlendi. Asya'daki tüm 
suşlarda cagA, cagE, cagL ve vacA genleri bulundu.

Sonuç: Sonuç olarak, çalışmamızın verileri, farklı kıtalarda tespit 
edilen H. pylori kökenlerinin birbirinden farklılıklar gösterdiği ve 
özellikle virülans genleri açısından ciddi farklılık içerdiğini ortaya 
koymuştur.

Anahtar Kelimeler: Helicobacter pylori, virülans genleri, in silico 
analiz, coğrafik filogeni
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INTRODUCTION

Until Warren and Marshall discovered and identified Helico-
bacter pylori (H. pylori) infection in the gastric mucosa in 1983, 
it was believed that the stomach was sterile due to its high-
ly acidic content (1). However, it is now known that H. pylori, 
which is a spiral-shaped, gram-negative, microaerophilic bac-
terium, infects the gastric mucosa of 50% of the world popu-
lation and may lead to gastritis, ulcer, or gastric cancer (2). H. 
pylori infections, which have the ability to colonize the human 
gastric mucosa, are usually acquired in the early stages of life 
and can survive for a lifetime (3). The manifestation of H. pylori 
infections in various clinical presentations is due to bacterial 
virulence factors (e.g. cagA, vacA, babA), host genetic character-
istics (e.g. age, immune system) and environmental factors (e.g. 
nutrition, geographical region, living and socio-economic con-
ditions). It has been shown that H. pylori may fail to colonize the 
gastric mucosa by silencing genes that express virulence fac-
tors such as flagella, urease production or chemotaxis (4,5). It is 
understood that different regional treatment algorithms used 
against H. pylori give the bacteria geographic differentiation 
by affecting both virulence genes and antimicrobial resistance 
genes (3,4,6,7). The high throughput data obtained by molec-
ular-based systems such as the next generation sequencing 
systems that have been developed in recent years are import-

ant in terms of revealing this geographic differentiation. In ad-
dition, by sequencing the whole genome of microbial agents 
using these systems, virulence factors and resistance genes 
can be detected quickly and accurately (8). Thus, in our study, 
we aimed to perform in silico analysis of virulence, resistance 
genes and phylogeny of H. pylori strains obtained from people 
living in different continents.

MATERIAL AND METHOD

Genomic data belonging to a total of 18 H. pylori strains from 
six different continents whose gene sequences uploaded to 
open databases were downloaded from the National Center 
for Biotechnology Information (NCBI, https://www.ncbi.nlm.
nih.gov/) database and included in our study. NCBI accession 
numbers and information of these strains obtained from pa-
tients after endoscopy in Africa, South America, North America, 
Asia, Europe, and Australia, three from each continent, are pre-
sented in Table 1. The strains included in this study, constitute 
the most selected reference strains in many publications. In 
addition, although the NCBI database contains data on more 
than 2000 strains, the whole genome sequencing of all these 
strains has not yet been completed, but the whole genome se-
quencing of all the strains we have included in our study has 
been completed.

Table 1. NCBI accession numbers and information of all strains included in this study.

Continent Country Name of the Strain NCBI Accession number

Africa1 Gambia Gambia94/24 NC_017371.1

Africa2 South Africa South Africa7 NC_017361.1

Africa3 South Africa South Africa20 CP006691.1

S.America1 Venezuela v225d NC_017355.1

S. America2 Peru PeCan18 NC_017742.1

S. America3 El Salvador ELS37 NC_017063.1

N. America1 Canada Aklavik117 NC_019560.1

N. America2 USA J99 NZ_CP011330.1

N. America3 Mexico 29CaP NZ_CP012907.1

Asia1 India India7 NC_017372.1

Asia2 Taiwan ML3 NZ_AP014712.1

Asia3 China XZ274 NC_017926.1

Europe1 England ATCC 26695 NC_000915.1

Europe2 France B38 NC_012973.1

Europe3 Germany P12 NC_011498.1

Australia1 Australia ATCC 43504 NZ_LS483488.1

Australia2 Australia BM012B NZ_CP007605.1

Australia3 Australia BM012S NC_022911.1

S. America: South America,  N. America: North America
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The evolutionary relatedness of these strains with each other 
was revealed with the CSI phylogeny software (https://www.
genomicepidemiology.org/) (9). The presence of antimicrobial 
resistance markers in the strains was detected by Comprehen-
sive Antibiotic Resistance Database (CARD - https://card.mc-
master.ca/home) online software (10). Comparative genomic 
analysis of virulence genes was performed with the VF analyzer 
software (http://www.mgc.ac.cn/VFs/) (11).

RESULTS

When the identities of 18 H. pylori strains from six continents 
in our study were evaluated in silico phylogenetically, the 
most distant identity to the European1 strain was the strain 
of Africa2, North America1 and Africa3, and the identity rates 
were 86.5%, 86.86% and 86.90%, respectively. The strains 
with the closest identity to the European1 strain were Eu-
rope3 with 94.04% and Australia3 with 92.74% identity rates 
(Table 2).

Table 2: Identitiy rates of all strains examined in this study and the distribution of antimicrobials affected according to 
resistance gene analysis.

Continent Country Strain name
NCBI Accession 
number Identity rate

Affected 
antimicrobials

Resistance 
gene and SNP

Africa1 Gambia Gambia94/24 NC_017371.1 92.26%

Africa2 South Africa South Africa7 NC_017361.1 86.50%

Africa3 South Africa South Africa20 CP006691.1 86.90%

S. America1 Venezuela v225d NC_017355.1 89.61%

S. America2 Peru PeCan18 NC_017742.1 91.51% Clarithromycin 
23S rRNA 
-A2147G

S. America3 El Salvador ELS37 NC_017063.1 91.48%

N. America1 Canada Aklavik117 NC_019560.1 86.86%

N. America2 USA J99 NZ_CP011330.1 90.92%

N. America3 Mexico 29CaP NZ_CP012907.1 90.51%

Asia1 India India7 NC_017372.1 91.18%

Asia2 Taiwan ML3 NZ_AP014712.1 90.24%  Clarithromycin
23S rRNA 
-A2147G

Asia3 China XZ274 NC_017926.1 91.12%

Europe1 England ATCC 26695 NC_000915.1 100%
Quinolone, 
tetracycline, 
nitrosamide

HP1181

Europe2 France B38 NC_012973.1 90.06%

Europe3 Germany P12 NC_011498.1 94.04%

Australia1 Australia ATCC 43504 NZ_LS483488.1 92.35%

Australia2 Australia BM012B NZ_CP007605.1 92.55%

Australia3 Australia BM012S NC_022911.1 92.74%

S. America: South America,  N. America: North America

Figure 1. Phylogeny analysis of genomic data of the strains 
included in the study. S. America: South America,  N. America: 
North America
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Figure 2. Distribution of resistance gene identifiers of strains included in this study (Green: Perfect Sequence hit, Red: Strict 
Sequence Hit and Yellow: Loose Sequence Hit). S. America: South America,  N. America: North America
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In silico analysis of resistance gene identifiers of the genomic 
data examined in our study is presented in Table 1 and Figure 
2. While resistance to clarithromycin was found strict hit to 
South America2 and Asia2 strains, A2147G single nucleotide 
polymorphism (SNP) was detected in both strains related to 
clarithromycin resistance in 23S rRNA gene region. In Europe1, 
the HP1181 gene, responsible for the expression of resistance 
to quinolone, tetracycline, and nitrosamine demonstrated a 
perfect hit. In the genomic data of all strains, loose binding 
was found against different antibiotic groups at similar levels 
(Table 2).

According to the in silico comparative virulence analysis of the 
genomic data of the strains examined in our study, it was de-
termined that the virulence of the strains were directed by a 
total of 95 related virulence genes under eight headings, in-
cluding acid resistance, adherence, immune evasion, immune 
modulator, motility, secretion system, toxin and other factors. 
In the strains belonging to the Australian continent, H. py-
lori strains carried 90.1% of these 95 genes containing open 
reading frames (ORF) for the virulence genes. In the strains 
belonging to the North American continent, this rate was the 
lowest with 68.6% compared to the belonging to other conti-
nents. The samples taken from all continents, virulence genes 
belonging to seven ORF appeared active for acid resistance 
genes. Moreover, among the adhesins, differences were de-
tected in the number of ORF that would carry the virulence 
genes of sialic acid-binding adhesins sabA / hopP, sabB / hopT 
and the adhesins that would bind blood group antigens, babA 
/ hopS and babB / hopT. Strains carrying ORF for the sialic acid 
binding adhesin virulence factors, especially in Africa, Asia and 
North America were found to contain lower ORF counts than 
the other continents. When the ORF that would carry futA, 
futB and futC virulence genes from Lipopolysaccharide Lewis 
antigens to immune evasion were analyzed, it was found that 
their numbers were low in African and European strains. The 
immunomodulator and virulence factors involved in motility 
were similar between the strains from different continents. A 
similarity was found in the strains between the continents in 
the napA gene, which forms the neutrophil-activating protein 
with an immune modulator effect. In addition to this, the plas-
ticity region was determined as the other virulence factor with 
the greatest difference in terms of the number of open reading 
frames in the strains obtained from different continents. The 
numbers of these regions were the highest in Australian and 
African strains. It was observed that virulence genes belong-
ing to the cagPAI type secretion system contained less ORF in 
strains belonging to Africa and North America while it was the 
highest in the strains of Australia. It was observed that genes 
belonging to the cagA, cagE and cagL ORF, which are virulence 
genes of the secretion system, were found in all Australian, 
South American and Asian strains. When the ORF in association 
with toxin production were examined, it was found that vac-
uolated cytotoxin-generating ORF were lowest in Australian 
strains and in all strains of Europe, America, and Asia carried 
the vacA gene (Table 3). When the geographical distribution 

of virulence genes, which are constantly examined in previous 
studies such as cagA, cagE, cagL and vacA, and it was found that 
the strains in Australia, Asia and South America often carried 
ORFs for cagA, cagE and cagL genes. However, the lowest level 
of virulence genes associated with vacA toxin production gene 
was detected in strains belonging to Australia (Table 4).

DISCUSSION

Although half of the world population is colonized by H. py-
lori in their gastric mucosa, it is known that only 15% of them 
encounter infections, among which only 1% have severe con-
ditions such as gastric cancer. The reason for this situation is ex-
plained as a result of the multifactorial nature of the infection 
(12). Compared to the low prevalence rate of H. pylori in geo-
graphical regions such as North America and Australia, this rate 
is higher in Africa and Asia. However, despite the high preva-
lence of H. pylori in Africa and Asia, the rates of gastric cancer 
formation do not correlate with these results. This remarkable 
situation has been defined as the “Asian and African enigma”. 
The host’s genetic and immune responses, virulence factors of 
different H. pylori strains, and environmental factors are used to 
explain this enigma (13).

Phuc et al., reported that Asian strains were mostly similar to 
European strains in their study conducted in Vietnam in 2021 
(14). Delahay et al., in their phylogeny geographic study on 
H. pylori strains in 2018, reported that North American strains 
were distant from Asian strains in terms of similarity and formed 
a separate cluster, also they added that European and African 
strains formed a separate cluster from Asian strains (12). In our 
study, similar to the data of these two studies, we found that 
European strains were similar to Australian and Asian strains, 
while they had the lowest similarity to the strains of Africa. It 
has been concluded that the variations might differ depending 
on the genes for which the similarities of the strains are exam-
ined. Qumar et al., reported that the strains originating from 
Bangladesh showed 90%-92% similarity with the European 
strains, in their study conducted in 2021 (15). In our study, we 
also found that the Asian1 strain which is originating from India 
was similar to European strains. 

Qumar et al. compared the virulence genes of strains obtained 
from different continents in 2021 and they reported that cag-
PAI virulence genes could be encoded in the genome in 18 of 
20 strains originating from Bangladesh. Moreover, 10 of these 
18 strains were found similar to Asian sources while eight of 
them resembled European sources. They reported that 90% of 
genes that cause virulence factors were found in their strains 
originating from Bangladesh (16). Similarly, in the virulence 
analysis of the genomic data of our isolates originating from 
Asia, we found this rate at the level of 89%. 

Saribasak et al. stated that Asian strains have certain types of 
cagA in their study (16). In our study, we found that the presence 
of the cagA gene appears to be low in the strains belonging to 
North America, Africa and Europe, that supports this data. 
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Yamaoka et al. reported that geographic differences in gastric 
cancer cases depend not only on the differences of cagA and 
vacA, but also on the differences in other virulence factors such 
as oipA and babA (17). In our study, we determined that there 

are differences in virulence genes such as oipA and babA, as 
well as differences in cagA and vacA. Erzin et al., in their study 
on Turkish patients in 2006, reported that cagE was an inde-
pendent variable for duodenal ulcer and gastric cancer. They 

Table 3. Distribution of comparative virulence genes analysis of all strains included in the study.

 Virulence Factor

Related 
gene 

number Africa S. America N. America Asia Europe Australia

Acid Resistance (1 item)              

Urease 7 7 7 7 7 7 7

Adherence (8 Items)              

Blood group antigen binding adhesins 2 2 2 1.6 2 1.6 2

Sialic acid binding adhesins 2 1 1.6 1 1 1.3 2

HopZ 1 1 1 1 1 1 1

adherence-associated lipoprotein AlpA (hopC) 1 1 1 1 1 1 1

AlpB (hopB) 1 1 1 1 1 1 1

H. pylori adhesin A 1 1 1 1 1 1 1

HorB 1 1 1 1 1 1 1

PEB1 1 - - - - - -

Immune evasion (1 Item)              

Lipopolysaccharide Lewis antigens 3 2.3 2.6 2.6 2.6 2.3 0.3

Immune modulator (2 Items)              

Neutrophil-activating protein (HP-NAP) 1 1 1 1 1 1 1

Outer inflammatory protein 1 1 1 0.6 1 1 1

Motility (1 Item)              

Flagella 38 36.6 37 37 36.6 36.6 37

Others (2 Items)              

DupA (duodenal ulcer promoting) 1 - - - - - -

Plasticity region 3 2 0.3 1 1.6 1 .2.6

Secretion system (2 Items)              

Cag PAI type IV secretion system 26 8 23.6 8 23.6 16.3 24

T4SS effectors cytotoxin-associated gene A 1 0.3 1 0.3 1 0.6 1

Toxin (2 Items)              

Vacuolating cytotoxin 1 0.6 1 1 1 1 0.3

Cytolethal distending toxin 3 - - - - - -

Total ORF gene counts (Mean) 95 65.9 82.8 65.2 83.4 74.1 85.6

Total gene percentage (%) 69.3 87.1 68.6 89.8 78 90.1

S. America: South America,  N. America: North America
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found cagE and vacA as biomarkers in duodenal ulcer patients 
and cagE and babA2 as biomarkers in gastric cancer patients 
(18). Erzin et al, in 2008, examined host factors and bacterial 
virulence factors in their study, emphasized the importance of 
babA2 in terms of cancer development and also determined 
the protective role of IL-1B 31TT genotype in the host (19).

While our cagE data may explain the low incidence of gastric 
cancer in Africa, similar to the results of this study, it contra-
dicts the situation in Asia. Hence the cagE or babA2 alone might 
not be the solution to the African-Asian enigma. Demiryas et 
al., in their study conducted in 2020, reported that when they 
compared the virulence genes of H. pylori strains found in gas-
tric cancer, duodenal ulcer and non-ulcer dyspepsia patient 
groups, cagL was significantly different between the groups 
(20). The inclusion of different virulence factors in all these 
studies indicates that our knowledge about H. pylori’s direction 
of cancer development is limited. Kocazeybek et al., in 2015, 
showed that not only the presence of cagA but also special 
motifs or patterns such as EPIYA seen in the cagA region could 
cause geographical differences in this carcinogenesis process 
(21). In a study conducted in 2020, Saribas et al., showed that 
gastrointestinal diseases can be explained not only by EPIYA 
patterns but also by including host genetic factors such as 
HLAs (22). Kocak et al., reported that in patients with cagL and 
cagA positive H. pylori, bacterial virulence factors, as well as 
host genetic factors such as HLAs, are also involved in the gas-
trointestinal disease process (23). Like Erzin et al., (19), Sarıbaş 
et al., (22) and Kocak et al., (23) emphasized the importance of 
host factors in the process. It has strengthened our belief that 
our knowledge of the mechanism of cancer development of 
H. pylori is lacking. On the other hand, Sun et al., in their study 

in 2020, regarding the virB11 protein produced by the virB11 
gene located in the H. pylori plasticy region, found that this pro-
tein plays a role in the ATP formation mechanism of H. pylori 
and is important for providing energy (24). Yamaoka showed 
the protective effect of the plasticity region against gastric 
cancer (25). Besides Africa and Asia strains, as well as Australia 
strains, the amount of ORF plasticity region carriage was found 
high in our study, so this virulence gene alone cannot explain 
the Africa-Asian enigma.

In the study Mwangi et al., conducted in 2020, they stated that 
the H. pylori strain they isolated from a patient in Kenya was 
similar to Asian stains. Although the main virulence factors they 
detected were found in other African strains, it was reported 
that this strain was not similar to other African strains in terms 
of phylogeny (26). In our study, we found that our results were 
similar in terms of virulence factors, ORF and phylogenies, but 
that African strains we studied generally differed from Europe-
an and Asian strains in terms of both virulence gene prevalence 
and phylogeny. Lamichhane et al., reported that they found 
subgroups of Australian strains belonging to people coming 
from Europe 200 years ago, and the strains they examined were 
similar to Australian strains (27). Among the strains we exam-
ined in our study, we found that Australian strains have more 
similarities to European strains than other continents. 

As Suzuki et al., pointed out, the geographic differences of H. py-
lori strains may reveal human migrations. They also noted that 
the genetic diversity within H. pylori strains was much greater 
than in other bacterial strains and 50 times greater than in hu-
man populations. In addition, they reported that with the mo-
lecular epidemiological studies carried out with new molecular 
sequencing techniques, we can have more information about 

Table 4. The status of the frequently studied virulence genes of the strains included in the study.

Related virulence factor related gene Africa S. America N. America Asia Europe Australia

Adherence babA/hopS 1.33 1.00 1.33 1.00 1.67 2.33

Adherence babB/hopT 1.00 1.00 0.67 1.00 1.67 1.00

Adherence sabA/hopP 1.33 1.00 0.67 1.33 0.67 1.00

Adherence sabB/hopO 0.00 0.67 0.33 0.00 1.00 1.00

Immune evasion futA 0.33 0.67 0.33 0.33 0.33 1.00

Immune evasion futB 1.33 1.00 1.67 1.33 1.67 1.00

Immune modulator oipA/hopH 1.00 1.33 0.67 1.67 1.00 1.00

Other Plasticity region 2.00 0.33 1.00 1.67 1.00 2.67

Cag PAI type IV secretion system cagA 0.33 1.67 0.33 1.00 0.67 1.00

Cag PAI type IV secretion system cagE 0.33 1.00 0.33 1.00 0.67 1.00

Cag PAI type IV secretion system cagL 0.33 1.00 0.33 1.00 0.67 1.00

Toxin vacA 0.67 1.00 1.00 1.00 1.00 0.33

S. America: South America,  N. America: North America
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both virulence genes and resistance genes, and the mecha-
nisms of gastric cancer formation can thus be understood (28). 

Boyanova et al. reported that more than 20% of clarithromy-
cin resistance was seen in Asia, Europe and South America, and 
above 10% of quinolone resistance was seen in Asia (29). In 
our study, we detected clarithromycin resistance and A2147G 
SNP in 23S rRNA gene causing this resistance in an Asian and 
a South American strain. However, we found a gene associat-
ed with quinolone resistance only in our European strain, this 
could be related to the limited number of strains that we in-
cluded in this study. Kocazeybek and Tokman reported that 
primary antibiotic resistance detected in H. pylori strains were 
affected by geographic differences and crowded population 
(3). This is consistent with our resistance data.

The limitations of our study were both not using the genomic 
data of all strains in the NCBI database and not having our own 
strains in the study. The strains we included in our study appear 
to be mostly selected reference strains in many publications. In 
addition, although the NCBI database contains data on more 
than 2000 strains, the whole genome sequencing of all these 
strains has not yet been completed, but the whole genome se-
quencing of all the strains we have included in our study has 
been completed.

CONCLUSIONS

In conclusion, our study has revealed that H. pylori strains, 
whose data were reported from different continents, vary 
from each other phylogenetically and especially in terms of 
virulence genes. We believe that it is important to reveal the 
virulence genes of these strains by using new molecular se-
quencing techniques, in order to reveal the situation described 
as both the African-Asian enigma and the pathogenesis mech-
anisms used by H. pylori during gastric cancer. 
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