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Abstract: One of the most widespread bacterial infections worldwide, Helicobacter pylori is thought to
affect almost half of the world’s population. Due to rising antibiotic resistance, treatment should be tai-
lored according to antibiotic susceptibility testing (AST). This study aims to evaluate Helicobacter pylori
antibiotic resistance and its therapeutic efficacy in children. We conducted a prospective, single-center
study, that evaluated 68 children referred for upper gastrointestinal endoscopy (UGE) following
chronic dyspeptic syndrome. Each patient underwent multiple biopsies to perform bacterial cultures
with AST and histopathological examinations for the diagnosis. Patients without antibiotic resistance
or negative cultures received a 10-day sequential therapy, while the others had the antibiotic regimen
tailored based on AST. Fifty-nine patients with a positive biopsy-based diagnosis (24 males) were
finally included. Bacterial cultures with AST were positive for 13 patients (22.03%) and the antibiotic
resistance for clarithromycin was 15.38%. Fifty-seven patients were administered sequential therapy
with an eradication rate of 94.73%. Clarithromycin-resistant patients were successfully treated with
10-day triple therapy of esomeprazole, amoxicillin, and metronidazole. Although bacterial cultures
had a low positivity rate, sequential therapy had a successful eradication rate. Further studies are
necessary to better assess Helicobacter pylori antibiotic resistance to provide tailored treatment and
identify children that need closer monitoring.

Keywords: Helicobacter pylori; cultures; antibiotic resistance; children; sequential therapy

1. Introduction

In 1982, Warren and Marshall isolated for the first time Helicobacter pylori (H. pylori)
from gastric biopsies of patients with chronic gastritis and peptic ulcers [1]. As a cat-
egory one carcinogen since 1994, H. pylori is currently regarded as the most prevalent
etiologic agent of infection-related malignancies, which represent 5.5% of the global cancer
burden [2,3]. The association of gastric cancer, one of the most frequent causes of death
worldwide, with a treatable etiological factor, led to a profound impact on cancer research.
Moreover, the World Health Organization nominated H. pylori as a pathogen of high pri-
ority for novel antimicrobial drug findings due to its high rate of antibiotic resistance,
especially to clarithromycin [4].

H. pylori infection affects more than 50% of people worldwide, and cross-sectional
studies suggest that infection almost invariably occurs within the first five years of life [5].
Less than 10% of children in developed countries are infected by the age of ten, reflecting a
substantial decline in infection over the past 30 years. However, prevalence rates of up to
80% in children under the age of five have been reported in underdeveloped countries [6].
This high prevalence is generally related to poorer socioeconomic status and level of
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hygiene [7]. In Romania, a developing country, the prevalence of H. pylori infection is high,
around 68% in adults [7,8] and ranging from 33% to 45% in children [9–11].

H. pylori are responsible for the onset of several pediatric gastric pathologies ranging
from mild gastritis to malignancies. H. pylori can trigger gastritis and peptic ulceration,
while long-term infections can lead to gastric adenocarcinoma and mucosa-associated
lymphoid tissue (MALT) lymphoma [12]. Moreover, implications in other gastrointestinal
pathologies (e.g., gastroesophageal reflux) or extra-digestive disorders (e.g., iron-deficiency
anemia, chronic idiopathic thrombocytopenia, and growth failure) were recently discov-
ered [12,13]. Children may experience non-specific symptoms of peptic ulcer disease caused
by H. pylori, such as epigastric pain, especially after meals, night-time waking, unexplained
nausea or vomiting, anorexia, and hematemesis [14].

When considering the diagnostic strategies for H. pylori infection in children, the Joint
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN)
and North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
(NASPGHAN) guidelines support upper gastrointestinal endoscopy (UGE) with biopsies
as the most reliable method [15]. From the biopsy samples, two diagnostic techniques are
recommended, bacterial cultures with antibiotic susceptibility testing (AST) and histopatho-
logical examination with an additional biopsy-based test (e.g., rapid urease test—RUT,
polymerase chain reaction, or fluorescent in situ hybridization) [15]. For the assessment
of histopathological changes, the guidelines recommend the use of the Updated Sydney
Classification for gastritis [16,17].

In children, there are only a few antibiotics effective for treating H. pylori infection [18].
The treatment is usually empiric and includes antibiotic regimens comprising amoxicillin,
clarithromycin, or metronidazole [15]. Levofloxacin and tetracycline are used mainly in
adults for H. pylori eradication. Among pediatric patients, levofloxacin can be given only
to adolescents due to possible negative effects on cartilage and teeth, while tetracycline is
recommended for children older than 8 years old [15]. Besides the scarce drug availability
in children, the rising antibiotic resistance enhances the difficulty in treating pediatric
patients with H. pylori. Antibiotic resistance varies widely by area; for instance, it is more
prevalent in Central/Western and Southern European countries than in Northern European
nations [19]. Additionally, studies from early 2020 report an incidence of 23.5% [20], while
more recent ones describe resistance in more than two-thirds of the patients infected with
H. pylori [21]. As a result, physicians are facing a significant challenge in treating H. pylori
infection in children. Thus, it is important to profile local or population-specific antibiotic
resistance to determine the best course of treatment for children with H. pylori.

The current study aims to first, isolate H. pylori in cultures from pediatric gastric
biopsy samples and test their susceptibility to amoxicillin, clarithromycin, metronidazole,
and levofloxacin. Secondly, we aim to assess the efficacy of the sequential therapy in the
pediatric population from our tertiary center during a specific timeframe.

2. Material and Methods
2.1. Patients Selection

We performed a prospective, observational, single-center study that included 68 pe-
diatric patients that underwent UGE at Marie Curie Emergency Children’s Hospital in
Bucharest (Romania) between July 2015 and March 2018. These patients were referred
by their physicians for UGE due to chronic dyspeptic syndrome. All the patients were
screened at the beginning of the study for H. pylori and all of them presented a positive stool
antigen test. The used test was the OnSite H. pylori Ag Rapid Test, which was validated
using internal and external controls.

Depending on their age and level of understanding, pediatric patients or parents
filled out a questionnaire to obtain information about each patient’s demographics and
personal and family history. Patients’ demographic data included their age, gender, and
place of residence (urban or country area). History of H. pylori infection, as well as previous
therapies, were noted. Prior infectious diseases among the other members of the family
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were also assessed. Patients were questioned regarding the onset and duration of the GI
symptoms and the use of different drugs (e.g., proton pump inhibitors—PPIs, H2 receptor
antagonists, non-steroidal anti-inflammatory drugs, or corticosteroids). Smoking status
and alcohol consumption among adolescents were evaluated.

Exclusion criteria consisted of the use of PPIs, H2 receptor antagonists, antibiotics, non-
steroidal anti-inflammatory drugs, and/or corticosteroids two weeks prior to the beginning
of the study. This recommendation was similar to other studies [19]. By altering the pH, PPIs
can indirectly interfere with H. pylori distribution in the stomach. The antrum is the most
affected part of the stomach as PPIs can almost eradicate H. pylori from this area [22]. Thus,
to elude false negative results, it is recommended to avoid these drugs at least two weeks
before the endoscopy [19,23]. Additionally, a history of GI surgery (except polypectomy
and appendectomy), concomitant severe disease (heart, lungs, kidneys, and endocrine
diseases), and smoking or alcohol consumption were also considered exclusion criteria.

Sixty-eight patients met the aforementioned criteria and were included in the initial
study. However, only 59 cases were considered eligible for having a positive diagnosis.
The H. pylori diagnosis was based on invasive gastric biopsy techniques, including positive
bacterial cultures, or histopathological findings of H. pylori scored using the Updated Syd-
ney System [15,17]. The present study accepted positive bacterial cultures and histologic
H. pylori findings as the “gold standard” for the diagnosis. According to the recommen-
dations, the detection of H. pylori in at least one of these two investigations is accepted as
H. pylori-positive diagnosis [15]. Negative results in both cultures and histology excluded
the H. pylori infection. Thus, for the final analysis, only 59 patients were considered.

The protocol was accepted by the Marie Curie Emergency Children’s Hospital’s ethics
committee (197/27 May 2015 and 627/26 May 2017), and the study was carried out in
accordance with the Declaration of Helsinki. Prior to the UGE, the patients’ parents or legal
guardians provided their informed consent.

2.2. Upper Gastrointestinal Endoscopy

All 68 patients underwent UGE, and biopsy specimens were taken for histopatho-
logic examination (one sample from the antrum and one from the corpus) and bacterial
cultures (two samples from the antrum). One additional sample from the antrum was
used occasionally for the RUT. The samples were placed into distinct vials that had been
previously marked and contained the appropriate medium for each test. The procedure
was performed in patients with a minimum of 10 h of fasting, under general anesthesia or
conscious sedation. During the entire procedure, vital signs were continuously monitored.
No incidents or adverse effects were noted during or after the UGE.

2.3. Helicobacter pylori Cultures and Antibiotic Susceptibility Testing

The biopsy samples obtained for bacterial culture were transported in a special H. pylori
transport medium (i.e., Portagerm pylori from BioMérieux SA, Marcy l’Etoile, France), and
inoculated after a few hours onto selective medium Pylori Agar (BioMérieux Italia). For
72 h, the plates were incubated at 37 ◦C in a microaerobic environment. After incubation,
Gram stain and oxidase, catalase, and urease tests were used to identify the H. pylori
colonies. To perform an E-test on pylori agar, suspensions from the primary plates were
prepared in a sterile solution. An E-Test strip (E-Test; AB Bio disk, Solna, Sweden) was
placed onto each separate plate and immediately incubated in a microaerobic atmosphere at
37 ◦C for another 72 h. This procedure involved streaking an agar plate in three directions
with a swab dipped into each bacterial suspension to create a lawn of growth. Isolated
strains were screened for several antibiotic resistance (e.g., amoxicillin, clarithromycin,
metronidazole, and levofloxacin) according to the recommendations of the European
Committee on Antimicrobial Susceptibility Testing.
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2.4. Histopathological Examination

Gastric corpus and antrum biopsy samples were preserved in a 10% formaldehyde
solution for further analysis. Following that, the gastric mucosa processing steps of dehy-
dration and paraffin embedding were carried out as usual. For the histologic examination,
two stains were used, namely hematoxylin–eosin and Giemsa stains.

Hematoxylin–eosin is an inexpensive, rapid, simple test that allows evaluation of
H. pylori’s presence and its complications (e.g., intestinal metaplasia, neoplasms) [24].
However, this method presents some disadvantages, not being able to detect H. pylori
in mild gastritis, when the bacterial amount is low, or when the patient received PPIs or
antibiotics [25]. Thus, Giemsa is recommended as an ancillary stain in case the first one
fails to identify the bacterium [24,25]. Giemsa stain is also a simple, rapid, and inexpensive
test, that has superior sensitivity when compared to hematoxylin–eosin [24,25].

In the histology section, H. pylori were identified as short, spiraled, or curved bacilli
lying on the mucus layer or epithelial surface [1]. The Updated Sydney System was
used to characterize the morphological features of H. pylori-associated gastritis from the
biopsies [16,17]. This classification evaluates the mucosal degree of inflammation, level of
activity, and the presence of atrophy or intestinal metaplasia. According to this system, the
density of H. pylori infection can be semi-quantitatively graded on a scale from 0 to 3 (i.e.,
none, mild, moderate, or severe) [17].

2.5. Therapeutic Regimens

Patients with a positive H. pylori diagnosis received adequate treatment for bacterial
eradication. The antibiotic therapy was tailored based on AST where possible. In case of
no antibiotic resistance or negative cultures, patients received a 10-day sequential therapy
with a standard dosing regimen according to the recommendations [15]. Patients were
administered PPI (i.e., esomeprazole) with amoxicillin for 5 days, followed by PPI with
clarithromycin and metronidazole for another 5 days. The antibiotic dosage was adjusted
according to body weight. Patients having less than 15 kg weight received the following rec-
ommended doses: esomeprazole 1 mg/kg/day, amoxicillin 50 mg/kg/day, clarithromycin
15 mg/kg/day, and metronidazole 20 mg/kg/day, divided equally every 12 h. For the other
patients, the administered doses were as follows: esomeprazole—20 mg (15–24 kg), 30 mg
(25–34 kg), 40 mg (>35 kg), amoxicillin—500 mg (15–24 kg), 750 mg (25–34 kg), 1000 mg
(>35 kg), clarithromycin—250 mg (15–24 kg), 500 mg (>25 kg), and metronidazole—250 mg
(15–24 kg), 500 mg (>25 kg), twice daily [15]. Patients resistant to clarithromycin were
treated with 10-day targeted triple therapy of esomeprazole, amoxicillin, and metronidazole
using the recommended doses.

Following the guidelines [15], at four to six weeks after antibiotic treatment completion,
the patients had their symptoms evaluated by questionnaire, were physically examined,
and were tested for H. pylori infection using the stool antigen test.

2.6. Data Analysis

The statistical analysis was performed using IBM SPSS Statistics 26. Continuous
data with normal distribution were expressed as the mean ± standard deviation (SD).
The normality was tested using the Shapiro–Wilk test. Differences and relationships
between variables were analyzed using Fisher’s Exact test for low expected frequencies. A
p-value < 0.05 was considered statistically significant for all the analyzed parameters, with
a 95% confidence level for intervals. Sensitivity and specificity for H. pylori cultures and
histologic examination were also calculated.

3. Results

All 68 patients enrolled in the study underwent UGE with biopsies. However, nine
individuals were excluded due to negative results in both cultures and histology, indicating
an 86.76% positivity rate (Figure 1).
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For the final analyses, only 59 patients (86.76%) were included based on their positive
H. pylori diagnosis. Thirty-five patients were females (59.32%) and 24 males (40.67%) and
the age ranged between 2 years and 5 months and 17 years and 8 months, with a mean value
of 11 years and 7 months ± 4 years and 5 months. In Table 1, the demographic and clinical
characteristics of the patients included in the study are highlighted. Ten patients (16.94%)
had a family history of peptic ulcer disease, 26 children (44.06%) presented symptoms
for more than six months, and 22 patients (37.28%) were previously treated for H. pylori.
The mean age of the patients who were previously treated was 11.63 ± 4.45 years old and
11.91 ± 4.85 years old for those who have not received any therapies in the past (p = 0.77,
95% CI −1.84: 2.43). Additionally, there was a statistically significant association between
the severity of mucosal damage during endoscopy and the existence of a previous therapy
against the infection (p = 0.01). Seven of the eight patients (87.50%) with normal endoscopic
mucosa were previously treated (Table 2).

Table 1. Demographic and clinical characteristics of the patients.

Mean age ± SD, years 11 years 7 months ± 4 years 5 months

Male/female 24 (40.67%)/35 (59.32%)

Family history for H. pylori infection 10/59 (16.94%)

Symptoms > 6 months 26/59 (44.06%)

Previous therapy 22/59 (37.28%)

Table 2. Correlation between endoscopic aspect and previous H. pylori eradication status.

Parameter Normal
Endoscopic Aspect

Pathological
Endoscopic Aspect p Value

Patients without previous
therapies (37 patients) 1/37 (2.70%) 36/37 (97.29%)

0.002
Patients with previous
therapies (22 patients) 7/22 (31.81%) 15/22 (68.18%)
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The mean duration between the onset of symptoms and the effective diagnosis in
patients having a family history of upper GI diseases was 6.31 ± 6.80 months, while for
those without a family history tended it to be higher at 8.14 ± 7.27 months (p = 0.41, 95% CI
−6.70: 3.02).

The bacterial cultures were positive and the corresponding antibiotic susceptibility
tests were available only for 13 patients, representing 22.03% of the total number of patients.
Two of the bacterial cultures presented clarithromycin resistance. Both patients were
previously administered H. pylori infection treatment. Thus, the clarithromycin resistance
in our study was 15.38%. In three of these cases, although the cultures were positive, the
bacteria could not be identified through the histological exam. The specificity for H. pylori
culture in our study was 93.87%, but the sensitivity was low, only 22.03%. Histological
examination was able to identify the presence of H. pylori in 56 patients (94.91%) (Figure 2).
The specificity, in this case, was 94.23% and the sensitivity was 94.91%.
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Figure 2. Microscopic view of Helicobacter pylori in antral gastric biopsy stained with (A) hematoxylin–
eosin, and (B) Giemsa. (A) 200× histological section of hematoxylin–eosin-stained antral gastric
mucosa with inflammatory lymphoplasmacytic infiltration and vascular congestion; Helicobacter pylori
can be seen within the mucus layer at the surface of gastric mucosa; (B) 400× histological section
of Giemsa-stained antral gastric mucosa with Helicobacter pylori colonization of the gastric glands,
depicted as minuscule curved structures.

Additionally, we found a statistically significant correlation between the density of
H. pylori in the histological exam and the number of positive bacterial cultures (p = 0.01), but
under the reserve of a limited number of positive cultures. Moreover, we also checked the
relationship between the activity of gastritis and the density of H. pylori in the histopatho-
logical exam and found a statistically significant correlation between them as we have
previously showed in a smaller cohort. According to our results, this substantial difference
between the groups allowed us to conclude that the degree of gastritis activity was related
to the histologic H. pylori density (p = 0.03) (Table 3).

Table 3. Correlation between H. pylori density in the histological examination, positive bacterial
cultures, and the activity of associated gastritis.

Parameter Low H. pylori
Density

Moderate H. pylori
Density

Marked H. pylori
Density p Value

Positive H. pylori cultures (%) 5/28 (17.85%) 4/21 (19.04%) 1/7 (14.28%) 0.01

Activity of
H. pylori gastritis

Without activity (%) 7/28 (25%) 1/21 (4.76%) 1/7 (14.28%)

0.03
Mild activity (%) 11/28 (39.2%) 6/21 (28.57%) 4/7 (57.14%)

Moderate activity (%) 10/28 (35.7%) 13/21 (61.9%) 2/7 (28.57%)

Severe activity (%) 0 1/21 (4.76%) 0
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Regarding the treatment, 57 patients were administered sequential therapy. The
two patients resistant to clarithromycin were treated with 10-day targeted triple therapy
consisting of esomeprazole, amoxicillin, and metronidazole. The eradication rate for
sequential therapy was 94.73% since three children presented with positive fecal H. pylori
antigen after treatment.

4. Discussion

Despite evidence that H. pylori prevalence is declining in developed countries, the
infection is nonetheless ubiquitous with important morbidity and mortality rates [26].
H. pylori can commonly be acquired during childhood and persist throughout life with rare
spontaneous remission [27]. One of the main concerns nowadays is related to H. pylori
eradication failure and antibiotic resistance [28]. Moreover, antibiotic misuse is one of
the primary causes of this trend. As mentioned, H. pylori treatment in children is usually
empiric and comprised of amoxicillin, clarithromycin, or metronidazole [15]. Typically,
these antimicrobial agents are prescribed for other respiratory, genital, urinary, or even
parasite pediatric infections [29]. Thus, ideal treatment should be tailored according to
AST especially now the increasing antimicrobial resistance has become critical for the
management of H. pylori infection.

The first step in our investigation was to summarize each patient’s characteristics
and perform the UGE with biopsy collection for histopathological analysis and bacterial
cultures. The second phase involved the assessment of the bacterial cultures with AST, and
the third and final step comprised the therapeutic efficacy evaluation.

The mean duration between the symptoms’ onset and the diagnosis for patients having
a family history of upper GI disorders was shorter than for those without a family history
but not statistically significant. However, our results may have been influenced by the
limited number of patients in our study. Since family history represents an independent
predictor of several GI diseases, the most severe being gastric cancer [30–32], it is fairly
understood that these patients would seek medical attention sooner after the symptoms
develop. Moreover, the endoscopic findings were milder in patients that received previous
treatment when compared to the others, consistent with our previous results [33]. Six of
seven patients with normal endoscopic mucosa received prior treatment. These results
suggest that children might become “tolerant” to the bacterium or that the growing child
is more resistant to H. pylori-induced lesions. The evidence that H. pylori infection in
children coexists with normal gastric mucosa was also reported in other studies [11,33].
This is the reason why we strongly recommend taking biopsies at least for the histological
exams in children and adolescents, even if a normal appearance of the mucosa is observed
during endoscopy.

Correct diagnosis, AST, and proper treatment of H. pylori gastric infection are pivotal
for a positive outcome. The initial diagnosis should be made using invasive gastric biopsy
techniques, including positive bacterial cultures, or histopathological findings of H. pylori
with at least one other positive test (e.g., RUT, or molecular-based assays when available,
including polymerase chain reaction or fluorescent in situ hybridization), according to
the most recent guidelines for the management of H. pylori in children and adolescents.
Non-invasive techniques such as 13C-UBT or stool antigens should not be used for the
initial H. pylori diagnosis. However, when positive histology is the only available invasive
test, a positive non-invasive result supports the diagnosis [15].

Fifty-nine out of sixty-eight patients enrolled in this study were diagnosed with
H. pylori infection, indicating an 86.76% positivity rate. However, the positivity rate may be
overestimated by the fact that all the patients initially presented a positive fecal antigen
test. The histopathologic examination determined the diagnosis in 94.91% of the cases
identifying the presence of H. pylori in 56 patients. The hematoxylin–eosin and Giemsa
stains of the gastric antrum and body identified a higher number of patients with H. pylori
infection compared to the bacterial cultures. The result was recorded as positive if the
bacterium was isolated in either the antral mucosa and/or gastric body. The sensitivity and
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specificity of histopathology for the diagnosis depend on clinical settings, the density of
colonization, and the histopathologist’s experience [34]. Histopathology delivers excellent
diagnostic accuracy, allowing the detection of the bacteria, but also provides information
about the gastritis grading. In children, the current recommended guideline to asses
H. pylori histological changes in gastritis is the Updated Sydney Classification [16]. The
usual recommendation derived from the Sydney system is to obtain two biopsy specimens
from the antrum and two specimens from the corpus. Bacteria are usually present at both
sites even if the lesions occur essentially in the antrum. Thus, other studies showed that only
two antral biopsies were sufficient to detect H. pylori [35]. In our study, we determined a
statistically significant correlation between the activity of gastritis and the H. pylori density
in the histopathological exam. This significant difference allowed us to conclude that
histologic H. pylori density was linked with the degree of gastritis activity. In comparison
with adults, gastric biopsies obtained from children infected with H. pylori show a lower
degree of inflammation with a predominant lymphocytic component [36]. In addition,
a higher number of immunosuppressive regulatory T cells and a more prominent IL-10-
mediated anti-inflammatory response, and lower IL-17 have been detected in pediatric
patients [15,37]. In other studies, the strain of the organism may be a more important
factor than the density of infection in determining the gastric inflammatory response to
H. pylori [35,38]. Thus, children usually exhibit high colonization levels with scarce acute
inflammation [11,36,37,39,40].

Only 13 out of 59 patients (22.03%) presented positive H. pylori cultures. These bacteria
can be cultured from gastric biopsies, although this process frequently presents difficulties.
H. pylori lose viability when exposed to the environment; thus, biopsies should be cultured
quickly. If this is not possible, a specific transport media has to be used. Even experienced
laboratories can culture the pathogen from 50% to 93% of the infected biopsies [34,41].

In our study, the specificity of H. pylori cultures was 93.87%, but the sensitivity was
markedly decreased with a value of 22.03%. As the sensitivity of the culture method is
low, a negative H. pylori culture does not indicate the absence of the infection. In the
literature, various studies report inconsistent results. For example, Kaya et al. reported
an H. pylori culture sensitivity of 22.5% and a specificity of 97.1% [42]. In another study
conducted on children and adolescents, the sensitivity for H. pylori culture was 79.3%
and the specificity was 100% [43]. In the adult population, the sensitivity of the culture
method is higher, ranging from 62.7% to 96.3% in the performed studies [42,44,45]. Despite
their long use, cultures are challenging due to the fastidious nature of the bacterium, with
growth requirements regarding the media [46]. Therefore, although the culture method is
accepted as the diagnostic “gold standard”, it is difficult to use solely as a routine diagnostic
tool. The number of biopsies necessary to diagnose H. pylori infection is also a subject of
controversy. Although a single antrum biopsy specimen (2 cm from the pylorus) has good
sensitivity, it is not sufficient to provide a reliable diagnosis. The probability of finding
H. pylori increases with the number of biopsy specimens tested since the bacterium may
have a patchy distribution [47]. Although H. pylori are often present everywhere, there are
some rare cases when the infection solely affects the corpus. For example, the corpus may
be the only site that remains positive after the consumption of antisecretory drugs [19]. In
our study, we only obtained two biopsies from the antrum for H. pylori cultures, and this
could be adjusted by getting another one or two samples from the gastric body to improve
the culture success rate. However, taking more biopsy samples can be difficult to apply
to children.

To establish optimum therapy, meaning to achieve maximum efficacy and minimum
side effects, it is essential to determine which antibiotic resistance has actually developed
for every patient. Ideally, AST should be performed for all diagnosed patients. However, in
standard clinical practice, AST is not always possible as it is challenging to use the culture
method alone as a routine diagnostic approach.

In our study, antibiotic resistance was encountered only in two of the patients with
H. pylori-positive cultures, accounting for 15.38% of the total number of cultures. More
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specifically, they presented clarithromycin resistance. Both patients previously under-
went treatment for H. pylori infection. The international guidelines do not recommend
clarithromycin when resistance to this antibiotic is >15% [15], as in our case.

A recent multicenter study across Europe evaluated H. pylori antibiotic resistance
for a long period of time (i.e., 7 years, between 2013 and 2020) [48]. This study included
41,526 adult patients with bacterial cultures performed for 3974 (9.5%) individuals. This
evidence suggests a low rate of using this method as it is not part of the routine clinical
practice. The key finding was that only 9.5% of cases in Europe involved testing for
antibiotic susceptibility, resulting in a low number of tests being conducted [48]. Our study
reveals a low use of AST also in children (i.e., 22.03%). In the previously mentioned study,
H. pylori resistance was generally high for clarithromycin, especially in countries in Southern
Europe. The average resistance rate to clarithromycin was 25%, with a maximum peak in
2016 reaching 34% [48]. In our study, only clarithromycin resistance was encountered (i.e.,
15.38%), presenting lower values but under the reserve of a limited number of positive
cultures. Other studies also observed a significant increase in the H. pylori resistance
rate toward clarithromycin, levofloxacin, and metronidazole which correlate with the
number of previous treatment failures [49]. In another pediatric investigation, including
154 children, the highest amoxicillin resistance was reported, at 12%. The resistance
rate for clarithromycin was 35%, and for tetracycline and levofloxacin was 8% and 2%,
respectively [50].

Understanding H. pylori susceptibility to antibiotics and adherence to therapy is essen-
tial for successfully eradicating pediatric H. pylori infection [51]. At least a 90% eradication
rate is the ideal target for first-line therapy, especially for preventing the emergence of
antibiotic-resistant strains [14,52]. However, if culture and AST for H. pylori are unavailable,
the treatment may rely on clinical experience and regional antimicrobial susceptibility
profiles. In our study, the eradication rate for sequential therapy was successful, exceeding
90% (94.73%). This high efficacy of the sequential regimen is similar to a couple of other
studies, reporting eradication rates ranging from 81.9% to 98% [53–55]. However, these
eradication rates are lower when antibiotic resistance is present. For instance, sequential
therapy efficacy was only 56% when clarithromycin resistance was present in a prospective
multicenter European study of 165 children [56]. Thus, data collected from our study sug-
gest a high susceptibility of H. pylori to antibiotics. This multi-drug treatment is particularly
challenging for clinicians because pediatric patients must take pills several times a day.
Thus, to improve compliance and prevent poor compliance or treatment discontinuation,
which results in treatment failure, physicians should also educate patients’ families.

5. Study Limitations

We acknowledge that our study has several limitations. First of all, this is a single-
center study, with a limited number of patients during a specific timeframe. This small
number of patients restricted us to obtain possible significant results regarding antibiotic
resistance. Moreover, the current pediatric guidelines recommend a diagnosis based on
bacterial cultures or histology with at least one other positive test. However, when the
study started the guidelines were not published yet. Thus, we did not perform in every
case the extra needed test for the histopathological diagnosis. Furthermore, the guidelines
propose obtaining at least six biopsy samples for the histopathological examination. Due
to the fact that our patients were children and we also needed to collect samples for the
bacterial cultures, we were unable to gather so many samples for our study. Therefore,
in some of these circumstances, a misdiagnosis may be linked to our detecting methods.
Additionally, sequential therapy effectiveness could be overestimated because this therapy
was only prescribed to patients with no antibiotic resistances or negative cultures.
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6. Conclusions

The encountered impediments in the bacterial growth in cultures restricted us from
further accurately investigating the H. pylori antibiotic resistance. The histopathologic
examination brought more information and was more easily performed. Thus, our rec-
ommendation is to continue using for the diagnosis biopsy-based investigations such as
histopathology, but also determine the bacterial cultures with AST if possible or depending
on local availability. Although the bacterial cultures had a low positivity rate, the sequential
therapy had a successful eradication rate, suggesting the susceptibility of H. pylori infection
in the children from our center with previous AST analysis.

To summarize, our data recommend that further clinical studies are necessary to better
assess the H. pylori antibiotic resistance to provide tailored treatment and identify children
that need closer monitoring.

Author Contributions: Conceptualization, F.G., C.B. and M.A.; methodology, F.G., C.B. and M.A.;
formal analysis, E.I., A.I. and M.T.C.; data curation, E.I.; writing—original draft preparation, F.G. and
M.-I.I.; writing—review and editing, A.A.B., M.-I.I. and C.B.; supervision, F.G. and A.A.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee (197/27.05.2015 and 627/26.05.2017) of Marie
Curie Emergency Children’s Hospital, Bucharest, Romania.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors thank Augustina Enculescu and Alina Vasile for providing histopatho-
logical assistance in this study and Violeta Cristea for the support in isolation, culture and antimicro-
bial susceptibility testing of pediatric H. pylori gastric samples.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Marshall, B.J.; Armstrong, J.A.; McGechie, D.B.; Clancy, R.J. Attempt to Fulfil Koch’s Postulates for Pyloric Campylobacter. Med. J.

Aust. 1985, 142, 436–439. [CrossRef] [PubMed]
2. Parkin, D.M.; Bray, F.; Ferlay, J.; Pisani, P. Global Cancer Statistics, 2002. CA Cancer J. Clin. 2005, 55, 74–108. [CrossRef] [PubMed]
3. IARC. Schistosomes, Liver Flukes and Helicobacter pylori. In IARC Monographs on the Evaluation of Carcinogenic Risks to Humans;

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans; IARC: Lyon, France, 1994; Volume 61, pp. 1–241.
4. WHO. Publishes List of Bacteria for Which New Antibiotics Are Urgently Needed. Available online: https://www.who.int/news/

item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed (accessed on 12 August 2022).
5. Suerbaum, S.; Michetti, P. Helicobacter pylori Infection. N. Engl. J. Med. 2002, 347, 1175–1186. [CrossRef] [PubMed]
6. Drumm, B.; Day, A.S.; Gold, B.; Gottrand, F.; Kato, S.; Kawakami, E.; Madrazo, A.; Snyder, J.; Thomas, J. Helicobacter pylori and

Peptic Ulcer: Working Group Report of the Second World Congress of Pediatric Gastroenterology, Hepatology, and Nutrition.
J. Pediatr. Gastroenterol. Nutr. 2004, 39 (Suppl. 2), S626–S631. [CrossRef] [PubMed]

7. Hooi, J.K.Y.; Lai, W.Y.; Ng, W.K.; Suen, M.M.Y.; Underwood, F.E.; Tanyingoh, D.; Malfertheiner, P.; Graham, D.Y.; Wong, V.W.S.;
Wu, J.C.Y.; et al. Global Prevalence of Helicobacter pylori Infection: Systematic Review and Meta-Analysis. Gastroenterology 2017,
153, 420–429. [CrossRef]
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