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Abstract

Background: Helicobacter pylori bacterium is responsible for gastritis, peptic ulcer, gastric cancer, duodenal ulcer, and mucosal
membrane lymphoma. There is a tremendous variety among H. pylori strains. By 2010, ten different populations of H. pylori were
identified. The geographical differences between strains may be the explanation for the difference in prevalence of diseases associ-
ated with H. pylori in some areas. Various methods have been developed, such as PFGE Southern Blot Analysis-Ribotyping Plasmid
Analysis, Rep-PCR and multilocus sequence typing (MLST) for typing H. pylori.

Objectives: This study was conducted to investigate the molecular epidemiology and gene variation of H. pylori isolates from pa-
tients with gastroduodenal diseases using sequence typing of seventy structural genes.

Methods: Two biopsy samples were taken from patients with gastrointestinal disorders. The urease test was performed on one of
the samples, the other was cultured on Columbia agar with sheep blood, and then DNA was extracted. Seven structural genes were
proliferated with designed primers and then were sequenced. The results were recorded on the MLST and Genbank, as well as the
allele numbers and sequence types were determined. Data were analyzed by MEGAv6 and START v2 software.

Results: The allele numbers and sequence types of H. pylori strains were unique, and were not recorded previously in the MLST
database. The strains of H. pylori isolated from Kermanshah belonged to the hpEurop population.

Conclusions: Due to the unique nature of strains and their various sequences, the strains were located in separate clones. Accord-
ingly, none of them could handle the role of type strain in Kermanshah.

Keywords: Helicobacter pylori, Molecular Typing, MLST

o

. Background tibiotics do not root it out, it will sustain for decades or
throughout life (7, 8). The prevalence of H. pylori infection

Helicobacter pylori is a Gram-negative, motile, spiral-  jj different geographical regions is very diverse. The preva-

shaped bacterium colonized in the human stomach mu-
cosa (1). It is a bacterium causing chronic gastritis, gas-
tric ulcer and duodenal ulcer, as well as a risk factor
for stomach cancer, mucosa-associated lymphoma and
gastric adenocarcinoma (2-5). The mechanism of H. py-
lori transmission has not yet fully disclosed, whose reser-
voir is the human stomach and transmission may occur
through mother-to-child transmission (vertically) or indi-
vidual transmission (horizontally). The main transmission
routes in families are either person-to-person via oral-oral
or oral-fecal or environmental contact, and through water
in developing countries (6).

The H. pylori infection is usually acquired, and if an-

lence of H. pylori infection is 25% in developed countries
and more than 80% in developing countries (9). The H. py-
lori that have been distributed globally infect more than
half of the world’s population and it is important in the
general health of the community, but most people infected
with this bacterium are asymptomatic, and the infection
remains in its latent state (10). Only 15% - 20% of infected
people develop gastroduodenal diseases. One possible rea-
son is that H. pylori has high genetic diversity and intra-
species variation and the patients are infected with differ-
ent H. pylori strains (11).

The genetic diversity in the H. pylori population is
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greater than the population of other bacteria (12) and is
about 50 times higher than the human population (5, 13,
14) This high diversity among populations is a descrip-
tion of high mutation and recombination rates in H. pylori
strains (12, 15). Different phylo-geographic strains of H. py-
loriisolated from the gastric biopsy of patients with gastro-
duodenal diseases in different geographical regions indi-
cate that this bacterium is diverse in the ethnic and geo-
graphical structure (12, 16). Despite the high incidence of
H. pylori infection in Africa and South Asia, the prevalence
of gastric cancer in these regions is much lower than in
other countries and the prevalence of gastric cancer is re-
duced from north to southeast Asia. In addition to host
factors, the environmental and nutritional factors as possi-
ble causes for different outcomes of H. pylori infection are
related to the differences in the pathogenicity of H. pylori
strains, and geographical differences can be an explana-
tion for the difference in pathology.

There is a high geographical diversity in Iran, and
nearly 69% of the Iranian population is infected with
H. pylori (17, 18). Instead, a small number of clones are
more prevalent among a specific population (19). The ge-
ographical difference in H. pylori strains has been shown
by various studies, including the use of molecular typ-
ing methods. Based on the geographical relationship
and using the multilocus sequence typing (MLST) method
by 2010, seven modern types of populations of H. pylori
(hpEurope, hpEastAsia, hpAfrical, hpAfrica2, hpAsia2, hp-
NEAfrica and hpSahul) and three subtypes of H. pylori (hsp-
Maori, hspAmerind, hspEAsia) have been identified (20, 21).

The MLST method was suggested in 1998 as a tool for
studying the epidemiology and typing of bacteria. Genetic
characteristics of the strains are examined by using the
MLST method and the ancestral relation between isolates
is recognized by analyzing the geographical origin of the
strains. In this method, applied information is obtained
from the genetic variation of pathogenic bacteria based
on the DNA sequence of several structural genes. This in-
formation for their epidemiological studies is appropri-
ate and reflects the biology and evolution of the popula-
tion (22). In the global epidemiology of pathogenic strains
in a certain geographic region, their association is deter-
mined with other strains isolated from different parts of
the world. In the MLST method, the file of sequencing
data is compared between different laboratories and the
data saved in the central database is accessible through the
Internet and provides a potential source for the study of
global epidemiology (23-25).

2. Objectives

The aim of this study was to analyze the sequence of
structural genes in order to identify genetic diversity pat-
terns and new sequence types, to investigate the clonal
relationships between strains isolated from Kermanshah
and to determine the strain type in isolated clones.

3. Methods

3.1. Study Subjects

The present descriptive-analytical and cross-sectional
study was conducted on 30 strains of H. pylori during 2014
to 2015 isolated from gastric biopsy cultures of patients re-
ferred to Endoscopy Center of Imam Khomeini Hospital in
Kermanshah (Iran). The patients with symptoms of gastric
pain, gastric ulcer, reflux, dysphasia, indigestion, and atro-
phywere included in this study. The patients who were tak-
ing the anti-inflammatory, steroidal and anti-acid drugs
or antibiotics two weeks prior to sampling were also ex-
cluded from the study, as well as patients with bleeding in
the stomach. Informed consent was recorded for each pa-
tient who experienced endoscopy under the supervision of
a specialist physician. Clinical findings and patient profile
were recorded for each patient.

3.2. Isolation and Identification of Bacteria

A gastroenterologist prepared two biopsy samples of
stomach corpus and antrum from each patient. A rapid
urease test was performed for one of the samples. The
biopsy samples were placed in 1 mL of transport medium
of brain heart infusion broth with 30% glycerol. The sam-
ples were transferred under a cold chain condition to the
laboratory at the School of Medicine in 4 hours, the biopsy
samples were cultured on Brucella agar selective medium
enriched with 10% defibrinated sheep blood, and 10% de-
complemented fetal bovine serum. The plates were incu-
bated under microaerophilic conditions in the presence of
5% 0,, 15% CO,, 80% N, and 90% humidity for 3 to 7 days
at 37°C. Bacterial colonies were identified based on colony
morphology, Gram staining, and bacterial spiral shape un-
der the microscope, as well as positive urease, catalase and
oxidase tests.

3.3. DNA Extraction, PCR

After cultivating the biopsy specimens, isolated bacte-
ria were cultured on a culture medium using a swab in a
microtip containing a physiological serum and then ho-
mogenized with vertex and isolated on the sediment from
the bacterium. DNA extraction was performed according
to Sina kit’s instruction clone. Also, PCR reaction in total

Jundishapur ] Microbiol. 2019; 12(6):e81052.


http://jjmicrobiol.com

Alvandi AH et al.

volume of 30 pL with the final concentration of PCR mas-
ter mix (1x ) and the final concentration of forward primer
(0.5 uM), and the final concentration of primer (reverse
(0.5 uM) extracted DNA concentration of 100 ng was done.
On the DNA extracted from each isolate, the replica-
tion of seven structural genes (atsA, efp, mutY, ppa, trpC,
urel, vacA and yphC) was done using PCR and primers and
the annealingtemperature listed in the table by the c1000-
thermal cycler Biorad apparatus sn: 3030004957, Singa-
pore and a positive control sample and a negative control
sample were generated in each PCR series. The PCR am-
plification electrophoresis was performed on a 1% agarose
gel, which appeared with ethidium bromide, and then
the gel was examined in the xr + gel documentation (sn;
721br02272, USA) using a Quantity-One-Installer software.

3.4. Determination of the Sequence of the Gene and Mlst

Each PCR product was amplified and sequenced by
sanger method (Bioneer, South Korea) using forward and
reverse primers. All chromatograms were analysed and
edited using Bioedit software. For achieving full length of
each locus, edited sequence of forward primer and edited
sequence of complementary reverse of reverse primer
were paired. All sequences generated in this study were
recorded in the Genbank database, along with their trans-
lated proteins. The accession numbers for the registered
genes are as follows:

- KT198757-KT198786(atpA)

- KT198787-KT198816(efp)

- KT198817-KT198846(mutY)

- KT198847-KT198876(ppa)

- KT198877-KT198906(trpC)

-KT198907-KT198936(urel)

- KT198937-KT198966(yphC)

Then, the sequences were recorded on the MLST web-
site, determining the allele number assigned to each lo-
cus. The allele numbers assigned to each of the seven genes
for each isolate were recorded in the MLST profile, and the
sequence types for each isolate were determined. The al-
lele numbers and sequence types were compared with the
data on the MLST database. An allelic profile of seven inte-
gers and an exclusive allelic profile for the sequence types
were specified for each isolate. The START (sequence type
analysis and recombinational tests) was used as a selected
tool useful in the analysis of sequence types and MLST data.
The index of association was determined to measure the
linkage disequilibrium between the alleles in the START
program. Finally, MEGA (molecular evolutionary genetics
analysis) software was used to study the similarity of phy-
logenetic tree of strains according to Neighbor- joining
method.
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3.5. Data Analysis

Version 21 of SPSS software was employed for the statis-
tical analysis. The data were analyzed using chi-square. The
P < 0.05 was considered statistically significant.

4. Results

The age range of patients was between 20 to 76 years
with an average age of 48.6 years, including 13 (43.3%) fe-
males and 17 (56.7%) males. Based on the diagnosis of a
specialist, 18 (60%) patients had gastritis and 12(40%) cases
showed duodenal ulcer. All aspects of the H. pylori isolates
including antibiotic resistance have been studied and pub-
lished in another article (26).

4.1. DNA Extraction and PCR

The integers of seven loci for 23 isolates from H. pylori
were proliferated and sequenced. Each of the seven struc-
tural genes (atpA, efp, mutY, ppa, trpC, urel, yphC) were pro-
liferated using primers previously designed and described
Table 1. The PCR product was observed within the bands of
834; 599; 661; 706; 633; 636; 734 bp. The quality and purity
of the PCR products were confirmed by electrophoresis on
gel (Figure 1).

The sequence of seven structural gene segments are
compared on the MLST and the characteristics of isolates
are checked with central databases via the Internet, while
the size of DNA fragments on the gel is compared in other
typing methods (27). The allelic profile and sequence types
are obtained by using the MLST of a combination of seven
structural gene alleles. The relationship between isolates
is achieved by plotting dendrogram of pairwise matrix be-
tween different sequence types. In the MLST method, the al-
leles are identified in structural genes directly by sequenc-
ing the nucleotides (28).

Table 2 shows that each of the 23 sequence types are
unique and H. pylori not already described on the MLST
database. Two pairs of strains had a common sequence
type, as a pair for unrelated patients with biopsy obtained
on the same day, another pair for unrelated patients with
biopsy achieved within a week. Most allele numbers de-
rived from 23 strains are unique, except for two pairs of
strains that had common allele numbers for all loci. A phy-
logenic tree was drawn using sequences classified in seven
structural genes. This tree provided evidence that isolated
strains are clustered into three groups (Figure 2).

The isolates, sequence types and allele numbers were
inserted into the STARTv2 software as a useful tool for an-
alyzing MLST data, and then were analyzed using the UP-
GAMA (unweighted pair group mean average) tool. Clus-
ter analysis and distance matrix indicate that the isolated
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Table 1. The Primers Used and the Size of the Reproduced Parts of the Genes

Gene/Primer Amplification and Sequencing Size of PCR Products Annealing Temperature

atpA 842 61°C,30's
F GGACTAGCGTTAAACGCA'CG
R CTTGAAACCGACAAGCCCAC

efp 559 58°C,30's
F GGCAATTTGGATGAGCGAGCTC
R CTTCACCTTTTCAAGATACTC

mutY 661 54°C,30s
F GTGGTTGTAGYTGGAAACTTTACAC
R CTTAAGCGTGTGTYTTTCTAGG

ppa 706 51°C,30 s
F GGAGATTGCAATGAATTTAGA
R GTGGGGTTAARATCGTTAAATTG

trpC 633 61°C,30's
F TAGAATGCAAAAAAGCATCGCCCTC
R TAAGCCCGCACACTTTATTTTCGCC

urel 686 51°C,30s
F AGGTTATTCGTAAGGTGCG
R GTTTAAATCCCTTAGATTGCC

yphC 734 54°C,30's
F CACGCCTATTTTTTTGACTAaAAAAC
R CATTYACCCTCCCAATGATGC

strains are clustered into three groups; and the calculated
distance indicates that 19Ke isolate with 20Ke isolate as
well as 12Ke isolate with 14Ke isolate are genetically iden-
tical. The 5Ke isolate is closely related to 26Ke isolated (Fig-
ure 3).

4.2. Calculate the Index of Association in the START Software

This statistical test is used to measure the balance of
intra-population relationships, the amount of recombina-
tion among a set of sequences, and the recognition of as-
sociation between alleles in different locations. Neisse-
ria gonorrhoeae has a panmictic structure with random
association between alleles. Many bacterial strains such
as Salmonella, a non-random association of alleles, have
a strong association between alleles in terms of clonal
population structure, which has no high chromosomal re-
combination rates to break the clonal association. In the
past, the association of special serotypes with diseases sug-
gested the clonal nature of the bacteria, while the allele-
specific alteration index in several chromosomes is very
successful in generating a large number of data for statis-
tical analysis of bacterial populations.

The clonal nature has the dominant mutation, and the
genetic diversity is produced, but there is also a signifi-
cant association, significant association=linkage disequi-
librium (19). The clonal MLST groups are defined by hav-
ing multiple identical allele numbers. In the clonal H. py-
lori populations, the mutation is more prevalent in genetic
variation and a significant association exists in alleles in
different loci. In the non-clonal populations, while the re-
combination is more dominant, the lower degree of asso-
ciation can be seen between the different loci. The associ-
ation between the alleles in the structural genes is calcu-
lated by the index of association. Genetic diversity occurs
in H. pylori by recombination or mutation.

In the present study, [, = (V, | Ve) - 1= the index of as-
sociation was obtained to be 3.577 for all isolates; there is
no evidence for association. The isolates (1, 2,3, 4, 6,7, 8, 9,
10, 11, 13, 15, 16, 17, 18, 21 and 22), which have no same allele
number, showed the index of association of -0.003. When
the expected value of the index of the association is zero,
there will be no association between the alleles, indicating
a non-clonal bacterial population, a predominant recom-
bination, and a lower association between the alleles. The
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Figure 1. Electrophoresis of PCR product of seven structural genes of Helicobacter pylori

1A was 6.128 for 5,12, 14, 19, 20 and 26 isolates, when the in-
dex of association is distinctly different from zero. This in-
dicates that there islittle or no recombination when clonal
structure of population is found atall levels, so the index of
association is greater than zero, mutation is more preva-
lent in generating genetic variation, and the association
between alleles is greater.

4.3. Multilocus Sequence Analysis

All strains of H. pylori from Kermanshah have homol-
ogy similar to those of the hpEurope sub-population, gen-
erally, by comparing 23 MLST profiles based on DNA se-
quencing from seven structural genes classified by Ker-
manshah isolates with genomic analysis of 174 H. pylori
sequences of different geographical regions and ethnic
groups different from other populations (Africa, Europe,
Australia and Asia) and other Iranian isolates (Table 3).
The neighbor-joining phylogenetic tree analysis was per-
formed with the MEGA software (Figure 4), which clearly
revealed the geographical distribution of the diverse pop-
ulation of H. pylori and related sub-populations. This anal-
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ysis showed the integration of all strains isolated from Ker-
manshah and other Iranian isolates close to the popula-
tion of Spain-Estonia belonging to the population hpEu-
rope.

5. Discussion

The isolates of H. pylori from Kermanshah were tested
and evaluated. The MLST method is a typing system reflect-
ing the population and the evolutionary biology of bacte-
ria and provides the ability to compare the results between
different laboratories. Although the number of isolates is
relatively small, the diversity of isolates has been proven by
identifying the unique allele numbers and sequence types.
Most sequence types are new, and have never been found in
the MLST database for H. pylori (29). Countries with popu-
lations from multiple regions provide a good opportunity
to study further the H. pylori population structure (9).

Iran with a developed agriculture and civilization is an
Islamic country, is situated at the intersection of Europe,
Asia, and Africa. It is a vast country with diverse ethnic
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Table 2. The Sequence Types of Isolates

Sequence Type Disease Age,y Sex ID
ST-2906 Gastritis 61 Female 1Ke
ST-2907 Gastritis 57 Male 2Ke
ST-2908 Gastritis 48 Female 3Ke
ST-2909 Peptic ulcer 48 Male 4Ke
ST-2910 Peptic ulcer 50 Female 5Ke
ST-2911 Gastritis 50 Male 6Ke
ST-2912 Gastritis 30 Male 7Ke
ST-2913 Gastritis 54 Male 8Ke
ST-2914 Peptic ulcer 76 Female 9Ke
ST-2915 Gastritis 55 Female 10Ke
ST-2916 Gastritis 28 Male 11Ke
ST-2917 Gastritis 20 Female 12Ke
ST-2918 Gastritis 26 Female 13Ke
ST-2917 Peptic ulcer 38 Male 14Ke
ST-2920 Gastritis 36 Male 15Ke
ST-2921 Peptic ulcer 68 Male 16Ke
ST-2922 Peptic ulcer 40 Male 17Ke
ST-2923 Gastritis 70 Male 18Ke
ST-2924 Gastritis 50 Male 19Ke
ST-2924 Peptic ulcer 36 Male 20Ke
ST-2926 Gastritis 27 Male 21Ke
ST-2927 Gastritis 61 Female 22Ke
ST-2931 Peptic ulcer 38 Female 26Ke

groups (a combination of ethnicities including Kurd, Lur,
Fars, Gilaki, Arab, and Azeri ethnos). Ethnic and geograph-
ical diversity in Iran is the reflection of the historical inter-
action with other populations. The Arab population of Iran
entered the countryin the seventh and eighth century dur-
ing the Islamic victory over the Iranian Empire. The Kurd
population in northwestern Iran reveals a historical con-
nection with Turkish Kurds and other Turks during several
eras of history, including the Ottoman Empire by 1514, dur-
ing the First World War and in parts of the 20th century
(16).

It is estimated that 69% of the Iranian population cur-
rently suffer from H. pyloriinfection. Ithas been shown that
the frequency of gastrointestinal ulcer and gastric cancer
is largely influenced by geographical conditions and eth-
nic groups (16). Iran has had a mixed population of diverse
ethnic groups throughout history. Therefore, the chances
of DNA transmission between strains of different geno-
types may be higher when compared to other countries
(16). The prevalence of gastric cancer in Iran is high, indi-

cating significant geographical differences among H. pylori
strains. Kermanshah is a city with a 947,000 population,
with Kurd ethnicity located in northwestern Iran. People
eatmeals together, increasing the risk of H. pylori infection,
and leading to more genetic variation in this bacterium.
The genetic analysis of the population by MLST showed
that H. pylori has no clonal structure, but has a panmictic
structure. Horizontal gene transfer and frequent recombi-
nation lead to extensive genetic rearrangement. Helicobac-
ter pylori seems to have a clonal structure over a short pe-
riod; for example, when shifting from one host to another
(30).

It seems that H. pylori and humans have a historical
connection. Inaddition, direct evidence has been observed
for recombination between the different strains of H. py-
loriin humans and mice. However, several lines of evidence
have shown that the mutation may play an important role
in generating the genetic variation observed in H. pylori.
There are documents on recognition of the clonal genera-
tion in some family groups in Germany and Japan. The mu-
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Table 3. Selected Strains for Comparison with Helicobacter pylori Strains Isolated from Kermanshah

Country hpAfrical hpNEAfrica hpEurope

hpEAsia hpAfrica2 hpmaoril hpAsia2 hpAmerind

Ethiopia 19

Angola (South Africa) 15

Spain 20
Finland 9
Estonia 1
UK 9
Italy 6
Malaysia

Thailand

Chine

Philippine

Kazakhstan

USA

New Zealand

Japan

Colombia

Iranian 35

tation is more dominant in the clonal structure of the H. py-
loripopulation (29). In line with our study, Falush etal. sug-
gested that the H. pylori populations have no clonal struc-
ture, probably due to diverse recombination between het-
erozygous strains during mixed colonization. The results
of this study indicate that most alleles are associated with
unrelated H. pylori strains because there is a high level of re-
combination among H. pylori isolates. As a result, most iso-
lates appear to have different sequence types though the
recombination may occur for most of the genes studied on
a group scale.

Two complexes of poor clonal structures are consid-
ered, while it has been proposed that more clonal classes
would be identified if more samples were taken. It is true
that the clonal structure of H. pylori population is slowly de-
clined by recombination. The phylogenetic tree generated
from the allelic profile provides evolutionary information
on isolates regarding UPGMA and analytical analysis of al-
lelic profile data through the H. pylori genome indicates a
high degree of genetic variation among strains. The clonal
groups are known to be weak, while placed on a free re-
combination of patterns, providing a result based on fur-
ther analysis with population genetics. The index of asso-
ciation was 3.577 in the current study and 5.27 in a study
conducted by Liao et al. (29) These results, consistent with
Falush et al. (21) suggest that genetic variation due to fre-
quent recombination between strains is more prevalentin
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the non-clonal structure of the H. pylori population.

Host, nutritional and environmental factors and differ-
entH. pyloristrains are effective in the results of studying H.
pylori infection. Genetic studies have shown that this bac-
terium is very diverse, due to geographical and racial struc-
tures; for example, H. pylori strains isolated from South Asia
(Korea and Singapore) have been different from Europe.
The biogeographic relationship in H. pylori is most likely
due to intra-family transmission (16). Generally, the dis-
tribution and prevalence of gastric cancer are dependent
on H. pylori groups defined by MLST-based population anal-
ysis (31). The genetic analysis of the bacteria has shown
that bacterial clones are responsible for the spread of the
disease and the increased incidence of infection. Separate
clones are identified frequently by a unique combination
of alleles and virulence-related genes. These observations
have important implications for understanding infectious
diseases and measuring public health in order toreduce its
adverse effects on the community.

Infected people with csga East Asian type strains have
a higher risk of gastric ulcer or gastric cancer than those
infected with other strains (32). The prevalence of gastric
cancer is higher in regions dominated by the hpEastAsia
strain, especially hspEAsia. On the other hand, the inci-
dence of gastric cancer is very low in Africa, where most
strains are hpNEAfrica, hpAfrical or hpAfrica2, and also in
South Asia, where dominant strain is hpAsia2 (24). The
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Figure 2. Evolutionary relationship between Helicobacter pylori strains isolated from
Kermanshah in Iran; evolutionary history inferred from the sequence of seven struc-
tural genes of H. pylori isolates using the “neighbor-joining” method

strains of hpeurope and hpAfrica 1 are present together in
low-risk regions. The individuals infected with the hp Eu-
rope strains of H. pylori have more histopathological de-
grees than those infected with hp africal strains. The au-
thor concluded that the differences in the bacterial popula-
tion could be used to predict the risk of gastric cancer. The
phylogeographic origins identified by MLST can be used to
predict the risk of gastric cancer. These studies cannot de-
termine the relationship between phylogenetic origin and
clinical outcomes.

A study in Columbia found no clear link between clus-
ter and disease. Therefore, the MLST tree topology cannot
be applied as a marker in evaluating the risk for gastric can-
cer and digestive ulcers for hp Europe strains in Columbia.
The cag A type is superior to the phylogeographic origin in
predicting gastric cancer risk for hp Europe strains. Hence,
the state of the virulence factors may be related to the phy-
logenetic tree obtained by MLST (31). The phylogeographic
topology and sub-populations are significantly correlated
with clinical outcomes. The difference in phylogeographic
topology leads to the status of caga and vaca in the sub-
populations. Therefore, the phylogeographic origins can

play a role as a leading factor in predicting virulence fac-
tors but not in the outcomes of the disease.

The MLST analysis based on seven structural genes sug-
gests that most strains isolated from Kermanshah are in-
tegrated with the population of hp Europe. The strains of
hp Europe in Kermanshah are mainly induced by Spanish
immigration. A typing population of H. pylori is a useful
tool for mapping human migration patterns. Latifi-Navid
et al. reported findings similar to our study by evaluat-
ing the of H. pylori isolated from different geographical re-
gions of Iran (16). In a study conducted by Latifi-Navid et
al. in 2010, isolated strains were close to strains isolated
from Europe-Western Asia and inside the hpEurope popu-
lation, which confirms the findings of the present study.
The hpEurope is composed of the integration of two popu-
lations of ancestral Europel (AE1) in northern Europe and
ancestral Europe2 (AE2) in southern Europe; their ances-
tral proportions are variables based on geographic loca-
tion. Iranian strains showed a relatively similar distribu-
tion of the two ancestors (16).

In a study of Linz et al. (33) in 2007 in India, many
strains belonged to hpAsia2. In a study by Devi et al. (34) in
India in 2007, many strains belonged to hpEurope, which
shows that H. pylori are more heterogeneous in the Indian
population, reflecting more than two ancestors and recent
migrations. It should be noted that the strains of hpAsia2
isolated from Malaysian and Ladakh Indians are divided
into two sub-populations. The hspLadakh and hspIndia re-
flect regional differences in India. Malaysian Indians were
mainly from southern India. In the present study, the se-
quence types were evaluated for 23 isolates, and the se-
quence types were new and not previously registered in
the databases, indicating a high level of recombination be-
tween the isolates of H. pylori. Each isolate has different se-
quence types, and two pairs of isolates have common se-
quence types.

Liaoetal. (29)in2009 in China reported similar results
to the present study. Of the 40 isolated strains, 38 new se-
quence types are present, and two pairs of isolates have the
same sequence type. A study by Secka etal. (35) in Gombian
showed that four pairs of sequence types were the same.
Given that a pair of sequence types in the present study,
which has the same sequence sequences, were isolated in
different days of the patients and processed in the lab, thus
most likely they reflect the transmission of completely re-
lated strains by unrelated members of the community. The
same explanation is suggested for a pair of sequences types
in the present study, which was isolated from the patients
on the same day because the endoscopic devices were care-
fully disinfected and cleaned. Although none of these pair
common strains have been separated from those with a
common surname, further information is needed because

Jundishapur ] Microbiol. 2019; 12(6):e81052.
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Figure 3. Dendrogram plotted by START2 software to analyze the relationship by UPGAMA

they have lived in a wide common family or region and vil-
lage that are affected by other factors such as hospitality to
strangers and the frequent transmission of H. pylori in the
developing world.

In the present study, according to the plot drawn by
START v2, most of the allele numbers of H. pylori strains are
unique, and the isolates of 5Ke and 26Ke are most similar
in the allele numbers. In the study by Liao et al. in 2009
in China, and according to the plot drawn by START v2 soft-
ware, the isolates of 42, 41as well as the isolates of 18 and 25
have the most similarity in allele numbers (29).

5.1. Conclusions

The sequence analysis of the seven central genes
(kb3.5) from each strain showed new sequence types in
the present study previously not recorded in the MLST
database. The sequence types of 12 isolates from Kerman-
shah, which are already registered on the site, are differ-
ent. Genetic variation is high among H. pylori strains. The
mutability pattern as aresult of the inter-and intra-species
mutation and recombination is abundant that may lead to
adaptation in the host. The genetically identical strains are
in a group and create a clonal line. The non-clonal popula-
tion of H. pylori strains in this study is due to high recom-

Jundishapur | Microbiol. 2019; 12(6):e81052.

bination among strains that were placed within the popu-
lation of hpEurope through analyzing by neighbor-joining
method. The genetic characteristics of H. pylori in Iran are
strongly influenced by the genetic exchanges with neigh-
boring countries. Due to the uniqueness of the strains and
their diverse sequences, the strains were placed in separate
clones, and none of them could have the role of type strain
in Kermanshah.
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