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Abstract
Children differ from adults regardingHelicobacter pylori (H. pylori) infection in many terms.H. pylori infection represents a key
factor in the pathogenesis of duodenal ulcer and chronic gastritis in children. H. pylori infection causes some extraintestinal
diseases as well as gastrointestinal diseases. Although, among these illnesses in children, symptoms like recurrent abdominal pain
are not specific. Moreover, the role of the pathogen in the growth faltering, iron deficiency anemia, and asthma still remains
controversial. A reliable method to detect H. pylori infection is a crucial issue, sand is still a matter of active debate. The tests
applied for H. pylori diagnosis are grouped as either invasive or non-invasive methods. Invasive methods consist of endoscopic
evaluation, the rapid urease test (RUT), histology, and bacterial culture. Non-invasive tests include the urea breath test (UBT),
stool antigen test (SAT), serology, and molecular diagnostic approaches. Use of endoscopy is a pre-requisite for all invasive
methods and poses difficulties in children as it is a difficult procedure and requires patient’s cooperation. For this reason, the non-
invasive tests have been commonly used in children, although their accuracy is not very reliable in some cases. Invasive tests may
be opted to confirm the diagnosis as and when needed. This review presents the diagnostic tests used to detectH. pylori infection
in children.
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Introduction

For the first time in 1983, Robin Warren observed a curved
bacteria in the mucosal layer of the gastric biopsy specimen.
Subsequently, with the help of Berry Marshall, the organism
was isolated from the gastric biopsy specimens and named
BCampylobacter pyloridis^ [1], and was later renamed as
Helicobacter pylori (H. pylori) [1–3].

Since the initial identification of theH. pylori, the bacterium
was found to be associated to many diseases including chronic
gastritis (usually asymptomatic, especially in children), peptic

ulcer disease (PUD), gastric mucosa associated lymphoid tis-
sue lymphoma (MALT), and gastric adenocarcinoma [4–9].
However, the association between this organism and gastrodu-
odenal complaints in children is not fully clear [10].

H. pylori is the most common pathogen with prevalence
rates of more than 80% in developing countries and less than
40% in developed countries [11]. H. pylori infection is pre-
dominantly acquired in childhood and continues throughout
the life, unless specific treatment is prescribed [10, 12, 13].
H. pylori infection was first suspected in children with chronic
active gastritis symptoms undergoing upper gastrointestinal
endoscopy. Consequently, many further studies conducted at
H. pylori in children identifiedH. pylori as the key pathogenic
bacterium in pediatric gastroenterology [14].

Diagnostic methods for H. pylori infection are categorized
as invasive and non-invasive tests. The invasive tests include
an upper gastrointestinal endoscopy followed by testing of
biopsy samples using methods such as rapid urease test
(RUT), histology, and bacterial culture. The non-invasive tests
include the urea breath test (UBT), stool antigen test (SAT),
and serology. Polymerase chain reaction (PCR) can be classi-
fied as both invasive and non-invasive test depending on the
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samples used for the testing (Table 1) [15]. Non-invasive tests
have been the most commonly used H. pylori diagnosis
methods in children, although their accuracy is not very reli-
able in some cases. This may be due to the fact that applying
endoscopy test in children is not recommended. The underly-
ing review is a collection of all the possible diagnostic ap-
proaches that can be implemented to detectH. pylori infection
in children [16, 17].

Microbiology

H. pylori is a spiral, microaerophilic, gram-negative, slow-
growing, and flagellated bacterium [4, 18]. The surface of
H. pylori is coated with urease and thermal shock protein [19].

H. pylori produces large amounts of surface-localized ure-
ase which acts as an important colonization factor. Using this
enzyme, the bacterium breaks urea to release ammonia, caus-
ing an increase in the pH of the gastric antrum for bacterial
survive in the acid environment. This enzyme is important for
bacterial colonization and is an indirect marker for the pres-
ence of bacteria [10]. Vacuolating cytotoxin (VacA) is a viru-
lence factor of H. pylori that induces pro-inflammatory re-
sponse and multiple cellular activities that facilitate chronic
colonization of the gastric mucosa. This protein is able to
induce vacuolation in eukaryotic cells [20]. All of the
H. pylori strains have VacA gene, but only 50% of them ex-
presses a mature VacA protein [20, 21]. VacA inserted into the
membranes of endosomal vesicles to form pores [8, 20]. These

changes the structure of the anions within the endosomes and
consequently leads to osmotic swelling, which can have ef-
fects on the gastric epithelium. Furthermore, it also induces
apoptosis, leading to cell death [22, 23].

Cytotoxin-associated antigen (CagA) is possibly the most
important virulence factor in H. pylori. CagA-positive strains
contribute to the inflammatory responses byH. pylori through
activation of certain cytokines and NF-κB signaling.H. pylori
also produces catalase that supports the survival ofH. pylori in
the host by preventing the formation of reactive oxygen me-
tabolites from hydrogen peroxide. Also, the lipopolysaccha-
rides (LPS) as an endotoxin enhances the ability of H. pylori
to colonize in the stomach (Table 2) [24].

As soon as theH. pylori colonizes the stomach and releases
virulence factors into the host cells, the host immune system is
activated to build a strong immune response and inflammation
of gastric mucosa. Innate immune receptors of host epithelial
cells such as Tol-like receptors (TLR) activate NF-κB signal-
ing to express pro-inflammatory cytokines. Immune system is
further activated through recruitment of inflammatory cells at
the infection site, and enhances the production of pro-
inflammatory and anti-inflammatory cytokines. The activa-
tion of immune response further enhance the production of
reactive oxygen species by increasing oxidative stress leading
to cell damage, DNAdamage, and favoring the carcinogenesis
process [25].

Further description is that against these bacterial activities,
the host immune system begins to build and secrete some
cytokines and activates inflammation-enhancing cells. So that

Table 1 Advantages and limitations of various diagnostic methods regarding to Helicobacter pylori infection in children

Methods Advantages Limitations

Non-invasive Urea breath test High accuracy; useful before
and after treatment

Low specificity and high false-positive results
in young children (< 6 years old); false-negative
results in patients recipient bismuth, antibiotics

Stool antigen test Fast, easy, and cost-effective;
no age dependency; useful before
and after therapy

False-negative results in patients recipient bismuth,
antibiotics; dependency of accuracy on the cut-off
value and treatment status

Serology Inexpensive; cheapest; widely available Inability to detect acute versus chronic infection;
sensitivity in children is low; not reliable to confirm
the eradication of the infection

Invasive Histology Observation the grade of atrophy,
inflammation rates, gastric intestinal
metaplasia, and malignancy

Observer-dependency; time-consuming; need special
skills, and costly; dependence of accuracy on the
receiver of antibiotics, proton-pump inhibitors

Rapid urease test High sensitivity (80%) and specificity
(almost 100%); rapid, inexpensive

Dependence of accuracy on the number and location
of the biopsies, bacteria density, receive of antibiotics,
proton-pump inhibitors, bismuth, achlorhydria, and
the prevalence rate of infection

Culture Determination of pattern of antimicrobial
resistance; high specificity (100%)

Expensive, and time-consuming test; dependency of
sensitivity on the staff skill, and culture media

Non-invasive or
invasive

Polymerase chain
reaction

Fast; high sensitivity and specificity;
determination of antimicrobial susceptibility

False-positive results due to detect DNA pieces
of dead bacteria
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higher level of IL-1β, IL-8, and IL-18 and the number of
macrophages in the gastric mucosa are found. The amount
of TGF-β production of dendritic cells increases dramatically,
which subsequently increases the activity of regulatory T cells
(Treg). Treg cells lead to increased bacterial density and re-
ducing inflammation, all of which contribute to the presence
ofH. pylori in the stomach, and ultimately contribute to chron-
ic infection (Fig. 1) [26].

Epidemiology

About half of the world’s population is known to be infected
with H. pylori and is predominantly acquired in early child-
hood [4, 27] and person-to-person contact within the family
appears to be the key transmission route (via the fecal-oral
and oral- oral or gastro-oral route) [28, 29]. Sources of trans-
mission of infection from the environment such as water and
contaminated vegetables are also approved. Several studies
have shown that children often receive H. pylori infection
from their infected mothers or siblings. As such, studies show
that these infected mothers are the critical source of H. pylori
infection of their children [30, 31]. This transmission is main-
ly done through contact with the infected mother’s mouth via
kissing or testing the quality of food by the mother. Overall,
the seroprevalence rate of H. pylori in children estimated
within 30% [32]. In developing countries, such as Latin
America, Asia, the Caribbean, and Africa, the prevalence
rates are much higher (almost 60%) than developed regions,
such as Western Europe and North America (less than 10%)
[33–35]. All of these statistics show that several factors affect
the prevalence of H. pylori infection in children, including
low socioeconomic status, poor hygiene status, household
crowding, family education, gender, age, and geographical
area. This means that the risk factors in the acquisition of
H. pylori infection in kids differs among various populations

and areas [36–40]. Infection rates in developed countries have
declined dramatically in recent decades, and also, the men-
tioned reduction in children has been much higher compared
to adults [41]. According to the reports of the National Health
and Nutrition Examination Survey (NHANES) in 1996, the
prevalence of H. pylori infection in the age group of 6
to19 years was 24.8% [42]. In another study in Texas in
2012, the rate of infection in the age group less than 20 years
decreased to 6.0% [43]. In Russia, among the children under
the age of five, the seroprevalence of H. pylori declined from
30% in 1995 to 2% in 2005 [44]. Recently, some studies in
Asian countries also show a decrease in infection rate com-
pared to the past decades [45].

Clinical manifestations

The clinical manifestations of H. pylori infection are not very
clearly defined in children. The infection is supposed to be ac-
quired in early childhood, but complex host bacterium relation-
ship determines the clinical manifestations of the disease. In
about 85%ofH. pylori infected individuals, the bacteria remains
life long as asymptomatic [46]. However, H. pylori can cause
peptic/gastric ulcers in about 10% individuals, and gastric can-
cer in 1% individuals [47].H. pylori is one of the main causes of
duodenal ulcer and chronic gastritis in children.H. pylori is also
suspected to cause other illnesses such as recurrent abdominal
pain (RAP) and iron deficiency anemia (IDA).

Gastrointestinal manifestations

Necessarily, in all children with H. pylori infection, there are
no gastrointestinal manifestations, in other words, these symp-
toms are non-specific during H. pylori infection in children.

Table 2 Introducing some virulence factors of H. pylori

Virulence factors Function

Urease Crucial role in the H. pylori colonization; serious damage to the epithelium
via NH3 production; helping to produce inflammatory cytokines

Catalase Protection of H. pylori against the damaging effects of hydrogen peroxide

Vacuolating cytotoxin A (VacA) Vacuolization; apoptosis of gastric epithelial cells

Cytotoxin-associated antigen (CagA) Oncoprotein; association with adjustment disorder of Wnt/β-catenin signaling

Outer inflammatory protein A (OipA) Helping to translocation of the CagA into gastric cells; gastric inflammation via IL-8;
association with H. pylori density

Duodenal ulcer promoting gene A(dupA) One of the specific marker for duodenal ulcer and even gastric cancer; association
to production of inflammatory cytokines

Sialic acid-binding adhesion (SabA) Intervention and help to H. pylori binding to inflamed gastric mucosa and red blood cells

Blood-group-antigen-binding adhesion (BabA) Involvement in the attachment of H. pylori to gastric mucosa

Gamma-glutamyltranspeptidase (GGT) Engagement in inflammation of gastric mucosa via upregulation of IL-8 and activation of NF-kB
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Recurrent abdominal pain

After about 40 years of isolatingH. pylori, its association with
RAP has been one of the most controversial challenges in
pediatric gastroenterology. Many researchers around the
world have reported an association between H. pylori and
abdominal pain, while many surveys contradicted this view
[48, 49]. Masoodpour et al. did not observe any association
between RAP and H. pylori infection in children aged 5–
15 years [50]. In meta-analysis between 1966 and 2009,
Spee et al. found no association between RAP and H. pylori
infection in children [51].

Gastroesophageal reflux disease (GERD)

The role of H. pylori in GERD is still controversial; thus both
positive and negative associations between H. pylori and
GERD were reported recently [52, 53]. Daugule et al. showed
a significantly higher prevalence of H. pylori among patients
with reflux esophagitis compared to cases with hyperaemic
gastropathy [54]. The prevalence of reflux esophagitis was
14.2% among H. pylori-positive and 3.3% among H. pylori-
negative patients. However, in some studies, an inverse

correlation of H. pylori infection with the prevalence of
gastro-esophageal reflux disease was noticed [55].
Accordingly, some studies have shown that eradication of
H. pylori was the only predictor of gastro-esophageal treat-
ment failure [56]. Eradication ofH. pylori increases the esoph-
ageal acid exposure and might adversely affect the clinical
course of reflux disease [57, 58]. Furthermore, some scientists
from Turkey did not find a positive association between
H. pylori infection and severity of esophagitis [53].

Gastritis and peptic ulcer diseases

H. pyloriinfection is the main factor in the development of
gastritis and PUD [59, 60]. H. pylori infection have a two-
to sixfold increased risk of developing gastric cancer and
MALT [61].

In children, the number of these bacteria in the gastric mu-
cosa is frequently lower than that of adults [62]. Studies have
shown that the rate ratio of gastritis in children with H. pylori
infection was 1.9 to 71% compared to non-infectious children.
The prevalence ofH. pylori infection in childrenwith duodenal
ulcer was high (range, 33 to 100%; median, 92%) compared
with children with gastric ulcer (range, 11 to 75%; median,

Fig. 1 Binding and entering of H. pylori to epithelial cells results in the
production of higher number of dendritic cells in the gastric mucosa are
found. The amount of TGF-β production in dendritic cells and T cells
increases, which consequently increases the activity of regulatory T cells

(Treg). The level of IL-10 production by the Treg cells increases, which
along with the activity of the dendritic cells, reduces function of Thelper
cell (Th) and IFN-γ production. Therefore, Treg cells lead to increased
bacterial density and contribute to chronic infection
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25%) [63]. A retrospective study from Japan showed that the
prevalence of H. pylori was very high in antral gastritis and
duodenal ulcer patients (98.5% and 83%, respectively) [64].

Extraintestinal manifestations

In addition to the gastrointestinal diseases, H. pylori infection
may also play a role in some extraintestinal diseases.

Iron deficiency anemia

Several studies have shown the association between H. pylori
and iron deficiency anemia [65, 66]. According to the First
World Congress of Pediatric Gastroenterology, Hepatology
and Nutrition working group report, children with H. pylori
infection have lower iron stores than healthy age-matched
controls [67].

A study from Latin America showed that the levels of
serum hemoglobin and ferritin were lower in children with
H. pylori infection [68]. Harris et al. suggested that
hypochlorhydria in children infected with H. pylori may be
the key role in iron deficiency [69]. Furthermore, many stud-
ies have presented that the eradication of H. pylori in children
with refractory anemia improved the hematological parame-
ters in the short term [70]. In fact, it is difficult to differentiate
between anemia associated with H. pylori infection and some
other factors, such as nutritional status, poverty, and poor
treatment [71, 72].

Growth faltering

Some studies have shown thatH. pylori infection is associated
with growth disorders in childhood [73, 74]. The infection is
thought to reduce appetite, resulting in a decline in growth,
short stature, decreased immunity, and recurrent infections
[75–77]. Several studies showed that levels of ghrelin and
leptin decreased in infected children with H. pylori and erad-
ication of the infection led to positive effects on the growth
parameters [78, 79]. While, Ozen et al. noted that among the
biochemical parameters of growth, only the level of ghrelin
was associated with H. pylori infection.

Bronchial asthma and allergy

According to some evidence, there is an inverse correlation
between H. pylori seropositivity and asthma, but some other
studies do not support these data. A meta-analysis of eight
studies in a total of 14,972 participants byWang et al. showed
that there was weak evidence of an inverse relationship be-
tween asthma and H. pylori in children [80]. Karimi et al. in a
cross-sectional study compared the prevalence of H. pylori
infection in 98 patients with asthma and the same number of

healthy children. This study showed that H. pylori infection
do not play an important role in asthma [81]. Study by Chen
and Blaser analyzed of data from a total of 7412 children
participating in the National Nutrition and Nutrition Survey
(NHANES) in the USA showed that H. pylori positivity was
inversely related to dermatitis, asthma, allergic rhinitis, and
eczema [82].

Diagnostic methods of H. pylori infection

Non-invasive tests

According to the topics discussed above, applying endoscopy
test in children is not recommended, because of children who
do not have the necessary cooperation. For this reason, non-
invasive diagnostic tests with acceptable accuracy have been
considered as; UBT, SAT, serology.

Urea breath test

Urea breath test is a reliable and non-invasive technique which
does not need an endoscopy [15, 16]. Recommendations from
the evidence-based guidelines emphasize that the UBT is a
dependable and valuable method to determine whether or
not the pathogen has been eradicated. Accordingly, this test
is preferred over many other non-invasive tests including a
stool antigen test to diagnose the effectiveness of treatment,
although some studies have shown that UBT cannot confirm
the presence of gastritis, esophageal pathologies, and ulcers
[83]. UBT shows high sensitivity and specificity in H. pylori
diagnosis. The sensitivity and specificity of this method in
young children was found to be 95–97% and 97–98%, respec-
tively [84–86]. However, some studies have suggested that the
accuracy of this method is lower in children under the age of
6 years [87, 88]. Despite the fact that, UBT has high sensitivity
and specificity, the accuracy of UBT in pediatrics is less than
that of adults [15, 16]. To perform this test, isotypically la-
beled urea (12 C, 13C, or 14C) is administered into the patient
and bacterial urease produced by H. pylori into the stomach
will be measured. If the urease enzyme is present in the stom-
ach, the urea is broken down into carbon dioxide and ammo-
nia. CO2 reflects the flow of blood and exhale and can be
measured with a mass spectrometer [84, 85]. The production
of CO2 varies according to age, gender, and body weight [84,
89–91]. The isotopic ratio of labeled 13CO2 or 14CO2 may be
higher in young children compared to adults, leading to low
specificity and high false-positive findings in young children.
The presence of urease-producing bacteria in the oral cavity of
young children, such as Klebsiella pneumonia and Proteus
mirabilis, may also cause false-positive results [92]. Prior
treatment with antibiotics or proton pump inhibitors (PPIs)
may cause false negatives. It is advisable to stop using
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antibiotics for at least 4 weeks or proton pump inhibitors for at
least 2 weeks prior to testing [15, 93].

Stool antigen test

The H. pylori stool antigen test is a non-invasive, easy, and
cost-effective method that can be used for the clinical and
epidemiological studies [83, 94]. The method offers advan-
tages such as easy sampling of stool, easily transportability,
and also a long-term storage capacity of these specimens in the
frozen and even at the laboratory temperature [95–98]. The
major disadvantage of the SAT is the lack of enthusiasm for
patients in the stool sample preparation. In addition, storage
may become a problem in areas where freezing is not avail-
able. There are two types of SAT methods developed for de-
tecting H. pylori antigens in the stool. These are enzyme im-
munoassay (EIA) and immunochromatography assay (ICA)-
based methods and utilize either polyclonal or monoclonal
antibodies [41, 99, 100]. Although both monoclonal and poly-
clonal antibodies can be used in this method, monoclonal
antibodies showed a higher sensitivity than another one main-
ly because of the difficulty in obtaining polyclonal antibodies
of consistent quality every time [101]. Several studies have
shown that acceptable accuracy of this test, particularly in EIA
with monoclonal antibodies, thus such tests, especially with
the use of monoclonal antibodies, are useful tools in the initial
diagnosis and eradication assessment of H. pylori infection in
all ages [102].

Studies of the performance of stool antigen testing in chil-
dren have not shown differences by age, acute bleeding, and
prior use of proton pump inhibitors [103–105]. Sensitivity and
specificity have been similar in children of different age
groups [106–108]. It should be noted that the sensitivity and
specificity of the stool antigen test depend on some aspects as
the cut-off value and treatment conditions [17, 109].

Serology

H. pylori infection causes immunological responses and anti-
body productions (IgA, IgG, and IgM) [15]. So that, IgM is
detected in the initial steps of infection and IgA and IgG are
detected in the chronic phase of H. pylori infection by
ELISA, immunoblotting, and enzyme immunoassays (EIA).
Samples such as serum, saliva, or urine can be used to detect
the antibodies. Generally, antibody testing (IgA and IgM)
may cause high false positives and is not trusted to confirm
the presence of bacteria in the serum [110]. Thus serological
testing is used as an initial screening test and the results will
be confirmed with another test with high specificity. On the
other hand, due to the continued presence of antibodies, es-
pecially IgG after the eradication of the organism for a long
time, serological testing cannot be used for investigation the
success of eradication treatment [111]. Moreover, the mean

antibody levels in young children are lower than in older and
adults leading to poor sensitivity of serological tests in chil-
dren (63 to 86%) [72, 111–114]. Therefore, among non-
invasive tests, serology is unreliable in young children an
even any age groups [115, 116].

Invasive tests

Invasive tests are considered as the gold standard for detection
of H. pylori infection in both children and adults due to their
high diagnostic accuracy in comparison to non-invasive
methods. The lack of a single method that offers full sensitiv-
ity and specificity is a major issue of any non-invasive method
for the diagnosis of H. pylori in children [72]. However, non-
invasive methods are most routinely used methods for
H. pylori as they offer advantages of convenience and faster
diagnosis, but fail to provide complementary information on
the location of the H. pylori in the stomach [111].

Guidelines from North American Society for Paediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN)
and European Society for Paediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN) recommended for
H. pylori testing in the patients with first-degree relatives for
gastric cancer and refractory iron deficiency anemia without a
well-known reason [17]. Both NASPGHAN and ESPGHAN
has recommended that early detection of the presence of
H. pylori be based on some invasive methods such as RUT,
histology, and cultures. All these invasive methods requires
prior endoscopy and gastric biopsy for sample collection [17,
117]. According to the guidelines, it is reasonable to diagnose
H. pylori infection in children if that both histology and RUT
were positive or even culture became positive alone.
However, if the results of histology and RUT were not con-
sistent, the non-invasive tests such as H. pylori stool antigen
(HpSA) assay or UBT must be essential for diagnosis [117].

Histology

The histological examination provides a comprehensive as-
sessment of gastric mucosa and thus aid in accurate diagnosis.
To achieve highest possible diagnostic accuracy, it is recom-
mended to obtain biopsy samples from multiple locations in
the stomach due to the wide distributions of bacteria.
Hematoxylin and Eosin (H & E) is the standard, special and
routine stain for detection of inflammation and H. pylori [27].
Albeit in low densities of bacterial populations, special stains
as silver stain are used to identify pathogens. It should be
noted that Hematoxylin and Eosin staining is expensive [17,
118]. So, alternatives such as giemsa stains that are cheap,
simple, sensitive, and specific for the detection of H. pylori
is also commonly used [62, 119].

The major benefit of the histological examination is direct
observation of the pathological changes associated with
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H. pylori infection consisting of the grade of atrophy, inflam-
mation rates, the involvement of gastric intestinal metaplasia
(IM) and malignancy [118, 119]. The disadvantages of this
method are not many, but include expensive, needing a lot
of skill to do the test, and reduced sensitivity and specificity
due to prior administration of several types of drugs such as
antibiotics and PPIs.

Generally, the biopsy-based tests as histology is not applied
in children or less recommended, because of the biopsy is
difficult to perform in children, except for antibiotic resistance
testing or if there are clear clinical indications for endoscopy
in the child [62].

Rapid urease test

The performance basis of RUT test is the ability ofH. pylori to
produce urease enzyme to break down urea to carbon dioxide
and ammonia [27, 120]. To perform the test, the biopsy sam-
ple will be transferred to a solution-containing urea (KH2PO4,
NaCl, NaoH) with a PH indicator [87, 121, 122]. If the bac-
teria is present in the gastric mucosal biopsy samples, the
hydrolysis of urea to ammonium raises the pH and the color
of the solution change from yellow-gold to pink-red eventu-
ally [87, 121, 122]. Some oropharynx microbiota such as
Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter
freundii, and Staphylococcus aureus also produce urease;
however, there will be no significant effect on the results of
the test [120].

It has been stated in most studies that RUT should be done
in children who have clinical symptoms but yet to administer
any treatment [123]. The accuracy of RUT test depends on the
number and location of the biopsies, the density of bacteria,
recent intake of bismuth, antibiotics, PPIs, achlorhydria, and
the prevalence rate of infection in the community [62, 120]. In
biopsy samples, RUT is preferred for its quick results, easy
availability, less expensive, and high sensitivity (about 80%)
and specificity (within 100%) [15, 62].

Culture

The culture like the other invasive tests requires biopsy spec-
imens obtained by endoscopy of the upper gastrointestinal
tract [120]. This test as a gold standard is the only method that
has 100% specificity. But its sensitivity varies depending on
the expertise and experience of laboratory staff, culture media,
and the quality of the sample [91, 111, 120, 124, 125]. The
method is also expensive, time-consuming, and pose difficul-
ties due to the specific nutritional requirements ofH. pylori for
cultures [27, 62]. The test is mainly limited in research to
determine the antibiotic susceptibility of H. pylori. It should
also be noted that results of culture may be affected by the
prior use of antibiotics and PPIs [120, 121].

Polymerase chain reaction

The PCR tests could be classified as both invasive and non-
invasive methods [7]. This method is accurate, trustworthy,
fast, and affordable to detect H. pylori infection and used to
detect genotypic bacterial identification, pathogenic and epide-
miological studies, and antibiotic resistance as clarithromycin
and fluoroquinolones [120, 126–129].

PCR can be performed on samples from biopsy, gastric
juice, and stool [7, 130]. Several studies have shown that
PCR test for the diagnosis of infection in children has an
acceptable sensitivity in comparison to other tests. PCR test
can detect very small amounts of DNA and thus can detect the
presence of H. pylori even at a low bacterial load [130, 131].
Another advantage of PCR is the acceptable sensitivity of this
test for diagnosis in the recipients of PPIs [132, 133].

One of the major problems for this test is the detection of
H. pyloriDNA even in dead bacterial samples leading to false
positives.

Conclusion

Early diagnosis and treatment of acute Helicobacter pylori
infection in children can reduce the incidence of various can-
cers and gastric ulcers in the future. Therefore, the clinicians
should be alert to the importance of reaching a timely diagno-
sis of H. pylori infection. A powerful and standard diagnostic
approach for diagnosis ofH. pylori in children is being widely
discussed. It is necessary to mention that the diagnosis of
H. pylori infection in pediatric patients differs from that of
adults. Invasive methods are not usually used clinically for
children. Any invasive or even non-invasive tests that require
patient collaboration are not easy for children. UBT and SAT
are reliable, validated, and documented non-invasive methods
for early detection and monitoring H. pylori infection after
eradication. The choice of a diagnostic test for children should
be based on the accuracy of the method, ability to perfor-
mance, availability, cost-effectiveness, and clinical status of
the patient.
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