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Abstract

Background: The role of Helicobacter pylori (H. pylori) virulence factors of such as vacA stm1 and cagA in designating
clinical outcomes and eradication rate has been deeply challenged in the last decade. The goal of this analysis was to
identify the potential relevance between cagA and vacA genotypes with reported antibiotic resistance observed in
clinical H. pylori isolates.

Methods: This literature search was conducted in databases such as Clarivate analytics, PubMed, Scopus, EMBASE,
DOAJ, and Google Scholar by April 2022, regardless of language restrictions and publication date. Quality of the
included studies was assessed by the Newcastle-Ottawa scale. Statistical analysis of retrieved studies was fulfilled
using Comprehensive Meta-Analysis software version 2.2. Following quality appraisal of eligible studies, potential
association between the status of cagA and vacA genes with resistance to clarithromycin, metronidazole, amoxicillin,
tetracycline, and levofloxacin was measured using odds ratio with 95% confidence interval. We also used sensitivity
analyses and meta-regression to eliminate the source of heterogeneity from the overall estimates. Publication bias
was assessed using funnel plot, Egger’s test, Begg's test with the trim and fill procedure to assess the presence and
magnitude of publication bias in the included studies.

Results: Our findings suggested that a significant relationship between cagA status and increase resistance o met-
ronidazole (OR: 2.69; 95% Cl: 1.24-5.83]. In subgroup analysis, we found that in the Western population, infection with
cagA-positive strains could be led to increase in the resistance to metronidazole (OR: 1.59; 95% CI:0.78-3.21, kmoxi-
cillin (OR:119.68; 95% Cl: 2.74-141.18), fand fevofloxacin (OR:[11.33; 95% Cl:[1.39-91.85). After implementation of trim
and fill method, the adjusted OR was not significantly differed from original estimates which in turn represented our
subgroup analysis was statistically robust. On the other hand, vacA [genotypes usually feduce the antibiotic resistance
of this bacterium, so that vacA s1m1 significantly reduces the resistance to [metronidazole (OR: 0.41; 95% Cl: 0.20-0.86).
Surprisingly, resistance of vacA s2m?2 strains to antibiotics was low, the reason may be due fto the non-inflammatory
properties of strains containing vacA s2m2. The meta-regression and sensitivity analyses successfully reduced the
effect of heterogeneity from the overall estimates. In addition, although the pooled OR is reduced after trim and fill
adjustment but results do not change the conclusion regarding vacA genotypes and antibiotic resistance.
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Conclusions: According to our findings, it was clearly demonstrated that cagA-positive strains are resistance to
metronidazole, especially in Western countries. In Western countries, vacA sTm1 increases resistance to amoxicillin
and levofloxacin. Based on the present findings, the vacA sTm1 genotype significantly increases resistance to metroni-
dazole, while the vacA s1m2 decreases resistance to clarithromycin and metronidazole. Resistance to antibiotics in less
virulent (vacA s2m?2) strains is statistically significant lower than others.
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Background

Helicobacter pylori (H. pylori) is a S-shaped microor-
ganism that colonize in the surface of gastric mucosa of
half the world’s population, maybe even more [1]. Long
last colonization with this bacterium leads to a chronic
progressive gastric inflammation associated with severe
gastrointestinal effects [2]. Nowadays, eradication of H.
pylori is the main therapeutic strategy in management
of patients who suffering from different complications
including peptic ulcer disease (PUD), gastric cancer
(GC), mucosa associated-lymphoid tissue (MALT) lym-
phoma, and atrophic gastritis [3]. According to the Kyoto
Global Consensus Conference, eradication of H. pylori
infection among the asymptomatic subjects seems an
necessity [4]. Nevertheless, the rate of the treatment for
H. pylori infection is declining annually; the emergence
of clarithromycin-resistant strains has been declared a
global threat by the World Health Organization (WHO)
(5, 6].

The cure rate of H. pylori infection could be affected by
both microbial (high bacterial load, point mutations, bio-
film formation, efflux pumps, and virulence factors), and
non-microbial (cytochrome P450 2C19 polymorphism,
multidrug resistance transporter-1, pro-inflammatory
cytokines polymorphism, smoking, life style, duration of
treatment, high gastric acidity, poor patient compliance)
factors; all of these factors play a role in the severity of
the infection [3, 7, 8]. Vacuolating cytotoxin A (vacA) and
cytotoxin associated gene A (cagA) are considered as the
main virulence factors of H. pylori [9]. The toxin encoded
by the vacA gene causes apoptosis, T-cell activation, and
persistent infection (through inhibition of immune sys-
tem), which these changes are lead to severe gastrointes-
tinal outcomes [10]. Full-length sequence analysis of the
vacA gene showed that this gene has a mosaic structure
and is encoded by different subfamilies s1, m1 and m2
alleles, with its own biological activities [11]. The vacA
s1/ml genotype possess the highest toxicity property
for host cells, while the vacA s2/m2 genotype biologi-
cally is inactive [12, 13]. CagA is encoded by cagA gene;
this toxin is highly immunogenic, and upon entering the
host cell, it activates kinases through EPIYA motifs in
its C-terminal, which in turn disrupt signaling pathways
[14].

Studies have shown that this protein induces IL-8
expression, which contributes to the formation of
cytokine storms and eventually susceptibility to PUD
as well as GC [15]. Both CagA and VacA antigens sig-
nificantly affect the colonization and pathogenesis of
this bacterium, and play a determining role in cure rate
of disease [16, 17]. Although chromosomal mutations
are considered to be the main mechanism of antibiotic
resistance, but, the location of these single nucleotide
polymorphisms (SNPs) is not the same in all populations,
and therefore, understanding the mechanisms of antibi-
otic resistance of H. pylori is essential for the introduc-
tion of rational antibiotic combinations [18]. In recent
studies, the eradication results associated with CagA and
VacA status are highly inconsistent [19-22]. Interestingly,
in meta-analysis by Wang et al. (collecting the data from
26 papers), it was represented that the eradication rate of
infection in patients infected with vacA s1/cagA positive
strains was more conducive compared to less virulent
strains [8].

In this study, we performed a comprehensive literature
search to demonstrate the relationship between cagA or
vacA status and antibiotic resistance in H. pylori.

Methods

Eligibility of relevant studies

Using international databases such as the Clarivate ana-
lytics, PubMed, Scopus, EMBASE, DOA]J, and Google
Scholar, related articles to the effect of cagA and vacA
on the antibiotic resistance of H. pylori were reviewed,
regardless of publication and language restrictions until
April 2022. In this regard, we used keywords based on
MeSH terms such as “Genotype’, “Antibiotic resist-
ance”, “Helicobacter pylori’, “H. pylori’, “VacA’, “CagA’,
and “Antimicrobial resistance”. The bibliography of arti-
cles was reviewed manually to retrieve missing related
studies.

Inclusion and exclusion criteria

Our inclusion criteria were the following: (1) studies on
the association between cagA/vacA status and antibiotic
resistance; (2) studies on human subjects; (3) studies
based on standard methodology (CLSI); (4) studies with-
out repetitive samples. On the other hand, studies such
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as case reports, reviews, congress abstracts, duplicates,
studies on non cagA/vacA genes, in vitro studies, as well
as studies without clear results were excluded from this
study.

Data extraction

Eligibility of studies was evaluated by the two authors
separately, and conflicting of interest was resolved by
discussion. The main items were including: first author,
country, year of publication, number of H. pylori isolates,
number of cagA +isolates, number of vacA slml+iso-
lates, antimicrobial susceptibility tests, and frequency
of each genotype (cagA and vacA slml) resistant to
clarithromycin, metronidazole, amoxicillin, tetracycline,
and levofloxacin (Table 1) [23-63].

According to the literature, vacA slml is the most
virulent genotype of H. pylori, nevertheless, in the pre-
sent meta-analysis, we evaluated the frequency of other
vacA genotypes in all eligible studies. The distribution of
antibiotic resistance of three genotypes vacA s1m2, vacA
s2ml, and vacA s2m2 was assessed and their results are
shown in Table 2.

Quality assessment

The Newcastle—Ottawa scale (NOS) was used to assess
the quality of the included studies. The quality of studies
was evaluated based on the items such as selection, com-
parability, and outcome, so that NOS scores in the range
of 1-3, 4-6, and 7-9 were considered low, medium, and
high respectively. The quality appraisal process was per-
formed separately by the two authors, and the disagree-
ment was resolved through discussion.

Statistical analysis

Retrieved studies was analyzed using Comprehensive
Meta-Analysis (CMA) software version 2.2 (Biostat,
Englewood, NJ, USA). Frequency of cagA- and vacA-
positive strains was measured based on the event rate
with 95% confidence interval (95%CI). Finally, the asso-
ciation between the genotypes of these virulence fac-
tors and resistance to clarithromycin, metronidazole,
amoxicillin, tetracycline, and levofloxacin was calculated
using the odds ratio (OR) and corresponding 95% CI.
For measuring heterogeneity, we used from two param-
eters Cochran’s Q statistic and I statistic. The fixed-
effects model was used when there was no significant
heterogeneity (p value>0.10 and P <50%) between the
studies [64]; a random-effect model based on the Der-
simonian and Laird method was used if significant het-
erogeneity was identified [65]. Eventually, publication
bias was assessed by Egger’s p value test, Begg’s p value
test, and asymmetry of funnel plot [66]. We also used
the “trim-fill” method to prove the correction effect on
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publication bias according to Duval and Tweedie [67, 68].
We performed subgroup analysis based on several items
such as ethnicity, study sample size, diagnostic test, and
developing/developed status of country. Moreover, the
leave-one-out method as sensitivity analyses were per-
formed to estimate the effect of each included study on
overall effect [69]. A random effects meta-regression
analysis was performed to assess the potential sources
of heterogeneity to explore factors that may be associ-
ated with between-study variations in H. pylori antibiotic
resistance.

Results

Characteristics of the included studies

A systematic literature search was conducted based
on PRISMA guideline. In the first stage, 509 articles
were selected as potential documents. According to the
inclusion criteria 471 articles were deleted and finally
38 eligible articles were entered in the present research
(Fig. 1). Of all eligible studies, 38 articles had evaluated
the relationship of cagA and antibiotic resistance, while
23 articles had assessed the effect of vacA genotypes on
antibiotic resistance. The NOS results showed that the
quality of eligible studies was ranged between 6 and 8. All
studies in had been performed in regions such as Asia,
Europe, and Latin America during 2001-2020. Stand-
ard methods for detecting antibiotic resistance included
agar dilution, modified disk-diffusion agar, E-test, PCR-
RFLP, GenoType HelicoDR kit. In the present study,
5156 of clinical positive samples were evaluated, and
consequently the frequency of infection with cagA and
vacA slml was computed 64.6% (95% CI: 58.4—70.4) and
41.9% (95% CI: 34.3—50.0), respectively.

The vacA status and antibiotic resistance

Overall, 23 articles had appraised the vacA genotypes
status and resistance to clarithromycin, metronidazole,
amoxicillin, tetracycline, and levofloxacin. Interestingly,
we found that the vacA slml significantly reduced the
risk of resistance to metronidazole (OR: 0.41; 95% CI:
0.20-0.86) (Fig. 2). After exclusion 4 studies, the sensi-
tivity analysis was similar (OR: 0.34; 95% CI: 0.29-0.40)
without significant heterogeneity rate. Moreover, the
results were not significant for other antibiotics (Table 3).
Due to the presence of a significant asymmetry in fun-
nel plots, we performed trim and fill method to exclude
potential publication bias. Adjusted OR according to
the trim-and-fill method was lower than the original
estimates but results were similar to the original find-
ings (OR: 0.25; 95% CI: 0.11-0.57); however, a signifi-
cant difference was not noted between before and after
filling the potential missing studies (Fig. 3). Thus, trim
and fill method did not change conclusion, indicating
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Table 2 Distribution of antibiotic resistance in vacA genotypes

First author vacA genotypes Clarithromycin Metronidazole Amoxicillin Tetracycline Levofloxacin Refs.

Solca vacA s1/m2 4/12 8/28 NR NR NR [24]
vacA s2/m1 1/12 1/28 NR NR NR
vacA s2/m2 3/12 10/28 NR NR NR

Elviss vacA s1/m2 1/3 NR NR NR NR [26]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 0/3 2/8 NR NR NR

Elviss vacAs1/m2 2/3 22/31 NR NR NR [27]
vacA s2/m1 NR NR NR NR NR
vacA s2/m?2 0/3 1/31 NR NR NR

Francesco vacA s1/m2 6/15 NR NR NR NR [29]
vacA s2/m1 NR NR NR NR NR
vacA s2/m?2 4/15 NR NR NR NR

Trespalacios vacA s1/m2 NR NR NR NR NR [34]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 2/15 9/15 2/15 NR NR

Vega vacA s1/m2 NR NR NR NR NR [36]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 10/83 29/113 NR NR NR

Alfizah vacA s1/m2 NR 12/28 NR NR NR [42]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 NR NR NR NR NR

Rasheed vacA s1/m2 7/22 13/34 9/25 0/2 NR [45]
vacA s2/m1 NR NR NR NR NR
vacA s2/m?2 2/22 3/34 2/25 0/2 NR

Hussein vacAs1/m2 2/12 NR NR NR 1/3 [46]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 3/12 NR NR NR 0/3

Fasciana vacA s1/m2 4/25 NR NR NR NR [48]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 9/25 NR NR NR NR

Liou vacA s1/m2 76/643 162/646 13/645 11/634 62/646 [49]
vacA s2/m1 0/3 2/3 0/3 0/3 0/3
vacA s2/m2 0/5 0/5 0/5 0/5 1/5

Mill’an vacA s1/m2 0/8 NR NR NR NR [50]
vacA s2/m1 0/8 NR NR NR NR
vacA s2/m2 2/8 NR NR NR NR

Schwetz vacA s1/m2 14/54 6/35 NR NR 3/21 [52]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 19/54 13/35 NR NR 3/21

Bachir vacA s1/m2 6/38 13/102 NR NR NR [53]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 9/38 19/102 NR NR NR

Farzi vacA s1/m2 11/23 29/56 9/21 2/3 9/19 [54]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 2/23 4/56 4/21 0/3 3/19

Khani vacA s1/m2 12/48 NR NR NR NR [56]
vacA s2/m1 9/48 NR NR NR NR

vacA s2/m2 14/48 NR NR NR NR
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First author vacA genotypes Clarithromycin Metronidazole Amoxicillin Tetracycline Levofloxacin Refs.
Farzi vacA s1/m2 7/12 14/27 4/10 1/9 5/9 [58]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 112 4/27 3/10 2/9 0/2
Hamidi vacA s1/m2 4/11 14/34 7/16 4/8 5/14 [61]
vacA s2/m1 NR NR NR NR NR
vacA s2/m2 2/11 4/34 3/16 1/8 1/14
Glowniak vacA s1/m2 1/4 3/8 NR NR 1/4 [60]
vacA s2/m2 1/4 3/8 NR NR 2/4
g Records identified through Additional records identified
s searching in global databases through searching bibliography
% (n=356) (n=447)
=
)
3 v v
—
Records after deleting duplicates
E” (n=553) Excluded records e.g. irrelevant
5 i P articles, review and case reports
g (n=151)
72}
i
%
i)
=
=
=
=
=
)
=
L
Fig. 1 The flowchart of included studies

that our results were statistically robust regarding poten-
tial association between vacA slml and resistance to
metronidazole.

The details of overall estimates related to vacA slml
based on the sample size of the study, diagnostic test, and
developing/developed status of country are given in the
Table 4.

In subgroup analysis, the results showed that in an
Asian population vacA slml significantly increases the
resistance of H. pylori to metronidazole (OR: 0.37; 95%
CI: 0.15-0.90), while in Western countries, vacA slml
increases resistance to amoxicillin and levofloxacin.
(OR: 16.58; 95% CI: 1.77—-154.58, and OR: 6.25; 95% CI:

1.63-23.84, respectively). We showed that vacA s2m2
decreases resistance to all five antibiotics (clarithromy-
cin, metronidazole, amoxicillin, tetracycline and levoflox-
acin). On the other hand, vacA s1m2 decreases resistance
to clarithromycin and metronidazole, while vacA s2ml
only decreases resistance to clarithromycin. Details on
the relationship between non-vacA slml genotypes and
antibiotic resistance are summarized in Table 5.

A meta-regression was performed to examine the
sources of heterogeneity according to the publication
year or NOS score; the results of meta-regression showed
that H. pylori antibiotic resistance was significantly influ-
enced by publication year (Slope intercept: -0.18; 95% CI:
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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Solca 0.224 0.073 0.689 -2.612 0.009
Elviss 1 0.058 0.016 0.203 -4.436 0.000
Elviss 1.078 0.504 2310 0.194 0.846 -
Taneike 0.198 0.076 0.517  -3.305 0.001
Trespalacios  0.131  0.060 0.287  -5.081 0.000
Vega 8.390 4.618 15.242 6.983 0.000 4 -
Alfizah 1331 0466 3.806 0.534 0.593 1
Rasheed 1.266 0.488 3.280 0.485 0.628
Liou 0.135 0.104 0.175 -15.081 0.000 .
Miftahussurur  1.960  0.768  5.003 1.408 0.159 - =
Schwetz 0.709 0277 1816 -0.716  0.474 —
Bachir 0.603 0.383 0.950 -2.181 0.029 H
Farzi 1 0.486 0.229 1.031 -1.880 0.060 -
Hamidi 0.009 0.002 0.050 -5.461 0.000 —
Farzi 0.141 0.048 0416 -3.549 0.000
Ayala 2580  0.590 11.291 1.258 0.208 —{—
Glowniak 0.111 0.012 1.068 -1.903 0.057 i
0416 0200 0867 -2.340  0.019 <
0.01 0.1 1 10 100
Fig. 2 The forest plot associated with vacA s1m1 and resistance to metronidazole

Table 3 Odds ratio (OR) with 95% Cl for vacA sTm1 genotype and antibiotic resistance in H. pylori

Antibiotic resistance Random effects model

Heterogeneity

Publication bias

OR (95% Cl) p value p value I-squared Egger’s p value Begg’s p value
Clarithromycin 040 (0.13-1.22) 0.1 0.01 94.69 0.01 0.79
Metronidazole 0.41 (0.20-0. 86) 0.01 0.01 93.54 037 0.23
Amoxicillin 0.32(0.01-5.78) 04 0.01 96.70 0.05 0.5
Tetracycline 9 (0.007-5.49) 0.3 0.01 94.80 0.1 0.2
Levofloxacin 0.40 (0.03-4.18) 04 0.01 97.0 0.04 0.9

-0.24 to -0.12; SE: 0.029; p value: 0.01) or NOS score scale
(Slope intercept: -7.30; 95% CI: -8.98 to -5.63; SE: 0.85; p
value: 0.01). In subgroup analysis, we found no associa-
tion between the high virulent strains containing cagA-
vacA slml and antibiotic resistance (Fig. 4). In general,
it seems that the degree of antibiotic resistance in strains
with high pathogenicity is not different from the strains
with low virulence. Due to heterogeneity and publication
bias, we need further studies with larger sample sizes.

The cagA status and antibiotic resistance

Association between cagA status and resistance to
clarithromycin, metronidazole, amoxicillin, tetracycline,
and levofloxacin had been measured in 40 articles. Based

on the current results, it seems that cagA significantly
increases metronidazole resistance (OR: 2.69; 95% CI:
1.24-5.83; p value: 0.01), especially in Western countries
(Fig. 5). By discovering the potential sources of heteroge-
neity, we excluded 3 studies. Sensitivity analysis showed
a similar OR: 2.67 (95% CI: 1.20-5.94; p value: 0.01). The
details of overall estimates related to cagA based on the
sample size of the study, diagnostic test, and developing/
developed status of country are addressed in the Table 6.
However, the results of Egger’s regression test and asym-
metry of funnel plot showed evidence of publication bias
in overall estimates. Thus, we have performed the trim
and fill method to adjust for publication bias. The pooled
OR did not show the correlation between cagA status
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Fig. 3 The funnel plot adjusted using a trim and fill method for evaluation of possible link between vacA sm1 and resistance to metronidazole

Table 4 The vacA sTm1-positive status and metronidazole resistance

Factors Random-effects model Heterogeneity
OR 95%Cl p value p value l-squared
Level of country Developing country 0.30 0.13-0.68 0.01 0.01 86.26
Developed country 0.55 0.18-1.65 0.01 0.01 9333
Sample size >100 113 0.84-1.52 0.01 0.31 24.65
<100 0.28 0.13-0.60 0.01 0.05 64.32
Diagnostic test E-test 0.64 0.26-1.57 03 0.02 5832
Agar dilution based 0.25 0.03-1.79 0.17 0.5 3281
Disk diffusion based 212 0.96-4.67 0.05 09 0.00
Molecular based 1.33 0.46-3.80 0.03 0.9 0.00

and antibiotic resistance (OR: 0.29; 95% CI: 0.13-0.64; p
value: 0.001). Hence, after imputed missing studies by the
trim and fill method, the adjusted estimate significantly
dropped from OR: 2.69 (95% CI: 1.24-5.83) to OR: 0.29
(95% CI: 0.13-0.64) that revealed there is no relationship
between cagA status and resistance to metronidazole.
The population sample size was low in some included
studies that may cause to this significant difference
between adjusted OR and original estimates. More exten-
sive research is needed to confirm the present findings.

In addition, our findings showed a non-significant asso-
ciation between cagA status and resistance to clarithro-
mycin, amoxicillin, tetracycline, and levofloxacin. The
results of cagA status and resistance to these antibiotics
are listed in Table 7. Sensitivity analysis also confirmed
the stability of the overall estimates after excluding stud-
ies that may cause significant heterogeneity.

A meta-regression was performed to examine the
sources of heterogeneity according to the publica-
tion year or NOS score; the results of meta-regres-
sion showed that publication year (Slope intercept:
— 0.150; 95% CI: — 0.20 to — 0.10; SE: 0.025; p value:
0.01) or NOS score scale (Slope intercept: — 5.26; 95%
CL: — 6.82 to — 3.69; SE: 0.79; p value: 0.01) was dis-
rupted the association between cagA status and H.
pylori antibiotic resistance. In the subgroup analysis,
our results showed that cagA increases resistance to
metronidazole, amoxicillin, and levofloxacin only in
the Western population (OR: 1.59; 95% CI: 0.78-3.21,
OR: [19.68; 95% CI: 2.74-141.18, and OR: [11.33; 95%
CI: 1.39-91.85], respectively), nonetheless, the results
associated with the Asian countries were not significant
(Table 8). After the trim and fill method, the adjusted
OR was slightly lower than original estimates (but not
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Non-vacA s1m1

Antibiotic resistance

Random-effects model

Heterogeneity

Publication bias

genotypes
OR (95% Cl) p value p value I-squared Egger’s p value Begg’s p value
vacA stm2 Clarithromycin 0.13 (0.05-0.16) 0.01 0.01 81.34 0.78 0.88
Metronidazole 0.32 (0.12-0.81) 0.01 0.01 92.01 0.50 0.20
Amoxicillin 0.11(0.003-3.9) 0.2 0.01 97.76 0.02 0.5
Tetracycline 0.05 (0.001-4.6) 0.2 0.01 95.01 0.05 0.5
Levofloxacin 0.16 (0.02-1.36) 0.09 0.01 9348 0.04 05
vacA s2m1 Clarithromycin 0.03 (0.01-0.09) 0.01 0.01 0.00 0.05 0.7
Metronidazole 0.07 (0.00-173.5) 0.5 0.01 92.02 NA NA
Amoxicillin 0.02 (0.00-1.34) 0.06 09 0.00 NA NA
Tetracycline 0.02 (0.00-1.34) 0.06 09 0.00 NA NA
Levofloxacin 0.02 (0.00-1.34) 0.06 09 0.00 NA NA
vacA s2m?2 Clarithromycin 0.07 (0.03-0.13) 0.01 0.01 5547 0.02 0.04
Metronidazole 0.06 (0.02-0.15) 0.01 0.01 84.67 0.52 0.50
Amoxicillin 0.04 (0.01-0.09) 0.01 0.01 17.61 0.18 0.1
Tetracycline 0.03 (0.00-0.14) 0.01 0.01 0.00 0.07 05
Levofloxacin 0.03(0.01-0.12) 0.01 0.01 21.26 0.78 0.5
NA not available
Study name Statistics for each stisdy Qdds ratio and 95% CI Study name Statistics for each study Odds ratio and 95% C1
(:.:‘lt Ll‘;.:.;r l}!.:,':?." Z-Value p-Value Odds Lower Upper
Khani 0.530 0360 0780 -3.219 0.001 . ratio Bnit Menit: Z-Value p\'aluc
Mill'an 0540 0120 2420 -0.805 0421 Elviss 0.130  0.020 0862 -2.113  0.035 —
D g i o i OB (00 B o
roselacios 1004 0471 2141 o011 0991 0.873 0479 1593 -0442 0658
Clarithromycin 001 01 1 10 100 Metronidazole 0.01 0.1 1 10 100
Fig. 4 The forest plot associated with cagA-vacA sTm1 and resistance to clarithromycin and metronidazole

significant difference) which indicates the reliability of
the overall estimates.

Publication bias

The results of Egger’s and Begg’s tests, as well as funnel
plot asymmetry showed a significant publication bias;
however, when the trim-and-fill method was performed
to correct the results, the adjusted OR for vacA geno-
types was decreased but no significant difference was
observed compared to original estimates (Fig. 6). How-
ever, the adjusted OR for cagA status and resistance to
metronidazole was dropped significantly that represents
there is no association between cagA status and antibiotic
resistance.

Discussion

The cagA and vacA genes are the most well-known viru-
lence factors of H. pylori, and previous studies have dem-
onstrated that infection with cagA-vacA slml positive
strains can increase the risk of severe gastrointestinal

disorders [70, 71]. Wang et al. understood that infec-
tion with strains carrying both cagA and vacA products
could increase the chance of eradicating H. pylori infec-
tion, however, the reported heterogeneity was signifi-
cant [8]. Infection with cagA-positive strains can be led
to gastric mucosal inflammation, which in turn increases
the diffusion of antibiotic (following an increase in blood
flow, disruption of mucosal barrier, and inhibition of
IL-1pB-induced gastric acid secretion) and ultimately high
cure rate [72, 73]. Interestingly, vacA sl-positive strains
reduce the risk of treatment failure due to induce sever
gastric inflammation and lower expression of somatosta-
tin [74, 75].

To the best of our knowledge, this is the first meta-
analysis study that investigated the potential association
between H. pylori virulence factor and antibiotic resist-
ance. Based on this analysis, a considerable association
exists between the status of vacA-cagA genes and resist-
ance of H. pylori to commonly used antibiotic agents. The
results of the present study indicated that cagA-positive
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Study name Statistics for each study Odds ratio and 95% CI
Odds  Lower Upper
ratio limit limit Z-Value p-Value
Solca 0.563 0.195 1.621 -1.065 0.287 —
Toro 1.891 0.760 4.700 1.371 0.170 -——
Elviss (a) 2.507 0902 6.967 1.762 0.078 T——
Elviss (b) 6.418 2756 14.944 4.311 0.000 —
Chihu 20.250 2319 176.792 2.721 0.007 il
Lai 0.367 0.167 0.806 -2.499 0.012 —i—
Boyanova(a) 12.250  4.534 33.096 4.941 0.000 — 00—
Taneike 0.119  0.043 0.329 -4.105 0.000 _
Trespalacios 0239 0.114 0.499 -3.807 0.000 —)
Vega 3.331 1931 5.746 4.325 0.000 -
Khan 0.668 0423 1.054 -1.735 0.083 -H
Ghotaslou 498 2713 9.170 5.173 0.000 -0
Karabiber 1.000 0.104 9.614 0.000 1.000 5%
Rasheed 21.778 6259 75.780 4.843 0.000 I
Liou 0.111 0.092 0.134  -23.077 0.000 [ |
Miftahussurur  289.000 38461 2171.586 5.507 0.000 —_
Schwetz 2250 0.865 5.855 1.662 0.097 ——
Bachir 0.571 0.362 0.901 -2.409 0.016 -
Farzi(a) 169.000 40.112  712.029 6.991 0.000 —
Imkamp 1.000 0363 2.751 0.000 1.000 —
Abdollahi 2.864 1.086 7.552 2.127 0.033 —_—f
Farzi (b) 9.766  3.168 30.108 3.967 0.000 —=—
Glowniak 9.000 0936 86.522 1.903 0.057
Hamidi 1.000 0386 2.588 0.000 1.000
Haddadi 88.360 23988 325473 6.736 0.000 —7T]
Ayala 0.79  0.113 5.499 -0.238 0.812
Wang 2192 0427 11.244 0.941 0.347
2.6%4 1244 5.834 2.514 0.012 ’—
0.01 0.1 1 10 100
Fig. 5 The forest plot associated with cagA and resistance to metronidazole
Table 6 The cagA-positive status and metronidazole resistance
Factors Random-effects model Heterogeneity
OR 95% Cl p value p value l-squared
Level of country Developing country 2.02 0.84-4.81 0.01 0.01 55.28
Developed country 336 1.14 0.02 0.03 67.45
Sample size >100 2.02 0.53-7.60 0.01 0.01 98.05
<100 3.02 1.29-7.043 0.01 0.01 90.97
Diagnostic test E-test 250 1.07-5.83 0.03 0.06 51.69
Agar dilution based 367 0.69-19.47 0.12 0.04 63.97
Disk diffusion based 117 041-333 0.01 0.93 0.00
Molecular based 0.23 0.11-0.49 0.01 0.9 0.00

strains can significantly increase resistance to metro-
nidazole (OR: 2.69; 95% CI: 1.24-5.83; p value: 0.01).
Although, sIm1 genotype of vacA significantly reduces
resistance to metronidazole, vacA slm2 reduces resist-
ance to both clarithromycin and metronidazole. Moreo-
ver, vacA s2ml decreased resistance to clarithromycin,
as well as vacA s2m2 decreased resistance to metroni-
dazole, clarithromycin, amoxicillin, tetracycline, and

levofloxacin. We showed that cagA-positive strains in
particular in Western countries increase the risk of resist-
ance to metronidazole, amoxicillin, and ciprofloxacin.

In their study, Chisholm et al. asserted that resistance
against metronidazole was not merely due to mutation in
the rdxA gene, but was influenced by a variety of mech-
anisms [76]. In a study by Kim et al., they showed that
resistance to metronidazole could occur even in the lack
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Table 7 Odds ratio (OR) with 95% Cl for cagA genotype and antibiotic resistance in H. pylori

Resistance to Random-effects model

Heterogeneity

Publication bias

OR (95%Cl ) p value p value l-squared Egger’s p value Begg’s p value
Clarithromycin 1.61(0.63-4.11) 0.31 0.01 95.90 0.01 0.62
Metronidazole 269 (1.24-5.83) 0.01 0.01 96.42 0.01 027
Amoxicillin 5.14(0.23-114.5) 033 0.01 9846 0.02 0.21
Tetracycline 1.32 (0.01-122.0) 0.95 0.01 95.59 0.01 0.50
Levofloxacin 8.77 (0.24-310.8) 0.21 0.01 98.21 0.01 0.50

of rdxA expression or truncated RdxA [77]. Correlation
between cagA pathogenicity islands (PIA) and resist-
ance to metronidazole first was investigated by Alfizah
et al; they found that strains containing an intact cag-
PAI region were sensitive to metronidazole, while strains
possessing partially deleted cagPAI regions were resist-
ant to metronidazole [42]. Variations in the 3’ termi-
nal of cagA lead to the differentiation of new subclones
with unique genetic characteristics, and due to this fact,
Rengifo et al. in their study demonstrated that genetic
changes in this region cause the formation of antibiotic-
resistant subclones [43, 78]. Recent studies show that in
patients treated with antibiotics, new subclones of cagA
are formed due to recombination and quorum sens-
ing, which differ in some features and this phenomenon
is effective in antibiotic resistance [79, 80]. We showed
that gastric colonization with cagA-positive strains, espe-
cially in Western countries, can potentially increase the
risk of resistance to common antibiotics. In a study con-
ducted by Yue et al., they realized that the prevalence of
resistance to metronidazole in strains with Western-type
cagA 3 variable region was significantly higher than East
Asian-type strains [81, 82]. Today, evidence suggests that
CagA protein is involved in processes such as integron
acquisition, biofilm formation, and efflux pump func-
tion [83-85]. In general, cagA-positive strains, especially
in the Western population, seem to be considered as
diagnostic biomarkers in the phenomenon of antibiotic
resistance. Recently, Ayibatari et al. revealed that patients
carrying Western-type cagA had higher rates of gastritis
than East Asian-type cagA [86].

Our results showed that vacA s2m2 genotype was
associated with a significant decrease in resistance to
antibiotics. Strains containing vacA s2m2 genotype
are not able to produce VacA cytotoxic antigen [87].
Krzyzek et al. observed that the change to coccoid form
in vacA s1ml strains was significantly higher than vacA
s2m?2 strains [88]. Studies show that vacA s2m2 strains
have higher nutritional requirements and are also less
compatible with antibiotics, so they are more sensi-
tive to antibiotics [89-91]. Though, our results sug-
gested that there is no meaningful association between

cagA/vacA slml double positive H. pylori infection
and antibiotic resistance. The biofilm formation capac-
ity of vacA slml genotype is higher than other geno-
types, which in turn is an effective strategy in antibiotic
resistance [92, 93]. Our results (as several cross-sec-
tional studies) showed that the sim1 and s1lm2 geno-
types reduce the risk of resistance to metronidazole
and clarithromycin [59, 94—96]. Strains containing sl
or ml are strong immunogens to stimulate the immune
system and gastritis, so antibiotic delivery in the stom-
ach lumen increases due to increased blood flow [39].
Nevertheless, the effect of other virulence factors may
be ignored, for example Brennan et al. showed that
the incidence of infection with s1m1/s1m2 strains was
higher in treatment-naive patients than in those previ-
ously treated [91].

Overall, our statistical analysis showed that metroni-
dazole resistance was significantly high in cagA-positive
H. pylori strains. As well as, less virulent vacA s2m?2
genotype was sensitive to all antibiotics. Our study had
several limitation including: (1) small ample size; (2)
study only on adult population; (3) high heterogeneity
among the included studies; (4) imbalanced geographi-
cal distribution; (5) inaccessibility to raw data to assess
bacterial density and other factors in cag PAI; (6) pub-
lication bias. However, we performed meta-regression
and sensitivity analyses to diminish the effects of het-
erogeneity on the reliability of the pooled estimates.
Meta-regression and sensitivity analyses assisted us
exclude the impact of some positive data on the overall
estimates. Moreover, we used random-effects models
to establish associations among the moderate variables
with high heterogeneity. Therefore, it is appropriate
to present evidence, but the findings should be inter-
preted with more caution. In the current meta-analysis,
publication bias considerably changed the association
between cagA status and resistance to metronidazole
according to the trim-and-fill method. Meanwhile,
adjusted OR for vacA genotype and antibiotic resist-
ance after implementation of the trim and fill producer
revealed that results were slightly lower without signifi-
cant difference with overall estimates.
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Fig. 6 The trimmed and filled funnel plot represent the correlation between the standardized OR and its standard error with pseudo 95%
confidence limits regarding possible association between cagA status and resistance to metronidazole

Conclusions

In the current meta-analysis, our findings showed that
infection with cagA-positive strains of H. pylori signifi-
cantly increases the risk of metronidazole resistance in
Western countries. In addition, vacA slml increases
resistance to amoxicillin and levofloxacin in Western
countries. According to our findings, the vacA slm1 sig-
nificantly increases resistance to metronidazole, while
the vacA slm2 decreases resistance to clarithromycin
and metronidazole. Additionally, antibiotic resistance to
clarithromycin, metronidazole, amoxicillin, tetracycline,
and levofloxacin in less virulent H. pylori strains (car-
rying vacAs2m?2 genotype) is significantly lower than
others. We also performed the trim and fill method to
exclude the potential bias from the overall estimates.
Although, the adjusted OR was slightly lower than origi-
nal estimates but this difference was not significant.
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