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SUMMARY. Recurrent respiratory infections (RRIs) currently have the greatest medical and social burden among
infectious diseases worldwide, with the highest prevalence and incidence rates of acute respiratory infections in chil-
dren. Recent studies indicate the role of inadequate immune response and the development of recurrent acute respira-
tory infections (ARI) in children due to deficiencies in essential trace elements in the body, which are crucial for the
proper functioning of physical barriers and the immune system. The hypothesis of our study assumed that, considering
the recurrence of at least 6 episodes of ARI per year, children with RRIs may have changes in salivary ion levels, which
could serve as a basis for local immune suppression of the upper respiratory mucosa.

The aim - to investigate the levels of metals in the saliva of children of primary school age with recurrent respira-
tory infections in comparison with episodically ill peers and establish the relationship of these changes with the state of
local immunity.

Material and Methods. In the actual study, 40 children participated, with 30 of them (the main group) being chil-
dren with recurrent respiratory infections and 10 other children who had episodic illnesses were assigned to the con-
trol group. The levels of metal cations in the saliva were examined using inductively coupled plasma atomic emission
spectrometry, including essential metals such as copper, manganese, zinc, calcium, cobalt, potassium, magnesium,
sodium, phosphorus, selenium, iron, chromium, and sulfur. Additionally, levels of conditionally essential metals like
lithium, nickel, and boron were measured. The levels of secretory IgA and lysozyme in saliva were determined using
the enzyme-linked immunosorbent assay method.

Results. The main group was not homogeneous; therefore, we divided it into two clusters. Respondents in one
cluster had significantly lower relative levels of essential ion content in saliva. Specifically, calcium was lower in 64 %
(p=0.003), copper in 76.5 % (p=0.001), manganese in 41.1 % (p=0.008), magnesium in 64 % (p=0.02), and zinc in 58.8 %
(p=0.027). This fact can be explained by their increased losses due to frequent inflammatory processes in the upper re-
spiratory tract, resulting in higher daily replenishment needs compared to their peers. Correlation analysis revealed a
connection between illness incidence and the levels of copper (p=0.008), sodium (p=0.00005), and phosphorus (p=0.028),
indicating potential associations between saliva metal profiles and the frequency of ARI in children with RRIs. The presence
of dental caries correlated with lithium (p=0.02), copper (p=0.032), and nickel levels (p=0.037). Integral indicators of local
immunity, such as lysozyme and secretory IgA, exhibited correlations with metal levels in saliva (Li, Cu, Ni, Na, Co, P, Zn),
confirming the hypothesis of their role in regulating immune reactions in the oral cavity.

Conclusions. Cluster analysis of the metal profiles of the group of children with RRI shows its heterogeneity, 43 %
of representatives of this cohort had significantly lower levels of calcium (p=0.003), copper (p=0.001), manganese
(p=0.008), magnesium (p=0.02) and zinc (p=0.027) than the control group. Which may indicate the presence of deficient
conditions in some children with PRI as a result of the increased need for their recovery. The presence of caries, the level
of SIgA, lysozyme (clinical indicators of local immunity of the oral cavity) have certain relationships with the levels of es-
sential and conditionally essential levels of salivary metals (Li, Cu, Ni, Na, Co, P, Zn), which indicates the benefit of the
connection between the metal profile of saliva and the state of local immunity.

KEY WORDS: children; RRIs; trace elements; saliva metal profile; ionome.

Introduction. Recurrent respiratory infections
(RRIs) currently impose the greatest medical and so-
cial burden among clusters of infectious diseases
worldwide, with the highest prevalence and inci-
dence rates of acute respiratory infections in chil-
dren [1, 2]. RRIs in children typically result in fre-
quent visits to healthcare professionals, worsen
quality of life and socio-economic conditions of
families, and contribute to polypharmacy and irratio-
nal use of antibiotics. On the other hand, RRIs affect
the health status and physical development of chil-
dren, shape transient immune response characteris-
tics in these patients, reduce their adaptive abilities
and socialization, impact academic performance,
and worsen intra-family relationships [3, 4].

The balance of macro- and microelements in
various biological fluids of the body is one compo-

nent that determines human health status. Recent
studies indicate the role of deficiencies in essential
microelements in the body in disrupting adequate
immune response and the development of recur-
rent acute respiratory infections (ARIs) in children,
which are crucial for the proper functioning of physi-
cal barriers and the immune system [5]. Forinstance,
according to Baima G. et al. (2022) [6], an imbalance
in salivary ion levels may be associated with local in-
flammation and oxidative tissue damage in the oral
cavity, which aligns with findings from other authors
(Kalaivani Natarajan 2016, Sumit Gaur 2017, Marin
Martinez 2018, Sejdini M. 2018, Elif Inonu 2019, Po-
letto A.C 2020, Federica Romano 2020) regarding
the significance of changes in salivary ion balance
and the risks of developing oral cavity diseases
[7-13].
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The hypothesis of the current study is that, con-
sidering the recurrence of at least 6 episodes of ARI
per year, children with RRIs may have changes in sali-
vary ion levels, which could serve as a basis for local
immune suppression of the upper respiratory mucosa.

The aim - to investigate the levels of metals in
the saliva of children of primary school age with re-
current respiratory infections in comparison with
episodically ill peers and establish the relationship
of these changes with the state of local immunity.

Material and Methods. The study involved
40 children, with 30 of them (main group) being chil-
dren with recurrent respiratory infections that met
the criteria of the Inter-society Consensus on Recur-
rent Respiratory Infections in 2021 [2]. The remaining
10 children who had episodic illnesses were assigned
to the control group. Written consent for the exami-
nation of their children was obtained from the par-
ents. The study was conducted in accordance with the
principles of bioethics outlined in the Helsinki Decla-
ration "Ethical Principles for Medical Research Involv-
ing Human Subjects" and the "Universal Declaration
on Bioethics and Human Rights" (UNESCO).

Inclusion criteria for the main group were chil-
dren aged 5-7 years with recurrent respiratory in-
fections in a state of somatic well-being at the time
of the study, according to the consensus. The con-
trol group consisted of children aged 5-7 years who
had respiratory illnesses less than 5 times per year.

Exclusion criteria: children with signs of acute
infectious processes or exacerbation of chronic in-
fectious foci at the time of the study, presence of
dental metal structures, severe hereditary diseases
(cystic fibrosis, immunodeficiencies, etc.), and refus-
al of the child or parents to participate in the study.

Saliva (oral cavity secretions) was collected be-
tween 8 and 10 a.m. Donors were asked to rinse their
mouths with 100 ml of distilled water before sample
collection. Then, 5 ml of unstimulated saliva were
collected in plastic tubes placed on ice and stored at
a temperature of -20 degrees Celsius until further
analysis in the laboratory.

The levels of metal cations in the oral cavity se-
cretions were examined, including:

1. Essential metals: copper, manganese, zinc,
calcium, cobalt, potassium, magnesium, sodium,
phosphorus, selenium, iron, chromium, sulfur.

2. Conditionally essential metals: lithium, nickel,
boron.

Measurement of metal levels in saliva was per-
formed at the laboratory of NVTK "Center," State
Institution "DMA Ministry of Health of Ukraine," us-
ing the inductively coupled plasma atomic emission
spectrometry method on iCAP 7000 Duo (iCAP 7200
Duo modification) by Thermo Fisher Scientific. Multi-
element standard for ICP VIII Certipur® (diluted in

nitric acid) was used as the standard solutions.

Measurement of secretory IgA and lysozyme
levels was carried out at the "Pharmacies of Medical
Academy" LLC using a photometer for microplates
HiPo MPP-96, with the assistance of DKO078IgA Sa-
liva ELISA DiaMetra Italy and Human LZM (Lysozyme)
ELISA Kit Elabscience test systems.

The statistical analysis of the data was per-
formed using traditional methods of descriptive sta-
tistics, utilizing licensed software programs such as
Microsoft Excel and SPSS trial v.29. Since over 90 %
of the data deviated significantly from a normal dis-
tribution, nonparametric statistical methods were
preferred. The obtained results were considered
statistically significant at a significance level (p-val-
ue) less than 0.05.

Results and Discussion. Respondents from the
main group (n=30) and the control group (n=10) did
not differ significantly in terms of age and gender.
Based on the data obtained in the actual study, the
mean levels of essential and conditionally essential
metal cations in saliva did not show statistically sig-
nificant differences when comparing children from
the main and control groups. This led to the neces-
sity of conducting hierarchical cluster analysis using
the Ward’s method. The dendrogram plot of the in-
dicators of essential and conditionally essential mi-
cronutrient cation content in children from the main
group is presented in Fig. 1.
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Fig. 1. Dendrogram of cluster analysis of essential
and conditionally essential micronutrient cation contentin
children with RRIs obtained using the Ward's method.

According to the dendrogram, we can conclude
that the main group of children with RRI was not ho-
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mogeneous, which allowed us to divide the main
group into 2 major clusters: subgroup Main 1 (n=13)
and subgroup Main 2 (n=17). Further comparative
analysis of the characteristics of saliva ion compo-
nents in children with RRI was conducted within
these two subgroups (Cluster 1 and Cluster 2), com-
paring them with the results from the control group
(practically healthy peers).

Taking into account the heterogeneity of data
from different authors regarding the normal levels
of metals in saliva in the selected age group
(5-7 years) and considering the industrial region af-
filiation of these patients, we decided to consider
the indicators of the control group as normal (within
the range of Q1-Q3).

With the aim of identifying possible a priori sta-
tistically significant differences in the indicators of
salivary metal cation levels among the participants
of these groups, we used the calculation of the Krus-
kal-Wallis test (Table 1).

To determine the posterior difference between
the cluster subgroups and the control group, we
conducted an analysis with pairwise comparisons
among all components (subgroup 1, subgroup 2,
control group) using the Mann-Whitney test. We
found that only children from cluster 2 of the main
group and the control group had a statistically sig-
nificant difference in the levels of certain salivary
metals (Fig. 2).

According to our data, children from the second
subgroup with RRIs had significantly lower relative
levels of only essential salivary ions, specifically cal-
cium by 64 % (p=0.003), copper by 76.5 % (p=0.001),
manganese by 41.1 % (p=0.008), magnesium by 64 %
(p=0.02), and zinc by 58.8 % (p=0.027). It is possible

1,6
1,4-—
1,2_—
1,0_—

0,81

Table 1. Results of determining the a priori statistically
significant differences in the indicators of salivary metal
profiles among the participants of the study groups.

Kruskal-Wallis test (p)

Chrome 0.024

Lithium 0.006*
Copper 0.0001*
Manganese 0.0001*
Zinc 0.002*
Selenium 0.129

Calcium 0.0001*
Cobalt 0.001*
Iron 0.021*
Potassium 0.0001*
Magnesium 0.001*
Sodium 0.007*
Nickel 0.005*
Phosphorus 0.001*
Sulfur 0.004*
Boron 0.395

that the decreased levels of these essential salivary
metals in children from cluster 2 of the main group
can be explained by theirincreased losses due to fre-
quent inflammatory processes in the upper respira-
tory tract and, as a result, higher daily requirements
for replenishment compared to their peers [14].

To confirm or refute the hypothesis of the actu-
al study, we conducted a correlation analysis of the
relationships between the levels of essential and
conditional essential salivary metals and the inci-
dence of RRI over the past year in cluster 2 of the
main group (n=17) and in children from the control
group.

?klﬁ-aiaiﬁi

Ca1 Ca2Cu1 Cu2Mg1Mg2Mn1Mn2Zn1 Zn2

Fig. 2. Comparison of mean levels of essential salivary metals in children from cluster 2 of the main group and the

control group.
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In the control group, no statistically significant
correlations were found. In cluster 2 of the main
group, we found a correlation between the incidence
of RRI and the levels of copper (p=0.008), sodium
(p=0.00005), and phosphorus (p=0.028). This suggests
the presence of certain associations between salivary
metal profiles and the frequency of RRI in the group
of children with RRI. According to the literature, the
level of phosphorus and sodium in saliva is closely re-
lated to oral health and serves as a prognostic indica-
tor of periodontal diseases. The antimicrobial action
of electrolytes, such as Na, present in saliva, increases
in response to infection in the oral cavity [15,16]. Cop-
peris an essential component of antioxidant enzymes
and prevents tissue damage caused by reactive oxy-
gen species. There is evidence that Cu can dissolve in
mixed saliva during demineralization caused by tooth
decay [17]. These facts prompted our next step in
searching for possible correlations between data on
existing dental caries (disruption of local immunity of
the oral cavity) in children from the main group (n=30)
and salivary metal levels (Table 2).

Table 2. Data of correlation analysis between
the presence of dental caries in the oral cavity of children
with RRI and salivary metal levels

The obtained data are consistent with similar in-
ternational studies. It has been proven that lithium
reduces the incidence of dental caries in humans
[18, 19], unlike copper [20].

Most studies on nickel are associated with its re-
lease from metal dental constructions and empha-
size that nickel forms complexes with arsenides and
sulfides, which are known carcinogens, allergens,
and mutagens [21]. Therefore, the observed correla-
tion between salivary metal levels and dental caries
in children with RRI in our study requires further in-
vestigation.

The final stage of our research was to search
for possible correlations between salivary metal
profiles and indicators of local immune response in
the oral cavity of children from Cluster 2 of the
main group. The results are presented below
(Fig. 3).

Taking into account the fact that lysozyme is an
enzyme that breaks down bacterial cell wall peptido-
glycan, leading to their lysis and is more active
against gram-positive bacteria (providing antibacte-
rial defense), and secretory IgA acts by blocking the
adhesion of viruses to epithelial cells and suppress-
ing intracellular viral replication, with indirect anti-
bacterial effects mediated through the activation of

Name of se?liva metal The presence of caries (r;p) phagocytes and lymphocytes (predominantly antivi-
Lithium -0.378; 0.02 ral effect) [22], we can confirm the hypothesis re-
Copper 0.315; 0.032 garding the role of micronutrients in the regulation
Nickel 0.331;0.037 of local immunity processes.
0,04
0,042
-0,039
E\
S 0,004 2
> o
—] o]
0,018 e
0,026
0,049

Fig. 3. Correlation analysis between metal levels, lysozyme, and secretory IgA in saliva of children from Cluster 2 of

the main group (p levels).

Conclusions. Cluster analysis of the metal pro-
files in the group of children with RRI indicates its
heterogeneity, as 43 % of the participants in this
cohort had significantly lower levels of calcium

(p=0.003), copper (p=0.001), manganese (p=0.008),
magnesium (p=0.02), and zinc (p=0.027) compared
to the control group. This may suggest the pres-
ence of deficiency states in some children with RRI
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as a result of increased demand for their replenish-
ment.

The presence of dental caries, levels of SigA and
lysozyme (clinical indicators of local immunity in the
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Ozn190u iimepamypu, OpU2iHaIbHi 00CAiOXCeHHS, No2/180 Ha npobsiemy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS
KATIOHHUN CKJ1IA4 CEKPETY POTOBOI MOPOXXHUHU Y ﬂ,ITEﬁ MoJsiogoro
LWKIJIbHOIO BIKY

©l. J1. BucoumHa, B. B. Kpamapuyk
JIHinposcbkull 0epxcasHuli MeouyHull yHisepcumem

PE3KOME. PekypeHTHi pecniipaTopHi iHdekuii (PPI) Hapasi MaloTb HanbiNbWNin MeANKO-COoLiaibHNIN TATAp Y KNacTe-
pi iHbeKLinHMX XBOPO6 Yy CBIiTi 3 HAMBULLMMWN NOKA3HNKAMW PO3MOBCHOAXKEHOCTI Ta 3aXBOPHOBAHOCTI Ha roCTpi pecnipa-
TOPHI iHbeKLiiy AnTaYoMmy Biui. JoCnigKeHHS 0CTaHHIX pOKiB BKa3yoTb Ha POJib Y NOPYLLEHHI aAeKBATHOT IMyHHOI Bigno-
Bifli Ta pO3BUTKY peKypeHTHOro nepebiry roctpmx pecnipatopHux iHdekuin (IP1) y aiten, eceHuianbHNX MikpoeieMeHTiB
B OpraHi3mi, Aki 3a6e3neuytoTb HanexHe GyHKUIOHYBAaHHA Gi3nYHMX 6ap’epiB Ta iIMyHHOI cncTemu. MiNOTe3010 HaLIOro
OOCAIAXeHHS 6y/10 NPUMNYLLEHHS, WO 3 Or/1A4Y Ha MOBTOPHOBAHICTb WOHAMMeHLLE 6 pa3iB Ha pik enizoais [Pl, aitn 3 PPI
MOXYTb MaTW 3MiHW iOHOMY CIMHK, WO 6yae BUCTYNaTH NiAFPYHTAM 3HMXKEHHS MiCLIEBOrO iMYHITETY C/IM30BMX BEPXHiX
AUXaNbHUX LLUNAXIB.

MeTa — focnianTu piBHI MeTaniB y C/IMHI AiTeN MOMOALLOrO WKIiJIbHOro BiKY 3 peKypeHTHUMMK [Pl y NOpiBHSAHHI 3
O0ZHOJIITKaMMU, AKi XBOPitOTb €Mi304NYHO, Ta BCTAHOBUTM 3B'A30K LIMX 3MiH 3i CTAHOM MiCLIEBOrO iMYHITETY.

MarTepian i MeToaM. Y HalloMy AOCNIAXKEHHI B3AaM y4acTb 40 aiten, 30 3 HMX (OCHOBHA rpyna) 6y 3 peKypeHTHUM
nepebirom pecnipatopHux xBopob; 10 iHLWKMX AiTeln, AKi XBOPI/IM eni3oaAnyHo, 6ynn BiAHeCeHi A0 rpynu KOHTpot. Y ce-
KPeTi pOTOBOI MOPOXXHMHM METOA0M aTOMHO-EMICIMHOI CNEKTPOMETPIi 3 iIHAYKTMBHO-3B'A3aHOO M1a3MOK0 NepeBipsaamn
PiBHi KaTiOHIB MeTaiB: eceHLia/IbHNX — Mifib, MapraHeLlb, UMHK, KaJbLji, KO6anbT, Kajili, MarHin, HaTpin, pocdop, cesneH,
3a/1i30, XpOM, CipKa; YMOBHO eceHLUia/IbHUX: NiTii, Hikenb, 60p. MeToAoM depMEHTHOro iIMyHOCOPBEHTHOrO aHasi3y Bu-
3HaYya M piBHi CEKPeTOPHOro IgA Ta nisounmMy CJINMHMN.

PesynbTaTn. OCHOBHaA rpyna He 6yna ogHOpiAHO, TOMY HamK 6yn10 NpoBeAeHO Ti MOAiN Ha ABa KNacTepu, pecroH-
OEHTN OJHOrO i3 AKMX MaJIn BiPOTrigHO HMXXYi BIAHOCHI MOKA3HMKM BMICTY €CEHLia/IbHNX iOHIB C/TMHM, @ CaMe KaJlbL,ito Ha
64 % (p=0,003), migi Ha 76,5 % (p=0,001), MmapraHuto Ha 41,1 % (p=0,008), marHito Ha 64 % (p=0,02) Ta UMHKY Ha 58,8 %
(p=0,027). Llei paKT MOXHA MOACHUTH IX MiABULLLEHMMN BTPaTaMM Ha POHi YaCTUX 3aMasibHMUX NPOLLECiB BEPXHIX ANXaSib-
HUX WAAXIB, i, AK HACNIAOK, BULLMMWM, HiXX B OAHOJITOK, LLOAEHHUMM NOTpebamu BiAHOB/IEHHS. [pn KopensuinHoOMy aHa-
Ni3i 6yn0 3HaNAeHO 3B'A30K MiXK 3aXBOPIOBAHICTIO Ta piBHAMM Miai (p=0,008), HaTpito (p=0,00005), pocdopy (p=0,028),
LLIO MOXeE CBiAYMTM MPO HAABHICTb MEBHMX B33aEMO3B'A3KIB MiXK MeTasionpodineM C/IMHM Ta YaCTOTOH 3aXBOPOBAHOCTI
Ha [Pl y rpyni giten 3 PPI. HaaBHiCcTb Kapiecy KopetoBasa 3 piBHAMM AiTito (p=0,02), migi (p=0,032) Ta Hikento (p=0,037).
IHTerpasbHi NOKa3HMKMN MiCLLEBOTO iIMYHITETY — N1I30LMM T3 CEKPETOPHMI IgA — Mann KOPeNsaLiiHi 3B'A3KN 3 PiIBHAMUN Me-
Tanis camum (Li, Cu, Ni, Na, Co, P, Zn), wo niagTBepA>KyBaso rinotesy npo ix poJib y peryaauii iMyHHUX peakLiin y poToBi
NOPOXXHWHI.

BucHoBKM. KnactepHui aHani3 metanonpodinis y rpyni giten 3 PPl ¢cBigumTb npo ii HeogHopigHicTb, 43 % npea-
CTaBHMKIB L€l KOrOPTM Masv BipOrifHO MeHLL, B MOPIiBHAHHI 3 rpynoto KOHTPOJIto, piBHi KanbLito (p=0,003), miai (p=0,001),
MapraHuto (p=0,008), marHito (p=0,02) Ta unHky (p=0,027). Lile Moxe BKa3yBaTh HA HaABHICTb AediUMTapHUX CTaHIB Y
YacTuHK aiTer 3 PPl B pe3ynbTaTi NiaBULLEHOT NOoTpebu X BiAHOBMEHHS. HaaBHICTb Kapiecy, piBeHb SIgA, nizounmy (K-
HiYHi MOKA3HWMKWN MiCLLeBOro iMYHITETY POTOBOI MOPOXHMHKN) MatoTb MEeBHi B3AEMO3B'A3KM 3 PIBHAMMW eCeHUia/ibHMX Ta
YMOBHO eceHLUiasbHMX piBHIB MeTaniB canum (Li, Cu, Ni, Na, Co, P, Zn), L0 CBiAYMTb Ha KOPUCTb 3B'A3KY MiX MeTasionpo-
dinemM camMHM Ta CTaHOM MicCLEBOTO iMYHITETY.

KJIKOYOBI CJIOBA: aiTu; PPI; MikpoeneMeHTH B CJINHI; MeTasionpodinib C/IMHN; iOHOM.
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