Medicine

ISystematic Review and Meta-Analysis

The association between Helicobacter pylori
infection and inflammatory bowel disease in
children

A systematic review with meta-analysis
Guiping Kong, MM?, Zhifeng Liu, MD#*®, Yan Lu, MD?, Mei Li, MM#, Hongmei Guo, MD?

Abstract
Background: Available literature has reported the association of Helicobacter pylori (H pylori) infection with inflammatory b@
disease (IBD) in adults. However, only a few studies have addressed the disease in children.

Aim: To ascertain the correlation of H pylori infection with IBD among children.

Methods: The aim of this systematic review and meta-analysis is to assess the association between H pylori infection and IBD in
children. We searched databases including Cochrane, EMBASE, Google Scholar, PubMed, Medline, and Web of Science to select
relevant studies. Ultimately, based on predetermined inclusion criteria, we included 6 studies that met the requirements. Review
Manager and Stata software were used to extract and analyze the data from the relevant studies. In the methods, we employed
both qualitative and quantitative approaches for comprehensive analysis. Qualitative analysis involved describing study designs,
sample characteristics, and results, while quantitative analysis involved statistical tests such as calculating pooled risk ratios and
95% confidence intervals to evaluate the association between H pylori infection and IBD in children. Lastly, by combining the
results of the individual studies, our objective is to provide a comprehensive understanding of the relationship between H pylori
infection and IBD in children.

Results: In totality, we involved 2236 participants that were recruited in 6 studies. We detected no significant difference in
H pylori prevalence (9.8% vs 12.7%, P = .12) by comparing the children IBD group to controls. Among the IBD children, we
estimated odds ratio (OR) of H pylori infection to 0.62 [(95% confidence interval (Cl) of 0.34-1.12)]. In children suffering from
ulcerative colitis (UC) and Crohn disease (CD), the H pylori infection rates were higher than in those with IBD-unclassified (IBDU).
When analyzed stratified by disease of study design, In CD group [OR = 1.42, 95% Cl: 0.72-2.80)] (> = 0%, P = .64). but no
significant difference in CD group.

Conclusions: No correlation was found between H pylori infection and the occurrence of IBD in children.

Abbreviations: CD = Crohn disease, Cl = confidence interval, H pylori = Helicobacter pylori, IBD = inflamsnmatory bowel disease,
IBDU = IBD-unclassified, OR = odds ratio, RR = relative risk, RUT = rapid urea test, UBT = urea breath test, UC = ulcerative calitis.
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1. Introduction

About 3.5 million people worldwide suffer from inflamma-
tory bowel disease (IBD), which is characterized as a chronic
recurrent idiopathic gastrointestinal tract disease with 2 main
types, namely ulcerative colitis (UC) and Crohn disease (CD).!"
Reduced quality of life and increased colorectal cancer risk has
been associated with IBD.?I Globally, existing literature has

This project was supported by the National Natural Science Foundation of China
under grant [No. 62001241].

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Preparation of the manuscript by the authors was based on the Checklist of
PRISMA 2020, after they have thoroughly read the Checklist.

@ Department of Gastroenterology, Children’s Hospital of Nanjing Medical
University, Nanjing, Jiangsu, China.

*Correspondence: Zhifeng Liu, Department of Gastroenterology, Children’s
Hospital of Nanjing Medical University, No. 72 Guangzhou Road, Gulou District,
Nanjing 210008, Jiangsu, China (e-mail: Zfliu@njmu.edu.cn).

indicated marked increase in IBD incidence particularly in chil-
dren, wherein this rise has been ascribed to parallels of global
industrialization,’! amid placing a huge burden on public
health.l*!

However, the etiology of IBD is still unknown.”
Immunological differences exist between pediatric patients
and adults with IBD¥l; however, no significant difference has
been detected in genotype,”! thus suggesting that pediatric
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phenotype might be related to environmental factors. Although
microbial system has been considered critical to the pathogen-
esis of IBD,!'%!!lthe underlying microorganism has not yet been
identified.!!%13!

Previous studies have indicated a certain degree of associa-
tion between Helicobacter pylori (H pylori) infection and IBD
in both adults and children.!"* Through a systematic review and
meta-analysis, it was found that there might be a potential link
between H pylori infection and IBD in adults and children.!*
Some studies have proposed H pylori infection as a potential
factor in the development of IBD in children. The results of
the meta-analysis suggest that H pylori infection may be asso-
ciated with an increased risk of developing IBD in adults and
children. Additionally, certain studies have demonstrated a cor-
relation between H pylori infection and the severity of IBD in
both children and adults. However, further research is needed to
better understand the underlying mechanisms of the association
between H pylori infection and IBD.

As a gut bacterium, H pylori has been linked to stomach
cancer and peptic ulcers.!"S! Conflicting evidence from human
and animal studies supports Helicobacter as an agent causing
IBD.!!6-22] Pediatric data on this aspect are limited and based on
a small sample. Some studies have suggested negative associ-
ation of H pylori infection in children with IBD,?*! while oth-
ers disagreed.? Currently, there is no pediatric comprehensive,
large-scale, systematic review on the aforesaid controversy. This
work sought to assess the correlation of H pylori infection with
IBD in children.

There is currently significant controversy regarding the asso-
ciation between H pylori infection and IBD in children. Some
studies suggest a possible negative correlation, while others
hold different opinions. There is a lack of large-scale, systematic
reviews in the pediatric field to address this issue. Therefore, the
question of whether H pylori infection is associated with IBD in
children has not been definitively resolved.

2. Materials and methods

2.1. Strategy for literature search and selection

We carried out this meta-analysis on the account of pre-
ferred report item statement for systematic reviews and
meta analysis (PRISMA).! The following databases were
searched: Cochrane Central-Register of Controlled Trials,
EMBASE, Google Scholar, PubMed, MEDLINE, and Web of
Science. Search duration was from inception to December
2022. Search sensitivity was improved by search strategy
through usage of MeSH terms and free text words. Search
terms that were employed included: “Bowel Diseases,
Inflammatorylcer,” “Bowel Diseases, Inflammatory Disease,”
“Campylobacter pylori,” “C. pylori subsp.” “C. pyloridis,”
“CD,” “Colitis Gravis,” “CD,” “Crohns Disease,” “CD”,
Crohn Enteritis,” “Colitis, Granulomatous”, Enteritis,
Granulomatous,” “Granulomatous Colitis,” “Enteritis,
Regional,” “Granulomatous Enteritis,” “H pylori,” “H.
nemestrinae”, Pylori,” “H pylori,” “IBD,” “IBD-unclassified
(IBDU),” “Idiopathic Proctocolitis,” “Ileocolitis,” “Ileitis,
Regional,” “Ileitis, Terminal,” “IBD,” “Inflammatory Bowel
Disease 1,” “Inflammatory Bowel Disease, Ulcerative Colitis
Type,” “Ulcerative Colitis,” “Regional Enteritis,” “Regional
Ileitides,” “Regional Ileitis,” and “Terminal Ileitis.” Later, the
title and summary of the search results were checked before
their inclusion in the study. In case of discrepancy, the corre-
sponding author could be contacted.

2.2. Article selection and eligibility criteria

Systematic review study usually must meet eligibility criteria,
namely: Inclusively, reported the association between IBD and
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H pylori infection, diagnosed as H pylori infection by rapid urea
test (RUT), serology, stool antigen, urea breath test (UBT) or
histology, <18 years of age, all case-control studies with non-
IBD as the control group, human studies, and calculation of H
pylori infection rate in IBD and control groups is based on suffi-
cient reported data. The following exclusion criteria were used:
case reports, conference abstracts, letters or reviews, duplicate
or overlapping data, adults, cell or animal studies, and lack of
accurate data.

2.3. Extraction of data and assessment of quality

Extraction of data was independently done by 2 reviewers
(Guiping Kong and Yan Lu) via selected studies using standard-
ized forms for extracting data to purposively minimize biased
reporting and data collection errors. Creation of tables by
research team was based on the following items: author, title,
publication year, study design, criteria of inclusion and exclu-
sion, methods of diagnosing H pylori infection, methods of
diagnosing IBD, number of CD, UC and IBDU patients, includ-
ing negative and positive H pylori, and number of H pylori
positive and negative patients in control group. Three research-
ers (Yan Lu, Mei Li, and Hongmei Guo) used the Newcastle—
Ottawa Scalel?®! for cohort and case-control reports, wherein
for cross sectional surveys, the Agency for Healthcare Research
and Quality (AHRQ-11),*”! was utilized to accurately assess
the quality of the methodology incorporated into the study.
Assessment of quality of studies was carried out with the afore-
mentioned criteria: design of study, diagnostic methods for H
pylori, diagnostic methods for IBD, inclusion method (contin-
uous vs selected), and whether rate of H pylori infection was
main or minor result of the report. High quality was denoted
by scale scores greater or equal to 7 and moderate quality was
represented by scores equal to 4 to 7, while poor quality was
depicted by scores <4.

The study complied with the Declaration of Helsinki and
was approved by the local research ethics committee. Written
informed consent was obtained from all patients.

2.4. Statistical analysis

Pooled odds ratio (OR) of H pylori infection with IBD com-
pared to controls was considered the primary outcome of this
analysis. Ratio of probability of H pylori infection in patients
with IBD to control was used to describe OR. Review Manager
5.3 software was used for data processing. The dichotomous
variable OR was used as the efficacy analysis statistical tool,
while weighted mean difference was used as the efficacy analysis
parameter. All effect sizes were expressed with 95% confidence
interval (CI). Chi square test was employed to analyze the het-
erogeneity among the studies. For a high degree of statistical
heterogeneity among the studies, we used random effects model;
IBD patients comprised of case group, while the non-IBD sub-
jects composed of control group. The OR and corresponding
95% CI were calculated for both case and control groups. All
data were synthesized and analyzed with Stata software (version
135, StataCorp, College Station, TX).

3. Results

3.1. Search for literature search and selection of studies

In totality, 681 articles were screened out by searching key-
words, wherein 503 were retained after removal of duplicates.
Afterwards, we excluded 491 articles by reviewing abstracts
and titles. Among the remaining 12 records, 6 were removed
for various reasons. Finally, 6 eligible case-control studies were
included (Fig. 1).013:28-301
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Figure 1. Study selection flow chart.
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3.2. Included studies features

The baseline features of included studies (6) are listed in Table 1,
wherein it involved 356 IBD patients and 1880 non-IBD con-
trols. The diagnostic methods and results of H pylori infection
and IBD were recorded. Among these, 4 studies employed a
case-control study design, and 2 were cohort studies. All studies
were published between 2010 and 2014, with a wide geographic
representation across 5 countries. The H pylori was detected
with PCR, serology and histology from different sampling sites,
including the stomach (4 studies), colon (3 studies), and liver
(1 study). IBD was mainly diagnosed according to endoscopy,
histology, radiology and clinical manifestations. Table 2 shows
the proportion of H pylori-positive subtypes of IBD, namely CD,
UC, and IBDU.

3.3. Data analysis

A total of 35 out of 356 (9.8%) cases were H pylori-positive in
the pediatric IBD group, while 239 out of 1880 (12.7%) in the
control group. Moreover, 4 studies provided data on the nega-
tive correlation between H pylori (stomach) and IBD, which is
the primary outcome in this meta-analysis. I = 36 < 50%, P =
.17 > 0.05 revealed that there was no substantial heterogene-
ity, due to which the meta-analysis was conducted using a fixed
effects model.

Through statistical analysis, it was established that H pylori
infection did not show any direct correlation with IBD in chil-
dren (OR =0.62,95% CI: 0.34-1.12, P = .12) (Fig. 2).

When analyzed stratified by disease of study design, in CD
group [OR =1.42,95% CI: 0.72-2.80)] (I> = 0%, P = .64), but
no significant difference in CD group (Fig. 3).

4. Discussion

Epidemiologically, IBD occurs in adults and children. Several
studies have been carried out on the risk factors of IBD, how-
ever factors that can reduce or prevent IBD are still unclear.
Pathogenesis of IBD is driven by the immune response of
genetically susceptible hosts to intestinal dysbacteriosis.3!!
Reportedly, H pylori protects against some immune-mediated
diseases, including IBD, by regulating the host immune defense
and other mechanisms.>*! H pylori infection could be acquired
in childhood, while the infected individual without treatment
could serve as a carrier.!'*! Available report has suggested that
H pylori infection was detected in adults influenced by IBD.B*
However, the involvement of H pylori in pathological process
of IBD is still controversial, especially among children.'1:28:35-37]

In this work, meta-analysis was employed to delve into asso-
ciation of H pylori with IBD in children. In this regard, we
analyzed in total 6 reports comprising 2236 cases in the cur-
rent meta-analysis. Most importantly, compared to the control
group, our data demonstrated that H pylori did not significantly
associate with IBD in children, thus indicating insufficient evi-
dence to prove that H pylori is involved in occurrence of pediat-
ric IBD. According to included studies,'3**252% H pylori usually
settles in the external gastric tissue, including colon and liver. A
negative correlation was established between gastric H pylori
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Basic characteristics of included research literature.

H pylori methods IBD Participant (CD/UC/ Quality
Report Country Design (sampling sites) methods  Result Age (yr) IBDU) assessment
Kaakoush, 2010  Australia Case-control ~ PCR/RUT/histology Endoscopy main 11.4+39vs10.2+3.9" vs 77/102 (77/0/0) 89
(colon) Histology 9.1+4.2%
Radiology
Casswall, 2010 Sweden Case-control ~ PCR/serum/histology Endoscopy main NA 26/51 (4/21/1) 89
(liver and stomach) Histology
Clinical
Hansen, 2011 United Kingdom  Cohort PCR (colon) Endoscopy main NA 24/26 (12/8/4) 79
Histology
Clinical
Sonnenberg, United States Case-control  Histology (stomach) Endoscopy minor NA 26/216 (8/15/3) 99
2011 Histology
Clinical
Hansen, 2013 United Kingdom ~ Cohort PCR/histology/serum Endoscopy minor 11.9+29vs10.6+3.5 44/42 (29/13/2) 7°
(colon, stomach) Histology
Radiology
Roka, 2014 Greece Case-control  Histology/UBT (stomach)  Endoscopy main 93+42vs7.3+x4.4 159/1443 (66/34/59) 89
Histology
Clinical

CD = Crohn disease, H pylori = Helicobacter pylori, IBD = inflammatory bowel disease, IBDU = inflammatory bowel disease-unclassified, NA = not available, RUT = rapid urea test, UBT = urea breath
test, UC = ulcerative colitis.

*Non-IBD with pathology.

tNon-IBD with no pathology.

Research results of different inflammatory bowel disease subtypes.

H pylori positive
Included study % IBD % CD % UC % IBDU % controls
Kaakoush, 2010 14 (18.2%) 14 (18.2%) 0 0 23 (22.5%)
Casswall, 2010 6 (23.1%) 0 6 (28.6%) 0 10 (19.6%)
Hansen, 2011 3(12.5%) NA NA NA 2 (7.7%)
Sonnenber, 2011 0 0 0 0 3 (1.4%)
Hansen, 2013 6 (13.6%) 4(13.8%) 2 (15.4%) 0 11 (26.2%)
Roka, 2014 6 (3.8%) 3 (4.5%) 2 (5.8%) 1(1.7%) 190 (13.2%)

CD = Crohn disease, H pylori = Helicobacter pylori, IBD = inflammatory bowel disease, IBDU = inflammatory bowel disease-unclassified, NA = not available, UC = ulcerative colitis.

Odds Ratio Odds Ratio

dy O Daroup ents ei Random, 9 ] £3 Random
Kaakoush 2010 14 77 23 102 27.7% 0.76 [0.36, 1.60] 2010 d
Casswall 2010 6 26 10 51 17.3% 1.23[0.39, 3.86] 2010 -
Hansen 2011 3 24 2 26 8.2% 1.71[0.26, 11.26] 2011 =
Sonnenberg 2011 0 26 3 216 36% 1.15[0.06, 22.90] 2011
Hansen 2013 6 44 1 42 18.2% 0.44 [0.15, 1.34] 2013 . B
Roka 2014 6 159 190 1443 25.0% 0.26 [0.11, 0.59] 2014 I
Total (95% CI) 356 1880 100.0% 0.62 [0.34, 1.12] -
Total events 35 239

[T 2 = . i2 = - = c ]2 = 0, F T T 1

Heterogeneity: Tau? = 0.19; Chi? =7.83,df =5 (P = 0.17); I’ = 36% 0.01 01 1 10 100

Test for overall effect: Z = 1.57 (P = 0.12) Favours [experimental] Favours [control]

Figure 2. Forest plotting of correlation of Helicobacter pylori (H pylori) infection with inflammatory bowel disease (IBD) in children.

and IBD, while other sites, such as colon and liver, did not show
similar results. H pylori sampling via gastric biopsy alone is ran-
dom and could be missed.?**"! Therefore, regarding the correla-
tion between H pylori and IBD, we should consider the stomach
and also collect samples of H pylori from various sites for a
comprehensive analysis.

To analyze accurately and correctly, the choice of detec-
tion method is important. The results of 4 studies!">*2%2%! that

used multiple methods including PCR to diagnose H pylori
were inconsistent with others?>3% that only utilized histology
or UBT. The former reported significant infection rates of H
pylori in IBD patients?®?°! or no significant difference between
groups.!'324 The latter showed a lower infection of H pylori in
IBD patients,?*3% thereby implying that several tests might be
needed to acquire accurate data to diagnose H pylori. Typically,
the diagnosis of IBD in children (excluding differences in race,
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Experimental Control
Study or Subgroup _Events _ Total Events Total Weight M-H. Random, 95% CI
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Figure 3. Forest plotting for subgroup analysis of Helicobacter pylori (H pylori) infection with inflammatory bowel disease (IBD) in children.

gender, systemic antibiotics, steroids and immunosuppressants)
has been confirmed by endoscopy, histology, radiology and
clinical manifestations. The stomach, colon (sectioned materi-
als) and liver were examined using UBT, RUT, histology and
PCR, respectively. Other confounding factors including base-
line characteristics (living environment and matching of con-
trol information) and pathological differences of IBD (subtype,
disease location and stage). Reportedly, the protective effect of
H pylori on autoimmune diseases might originate from cagA
+ strain,**! and hence, the type of H pylori strains should be
identified according to the positive results.

Despite the differences, a low rate of H pylori infection in
patients with IBD has been reported by all other works. Three
studies excluded previous H pylori infections when subjects
were recruited.!'>2%3% Thus, we speculated that the low rate of
H pylori infection may be as a result of microbiological system
adjustment due to the development of IBD disease rather than
the cause. In addition, we observed a statistical difference in the
prevalence of H pylori among CD, UC and IBDU. The positive
rate of H pylori in individuals with BDU was significantly lower
comparable to CD and UC patients, which was similar to pre-
vious report.’%The UC exposure was slightly higher than that
of CD patients, albeit insignificance, wherein it was consistent
with other report.*?!

In terms of main strengths, this meta-analysis is the first
report to investigate the correlation of H pylori with IBD in
children, amid the sample size being large. To improve data reli-
ability, we included several factors in the current study, namely
multisite sampling (stomach, colon and liver) and multiple tests
(serum, UBT, RUT, histology and PCR).

Nevertheless, the systematic review with meta-analysis had
some limitations. Firstly, there was a lack of prolonged follow
up of IBD individuals with H pylori infection, and hence, the
impact of H pylori eradication on IBD prognosis is unknown.
Secondly, most of the studies were retrospective, thus lack-
ing long-term follow up data on the non-IBD control group,
wherein it was unable to determine the H pylori infection status
when IBD occurs in future. Thirdly, lack of data on previous
antibiotic use might affect H pylori outcomes, especially for IBD
patients. Lastly, due to racial differences in the risk factors for

IBD,*! additional studies encompassing several ethnicities are
needed to confirm this conclusion.

In conclusion, the current study did not find any explicit cor-
relation of H pylori infection with occurrence of IBD among
children. The overall infection rate of H pylori in IBD group
was low. The H pylori infection rate in IBDU was higher com-
parable to UC and CD groups. In the future, a larger, better-de-
signed, prospective study is needed to further confirm our
findings.
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