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Abstract. Introduction The significant prevalence of gastroduodenal diseases, including those with an as-
ymptomatic course [1,2] highlights the necessity of investigating the specific features of their pathogenesis to
optimize diagnosis and treatment.

Purpose: To study the role of lactoferrin as a component of the immune response in diseases of the upper
gastrointestinal tract associated with H. pylori in children.

Methods. The study included 60 patients aged 9 to 17 years. The first subgroup included 30 children (mean
age 14.72+1.9 years) with morphological changes in the gastroduodenal region associated with H. pylori. The
second subgroup included 30 children (mean age 14.76+2.5 years) with morphological changes in the gastroduo-
denal region not associated with H. pylori. The control group consisted of 20 conditionally healthy children, repre-
sentative for age and gender. For diagnosis, endoscopic, laboratory, and histological examinations were performed.

Results. Serum lactoferrin levels in children in the study group were six times higher than those in the control
group (p<0.05). Peptide levels increased fourfold in erosions and sevenfold in ulcers compared to the control
group (p<0.05).

The increase in lactoferrin levels corresponded to the severity of the inflammatory process, which was in-
dependent of the presence or absence of H. pylori infection. This was confirmed by a direct correlation between
lactoferrin levels and inflammatory activity (r=0.51, p<0.05). Serum iron levels did not differ between subgroups
1 and 2. A negative relationship was established between lactoferrin levels and serum iron (r=-0.33, p<0.05). A
relationship was demonstrated between the occurrence of false-negative SHUT results and gastric acidity and
lactoferrin levels.

Conclusions. Chronic inflammation of the upper gastrointestinal mucosa and its compromised integrity are
accompanied by elevated serum lactoferrin levels, which is likely due to its protective effect. Elevated lactoferrin
levels are associated with decreased urease activity of H. pylori, indicated the peptide’s possible influence on the
bacterial enzymatic activity and can be used to optimize infection diagnostics.

Key words: children, adolescent, lactoferrin, immune system, Helicobacter pylori, gastroduodenal region,
diagnostics, peptic ulcer.

PoJsib Ta Micue s1akTodepuHy B iMyHHiH BiANIOBi/Zli Ha racTpoAyoAeHa/IbHI 3aXBOPOBaHHs, OB A3aHi
3 Helicobacter pylori, y giTeit
Casuenko /.C., J/lexcenko 0.

Pe3wome. Bcmyn. 3HauHa MOUIMPEHICTh TAacTPO/AYO/ieHaIbHUX 3aXBOPIOBAHb, 30KpeMa THX, 1[0 MalOTh 6e3-
CUMIITOMHHH nepeobir [1,2], migKpecstoe Heo6XiIHICTh LOCTiPKeHHST 0COBIMBOCTEMN IX MaTOTreHe3y /J1s ONTHUMI-
3auii larHOCTUKH Ta JIIKYBaHHS.

Mema docaidocerHs. JlocniauTy posib JJakToepHuHY SIK CKJIaA0BOI iIMyHHOI BiATOBiZi Npy 3aXBOpIOBaHHSX
BepPXHiX BiZi/iB IJIYHKOBO-KUILIKOBOTO TPAKTY, acoliifoBanux i3 H. Pylori, y giteil.

Mamepiaau ma memodu. Y focnijpkeHHs1 BKIoYeHo 60 nanieHTiB BikoM Bix 9 g0 17 pokis. [lo nepuioi miz-
rpynu yBiduuiu 30 aitei (cepenniit Bik 14,72+1,9 poky), 1o Masu Mop¢doJIoTivHi 3MiHHM TacTpoAyo/ieHalbHOT
30HH, acouiioBani 3 H. pylori. [lpyra migrpyna Bxutovasna 30 giteit (cepenHiit Bik 14,76+2,5 poky), ki Manu
MopddoioriyHi 3MiHM racTpoAyo/ieHaIbHOI 30HH, HeacouioBaHi 3 H. pylori. ['pyny koHTpoJto ckyanu 20 yMoB-
HO 3/I0pOBHUX JiTeH, penpe3eHTaTUBHUX 3a BiKOM i cTaTTio. /lJIs1 1iarHOCTUKM 6yJI0 MPOBEJIEHO eH/0CKOIIiYHE,
JlabopaTopHe Ta ricToJioriyHe JOC/iKeHHS.

Peszyabmamu docaidzceHsb. BcTaHOBJIEHO, 1110 PiBeHB JJaKTOGEpPUHY B CUPOBATI KPOBIi iTell 0OCHOBHOI rpy-
Ny B 6 pa3iB nepeBUIIyBaB NOKa3HUKHU JiTel rpynu KoHTpoJto (p<0,05). BusHayeHo nifgBUIeHHS piBHSA 03Ha-
YEHOTr0 MENTHUAY NPU epo3isixX y 4 pasu, npu BUpasKax — y 7 pasiB mopiBHAHO 3 rpynoo koHTpoio (p<0,05).
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[ligBUIIeHHs piBHSA JJaKTODEPUHY BiZIOBIZIa/I0 CTYNEHIO 3aNa/IbHOTO MPOIIECY, IKUW He 3a/IeXKaB BiJ HasiB-
HocTi a6o BifgcyTHOCTI iHpikyBaHHs H. pylori, sik miATBep/[>kKeHHs — HAsIBHICTb NpsiMOI KOpeJIsLiHO1 3a/1eKHOCTi
piBHS JlakTOdepHuHy Ta aKTUBHOCTI 3amasbHoro nporecy (r=0,51, p<0,05). ¥ 1 ta 2 nigrpyni piBHi cupoBaTKo-
BOr0 3aJii3a He Bifipi3HsMcsA. BcTaHOB/IEHO HEraTUBHUIN B33a€EMO3B’I30K MiXK PiBHEM JIaKTOQEPUHY Ta CHPO-
BaTKOBUM 3aJsiizoM (r=-0,33, p<0,05). [lokazaHo HasABHICTb 3a7IEXKHOCTI Mi>k BAHUKHEHHSIM XMOHO HEraTUBHOTO
pe3ysbraTy LIYT Ta KUCIOTHICTIO LIJTYHKOBOTO BMICTY i piBHEM JIAKTOGEPUHY.

BucHoeku. XpoHiuHe 3anasieHHs CJIN30BOI 000JI0HKU BePXHiX BiZZiJIiB IIJIyHKOBO-KHULIKOBOI'O TPAKTY Ta MO-
pylIeHHs 11 LiJiCHOCTI CynpoBO/PKYETHCS MiABULEHHSIM PiBHS JIAKTOGEepUHY B CHPOBATIi KPOBi, 1110 BOYEBU/Ib
3yMOBJIEHO HOT0 MPOTEKTHUBHOIO Jii€t0. [liiBUIeHHS PiBHS JIaKTOPEPUHY aCOLIOETHCS 3i 3HMMKEHHSM ypea3Hol
akTuBHOCTI H. pylori, 110 BKa3yBaJio Ha MOXXJIMBUH BILIUB MeNTUAY Ha GepMeHTaTUBHY aKTUBHICTb 6akTepil i

MOxKe 6y TH BUKOPUCTAHUM /151 ONTUMI3allil [iarHOCTUKU iHpeKIl.
Knarw4oBi cioBa: aity, niaaitky, saktodepus, imyHHa cucteMa, Helicobacter pylori, ractpogyoneHanbHa

30Ha, /IiarHOCTHKA, MeNTUYHa BHWpPa3Ka.

Introduction

The significant prevalence of gastroduodenal
diseases, including those with an asymptomatic
course [1,2] highlights the necessity of investigating
the specific features of their pathogenesis to
optimize diagnosis and treatment. The bacterium
H. pylori, which is prevalent both worldwide and
specifically in European countries, plays a key
role in the progression of these diseases [1,3].
One of the components of the immune response
during inflammatory processes is the release of
antimicrobial peptides from azurophilic granules
of neutrophils, which includes the multifunctional
glycoprotein lactoferrin [4,5]. This peptide has a
bactericidal effect and implements mechanisms of
action on the LPS of gram-negative bacteria, which
contributes to the destabilization of microorganism
membranes [6]. Lactoferrin has the ability to bind
iron and limit bacteria’s access to this important
component of their vital activity [5].

Analyzing laboratory parameters and
morphological findings in children with H.
pylori-associated gastroduodenal diseases, in
conjunction with assessing lactoferrin levels,
will contribute to a deeper understanding of its
role in the immune response to the inflammatory
process associated with H. pylori. Furthermore,
determining the relationship between the results
of instrumental examinations and lactoferrin
levels will contribute to improved diagnostics of
H. pylori infection.

Purpose

To study the role of lactoferrin as a compo-
nent of the immune response in diseases of the
upper gastrointestinal tract associated with H.
pylori in children.

Materials and methods

A total of 60 patients aged 9 to 17 years, 11
months, and 29 days (including 25 girls and 35
boys) were examined, with an average age of

14.74+2.2 years. All children were hospitalized
between 2022 and 2024. If they had any relevant
complaints, they underwent fibroesophagogas-
troduodenoscopy (FEGDS), rapid urease test
(RUT), and histological examination.

In accordance with the standards of medical
care “Peptic ulcer of the stomach and duodenum
in adults and children” (Order of the Ministry
of Health of Ukraine No. 1514 dated August 25,
2023), diagnostics and verification of the clinical
diagnosis were carried out [7]. During the study,
five biopsy samples were taken from different
sections of the stomach for further analysis. Gas-
tric acidity was determined by using an acidogas-
trometer «AGM-03».

Diagnosis of H. pylori infection was based
on a rapid urease test - a commercial kit Ure
Hp-test (Erba Lachema, Czech Republic) [8]
and histological examination. Histological
examination was performed on the prepared
preparations with the PAS reaction, stained
with hematoxylin and eosin, and according to
Romanovsky [9].

According to the Updated Sydney System,
1994, the bacterial load of Helicobacter pylori
was determined taking into account the degree
of colonization density, as well as a histological
assessment of the chronic inflammatory process
in the gastric mucosa using a semiquantitative
analysis of lymphoplasmacytic density and the
activity of the inflammatory process. In the
absence of lymphoplasmacytic infiltrate and
neutrophils, minimal inflammatory changes were
detected [10].

In this regard, the main group consisted of 60
children with gastroduodenal diseases. Chronic
gastroduodenitis was diagnosed in 34 patients
(56.7%), and gastric or duodenal ulcers were
diagnosed in 26 patients (43.3%). In 19 patients
(31.7%), the development of ulcers or erosions
occurred without association with H. pylori,
indicating a different etiology for these changes.
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The division into 2 subgroups was performed
depending on the presence of H. pylori infection.
It should be emphasized that the results of the
rapid urease test (RUT) differed from the histo-
logical examination data. The rapid urease test
allowed us to establish the presence of H. pylori
infection in 20 (33.3%) children, a negative result
occurred in 40 (66.7%) children, a false negative
result occurred in 10 (16.7%) cases. The first sub-
group included 30 children (mean age 14.72+1.9
years) with morphological changes in the gastro-
duodenal region associated with H. pylori. The
second subgroup included 30 children (mean
age 14.76%2.5 years) who had morphological
changes in the gastroduodenal region not associ-
ated with H. pylori. The control group consisted
of 20 children who did not have morphological
changes according to the histological examina-
tion method and were representative in terms of
age and gender.

In children of subgroup 1 - with gastroduo-
denal diseases associated with H. pylori, chronic
gastroduodenitis was present in 23 (76.7%) pa-
tients. Mucosal integrity was compromised in 7
(23.3%) children: duodenal bulb ulcer was diag-
nosed in 1 (3.3%) child, gastric body erosions in
6 (20%) children. According to histological ex-
amination, chronic inflammation was mild in 10
(33.3%) children, moderate in 17 (56.7%), and
severe in 3 (10%) children.

Out of 30 children in subgroup 2 - those with
gastroduodenal diseases not associated with H.
pylori - chronic gastroduodenitis was present in
11 (36.7%) patients. Mucosal integrity impair-
ment was detected in 19 (63.3%) children, includ-
ing gastric or duodenal ulcers (DU) diagnosed in
8 (26.7%) patients and gastric body erosions in
11 (36.7%) children. Histological examination
revealed mild chronic inflammation in 12 chil-
dren (70.6%), moderate chronic inflammation in
5 (29.4%) children, and minimal inflammatory
changes in 13 (43.3%) children.

The level of lactoferrin in blood serum was
determined by the ELISA method using a com-
mercial kit Human LTF/LF (Lactoferrin) ELISA Kit,
manufactured by Elabscience Biotechnology, USA.

Mathematical analysis and statistical pro-
cessing of data were performed on a PC using a
licensed software package Statistica for Windows
13.0, serial number JPZ8041382130ARCN10-]
with the definition of the arithmetic mean (M),
standard deviation (o) and mean errors (m) for
indicators, the distribution corresponding to the
criteria of normality.

The Pearson x? test was used to analyze the
relationships between categorical variables. The
relationships between indicators were assessed
using Spearman’s rank correlation (r). The Stu-
dent’s t-test was used to assess differences in
indicators between the compared groups. Differ-
ences were considered significant at p<0.05.

The Bioethics Commission of the Zapor-
izhzhia State Medical and Pharmaceutical Uni-
versity approved the examination protocol based
on the ethical principles set out in the Belmond
Report of April 18, 1979. The protocol meets the
bioethical standards defined in the Helsinki Dec-
laration adopted by the General Assembly of the
World Medical Association, the Council of Europe
Convention on Human Rights and Biomedicine
(1977), as well as the requirements of the World
Health Organization, the International Council of
Medical Scientific Societies, and the International
Code of Human Rights.

Results

According to the results of the study, it was
established that the level of lactoferrin in the
blood serum of children in the main group was
within the range of 11.3£0.8 ng/ml, which was 6
times higher than the level in children in the con-
trol group - 1.9+0.34 ng/ml (p<0.05).

Given the heterogeneity of the main group,
primarily in the presence of H. pylori, the lactofer-
rin level was examined considering the identified
subgroups. The lactoferrin content in the blood
serum of children in the first subgroup, that is, in
patients with Hp-associated diseases of the up-
per gastrointestinal tract, was the highest among
all groups of children studied and amounted to
13.4%+1.1 ng / ml (p<0.05). It was noteworthy
that the lactoferrin level in children in the second
subgroup was significantly lower (8.6+1 ng / ml,
p<0.05) and statistically exceeded the indicators
of the control group (1.9 * 0.3 ng / ml, p<0.05).

When comparing data based on the depth
of mucosal damage, the following results were
obtained. Lactoferrin levels in erosions and ul-
cers arising from minimal inflammatory changes
were 4 times higher than in the control group, at
7.9£1.05 ng/ml. Lactoferrin levels in ulcers and
erosions associated with inflammation were 1.7
times higher, at 12.73+1.8 ng/ml (p<0.05). Fur-
ther analysis revealed that lactoferrin levels also
differed in children with upper gastrointestinal
mucosal defects. Indeed, we observed a dynam-
ic change in lactoferrin levels depending on the
degree of mucosal damage. In children with ero-



sive lesions, its content was significantly lower
(7.45%+0.8 ng/ml) compared to the level of lacto-
ferrin in children who had ulcers (13.9+1.7 ng/
ml, p<0.05).

Considering the physiological role of lacto-
ferrin as a member of the antimicrobial peptide
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family, we compared serum lactoferrin levels
in children with established degrees of chronic
inflammation, specifically with the level of lym-
phoplasmacytic infiltration and activity of in-
flammatory process. The results are presented
in Table 1.

Table 1

Serum lactoferrin levels with different morphological changes in children with diseases
of the gastroduodenal region (M+m)

Main group Subgroup 1 Subgroup 2 | Control group,

Parameter n=60 n=30 n=30 n=20
Lymphoplasmacytic infiltrate (points) 1,5+0,1 1,8+0,1 1,3+0,1* 0
Activity of inflammation (points) 1,3+0,1 1,5+0,1 1+0,1* 0
Lactoferrin level (ng/ml) 11,3+£0,8 13,4+1,1 8,6+1* 1,9+0,3
-La?toferrm /}ymphoplasmacytlc 75404 74404 6,6+0,3 i
infiltrate ratio (a.u.)
La(?toferrm/actmty of inflammation 8,7+0.3 8,9+0,4 8,6+0.3 i
ratio (a.u.)

Note. * - p<0,01 - compared with the parameters of subgroup 1.

As can be seen from the data presented in
Table 3, higher inflammation levels corresponded
to increasing lactoferrin levels. This trend was
maintainedinbothsubgroups.However,calculating
the lactoferrin ratio to the inflammatory activity
index and the degree of lymphoplasmacytic
infiltration revealed a slightly different picture.
The calculated ratios showed that the level of
lactoferrin synthesis corresponded to the degree
of inflammation, emphasizing the protective role
of this antimicrobial peptide, independent of the
presence or absence of H. pylori infection. This
hypothesis is supported by the presence of a
direct correlation between lactoferrin levels and
inflammatory activity (r=0.51, p<0.05).

The next step in our work was to analyze
laboratory parameters. Serum iron levels in
children in the main group were within the
range of 11.45+1 pmol/L, which was 33% lower
than in the control group (17.1 umol/L). Serum
iron levels in subgroups 1 and 2 were virtually
identical, at 12.3+1.1 pmol/L and 10.6%1.1
umol/L, respectively. Lactoferrin levels showed
a negative correlation with serum iron (r=-0.33,
p<0.05). We also found a positive correlation
between bacterial load and serum iron levels
(r=0.57, p<0.05). When comparing the results of
the pH assessment of gastric contents, we found
a negative relationship between the acidity
of gastric contents and the bacterial load of H.
pylori (r=-0.82, p<0.05), as well as a positive
correlation between the acidity of gastric

contents and the level of lactoferrin (r=-0.58,
p<0.05).

Subsequently, we tested the urease activity
of H. pylori. A rapid urease test (RUT) is a diag-
nostic method based on the determination of the
microorganism’s urease activity. A negative RUT
result, when bacteria are detected histologically,
indicates the absence of urease and may indicate
an inability of H. pylori to synthesize it.

It was established that a false-negative re-
sult of the RUT was associated with the acidity of
the gastric contents (r=0.82, p<0.05). Compari-
son considering the RUT data showed that in the
blood serum of children with the presence of H.
pylori and a positive RUT result, the lactoferrin
level was 10.7+1.1 ng / ml, and in children with
the presence of H. pylori and a false-negative RUT
result, this indicator was 1.6 times higher and
amounted 17.4+£0.8 ng / ml. According to further
analysis, a negative relationship was determined
between the lactoferrin level and the RUT result
(r=-0.53, p<0.05), which probably indicates the
influence of lactoferrin on the reliability of this
diagnostic method.

Discussion. Lactoferrin is an acute phase
protein of neutrophil origin, that is, it is released
from neutrophil granules and has bactericidal
and bacteriostatic properties [6,11,12]. Since lac-
toferrin is an important component of immune
defense, its level clearly correlates with the in-
tensity of acute and chronic inflammation [13].
At the same time, published data devoted to the
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study of the role of lactoferrin in diseases of the
upper gastrointestinal tract in children are rare
and contradictory.

We found that the development of chronic
inflammation in the upper gastrointestinal tract
in children was accompanied by a marked eleva-
tion in the observed peptide level, nearly 10-fold
compared to the control group. Additionally, we
found that serum lactoferrin levels were clearly
correlated with the degree and depth of damage
to the gastrointestinal mucosa. We found a 4-fold
increase in the level of this peptide in erosions
and a 7-fold increase in ulcers compared to the
control group. According to literature, lactoferrin
has a protective effect in chemically induced ulcer
models in rats, specifically, it reduces the number
of mucosal defects and lowers markers of oxida-
tive stress and inflammation, while simultane-
ously increasing protective factors [14].

Increased lactoferrin levels in subgroup 1,
i.e, children with gastroduodenal diseases as-
sociated with H. pylori, indicated the antimicro-
bial properties of the peptide. Its activity against
gram-negative bacteria is also confirmed by the
established positive correlation between the
presence of H. pylori and lactoferrin (r=0.41,
p<0.05).

After calculating the ratios of lactoferrin lev-
els to inflammatory activity and chronic inflam-
mation indicators, somewhat different data were
obtained. Thus, despite the absolute increase in
lactoferrin levels in the group of children with
inflammation caused by H. pylori, the relative
increase in this antimicrobial peptide did not
change across groups, remaining relatively sta-
ble. This finding supports the multifaceted effect
of lactoferrin on the course of inflammation in the
upper gastrointestinal tract.

We found a strong positive correlation be-
tween lactoferrin levels and inflammatory activ-
ity (r=0.51, p<0.05), which is likely related to its
protective effect. Additionally, a moderate nega-
tive relationship was found between bacterial
load and inflammatory activity (r=-0.45, p<0.05),
which obviously indicates a decrease in H. pylori
colonization of the gastric mucosa with greater
inflammatory activity due to an enhanced im-
mune response.

The action of lactoferrin is realized in sev-
eral ways - by binding iron and by directly af-
fecting membranes by increasing their perme-
ability, which is consistent with our data on the
determination of the presence of a feedback loop
between lactoferrin and serum iron (r= -0.33,

p<0.05) [13]. Furthermore, a positive correla-
tion was observed between bacterial load and
serum iron levels (r=0.57, p<0.05), confirming
increased H. pylori growth in the gastric mucosa
under favorable conditions, as iron plays a key
role in enzyme synthesis. Moreover, the effect of
lactoferrin, associated with limited access to iron,
is aimed at reducing the activity of bacterial viru-
lence factors, including urease activity [13].

The H. pylori is resistant to the effects of acid
because it has a protective mechanism - urease
activity, which allows the bacterium to provide
a favorable microenvironment [15]. However, a
negative correlation was observed between gas-
tric acidity and the bacterial load of H. pylori (r=-
0.82, p<0.05), which does not provide a cause-
and-effect relationship. The hypothesis that the
decrease in acidity is due to the action of H. pylori
and is a consequence of intensive colonization of
the stomach is unlikely, as urease activity is local-
ized and cannot neutralize significant quantities
of hydrogen ions throughout the entire gastric
environment, which contains liters of acidic con-
tents. H. pylori colonization of the gastric mucosa
begins in the antrum, where acidity is lower, and
therefore it is acidity that determines the ability
of H. pylori to colonize more intensively [16,17].
Important data show that lactoferrin exhibits the
greatest antibacterial activity at a slightly acidic
pH of 5.0-6.0 and is capable of binding iron at
pH values up to 3.0, which is typical for inflamed
areas [6]. This explains the strong negative asso-
ciation between gastric acidity and bacterial load
(r=-0.82, p<0.05).

The effect of lactoferrin on the enzymatic ac-
tivity of H. pylori has been studied separately in
recent literature. In addition to iron binding, an
indirect mechanism of action on urease activity
has been mentioned. A direct effect of lactoferrin
has not been described, but there is information
about a derivative peptide, lactofercin, which oc-
curs as a side effect due to lactoferrin degrada-
tion by gastric pepsin and can inhibit H. pylori
urease activity [18].

A false negative RUT result correlated with
gastric acidity. A strong positive correlation was
found (r=0.82, p<0.05), meaning that in a more
acidic environment, instead of an increase in ure-
ase activity, which would be logical if the bacteria
changed the pH in its favor, a decrease in urease
activity was observed and, as a result, a disrup-
tion of defense mechanisms against an acidic
environment. Moreover, among the protective
mechanisms of H. pylori for survival in an ag-



gressive acidic environment is the ability of the
microorganism to transition from a metabolically
active form (S-form) to an intermediate ovoid (U-
form) and then to a coccoid form (C-form) [19].
The C-form of H. pylori is resistant to increased
acidity, but it is immobile, incapable of division
and growth, and has reduced metabolic activity
[20]. These data allow us to conclude that in an
acidic environment, lactoferrin reduces the ure-
ase activity of H. pylori.

Our results may contribute to the optimiza-
tion of diagnostic approaches. Correlation analy-
sis revealed a negative association between lac-
toferrin levels and RUT results (r=-0.53, p<0.05),
confirming the influence of this peptide on the
reliability of the RUT. The reliability of the rapid
urease test in children is known to be lower than
in adults, meaning the diagnostic issue remains
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positive results is a low bacterial load and uneven
colonization of the gastric mucosa [21].

Conclusions

1. Chronic inflammation of the upper gastro-
intestinal mucosa and damage to its integrity are
accompanied by elevated serum lactoferrin lev-
els, which is clearly due to its protective effect. In
cases of gastrointestinal diseases associated with
H. pylori, its action as an antimicrobial peptide is
realized, aimed at eliminating the pathogen.

2. An increase in lactoferrin levels is associ-
ated with a decrease in the urease activity of H.
pylori, which indicated a possible influence of the
peptide on the enzymatic activity of the bacteri-
um and can be used to optimize the diagnosis of
infection.
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