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ABSTRACT

Introduction. Various gastrointestinal and extragastric diseases are associated with H. pylori in children and ado-
lescents, but the strongest testing and treatment guidelines are only for children and adolescents with peptic ulcer.
The most promising developments now are the study of the antibacterial effect of endogenous antimicrobial pep-
tides (AP), among which the most important are defenses 1-3 (human neutrophil peptides, HNPs1-3).

Objective. To investigate the concentration of HNPs 1-3 in children with H. pylori-associated peptic ulcer of the
duodenum (DU).

Methods. A study of 65 children with DU (47 children with H.pylori-associated DU, 18 children with H.pylori-nega-
tive DU) and 25 healthy children aged 7-18 years with the determination of HNPs 1-3 levels in plasma.

Results. More common was H. pylori in the group of children with 11l grade of inflammation than in the group of
children with Il grade (x2: p<0.0001). A significant association was found between mucosal inflammation activity
and the presence of H. pylori (r=0.66, p<0.0001). The mean level of HNP1-3 in healthy children was 13.67+0.96 ng/
ml, in children with DU it was probably higher and was 104.88+11.5 ng/ml (p=0.005). There is a direct correlation
between the level of HNP1-3 and the severity of DU in children (r=0.67, p>0.05), as well as between HNP1-3 and
the activity of the inflammatory process (r=0.73, p>0.01). In children with H. pylori-associated DU, HNP1-3 values
were significantly higher (107.34+16.18 [98.45-119.22]) ng/ml than those in children with DU not associated with
H. pylori infection (66.70£11.31 [59.54-73.29]) ng/ml and in healthy children (13.67+0.96 [7.27-18.91] ng/ml).
Conclusion. Elevated plasma HNP1-3 levels in children with DU in the presence of H. pylori are likely to be a protec-
tive response to limit infection that can be used as a potential biomarker of adverse events.

Keywords: children, Helicobacter pylori, duodenal ulcer, human neutrophil peptides (HNPs 1-3)

Abbreviations

Helicobacter pylori — H. pylori

DU - duodenum ulcer

AN - antimicrobial peptides

HNPs1-3 — human neutrophil peptides 1-3

IPI - determination of integrated pathology index

INTRODUCTION

Approximately one third of all children in the
world are infected with Helicobacter pylori (H. py-

lori) (1-3). Bacterial transmission usually occurs
from person to person, especially among family
members (4). Various gastrointestinal and extragas-
tric diseases are known to be associated with H. py-
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lori in children and adolescents, but the strongest
testing and treatment guidelines are only for chil-
dren and adolescents with peptic ulcer disease.
Modern ideas about the formation and development
of DU are based on the generalized concept of im-
balance between the factors of aggression and de-
fense and are considered in the context of persis-
tence of H. pylori. Despite the introduction of a
powerful arsenal of antisecretory and anti- helico-
bacterial agents (5,6), as well as pharmacogenetic
studies that predict the effect of the drug in each
patient, taking into account the ability of the mac-
roorganism to respond to aggression, strategic and
tactical issues of H. pylori infection therapy are not
yet fully clarified (7,8). The direct association of H.
pylori infection with the development of diseases of
the stomach and duodenum, including in children,
has led to the urgency of this problem, as resistance
to the main antimicrobial drugs included in the first
line of treatment is quite high (9-12). The most prom-
ising developments in this direction are the stady of
the antibacterial effect of endogenous antimicrobial
peptides (AP), which are currently considered as a
new class of natural antibiotics and can replace tra-
ditional drugs (13). The most stadied and important
for the human body are AP family of defensins 1-3
(human neutrophil peptides, HNPs1-3). Defensins
are able to affect bacteria through a variety of anti-
microbial mechanisms, inclDUing such as direct
membrane destruction (14), inhibition of bacterial
cell wall synthesis (15) and neutralization of secret-
ed bacterial toxins (16). Crucial to the antimicrobial
activity of human a-defensins is their hydrophobic-
ity and selective cationicity, segregated on the di-
meric structure, which is stabilized by intramolecu-
lar disulfides (17,18). Some recent studies have
examined the role of the local innate immune sys-
tem in responding to H. pylori infection (19,20), its
clinical and epidemiological value, the possibility of
using AP as biomarkers, and the methods used to
determine their levels (21,22). However, as we know,
this has not been studied in peptic ulcer of the duo-
denum associated with H. pylori in children.

The aim is to investigate the concentration of
HNPs 1-3 in children with H. pylori-associated peptic
ulcer of the duodenum (DU).

METHODS

A single-center comprehensive clinical and in-
strumental-laboratory study of 65 children with DU
(47 children with H.pylori-associated DU, 18 chil-
dren with H.pylori-negative DU) and 25 healthy chil-
dren (comparison group) aged 7-18 years by simple
randomization on the basis of the gastroenterology
department of the Chernivtsi Regional Children’s
Hospital during 2020-2021.
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Criteria for inclusion in the study:

e children with verified H.pylori-associated
DU (25);

* no symptoms of gastroesophageal reflux;

« active ulcer in the bulb of the duodenum
with a minimum size of more than 2 mm,
diagnosed on the basis of endoscopy;

* age of patients from 7 to 18 years;

« informational consent of parents and pa-
tients to conduct the planned examination.

Criteria for non-admission of patients to the
study:

* the presence of complications of DU;

* the presence of concomitant inflammatory
pathology of the upper gastrointestinal tract,
lungs, liver, kidneys, cardiovascular or cere-
brovascular diseases;

* age of the child up to 7 years;

* the presence of other immune-dependent
diseases;

* children who have received antibacterial
drugs in the last 6 months;

* children who have received systemic gluco-
corticoid therapy for more than 14 days in
the last three months;

* smoking, the presence of diseases of the oral
cavity and teeth;

* children who have previously received ul-
cerogenic or acid-restoring drugs for 2 weeks
before endoscopy;

* the not-signed informed consent of the par-
ents and the patient to conduct the planned
examination.

Criteria for patient’s withdrawal from the

study:

* the decision of the patient and parents to
stop their participation in research;

* observance of compliance during diagnos-
tics;

+ the emergence of exclusion criteria in the re-
search process.

Assessment of the severity of clinical signs of DU
was performed using a visual-analog scale (in
points): 0 — no sign, symptom; 1 — weakly expressed;
2 — moderately pronounced; 3 - significantly ex-
pressed. Ultrasound examination of the abdominal
organs was performed with the device «Aloca SSD-
680».

The secretory and acid-forming functions of the
stomach were stadied by topographic intragastric
pH-metry. Endoscopic examination was performed
according to standard methods under propofol se-
dation using a fibrogastroscope «Fuginon FG 12P»
and targeted biopsy for morphological examination
to determine the variant and activity of the inflam-
matory process, contamination of the mucous mem-
brane of H. pylori. Cytoscopic diagnosis of H. pylori
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was performed after primary endoscopy and 4
weeks after (eradication control). CagA H. pylori an-
tigen in feces was determined by enzyme-linked im-
munosorbent assay (ELISA) according to standard
methods using a set of reagents from «Farmasco»
(Sweden); specific immunoglobulins of classes M, A
and G to the antigen CagA H. pylori in blood serum
according to the generally accepted method using
the diagnostic test system «HelicoBest-antibodies»
(series D-3752) and a set of reagents from the com-
pany «Vector BEST» (Novosibirsk, Russian Federa-
tion). After each diagnostic endoscopy, plasma sam-
ples were taken from all infected patients with DU
and stored at -80°C until measurement. The level of
HNPs 1-3 was determined in the serum by ELISA on
the analyzer «TECAN SunRise» (Switzerland) test
systems «Immundiagnostik», Germany. To stady the
features of the clinic used the method of clinical as-
sessment of the disease, developed (26), which in-
cludes the determination of integrated pathology
index (IPI).

The design of the study included adherence to
the principles of confidentiality, the concept of in-
formed consent and taking into account the main
provisions of the GCR ICH and the Helsinki Declara-
tion on Biomedical Research, the Council of Europe
Convention on Human Rights and Biomedicine
(2007) and the positive conclusion of the local bio-
medical ethics commission.

The results of the study are represented by the
number of observations in the group, the percent-
age or standard and standard deviation. The proba-
bility of the difference between the relative values
was determined by the method of Fisher’s angular
transformation “P¢”, criteria x2. Linear regression
was used to study the correlation coefficient be-
tween the two variables. A P<0,05 value was consid-
ered statistically significant.

RESULTS

The age of children with DU averaged 15.2+0.2
years, dominated by children of 13-17 years - 83.1%,
the rest were children of 7-12 years — 17.9%. The
share of boys was higher and amounted to 67.5%.
69.2% of children were diagnosed with ulcerative
defects of small size (3-5 mm). Impaired motor func-
tion of the stomach was found in 32.3% of children.
In 43.1% of children the second degree of inflamma-
tory activity was established, in 29.2% - the third de-
gree. Of the 65 children, 47 (72.3%) were infected
with H. pylori. The mean age of children infected
with H. pylori was 13.3+2.8 years, non-infected —
14.4+3.1, and the ratio of boys and girls was 28/19
and 11/7 in the groups with positive and negative H.
pylori respectively. Thus, no significant difference
was found in the age or sex of H. pylori-positive and
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-negative children. H. pylori was more common in
the group of children with III grade of inflammation
than in the group of children with II grade (x2:
p<0.0001).

The obtained results indicate the absence of a
correlation between the severity of clinical symp-
toms and the degree of activity of the inflammatory
process (p>0.05). A correlation analysis of morpho-
logical data revealed a significant association be-
tween mucosal inflammatory activity and the pres-
ence of H. pylori (r=0.66, p<0.0001).

The results of the study of HNPs 1-3 in the blood
plasma of children with DU and healthy children
are presented in Table 1. The average level of HNP1-
3 in healthy children was 13.67+0.96 ng/ml, in chil-
dren with DU it was probably higher and was
104.88+11.5 ng/ml (p=0.005).

TABLE 1. Levels of human neutrophil peptides 1-3 in the
blood plasma of patients with DU (ng/ml)

Group Mim Me Q25-75
Children with DU 104,88+11,5* | 62,45 | 24,37-119,22
Healthy children 13,67+0,96 12,34 7,27-18,91

Note. * - p=0.005 (DU — duodenum ulcer)

The analysis of the dependence of the clinical
picture of the disease on the level of defensins was
carried out taking into account the total IPI and sep-
arately IPI pain, dyspeptic and astheno-vegetative
syndromes (Table 2).

TABLE 2. Correlation analysis between clinical symptoms
and levels of human neutrophil peptides 1-3 in children
with DU

Clinical syndrome Integ;:ltnhnodlg::;or of r P

Pain 8,7 0,32 | >0,05
Dyspeptic 6,6 0,37 | >0,05
Astheno-vegetative 5,4 0,33 | >0,05
Total 6,9 0,34 | >0,05

There is a direct correlation between the level of
HNP 1-3 and the severity of DU in children (r=0.67,
p>0.05), as well as between HNPs1-3 and the activity
of the inflammatory process (r=0.73, p>0.01).

The average level of HNPs1-3 among children
with a low degree of inflammatory changes in the
mucous membrane was 56.34+6.18 [46.23-59.87] ng/
ml, while with moderate activity was determined in
the range of 109.43+11, 76 ng/ml [95.43-113.56]
(p>0.01).

In children with H. pylori-associated DU, HNPs1-
3 values were probably higher (107.34+16.18 [98.45-
119.22]) ng/ml than in children with H. pylori-not-
associated DU (66.70+11.31 [59.54-73.29]) ng/ml and
in healthy children (13.67+0.96 [7.27-18.91] ng/ml)
(Fig.1).
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FIGURE 1. Levels of human neutrophil peptides 1-3 in the blood plasma of

children depending on the presence of H. pylori infection

Neutrophil infiltration was not detected in H. py-
lori - negative children, but was found in the major-
ity (95.7%) of H. pylori — positive children (P<0.001).
Chronic inflammation was found to be more severe
in the H. pylori — positive group (P<0.001). All chil-
dren with H. pylori infection had moderate or se-
vere chronic inflammation.

DISCUSSION

H. pylori is a gram-negative bacterium that inhab-
its the gastric environment of more than half of the
world’s population (27). Studies have shown that the
prevalence of H. pylori-positive status varies depend-
ing on various factors, such as age, geographical area,
living conditions and socio-economic status (28).
Oral-oral transmission appears to be the major route
of transmission of H. pylori. The infection is acquired
mainly in childhood and remains the main cause of
peptic ulcer, which is observed in some children, es-
pecially after 10 years. The diagnosis of infection
should be based on endoscopy of the upper digestive
tract with biopsy methods (29). In children, a compre-
hensive review and meta-analysis of original pediat-
ric studies from 2011 to 2016 conducted on healthy
children estimated an overall prevalence of 33%
[95% confidence interval 27-38] (30). Another study
indicates a much higher prevalence - from 42 to 85%
(31). According to the results of (32), the prevalence
of H. pylori infection in both children and adults is
declining in developed countries. However, in Latvia
over the last 10 years, no evidence of a reduce in the
prevalence of it in children has been found (33). Our
previous studies found that DU, which is associated
with H. pylori in 67.2% (34) and 90% (35) of cases, is
the most severe course and possibility of complica-
tions in children. In this study, the incidence of H. py-
lori in children with DU remained at the previous
level (72.3%), which coincides with the results of oth-
er studies. Some recent studies have examined the
role of the local innate immune system in response to
H. pylori infection (19,20), in particular the group of
AP, including defensins.

AP are endogenous polypeptides produced by
multicellular organisms to protect the host from
pathogenic microbes and act as effector molecules
in wound healing, inflammation and activation of
the immune system (36,37). The main mechanism of
action of antimicrobial pathogens is associated with
disruption of the cell membrane of pathogens (38),
some may inhibit biofilm formation (39-41), some,
such as defensins produced by epithelial cells to
prevent pathogens and usually found in phagocytic
cells, help destroy microorganisms when ingested+*.
Defensins have a broad-spectrum antimicrobial ac-
tivity against gram-positive and gram-negative bac-
teria, viruses, fungi and protozoa (22). The antimi-
crobial activity of defensins is due to their unique
amino acid sequence (43). Along with their direct
antimicrobial properties, defensins play a role in
cell-mediated immunity, being chemoattractants for
immature dendritic cells (44,45). General studies of
the structure-activity relationship (Fig. 2) have
shown that total charge, hydrophobicity and amphi-
pathicity are the most important physicochemical
and structural determinants that determine their
antimicrobial activity and cellular selectivity (46), as
well as an important role in protection host from
microbial invasion in inflammatory bowel process-
es (47,48). Human defensins are naturally expressed
in the epithelial cells of the gastric mucosa and are
actively involved in protecting the host from coloni-
zation by H. pylori (49).

Multilevel signaling pathways contribute to the
molecular mechanism of defensin induction in re-
sponse to the initial stages of H. pylori infection (50-
51). Studies (52) showed a significant saturation of
a-1-3-defensins of neutrophils in biopsies of the gas-
tric mucosa of children with type B gastritis. Rela-
tionships between the nature of morphological
changes in the gastric mucosa, the presence of H.
pylori, gene polymorphism of macrophage inhibi-
tion factor and the level of defensin B2 in feces in
children with chronic inflammatory diseases of the
upper gastrointestinal tract have been found (53,54).
Recent studies have shown that adults infected with
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FIGURE 2. Generalized characteristics of defensins [48]

H. pylori have elevated levels of both a- and
B-defensins, and that they decrease after treatment
of the infection (55,56). We found significantly high-
er levels of HNPs1-3 in the plasma of children in H.
pylori positive cases of DU. The results obtained in
our work revealed an important multifaceted role
of a-1-3-defensin in the development of the inflam-
matory process in the duodenal mucosa: HNPs1-3
determines the severity of endoscopic and morpho-
logical changes in DU in children. Direct correlations

Conflict of interest: none declared
Financial support: none declared

REFERENCES

1. Okuda, Masumi, Yingsong Lin, Shogo Kikuchi. Helicobacter pylori
infection in children and adolescents. Helicobacter pylori in Human
Diseases. 2019;107-120.

2. Kienesberger S, Perez-Perez Gl, Olivares AZ et al. When is Helicobacter
pylori acquired in populations in developing countries? A birth-cohort
study in Bangladeshi children. Gut Microbes. 2018;9:252-263.

3. Matos |, Diaz Oliva SE, Escobedo AA, Villa Jiménez OM, Velazco
Villaurrutia YDC. Helicobacter pylori infection in children. BMJ Paediatr
Open. 2020; 3;4(1):e000679.

RomaniaN JourNAL oF INFECTIOUs Diseases — VoL. XXV, No. 1, YEar 2022

between the plasma levels of HNPs1-3 in children
with DU with the presence of H. pylori, the degree of
microbial seeding indicate the induction of defensin
secretion in response to bacterial colonization, Dud-
nikova EV et al., also found relationships between
the nature of morphological changes in the gastric
mucosa, the presence of H. pylori, gene polymor-
phism of macrophage inhibition factor and the level
of defensin B2 in feces in children with chronic in-
flammatory diseases of the upper gastrointestinal
tract (57). Isomoto et al. showed that a-defensin ex-
pression positively correlates with neutrophil infil-
tration and chronic inflammation in the gastric mu-
cosa (58). Because a-defensins are secreted mainly
by neutrophils, there is a logical correlation between
a-defensin and the severity of inflammation. The
ability of a-defensins to attract T-lymphocytes and
monocytes may play a role in this mechanism, espe-
cially in aspects related to chronic inflammation.

CONCLUSION

Elevated plasma HNPs1-3 levels in children with
DU in the presence of H. pylori are likely to be a pro-
tective response to limit infection that can be used
as a potential biomarker of H. pylori-associated de-
structive gastrointestinal damage. It can be assumed
that AP analogues can be used in the fight against H.
pylori infection.

Keywords: children, Helicobacter pylori, human
neutrophil peptides (HNPs1-3), duodenal peptic ulcer.

Compliance with Ethics Requirements:

“The authors declare no conflict of interest re-
garding this article”

”The authors declare that all the procedures and
experiments of this study respect the ethical stand-
ards in the Helsinki Declaration of 1975, as revised in
2008(5), as well as the national law. Informed consent
was obtained from all the patients included in the
study”

“No funding for this study”

4. Yokota S, Konno M, Fujiwara S et al. Intrafamilial, preferentially
mother-to-child and intraspousal, Helicobacter pylori infection in
Japan determined by mutilocus sequence typing and random
amplified polymorphic DNA fingerprinting. Helicobacter. 2015;
20:334-42.

5. Jones NL, Koletzko S, Goodman K et al. ESPGHAN NASPGHAN Joint
ESPGHAN/NASPGHAN guidelines for the Management of Helicobacter
pyloriin children and adolescents (update 2016). J Pediatr
Gastroenterol Nutr. 2017; 64:991-1003.



RomaniaN JourNAL oF INFECTIOUs Diseases — VoL. XXV, No. 1, YEar 2022

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kotilea K, Kalach N, Homan M, Bontems P. Helicobacter pylori infection
in pediatric patients: update on diagnosis and eradication strategies.
Paediatr Drugs. 2018; 20:337-351.

Kusano C, Gotoda T, Suzuki S, Ikehara H, Moriyama M. Safety of
first-line triple therapy with a potassium-competitive acid blocker

for Helicobacter pylori eradication in children. J Gastroenterol. 2018;
53:718-724.

Mabe K, Okuda M, Kikuchi S et al. Randomized controlled trial:
PPI-based triple therapy containing metronidazole versus
clarithromycin as first-line treatment for Helicobacter pylori in
adolescents and young adults in Japan. J Infect Chemother. 2018;
24:538-543.

Silva GM, Silva HM, Nascimento J et al. Helicobacter

pylori antimicrobial resistance in a pediatric population. Helicobacter.
2018; 23:e12528.

. Zhang Y, Wen Y, Xiao Q et al. Mutations in the Antibiotic Target Genes

Related to Clarithromycin, Metronidazole and Levofloxacin Resistance
in Helicobacter pylori Strains from Children in China. Infect Drug Resist.
2020;13:311-322.

. Biernat MM, Binkowska A, taczmanski t, Biernat P, Krzyzek P, Gosciniak

G. Phenotypic and Genotypic Analysis of Resistant Helicobacter pylori
Strains Isolated from Children with Gastrointestinal Diseases.
Diagnostics (Basel). 2020;10(10):759.

. Puah SM, Goh KL, Ng HK, Chua KH. Current status of Helicobacter

pylori resistance to Clarithromycin and Levofloxacin in Malaysia-
findings from a molecular based study. Peer J. 2021 ;9:e11518.

. Czaplewski L, Bax R, Clokie M et al. Alternatives to antibiotics a

pipeline portfolio review. Lancet Infect Dis. 2016;16(2):239-51.

. Kudryashova E, Quintyn R, Seveau S, Lu W, Wysocki VH, Kudryashov

DS. Human defensins facilitate local unfolding of thermodynamically
unstable regions of bacterial protein toxins. Immunity. 2014;41:709-21.

. Wilson SS, Wiens ME, Smith JG. Antiviral mechanisms of human

defensins. J Mol Biol. 2013;425:4965-80.

. Munch D, Sahl HG. Structural variations of the cell wall precursor lipid

Ilin Gram-positive bacteria - Impact on binding and efficacy of
antimicrobial peptides. Biochim Biophys Acta. 2015;1848(11 Pt
B):3062-71.

. Valere K, Lu W, Chang TL. Key determinants of human alpha-defensin 5

and 6 for enhancement of HIV infectivity. Viruses. 2017; 9:244.

. Xu D, Liao C, Zhang B et al. Human Enteric alpha-defensin 5

romotes Shigella infection by enhancing bacterial adhesion and
invasion. Immunity. 2018;48:1233-44e6.

. Vinagre, Ruth Maria Dias Ferreira et al. Helicobacter pylori infection

and immune profile of patients with different gastroduodenal
diseases. Arquivos de gastroenterologia. 2018;55:122-127.

Wang L, Cao ZM, Zhang LL et al. Helicobacter Pylori and Autoimmune
Diseases: Involving Multiple Systems. Front Immunol. 2022;13:833424.
Prasad SV, Fiedoruk K, Daniluk T, Piktel E, Bucki R. Expression and
Function of Host Defense Peptides at Inflammation Sites. Int J Mol Sci.
2019;21(1):104.

Xu D, Lu W. Defensins: A Double-Edged Sword in Host Immunity. Front
Immunol. 2020;11:764.

Silva ON, Porto WF, Ribeiro SM, Batista |, Franco OL. Host-defense
peptides and their potential use as biomarkers in human

diseases. Drug Discov. Today. 2018, 23, 1666-1671.

Prasad SV, Fiedoruk K, Daniluk T, Piktel E, Bucki R. Expression and
Function of Host Defense Peptides at Inflammation Sites. Int J Mol Sci.
2019;22(1):104.

Order of MOH Ukraine of 29.01.2013 Ne 59. Unified clinical protocols
of medical care for children with diseases of the digestive system
(Regulations Ministry of Health of Ukraine).

Makeeva NO, Kazanov VYA, Gubar SO, Chumak TO. Functional and
organic diseases of the esophagus and stomach in children: guidelines.
Kharkiv; 2016. 32 p.

Hooi JKY, Lai WY, Ng WK et al. Global prevalence of Helicobacter

pylori infection: systematic review and meta-analysis.
Gastroenterology. 2017;153(2):420-9.

Kotilea K, Kalach N, Homan M, Bontems P. Helicobacter pylori infection
in pediatric patients: update on diagnosis and eradication strategies.
Paediatr Drugs. 2018;20:337-351.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

23

Zamani M, Ebrahimtabar F, Zamani V et al. Systematic review with
meta-analysis: the worldwide prevalence of Helicobacter pylori
infection. Aliment Pharmacol Ther. 2018;47(7):868-76.

Jones NL, Koletzko S, Goodman K et al. Joint ESPGHAN/NASPGHAN
guidelines for the management of Helicobacter pylori in children and
adolescents (update 2016). J Pediatr Gastroenterol Nutr.
2017;64(6):991-1003.

Zabala Torrres B, Lucero Y, Lagomarcino AJ et al. Review: prevalence
and dynamics of Helicobacter pylori infection during childhood.
Helicobacter. 2017;22(5):€12399.

Moosazadeh M, Lankarani KB, Afshari M. Meta-analysis of the
prevalence of Helicobacter pylori infection among children and adults
of Iran. Int J Prev Med. 2016;7(1):48.

Calim Gurbuz B, Inceman HN, Aydemir M et al. Prevalence of
Helicobacter pylori among children in a training and research hospital
clinic in Istanbul and comparison with Updated Sydney Classification
Criteria. North Clin Istanb. 2020;7(5):499-505.

Daugule I, Karklina D, Rudzite D, Remberga S, Rumba-Rozenfelde I.
Prevalence of Helicobacter pylori infection among preschool children
in Latvia: no significant decrease in prevalence during a 10 years
period. Scand J Public Health. 2016;44(4):418-22.

Sorokman TV, Chernei NY, Sokolnyk SV, Sokolnyk 10, Popelyuk NV,
Shvygar LV. Efficacy of eradication therapy in children with H
Pylori-associated diseases depending on levels of nitric oxide and
vitamin D. Medical Science. 2020. Vol. 24, Ne104, p.1895-1903.
Sorokman TV, Sokolnyk SV, Moldovan PM et al. Improvement of
eradication therapy in children with duodenal ulcer associated with
Helicobacter pylori. Wiadomosci Lekarskie. 2022: LXXV, 1 (2):71-78.
Nayab S, Aslam MA, Rahman SU et al. A Review of Antimicrobial
Peptides: Its Function, Mode of Action and Therapeutic Potential. Int J
Pept Res Ther. 2022; 28:46.

LiuS, Fan L, Sun J, Lao X, Zheng H. Computational resources and tools
for antimicrobial peptides. J Pept Sci. 2017;23(1):4-12.

Moravej H, Moravej Z, Yazdanparast M et al. Antimicrobial Peptides:
Features, Action, and Their Resistance Mechanisms in Bacteria. Microb
Drug Resist. 2018;24(6):747-767.

Boparai JK, Sharma PK. Mini Review on Antimicrobial Peptides,
Sources, Mechanism and Recent Applications. Protein Pept Lett.
2020;27(1):4-16.

Suarez-Leston F, Calvelo M, Tolufashe G.F et al. Garcia-Fandino R.
SuPepMem: A database of innate immune system peptides and their
cell membrane interactions. Computational and Structural
Biotechnology Journal. 2022;20:874-881.

Castillo-Juarez |, Blancas-Luciano BE, Garcia-Contreras R, Fernandez-
Presas AM. Antimicrobial peptides properties beyond growth
inhibition and bacterial killing. Peer J. 2022; 2110:e12667.

Nakamura K, Sakuragi N, Takakuwa A, Ayabe T. Paneth cell a-defensins
and enteric microbiota in health and disease. Biosci. Microbiota Food
Health. 2016; 35, 57-67.

de la Fuente-Nufiez C, Silva ON, Lu TK, Franco OL. Antimicrobial
peptides: Role in human disease and potential as immunotherapies.
Pharmacol Ther. 2017;178:132-140.

Wang J, Dou X, Song J et al. Antimicrobial peptides: promising
alternatives in the post feeding antibiotic era. Med Res Rev.
2019;39(3):831-59.

Fruitwala S, EI-Naccache DW, Chang TL. Multifaceted immune
functions of human defensins and underlying mechanisms. Semin Cell
Dev Biol. 2019;88:163-172.

Grigat J, Soruri A, Forssmann U et al. Chemoattraction of
macrophages, T lymphocytes, and mast cells is evolutionarily
conserved within the human alpha-defensin family. J Immunol.
2007;179(6):3958-65.

Suarez-Leston F, Calvelo M, Tolufashe GF et al. SuPepMem: A database
of innate immune system peptides and their cell membrane
interactions. Computational and Structural Biotechnology Journal.
2022;20:874-881.

Mattar EH, Almehdar HA, Yacoub HA et al. Antimicrobial potentials
and structural disorder of human and animal defensins. Cytokine
Growth Factor Rev. 2016;28:95-111.



24

50.

51.

52.

53.

Cunliffe RN. Alpha-defensins in the gastrointestinal tract. Mol
Immunol. 2003;40(7):463-7. 50. Dixon BR, Radin JN, Piazuelo MB,
Contreras DC. Algood, H.M. IL-17a and IL-22 Induce Expression of
Antimicrobials in Gastrointestinal Epithelial Cells and May Contribute
to Epithelial Cell Defense against Helicobacter pylori. PLoS ONE.
2016;11: e0148514.

Isomoto H, Mukae H, Ishimoto H et al. High concentrations of human
B-defensin 2 in gastric juice of patients with Helicobacter pylori
infection. World J Gastroenterol. 2005; 11:4782-4787.

Soylu OB, Ozturk Y, Ozer E. Alpha-defensin expression in the gastric
tissue of children with Helicobacter pylori-associated chronic gastritis:
an immunohistochemical study. J. Pediatr. Gastroenterol. Nutr.
2008;46(4):474-477.

Nishi Y, Isomoto H, Mukae H et al. Concentrations of alpha- and
beta-defensins in gastric juice of patients with various gastroduodenal
diseases. World J Gastroenterol. 2005;11(1):99-103.

RomaniaN JourNAL oF INFECTIOUs Diseases — VoL. XXV, No. 1, YEar 2022

54.

55.

56.

57.

58.

Jiang Y, Chen Y, Song Z, Tan Z, Cheng J. Recent advances in design of
antimicrobial peptides and polypeptides toward clinical translation
Advanced. Drug Delivery Reviews .2021; 170:261-280.

Taha AS, Faccenda E, Angerson W] et al. Gastric epithelial anti-
microbial peptides-histological correlation and influence of anatomical
site and peptic ulcer disease. Dig. Liver Dis. 2005;37:51-56

Pero R, Coretti L, Nigro E et al. B-Defensins in the Fight against
Helicobacter pylori. Molecules. 2017; 22(3):424.

Dudnikova EV, Badyan AS, Nesterova EV, Besedina EA. The role of
B2-defensin in the development of chronic gastritis in children.
Pediatrics. 2020; 99(5):16-21. [in Russian].

Isomoto H, Mukae H, Ishimoto H et al. Elevated concentrations of
alpha-defensins in gastric juice of patients with Helicobacter pylori
infection. Am J Gastroenterol. 2004;99(10):1916-23.



