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1. Introduction

Helicobacter pylori (H. pylori) is a gram-negative bacillus, 
microaerophilic, which colonizes the stomach of more 
than 40% of the population (Li et al., 2023). Its incidence 
rate can reach up to 90% in developing countries, such 

as Brazil (Bassagh et al., 2019). Transmission can occur 
through oral-oral, fecal-oral, iatrogenic, and zoonotic 
routes, with person-to-person transmission being crucial 
for the bacteria’s spread (Atapoor et al., 2014).
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Resumo
Os polimorfismos genéticos no hospedeiro são marcadores preditivos de suscetibilidade a infecções. A bactéria 
gram-negativa Helicobacter pylori, pode causar inflamação e alterações moleculares com diversos desfechos clínicos. 
Este estudo teve como objetivo caracterizar biomarcadores moleculares do hospedeiro associados à suscetibilidade 
à infecção por H. pylori, através de uma revisão sistemática usando as diretrizes PRISMA. A pesquisa foi realizada 
em cinco bases de dados, selecionando estudos observacionais sem restrições de tempo ou idioma e excluindo 
estudos com animais. O protocolo foi registrado na PROSPERO (CRD42023409085). De 4.683 artigos, 35 foram 
incluídos, identificando 43 polimorfismos em 30 genes. 06 polimorfismos foram analisados na meta-análise: IL1B-
C31T (rs1143627), IL1B-C511T (rs16944), TLR1 C>T (rs4833095), TLR4 A>G (rs4986790), TLR10 A>T (rs10004195) e 
TNF308 G>A (rs1800629). IL1B-C511T e TLR4 A>G aumentaram a suscetibilidade, enquanto TLR1 C>T e TLR10 A>T 
ofereceram proteção. Os determinantes genéticos do hospedeiro estão fortemente relacionados à suscetibilidade 
à infecção. Este estudo identificou variantes genômicas e caracterizou o perfil de risco genético do hospedeiro, 
contribuindo para abordagens específicas para população-alvo e medicina personalizada na prevenção, diagnóstico 
e tratamento da infecção por H. pylori.
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CRD42023409085), in accordance with the guidelines of 
the Joanna Briggs Institute (JBI) for the Etiology and Risk 
chapter (Moola  et  al., 2020). Additionally, the protocol 
was shaped according to the instructions provided by 
Helicobacter pylori Study Center/Neurogenetics Research 
Center (Santos et al., 2023).

2.2. Search strategy and criteria for inclusion

We employed the acronym PEO (Population, Exposure, 
Outcome), where P = Population infected with H. pylori, 
E = Presence of genetic polymorphisms susceptible to 
H. pylori infection, and O = Association with H. pylori 
infection, to formulate the inclusion criteria and establish 
the search strategy.

Observational articles that aligned with the guiding 
question and were associated with H. pylori infection 
were included without temporal or linguistic restrictions. 
Review articles, animal studies, duplicates, or those that did 
not directly address the guiding question were excluded 
from the analysis.

The search strategy was executed using MeSH terms and 
keywords in the following databases: Regional Portal of the 
BVS, EMBASE, National Center for Biotechnology Information 
(NCBI)/PubMed, Scopus, and Web of Science (Science and 
Social Science Citation Index), as illustrated in Table 1.

2.3. Study selection

The study selection was conducted by two independent 
reviewers (HCOS and DNM), aided by the Rayyan® web 
application, divided into two phases. In Phase 1, articles 
were assessed based on their titles and abstracts, while in 
Phase 2, the articles were reviewed in full. All discrepancies 
were resolved by a third reviewer (AFPLR).

2.4. Risk of bias

The selected articles underwent a bias analysis using 
the Joanna Briggs Institute (JBI) Critical Assessment Tool 
for each study type. The assessment was conducted by 
two independent reviewers (HCOS and CCPC), with all 
discrepancies resolved by consensus. Questions were 
answered according to the options “Yes”, “No”, “Unclear”, 
or “Not applicable”. Articles that had more than 60% of 
questions answered with “Yes” were considered to have 
a low risk of bias (Muka et al., 2020).

2.5. Data extraction and synthesis

The data were extracted using Microsoft Excel®, by two 
independent reviewers (HCOS and CCPC). For compilation 
and descriptive analysis, the following information was 
collected: (1) first author and year of publication; (2) study 
design; (3) population; (4) ethnicity; (5) sample size; (6) sex 
of the case population; (7) sex of the control population; 
(8) mean age of the case population; (9) mean age of the 
control population; (10) gene; (11) gene localization; 
(12) genotyping methods; (13) polymorphism analyzed; 
(14) type of polymorphism; (15) rs; (16) genotypic and 
allele for case and control groups; (17) comparison; (18) 
chi-square value; (19) odds ratio (OR) - 95% confidence 
interval (95% CI); and (20) p value.

Since 1994, Helicobacter pylori has been classified as a 
Group I carcinogen by the International Agency for Research 
on Cancer (IARC), being recognized as the primary risk 
factor for gastric cancer (IARC, 2014). Chronic infection 
with this oncobacterium is considered the main cause 
of non-cardia gastric cancer, accounting for almost all 
cases of this disease. Globally, gastric cancer is one of the 
leading causes of cancer-related mortality, resulting in over 
700,000 deaths annually (Sung et al., 2021).

Although most carriers of the bacterium do not present 
clinical symptoms, infection by this microorganism can 
result in a range of pathological conditions, such as 
gastritis, peptic ulcer, gastric adenocarcinoma, and mucosa-
associated lymphoid tissue lymphomas (MALT lymphomas) 
(Fischbach and Malfertheiner, 2018). These outcomes 
result from the interaction of various factors, including 
environmental aspects, social factors, characteristics of 
the gastric environment, bacterial virulence, and host 
genetics (Amieva and Peek Junior, 2016). Additionally, the 
treatment of Helicobacter pylori infection faces increasingly 
significant challenges due to the growing prevalence 
of multi-antibiotic-resistant strains. The World Health 
Organization has classified this antimicrobial resistance 
as a global priority (Savoldi et al., 2018), highlighting the 
urgency of developing more effective therapeutic strategies.

The host’s genetic conditions, including polymorphisms, 
are crucial susceptibility factors that can worsen the 
clinical presentation of the infection due to an imbalance 
in the host-parasite relationship. Single Nucleotide 
Polymorphisms (SNPs) in genes encoding components of 
the response to bacterial infection may play a significant role 
in modulating the host immune response and susceptibility 
to H. pylori infection (Ramis et al., 2017; Tas et al., 2020).

The bacterium is highly inducer of immune response 
in the gastric mucosa, inducing the production of 
inflammatory cytokines by epithelial cells. The predominant 
response is from the innate immune system, mediated by 
pattern recognition receptors (PRRs) (Abdiev et al., 2010; 
Schmausser et al., 2004).

Despite scientific advancements in researching this 
interaction, there is a significant gap in understanding 
the genetic basis that influences individual response to 
the infection. Therefore, the objective of this systematic 
review with meta-analysis is to identify potential molecular 
biomarkers in the host associated with susceptibility to 
H. pylori infection. The construction of a genetic panel 
will contribute to precision medicine, allowing for a more 
personalized approach in the diagnosis and treatment of 
the infection.

2. Materials and Methods

2.1. Registration

This systematic review was structured based on the 
research question: “Which host genetic polymorphisms 
are associated with increased susceptibility to Helicobacter 
pylori infection?” The protocol for this study was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) (registration number 
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2.6. Statistical analysis

The association between SNPs and susceptibility to 
H. pylori infection was assessed using odds ratio (OR) 
calculations and 95% confidence intervals (CIs). The OR 
was obtained by comparing two genetic models: the 
allelic model (wild vs. mutant) and the dominant model 
(heterozygous + mutant vs. wild). The heterogeneity 
among the selected studies was analyzed using the Higgins 
inconsistency test (I2).

The choice of meta-analytic model depends on the 
heterogeneity test among the studies. When I2 is less than 
25%, the fixed-effect model (Mantel-Haenszel method) 
was applied, assuming that differences between effect 
estimates are merely due to chance. Conversely, when 
I2 is between 25% and 75%, the random-effects model 
(DerSimonian- Laird method) is used. I2 values between 
25% and 75% indicate moderate heterogeneity, while values 
above 75% indicate high heterogeneity.

Publication bias was assessed using a funnel plot, as 
described by Egger  et  al. (1997), and asymmetry was 
estimated using linear regression with the Egger test. A 
p value < 0.05 in the Egger test indicates a strong likelihood 
of publication bias. All statistical tests were performed 
using RStudio® software (version 4.3.2).

3. Results

We identified a total of  4.683 articles after 
implementing the search strategy across databases. 
Among these, 3.621 were flagged as duplicates in the 
search databases and subsequently excluded. Following 
this exclusion, 2.329 articles remained for Phase I 
selection, where they were assessed through titles and 
abstracts. During this phase, 1.623 articles were excluded 
for not meeting the pre-established criteria. Consequently, 
we proceeded to Phase II with 706 articles, of which 03 did 
not have their complete texts identified. Thus, Phase 
II entailed the full-text reading of 703 articles. During 
this stage, 668 articles were discarded, and 35 studies 
were included in the review (Figure 1). We attempted 
to contact several authors to obtain the full article, but 
we were unsuccessful.

Among the included studies, 26 were case-control, 05 
were cohort, and 04 were cross-sectional. We screened 
several articles from China, with a predominance of SNP 
polymorphism types and genotyping methods such as 
real-time PCR and PCR-RFLP.

3.1. Methodological quality

The studies exhibited heterogeneity in their quality 
assessment. Remarkably, cross- sectional studies were the 
only ones to demonstrate a low risk of bias, as evidenced 
in Figure 2A. Conversely, the case-control study failed to 
meet criteria 2, 6, and 7 (Q2: Adequacy in combining cases 
and controls, Q6: Identification of confounding factors, 
and Q7: Strategies to address these factors), as depicted 
in Figure 2B.

The cohort studies showed the highest rate of 
methodological bias, as they failed to meet criteria 4 and 
5, which address the identification and handling of 
confounding factors, as evidenced in Figure 2C. On the 
other hand, questions 6, 8, 9, and 10, related to study 
follow-up, were deemed not applicable due to the nature 
of the study, which focuses on etiology and risk.

3.2. Synthesis of the results

In our systematic review, we identified thirty genes, as 
shown in Supplementary Table 1 (Supplementary Material), 
which can be classified into two main groups based on 
their functions. The first group includes genes involved in 
immune response, inflammation, and pathogen recognition 
(ABO, CXCL8, HLAG, IL1B, IL1R1, IL1RN, IL6, IL8, IL10, IL17A, 
LBP, LY96 (MD-2), TIRAP, TLR1, TLR2, TLR4, TLR5, TLR9, TLR10, 
TNFA, TNFB). The second group comprises genes coding for 
enzymes and transporters (ABCB1, ACE, ATG16L, DNMT1, 
DNMT3a, GSTT1, Le, MUC6, NQO1, TCRBV6S1 (TRBV6-1)).

For the ABO gene, the study by Chen et al. (2018) showed 
an association between the SNP ABO C>T (rs505922) and 
H. pylori infection in children. Individuals with the T allele 
of ABO C>T (rs505922) have a 6.128-fold increased risk 
of H. pylori infection (95% CI = 2.381-15.769; p= < 0.001).

The  CXCL8  gene  -251 ( rs4073)  study  by 
Boonyanugomol et al. (2019) found that heterozygous TA 
genotypes (OR = 11.60; 95% CI = 4.22-31.94; p= < 0.001) and 

Table 1. Search strategy for each database.

Databases Search strategy

BVS ((“Helicobacter pylori”) OR (“H. pylori”) OR (“Campylobacter pylori”) OR (“Campylobacter pyloridis”)) AND 
((“Polymorphisms, Genetic”) OR (“Genetic Polymorphism*”) OR (“Genetic susceptibility”)) AND (“Infection”)

EMBASE ((‘Helicobacter pylori’ OR ‘Campylobacter pylori’ OR ‘Campylobacter pyloridis’ OR ‘Campylobacter pyloris’ OR 
‘Helicobacter infections’ OR ‘Helicobacter pylori infection’) AND ‘genetic polymorphism’ OR ‘polymorphism 
(genetics)’ OR ‘polymorphism, genetic’) AND ‘infection’

NCBI / 
PubMed

((“Helicobacter pylori”) OR (“H. pylori”) OR (“Campylobacter pylori”) OR (“Campylobacter pyloridis”)) AND 
((“Polymorphisms, Genetic”) OR (“Genetic Polymorphism*”) OR (“Genetic susceptibility”)) AND (“Infection”)

SCOPUS TITLE-ABS-KEY (((“Helicobacter pylori”) OR (“H. pylori”) OR (“Campylobacter pylori”) OR (“Campylobacter 
pyloridis”)) AND ((“Polymorphisms, Genetic”) OR (“Genetic Polymorphism*”) OR (“Genetic susceptibility”)) AND 
(“Infection”))

WEB OF 
SCIENCE

((“Helicobacter pylori”) OR (“H. pylori”) OR (“Campylobacter pylori”) OR (“Campylobacter pyloridis”)) AND 
((“Polymorphisms, Genetic”) OR (“Genetic Polymorphism*”) OR (“Genetic susceptibility”)) AND (“Infection”)
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homozygous AA mutants (OR = 6.48; 95% CI = 1.91-22.01; 
p=0.003) were associated with increased susceptibility 
to infection. Additionally, the AA genotype acts as a risk 
factor for the severity of inflammation and gastric cancer 
induced by H. pylori infection.

The HLAG 14bp Ins/Del +2960 variation was listed only 
in the study by Genre et al. (2016), which observed that 
the odds of having the Ins/Ins genotype (compared to the 
Del/Del genotype) were 3.77 times higher among positive 
infection cases than controls (95% CI = 1.21-12.24; p=0.02). 
This finding suggests that the Ins/Ins 14 bp genotype may 
be associated with a higher risk of H. pylori infection. 
For the IL1B gene, the SNP -31 C>T (rs1143627) was 
associated with predisposition to infection in the studies 
by Hamajima et al. (2001), Caleman Neto et al. (2014), and 
Ravishankar Ram et al. (2015), with odds ratios of 1.48 and 
2.46 (95% CI = 1.19-1.86 and 1.06-5.74, respectively). For 
SNP -511 C>T (rs16944), the studies by Gao et al. (2009) and 
Liou et al. (2007) analyzed TT + CT vs. CC genotypes with 
ORs of 1.88 (1.17-3.02) and 1.51 (1.06-2.15), respectively. 
Ravishankar Ram et al. (2015) investigated the C allele in 
different genotypes, finding an OR of 1.17 (0.95-1.45) for 
CC vs. CT and an OR of 1.40 (1.09-1.80) for homozygous CC 
vs. TT genotypes. All these studies showed an association 
with susceptibility to H. pylori infection.

Hartland  et  al. (2004) demonstrated an association 
between the IL1R1 1622 A>G (rs3917225) variation and 
infection, with individuals carrying the AA genotype 
showing 1.78-fold more risk than those with the wild-type 
genotype (p=0.04). Regarding the IL1RN A9589T (rs454078) 
gene, only the study by Gao et al. (2009) was included 
in our review, showing that this variation increases the 
chances of H. pylori infection by 1.23 times.

Other interleukin gene variants were also listed in 
relation to susceptibility to H. pylori infection. For example, 
the IL6 190 C>T variation (OR: 2.22, 95% CI: 1.03-4.81, 
p=0.04) was identified in the study by Mărginean et al. 
(2017). For IL8 -251 T>A (rs4073), a significant association 
with susceptibility was observed (OR: 1.13; 95% CI: 0.99-
1.29; p=0.038) in the study by Ravishankar Ram  et  al. 
(2015) and Caleman Neto et al. (2014) (p=0.039).

Three IL10 gene variants were associated with 
susceptibility to infection: rs1800896 (OR: 1.63, 95% CI: 
1.11-2.39, p=0.023), rs3024491 (OR: 1.71, 95% CI: 1.14-2.57, 
p=0.023), and rs1878672 (OR: 1.79, 95% CI: 1.19-2.68, 
p=0.015), reported by Assis  et  al. (2014). Additionally, 
the IL17A A>G (rs2275913) variation (OR: 6.0, 95% CI: 
1.22-29.48, p=0.036) was associated with susceptibility to 
H. pylori infection in the study by Hussein and Ali (2020).

Figure 1. Prisma flowchart demonstrating the process of including studies in this systematic review and metanalysis (Page et al., 2021).
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The study by Castaño-Rodriguez  et  al. (2014) 
demonstrated that variations in genes encoding accessory 
proteins for pathogen recognition could lead to an imbalance 
in the host-parasite relationship and cause susceptibility 
to infection, such as SNPs LBP rs2232578 (OR: 3.07; 95% CI: 
1.24-7.59; p=0.017), LY96 (MD-2) rs11465996 (OR: 4.83; 
95% CI: 2.02-11.57; p=0.0002) and rs16938755 (OR: 3.80; 
95% CI: 1.48-9.77; p=0.0082); and TIRAP rs7932766 (OR: 
6.04; 95% CI: 1.89-19.36; p=0.0032).

In Supplementary  Table  1, it can be observed that 
out of the 35 studies included, 10 addressed variants 
in TLR superfamily genes. Our study highlighted 
polymorphisms in TLR1 rs4833095, TLR2 rs3804100, TLR4 
rs11536889, rs4986790, and rs4986791; TLR5 rs1640827, 
rs17163737, and rs5744174; TLR9 rs352140, and TLR10 
rs10004195, with risks ranging from 1.18 (Xu et al., 2017) 
to 9.80 (Loganathan  et  al., 2016) for susceptibility to 
H. pylori infection.

The TNFA  C-857T variation in the study by 
Hamajima  et  al. (2003) demonstrated associations in 
genotypes: CT (OR: 1.06; 95% CI: 0.82-1.37; p= < 0.001) 

and TT (OR: 1.69; 95% CI: 0.85-3.35; p= < 0.001). For the 
SNP TNFA T-1030C, this association was observed only 
by Idris et al. (2022) in individuals with the TC genotype 
(OR: 2.69; 95% CI: 1.17- 6.17; p=0.020). In the same gene, 
but with the 308 G>A (rs1800629) variation, susceptibility 
risk was seen in the studies by Gao et al. (2009) (OR: 1.15; 
95% CI: 0.69- 1.91), Mărginean et al. (2017) (genotype 
GA = OR: 2.26; 95% CI: 1.01-5.04; p=0.04; AA = OR: 3.63; 
95% CI: 1.26-10.4; p=0.01; GA + AA vs GG = OR: 2.63; 
95% CI: 1.27-5.42; p=0.008) and Yea et al. (2001) (Allele 
A = OR: 3.683; 95% CI: 1.343-10.101; p=0.011; Allele G = 
OR: 8.757; 95% CI: 1.413-54.262; p=0.019). Regarding 
the TNFB gene, only Hamajima  et  al. (2003) studied 
the A252G variation, where both the AG genotype (95% 
CI: 0.82-1.34; p= < 0.001) and GG (95% CI: 0.75-1.49; 
p= < 0.001) showed a 1.05-fold increased probability of 
susceptibility to the infection.

In our study, only one study was listed for each of the 
following polymorphisms: ABCB1 C3435T (rs1045642), 
ACE I>D, ATG16L (rs2241880), DNMT1 (rs2288349), 
DNMT3a (rs13420827 and rs1550117), GSTT1 (Null/
Present), Le (Le/le and le/le), MUC6 (LL: Long-long, 
LS: Long-short, SS: Short-short), NQO1  C609T, 
TCRBV6S1 (TRBV6-1) GT (12) and BV6S1B(GT)12 or 
13. Fifteen polymorphisms were identified in these 
genes, with risks ranging from 1.14 (Goto et al., 2005) 
to 9.60 (Kunstmann et al., 2000) for susceptibility in the 
host. These genes are responsible for encoding enzymes 
and transporters crucial for the biological response to 
bacterial infection, as well as for regulating the immune 
system (Supplementary Table 1).

3.3. Meta-analysis

Of the forty-three polymorphisms identified in this 
systematic review, only five were included in the meta-
analysis: SNPs IL1B-C31T (rs1143627), IL1B-C511T (rs16944), 
TLR1 C>T (rs4833095), TLR4 A>G (rs4986790), TLR10 A>T 
(rs10004195), and TNF308 G>A (rs1800629). Meta-analysis 
was not performed for the remaining polymorphisms due 
to the insufficient number of relevant articles.

The total number of subjects analyzed was 181 cases 
and 120 controls for IL1B- C31T, 812 cases and 786 controls 
for IL1B-C511T, 613 cases and 587 controls for TLR1 C>T, 
543 cases and 246 controls for TLR4 A>G, 1046 cases and 
884 controls for TLR10 A>T, and 541 cases and 716 controls 
for TNF308 G>A. The meta-analysis for the SNP IL1B-C31T 
included three studies, which showed no association 
between the polymorphism and infection, both in the 
genotype comparison (CC vs. CT + TT) (OR = 1.4165; 95% 
CI = 0.6399-3.1354; p=0.3904) and in the allele comparison 
(C vs. T) (OR = 0.70; 95% CI = 0.35-1.43; p=0.3329), as 
illustrated in Figure 3.

For the SNP IL1B-C511T, three studies were included, 
where only the genotypic comparison (CC vs. CT + TT) 
was considered significant and risky (OR = 1.34; 95% CI = 
1.03-1.74; p=0.0291), while the allele (C vs. T) was not 
significant comparison (OR = 1.23; 95% CI = 1.23-1.52; 
p=0.0555) (Figure 4).

Three studies were included in the TLR1 C>T gene 
polymorphism (Figure 5). Both the genotype comparison 

Figure 2. Chart of methodological quality assessment for cross-
sectional, case-control and cohort studies. (A) cross-sectional; (B) 
case-control; (C) cohort.
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(OR = 0.12; 95% CI = 0.02 - 0.74; p=0.0230) and the allele 
comparison (OR = 0.79; 95% CI = 0.64-0.99; p=0.0381) 
were significant for protection. Five studies were included 
in the analysis for the TLR4 A>G variability. The genotype 
comparison (AA vs AG+GG) was insignificant for risk or 
protection (OR = 2.30; 95% CI = 0.88 - 6.04; p=0.0900). 
However, the allele comparison (A vs G) demonstrated 
risk (OR = 1.74; 95% CI = 1.05-2.90; p=0.0330) (Figure 6).

The analysis of the five studies of the SNP TLR10 A>T 
showed that the genotype comparison (AA vs AT + TT) was 
significant for protection (OR = 0.32; 95% CI = 0.20-0.52; 

p= < 0.0001), while the allele comparison (A vs T) was not 
significant for either risk or protection (OR = 0.36; 95% CI = 
0.10 - 1.24; p=0.1055) (Figure 7). For the SNP TNF308 G>A, 
no significant results were found either in the genotypic 
comparison (GG vs GA+AA) (OR = 1.63; 95% CI = 0.93-2.87; 
p=0.0908) or in the allelic comparison (G vs A) (OR = 1.53; 
95% CI = 0.81-2.88; p=0.1889) (Figure 8).

The publication bias analysis for the SNP IL1B-C31T did 
not indicate publication bias, as evidenced by the funnel plot 
(Figures 9A and 9B) and the Egger’s test for both genotypic 
(p=0.3277) and allelic comparisons (p=0.5046). For the SNP 

Figure 3. Forest plot for the genotypic and allelic comparison of SNP IL1B-C31T (CC vs. CT + TT and C vs. T).

Figure 4. Forest plot for the genotypic and allelic comparison of SNP IL1B-C511T (CC vs. CT + TT and C vs. T). 
Source: Gao et al. (2009), Liou et al. (2007) and Ramis et al. (2017).
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IL1B-C511T, there was no significant publication bias for either 
genotypic (Figure 9 C) or allelic comparisons (Figure 9D) 
(Egger’s test p=0.2828 and p=0.3706, respectively). In the 
case of SNP TLR1 C>T, the genotypic comparison showed 
no publication bias (Figure  10  A); however, the allelic 
comparison indicated publication bias in the funnel plot 
and Egger’s test (p = < 0.0001) (Figure 10B).

In the analysis of publication bias for SNP TLR4 A>G, 
no significant publication bias was identified according to 
the funnel plot (Figure 10C for genotypic and Figure 10D 
for the allelic comparison) and Egger’s test (p=0.1612 for 

the genotypic comparison and p=0.4541 for the allelic 
comparison). For the SNP TLR10 A>T, no biases were 
observed in the genotypic comparison (Egger’s test 
p=0.5833) (Figure 10E); however, the allelic comparison 
showed publication bias, as illustrated in Figure  10F 
(Egger’s test p=0.0114). The SNP TNF308 G>A did not 
present significant publication bias, according to the 
funnel plot (Figure 11A for genotypic and Figure 11B for 
the allelic comparison) and Egger’s test (p=0.3518 for 
the genotypic comparison and p=0.4301 for the allelic 
comparison).

Figure 5. Forest plot for the genotypic and allelic comparison of SNP TLR1 C>T (CC vs. CT + TT and C vs. T). 
Source: Simawaranon et al. (2017), Tas et al. (2020) and Tongtawee et al. (2018).

Figure 6. Forest plot for the genotypic and allelic comparison of SNP TLR4 A>G (AA vs AG+GG and A vs. G). 
Source: Eed et al. (2020), He and Jiang (2022), Hold et al. (2007) and Loganathan et al. (2016).
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4. Discussion

Infection by H. pylori can be influenced by various 
factors, including those related to the bacterial strain and 
the host. Genetic polymorphisms are crucial in determining 
susceptibility to infection, as they can impact the prognosis 
and clinical course of the disease. This review aims to highlight 

the key host genes and polymorphisms that contribute to 
increased susceptibility to infection by this bacterium.

The genes identified in this review are predominantly 
associated with the immune system and involved in 
inflammatory responses and pathogen recognition (ABO, 
CXCL8, HLAG, IL1R1, IL1RN, IL1B, IL6, IL8, IL10, IL17A, LBP, 

Figure 7. Forest plot for the genotypic and allelic comparison of SNP TLR10 A>T (AA vs AT + TT and A vs. T). 
Source: Al-Eitan et al. (2021), Eed et al. (2020), Simawaranon et al. (2017), Tas et al. (2020) and Tongtawee et al. (2018).

Figure 8. Forest plot for the genotypic and allelic comparison of SNP TNF308 G>A (GG vs GA+AA and G vs. A).
Source: Gao et al. (2009), Mărginean et al. (2017) and Yea et al. (2001).
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Figure 9. Funnel plots for the publication bias of the IL1B studies included in the meta- analysis. (A) genotypic comparison (CC vs. 
CT + TT) for SNP C31T; (B) allelic comparison (C vs. T) SNP C31T; (C) genotypic comparison (CC vs. CT + TT) for SNP C511T; (D) allelic 
comparison (C vs. T) for SNP C511T.

Figure 10. Funnel plots for the publication bias of the studies included in the meta- analysis. (A) genotypic comparison (CC vs. CT + 
TT) for SNP TLR1 C>T; (B) allelic comparison (C vs. T) for SNP TLR1 C>T; (C) genotypic comparison (AA vs AG+GG) for SNP TLR4 A>G; 
(D) allelic comparison (A vs. G) for SNP TLR4 A>G; (E) genotypic comparison (AA vs AT + TT) for SNP TLR10 A>T; (F) allelic comparison 
(A vs. T) for SNP TLR10 A>T.
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LY96 (MD-2), TIRAP, TLR1, TLR2, TLR4, TLR5, TLR9, TLR10, 
TNFA, and TNFB). The high frequency of identification of 
these genes may explain why some individuals have never 
been affected by the bacterium or are asymptomatic or 
symptomatic carrier.

Genetic variations in the components of the immune 
system can significantly influence the body’s response to 
infection, being essential for understanding the complex 
inflammatory cascades induced by this pathogen. 
Additionally, various genes coding for proteins involved in 
the inflammatory process (e.g., TLR responses) and enzymes 
important for detoxification and gene expression regulation 
have often been identified (ABCB1, ACE, ATG16L, DNMT1, 
DNMT3a, GSTT1, Le, MUC6, NQO1, TCRBV6S1 (TRBV6-1)).

Most of the genes identified in our study are linked to 
inflammatory pathways activated by TLRs. These receptors 
play key roles in detecting pathogenic microorganisms 
in the human body, balancing infection control. TLRs 
belong to a superfamily of transmembrane proteins that 
identify pattern recognition, such as pathogen-associated 
molecular patterns (PAMPs) expressed by a wide range of 
microorganisms (Tas et al., 2020).

H. pylori is initially recognized by the innate immune 
system, particularly by TLRs (TLR1, TLR2, TLR4, TLR5, TLR9, 
TLR10), and in the adaptive immune system, it is mediated 
by Human Leukocyte Antigen (HLA), sometimes referred 
to as the Major Histocompatibility Complex (MHC). 
TLR-1, together with TLR-2, after heterodimerization, are 
considered the main receptors responsible for recognizing 
pathogens and virulence factors in the extracellular space 
(Akira and Takeda, 2004).

The activation of innate immune system cells through 
TLR responses is also crucial for the development of adaptive 
immunity. Polymorphisms in TLR genes have shown to 
enhance susceptibility to H. pylori in the human body, 
both by altering recognition patterns and by reducing anti-
inflammatory and mucin-producing cytokines, as well as 
increasing the secretion of pro-inflammatory cytokines.

Our meta-analysis was conducted with six 
polymorphisms in five genes: IL1B- C31T (rs1143627), 
IL1B-C511T (rs16944), TLR1 C>T (rs4833095), TLR4 A>G 
(rs4986790), TLR10 A>T (rs10004195), and TNFA 308 G>A 
(rs1800629). Studies on the polymorphism rs4833095 
TLR1 C>T have associated the genetic alteration with 
susceptibility to H. pylori infection and predisposition 

to gastritis (Ravishankar Ram et al., 2015), as well as the 
occurrence and progression of gastric cancer (Dang et al., 
2024). However, in our meta-analysis, the genotypic (CC 
vs. CT + TT) (OR = 0.12; 95% CI = 0.02-0.74; p=0.0230) and 
allelic (C vs. T) (OR = 0.79; 95% CI = 0.64-0.99; p=0.0381) 
comparisons demonstrated an association with protection 
against infection. Our findings support other data on 
genetic variation.

Yang et al. (2013) also associated the CT genotype with 
a decreased risk of infection by the bacteria, gastritis, and 
metaplasia in Chinese individuals. It is possible that this 
polymorphism reduces interaction with innate and adaptive 
immune cells, such as natural killer cells and T cells, and 
induces lower secretion of pro-inflammatory molecules, 
such as IFN-gamma (Yang et al., 2013).

The TLR4 gene has a well-established interaction with 
bacterial lipopolysaccharide (LPS). The SNP TLR4 A>G 
(rs4986790), which involves a change from adenine (A) 
to guanine (G), was analyzed in our meta-analysis. We 
identified that this polymorphism, in the allelic comparison 
(A vs G), showed a 1.74-fold increased risk for susceptibility 
to infection compared to individuals without bacterial 
infection (95% CI = 1.05-2.90; p=0.0330).

Similarly to our data, the study by Hold et al. (2007) 
demonstrated a high association in the allelic comparison 
(A vs. G), increasing the susceptibility to infection by 
11 times (95% CI: 2.50-48.0). It is hypothesized that 
this polymorphism decreases the receptor’s affinity in 
interacting with bacterial LPS, resulting in a less effective 
immune response and contributing to the establishment of 
the infection (Uno et al., 2014). However, the association of 
this SNP with increased susceptibility to H. pylori infection 
still requires further studies. Kupcinskas et al. (2011) showed 
no association between the polymorphism and infection. 
It is important to consider that ethnic diversity of the 
population as well as different genotyping techniques and 
statistical power of analyses in each study can influence 
the reproducibility of results.

According to our meta-analysis, the SNP rs10004195 (T>A) 
in the TLR10 gene showed that, in the genotypic comparison 
(AA vs AT + TT), there was a protective association against 
infection (OR = 0.32; 95% CI = 0.20-0.52; p= < 0.0001), 
while in the allelic comparison (A vs T), the variant did 
not show statistical significance.

Figure 11. Funnel plots for the publication bias of the TNF308 G>A studies included in the meta-analysis. (A) genotypic comparison 
(GG vs GA+AA); (B) allelic comparison (G vs. A).
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The SNP rs10004195 may affect susceptibility by 
modulating the immune response signaling pathway. This 
variant may also influence immune responses mediated 
by TLRs 1 and 2, reducing antigen recognition activity, 
such as H. pylori, in the gastric mucosa. As a result, 
bacterial proliferation in the stomach is diminished, 
and consequently, the production of pro-inflammatory 
molecules that could increase the risk of gastric lesions 
is reduced (Mikacenic et al., 2013).

The data collected by Tang et al. (2015) were similar 
to those of our study, considering the Chinese population 
included in their research. However, they contradict much of 
the scientific literature regarding the variant and infection, 
as Al-Eitan et al. (2021), Eed et al. (2020), and Tas et al. 
(2020) found risks associated with the polymorphism and 
infection ranging from 1.42 to 3.7 times.

Although not statistically assessed in our meta-analysis, 
studies with genetic variants in TLR5 were identified 
through systematic review. This receptor plays a crucial 
role in identifying bacterial motility structures. H. pylori 
has about 5 to 7 flagella, equipped with the flagellin 
protein, which is specifically recognized by TLR5 present 
in gastric epithelial cells. Xu et al. (2017) investigated the 
association of gene polymorphisms with infection, where 
TLR5 rs1640827 (OR: 2.13, 95% CI: 1.79-2.53, p=0.009) and 
TLR5 rs17163737 (OR: 2.17, 95% CI: 1.81-2.61, p=0.006) were 
related to predisposition to H. pylori infection. According to 
Xu et al. (2017), abnormal functioning of TLR5 is related to 
the onset of gastric cancers. Patients with polymorphisms 
in TLR5 expressed significantly lower levels of IL-1β, TNF-α, 
IL-6, and IL-10 in gastric tissue (Xu et al., 2017).

After antigen recognition by receptors through 
presenting molecules, cytokines are released, playing a 
crucial role in the immune system signaling cascade. In our 
meta- analysis, we identified two relevant polymorphisms 
in the IL1B gene (C31T rs1143627 and C511T rs16944), 
which codes for an important pro-inflammatory cytokine 
involved in the initiation and amplification of inflammatory 
responses against the bacterium. For the SNP C31T 
(rs1143627), we observed no association in the genotypic 
model (CC vs. CT + TT) (OR = 1.4165; 95% CI = 0.6399-3.1354; 
p=0.3904) and a protective association in the allelic model 
(C vs. T) (OR = 0.70; 95% CI = 0.35-1.43; p=0.3329). The SNP 
C511T (rs16944) showed an association with susceptibility 
to infection only in the genotypic model (CC vs. CT + TT) 
(OR = 1.34; 95% CI = 1.03-1.74; p=0.0291).

These polymorphisms may affect the biological 
transcription of the gene, promoting overproduction of this 
cytokine, leading to a heightened inflammatory response 
and increased suppression of gastric acid, creating an 
environment conducive to the infection’s establishment. 
Our data for the SNP C511T (rs16944) are similar to 
Liou et al. (2007) (OR: 1.51, 95% CI: 1.06-2.15, p=0.022) and 
Ravishankar Ram et al. (2015) TT vs CC (OR: 1.48, 95% CI: 
1.09-1.80, p=0.004) and TT vs TC (OR: 1.16, 95% CI: 0.95-
1.45, p=0.004). In our systematic review, we also identified 
studies evaluating polymorphisms in IL-1B receptor genes, 
such as IL1RN A9589T (rs454078) (OR: 1.23; 95% CI: 0.78-
1.94) (Gao et al., 2009) and IL1R1 1622 A>G (rs3917225) 
(OR: 1.78; p=0.04) (Hartland et al., 2004). The association 
of genetic variants in cytokine genes and their receptors 

may contribute to the intensification of the inflammatory 
process in the body and increase the likelihood of developing 
gastric lesions (Hartland et al., 2004).

The TLR signaling pathway induces the expression of 
various pro-inflammatory cytokines, such as tumor necrosis 
factors (TNF), specifically TNF-A and TNF-B, which have 
similar characteristics in inhibiting gastric acid secretion. 
TNF-A, mainly derived from macrophages, plays a crucial 
role in the immune response against the bacterium. In our 
meta-analysis, the SNP rs1800629 in the TNFA gene did 
not show statistically significant association with risk or 
protection. Despite this, associations of imbalance in the 
host-pathogen interaction can be evidenced. Gao et al. 
(2009) related the SNP (rs1800629) to an increased 
risk of H. pylori infection in the host (OR: 1.15, 95% CI: 
0.69- 1.91). Given the uncertain role of this SNP in the 
pathophysiological mechanisms mediated by H. pylori, 
further studies are needed to establish the relationship 
between this variant and susceptibility to bacterial 
infection, especially considering the host’s genetic 
background and ethnicities.

This systematic review and meta-analysis showed 
a risk for susceptibility to H. pylori infection with the 
genes IL1B-C511T (rs16944) for the genotype (OR: 1.34; 
95% CI: 1.03-1.74; p=0.0291) and TLR4 A>G in the allelic 
comparison (OR: 1.74; 95% CI: 1.05-2.90; p=0.0330) with 
increased function. Additionally, there was protection 
against infection considering the gene TLR1 C>T (allelic 
comparison = OR: 0.79; 95% CI: 0.64-0.99; p=0.0381 and 
genotypic comparison = OR: 0.12; 95% CI: 0.02-0.74; 
p=0.0230) and genotypic TLR10 A>T (OR = 0.32; 95% CI = 
0.20-0.52; p= < 0.0001). Our results indicate that SNPs in 
genes involved in the host’s immune system may become 
strong indicators of susceptibility to infection.

Despite the large number of studies included in our 
systematic review, our study has some limitations, primarily 
related to the small final sample of studies included. Many 
studies evaluated in the first phase of our review were 
excluded due to the lack of correlation between genetic 
variants and H. pylori infection. Several studies, on the 
other hand, assessed the contribution of polymorphisms to 
complications caused by the imbalance of the host-parasite 
relationship, such as gastritis, ulcers, and gastric cancers. 
Multiple studies also assessed the association between 
SNPs and resistance to pharmacological treatment of the 
bacterium. Furthermore, our review aimed to construct 
a genetic panel with risk variants for infection. In this 
sense, studies that demonstrated protective associations 
with polymorphisms were excluded.

It is important to consider that the establishment of 
the pathophysiological process mediated by H. pylori is 
complex and involves the activation of bacterial virulence 
mechanisms as well as molecules from the host’s immune 
system. Thus, our meta-analysis should also be interpreted 
cautiously due to high heterogeneity values. However, 
subgroup analyses for the included polymorphisms were 
not possible due to the small number of available studies. 
The Cochrane Handbook (Higgins and Green, 2009) 
recommends that no bias tests be performed in reviews 
with fewer than ten studies.
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This study took genetic diversity into account, including 
genetic variants associated with susceptibility to infection, 
in populations of different ethnicities and genetic 
backgrounds. The reviewed literature encompassed data 
from several countries, reflecting variability in immune 
responses and the prevalence of genetic variants among 
distinct populations.

Host genetic factors are key markers in influencing the 
development of gastric infection by H. pylori. Identifying 
target genes involved in this response is challenging, 
as it requires associating the complexity of molecular 
and genetic interactions with the pathophysiological 
mechanisms of infection in the host.

Genes related to decreased gastric acid secretion 
and inflammatory signaling in response to infections 
stood out in our study. Although no strong genetic 
determinants of increased susceptibility to this infection 
were identified, our findings are crucial for advancing 
the understanding of host-parasite interactions. In this 
regard, personalized approaches in clinical management 
of the infection can be developed through improved 
prevention, efficient diagnosis, and precise treatment, 
benefiting medical research, public health, and precision 
medicine. Personalized medicine, based on the patient’s 
genetic characteristics, will allow for the identification of 
individual susceptibility to infection and its more severe 
forms, such as gastric cancer, enabling early interventions 
and more effective treatments tailored to the genetic 
profile of each patient.

Data Availability Statement

The entire data set that supports the results of this 
study was published in the article itself.
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