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Abstract

Background Helicobacter pyloriis a gastrointestinal pathogen that infects around half of the world's population.
H. pylori infection is the most severe known risk factor for gastric cancer (GC), which is the second highest cause
of cancer-related deaths globally. We conducted a systematic review and meta-analysis to assess the global preva-
lence of GC in H. pylori-infected individuals.

Methods We performed a systematic search of the PubMed, Web of Science, and Embase databases for studies

of the prevalence of GC in H. pylori-infected individuals published from 1 January 2011 to 20 April 2021. Metaprop
package were used to calculate the pooled prevalence with 95% confidence interval. Random-effects model

was applied to estimate the pooled prevalence. We also quantified it with the I index. Based on the Higgins classifica-
tion approach, I? values above 0.7 were determined as high heterogeneity.

Results Among 17,438 reports screened, we assessed 1053 full-text articles for eligibility; 149 were included

in the final analysis, comprising data from 32 countries. The highest and lowest prevalence was observed in Amer-
ica (pooled prevalence: 18.06%; 95% Cl: 1648 —19.63; 1: 98.84%) and Africa (pooled prevalence: 9.52%; 95% Cl:
5.92—13.12; 1% 88.39%). Among individual countries, Japan had the highest pooled prevalence of GC in H. pylori
positive patients (Prevalence: 90.90%:95% Cl: 83.61-95.14), whereas Sweden had the lowest prevalence (Prevalence:
0.07%; 95% Cl: 0.06-0.09). The highest and lowest prevalence was observed in prospective case series (pooled
prevalence: 23.13%; 95% Cl: 2041 —25.85; 12: 97.70%) and retrospective cohort (pooled prevalence: 1.17%; 95% Cl:
0.55—1.78;12:0.10%).

Conclusions H. pylori infection in GC patients varied between regions in this systematic review and meta-analysis. We
observed that large amounts of GCs in developed countries are associated with H. pylori. Using these data, regional
initiatives can be taken to prevent and eradicate H. pylori worldwide, thus reducing its complications.
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Background

Helicobacter pylori (H. pylori) is a bacterial pathogen
associated with the gastrointestinal (GI) tract of over 50%
of the world’s population [1]. H. pylori, is a Gram-nega-
tive spiral-shaped bacterium that colonizes the stomach,
was graded as a Group I carcinogen in 1994 by the Inter-
national Agency for Research on Cancer [2]. With its fla-
gella, H. pylori is capable of moving and can survive on
stomach acids, leading to colonization of GI tract cells
and irritation and inflammation [3]. Epidemiologic and
clinical data have demonstrated the role of H. pylori in
up to 75% of non-cardia gastric malignancies and up to
98% of gastric cardia malignancies [4]. There is a strong
correlation between gastric cancer (GC) and H. pylori
infection [5].

Gastric cancer (GC) is the fifth most common cancer
in the world and has the third highest mortality rates,
for both sexes [6]. In 2020, actually 1.09 million new GC
cases and 0.77 million deaths from GC was estimated
all over the world [7]. The overall yearly incidence rates
globally are 15.6 to 18.1 and 6.7 to 7.8 per 100,000 indi-
viduals in men and women, respectively [8]. According
to anatomical subsites, GC can be classified into two cat-
egories: cardia GC and non-cardia GC [9]. Cardia and
non-cardia GC are treated as two different diseases due
to different epidemiological characteristics and distinct
pathogeneses. Non-cardia GC is more common than car-
dia GC. Non-cardia GC accounted for up to 82% of all
GC cases around the world in 2018 [10].

The high incidence of H. pylori infection is not always
associated with high prevalence of GC. This enigma of H.
pylori infection and GC, defined by a very high incidence
of infection but a low rate of GC, was first described by
Holcombe in 1992 as the "African Enigma" [11]. Hence,
the African enigma represents a modification of the
inflammatory response triggered by the infection, lead-
ing to the absence of any neoplastic manifestations [11].
Other countries including China, Colombia, India, Costa
Rica, and Malaysia have described similar enigmas [11].
Several previous studies have suggested that an increased
risk of GC is associated with lifestyle behaviors, such
as cigarette smoking, intensive alcohol consumption,
high salt intake, consumption of processed meat, and
low intake of fruits [12]. In addition, host’s genetics has
been associated with GC. Mutation in CDH1 gene that
encodes E-cadherin protein for cell-cell adhesion has
been associated with more than 80% increased risk of
GC, and patients with reduced expression of the E-cad-
herin protein have a poor prognosis [13].

The majority of infections are asymptomatic, there-
fore a screening and treatment program cannot be jus-
tified except for high-risk patients [14]. However, the
inflammatory response to an infection in a host and the
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virulence of the infection vary between individuals. Addi-
tionally, environmental exposures may also contribute to
the increase in the risk of GCs [15]. Infection prevalence
shows large geographical variations. In general, the prev-
alence of infection is higher in developing countries than
developed countries such as Europe and North America
[16]. Despite the global prevalence of GC in people with
H. pylori infection was reported by Pormohammad et al.
[1], a complete up-to-date research on the prevalence of
GC in people with H. pylori infection has not been done
yet. In the previous study, only studies conducted until
2016 were evaluated. However, in this review, statistics
until 2021 were considered. Also, there were several dif-
ferences between 2 studies in terms of the data bases,
time period of search, eligibility criteria, and keywords.
Hence, this study aimed to update the GC estimate in H.
pylori positive patients after reviewing existing evidence
and reassessing the global burden of GC caused by H.
pylori in different regions.

Methods

Search strategy

PubMed, Web of Science, and Embase were searched
from1 January 2011 to 20 April 2021 to retrieve all rel-
evant studies in the world. MeSH keywords and search
strategy were as below: ‘Stomach Neoplasm’ [tiab], OR
"Cancer of Stomach’ [tiab], OR ’Gastric Cancer’ [tiab],
OR ’Cancer of Gastric’ [tiab], OR ” Stomach Cancer
‘[tiab], OR ’Neoplasm of Stomach’ [tiab] AND ’Helico-
bacter pylori’ [tiab], OR ’Campylobacter pylori’ [tiab], OR
"‘Campylobacter pylori subsp. pylori’ [tiab] OR, ‘Campy-
lobacter pyloridis’ [tiab], OR ’Helicobacter nemestrinae’
[tiab] AND "Prevalence’ [tiab], OR ’Frequency’ [tiab].

Eligibility criteria

We set our inclusion and exclusion criteria based on
PECOTS criteria (population, exposure, comparison,
outcome, time and study design) (Table 1). For that, all
cross-sectional, prospective and retrospective case-series
studies which reported the prevalence of GC in H. pylori
patients were included. However, case reports and case
series with less than five patients (as study population)
and also clinical trial studies were excluded. Also, studies
without reported prevalence data, definite sample sizes,
and clear correct estimates of the prevalence, as well as
case—control studies and abstracts presented in scientific
meetings with no sufficient data were excluded from this
study.

Study selection

There were 17,438 results from the initial search. Two
authors (SK and RP) separately assessed these papers’ eli-
gibility, and any discrepancies were settled by consensus.
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Table 1 PECOTS criteria of the study

Page 3 of 30

Selection criteria  Inclusion criteria

Exclusion criteria

Population Patients that have gastric cancer that diagnosed using invasive -
or non-invasive criteria, including endoscopy, pathology, histol-
ogy, fiberscopy. PET/CT imaging, immunohistochemistry stain-
ing, biopsy and other methods

Exposure Patients that have H.pylori that diagnosed using UT, PCR, ELISA, -
salt tolerance, Gram'’s stain, cagA gene pcr and other methods

Comparison

Outcome Prevalence of cancer in positive H.pylori patients

Time Published form 2011 to 20 April 2021

Study design Observational studies including prospective or retrospective case

series, cohort and cross sectional studies

Case control, ecological studies, in vivo studies, experimental
of interventional studies, case report, lack of access to full text
articles, review articles, letter to editor

The following step involved excluding 5380 duplicate
articles. Also, after reviewing the titles and abstracts of
the remaining publications, 11,058 papers were omit-
ted. Of the remaining 1053 articles, 904 ineligible arti-
cles were omitted during the review of the entire texts.
Eventually, 149 articles that qualified for inclusion were
examined.

Quality assessment

Newcastle Ottawa scale (NOS) was used to measure the
quality of studies (Table 2). This scale is used to meas-
ure the quality of observational studies including cohort,
cross-sectional and case series studies. The validity and
reliability of this tool have been proven in various studies
[17, 18].

Data extraction

Two authors independently performed the study selec-
tion and validity assessment and resolved any disagree-
ments by consulting a third researcher. First author,
country, enrollment time, published time, type of study,
number of Hp' patients, mean age in Hp' patients,
detection method of Hp, number of patients with cancer,
sort (name) of cancer, diagnosis method of GC, and prev-
alence (95% CI) were extracted from articles.

Statistical analysis

All statistical tests in this study were performed with
Stata 14.0. As previous researches [91, 92] the sample
size, the number of patients with H. pylori, number of
cancer cases in patient with H. pylori, and prevalence
of GC in H. pylori positive patients were extracted. We
applied Cochran’s Q test to determine the heteroge-
neity. We also quantified it with the I? index. Based on
the Higgins classification approach, I* values above 0.7
were determined as high heterogeneity. We used ran-
dom effects model to estimate pooled values where that

heterogeneity was high. Also we used the subgroup
analysis and meta-regression analysis to find out the
heterogeneity sources. Metaprop package were used to
calculate the pooled prevalence with 95% confidence
interval. Random-effects model was applied to estimate
the pooled prevalence. This package applies double arc-
sine transformations to stabilize the variance in the meta-
analyses. The effects of publication time, continents, age
mean, sample size and study design on the studies het-
erogeneity were analyzed by univariate and multiple
meta-regression analysis. Publication bias evaluated by
“metabias” command. In case of any publication bias, we
adjusted the prevalence rate with “metatrim” command
applying trim-and-fill approach. Statistical significance
was considered 0.05.

Result

A total of 149 studies with 352,872 total sample size were
included in our study. Selection process flow chart is
available in Fig. 1, and Table 3 shows the studies’ char-
acteristics such as first author, country, published time
and type of study. Several primary studies reported over-
all number of gastric cancer and do not present more
detail about cancer. But some primary studies presented
more detail about cancer such as anatomical location of
it. Many studies mentioned they used histopathology
method to detection of cancer. The highest studies num-
ber belonged to Asia continent (114 studies) area and
Africa continent (6 studies) was the lowest one. All the
included studies were published during 1 January 2011
to 20 April 2021. The minimum and maximum age range
of the subjects was for Haddadi et al. [93] article with
the age ranges (mean age=26 years old) and Shibukawa
et al. [94] study with the mean age="73 years old, respec-
tively. Sixty-nine (46.31%) of studies were cross sectional,
sixty-four (42.95%) of studies were case series and sixteen
(10.73%) of studies were cohort.
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Table 2 Quality assessment of studies by Newcastle Ottawa Scale (NOS) checklist

Author Study Selection Comparability Outcome
design
Representativeness Sample size Non- Ascertainment Assessment Statistical
of the sample respondents of the exposure of outcome test
(risk factor)

Dabiri CS * - * ** NA ** *
etal. [19]

Taghvaei CS * - * * NA ** *
et al. [20]

Wang (&) * * * * NA *% *
etal. [21]

Yakoob cs * * * *x NA *x *
etal. [22]

Yang (&) * - * *% NA * *
etal. [23]

Gucin cs * - * *x NA * *
et al. [24]

Shrestha cs * - * *x NA * *
et al. [25]

Ouyang cS * * * ** NA * *
etal. [26]

Kimetal. [27] CS * - * %% NA % M
Shukla CS * - * *x NA *% *
etal. [28]

Cherati ) * - * %% NA % M
etal. [29]

Raei s * - * ** NA *% *
etal. [30]

Abdi Cs * - * * NA *% *
etal. [31]

Goudarzi cs * - * * NA - *
etal. [32]

Al-Sabary (@) - , * *% NA % N
etal. [33]

Ranjbar (@) - - * %% NA % N
etal. [34]

Yadegar CS * - * %% NA x .
etal. [35]

Kupcinskas ~ CS * * * * NA ** *
etal. [36]

Ohetal [37] CS - - * * NA % .
Wang Cs - - * *% NA % .
etal.[38]

Sakitani CS * - * ** NA * *
etal. [39]

Pakbaz CS * - * ** NA * *
etal. [40]

Sedarat cs * - * % NA *x *
etal. [41]

Shadman (@) * * * *% NA 2% *
etal. [42]

Shin (&) * - * *% NA % *
etal. [43]

Archampong  CS - - * *% NA M v
etal. [44]

Xieetal.[45] CS - - * ' NA % N

etal. [46]
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Table 2 (continued)

Author Study Selection Comparability Outcome
design
Representativeness Sample size Non- Ascertainment Assessment Statistical
of the sample respondents of the exposure of outcome test
(risk factor)
Shietal [47] CS * - * %% NA % N
Yuetal [48] CS * - * %% NA % N
Szkaradkie-  CS * - * *x NA - v
wicz
et al. [49]
Taghizadeh (@) * - * *x NA - N
et al. [50]
Vilar e Silva (@) * - * %% NA x .
etal [51]
Gantuya (&) * * * ** NA ** *
etal. [52]
Shukla CS * - * *% NA X% *
etal. [53]
Huetal [54] CS - - * *% NA % .
Tahara CS - - * * NA ** *
etal. [55]
Ono s * - * * NA * *
et al. [56]
Pandey cs * - * * NA * *
etal. [57]
Huang CS * - * * NA *x *
etal. [58]
Xieetal. [59] CS * - * %% NA " N
Nam CS * - * *% NA *% *
etal. [60]
Saber cs * - * d NA ot *
etal. [61]
Matsunari (&) * - * *% NA % .
etal. [62]
Khatoon (@) - - * *% NA Y .
etal. [63]
Amiri (& - - * X% NA % .
et al. [64]
Farajzadeh (@) * - * *% NA " %
Sheikh
etal. [65]
El Khadir CS * - * *% NA *% *
etal. [66]
Park CS * - * * NA *% *
etal. [67]
Yoon cs * - * * NA % *
et al. [68]
Guo (&) * - * * NA *% *
etal. [69]
Haddadi cs * - * * NA ** *
etal. [70]
Khan (&) * - * ** NA *¥ *
etal [71]
Santos Gs * - * ** NA *x *
etal. [72]
Gholiza- cS * - * ** NA * *
deTobnagh

etal. [73]
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Table 2 (continued)
Author Study Selection Comparability Outcome
design
Representativeness Sample size Non- Ascertainment Assessment Statistical
of the sample respondents of the exposure of outcome test
(risk factor)
Toyoda (@) * - * ** NA ** *
etal. [74]
Thiruna- (@) - - * ** NA ** *
vukkarasu
etal. [75]
Bakhti (@) - - * ** NA ** *
etal. [76]
Vannarath (@) * - * ** NA * *
etal. [77]
Weietal. [78] CS * - * ** NA ** *
Abu-Taleb cS * - * ** NA ** *
etal. [79]
Chomvarin CS * - * ** NA ** *
et al. [80]
Bilgi¢ cs * - * ** NA * *
etal [81]
Abadi cs - - * ** NA ** *
etal. [82]
Abadi cs * - * ** NA ** *
etal. [83]
Ohkusa cs * - * ** NA ** *
et al. [84]
Herrera CS * - * ** NA * *
et al. [85]
Tanaka cs * - * ** NA ** *
et al. [86]
Choi CS * - * ** NA ** *
etal. [87]
Masoumi Asl - HBS
et al. [88]
Vinagre HBS
et al. [89]
Khatoon HBS
et al. [90]

NA Not applicable, CS cross sectional

As mentioned in the methods section, the Newcastle-Ottawa Scale (NOS) consists of three domains. The first domain is Selection, which includes four items:
Representativeness of the sample, Sample size, Non-respondents, Ascertainment of the exposure. If the first three items are established, one star is assigned. If the
fourth item is also established, one or two stars are assigned. If none of the items are established, no star is assigned. The second domain is Comparability, which has
one item: Comparability of the groups. If this item is established, one star is assigned. If it is not established, no star is assigned. The third domain is Outcome, which
includes two items: Assessment of the outcome, Statistical test. If the first item is established, one or two stars are assigned. If the second item is also established, one

star is assigned

Pooled prevalence of GC in H. pylori positive patients
Figure 2 shows the forest plot of prevalence of GC in H.
pylori positive patients. Minimum and maximum preva-
lence were in Doorakkers et al. [107] study (Prevalence:
0.07%; 95% CI: 0.06—0.09) from the Sweden and Tanaka
et al. [161] (Prevalence: 90.90%:95% CI: 83.61-95.14)
from Japan, respectively. Due to high heterogeneity and
different study design, results don’t merge and presented
based on different subgroups

Pooled prevalence of gastric cancer in H. pylori positive
patients based on different subgroups

Pooled prevalence of GC in H. pylori positive patients
based on study design and continents are listed
in Fig. 3 and Table 4. Based on design, the high-
est and lowest prevalence was observed in prospec-
tive case series (pooled prevalence: 23.13%; 95% CI:
20.41 —25.85; 12: 97.70%) and retrospective cohort
(pooled prevalence: 1.17%; 95% CI: 0.55—1.78; I 2:
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Records identified through database searching (n = 17438):
PubMed (n = 4392); Web of Sciences (n = 6915) Embase (n = 6131)

Records excluded by:
Title: (n =7563)
Abstract: (n =4495)

Full-text articles
excluded, with reasons
(n =904)

Fig. 1 Flow diagram of study selection

0.10%), respectively. Also based on continents,
the highest and lowest prevalence was observed
in America (pooled prevalence: 18.06%; 95% CI:
16.48 —19.63; I?: 98.84%) and Africa (pooled preva-
lence: 9.52%; 95% CI: 5.92 —13.12; 1% 88.39%) conti-
nents, respectively.

Heterogeneity and meta-regression

Heterogeneity results are available in Table 4. Cochran’s
Q test showed the included studies had high heteroge-
neity (p <0.001). The I? index for total prevalence was
up to 98%. The result of univariate meta-regression
analysis (Table 5) showed the age (Coefficient: 0.59;
p: 0.009), sample size (Coefficient: —0.1; p: 0.003) and
study design (based WHO regional office) (Coefficient:
3.72; p: 0.015) possess significant effect on the stud-
ies heterogeneity (Fig. 4A and B) and have eligible to
include to multiple model. The result of multiple meta-
regression analysis showed the just age (Coeflicient:
0.66; p: 0.003) have a significant effect on the stud-
ies heterogeneity. The R*-adj for multiple model was
13.63% and this mean the age, Sample size and study
design explained the about 14% of total heterogeneity
of prevalence.

T
= Duplicates Records removed
— (n =5380)
—
g)
Z Records screened
o
3 (n =12058) R
l
D
= Full-text articles assessed for
B eligibility (n =1053)
20
l
—
=) Studies included in qualitative and quantitative
B synthesis (meta-analysis) (n =149)
=}
—

Publication bias

The results of Egger’s test showed significant publication
bias in our meta-analysis which provided in Table 4. For
adjustment of pooled prevalence, fill and trim method
was used that result was showed in Table 4. Based on this
result, publication-bias-adjusted pooled prevalence esti-
mation for cross sectional was 7.89% (95% CI: 6.78—9.01)
which was different with pooled prevalence estimation
based on meta-analysis 19.46% (95% CI: 18.34 to 20.57).
Result of fill and trim method for other subgroups was
showed in Table 4.

Discussion

Infection with H. pylori causes chronic inflamma-
tion and significantly increases the risk of developing
duodenal and gastric ulcer disease and GC. H. pylori
primarily infect the epithelial cells in the stomach
and can survive in humans for decades by inhibiting
the immune system responsiveness, results inducing
chronic inflammatory responses. Because of endotoxin
elaboration and other inflammatory exudates, the col-
onization of the gastric mucosa by H. pylori has been
observed with gastric atrophy [173]. Researchers have
recently reported molecular aspects that highlight the



Page 8 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

6lL01 YANERE)
750) 75T [ed1bojoIsiH o5 € 4Dd 1Ny o 6L1 SO 710¢ ¢L0c-010¢ SOET Yieleuuep
195UPd JO
sadA1 o1bojoyied
13410 1/ ‘sewloupd 40d
-ledouape adA1-asnyip ‘Kbojoisiy
'GZ "ewouldIed0USpe '3IN3|N2 ‘51521
9dA1 -jeunsaiul i/ DO 95epIXO pue
S159)  BIPJED-UOU pue DO eip asealn
s1bojoyred  -1ed Jo sadAy ay3 yiog 'ase|e1ed
(S£'9¢ 01 -01Sly pue ‘DD elpied-UoUi/f ansod ‘uleis /] e 19
€7'60) 690¢  didodsopul ‘29 elpiedge 9 68 68 sweln [N [4°2%4 06¢ SO 0¢0c¢ 0¢0C-610¢ uel| Hyxeg
(59001 Hoyod RVARIRE
70) ¥50 Adoosopu3 29 901 1591 2160]0195 124 ¥S/'61  oAndadsonay 810¢ 910¢-500¢ £3.0Y| org unj
sewou
-piedouspe dpiseb iz
‘seise|dsAp:¢ ‘seiseid
-e1oW 6| ‘saiydoneig
(68°€ 01 [e2160]  ‘SUOIS3] SNOJRIURIIET YDd awn 1i0yod [c/] e
€10)60L  -oyredoisiH ‘snosaduedald:/ i ¢ -eas’'aunynd ls €8l °Andadsold 810 ¥10Z-110T aouel JENVIVIEY )
IVARIRE
(59°¢y 01 9dUeIS|01 }[es nseJespnA
9561) $90¢€ - o9 6L Ln‘=unynd 89°6¢ 9 SO £10C L0z eIpu| -euniiyl
1o [e2160] (s8] 019
[€0) /80  -oyiedoisiH euloupIesoUspy 8 vSIn3 JAH €C6 SO cloc £00C—100¢ ueder epoko]
8¢/g1 :2dAy
9sSNYIP pue 8e/0¢
:2dA1 jeunsaiul pue
‘8€/1:DD elpJed
uou pue eIpIed ‘ge/e¢ (86] 1212
(L8€701 [e2160] J30UED eIpJed uou 1n ybeuqolap
LOE€L) 108l -OoyledolsiH  ‘8€/|HadUED elpied) 8¢ ‘YD '=nind 959¢ Lz ») £10C ¥107-£,00C uey| -eZIj0yo
6y 01 [e3160] 4Dd ‘Ao [z6]
9'67) 9€'9¢  -Ouiedoisiy o9 9 -osIyINy 65 9/L SO cloc - llzelg  ‘[el2 sojues
AKbojoisiy
J1dodsopua
(VAo ‘sisoubeip [96] e 319
18°0) 6¥'C =i} o9 S d0d 8¢ L0 SO €10¢ 800¢-500¢ uesiyed ueyy
Abo
(Ceyy o1 -joyredoisiH d40d 610¢ Jequa) (s6] e 12
o) erce Adoosopu3 09 v 'ABOJoISIH ‘LN SY'ES v/ SaH 020z -das -yosew UBJ|  [SY IWNOSe
oD JduUed yum dH
(ID%S6) O poylsw Jdued  swanedjo  jopoyew susned+dy  swaned+dy Apmis swn swn
ddud|endld sisoubeiq JO (dweu) 10s JaquinyN uond9ldg  uiabe uespy J0 JaquinN JLELIS] paysiignd  judwijjoiug Anunoy  Joyne sy

sisAjeue-e3aUU Y3 Ul papN|DUl SIIPNIS JO SDISLIORIRYD) € dqel



Page 9 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

(55601 Buiuress [68] 812
y0)v6'l  Adodsopug BD) € eswpH‘IH L Sl ) 10z €10Z-110C |edaN eYISaIYS
(9cc 01 Abo X4 NERE]
680) ¥8'L - B) oL -0¥sIH1NY €S $Dd ¥10C - eipu| Aopueg
Abojoyied
-015IH Aesse
IINNL ‘sAesse
(1759 01 sisoydode [col] s
YEOY) E0ES  ‘sisAleue DH| BD) 3 ¥Dd LNy - 99 ) €10z 110Z-£00T Ayin upno
(t6%S 01 [e2160
S6'8€) 889F  -oyiedoisiy BUIOUIDIED0USPY S/ DHI'LNY 439 091 $Dd 070T - eulyd  [edden
puluiels 34
sisAjeue
(187E 01 |e2160 [coll'e1d
SLvT) 9987 -oyedoisiy 29 Sl ¥Dd 905 SgH SL0Z  ¥10Z-€10T lizeig a1beuip
(66'9C 0} [LZ]es
7Tl STSl Asdoig BD) 6 DHI L8N 6'8S 65 ) 8l0z  £107-§10¢ eulyd Buex
sisAjeue @2
-1bojoyiedol
(6l'Lor -slygo3jpue [lOl]e3s
880)£0'L  Adodsouojod BUIOUIDIED0USPY 74 DHI 765 65491 $Dd €10z 1102-800C vSn  biequauuos
2iNynD
(8l'zz 0 Abo YDd ABo [07] e3e
LY'EL)8F Ll -loyiedolsiH 9 vS oIy 1Ny Sy 60¢ D 910z vl0Z-€10¢ ueispied qooxes
(I'sL 08 6l1e1e
$8'€) 97’8 - 09 6 Y¥dd'=@Innd 6¢ 601 $Dd £10T 910z ued| yapezysepeq
(6£'1C 0} Bujuress 010 Jdqu1 [8/]e 1
91'9) STl DHI 9 Ol eswien 1Ny - 08 $D ¥10T -dag -Aepy eulyD Buem
(6£°0£ 01 ulels eSWwalD VZANLRE
8591) €L'€C  payipowl 'IH 09 ve ¥Dd - yigdl $Dd 0202 ueisiied ezey
2160)
(Lrog 0y -oyed pue [0/ 39
6191)98°cc  didodsopug 09 143 1NY'4Dd Sy orl D 110z  0l0Z-£00C uel| 1oeAybe|
6671 01 Y10z aunf [oolle3®
¥€6) 8€6 - B) Sl ¥Dd'anynd SSy 091 $D L0z —Alenigey uel| uiged
(L9cc 0 4Dd
§8'07) 697 [edlbojoyied 9 €S "ABo|01SIH 1961 161 $D 710z 8007-L00T eUIYD  [66] e 12 1M
25 19dUBd yum dy
(ID%S6)  jo poylaw Jdued  swanedjo  jopoyww  syudned+dy  syuaned+dy Apnis awn awn
adusjerald sisoubeig Jo (dweu) 1105 JLquinN uondelag  uiabe uesapy jJoaquinn Jo adA paysiiqnd  jusawjjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 10 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

UONRUIWEXD
|ea1bojoyied
-0351y pue yDd Abo
(L0zg 03 idodsopus -loyzedoisiy [OLL] g8
€7'S1)98°Ce ‘e 05 ¥ '=2umnd Ny €91 SOl SO cloc 010 8200¢ elpuj epInys
Kbojolas
‘Buninynd S0z
(1065 01 1531 011D ‘Bull AInf pue 9007 [601] 219
L'1¥) 9€°08 - 05 69 -ulels eswisln 67S VA SO 0¢0c¢ Asenige4 eaI0}) Wiy
(6'€ 0} [80l]e19
100) 68°C - 05 JAS - €85 00€1l 9AnDadsonRY 0¢0c¢ 810¢—500¢ ueder 9UOH
9:ewou
-12JBD0USPR BIpIeD)
69 leulou
-DJedouspe duiseb
(1'0 03 e|pJed-UON G/ ewou [£01]e 1
90°0) 80'0 - -I2/e>0uspe dises S/ - 1’09 9/1'S6 uoyoo 810¢ ¢10¢- 500¢ Uspams sioxpeiood
suon
-eujwexs [ed o7l ;1o
(€€ 01 -1Bojorsiy pue Awn
6LY) 181l s1dodsopuy 09 ¥ - - LC SDd 710¢ - eishejely -Ya1sjeuns
dDd
‘uoneuiuexa
(5697 03 ABojoisiy [901]1e1d
G/TE) 696€ Adodsopu3 09 /[ =unynd’INy 8y 761 SDd 810¢ - bey| Siueyy
(8%/01)
ewoydwA| 1YW
‘(8%/81) eWOUIDIRD
(€910 ABo  -ouspe '(8y/07) euwiou TARERENI
lY'€) €75 -loyredolsiy -121e2 |19 Bul 18UbIS S¢ 40d 57474 SOd €10¢  €10¢—600¢ O220I0N  NOg INoejy
Abo
(czoy oy -oyed pue [SOl] eI
6¢°00) S§6¢  dldodsopu] 09 97 YD =2unynd - 38 SDd 910¢ - ueJj o|peqge|fan
(£06€ 01 sbulpuy buurers vl e1e
GE8l) 84T ABojoyieq 09 7T eswaD 1Ny - 6/ SO Leoc ¢10¢-£00¢ eulyd Buesno
VvSInd
‘urels eswaln
(€9cz 0 Abo PaYIPOW POINERE
61%) LL'LL  -loyiedolsiy P 9 ‘Bujurels 34 ey 7S SOd 0lL0¢ 800¢~200¢ bel| lueyi=ys
oD 19dUBd yum dHy
(D %S6)  jO poyrdw Jdued  syuanedjo  jopoydw swened+dy  syusned+dy Apms awn awn
2dudjeAdid sisoubeig Jo (dweu) 10§ JPquinN uondelag  uiabe uesapy Jo JdquinN Jo adA paysiiqnd  judwijjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 11 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

(L0Tz o) sa1n3n> pue [SLLl1e1w
9/6) L1'SL  Adodsopug Bb) 44 ABojoisiH c6v Syl 2Andadsold 110z 010Z-600T uemie| UaA
uonewyuod
[ea1b60j0}
(95'1€ 0 -SIY Yyum saInnd CANRRERE
18€L)#/'1g  Adodsopu3 Bb) 0C “ABojoisiH 6 $Dd zioz - uemie| nays
vSI3
‘YDd ‘sureis
(LOGC 01 eSWaID) pay
£T1)678L  [ed1bojoIsIH 09 0€  -Ipow ‘IgH T6S Y91 $Dd 610T - uemie]  [1€] 233 YaA
(18610} [0€] g9
[9%) /16 Adodsopu3 09 Ll ¥Dd 143 ocL $Dd 610C - UBJ  IpewIWRYOl
sasoubelp L:PIXIN
(Gzgzor  dibojoyred  zlieunsau|gLsnyid [EL1]7e3d
€l) €86l -03sIH BUIOUIDIEI0USPY € Ydd@inmynd 143 9Ll $Dd 610C €107 VSN ZMO
poyisw yssp
[ea160] -e|bueg pue
-oyiedoisiy ledaN
aoﬁ 0] /uoneuludexs ,muao_ c_mrccmb\é ﬁmﬂ ‘ele
0 ¥€'L  didodsopul 09 S -0¥sIY'yYDd 6L€ vL€ $Dd 107 ¥10T-010¢C ‘uelnyg Hesuy
(Lev o1 [e2160) 82l e
G9'C0) €5¢E  -oyedoisiy 09 V4 ¥Dd L8y €8 D 9l0c  vl0T-ClocC uey| pPav
Z{/1:euwouldiedouspe
2dA1-bupnpoid upnpy
7/ 1eulou
-12Jed 9dA3-||92
snowienbs aAISeAU|
/91 :eWoupied
-ouspe adA1-asnyig
7/ z:ewounied
-ouape adA1-|eunsaiul
UOIIRUILIEBXD /v
(€701 [ea160) -ued eIpIeD-UON
871)9¢ /L  -oyledoisiH  zy/gliddued elpie) tr  Y¥dd'@inynd we S SL0Z  ¥10Z 0} 00T ued| [/c] e s 1oy
uoneulwexs
(0Tl o 2160 I4AANLRE
§8/) 6,6  -Oyiedoisiy 29 18 ¥Dd /T8 810¢ - 0DD0I0N lipeyy |3
S10z 129
8r'¥S 01 -wa1das pue [LLtlre1w
S867) 64’1y A|ed160j0IsIH 9 8T YDd 443 £9 $D £10T S10Z Jew uey| nessyd
o J3dUed yUMm dy
(1D %56) Jo poylaw Jasued sjuaned jo jopoylow syuaned+dy syuaned-+dy Apms awn awin
adusjerald sisoubeig Jo (dweu) 1105 JLquinN uondelag  uiabe uesapy jJoaquinn Jo adA paysiigqnd  jusawijjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 12 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

(P07 03 1n [ozl]e1e
66'8) Loyl Adodsopus B) z¢ =amynd Yod - LSL 6107 9107-510C uey| IwayseH
uoneulwexa
(I'gL 01 |e2160] [sz1]ess
L0 Ts  -oyredoisiy BD) S YD 'anynd 9¢ 19 ) 6107 710Z-L10T uey| lebape,
sbul
-puy |ediboj
(€91 01 -oyied pue Pzl ess
€v7) gL didodsopus BD) S YDd'aunynd Ly 89 $d 810¢ - uey| 1Z1e4
K19bIng
(9zey o1 ‘Adodsopul vSI13 Abo [czllle1e
¥2'07) 88°0€ ‘Abojo1siH 09 Lz oy Ny %9 89 $Dd ¥10C - eipu [eysoyo
[czile1s
(621701 |ow
91'9)gcl  Adodsopug BD) ol ¥Dd LNy - 08 $d 610 - puejieyl -obnueduoog
(€9°8¢ 01 [leilee
9/11)9z€r  Adodsopul B) ol aImnd - 34 $Dd L10T - ueder emebQO
[ve]e3
(€90€ 01 YDd-ain ©2J0Y| pue jow
LE/1)€5€c  Adodsopug 09 o -nD-1NY - 0/L $Dd 020 - puejieyl -obnuefuoog
sisoubelp adA1
061 01 dibojoyred  paxiw :GE pue ‘Isnyip ABo 200¢ pue [e€]lee
9T 1) 5591 -0ISIH - 1701 ‘leunsaiul 601 DO 091  -019S 'VSIT3 - 196 Hoyod L10C 7661 eulyd Busz
(1051 0 * [0zl e 32
L1619 - 09 4 - - S9 SOd €10¢ - Aunod-njny pleyouelg
(ZEsge! [zelese
LE€T) ¥E8T AbojoisiH 9 /8 ANRE] - L0€ $Dd 810C - ODIX3N  Z3pUBUISH
(¥6'L 01 ABojoisty 6LL][esw
120)9/0  Adodsopu3 yidlIsen 4 ‘painynd - 9s $D 810C £102-910¢ uey| Jeqfuey
(€z601 910 CIRANIERE}
890)9z¢  Adodsopug pb) € Ydd@nynd - 6 S £10¢ das o1 ge bey Aeges-ly
(teL o VARRRIRE}
S70)80T ABojoisiH 9 7 4Dd'aimnd (7% ) $Dd 107 vloz-CloT WETET ueyd
(€09 01 CIRARIRE}
6297) 1£'SE - 9 SE 1Ny ‘aunynd 6 86 D Sloz  €107-7l0T uel| 1z1epnon
25 19dUBd yum dy
(ID%S6)  jo poylaw Jdued  swanedjo  jopoyww  syudned+dy  syuaned+dy Apnis awn awn
adusjerald sisoubeig Jo (dweu) 1105 JLquinN uondaleg  uiabe uespy jJoaquinn Jo adA paysiiqnd  jusawijjoiuz Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 13 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

Abojoyy 2In3nd
(1§Lc 0y -edoisiy pue 1591 01D [1e1]ess
6C€L) L61  Adodsopug 09 9z “ABojoIsIH €09 43! $D 910z +107-900¢ 310} uIys
p-paielusiajipun
G l:palenualaylp
Aju0od oL:parenus 1ny
-191p A|]o1RI9pOIN ‘uoneuluexs
(6071 01 |es160] cpaje |es160 l6€] e 39
STLOvESE  -0yiedolsiH -UBIYIP B DD [y -oyiedoisiH €9 cel ) Sl0z  ¢l0Z- 110z uey| uewpeys
(69901  Adodsopu3 ANERE
€/°0)/9C "A60|01sIH Bl) 4 ¥Dd LNy 94 0S1 $D 810 SLOZ-€10C uey| 1e1ep3s
110Z
(85'G¢ 0} 1snbny 01 [8el e 1R
7/8) 5851 Adodsopug BD) €l ¥Dd LNy of 28 ) €loc Uoten uey| zeqped
(526 0187€) 4P|
€6'G—10¢)  Adodsopug w3 pue [£€]1e19
IERERIINEI "AB6o|01sIH 09 vl - - 9eC Hoyod 910z  ¥00t Atenuer ueder BB 1SS
sisAjeue
|ea160joyied
‘19N ‘Bunsay €10¢
(lgco G:adAy asnyig |ed160]0Ias ydley pue [o¢] ;3o
Se8Le Abojoyred  91:2dAy jeunsaiu| DO Iz ‘N4 679 596 $D Sl0T 9661 Aenuer ueder 1uees
(€05 01 [4AN[RE
[¥0)65¢€  [eD1BojoIsIH 9 143 1ny I'€S 768 Hoyod €loc 100Z-000¢ uel| Hi210g
('s9 01 ewiouiedouspe poyaw bul [Gel e
LT6E)9Y'TS  A|[eda1bojoisiy dlseb eipied-uoN Z€  -ueIs eswan 6'SS 19 D 020z 8l0C-S10C eulyD Buem
poylaw
uopeubaidwl
906z 01 19A|IS A1Ie1S
vEL) T8l - 9 Se -UlyLepm - /81 D 610 €£107-800C ea10y [871] 29 YO
nst 1vS DHI
(Lz6l 0} -191081RYD 1Ny ‘Bunsay 6] e 12
6v%1) /91 didodsopug 09 89l  |edibojoIas v/ €001 2A1dadsoNneyY 120z 6102-900¢C ueder  emeynquys
sadAy
-asnylp pue
[eunsa1ul OJul
uonedylissepd
uaine] Do Jo SO L:9|qe|leAeun
(651 01 BuidAigns  eleq 'cg:paxiN 68:95ny [/T117e 19
L9'GE) YOOF  [e2IBOJOISIH ) '9E Li[eunsaiul DO 161 ABojoiss - LY D ¥10T  7102-500C Auewssn  seyjsupdny
oD 19dUBd yum dy
:U o&mmv JO poylaw J9o$3ued mu:w_umn jJo JO poylaw mu:w_um.u + QI wu:w_umn_ + QI >U=um un uwin
9dugjeAald m_mo:mm_n_ jo ch._mcv 110§ JaquinN uondaleg ul abe ueaN JOo JoquinN jo wn;._. paystiqnd juswijjoiuy >‘_u::OU Joyine jisii4

(panunuod) € ajqey



Page 14 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

Abo
(#9'G£ 01 -joyiedoisiH 1Ny "Abo [8r] 212
61'91) sz 2idodsopug pD) Lz -loyiedoisiy - 8 D vl0z  €10Z-210C uell  yspeziybe|
90 ABo g:2dA1asnyig ¥2d [/¥]e39
6£T0) v 0y -loyredoisiH (1 [eulisey] Ll xo[dnin 143 LC SDd €10¢ - |1zeig ablor
Ov]e1e
(/6'1G 01 Abo 1M
§S'10) L£'SE -loyedoisiy 09 Sl d40d S9 [44 SO 910¢ 710¢-€10¢ puejod -oP|peleyzs
(1'g€ 01 ABo [¥] e
£91) 6697 -loyedoisiy 09 6l d40d 9'59 @A SDd £10¢ - |lzeig elibeqez
(209 01 Abo G6 :2dA1 asny
859Y) 9'€S  -loyredoisiH  -Jip ‘/6:9dA1 jeunsaiu 9Ll d2d- DHI Sl'6s L1C SO ¥710¢ £00C- ¢661 eulyd [eelle@nA
sanssi adAy
paXIW € pue ‘sanssf 159}
adAy asnyip ¢ ‘sans ase|eied pue
-s13 2dA} [eunsaiul 9 asepixQ bul
‘abe1s pasueape ue 1e -uleIs Weio
SaNssi | | pue ‘Buurels
(€167 01 sisoubelp obeis Ajiea ue 1e A1ieis
L581)5ze  |edibojoyieq S9NsSsi ¢ 09 €l -uiyueminy - (014 SO ¥10¢  ¢l0¢—010¢ BUIYD  [i7h] 32 1YS
2dAy paxiw i/ |
‘adAy asnyipiop ‘2dAy
(90'81 01 sisoubeip [RUISIUI 1EG 'S5 ISZNLRE]
8/°€) L6 [edlbojouyied DD 9/ ayr Buouly L - 9/ D y10C  €1078800C eulyD buag
puiures
(€515 01 sisoubelp 144 eswaln) pay
69%€) 96'cy  [ed1bojoyied ‘9lew=4 '6¢:3(_N DD 19 -pow ‘[ Ny €8S il SO ¥10¢ 800¢—/£00¢ BUIYD  [cp] R 19 91X
¢ :sbuipuy
o1dodsiaqy JaYi0
puy L:ewoyduwA| [TYIN S10¢
(91'sge 01 -bew 15/13d Z:ewouape DHseD 13GWISNON [iv]e1
96/)t6'8lL  Adodsiaqly  pedued duiseb Aje] L 1¥S 1Ny - /€ 9N13ds0N19Y 9107 %8 500¢ |udy ueder IyseAeqoy
Abojoyx
(851 01 -edoisiy pue [ov] e 39
88'6) 96 Adossopu3 05 6l O1D-1NY - 361 SO 910¢ ¢10C8010¢ eueyo Buodweydly
25 19dUBd yum dy
(D %S6)  Jo poylaw Jdued  syusnedjo  jopoydw suaned+dy  syuaned+dy Apnis awn awn
dudjenaid sisoubeiq Jo (dweu) 110S J_quiny uondadg  ulabe ueapy Jo JI3quinN jo adA1 paysiiqnd  jJuswjjoiug Anuno)y Joyineisii4

(panunuod) € ajqey



Page 15 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

(19°€ 0 1591 110yod [£€1]7@ 19
66'1) TLT Adossopug 05 o osealn 1se4 SS Y691  9A1Dads0A1y S10¢ €L0c-¢loc eluewioy 13qnds
uonedyls
-S| BUUBIA
:uopen|eAd 1S ABo [zsles
(C01890) Tl [eD160]01sIH 05 Sl -j01eS 1dN LvS cect SOd £10¢ 710¢—¢00¢ ueder BWIYSOAO]
4Dd Abo
(L15e 01 Abo -lovpedoisiy AR ERE
981) £T9C  -loyiedoisiH BD) Le  =anynD LNy - 8Ll SO Loz 600¢-500¢ elpuj epinys
‘Kes
-seounwiull
dLIBWIPIGINY
uopeunn|obe
(97'89 01 Abo xa1e| 'y[3 ‘Abo
¥SLY) 1SS -loyredoisiH o9 43 -|019S 1Ny L'YS 85 SOd 610C Gloc Bal0y  [1G] (e 19 xied
(1069 01 [selle1e
9T'EY) G795 - 09 S€ 40d - 9 SOY 0¢0¢ 810C-910¢ uel|  Anoinysayag
W91sAs Asu
-pAs parepdn
Abojoyx 'K60]013S "DH|
(cr901  -edoisiy pue ‘KB0J03ISIH [06] |12
967) 9%  Adodsopug 09 [T =IMNdINY 8¢S 909 SO 610¢ 910¢-¥10¢ eljobuoy eAnjuen
Abojoyy
-edoisiy pue
Adodsopu3
‘uoneuluexs € JpaXIN
(c9901r  |edwp pue £=™snJld vSIn3 [0s]e 12
8'€€) 05 A103sIH 01:eunsAu| DO 0c  ‘|eaibojolas 691 014 S)d zloc  600-800C 1dAB3 lemuy
ElelS
©O%s 01 [eURSAUL06L/6C L [velle1s
LEVY) 8Y6F  [ed160|0lsIH 2dAy asnyip:061/19 06l 4od 665 8¢ SO ¥710¢ 110 -010¢ [lzeig BAIS o JeJIA
Abo
(8205 01 -lovpedoisiy
T16E) 6vy  Adodsopug 09 el 1Ny ‘19N ¥'¢9 6¢ S2d Lcoc 0¢0¢-610¢ BUIYD  [6¥] |12 UBA
sbul
-puy (2160
-oyiedoisiy
pue 4Dd ‘Abo
(/81701  odidodsopud 7€ 9snyIa -loyiedoisiy [ccl]eID
9510) 6£°C€ ‘led1ulp gerjeunsay| op  ‘anynd’y vE LY I4d] SaH 810 9107-710T elpy| uooleyy
25 19dUBd yum dy
(D %S6)  jO poyrdw Jdued  syuanedjo  jopoydw swened+dy  syusned+dy Apms awn awn
2dudjeAdid sisoubeig Jo (dweu) 10§ JPquinN uondaleg  uiabe uespy Jo JdquinN Jo adA paysiiqnd  judwijjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 16 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

Apnis Je| Apnis Je|
-nJ3jow pue -nJ3jow pue
(9¢'09 01 sisAjeue |ed GEDH sisAjeue [e2 [8v1] e
€6°8€) eV’ -16ojo1siH g:snouolydels|y 154 -16ojo1siH - /8 SO 610¢ 910¢-¢10¢ ueder eleye]
€Z:oNssn on
(672501 Abo  -sejdosuuou juadefpe (/1] e 1
¥v'9¢) 189F  -joyredoisiy ‘L zonse|dooN 144 d0d (0% 6 SDd S10¢ - |1zeig zelloS
(7S 1Y 0}
1691) L0'8C - Bb) ol DHI'LNY - A SD 610¢ 910¢-510¢ eulyd [orL]e1snH
Abojoyx
(o€ 03  -edoxsiy pue SAANERE
€g) e Adodsopug Bb) L6171 1ny - 080'ct SOy 910C  Tl0Z-€00¢C eulyd Buerr
uon
(86'69 01 -d3sa4 dlIseb [i71] e 19
¥€9€) TO'LS :ABojoyied 09 74 14an - 6 SDd 810¢ - eulyd ung
d0d
(12801 ABo eulouldIeO0OUIPR ‘Apn3s |ea1bo| [ev1] eI
L6/1)20€C  -loyiedolsiy Su1seb ejpied-uoN 85 -oyiedoisiH 6'19 454 SOd L10T - lizeig zollenD
WENYS
ASUpAS :uon
(1'gg 01 -esyisse|d [cvl]e1e
£91)6£97  [e2160[0ISIH 09 6l d0d 999 L SDd 610C - |lzeig Se|es
(1'L 0} uondasal 7 :eipied d1iseb sHoy 110402 [L¥1]e3e
190) €80  Dldodsopu3 6¢ DD Apes or 1Ny 9¢S 8555 2Andadsoiay 610¢ L LOZ—€00C 2310y ueN
1591 Apogue
(€6'CL 0} sisAjeue Db} ‘Buiutels [ARNERE
L€/¥) 9909 |e2160|03sIH 05 JAS-SWEID N 0z 19 Hoyoo 610¢ - ueder He1eAA
(L0 01 6EL] e 1
¥C0) LT0 - 05 00¢ Adodsopug [ LETEL Hoyoo 810¢ ¢10¢—£00¢ eulyo Buna
Abojoyx
-edoisiy ‘1vs
‘19N 'sa1pog
(TLgon Abo -ue pojAd [€S]e3d
LEG) 199 -joyedoisiH 9L LIV 78 "H-1ue wniss 19 yaq! SDY 610¢ /10Z-€10¢ ueder 1ysedeqoy
19N 24nynd
0C :sl3dued “YOd e 1531
(84 01 SNOUOIYDEISW 8¢ [ed1b0j0Ias [ge1] e 10
L0'07) €€°CC Adossopu3 :SJ92Ued OAoU = 897  ©b|-dy-huy [V 00c¢l SO £10¢ Sl0C—€10¢ ueder olowibng
25 19dUBd yum dy
(D %S6)  Jo poylaw Jdued  syusnedjo  jopoydw suaned+dy  syuaned+dy Apnis awn awn
dudjenaid sisoubeig Jo (dweu) 110S J_quiny uondaleg  uiabe uespy Jo JI3quinN jo adA1 paysiiqnd  jJuswjjoiug Anuno)y Joyineisii4

(panunuod) € ajqey



Page 17 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

9€001 D9 |ewixold pue 19N 1vS [VANLRE)
¥T0)6C0  Adodsopu3 |eabeydosa0 801 “ABojoyreq 709 $69'9¢ 1oyod 020 8LOT-1661 vSn Jewny)
(LZ €y 01 Adodsopua [SG1]e1e
G8'81) 0€ Adodsopug ewouldiesouspy 81l olseH - 09 1oyod 810¢ uemie| niyo
SIUDWISSSSe
onausbida
(879 0} Abo [FGll el
L2'92) 6£°5€  -loyredoisiy 05 143 d0d-14 VA S6 SO 810¢ S10¢—¥10¢ yspung 516119
4Dd ‘LN pue
35epIXO
(9981 01 ‘ase|eed ‘Bul [eSL]ee
W) yel - 05 gl  -ulels sueln 0§ yad} SO cloc puejieyl ulleAwoy
(6601 0} VASRIBE
) vy Adodsopug Bl) 4 ¥Dd 1Ny - 06 D 810 £107-910¢C 1dAB3 galel-nay
(£1'ST 0}
6L€L) ¥98L - 05 €€ YDd =unynd - Ll SOd 0¢0c¢ - eulyy [96] je 10 oez
uoponp
-0id asealn
pue ‘bul
-ule1s weio
(99°¢5 031 ABo Apmis IEYANLRE
€579 98¢y -loyiedoisiy Bb) 6 [ed160jolsIH - L6 SDd 610C - Ajey) onolese)
Kbojo
-|qoJIW pue
Abojoisiy
7 1ay10'6jeunsaluy| ‘Kbojoias
(/8%€ 01 ABo GOSN e wNIuY ‘1591 aseain ESANIRE
78'8) 1561 -loyredoisiy gisndio)y'/:eipied g piderainyn) 989 % SOd S10¢ €10z-110¢ Auewion U
(9571 0} | z:adA-jeun [6G] e 1s
60'G0) ¥EE DHI  -S91| ‘padA1-asnyig € 2INYND YDOd - 66 SO 810¢ ¢10¢—£00¢ elpu| Aspueq
rLeon ABo [ANLERE
10'0) /50  -loyedoisiy 09 L dDd ‘=1nynd - G/l SO 0¢0¢ 910¢-110¢ uedjuiwog ouQ
[¥S]
(1681 0 B2I0Y pue  '|e 19 jowob
91'9) €501 - 09 ol 40d 1Ny - S6 SDd 810¢ - puejey -nueAuoog
Abojoyx
(9£01 -edoisiy pue 67117219
¥0°0) L1 Adodsopu3 P L YDd '@nynd 99 Lz SOd €10¢ - uel| Hizep
25 19dUBd yum dy
(D %S6)  Jo poylaw Jdued  syusnedjo  jopoydw suaned+dy  syuaned+dy Apnis awn awn
dudjenaid sisoubeig Jo (dweu) 110S J_quiny uondaleg  uiabe uespy Jo JI3quinN jo adA1 paysiiqnd  jJuswjjoiug Anuno)y Joyineisii4

(panunuod) € ajqey



Page 18 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

42d 1Ny
51591 ‘ainyn> ‘bul
(€z9¢ 01 usboulsdad -Ulels eswialn [co1]e1e
T¥2) 96'67 wWnuss Asdolg 05 L/ paulpo - LeC SO S10¢ €10¢-900¢  e=10y yinos 104D
51591
(6 0y usbouisdad (8] e 19
trge) cley  Adodsopug Bb) 881 LTS el 1oyod LLoc - lizeig elsieg
Abojouyday
(9/°56 01 swooidou [191]e1
¥7€8) 1606 DHI ewiouldleds olisen 06 -nwiwi Asdoig L'6S 66 SO L10¢ £00¢—¢00¢ ueder exeue|
Abojoys
(Fege 01 -edoisiH pue euwou [€8] 119
L7'T0) €6'6C s1dodsopuy -l2Jed>0uUspe duIses) 84 vSina €65 /el SO €l10c C00C-6661 ODIXSN elalioH
Abojouypday
swoayold
(E€PS 01 -ounuiwl [091]e10
v6'L1) 8Y e - 09 0l "Asdoig S¢S 6¢ SDd Loz - Aley Jsuyen
(#S'SL 01
S/ oLl Adossopu3 o9 87  DHI"=&unynD 899 ¥S¢ SDd 0l0¢ - ueder [zg] 210 9qy
UOIRUILIEXD
|ed160j03s1y
(599 01 190ued Ajies Jo 19N 1Ny SANRE
S60) 67 Adodsopuz  ewouspe duiseb Do G ‘Adodsopug €S /A D ¥00Z  000C-t661 ueder eSMYO
d40d
‘Akdodsopu3
‘bunsay
90URISISU
(16'gL 01 ABo ppy ‘Bul (8511719
€96)6L€L  -loyiedoisiH 05 e -ulels weis) 44 cec SO cloc 010¢=£00¢ uel| peay
UOIIRUILIEXD
[e2160]
AKbojoya -oyiedoisiy
(9661 01 -edoisiy pue ‘salpogue [£G1]7e 1o
v//) 86Tl Adodsopu 9 L1 o061 'LNY o¢ L€l $Dd €10z - puejod UAzZsAyeuH
(#0°0€ 03 [9S1] e 1o
S0Gl)88'le Adossopu3 ewoupiedouspy 87 YD =unynd - 8¢l SO L10¢ 010C¢-600¢ uel| peqy
(3! 1Ny [18] 839
€/7)88¢  22160j0IsIH 09 9¢ "ABo|03sIH L'es 8¢6 uoyod ¥10¢ - uel| Ipelpes
(ev'sol [08] 139
o)LL Adossopu3 Jeoued dlisen) SC  vI3'Lng’‘1an /9 Hoyoo 810¢ #10¢-900¢ ueder EMBHIYSIN
oD 19dUBd yum dHy
(D %S6)  jO poyrdw Jdued  syuanedjo  jopoydw swened+dy  syusned+dy Apms awn awn
2dudjeAdid sisoubeig Jo (dweu) 10§ JPquinN uondelag  uiabe uesapy Jo JdquinN Jo adA paysiiqnd  judwijjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 19 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

|e2160)

(6z1L0r  -0s1y / Ajjed [€9] e 319

vz L6 -dodsopug 9 St ¥Dd 414 €8 ) 1207 6102-600C 0220101 lipeyy |3
24n3n>

‘1521 9sealn [c9]|e1s

(191 0} |e2160| Bujuieys NENIS

669) 5601 -oyiedolsiy Bb) 44 wein ‘Ydd - L0z ) 810z Sl0Z-¥10T ues  yaspezfeled
¥Dd-Lyb

(19°€c 01 lalele] [eoibojoyred [19]1e1s

78v1)9zsr  -oyiedolsiy BD) 0z -oMsIy/INY - 98 ) 910z £10z-Tl0T uey| Hiwy

(9r'ec o Asdoiq [09] e 39

87°07) 6¥°97 73 Adodsopu3 Bb) 6y VSI/LNY - S8l SOd €107 - eipu| [eysoyo
¥Dd

((g1y o1 ABojoisty [691] 1233

9S¥2) 6/¢¢  Adodsopug Bb) 0F  /2nynd/1NY - 44! D 10T 9107-CL0T eipu uooleyy

(@911 0y [edibojoisly [65] e 39

80G) 6L  /Adodsopu3 Do) €C  4Dd @Inynd - L6C SO 10T S00C-¢661 ueder eunsiep
aInynd

(LS1r 01 ABo /Apoquue [8S]e12

88%7) ¢8ce  -loyredoisiy BD) 94 96| 'YDd - LEL D Sl0Z  ¥l0Z-Cl0Z  ®elgely Ipnes 15qes

({5001 [891]le 1

LE£0)9Y0  Adodsonsen Bb) 8 1nY - 1SL'21 D 8l0C  €£107-£00¢C e2.0Y) weN

(L6'9% 01 [e2160) [£91] e 39

65/7) 6895  -oyredoisiH 029 8¢ ¥d - ol SOd 020¢ - |izeig CIEIEN

(160201 [ediBojoyred BD) [991] 233

6575 L0C9  /Adodsonsen  padueape €6 Ales 61 14 INRE] - 9Ll $D 810 9107-0L0C eulyd 31X
Abo Abo

(9€c9 01 -joyiedoisly -loyzedoisiy (9117213

€0b) 87°€S  /Adodsonsen 9 59 N4 19N - 44! ) 8l0¢  vloz-Cl0C eulyD Bueniy

(P59 01 Abo 2dA1 asnyip 1Ny [/8]1e39

YE0Y) €0€S  -loyredoisiHy | '2dA} [eunisaiul ¢ GE 'YDd 'eswain - 99 $Dd €10z - Asspng ylfes

(€601 Abo ewou 91l e

7€0) L9T  -loyiedoisiy -121eDOUIPE DlISeD) z ¥Dd 60v Sz $Od 610T - lizeig sabiog

(6£0€ 03 ABo [G8] e 3o

¥9S1) 6T -loyredoisiy PLIOUIDIRD DUISED 0 ¥Dd o vEL $Od zioe 800 lizesg  SjuedjeAeD
39Vd-5as

(zogod Asdoiq ‘urels eswain [€9117219

S9°€) ¥S5'S olasen 9 oz payIpow L'8 69 $Dd L10T - ueme| Buenyd
25 19dUBd yum dy

(ID%S6)  jo poylaw Jdued  swanedjo  jopoyww  syudned+dy  syuaned+dy Apnis awn awn
adusjerald sisoubeig Jo (dweu) 1105 JLquinN uondelag  uiabe uesapy jJoaquinn Jo adA paysiiqnd  jusawjjoiuy Anuno>  Joyinejisiy

(panunuod) € ajqey



Page 20 of 30

(2023) 23:543

Shirani et al. BMC Infectious Diseases

(€596 01 [cz1]1eds
v€//) 8568 - Bb) 15974 - 69 14 Hoyoo Lc0C - uemie] 19M
((9/10 [eo160) [€6] 39
LL'9)¥60L  -oyiedoisiH 9 1 dDd'=inynd 9¢ 8¢l SO Sloc €10¢ uel| IpeppeH
(/£ 87 0} [e2160) 8| Psn} Kbojoiag
LT € -oyredoisiH  4IQ ‘glieunsaiul D9 Ll 19N 1Ny - 0S SO ¥10¢ ¢loz-010¢ eulyd [69] e 12 ono
(Sdsge [eo1bo) [£9] e 39
SL'S0)8/%€  -oyedoisiy o9 [43 d0d - 6 SOd 0¢0C - |izeig sojueg
(LL190 Ales LG :@snyia YS9 31n3jnd [L£117239
7€05) LL9s -ldossopu3 ‘611 :[eunssu D9 0/L  'LNY "eswaI9 - €0¢ SO 610¢ #10¢-900¢ €310} UOOA
(6£°0% 03 [eo1bo [99] e 12
LSO vLTE  -Oyredolsiy 09 SS 40d - 891 9Aads0Id £10¢ - ueishied ezey
[ed160j01s1y ¥4BD)
(557501 Adodsopua pajenuaIaipun [s9]|p19
6v/56) 88y Bukjubeny 9f ‘parenualeyid 19 1Ny - 6€1L SOd €10¢ 010Z-£00¢ ueder einwiemey
Abojoyred
(55001 LNy ‘ulinqol6
€0) L¥0  [edibojolsiH 05 94 -ounuwiuwlj - [¥6'01 SO 910¢ €10¢-800¢ BaI0Yy  [#9] e 19 Mied
(9G¥ 01 ewioudiedouape |eu [0/1] e 1o
60'S0) PEVE  [edIB0JOISIH  -NSSIUI LT /ASNYIP 1 e dod - 66 SOd 710¢ ¢10¢=£00¢ elpu] Aopueqg
b)) 190UBd YUM dH
(ID%S6)  Jo poydw Jooued  syusnedjo  jopoyww saned+dy  syuaned+dy Apms awn awn
2dUdjeAdId sisoubeiq Jo (dweu) Ji0s JpquinN uondaleg  ulabe uespy Jo JaquinN jo adA| paysiiqnd  judwijjoiul Anuno>  Joyinejisiiy

(penunuod) € ajqeL



Shirani et al. BMC Infectious Diseases

(2023) 23:543

Study

Alaoui Boukhris et al. 12013 ; Morocco
N 6);( ana

: USA
ot al, (2020); Dominican Republic
ueiroz et al, (2011): Brazil
allas et al. (2 193' razil

orges et al. (2019); Brazil

erraz etal. (J015); Brazil

Zabaglia et al. (2017): Brazil
Blanchard et al. (2013); Multi—country
antos et al. (2020); Brazi

antos et al. (2012); Brazil
ilar ¢ Silva et al. (2014); Brazil
Batista et al. 2201 1); Brazil

ereira et al. (2020); Brazil
umar et al. (2020) USA
Sonnenberg et al. (2013): USA
Hernandez ¢t al. (2018); Mexico
orge et al. Q013 Brazil
Herrera et al. (2013); Mexico |
Cavalcante et al. (2012); Brazil
Dabiri ot (2017 Iren

Toyoda et al. }2
Sun et al. (2018); Chin
Al-Sabary et al, (2017); Iraq

heu et al, (2012); Taiwan
uetal. (2014); China
hadman et al, (2015); Iran
hamis et al. (2018): ra% .
oonyanugomol et al. (2018); Multi—country
heikhani et al. 2010): Irag
(JhollzadeTobnaEﬁh etal. (2017); Iran

1); Taiwan

12%;_ J:pan

Wang et al. (2020); China X
oonyanugomol ¢f al. (2019); Thailand
Weital. (2012); Ching

Eun Bac et al. O]8§;Kolca 5

Shrestha et al, (2014); Nepal

Yanetal. (021 China

Leung ctal (220018 ; Ghina
gavia ot al, (3017) Tapan

a
hatoon ¢t al. 32018); India
aei etal. (2015); Iran
ie etal. ( 014&' China

83» Korea
arzi ot al. {201 ; Tran

Ansari et al’ Q017 Mult-country
2017); Japan

akoob et al, (2016); Pakistan _

5); Saudi Arabia

etal. (2021); 1
Shukla ef al. (20T Z&I_ndm
Guo et al. (3014): China
Bakhti et al, (2020); Iran
Farajzadeh Sheikh et al. (2018); Iran
Yang et al. (2018); China
Mohammadi et al. (2019); Iran

: Japan
Deng et al.  Chinia
Leylabadlo ¢t al. (2016); Iran,
Chiomvarin et al. (2012)! Thailand
Anmiri et al. 201

%;Iran .
Boonyanugomol et s):l‘ hDZD): Multi—country
" ; China
andey et al. (2018): India
3 et (01

A
Cupcinskas et al. (2014); Germany
oorakkers et al. (2018): Sweden
pulber et al, 013); Romania
Link et al. (2015); Germany
Hnatyszyn ct al. (20135 Poland
Szkaradkiewicz et al. (2016); Poland
Lahner ctal, (2011 1taly

remniter ef al. (2018); France

ES (95% CI)

0NN IO 00— B AN LIRS U0ND:

.

SPUANOHSONBIWAN=ROR ARG NOHWIO| WO NSO BIIOLINOBONN NN, NG R NAW GG ON NN MO O N A NN 00N 0L N Oy B WINE, 0= SOOI, =00 NN oo X0 h N0 A B0 o n DL R NNPO{HN OO R RAROND L NRNG NN 001

BURSA— B 0ONO!

EoRE!

LL2ELo= =S

—.
S0l >i000

0.

SrLonS:

o
=

o
B
ST b
CURIROSNE RS

o
3
oo

OB AOTNG i DT oo
SEETE B8 xe Sa

TNV

WIS
BRBRTSRALEE

CIONOEY
£
3

%
155

—ion i

S28ET 2338

Oho =N GOLON
CoSearT ooy

SeusisroEnoREE
5
=
NShio:!
s

.03)

’x
S
[

LRSS

Zin
=

oo
SRS

54
!
SnSw

2

i

!

e
AR
NP2

o oL aui

W
EN
e

i

! e L

SSRGS IR
1R n

Loi
= s
OSBRSS NGNS
N

e
W
2:

588 SeS238

R R SRR R,
BRRAINE!

>
b

o
oo n R o

&

)
W

0
&
£562¢
o8

&= &

o,

2

s
e

o 903Nl

R B AB o I

or!

0!

SH.
o
S

=105
oy
Wind
&

Nt

44

aSo.
R
L7 DT LS
NTRO
BNSHYr
o2
&

o}

0%

(oo LR LALROmLA R0
DA BB WD

o= SATSE;

oSSR ReoSo
e e
=Psg! oo}
SSeeoB SRR =SS BB o
PR SR
STV
JERRERTES
525008 2

RESSINRRD:

D
33!

e
NS0

o)
(St

o,
S

Page 21 of 30

%

Weight
43
59

.05
.55

Qo B Ok

LR B BN NN S ANS RS REGI8E B8RRI ITRERBRIGE =

BB LB LECBIHIBRE:!

PSR 00LN— = D3

=t

(A TR
SRR BRSS!

I
=50

Proportion

Fig. 2 Forest plot of prevalence of gastric cancer in Helicobacter pylori positive patients

75

100



Shirani et al. BMC Infectious Diseases

(2023) 23:543

Page 22 of 30

Subgroup Prevalence (95% CI)
Cross—sectional
[N=69;1"2=98.59%;p<0.001] o) 19.46 (18.34, 20.57)
Prospective cohort
[N=13;1"2=98.99%;p<0.001] 0 2.49 (2.09, 2.90)
Prospective case—series
[N=56;1"2=97.70%;p<0.001] < 23.13(20.41, 25.85)
Retrospective case—series
[N=8;1"2=98.66%;p<0.001] Lo 11.14 (8.09, 14.19)
Retrospective cohort
[N=3;1"2=0.10%;p<0.001] 0 1.17 (0.55, 1.78)
Asia
[N=114;1"2=98.62%;p<0.001] 0 12.96 (12.38, 13.55)
America
[N=20;1"2=98.84%;p<0.001] < 18.06 (16.48, 19.63)
Africa
[N=6;12=88.39%;p<0.001] o 9.52(5.92, 13.12)
Europa
[N=9;1"2=98.40%;p<0.001] - 16.26 (12.02, 20.50)
Total
[N=149;1"2=98.68%;p<0.001] 8.97 (8.62, 9.33)
T T
-25.9 0 259

Fig. 3 Pooled prevalence with 95% confidence interval [Cl] and heterogeneity indexes of gastric cancer in Helicobacter pylori positive patients
based on type of the design and continents places. The diamond mark illustrates the pooled prevalence and the length of the diamond indicates

the 95% Cl

Table 4 Result of meta-analysis, publication bias and fill-trim method for prevalence estimate and corresponding 95% confidence
interval of gastric cancer in H.pylori positive patients

Subgroup Meta-analysis Publication bias (Egger’s test)  Fill-trim method
NS  Heterogeneity index Pooled prevalence%  Coefficient p-value Adj-pooled prevalence%
(95% CI) (95% CI) (95% Cl)

Study design
Cross sectional 69 12=98.59%; p < 0.001 1946 (18.34 10 20.57) 7.09 (5.82 t0 8.36) <0001  7.89(6.78t09.01)
Prospective cohort 13 1?=98.99%; p < 0.001 249 (2.09 t0 2.90) 8.59 (43310 12.84) 0.001 1.13(0.65t0 1.61)
Prospective case series 56 12=97.70%; p<0.001 23.13 (2041 to 25.85) 6.07 (5.15t0 6.98) <0.001 16.23 (13.76 to 18.69)
Retrospective case series 8 12=98.66%; p <0.001 11.14 (8.09 to 14.19) 6.30 (-1.45t0 14.05)  0.094 —
Retrospective cohort 3 12=0.10%; p<0.001 1.17 (0.55t0 1.78) 5.79(-704t0 1862) 0.110 —

Continents
Asia 114 1>=98.62%; p<0.001 12.96 (12.38t0 13.55) 6.33 (20310 10.63) 0.010 4.37 (0.03t0 8.75)
America 20 1 =98.84%; p<0.001 18.06 (1648 1019.63) 6.89 (5.87t0 7.92) <0.001 643 (7.02t0 21.43)
Africa 6 1°=88.39%; p<0.001 9.52 (59210 13.12) 341 (34210 10.26)  0.239 —
Europa 9 12=98.40%; p < 0.001 16.26 (12.02 to 20.50) 8.09 (5.54 10 10.64) <0001  7.10(5.58t0863)

Cl Confidence interval, NS Number of studies
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Table 5 The univariate and multiple meta-regression analysis on the determinant heterogeneity in effect of iron therapy on

depression
Variables Univariate meta-regression Multiple meta-regression
Coefficient (95% Cl) p-value R%-adj Coefficient (95% Cl) p-value R?-adj
Publication time (yrs.) 0.43 (-0.53to 1.39) 0382 0.1% Not included — 13.63%
Continents (score) 1.60 (-2.43 t0 5.63) 0433 0.02% Not included —
Age mean (yrs.) 0.59(0.15t0 1.03) 0.009 6.96% 0.66 (0.24 t0 1.08) 0.003
Sample size (number) -0.01 (-0.02 to -0.01) 0.003 5.41% 0.-01 (-0.2t0 0.01) 0.84
Study design (score) 3.72(0.73t06.71) 0.015 3.49% 3.08 (-0.92 to 7.08) 0.130

Cl Confidence Interval, Coding of study design: 1=Retrospective cohort; 2 =Prospective cohort; 3 =Retrospective case-series; 4= Cross sectional; 5= Prospective

case-series
Coding of study continent: 1= Africa; 2=America; 3=Asia; 4=Europa
* Significant at 0.05

A

Prevalence

i O

Prevalence

=4 — )

20 40 80
Mean of Age

T T T T
2005 2010 2015 2020

Publication time

Fig. 4 Association between Pooled prevalence of gastric cancer in Helicobacter pylori positive patients with age (A) and publication year (B)
by means of meta-regression. The size of circles indicates the precision of each study. There is a positive significant association with respect

to the pooled prevalence with age

importance of certain apoptotic genes and proteins
including C-Myc, P53, Bcl2, and Rb-suppressor sys-
tems in H. pylori pathogenesis. H. pylori infection has
also been shown to be related to nitric oxide (NOSi
genotype) [70]. Induction of apoptosis in gastric
mucosa by H. pylori involves upregulation of Bax and
Bcl-2 [70].

With H. pylori involvement in the gastric intestinal pH
alteration, dysplasia has been observed in patients with
H. pylori infection [174]. Previous studies have been
shown that individuals who had been infected with H.
pylori were six times more likely to develop GC com-
pared with healthy people [175]. In this study, using ran-
dom-effects model approach, pooled prevalence of GC in
H. pylori positive patients was 8.97% (95% CI: 8.62—9.33)
[N=149; 1>=98.68%]. Therefore, from every 1000 H.
pylori positive patients, 8.62 to 9.33 individuals get GC.
The frequency of H. pylori in people less than 50 years
old was reported as 41.9%.

The study by Vohlonen et al. showed risk ratio (RR) of
stomach cancer in people with H. pylori infection was
5.8 (95%CI: 2.7-15.3) compared to people with healthy
stomachs, and 9.1 (95%, CI: 2.9-30.0) in men with
atrophic gastritis [86]. The present observation also dem-
onstrated that an H. pylori infection alone (non-atrophic
H. pylori gastritis) is by itself a clear risk condition for GC
as was suggested by the IARC/WHO statement in 1994
[176]. In study conducted before 1998, by approximately
800 GC cases, the analysis yielded a risk ratios of 2.5 (95%
CI: 1.9-3.4) for GC in H. pylori-seropositive people [177].
Another study including 233 GCs and 910 controls,
yielded a risk ratios of 6.5 (95%CI: 3.3-12.6) for non-
cardia GC in subjects infected with a cytotoxic (CagA) H.
pylori strain [178]. In another study, the risk ratios of GC
was 3.1 (95%CI: 1.97-4.95) between H. pylori infected
and non-infected persons [179]. The risk ratios, based on
case—control study designs, varied between 1.6 and 7.9 in
three published papers from two extensive prospective
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nutritional intervention trials of over 29,000 males at age
of 50-69 years in Linxian, China and Finland [180-182].

Our estimate of the prevalence of GC due to H. pylori
infection in cross sectional studies was 19.46% (95% CI:
18.34—20.57) [N=69; I>=98.59%], Therefore, from every
1000 H. pylori positive patients, 183 to 206 individuals
get GC.

The simple infection markedly increases the cancer
risk when compared to a healthy stomach. The risk var-
ies between the populations with the highest and lowest
by 15 to 20 times. East Asia (China and Japan), South
America, Eastern Europe, and Central America are the
high-risk regions. North and East Africa, North America,
Southern Asia, New Zealand, and Australia are the low-
risk regions [183].

Our study noted the lowest prevalence of GC in H.
pylori positive patients from the Sweden (Prevalence:
0.07%; 95% CI: 0.06—0.09) [107] and the highest from the
Japan (Prevalence: 90.90%:95% CI: 83.61-95.14) [161].

This difference may be due to the following reasons:
dietary habits, socio-economic status and racial dispari-
ties. Suerbaum et al. [184] have mentioned that popula-
tions with lower socioeconomic status were more likely
to be infected with H. pylori. Data based on National
Health and Nutrition Examination Surveys of the United
States have also shown that racial disparities played a
certain role in the prevalence of H. pylori. The preva-
lence of H. pylori in African Americans was higher than
whites [185]. The findings of the studies showed that
Blacks and Hispanics consistently have higher H. pylori
prevalence, serologic markers, and histologic signs than
whites. Generally, the prevalence of CagA in adult people
with H. pylori positivity ranged from 71%-90% in blacks,
64%-74% in Hispanics, and 36% to 77% in whites. Stud-
ies that amplified the VacA m allelic region for genomic
characterization discovered that Blacks and Hispanics
were more likely than whites to carry the virulent VacA-
ml genotype [186]. It has been hypothesized that racial
discrepancies associated with H. pylori are contributed to
GC incidence and mortality.

The evidence that is currently available implies that
practitioners should be aware that the prevalence of H.
pylori varies depending on race [187]. Perhaps it would
be better if we personalized GC prevention and improved
clinical management for all patients.

The results of subgroup analysis, based on our design,
the highest and lowest prevalence was observed in pro-
spective case series (pooled prevalence: 23.13%; 95%
CI: 20.41-25.85; 1% 97.70%) and retrospective cohort
(pooled prevalence: 1.17%; 95% CI: 0.55—1.78; 1 %
0.10%). The highest and lowest prevalence of GC in
H. pylori patients was observed in America (pooled
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prevalence: 18.06%; 95% CI: 16.48 — 19.63; I%: 98.84%) and
Africa (pooled prevalence: 9.52%; 95% CI: 5.92 —13.12; 1%
88.39%) continents, respectively.

Steady declines in GC incidence rates have been
observed worldwide in the last few decades [183]. The
general declining incidence of GC may be explained
by higher standards of hygiene, improved food con-
servation, a high intake of fresh fruits and vegetables,
and by H. pylori eradication [188]. Current treatment
for H. pylori infection includes antisecretory agents
or bismuth citrate plus two or more antimicrobials.
Clarithromycin and metronidazole are the most com-
monly used antibiotics to treat H. pylori infection.
Increasing resistance of H. pylori to metronidazole and
clarithromycin has made current therapies with these
antibiotics less successful [68]. Bismuth triple therapy
is not very effective in the presence of a high prevalence
of metronidazole resistance, unless higher doses of
metronidazole are prescribed to increase the cure rate
of therapy. Resistance to the major anti-H pylori antibi-
otics, the final duration of therapy, and the prescribed
antibiotic dose are all factors that affect the efficacy of
therapy. Host genetic polymorphisms may also influ-
ence the efficacy of therapy [189].

The results of our study indicated a significant heter-
ogeneity (p <0.001) in the prevalence of H. pylori in GC
across different geographical regions. The result of uni-
variate meta-regression analysis showed the age, sam-
ple size and study design possess significant effect on
the studies heterogeneity and have eligible to include to
multiple model. The results of multiple meta-regression
analysis showed the just age have a significant effect
on the studies heterogeneity. The R*-adj for multiple
model was 13.63% and this mean the age, sample size
and study design explained the about 14% of total het-
erogeneity of prevalence. This was in accordance with
a recent study that assessed the prevalence of H. pylori
in gastrointestinal disease cases [97]. Study performed
by Spineli et al. [98] revealed that subgroup analysis
may not be powerful enough to test for relationships
between variables when fewer studies are involved.
However, type of sample was significantly associated
with H. pylori prevalence [184]. Although subgroup
analysis and meta-regression were performed to mini-
mize the heterogeneity across the included studies,
significant heterogeneity still could be observed in sub-
group analysis. Moreover, some important factors like
drinking and dietary habit could not be extracted from
the included studies, which might have potential influ-
ence on the heterogeneity.

Therefore, these results should be considered with
caution and more studies are needed to further confirm
these results in the future.
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In general, limitations of meta-analyses are that the
validity is dependent on the quality of the included
studies, on heterogeneity between studies, and on pos-
sible publication bias; but we tried to deal of them by
statistical manner. Indeed we dealt to heterogeneity
by using random effects model, subgroup and meta-
regression analysis. Also we tried to deal publication
bias by use the fill and trim method to estimate the
publication-bias-adjusted-pooled.

Conclusions

In our study by evaluate the 149 studies and 352,872
sample size illustrated that prevalence of GC in patient
with H. pylori was considerable. But the rate was varied
based on different subgroups so that the rate was high-
est among in America continent but was lowest in Africa
continent. Also, using meta-regression and assessment
the effect of several variables, indicated that age, sample
size and study design explained the about 14% of total
heterogeneity. It is advised to launch appropriate control
guidelines for high-risk region. The risk of different fac-
tors should also be taken into account when developing
GC decrease strategies, even though H. pylori eradication
may be a promising method for preventing the disease.
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