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and its impact in peptic ulcer
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Introduction: Helicobacter pylori (H. pylori), a globally prevalent bacterium is
linked to various gastroduodenal diseases. Its genetic diversity arises from
nucleotide variability, genome plasticity and inter-strain recombination.
Genetic studies of H. pylori provide insights into human migration and regional
disease risks. This study profiles the H. pylori gene pool in ethnically and
geographically distinct population of Assam, Northeast India using multi-locus
sequence typing (MLST) to explore its role in human migration and its potential
role on the occurrence of gastroduodenal diseases in this region.

Methods: In this hospital-based study, gastric biopsy and serum samples were
collected from 200 dyspeptic patients and H. pylori individual risk factors were
assessed. Multivariate logistic regression was used to determine the statistical
association between predictors and outcomes. Serum anti-H. pylori IgG levels
were estimated and cagA and vacA virulence gene profiles were analysed by
polymerase chain reaction. MLST analysis on the seven housekeeping genes and
phylogenetic analysis were conducted to infer the genomic diversity and
evolutionary relationship of the strains.

Results: H. pylori infection prevalence was 74.5% with significant associations
between elevated serum IgG antibody levels, family history, virulent genotypes
cagA, vacA s1ml and gastric pathology, including cancer. MLST analysis identified
36 sequence types among 49 strains, including 8 new ones, with most strains
clustering within the hpAsia2 and hpEurope populations. Phylogenetic analysis
shows that H. pylori strains in the Assamese population cluster with native Thai
strains, suggesting their introduction through Tai-Ahom migrants from Thailand,
supporting gene flow into India. No clustering of gastric outcomes was observed
among the strains. A strong familial link was noted, with 76.5% of gastric cancer
cases having a family history, indicating possible intrafamilial transmission.

Discussion: Our results suggest that H. pylori strains from Assam share ancestry
with Tai-Ahom migrants from Thailand. Further, along with virulent genotypes, a
family history of gastric cancer and high IgG levels may indicate higher disease
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risk. Future research should analyse strain transmission and IgG levels to improve
early detection and intervention strategies for gastric cancer. 1gG is a key
predictor of gastric cancer risk, highlighting the importance of regular
monitoring for early diagnosis and follow-up of high-risk individuals.

KEYWORDS

Helicobacter pylori, gastric cancer, genetic diversity, serum IgG, intrafamilial
transmission, multi-locus sequence typing, phylogenetic relationship, virulence genes

1 Introduction

Helicobacter pylori (H. pylori) is a micro-aerophilic, spiral-
shaped, Gram-negative, pathogenic bacterium capable of
colonizing the human stomach for years. The prevalence of H.
pylori infection varies globally, ranging from 30-50% in developed
countries to over 80% in developing regions (Rothenbacher and
Brenner, 2003; World Gastroenterology Organisation, 2011; Hunt
etal, 2011). As a key member found in the human microbiome, H.
pylori has co-evolved with Homo sapiens, accompanying human
populations throughout their migration history (Linz et al., 2007;
Falush et al, 2003). The bacterium is usually acquired during
childhood and is well adapted to persist in the gastric mucosa for
decades, with most infected individuals remaining asymptomatic.

Genomic analyses have revealed that the genetic landscape of H.
pylori is highly diverse, which is due to its nucleotide sequence
variability, genome plasticity and occurrence of various inter-strain
recombination processes (Hanafiah and Lopes, 2020; Kersulyte
et al., 2000; Blaser and Berg, 2001). While most recombination
events are neutral, some influence the bacterium’s ability to
colonize, persist, and contribute to disease development. H. pylori
infection has been linked with various gastro-intestinal conditions,
including peptic ulcer disease, chronic gastritis, gastric cancer and
mucosa associated lymphoid tissue (MALT) lymphoma (Burkitt
et al., 2017; Camilo and Henrique, 2018; Shirani et al., 2023).

Recent studies have examined the genetic diversity of H. pylori
populations using MLST analysis on seven housekeeping genes
(atpA, efp, mutY, ppa, trpC, urel and yphC) (Linz et al., 2007; Devi

Abbreviations: MLST, Multi-locus sequence typing; PCR, Polymerase chain
reaction; ureA, Urease A gene; ureC, Urease C gene; 16S rRNA, 16S Ribosomal
RNA gene, cagA, Cytotoxin-associated gene A; vacA, Vacuolating cytotoxin A;
ST, Sequence type; SD, Standard deviation; NUD, Non-ulcer dyspepsia; PUD,
Peptic ulcer disease; CG, Chronic gastritis; GC, Gastric cancer; H and E,
Haematoxylin eosin stain; dNTP, Deoxynucleotide Triphosphate; GMCH,
Gauhati Medical College & Hospital; ATCC, American Type Culture
Collection; atpA, gene encoding an ATP synthase subunit alpha; efp, gene
encoding an elongation factor P; mutY, gene encoding a DNA glycosylase; ppa,
gene encoding an inorganic diphosphatase protein; trpC, gene encoding an
anthranilate isomerase; urel, gene encoding a urease subunit I; yphC, gene

encoding a GTP binding protein.
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et al., 2007; Kumar et al.,, 2015; Kauser et al., 2005). These
investigations have demonstrated distinct phylogeographic
differentiation among H. pylori strains from various regions,
supporting their use as a major landmark to track the migration
patterns of human populations (Linz et al., 2007; Falush et al., 2003;
Yamaoka, 2009). Additionally, the geographical diversity of H.
pylori populations appears to correlate with clinical consequences,
suggesting that bacterial genetic diversity may contribute to
variations in disease risk (Correa and Piazuelo, 2012; Yamaoka
et al., 2008).

Recent genetic analyses have been conducted on isolates
obtained from various Indian populations (Devi et al., 2007;
Kumar et al,, 2011; Mukhopadhyay et al., 2000; Sarma et al,
2018; Ahmed et al., 2003; Datta et al., 2003; Katelaris et al., 1992;
Sarma et al,, 2017, 2024). Although extensive studies on the genetic
diversity of H. pylori populations have been conducted from major
cities such as Hyderabad (Kumar et al., 2011; Ahmed et al., 2003)
and Kolkata (Mukhopadhyay et al., 20005 Patra et al., 2012) and as
well as in the remote Ladakh region of northern India (Kauser et al.,
2005), with molecular-level characterization, similar research is
lacking for geographically isolated and ethnically diverse regions
such as Assam in Northeast India.

H. pylori strains exhibit distinct phylogeographic differentiation
across various geographic regions. As a result, genetic comparisons of
H. pylori can provide valuable insights into human migration and
population history. In fact, several studies have already employed H.
pylori as a genetic marker to trace the origins of various ethnic groups
(Linz et al., 2007; Falush et al., 2003; Devi et al., 2007; Achtman et al.,
1999; Wirth et al., 2004). Furthermore, exploring the genetic variation
of H. pylori across different regions may help explain variations in
disease outcomes, as specific bacterial genotypes may be linked to
varying risks of gastroduodenal diseases.

Gastric cancer is among the most prevalent malignancies in
Northeast India and represents a significant public health concern
in the region, particularly in Assam, where incidence rates surpass
the national average (Shanker et al., 2021). Given the established
association between H. pylori infection and gastric carcinogenesis,
and considering the high prevalence of H. pylori in India, this study
was undertaken to investigate the association of H. pylori in the
development of gastric cancer in Assam. Understanding this
association is crucial for developing targeted prevention and
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treatment strategies in the region. Moreover, a population study of
H. pylori isolates from this region of India has not been conducted
before. Although previous studies have mapped H. pylori in other
parts of India, we undertook this study to compare our findings
with those earlier reports.

The present study aims to profile the H. pylori gene pool in
Assam, Northeast India, through MLST analysis of seven
housekeeping genes. This study seeks to establish H. pylori as a
surrogate marker for human migration and demographic research
while also evaluating its potential role on the occurrence of
gastroduodenal diseases in this region.

2 Materials and methods

2.1 Study design

The present study was a hospital based cross-sectional study
which was conducted in the Microbiology laboratory of a tertiary
care hospital situated in Guwahati, Assam, Northeast India from
January 2022 to December 2024.

2.2 Calculation of sample size

Sample size determination was based on the formula for
calculation of single population proportion. The formula used for
calculating the sample size was n = Z> x P(1 — P)/d?, where n is the
sample size, Z is the statistic corresponding to the level of
confidence (CI), P is the expected prevalence and d is the margin
of relative error. As previous data was not available to us, a 50% of
population proportion was selected to calculate the sample size.
Corresponding to previous year, the population size was 350
patients. Considering Z=1.96 (95% confidence interval) and a
marginal error of 5% (d= 0.05), the initial sample size for our
study was 184. Due to degradation of some samples, 10% was added
to it making the final sample size of 202.4, rounding off to 200
samples for this study.

2.3 Research participants

The research participants consisting of 200 consecutive patients
were enrolled in the endoscopy units of two of the health facilities in
our region: State Cancer Institute, Guwahati, India and Department
of Gastroenterology of Gauhati Medical College & Hospital
(GMCH), Guwahati, Assam, India and were referred for routine
upper gastro-intestinal tract endoscopy during our study period for
suspected gastritis, duodenitis, peptic ulcer disease or gastric cancer.
These patients suffered from dyspeptic symptoms such as vomiting,
stomach ache, nausea, abdominal discomfort, black tarry stool,
bloating of the stomach. During the study period, patients who were
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previously treated with antibiotics or proton pump inhibitors
within one month prior to endoscopy and patients with medical
conditions such as chronic liver disease or with upper gastro-
intestinal bleeding or anaemia, were excluded from the study.
Before sample collection, a pre-formed structured questionnaire
was designed to collect the patients’ clinical history and
epidemiological information. Written informed consent was
obtained from every patient participating in the study.

Among the 200 patients, 137 (68.5%) were male, while 63
(31.5%) were female patients. The patients’ ages ranged from 18
to 90 years, with a mean age of 50.81 + 2.1 years. All patients were
divided into two groups on the basis of the type of pathological
lesions visible during endoscopy: Group 1 included patients without
pathology- specifically those with non-ulcer dyspepsia (NUD) and
Group 2 included patients with pathology, including those with
chronic gastritis (CG), gastric cancer (GC) and peptic ulcer disease
(PUD), which is further sub-divided into gastric ulcer (GU) and
duodenal ulcer (DU). Among them, 55 (27.5%) patients had NUD,
19 (9.5%) had CG, 100 (50%) patients had GC and remaining 26
(13%) patients had PUD, out of which 15 (7.5%) had GU and 13
(6.5%) had DU.

2.4 Clinical sample collection

During endoscopic procedures, four gastric biopsy samples
were collected: Two from corpus and two from the antrum area
of the stomach from each patient suffering from gastrointestinal
symptoms. One set of samples (one from corpus and one from
antrum) was fixed in formalin solution (10%) for histopathological
analysis and the other set was placed in a sterile micro centrifuge
tube with 80 pl phosphate buffered saline, transported to our
laboratory immediately and stored at minus 20°C until DNA
extraction and polymerase chain reaction (PCR) for H. pylori
detection, determination of virulence and MLST analysis. In
addition, blood samples were drawn from the same patients
before endoscopic procedures and transported to the laboratory,
where the serum was separated and tested for determination of anti-
H. pylori 1gG antibodies.

2.5 Histopathological analysis

For histopathological analysis, the biopsy specimens subjected to
formalin fixation were processed according to standard procedures
(Lash and Genta, 2013) and embedded in paraffin wax and sliced into
3 pum thick sections. Out of each block, two slides were prepared:
Haematoxylin-eosin (H and E) staining for assessment of
inflammation and associated morphological changes in the gastric
mucosa and Giemsa staining for visualization and identification of H
pylori. All the slides were reviewed and reported by a
consultant pathologist.
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2.6 Determination of anti-H. pylori IgG
antibodies in serum

Anti-H. pylori 1gG antibodies in the patients’ serum samples
were detected using the Vidas H. pylori IgG assay kit (BioMerieux,
Marcy-I’Etoile, France) following the manufacturer’s instructions.
According to the kit instructions, a sample is considered as positive
if the test value is 21 and negative if the test value is <0.75. Values
falling within these cutoft ranges were interpreted as equivocal.

2.7 Genomic DNA extraction

Genomic DNA was isolated from the gastric biopsy samples
using QiAmp DNA mini kit (Qiagen, Hilden, Germany) following
the methodology as mentioned in the manufacturer’s manual. The
extracted DNA was then stored at —20°C until further use for PCR
and MLST analysis.

2.8 PCR for H. pylori detection and
identification of virulence genes

To validate the presence of H. pylori in the patient samples,
gastric biopsy samples were subjected to PCR of ureA, ureC and 16S
rRNA genes. For the H. pylori-positive samples, the virulent genes
cagA and vacA with alleles s1, m1, s2 and m2 were amplified by
multiplex PCR. Gene specific PCR primer sets used for all genes
were selected on the basis of previously published sequences
(Supplementary Table S1). PCR reactions were carried out in a 25
pl reaction volume containing PCR buffer, 1.5mM of MgCl,, 200
UM dNTPs (each), 2U Taq polymerase enzyme (Sigma Chemicals
Co., St. Louis, MO, USA), 10 uM each of forward and reverse
primers and 15 ng of genomic DNA as template. PCR amplification
was performed with an initial denaturation at 95°C for 3 minutes,
followed by 35 cycles consisting of denaturation at 94°C for 1
minute, annealing for 1 minute (at 45°C for ureA and 55°C for ureC,
16S rRNA, cagA, and vacA genes), extension at 72°C for 1 minute,
and a final extension at 72°C for 7 minutes. Genomic DNA
extracted from the H. pylori ATCC 26695 strain served as a
positive control while nuclease-free water was used as the
negative control for all PCR assays. The amplified PCR products
were examined through agarose gel electrophoresis using a 1.5%
agarose gel containing ethidium bromide and a 100 bp DNA ladder.
he resulting bands were visualized with the Gel Doc XR+ system.
(Bio-Rad laboratories, Milan, Italy).

2.9 Multi locus sequence typing analysis
A total of 49 H. pylori positive cases were selected for MLST

analysis on the basis of purposive sampling, which included 25
patients with GC, 6 patients with CG, 8 with PUD (GU: n=6, DU:
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n=2) and remaining 10 with NUD. The characteristics of the
patients are shown in Table 1.

For MLST analysis, seven housekeeping genes of H. pylori:
atpA, efp, mutY, ppa, trpC, urel and yphC were amplified by PCR
using the extracted DNA from each patient using gene-specific
primers as given in Supplementary Table S1 as described on H.
pylori PubMLST database (http://pubmlst.org/helicobacter/) (Jolley
et al, 2018) and the PCR products were subjected to dideoxy
nucleotide sequencing (Sanger sequencing method) using Genetic
Analyzer 3500 (Applied Biosystems) in both directions as per the
protocol detailed in PubMLST database. The 49 allele sequences
were submitted to the sequence database for allele identification and
sequence type (ST) assignment. Each unique sequence was assigned
an allele number and STs were identified based on the combination
of allele numbers of all the seven loci. DNA sequences that did not
match existing PubMLST sequences were submitted to the database
for new number assignment and sequence type.

2.10 Phylogenetic analysis

For phylogenetic analysis, partial DNA sequences of seven
housekeeping genes were obtained from the 49 strains under
study, concatenated end to end and aligned with the
corresponding loci from 163 reference sequences downloaded
from PubMLST database [http://pubmlst.org/helicobacter/] using
MUSCLE in MEGA v11.0 (Tamura et al., 2021), comprising of the
major bacterial populations of H. pylori: hpEurope, 22 sequences;
hpEastAsia, 58 sequences; hpAfrical, 10 sequences; hpAfrica2, 11
sequences; hspWestAfrica, 4 sequences; hpAsia2, 20 sequences;
hpNEAfrica, 10 sequences; hpSahul, 10 sequences; hspMaori, 9
sequences and hspAmerind, 9 sequences. Additionally,
concatenated sequences of 14 H. pylori strains obtained from our
study belonging to hpAsia2 population were aligned with 103 South
east Asian references strains comprising of Thailand, 34 sequences;
Malaysia, 13 sequences and India, 56 sequences, deposited in
PubMLST database [http://pubmlst.org/helicobacter/] to further
elucidate the evolutionary relationship of the strains of our
region. The phylogenetic trees were constructed using the
Neighbour-joining method (Saitou and Nei, 1987) and Kimura 2-
parameter model (Kimura, 1980) for nucleotide substitution in
MEGA software v11.0. The evolutionary history of the analysed
taxa was represented by the bootstrap consensus tree, inferred from
500 replicates.

2.11 Analysis of nucleotide diversity and
polymorphism

The number of polymorphic sites among the house-keeping
genes and the overall nucleotide diversity () were determined on
the basis of allele sequences of the STs using the DnsSp programme
v6.0. To assess the possibility of positive selection occurring on the
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TABLE 1 Characteristics of the 49 patients included in MLST analysis.

S F’altlibent oiltizgcrile A Firir;itly Caga Lk pop:|lztion
4370  GMCH 1 GC 55/M + Yes + + + - - India hpAsia2
4372 GMCH 2 GC 38/F + Yes + + + - - India hpAsia2
3418 = GMCH 3 GC 56/M + Yes + + + - - China hpEastAsia
4374  GMCH 4 GC 78/M + Yes + + - - + India hpAsia2
3683 = GMCH 5 GC 84/M + No + + + - - India hpAsia2

185 GMCH 6 GC 52/M + No + + - - + UK hpEurope
613 GMCH 7 GC 42/F + Yes + + + - - Lebanon hpEurope
2886 = GMCH 8 CG 65/M - No - Vac Neg Vietnam hpEastAsia
1155 = GMCH 9 GC 22/M - No + + + - - Malaysia hpAsia2
1490  GMCH 10 PUD 34/M + No + - + + - Ethiopia hpNEAfrica
1788 GMCH 11 Ge 21/F " Yes - Vac Neg new

Caledonia hpSahul

184 | GMCH 12 GC 45/M - Yes - Vac Neg UK hpEurope
566 =~ GMCH 13 GC 40/M + Yes + + + - - South Africa hpAfrical
335  GMCH 14 GC 27/M + Yes + + + - - South Africa hpAfrical
1072 GMCH 15 Ge 25/F + No + + + - - Palestinian

territories hpEurope
1503 = GMCH 16 CG 22/M + No + + + - - Thailand hpAsia2
3947 = GMCH 17 GC 29/F - Yes - Vac Neg Colombia hpEurope
3416 = GMCH 18 GC 30/M + Yes + + ‘ + ‘ - ‘ - China hpEastAsia
4371 = GMCH 19 NUD 40/M - No - Vac Neg India hpAsia2

158 | GMCH 20 GC 62/F + Yes + + ‘ + - ‘ - Spain hpEurope

190  GMCH 21 GC 50/F + Yes + + ‘ + - ‘ - UK hpEurope

191 | GMCH 22 GC 25/M + No - Vac Neg UK hpEurope
4375 GMCH 23 GC 78/M + Yes + + ‘ + ‘ - ‘ - India hpAsia2
566 =~ GMCH 24 GC 43/M + Yes - Vac Neg South Africa hpAfrical
3030  GMCH25 — NUD 23/M - Yes - Vac Neg U‘_‘k;:i:m hpAsia2
2334 = GMCH 26 PUD 40/M + No + + ‘ - - ‘ + Cambodia hpAsia2
4371 = GMCH 28 PUD 25/M + Yes + + ‘ + - ‘ - India hpAsia2

184 | GMCH 29 NUD 18/F - No - Vac Neg UK hpEurope
318 ~ GMCH 30 GC 54/M + No + Vac Neg South Africa hpAfrica2
4045 = GMCH 31 NUD 38/F - No - Vac Neg China hpEastAsia
4374 GMCH 32 PUD 40/F + No + + + - - India hpAsia2
4374 GMCH 33 NUD 39/M + No + + + - - India hpAsia2

187 | GMCH 34 PUD 33/F + Yes + + + - - UK hpEurope
4374 GMCH 35 NUD 37/F - Yes - Vac Neg India hpAsia2

89 GMCH 36 NUD 70/M + No - Vac Neg Estonia hpEurope

106 | GMCH 37 GC 65/M + No + + - - ‘ + Germany hpEurope
1539 = GMCH 38 CG 21/F + No + + + - ‘ - Thailand hpAsia2

(Continued)
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TABLE 1 Continued

10.3389/fbrio.2025.1589230

Patient Clinical Family VacA VacA Hp
>0 ID outcome Age/sex hist Cagh VacAst mi VacAse m2 population
3645 | GMCH 39 cG 57/M + No + + - - + Unknown
- Europe hpEurope
4375 GMCH 71 CG 38/M - No - + - - + India hpAsia2
3418 = GMCH 73 PUD 29/M - No + + + - - China hpEastAsia
267 = GMCH 76 NUD 80/M - No - - - + + South Africa hpAfrical
4371 GMCH 87 GC 52/M + Yes + + + - - India hpAsia2
4372 ' GMCH 95 NUD 58/M + No + + - - + India hpAsia2
4373 = GMCH 97 GC 46/F + No + + + - - India hpAsia2
GMCH
4374 102 NUD 49/M + Yes - + - - + India hpAsia2
GMCH
4375 11 GC 45/F - Yes + - + + - India hpAsia2
GMCH
190 113 PUD 38/F - No + + + - - UK hpEurope
GMCH
4376 118 PUD 45/F - Yes + + - - + India hpAsia2
GMCH
4377 120 CG 65/M + Yes + + + - - India hpEurope

GC, Gastric cancer; CG, Chronic gastritis; PUD, Peptic ulcer disease; NUD, Non-ulcer dyspepsia; STs in bold: Novel ST.

house-keeping gene sequences, a codon-based Z-test of selection
was conducted in MEGA v11.0 after aligning sequences by
CLUSTAL W (codon-based) with the following criteria: Scope-
Overall average; Test Hypothesis-Positive selection; variance
estimation method: Bootstrap for 1000 replicates; Substitution
type-Synonymous-Nonsynonymous; Model-Nei-Gojobori
method; data subset-Pairwise deletion.

2.12 Nucleotide sequence accession
numbers

The genome sequences of the 7 housekeeping genes for the 8 Indian
strains from our study which is deposited in H. pylori PubMLST
database: GMCH1, GMCH87, GMCH95, GMCH97, GMCH102,
GMCHI111, GMCH118 and GMCH120 have been submitted to
NCBI GenBank with the following accession numbers: atpA:
PV241101-PV241108, efp: PV241109-PV241116, mutY: PV241117-
PV241124, ppa: PV241093-PV241100, trpC: PV241125-PV241132,
urel: PV241133-PV241140 and yphC: PV241141-PV241148.

2.13 Statistical analysis

The data was analyzed using the Epi-Info software (version
7.1.3; Atlanta, Georgia, USA). The Chi-square test and Fisher’s
exact test were applied for evaluation, while a multivariate logistic
regression model was employed for predicting the risk factors which
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were independently associated with prevalence of infection. A p-
value of <0.05 was regarded as statistically significant.

3 Results

3.1 Demographic and clinical features of
patients with dyspepsia

The overall positivity rate of H. pylori infection in our study by
PCR of ureA, ureC and 16S rRNA was 74.5% (149/200), out of
which 102 (68.4%) were male patients and 47 (31.5%) were female
patients. Mean age of the infected patients was 49.87 + 2.5 years.
The male population showed an increase rate of H. pylori infection
than females (102 vs 47). Out of 149 H. pylori positive samples, 35
(23.4%) were NUD cases, 12 (8%) were CG cases, 21 (14%) were
PUD cases, out of which 13 (8.7%) were GU and 8 (5.3%) were DU
patients and 81 (54.3%) were GC cases, out of which 63 (42.2%)
were gastric adenocarcinoma cases, 12 (8%) were squamous cell
carcinoma and remaining 5 (3.3%) were signet ring carcinoma
cases (Table 2).

3.2 Distribution of virulent genotypes of H.
pylori in the study population

Among the 149 H. pylori positive patients, overall prevalence of
cagA, VacAslml, vacAslm2, vacAs2ml, vacAs2m2 and cagA+vacA
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TABLE 2 Association between H. pylori infection and gastrointestinal pathology.

H. pylori positive (n=149)

H. pylori negative (n=51)

Variables (n=149) p\;\ilrtgf:gy With pathology Total OddsRatio > P\;\{(:Z?;;y Ll Total Odds Ratio P
NUD PUD GC (n=149, %) (95% CI) value* NUD cG PUD GC (n=51, %) (95% CI) value*
(n=35, %) (n=21, %) (n=81, %) (n=20, %) (n=7,%) (n=5, %) (n=19, %)31
Mean age (yrs) 53.08 +5 45.5 + 8.8 47.57 + 6.6 49.72 + 3.3 49.87 £2.5 1.56 0.56 512 £ 6.4 56 = 10 66.8 + 11 52.7 £6.2 535+ 4.1 052 0.33
(0.34-7.15) (0.14-1.95)
Male 23 (65.7) 8 (66.6) 13 (61.9) 58 (71.6) 102 (68.4) ( o,;éo_ 2 0.98 14 (70) 5 (71.4) 4 (80) 12 (63.1) 35 (68.6) | 0.9 (0.26-3.04) 0.8
Family history 7 (20) 2 (16.6) 7 (33.3) 62 (76.5) 78 (52.3) 201 0.037 5 (25) 1(14.2) 0 10 (52.6) 18 (35.2) 157 0.4
(1.04-3.9) (0.45-1.47)
Smoking habit 19 (54.2) 6 (50) 11 (52.3) 29 (35.8) 65 (43.6) 1.02 (0.54-1.94) 0.95 6 (30) 4 (57.1) 2 (40) 9 (47.3) 22 (43.1) 2.9 (0.86-9.88) 0.08
Alcohol habit 21 (60) 4(33.3) 9 (42.8) 25 (30.8) 59 (39.5) 1.10 (0.57-2.13) 0.76 8 (40) 2 (28.5) 3 (60) 6 (31.5) 19 (37.2) 0.8 (0.25-2.62) 0.7
H2 blocker 7 (20) 5 (41.6) 12 (57.1) 44 (54.3) 68 (45.6) | 0.46 (0.24-0.88)  0.02 11 (55) 4 (57.1) 4 (80) 12 (63.1) 33 (64.7) | 1.4 (0.47-4.68) 0.4
Mane ) amaide  ametsn  eoeisy | Geeis PO gty 001 200 1042 260 6@ 1@ 3607620 0l
CagA 9 (25.7) 7 (58.3) 19 (90.4) 68 (83.9) 103 (69.1) 3.94 (2.19-7.10) = <0.001 0 0 0 0 0 - -
VagA 11 (31.4) 9 (75) 19 (90.4) 63 (77.7) 102 (68.4) 2.78 (1.55-5.01) 0.001 0 0 0 0 0 - -
CagA+ VacA 9 (25.7) 7 (58.3) 19 (90.4) 63 (77.7) 98 (65.7) 249 <0.001 0 0 0 0 0 - -
(1.19-3.003)
VacA sl 9 (25.7) 8 (66.6) 18 (85.7) 61 (75.3) 96 (64.4) 2.90 (1.63-5.16) = <0.001 0 0 0 0 0 - -
VacA ml 4 (114) 6 (50) 15 (71.4) 59 (72.8) 84 (56.3) 2.6 (1.58-5.1) <0.001 0 0 0 0 0 - -
VacA s2 2(5.7) 1(8.3) 1(4.7) 6 (7.4) 10 (6.7) 0.70 (0.27-1.84) 0.48 0 0 0 0 0 - -
VacA m2 7 (20) 3 (25) 4(19) 4 (4.9) 18 (12) 1.36 (0.57-3.23) 0.48 0 0 0 0 0 - -
VacA slml 3 (8.5) 6 (50) 14 (66.6) 57 (70.3) 80 (53.6) 443 (2.40-8.18) = <0.001 0 0 0 0 0 - -
VacA sIm2 6 (17.1) 2 (16.6) 4(19) 4 (4.9) 16 (10.7) 0.65 (0.02-1.91) 0.34 0 0 0 0 0 - -
VacA s2ml 1(2.8) 0 1(4.7) 6 (7.4) 8 (5.3) - - 0 0 0 0 0 - -
VacA s2m2 1(2.8) 1(83) 0 0 2 (1.3) - - 0 0 0 0 0 - -

*p value in bold: significant at <0.05; NUD, Non-ulcer dyspepsia; CG, Chronic Gastritis; PUD, Peptic ulcer disease; GC, Gastric cancer.
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combined genotypes had a prevalence rate of 69.1% (103/149),
78.4% (80/149), 15.6% (16/149), 7.8% (8/149), 1.9% (2/149) and
65.7% (98/149) respectively (Table 2; Supplementary Figure S1).

3.3 Seroprevalence in H. pylori-positive
patients

The percentage of H. pylori-positive patients who were
seropositive for anti H. pylori IgG antibodies was 73.1% (109/149).
Highest positivity of serum IgG antibodies against H. pylori was
found in GC cases (66/149, 81.4%) with gastric adenocarcinoma cases
exhibiting IgG positivity rate of 69.6% (46/66), followed by NUD (19/
109, 17.4%), PUD (16/109, 14.6%) and CG (8/149, 5.3%).

3.4 Association between risk factors of H.
pylori infection with gastro-intestinal
pathology

Significant associations were detected between the
pathological lesions (CG, PUD and GC) and several risk factors
of H. pylori infection including serum IgG status, a family history
of infection, H2 blocker use, H. pylori virulence factors cagA, vacA,
cagA+vacA, vacAslml and vacAslm2 (p<0.05). The mean IgG
antibody titre was significantly higher in GC (2.64 + 1.33) and
PUD (2.43 + 1.33) compared to CG (1.83 + 1.35) and NUD (1.87
1.46), (p<0.05). Out of 81 GC cases, 62 (76.5%) had a family
history of GC (Table 2).

10.3389/fbrio.2025.1589230

The highest positivity of the cagA gene was found in PUD (19/21;
90.4%) and GC cases (68/81; 83.9%) and lowest in NUD (9/35; 25.7%)
(p<0.001). The vacA gene positivity was highest in GC cases (63/81;
77.7%). The cagA+vacA gene and the vacA sl gene was more prevalent
in PUD cases (19/21; 90.4% and 18/21; 85.7%), whereas vacA m1l and
vacA slml was more prevalent in GC cases (59/81;72.8% and 57/81;
70.3%) than any other clinical lesion (p<0.001) (Table 2).

Multivariate logistic regression analysis identified risk factors that
were independently associated with H. pylori infection included a family
history of cancer (OR=2.014, 95% CI=1.043-3.89, p=0.037) and serum
IgG antibody levels (OR= 2.786, 95% CI=1.549-5.01, p=0.001). Among
the virulent genes, patients with vacA slm1 (OR=4.438, 95% CI=2.408-
8.178, p<0.001) and cagA (OR=3.946, 95% CI=2.193-7.103, p<0.001)
were at a higher risk of H. pylori infection than patients with vacA sl
(OR=2.905, 95% CI=1.635-5.161, p<0.001) and combination of cagA
+vacA genes (OR=2.49, 95% CI=1.19-3.003, p<0.001) (Table 2).

In determining the association between the histopathological
variables and serum IgG status of the patients, patients with H.
pylori infected peptic ulceration (gastric and duodenal ulcer), gastric
adenocarcinoma (well-differentiated and moderately-differentiated)
and squamous cell type carcinoma were significantly associated
with serum IgG positivity status of the patients (p<0.05) (Table 3).

3.5 MLST and phylogenetic analysis of the
49 H. pylori strains

MLST analysis classified the 49 H. pylori strains from our study
into 36 distinct sequence types (STs), out of which 28 were pre-

TABLE 3 Correlation between serum anti-H. pylori IgG levels and histopathological lesions.

H. pylori positive (n=149)

Total

Histopathology (n=200, %)

IgG positive
(n=109)

(X))

IgG negative

H. pylori negative (n=51) P value

(*significant
at <0.05)

P value
(*significant

at <0.05) IgG positive

(n=11)

IgG negative
(QEZ0)]

Normal mucosa 55 (27.5) 19 (17.4) 16 (40.0) 0.06 2 (18.1) 18 (45.0) 0.4
GU 15 (7.5) 9(8.2) 4(10.0) %0.04 1(9.09) 125) 1
Ulceration
DU 11 (5.5) 7 (6.4) 1(25) %0.002 1(9.09) 2 (5.0) 04
(Gg;;zsfc /Atrophic) 16 (8.0) 8 (7.3) 4(10.0) 0.1 1(9.09) 3(7.5) 0.1
Duodenitis 3 (1.5) 0 0 - 0 3(7.5) -
M 5(2.5) 3(27) 1(25) 0.1 0 125) -
CG +IM 8 (3.5) 6 (5.5) 1(25) - 1.(9.09) 0 -
WD 30 (15.0) 21 (10.2) 4(10.0) %20.00001 1(9.09) 4(10.0) 0.2
ac MD  15(75) 9(8.2) 3(7.5) %0.03 1.(9.09) 2 (5.0) 04
(adenocarcinoma) | pr 8 (4.0) 5 (4.5) 1(25) 0.1 1.(9.09) 125) 1
UD 5 (2.5) 3(27) 0 - 0 2 (5.0) -
ce sCC 19 (95) 11 (10.0) 3(7.5) %0.01 2(18.1) 3(7.5) 05
(other cancers)  gpc 19 (5.0) 8 (7.3) 2 (5.0) 0.2 0 0 -

GU, Gastric ulcer; DU, Duodenal ulcer; IM, Intestinal metaplasia; GC, Gastric cancer; WD, Well-differentiated adenocarcinoma; MD, Moderately-differentiated adenocarcinoma; PD, poorly-

differentiated adenocarcinoma; UD, Undifferentiated adenocarcinoma; SCC, Squamous cell carcinoma; SRC, Signet ring cell carcinoma.
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defined ST's and 8 were new ST's (ST4370, ST4371, ST4372, ST4373,
ST4374, ST4375, ST4376 and ST4377). Out of 49 strains, 34 (69.3%)
were cagA positive and 36 strains (73.4%) were vacA positive.
Majority of the strains were positive for serum IgG antibodies
(34/49; 69.3%) (Table 1).

Out of the 36 STs, 8 STs were assigned to multiple clinical
outcomes. ST4372 was assigned to one GC and one NUD case,
ST3418 was assigned to one GC and one PUD case, ST4374 was
assigned to one PUD, one GC and three NUD cases, ST184 was
assigned to one GC and one NUD case, ST566 was assigned to two
GC cases, ST4371 was assigned to one PUD, one NUD and one GC
case, ST 190 was assigned to one PUD and one GC case and ST4375
was assigned to two GC cases and one case of CG (Table 1).

Phylogenetic analysis of the concatenated housekeeping genes
based on MLST sequences of 49 H. pylori strains and 163 reference
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| hpAfrica2

ONUD, PUD and CA

Tree scale: 0.01 ———

FIGURE 1
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sequences deposited in PubMLST database revealed that all the
strains were scattered in the MLST tree, irrespective of the gastric
pathology. Out of the 36 STs derived from the 49 strains, 14 STs
(38.8%) clustered within the hpAsia2 population, 12 (33.3%)
clustered in the hpEurope population, 5 (13.8%) clustered in the
hpAfrica population, 4 (11.1%) clustered within the hpEastAsia
population and 1 ST (2.7%) clustered with hpSahul population,
which indicated the geographical distribution of the diverse
populations and sub-populations of H. pylori (Figure 1). All the
new STs identified in this study (ST4370, ST4371, ST4372, ST4373,
ST4374, ST4375, ST4376 and ST4377) clustered within the
hpAsia2 population.

The 14 STs clustering with the hpAsia2 population from our
region (ST4370, ST4371, ST4372, ST4373, ST4374, ST4375,
ST4376, ST4377, ST3683, ST1155, ST1503, ST3030, ST2334 and

hspAmerind
hpSahul
hpAsia2
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ST89
— = |
— - ST106
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O] ST2334 ST1788
4373
:\i
T4376 L —~Hl ST1335
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O hpAfrica2
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© hspMaori
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Phylogenetic relationship of the analysed STs from this study determined using the neighbour joining method conducted in MEGA v.11.0 and
visualized in online software ITOL. The evolutionary distances were estimated using the Neighbour joining method and Kimura 2-parameter model
and the scale bar denotes the number of nucleotide substitutions per site. The analysis included 36 STs from 49 analysed STs from this study and
163 reference sequences retrieved from the H. pylori PUbMLST database [http://pubmist.org/helicobacter/]. The positions and identification of the 36
STs identified in this study are shown in the tree. The major H. pylori populations are depicted in this tree according to the data available in the PUbMLST.
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ST1539) were aligned with H. pylori strains from Southeast Asian
countries including Thailand, Malaysia and India to construct a
phylogenetic tree. The resulting analysis revealed the formation of 3
distinct clusters, on the basis of their genetic relatedness — Cluster 1
comprised strains from Thailand and Malaysia belonging to
hspEastAsia population, Cluster 2 included strains from Ladakh,
India, belonging to hpEurope population and Cluster 3 consisted of
strains from Thailand, Malaysia and India classified under the
hpAsia2 population. Notably, the 14 STs from our region
exhibited genetic homology with Cluster 3 (Figure 2).
Additionally, H. pylori strains from Thailand were further
categorized into 3 well-defined populations based on ethnicity-
the hspEastAsian, the hpEurope and the indigenous hpAsia2
population of Thailand. All the 14 STs analysed in the present
study clustered with the hpAsia2 population of Thailand, suggesting
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a strong genetic connection among the hpAsia2 strains from
Assam, Northeast India and the hpAsia2 sub-population of
Thailand (Figure 3).

3.6 Nucleotide diversity and polymorphism

The highest number of polymorphic sites were observed in trpC
gene and the lowest in urel gene. The order of such polymorphic
sites from highest to lowest is trpC>mutY>yphC>efp>ppa>
atpA>urel. Singleton variable sites with two variants were
observed in all the genes but none with three or four
variants (Table 4).

The overall nucleotide diversity as determined by the DnaSP
package was found to range from 0.01 (ppa) to 0.07 (trpC). The

Cluster 2
Ladakh strains
hpEurope

T STagg,

____sTarindia
STeaa

Tree scale: 0.01

Phylogenetic tree showing the evolutionary relationship between H. pylori strains belonging to hpAsia2 from our region and 103 reference strains
from Southeast Asia including Thailand, Malaysia and India, available from H. pylori PubMLST database [http://pubmlst.org/helicobacter/]. Sequence
data from the seven house-keeping genes of the H. pylori strains were used to construct the tree. The STs depicted in red denote the strains from

this study.
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FIGURE 3
Phylogenetic tree showing the evolutionary relationship between H. pylori strains belonging to hpAsia2 from our region and 34 references strains

from Thailand, Southeast Asia, available from H. pylori PubMLST database [http://pubmlst.org/helicobacter/]. Sequence data from the seven house-
keeping genes of the H. pylori strains were used to construct the tree. The STs depicted in red denote the strains from this study.

geographical diversity. In Varanasi (North India) and Hyderabad
(South India), strains exhibit distinct genetic profiles, with Varanasi
strains showing closer homology to Taiwanese strains and
Hyderabad strains showing similarities to Brazilian strains
(Kumar et al,, 2011). In Ladakh, a high-altitude region in North
India, H. pylori strains are genetically distinct, forming a
subpopulation termed hpAsia2, which shares features with both
Indo-European and East Asian gene pools (Kauser et al., 2005).
Studies in West Bengal have shown that strains from tribal
communities like the Santhals and Oraons possess virulence
genes similar to those in mainstream Bengali populations,
indicating gene flow between communities (Datta et al., 2003;
Mukhopadhyay et al, 2000). Additionally, research from South
India has identified strains belonging to both hpAsia2 and
hpEurope populations, highlighting the complex evolutionary
history of H. pylori in the region (Shetty et al, 2018). These
findings underscore the importance of regional studies to
understand the genetic diversity and evolution of H. pylori in India.

The northeastern region of India is geographically distinct from
other parts of the country and is home to heterogeneous population

overall probability of the Z test ranged from 0 to 1 implying no
positive selection of genes and purifying selection has been observed
in 3 (atpA, mutY, ppa) out of 7 housekeeping genes (Table 5).

4 Discussion

In the present study, MLST was used to explore the occurrence
of genetic diversity and evolutionary relationships among H. pylori
strains in Assam, Northeast India to establish a possible link
regarding the ancestral origin of the strains and correlate them
with gastric outcome. Previous studies in India have used MLST
tool to analyse the population structure and genetic variations
among H. pylori strains to gain insight into the unique
characteristics of the H. pylori lineages present within the Indian
population and potentially link them to migration patterns or
geographical variations (Devi et al, 2007; Kauser et al., 2005;
Shetty et al., 2018).

Several studies have evaluated the genetic origins of H. pylori
strains across different regions of India, revealing significant
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TABLE 4 Distribution of polymorphic sites in H. pylori housekeeping gene sequences available from the study.

Invariable sites

Singleton variable sites

Gene name Total no. Sequence Variable sites
of sequences length (bp) Mono- (n, %) 2 3 4
morphic variants variants variants

atpA 40 748 700 48 (6.42) 4 0 0

efp 40 447 406 41 (10.1) 4 0 0

mutY 16 489 427 62 (14.52) 13 0 0

ppa 34 419 390 29 (7.44) 6 0 0

trpC 16 456 366 90 (24.59) 17 0 0

urel 40 568 536 32 (5.97) 2 0 0
yphC 33 493 435 58 (13.33) 11 0 0

groups consisting of more than 200 ethnic and tribal communities
with around 80 tribes in Assam, each characterized by distinct
cultural and ethnic diversity (Choudhury et al., 2017). Although a
significant amount of genetic analyses studies on H. pylori genomes
has been published from different parts of India, no comprehensive
research has been specifically focused on the diversity of H. pylori
strains and their associated clinical outcomes within Assam, North
east India.

In the present study, a total of 49 strains out of 149 (25 patients
with GC, 6 patients with CG, 8 with PUD and 10 with NUD) were
subjected to MLST typing. A total of 36 ST's were identified from 49
strains and among them, 8 were new STs. In the phylogenetic
analysis, most strains from Assam clustered in two previously
described population in India - hpEurope (n=12) and hpAsia2
(n=14) (Linz et al., 2007; Devi et al., 2007; Shetty et al., 2018).

However, phylogenetic reconstruction revealed that hpAsia2
strains from Assamese population are mostly clustered within
native Thailand population (hpAsia2) commonly known as
‘Thais’. Northeast India, including Assam, has long been a hub
for human migration, with many ethnic groups tracing their
ancestry to Southeast Asia (Cordaux et al, 2004; Das, 2015;

Tagore et al, 2022; Lusome and Bhagat, 2020). Internationally,
Northeast India holds a strategic position, connecting South and
Southeast Asia. The migration of Thai people to Assam primarily
refers to the historical movement of the Ahom or Tai-Ahom tribe,
an ethnic group of Assam, whose members were admixed
descendants of the “Tai” people, who migrated from their
ancestral homeland in Thailand to the Brahmaputra Valley in
Assam, India via the Patkai mountains during the 12" century
and established the historic Ahom dynasty that ruled Assam for
nearly 600 years (Kumar et al, 2024; Sheikh, 2021). While the
Ahoms are considered to be of Tai origin, which is associated with
modern-day Thailand, their migration route is generally traced back
to the Mong Mao region in southern China (present-day Yunnan
province) (Sheikh, 2021). This suggests that H. pylori was likely
introduced to Assam through these early migrants, thus supporting
the idea of gene flow into India. However, strains also clustered
within hpEastAsia (n=4), hpAfrica (n=5) and hpSahul (n=1) which
confirms the presence of heterogeneity in H. pylori strains within
the Assamese population.

Generally, the incidence of gastric cancer is closely associated
with H. pylori groups classified through population analysis using

TABLE 5 Overall nucleotide diversity and codon-based positive selection of all the housekeeping gene sequences.

Total no. Sequence length D, @ . Nucleotide AR el Seladeln .
of sequences in bp polymorphm diversity (r) seizader
sites Prob Test stat
atpA 40 748 48 0.02 0 4.19 purifying
efp 40 447 41 0.03 1 =55 neutral
mutY 16 489 62 0.04 0.05 1.63 purifying
ppa 34 419 29 0.01 0 3.68 purifying
trpC 16 456 90 0.07 1 -6.42 neutral
urel 40 568 32 0.02 1 —4.85 neutral
yphC 33 493 58 0.03 1 -0.13 neutral
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MLST (Yamaoka et al, 2008). According to reports, H. pylori
strains from hpEastAsia (Yamaoka et al., 2008; Zhu et al., 2024;
Zaidi, 20165 Cho et al., 2010; Fock et al., 2008) and hpEurope strains
(de Sablet et al., 2011) are linked to a higher risk of gastric cancer.
Studies revealed that hpEurope strains were prevalent in high-risk
stomach cancer regions, associated with advanced gastric lesions
and increased DNA damage (de Sablet et al., 2011). However, in this
study, we did not detect any variations in the phylogenetic
distribution between various PUD and GC cases.

Although STs with a history of GC were mostly scattered within
the hpAsia2 population, previous studies indicate that hpAsia2
strains are generally less virulent than East Asian strains (Misra
et al., 2014). However, in the present study, 9 out of 14 hpAsia2
strains were associated with GC with some STs linked to both GC
and other conditions such as PUD and NUD. This signifies that
there is no specific clustering among H. pylori strains from PUD
and GC cases present within hpAsia2 strains, which was consistent
with findings from previous studies (Shiota et al., 2014).

Differences in the outcomes of H. pylori infection are shaped by
individual host factors, such as family history, genetics and immune
response, environmental and dietary influences, as well as
differences in H. pylori strains (Misra et al.,, 2014; Yamaoka, 2010;
Kao et al,, 2016). However, several studies indicate that presence of
virulent genes like cagA and vacA, particularly vacAslm1 genotype
strongly correlate with gastric pathology, primarily gastric cancer
(Atherton et al., 1995; Atrisco-Morales et al., 2018; Carlosama-
Rosero et al., 2022; Njenga et al., 2023; Mahant et al., 2025; Shetty
et al,, 2021; Chattopadhyay et al., 2002). Yet, in the present study, 6
out of 49 GC patients tested negative for the cagA and vacA genes.
Among them, 4 patients had a family history of cancer, which
signifies that beyond virulent genes, host genetic factors also play a
predominant role in gastric pathology.

Epidemiological studies suggest that intra-familial transmission
of infection, particularly among first-degree relatives, such as
having a family member or sibling affected by cancer, is
associated with an increased risk of gastrointestinal tract cancer
(Song et al., 2018; Choi et al., 2022; Yaghoobi et al.,, 2010). In the
present study, 62 out of 81 GC cases (76.5%) had a family history of
GC, indicating a potential familial transmission of H. pylori strains.
However, additional research is required to confirm whether the
same strain is present among family members. The possibility of
intrafamilial transmission is supported by existing research, which
links a familial history of gastric cancer to an increased likelihood of
transmission (Brenner et al., 2000; Bernini et al., 2006; Choi and
Kim, 2016).

In addition to family history, elevated serum IgG antibody levels
are also linked to an increased risk of H. pylori infection (Li et al.,
2003; Tu et al,, 2014). Therefore, future research should not only
analyse H. pylori strains responsible for intrafamilial transmission
but also assess IgG antibody levels. Since H. pylori infection often
remains asymptomatic, detecting IgG levels could serve as an early
predictive marker for gastric pathology, including cancer. By
combining strain analysis, antibody profiling and longitudinal
follow-ups, early diagnosis and intervention strategies for gastric
cancer may be improved.
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5 Conclusion

This study offers important insights into the genetic variation and
evolutionary connections of H. pylori strains in Northeast India,
suggesting that H. pylori was likely introduced to Assam through Tai-
Ahom migrants from their ancestral homeland in Thailand,
supporting the idea of gene flow into India, which may play a
crucial role in shaping gastric disease patterns by influencing strain
diversity, virulence and host interactions. Although our study did not
reveal clustering of gastric outcomes, the findings suggest that
patients with a familial history of gastric cancer and increased IgG
antibody levels may be more vulnerable to the disease. Further
research is needed to analyze both H. pylori strains and IgG levels
to determine whether additional virulence factors are associated with
gastric cancer. Moreover, IgG serves as a valuable predictor of gastric
cancer risk. Therefore, regular monitoring of IgG levels could aid in
the early detection and follow-up of high-risk individuals.
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housekeeping genes.

SUPPLEMENTARY FIGURE S1

PCR amplification of ureA, ureC, 16S rRNA, vacA (alleles: s1, s2, m1, m2) and
the cagA gene of H. pylori. (a) Amplification of ureA gene at 411 bp. (b)
Amplification of ureC gene at 294 bp. (c) Amplification of 16S rRNA gene at
522 bp. (d) Amplification of virulent genes vacA (alleles: s1, s2, m1, m2) and the
cagA gene: Lane 1 — 100 bp DNA ladder. Lane 2 — positive control. Lanes 3, 4
and 5 - VacA slml-CagA genotype at 259 bp, 567 bp and 350 bp,
respectively. Lane 6 — VacA slm2-CagA genotype at 259 bp, 642 bp and
350 bp, respectively. Lane 7 — VacA s2m1-CagA genotype at 286 bp, 567 bp
and 350 bp, respectively. Lane 8 — VacA s2m2-CagA genotype at 286 bp, 642
bp and 350 bp, respectively.
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