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Association Between Helicobacter pylori and
Gastrointestinal Symptoms in Children

abstract
OBJECTIVE: Recurrent abdominal pain (RAP) and other gastrointesti-
nal (GI) symptoms are common complaints among children. The role of
Helicobacter pylori in the cause of these complaints remains contro-
versial. Nevertheless, there is an increasing pressure on primary care
clinicians to screen for H pylori infection in symptomatic children. We
systematically reviewed the published evidence for an association be-
tween H pylori infection and GI symptoms in children.

METHODS: Medline and Embase databases up to July 2009 were
searched to identify studies that evaluated the association between
H pylori and GI symptoms in children aged up to 18 years. When studies
reported on abdominal pain without additional definition, thus not
fulfilling Apley’s criteria, we grouped these outcomes as unspecified
abdominal pain (UAP). Methodologic quality was scored by using a
standardized list of criteria, and crude odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated and pooled.

RESULTS: Thirty-eight studies met our inclusion criteria: 23 case-
control studies, 14 cross-sectional studies, and 1 prospective cohort
study. The overall methodologic quality was low. Pooled ORs for the
association between RAP and H pylori infection in children were 1.21
(95% CI: 0.82–1.78) in 12 case-control studies and 1.00 (95% CI: 0.76–
1.31) in 7 cross-sectional studies. Meta-analysis of the association be-
tween UAP and H pylori infection in 6 hospital-based studies resulted in
a pooled OR of 2.87 (95% CI: 1.62–5.09) compared with 0.99 (95% CI:
0.46–2.11) in 5 population-based studies. Two of 3 studies concerning
epigastric pain reported a statistically significant positive association
with H pylori infection.

CONCLUSIONS: We found no association between RAP and H pylori
infection in children and conflicting evidence for an association be-
tween epigastric pain and H pylori infection. We found evidence for an
association between UAP but could not confirm this finding in children
seen in primary care. Pediatrics 2010;125:e651–e669
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Helicobacter pylori is 1 of the most
common bacterial pathogens in hu-
mans and affects�50% of the world’s
population.1 The prevalence of H pylori
infection varies greatly between devel-
oping countries and developed coun-
tries (respectively, 90% vs 40% at the
age of 40),1 and infection is mainly ac-
quired in early childhood.2 In adults,
H pylori infection is associated with
conditions such as chronic active gas-
tritis and peptic ulcer disease,1 and
H pylori has been confirmed as the
most important risk factor for non-
cardia gastric adenocarcinomas and
gastric mucosa-associated lymphoid
tissue lymphomas.3 Despite this knowl-
edge, the natural history of H pylori
infection in children, such as the mode
of acquisition and signs of infection, is
poorly understood.

Guidelines on screening for H pylori
in children contradict. Recommenda-
tions vary from no need to screen chil-
dren with gastrointestinal (GI) symp-
toms4 and no need to screen children
with recurrent abdominal pain (RAP)5

to all children with upper GI symptoms
should be tested for H pylori infection
(Maastricht III).6 These recommenda-
tions are based on the lack of proof
that infection with H pylori is a signifi-
cant cause of GI symptoms.

In addition, nowadays, a lot of diagnos-
tic tests for H pylori are available.
Some of them, such as the 13C-urea
breath test, detection of H pylori anti-
gen in stool, and detection of specific
antibodies in serum,7 are suitable for
use in primary care. Thus, this in-
creased availability is likely to result in
increased number of children to be
tested. This emphasizes the need for
up-to-date guidelines with indications
for investigating and treating children
for H pylori infection.

Good-quality studies, preferably sum-
marized in a systematic review, form
the basis for evidence-based screen-
ing guidelines. Previous reviews8,9 re-

garding this topic were limited to the
association between H pylori and spe-
cific symptoms, such as RAP. Because
of the limitations of previous system-
atic reviews and the several studies
published after the publication of these
analyses, we performed a new system-
atic literature review to review sys-
tematically the extent and the quality
of the current published evidence for a
relationship between GI symptoms and
H pylori infection in children.

METHODS

To identify relevant publications, we
performed a Medline database search
from 1966 to July 27, 2009, by using the
following key words: “Helicobacter py-
lori,” “Campylobacter pylori,” “abdo-
minal pain,” and “dyspepsia.” A search
strategy for follow-up studies recom-
mended by Altman10 was added. The
Embase database was searched from
1980 to July 27, 2009; the search strat-
egy for Medline was adapted for Em-
base with the assistance of a librarian
(Appendix 1). To identify additional
potentially relevant publications, we
hand searched the reference lists of
included studies, of published review
articles, and of articles written by ex-
perts in the field. No language restric-
tion was used.

Study Selection

We limited our search to studies that
compared children who did have
symptoms with children who did not
have symptoms. All abstracts of
identified articles were screened for
eligibility, and decisions regarding in-
clusion of studies were made indepen-
dently by 2 reviewers (L.A.A.S. and
M.B.M. or Y.vL.). We used 4 criteria to
select relevant studies: (1) the study
had a case-control, cross-sectional, or
prospective cohort design; (2) 1 of its
aims was to evaluate the association
betweenH pylori infection and GI symp-
toms; (3) the study group included chil-
dren aged 0 to 18 years; and (4) at least

30 children were included and sepa-
rately analyzed. Because of an in-
creased risk for acquiring an H pylori
infection, studies concerning exclu-
sively childrenwith relevant comorbid-
ity such as mental disabilities, immu-
nodeficient disorders, and diabetes
were excluded.

Interobserver reliability of the eligibil-
ity screening was calculated with Co-
hen’s �.11 Any disagreements between
both reviewers were resolved through
consensus or by arbitration of a third
person (M.B.M. or Y.vL.). Full-text arti-
cles of all selected titles were re-
trieved or in case the abstract gave in-
sufficient information on the inclusion
criteria. When an included study or the
data of a study were not available, first
authors were contacted.

Quality Assessment

To rate the risk for bias of the included
studies, we scored 9 identical method-
ologic criteria with 1 additional crite-
rion for case-control/cross-sectional
studies and 2 additional criteria for
prospective cohort studies (Appendix
2). The criteria were adapted from Alt-
man,10 Lievense et al,12 Hayden et al,13

and the STROBE Statement14 and were
modified to cover the topic of this re-
view. Criteria could be answered with
“yes (�),” “no (�).” or “don’t know
(?).” One point was given to a criterion
answered with “yes,” and no points
were given when answered with “no”
or “don’t know.” Equal weights were
applied to all items, resulting in a max-
imum score of 10 points for case-
control/cross-sectional studies and 11
points for prospective cohort studies.
Low risk for bias was defined as a
score of �7 points. Two reviewers
scored all included articles indepen-
dently (L.A.A.S. and M.B.M.). Interob-
server variability was calculated with
Cohen’s �. In case of disagreement be-
tween both reviewers, a third reviewer
(Y.vL.) made the final decision.
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Data Extraction and Analysis

Two reviewers performed data extrac-
tion on a structured list independently.
Extracted data included demograph-
ics, description of the study popula-
tion, inclusion and exclusion criteria,
baseline characteristics, type of symp-
toms analyzed, diagnostic tests used,
and outcome data. As a measure for
the association between GI symptoms
and H pylori, odds ratios (ORs) with
95% confidence intervals (CIs) were
calculated for each symptom on the
basis of unadjusted data presented in
individual studies.

Data analysis was performed by using
Review Manager 5.0 (RevMan). The
weight given to each study was based
on the inverse of the variance. Hetero-
geneity was quantified by Z2 and I2,
which can be interpreted as the per-
centage of the total variation between
studies that is attributable to hetero-
geneity rather than to chance. A value
of 0% indicates no heterogeneity.
When statistically significant heteroge-
neity (P � .05) was observed, the re-
sults of the random-effects model are
presented. When there was statisti-
cally significant heterogeneity in out-
comes across studies, subgroup anal-
yses according to the level of risk for
bias and different geographic loca-
tions (ie, low-prevalence areas [West-
ern countries, United States, Canada]
versus high-prevalence areas [Medi-
terranean, African, and Asian coun-
tries]) were performed. In addition,
the effect of outliers on the results was
evaluated.

When in studies the term RAP was
used, we considered it conform Apley’s
criteria,15 when there was a reference
to Apley or the definition used by the
authors was almost similar in time
spectrum to the definition proposed by
Apley (ie, at least 3 discrete episodes
of abdominal pain of sufficient severity
to interrupt normal daily activities or
performance over a period of not

less than 3 months). When studies re-
ported on “unspecified abdominal
pain,” “abdominal pain,” “symptomatic
patients,” or “GI-referral patients” in
relation to H pylori infection and
thus not fulfilling Apley’s criteria, we
grouped these outcomes as unspeci-
fied abdominal pain (UAP).

RESULTS

In total, 1120 potentially relevant ab-
stracts were identified. After removing
duplicates, we were left with 880
unique abstracts. After screening all
abstracts, 39 publications met our in-
clusion criteria and none of the exclu-
sion criteria.16–54 By searching the ref-
erence lists of previous review articles
and included studies, we identified 1
additional study.55 The interobserver
agreement of the overall eligibility was
� � 0.826.

One study could not be retrieved and
thus could not be included in our anal-
ysis.49 After reading full-text articles,
we excluded another article because
the study population did not include
childrenwhowere aged 0 to 18 years.50

Finally, 38 articles were reviewed: 23
case-control studies,16–35,53,54 14 cross-
sectional studies,36–47,51,52 and 1 pro-
spective cohort study.48 Of 23 in-
cluded case-control studies, 19 were
hospital based16,17,19–21,23–35,55, 3 were
population-based,18,53,54 and 1 was
primary care based.22 All cross-
sectional studies were population
based,36–42,44–47,51,55 except for 1 that in-
cluded children in whom infection was
successfully eradicated previously.43

The only included prospective cohort
study was population based.48

Results of the Methodologic
Quality Assessment

The 2 reviewers (L.A.A.S. and M.B.M.)
initially agreed on 89.5% of all quality
items scored. The interobserver
agreement of the assessment of risk
for bias was high (� � 0.789).

Mean score of risk for bias of all 38
included studies was 6.03, ranging
from 3.00 to 10.00. The mean quality
score of case-control studies and
cross-sectional studies separately
was 5.35 (range: 3.00–10.00) vs 6.93
(range: 5.00–9.00), respectively. This
difference was mainly caused by the
lack of equal assessment of GI symp-
toms for both case patients and con-
trol subjects in 19 of 23 case-control
studies, whereas all 14 cross-sectional
studies used equal symptom assess-
ment. Furthermore, 12 case-control
studies did not draw case patients and
control subjects from a population at
the same risk for exposure, whereas
the studied populations of all cross-
sectional studies did. The only prospec-
tive cohort study scored 9 of 11 points.

In total 8 case-control stud-
ies,17–19,22,28,29,30,53 7 cross-sectional
studies,36,37,39,41,45,46,52 and the prospec-
tive cohort study48 were categorized as
having low risk for bias. Themost prev-
alent shortcomings of case-control
and cross-sectional studies were a
lack of blinded assessment of GI symp-
toms and H pylori infection (n � 31),
no use of multivariate analysis (n �
27), and that prognostic factors were
not comparable at baseline and no
correction for these factors was ap-
plied in the analysis (n� 29).

Prevalence of H pylori

The prevalence of H pylori in population-
based cross-sectional studies ranged
from 9.4% to 56.6% with a mean prev-
alence of 28.0% (SD: 16.2%). The prev-
alence in high-prevalence areas (n �
8) ranged from 15.8%47 to 56.6%36 with
a mean prevalence of 37.0%. The prev-
alence in low-prevalence areas (n� 6)
ranged from 9.4%41 to 28.9%,42 with a
mean prevalence of 16.1%. The effect
of different tests on the prevalence of
H pylori could not be evaluated be-
cause a large diversity of (combina-
tions of) diagnostic tests for H pylori
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with different cutoff points were used,
although the vast majority of studies
included serology testing.

RAP and H pylori

Fourteen case-control studies, involv-
ing 3253 participants, reported on the
relationship between RAP and H pylori
infection in children.* Six had low risk
for bias17,18,22,26,30,53 and 8 had high risk
for bias.23,25,31–34,54,55 Figure 1 presents
the meta-analysis of the OR of an H py-
lori infection given the presence of
RAP. Because of statistically significant
heterogeneity (P � .00001), the
random-effects model is presented.
The pooled OR for all case-control stud-
ies was 1.69 (95% CI: 0.99–2.86).

When we excluded the 2 outlier stud-
ies of Mendez Nieto et al32 and
Mukherjee et al.34 the pooled OR be-
came 1.21 (95% CI: 0.82–1.78), but
statistical heterogeneity remained
significant. In all additional analyses, the
aforementioned outliers remained ex-
cluded. Evaluation of heterogeneity ex-
plained some of it but did not alter the
estimated effect size.

Ten cross-sectional studies, involving
3980 participants, reported on the re-
lation between RAP and H pylori. Four

had low risk for bias36,37,39,45 and 6 high
risk.38,42–44,47,51 However, the study of
Ertem et al,44 reporting an OR of 1.33,
could not be pooled due to missing the
pooled OR for the remaining studies
was 1.69 (95% CI: 0.83–3.44; random
effects-model; P � .00001; Fig 2). The
studies of Leandro Liberato et al47 and
Telmesani51 explained statistical heter-
ogeneity; excluding these outliers re-
sulted in a pooled OR of 1.00 (95% CI:
0.76–1.31; fixed model; P� .60). In ad-
ditional analyses, these outliers re-
mained excluded.

The pooled OR for the 4 studies with
low risk for bias was 0.95 (95% CI:
0.66–1.37; fixed model; P � .24). The
relationship between RAP and H pylori
infection was not influenced by risk for
bias, setting, or geographic location.
Two case-control studies22,30 and 2
cross-sectional studies37,46 concerning
RAP reported ORs adjusted for con-
founders (Tables 1 and 2) ; however, all
adjusted ORs are comparable to the
pooled unadjusted ORs presented and
remained nonsignificant.

UAP and H pylori

Six hospital-based case-control stud-
ies16,19,21,24,28,35 that included 3142 partici-
pants reported on the association be-

tween UAP and H pylori infection. Two
studies with low risk for bias19,28 and 4
with high risk16,21,24,35 had a pooled OR of
2.87 (95% CI: 1.62–5.09; random-effects
model; P � .0001; Fig 3). In the studies
with low risk for bias only, the pooled OR
was 1.66 (95% CI: 1.21–2.28; fixed model;
P � .23). Pooling the 4 studies with high
risk for bias resulted in apooledORof 4.69
(95%CI: 3.35–6.57; fixedmodel; P� .36).

Five population-based cross-sectional
studies36,37,39,41,52 that included 3251
participants and reported on UAP in
children who were seen in primary
care all had low risk for bias. The
pooled OR was 0.99 (95% CI: 0.46–2.11;
random-effectsmodel; P� .00001; Fig 4).

Three studies, 1 hospital-based case-
control study16 and 2 population-based
cross-sectional studies,37,52 adjusted
for confounders (Tables 1 and 2). The
adjusted ORs were comparable to the
pooled ORs presented.

Epigastric Pain and H pylori

Epigastric pain was evaluated in 2
case-control studies18,20 and 1 cross-
sectional study.43 Because of the diver-
sity of outcome definitions, we were
not able to pool data. The population-
based case-control study of Yang et
al18 had low risk for bias and included*Refs 17, 18, 22, 23, 25, 26, 30–34, and 53–55.

FIGURE 1
Meta-analysis of case-control studies concerning RAP related to H pylori infection. Events indicates number children with H pylori infection.
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253 participants. They reported on
short-term recurrent abdominal pain
(SRAP): abdominal pain that met Ap-
ley’s criteria15 but with a shorter dura-
tion in a range from 2 weeks to 3
months. The prevalence of H pylori
infection was higher in children with
SRAP than in healthy control subjects
(OR: 3.4 [95% CI: 1.6–7.2]). They further
assessed whether specific clinical
presentations were associated with
H pylori infection in the children with
SRAP or RAP. Children who presented
with abdominal pain in the epigastric
area had a significantly higher preva-
lence of H pylori infection when they
had SRAP but not when they had RAP;
the OR could not be calculated with the
available data.

The hospital-based case-control study
of Ng et al20 had high risk for bias.
The study, which included 1088 par-
ticipants, reported an OR of 2.03
(95% CI: 1.35–3.06) given the pres-
ence of epigastric pain. The OR of
the 1 hospital-based cross-sectional
study with high risk for bias43 was 3.2
(95% CI: 0.77–13.35).

Diarrhea and H pylori

Two case-control studies18,27 and 3
population-based cross-sectional stud-
ies36,39,40 reported outcomes on the
association between diarrhea and
H pylori infection in children. One case-

control study18 and 2 cross-sectional
studies36,39 had low risk for bias. All
studies that reported on diarrhea, ex-
cept for the 1 by Bode et al,39 were per-
formed in high-prevalence areas. The
pooled OR in case-control studies that
included 365 participants, 1 of which
was population based18 and 1 of which
was hospital based,27 was 0.95 (95% CI:
0.47–1.90; fixed model; P� .32). In the
cross-sectional studies that included
999 participants, the pooled OR was
0.70 (95% CI: 0.13–3.96; random-effects
model; P� .01).

Vomiting and H pylori

Three population-based cross-sectional
studies, all of which were at low risk
for bias, included 2054 participants
and investigated the association be-
tween vomiting and H pylori infec-
tion36,39,52; the pooled OR was 1.05 (95%
CI: 0.40–2.75; random-effects model;
P � .0002). Two studies36,52 were per-
formed in high-prevalence areas, and
1 study39 was performed in low-
prevalence areas.

Other Symptoms and H pylori

Several studies reported on various
other GI symptoms, such as perium-
bilical pain,18 flatus,18 constipation,18,37

nausea,43 loose stools,37 postprandial
fullness,18,43 halitosis,43 dyspepsia,29,36

and regurgitation,37 but none of these

symptoms was associated with H py-
lori infection.

The only prospective cohort study with
a follow-up period from 6months to 11
years48 included 305 participants and
had low risk for bias. The authors con-
cluded that UAP during childhood was
reported more often in children with
H pylori seropositivity at some point
during the study than for seronegative
children (adjusted OR: 2.2 [95% CI: 1.0–
4.4). Childrenwhowere seropositive at
some point during the study more of-
ten reported RAP at 11 years of age
than did seronegative children, but the
difference was not statistically signifi-
cant (OR adjusted for gender: 2.0 [95%
CI: 0.8–4.6) (Table 3). Spontaneous
clearance of H pylori infection was re-
ported in 80% of previously infected
children at the end of the study.

DISCUSSION

We found evidence for an association
between UAP (ie, patients with abdom-
inal pain, symptoms, or GI referral)
and H pylori infection in referred chil-
dren (pooled OR: 2.87 [95% CI: 1.62–
5.09) but could not confirm this finding
in children who were seen in primary
care (pooled OR: 0.99 [95% CI: 0.46–
2.11). Two studies16,37 adjusted for
known risk factors for H pylori, but this
did not change this results. In addition,
we found conflicting evidence for an

FIGURE 2
Meta-analysis of cross-sectional studies concerning RAP related to H pylori infection. Events indicates number children with H pylori infection.

REVIEW ARTICLES

PEDIATRICS Volume 125, Number 3, March 2010 e655
. Provided by Swets Info Services 44524075 on May 4, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


TA
BL
E
1
St
ud
y
Ch
ar
ac
te
ri
st
ic
s
of
In
cl
ud
ed
Ca
se
-C
on
tr
ol
St
ud
ie
s

So
ur
ce

Se
tt
in
g,
Pl
ac
e,
Co
un
tr
y,
Pe
ri
od

Ca
se
Pa
tie
nt
s

Co
nt
ro
lS
ub
je
ct
s

Di
ag
no
st
ic
Te
st
Us
ed

fo
r
De
te
rm
in
at
io
n
of

H
py
lo
ri
In
fe
ct
io
n

(C
ut
of
fP
oi
nt
)

OR
(9
5%
CI
)

Qu
al
ity

Sc
or
e

Da
ug
ul
e

et
al
,16
20
07
Di
ag
no
st
ic
Ce
nt
re
of
Ri
ga
,L
at
vi
a,

19
98
–2
00
0

40
co
ns
ec
ut
iv
e
ch
ild
re
n
w
ith
in
di
ca
tio
n
fo
r
up
pe
r

GI
en
do
sc
op
y,
ag
e
ra
ng
e
8–
12
y,
39
%
m
al
e

55
as
ym
pt
om
at
ic
ch
ild
re
n
w
ho
vi
si
te
d
th
ei
r
do
ct
or

fo
r
ge
ne
ra
lc
he
ck
up
or
m
in
or
he
al
th
pr
ob
le
m
s,

ag
ed
7–
12
,5
5%
m
al
e

Ca
se
s:
RU
T
an
d/
or

cu
ltu
re
po
si
tiv
e

Co
nt
ro
ls
:1
3C
-U
BT

UA
P:
1.
80
(0
.6
2–
5.
14
)

(a
dj
us
te
d
fo
r
ag
e)

4

M
al
at
y
et
al
,17

20
06

Pe
di
at
ri
c
Ga
st
ro
en
te
ro
lo
gy
Cl
in
ic

Te
xa
s
Ch
ild
re
n’
s
Ho
sp
ita
la
nd

6
pr
im
ar
y
ca
re
pe
di
at
ri
c

cl
in
ic
s,
Ho
us
to
n,
TX
,J
un

20
01
–D
ec
20
02

24
3
co
ns
ec
ut
iv
e
ch
ild
re
n
re
fe
rr
ed
w
ith

ab
do
m
in
al
pa
in
,a
ge
ra
ng
e
3–
18
y,
40
%
m
al
e;

ex
cl
ud
ed
:c
hi
ld
re
n
w
ith
ch
ro
ni
c
ill
ne
ss
/o
th
er

m
ed
ic
al
co
nd
iti
on
s

33
0
as
ym
pt
om
at
ic
ch
ild
re
n
at
te
nd
in
g
13
lic
en
se
d

ch
ild
ca
re
ce
nt
er
s
in
Ho
us
to
n,
TX
,a
ge
d
3–
18
y,

45
%
m
al
e

Ca
se
s:
13
C-
UB
T

Co
nt
ro
ls
:1
3C
-U
BT

(i
nc
re
as
e
of
13
C

ab
un
da
nc
e
of
10

�
g

of
ur
ea
hy
dr
ol
yz
ed

pe
r
m
in
)

RA
P:
0.
61
(9
.3
7–
1.
00
)

7

Ya
ng
et
al
,18

20
05

El
em
en
ta
ry
sc
ho
ol
an
d

as
so
ci
at
ed
pr
es
ch
oo
l

ki
nd
er
ga
rt
en
,T
ai
na
n,
Ta
iw
an

17
8
ch
ild
re
n
w
ho
fu
lfi
lle
d
th
e
cr
ite
ri
a
of
RA
P
or

SR
AP
(R
AP
du
ri
ng
2
w
k–
3
m
o)
;a
ge
ra
ng
e
4–
12

y,
m
ea
n:
9.
2
y,
52
%
m
al
e

21
2
ag
e-
an
d
ge
nd
er
-m
at
ch
ed
,a
sy
m
pt
om
at
ic

ch
ild
re
n
fr
om
th
e
sa
m
e
sc
ho
ol

Ca
se
s:
EL
IS
A

Co
nt
ro
ls
:E
LI
SA

(a
bs
or
ba
nc
e
in
de
x
of

�
0.
14
)

RA
P:
0.
54
(0
.2
1–
1.
40
)

SR
AP
:3
.3
9
(1
.6
0–

7.
17
)

7

Ch
on
g
et
al
,19

20
03

12
ch
ild
re
n’
s
ho
sp
ita
ls
or

m
ed
ic
al
ce
nt
er
s
th
ro
ug
ho
ut

th
e
Un
ite
d
St
at
es
,J
un

19
96
–D
ec
19
97

37
3
sy
m
pt
om
at
ic
GI
re
fe
rr
al
ch
ild
re
n
ev
al
ua
te
d

in
a
GI
cl
in
ic
fo
r
ab
do
m
in
al
pa
in
an
d
vo
m
iti
ng
,

ag
e
ra
ng
e:
1–
18
y,
m
ea
n:
10
.1
y,
48
%
m
al
e;

ex
cl
ud
ed
:c
hi
ld
re
n
w
ith
in
ta
ke
of
an
tib
io
tic
s,

hi
st
am
in
e-
2
bl
oc
ke
rs
,o
r
pr
ot
on
pu
m
p

in
hi
bi
to
rs
1
m
o
be
fo
re
en
te
ri
ng
th
e
st
ud
y

61
8
ch
ild
re
n
se
en
in
a
cl
in
ic
al
se
tt
in
g,
w
ho

re
qu
ir
ed
bl
oo
d
dr
aw
in
g
as
pa
rt
of
st
an
da
rd

cl
in
ic
al
m
an
ag
em
en
t,
w
ith
ou
tG
Ic
om
pl
ai
nt
s
ag
e

ra
ng
e:
2
m
o–
18
y,
m
ea
n
ag
e:
7.
7
y,
56
%
m
al
e

Ca
se
s:
EI
A

Co
nt
ro
ls
:E
IA

Re
fe
rr
ed

(s
ym
pt
om
at
ic
):

1.
77
(1
.2
7–
2.
47
)

8

Ng
et
al
,20

20
03

Na
tio
na
lU
ni
ve
rs
ity
Ho
sp
ita
l,

Si
ng
ap
or
e,
Re
pu
bl
ic
of

Si
ng
ap
or
e

48
9
co
ns
ec
ut
iv
e
pa
tie
nt
s
w
ith
ep
ig
as
tr
ic
pa
in
;

ou
tp
at
ie
nt
re
fe
rr
al
s
to
pe
di
at
ri
c
GI
cl
in
ic
,

m
ea
n
ag
e:
8.
5

�
3.
3
y,
46
%
m
al
e;
ex
cl
ud
ed
:

ch
ild
re
n
w
ho
us
ed
an
tib
io
tic
s
w
ith
in
4
w
k
of

th
e
st
ud
y

59
9
sc
ho
ol
ch
ild
re
n
pa
rt
ic
ip
at
in
g
in
a

se
ro
ep
id
em
io
lo
gi
c
su
rv
ey
of
De
ng
ue
in
th
e

ea
st
er
n
pa
rt
of
Si
ng
ap
or
e,
m
ea
n
ag
e:
9.
0

�
0.
5

y

Ca
se
s:
EL
IS
A

Co
nt
ro
ls
:E
LI
SA
(2
SD

ab
ov
e
va
lu
e
fo
r

hi
st
ol
og
y-
co
nfi
rm
ed

ne
ga
tiv
e
se
ra
)

Ep
ig
as
tr
ic
pa
in

(s
pi
ra
l)
:2
.0
3

(1
.3
5–
3.
06
)

5

Pl
eb
an
ie
ta
l,2
1

19
99

Pe
di
at
ri
c
De
pa
rt
m
en
t,
Pa
du
a

Un
iv
er
si
ty
Ho
sp
ita
l,
Ita
ly

18
3
co
ns
ec
ut
iv
e
sy
m
pt
om
at
ic
ch
ild
re
n
w
ho

un
de
rw
en
tu
pp
er
GI
en
do
sc
op
y,
ag
e
ra
ng
e:

1–
16
y,
43
%
m
al
e

92
1
ra
nd
om
ly
se
le
ct
ed
fr
om
th
os
e
pr
es
en
ta
tt
he

se
co
nd
-d
eg
re
e
sc
ho
ol
s
of
Pa
du
a,
ag
e
ra
ng
e:

11
–1
4
y,
53
%
m
al
e

Ca
se
s:
at
le
as
t

hi
st
ol
og
y
po
si
tiv
e

Co
nt
ro
ls
:a
nt
i–
Hp
-Ig
G

UA
P:
4.
98
(3
.0
3–
8.
16
)

3

M
ac
Ar
th
ur

et
al
,22
19
99
6
pr
im
ar
y
ca
re
pe
di
at
ri
ci
an
s,

To
ro
nt
o,
Ca
na
da

10
0
ch
ild
re
n
pr
es
en
tin
g
w
ith
RA
P,
ag
e
ra
ng
e:

5–
15
y,
m
ea
n:
9.
0

�
2.
7
y,
37
%
m
al
e;
ex
cl
ud
ed
:

ch
ild
re
n
w
ith
co
nc
ur
re
nt
di
se
as
e,
su
sp
ec
te
d

or
ga
ni
c
di
se
as
e,
ag
ed

�
5
y,
or
ha
d
us
ed

bi
sm
ut
h
in
th
e
pr
ev
io
us
m
on
th

10
0
he
al
th
y
ch
ild
re
n
un
de
rg
oi
ng
a
ro
ut
in
e

ch
ec
ku
p
or
va
cc
in
at
io
n,
m
ea
n
ag
e:
10
.0

�
3.
2
y,

57
%
m
al
e

Ca
se
s:
se
ro
lo
gy
an
d/
or

13
C-
UB
T

Co
nt
ro
ls
:s
er
ol
og
y

an
d/
or
13
C-
UB
T

RA
P:
0.
65
(0
.0
8–
2.
56
)

(a
dj
us
tm
en
tn
ot

m
en
tio
ne
d)

10

Gü
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association between epigastric pain
and H pylori infection. In total, 2 of 3
studies showed a statistically signifi-
cant association between epigastric
pain and H pylori infection. This finding
was independent of setting. Further-
more, there is strong evidence that
RAP is not related to H pylori.

The European Pediatric Task Force4

concluded in their guidelines on man-
agement of H pylori infection that, in
children, H pylori infection is not re-
lated to GI symptoms. Our findings con-
tradict this assumption but are in

agreement with findings in adults, for
whom dyspepsia is thought to be
caused by H pylori. Our findings par-
tially support the Consensus Report
of The European Helicobacter Study
Group; they reported that RAP is not an
indication for a test-and-treat strategy
for H pylori infection in children; how-
ever, children with upper GI symptoms
should be tested after exclusion of
other causes of the symptoms.6

The finding for an association between
UAP and H pylori infection in referred
children but not in children who were

seen in primary care is in agreement
with our finding of evidence that RAP
andH pylori are not related. Abdominal
pain in a child who sees a general
practitioner (GP) has a different differ-
ential diagnosis than abdominal pain
in a child who is seen in secondary
care. Abdominal pain in primary care
more often will be functional. In a set-
ting where a symptom is dominantly
related to functional disease, an asso-
ciation between the symptom and a
low-prevalent disorder might be too
weak to detect. In addition, a GP will

FIGURE 3
Meta-analysis of case-control studies concerning UAP related to H pylori infection. Events indicates number children with H pylori infection.

FIGURE 4
Meta-analysis of cross-sectional studies concerning UAP related to H pylori infection. Events indicates number children with H pylori infection.

TABLE 3 Study Characteristics of Included Prospective Cohort Study

Source Setting, Place, Country,
Period

Study Population Diagnostic Test Used for
Determination of
H pylori Infection
(Cutoff Point)

Patients Lost to Follow-up,
%

OR (95% CI) Quality
Score

Tindberg et al,48

1999
Vaccine trial, Southern
part of Sweden,
Stockholm,
1984–1995

305 children, born in 1984,
who participated in a
pertussis vaccine trial,
starting at 6 mo to 11 y;
mean age at end of
follow-up: 10.9 y (range:
10.5–12.3 y)

ELISA (0.360 	A405 nm
),
measured at 6 mo, 8
mo, 10 mo, 18 mo, 2 y,
4 y, and 11 y

Blood samples from 6 to 18
mo of age and at least 1
additional serum sample
drawn at 2, 4, or 11 y of
age were available from
294 children; lost to
follow-up: 11 (3.6%)

RAP (during last 6 mo):
2.0 (0.8–4.6) UAP
(during childhood):
1.4 (0.7–2.9) UAP
(last 6 mo):
2.2 (1.2–4.7)

9

ELISA indicates enzyme-linked immunosorbent assay.
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refer only children in whom he sus-
pects underlying disease; therefore, in
referred children, the same symptom
is more likely to be related to a poten-
tial pathogen such as H pylori.

RAP as defined by Apley and Naish15 is
thought to be related to functional
disease and should therefore theo-
retically preclude H pylori. We found
no evidence for any relation between
RAP by Apley and Naish and H pylori
infection in children in both case-
control studies (OR: 1.21 [95% CI:
0.82–1.78) and cross-sectional stud-
ies (OR: 1.00 [95% CI: 0.76 –1.31). Sub-
group analyses of RAP in different
settings, high-quality studies, and
different geographic locations did
not alter this finding. In low-quality
case-control studies, the association
between RAP and H pylori was clini-
cally and statistically significant (OR:
2.68 [95% CI: 1.47– 4.89); however, we
believe that this OR is overestimated
because of a biased selection of con-
trol subjects. Whereas in 4 of 5 high-
quality studies case patients and
control subjects were drawn from a
population at a comparable risk for
exposure (ie, H pylori infection), this
was not the case in all of the low-
quality studies. The ORs suggest a se-
lection of control subjects in whom
not only GI symptoms but also H py-
lori infection was precluded. This
might have seriously biased these
outcomes.

After excluding the outlier studies of
Leandro Liberato et al47 and Telme-
sani,51 the pooled OR of cross-sectional
studies that evaluated the relation be-
tween RAP and H pylori was 1.00 (95%
CI: 0.76–1.31). This finding underlines
the absence of a relation between RAP
and H pylori infection in children as
found in the case-control studies. On
the basis of the data presented, we
could not explain the outlying results
of the study of Leandro Liberato et al47

and Telmesani.51

RAP is mainly defined by the duration
of abdominal pain. We assume that se-
lecting children with RAP is more than
a selection that is based on duration of
abdominal pain alone. Selection of
children with RAP will implicitly com-
prise the belief of the primary care cli-
nician that RAP in the long-term does
not affect growth and that develop-
ment of the child will be functional and
that in referred children it will com-
prise the (negative) results of previous
investigations. Because of these im-
plicit selection criteria, we assume
that the included childrenwith RAPwill
be at high risk for functional disease.
None of these selection mechanisms,
however, was described in the studies
on RAP that were included in this re-
view. That duration of pain may pre-
clude underlying disorders as a result
of the aforementioned mechanisms is
affirmed by the findings of Yang et al.18

That population-based study reported
a statistically significant association
between SRAP (ie, abdominal pain that
met the criteria of Apley and Naish15

but with a shorter duration in range
from 2 weeks to 3 months) in the epi-
gastric region and H pylori infection.

To our knowledge, this is the first pub-
lished review to investigate the associ-
ation between GI symptoms in general
and H pylori infection in children. The
results of our review concerning RAP
are consistent with 2 previous system-
atic reviews that reported no obvious
association between RAP and H pylori
infection in children.8,9

Although our literature search was
comprehensive, some published and
unpublished studies may have been
missed. Also, some information perti-
nent to the review and collected by the
reviewers may not have been provided
in the journal article, although we con-
tacted first authors to request missing
data with variable success.

Cautious interpretation of pooled ORs
is necessary because we found a large

statistical and clinical heterogeneity
between studies and an overall poor
methodologic quality. Using a best evi-
dence synthesis to summarize the data
could overcome these problems, but
limited data exist on best evidence syn-
theses for observational studies, and
the possibility of misclassifying the re-
sults of studies with a small sample
size is large.

We found that children who are re-
ferred to a gastroenterologist with
UAP or pain in the epigastric region in
general are at two- to threefold higher
risk for H pylori infection than children
without these symptoms. Because we
are not aware of the criteria on which
a GP decides to refer a child with ab-
dominal pain to a pediatric gastroen-
terologist, a more specific clinical pic-
ture has yet to be established. Whether
to screen systematically referred chil-
dren with abdominal (epigastric) pain
depends on effectiveness and adverse
effects of eradication therapy. No opti-
mal treatment has yet been defined.

To confirm, disclaim, or specify our
findings on UAP and epigastric pain,
additional research is necessary. If
there is an association between these
symptoms and H pylori infection, then
treating and thus eradicating H pylori
must lead to improvement or disap-
pearance of symptoms. Randomized,
placebo-controlled, double-blind trials
with minimal loss to follow-up and
standardized and validated outcome
measures are needed. To our knowl-
edge, no such trial has been published.

CONCLUSIONS

There is no association betweenRAPand
H pylori infection in children; therefore,
screening children with this classical
symptom is not warranted, regardless
of setting and geographic location. Fur-
thermore, all other GI symptoms in-
vestigated in primary care–based or
population-based studies, except for epi-
gastric pain, were not associated with H
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pylori infection in children; therefore, we
postulate that as long as no typical clini-
cal picture of a child with H pylori infec-
tion has been established and treatment
effectiveness is not known, referral to a

subspecialist for this matter is not
recommended.

Furthermore we postulate that UAP
in a hospital-based setting and epi-
gastric pain in general might be as-

sociated with an (acute) H pylori in-
fection. Data reporting on epigastric
pain, however, were limited, so addi-
tional research to investigate this as-
sociation is needed.

APPENDIX 1: SEARCH STRATEGIES

Medline search, 27th of July 2009 608 results

(epidemiologic-studies OR case-control OR cohort OR follow-up OR longitudinal OR prospective OR retrospective OR cross-
sectional) AND (helicobacter pylori OR campylobacter) AND (“Signs and Symptoms, Digestive”[mesh] OR abdominal pain OR
dyspepsia) AND (infant OR infant* OR child OR child* OR adolescent OR adolescen*)

Embase search, 27th of July 2009 512 results

((‘epidemiologic studies’/exp OR ‘epidemiologic studies’) OR ‘cross-sectional study’ OR ‘case control study’ OR ‘cohort analysis’
OR (‘follow up’/exp OR ‘follow up’) OR longitudinal OR prospective OR retrospective) AND ((‘helicobacter pylori’/exp OR ‘heli-
cobacter pylori’) OR (‘campylobacter’/exp OR ‘campylobacter’)) AND ((‘gastrointestinal symptom’/exp OR ‘signs and symp-
toms, digestive’) OR (‘abdominal pain’/exp OR ‘abdominal pain’) OR (‘dyspepsia’/exp OR ‘dyspepsia’)) AND ((‘infant’/exp OR
‘infant’) OR infant* OR (‘child’/exp OR ‘child’) OR child* OR (‘adolescent’/exp OR ‘adolescent’) OR adolescen*)
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APPENDIX 2: EXPLANATION OF CRITERIA

MB       /       YvL       /       LS       /       MM

General

Case control study     /     Cross-sectional study

Criteria Score

1.

2.

3.

4.

5.

6.

7.
*

8.

9.

10.

Total Score (10 points maximum)

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

……
* 
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Explanation of criteria: Case control study/Cross-sectional study

Study population
1.

2.

3.

Helicobacter pylori
4.

5.

6.

Study design
7.

Analysis and data presentation
8.

9.

10.
 

OR
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MB       /       YvL       /       LS       /       MM

General

Prospective cohort study

Criteria Score

1.

2.

3.

4.

5.

6.

7. *

8.

9.

10.

11.

Total Score (11 points maximum)

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

+ / - / ?

…….
* 
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Explanation of criteria: Prospective cohort study

Study population
1.

2.

3.

Helicobacter pylori
4.

5.

Gastrointestinal symptoms
6.

Study design
7.

8.

Analysis and data presentation
9.

10.

11
 

OR
 

REVIEW ARTICLES

PEDIATRICS Volume 125, Number 3, March 2010 e667
. Provided by Swets Info Services 44524075 on May 4, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


REFERENCES
1. Logan RP, Walker MM. ABC of the upper gas-
trointestinal tract: epidemiology and diag-
nosis of Helicobacter pylori infection. BMJ.
2001;323(7318):920–922

2. Malaty HM, El-Kasabany A, Graham DY, et al.
Age at acquisition of Helicobacter pylori
infection: a follow-up study from infancy to
adulthood. Lancet. 2002;359(9310):931–935

3. Moss SF, Malfertheiner P. Helicobacter and
gastric malignancies. Helicobacter. 2007;
12(suppl 1):23–30

4. Drumm B, Koletzko S, Oderda G. Helicobac-
ter pylori infection in children: a consensus
statement. European Paediatric Task Force
on Helicobacter pylori. J Pediatr Gastroen-
terol Nutr. 2000;30(2):207–213

5. Gold BD, Colletti RB, Abbott M, et al. Helico-
bacter pylori infection in children: recom-
mendations for diagnosis and treatment.
J Pediatr Gastroenterol Nutr. 2000;31(5):
490–497

6. Malfertheiner P, Megraud F, O’Morain C, et
al. Current concepts in the management of
Helicobacter pylori infection: the Maas-
tricht III Consensus Report. Gut. 2007;56(6):
772–781

7. Koletzko S. Noninvasive diagnostic tests for
Helicobacter pylori infection in children.
Can J Gastroenterol. 2005;19(7):433–439

8. Macarthur C, Saunders N, Feldman W. Heli-
cobacter pylori, gastroduodenal disease,
and recurrent abdominal pain in children.
JAMA. 1995;273(9):729–734

9. Macarthur C. Helicobacter pylori infection
and childhood recurrent abdominal pain:
lack of evidence for a cause and effect rela-
tionship. Can J Gastroenterol. 1999;13(7):
607–610

10. Altman DG. Systematic reviews of evalua-
tions of prognostic variables. BMJ. 2001;
323(7306):224–228

11. Landis JR, Koch GG. An application of hierar-
chical kappa-type statistics in the assess-
ment of majority agreement among multi-
ple observers. Biometrics. 1977;33(2):
363–374

12. Lievense AM, Bierma-Zeinstra SM, Verhagen
AP, Verhaar JA, Koes BW. Prognostic factors
of progress of hip osteoarthritis: a system-
atic review. Arthritis Rheum. 2002;47(5):
556–562

13. Hayden JA, Cote P, Bombardier C. Evaluation
of the quality of prognosis studies in sys-
tematic reviews. Ann Intern Med. 2006;
144(6):427–437

14. von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE)
statement: guidelines for reporting obser-

vational studies. Lancet. 2007;370(9596):
1453–1457

15. Apley J, Naish N. Recurrent abdominal
pains: a field survey of 1,000 school chil-
dren. Arch Dis Child. 1958;33(168):165–170

16. Daugule I, Rumba I, Alksnis J, Ejderhamn J.
Helicobacter pylori infection among chil-
dren with gastrointestinal symptoms: a
high prevalence of infection among patients
with reflux oesophagitis. Acta Paediatr.
2007;96(7):1047–1049

17. Malaty HM, Abudayyeh S, Graham DY, Gilger
MA, Rabeneck L, O’Malley K. A prospective
study for the association of Helicobacter py-
lori infection to a multidimensional mea-
sure for recurrent abdominal pain in chil-
dren. Helicobacter. 2006;11(4):250–257

18. Yang YJ, Sheu BS, Lee SC, Wu JJ. Short-term
recurrent abdominal pain related to Helico-
bacter pylori infection in children. J Gastro-
enterol Hepatol. 2005;20(3):395–400

19. Chong SK, Lou Q, Zollinger TW, et al. The se-
roprevalence of Helicobacter pylori in a re-
ferral population of children in the United
States. Am J Gastroenterol. 2003;98(10):
2162–2168

20. Ng BL, Quak SH, Aw M, Goh KT, Ho B. Immune
responses to differentiated forms of Helico-
bacter pylori in children with epigastric
pain. Clin Diagn Lab Immunol. 2003;10(5):
866–869

21. Plebani M, Guariso G, Fogar P, et al. Effect of
cagA status on the sensitivity of enzyme im-
munoassay in diagnosing Helicobacter
pylori-infected children. Helicobacter. 1999;
4(4):226–232

22. Macarthur C, Saunders N, Feldman W, et al.
Helicobacter pylori and childhood recur-
rent abdominal pain: community based
case-control study. BMJ. 1999;319(7213):
822–823
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