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Abstract

Introduction. Recurrent respiratory infections represent a significant burden on both individuals and healthcare systems
worldwide. These infections, characterized by repeated episodes of upper and lower respiratory tract infections, are a
common cause of morbidity and mortality in all age groups. The impact of recurrent respiratory infections extends beyond the
physical symptoms experienced by affected individuals, often resulting in impaired quality of life, increased healthcare
utilization, and economic costs.

Aim. To study the features of recurrent respiratory infections in children, based on research data from the current
literature in this field.

Search strategy. The study was conducted using databases such as UpToDate, PubMed, Embase, Cochrane Library,
and the Google Scholar search engine. The literature search spanned 9 years, from 2015 to 2024 inclusively. Original
articles, randomized controlled trials, systematic reviews, and meta-analyses were included in the study.

Results and conclusions. Understanding the underlying causes and mechanisms behind recurrent respiratory
infections is crucial for effective management and prevention strategies. Managing recurrent respiratory infections is a
complex task that requires a multifaceted approach. This review article has provided an overview of the various factors
contributing to these infections, including host immune response, microbial pathogens, and environmental factors.
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MHOEKLIMAX Y Il:l,ETEVvI HA COBPEMEHHOM 3TAnRE.
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Beegenue. PeunavBupylolwme pecnupatopHble MH(EeKUMM NpeAcTaBnstoT coboil 3HauuTenbHoe 6pems, kak Ans
OTAENbHbIX NtoAei, Tak U AN CUCTEM 30PaBOOXPaHEHNS BO BCEM MUPE. OTU MHAEKLMM, XapaKTepU3yoLMeCs NOBTOPHbIMU
3NM304aM1 UH(EKLMA BEPXHUX W HIDKHUX OblXaTenbHbIX NyTei, SBNAOTCA pacnpoCTpaHEHHON NpUYMHOK 3abonesaemocTy
M CMepTHOCTM BO BCEX BO3PACTHbIX rpynnax. [locnencTsus peuuavBupYIOWMX PECipaToOpHbIX MH(EKLUWUA BbIXOAAT 3a
pamKkm 0BbIYHbIX CUMNTOMOB, UCMbITHIBAEMbIX NALMEHTAMM, U YACTO MPUBOLAT K YXYALIEHWIO KAYECTBA XU3HW, YBENUYEHMIO
yncna obpaLleHnin 3a MeaULIMHCKOM NOMOLLbHO U HECYT SKOHOMUYECKMe 3aTparbl.
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Llenb. M3yuutb 0COBEHHOCTM TEYEHUSI PELMAMBUPYIOLLMX PECTMPATOPHbIX MHAEKUMM Y [eTell, Ha OCHOBaHMM
MCCNER0BaHWN JaHHbLIX COBPEMEHHOMN NUTepaTypbl B 3TOM 06nacTu.

Crparterusi noucka. VccnegosaHne npoBoaMNOCL C UCMONMb3oBaHWeM a3 gaHHbIX, Takux kak UpToDate, PubMed,
Embase, Cochrane Library u nouckosoit cuctemsl Google Scholar. llutepatypHbiit mouck oxBaTtbiBan nepuog B 9 ner, ¢
2015 no 2024 rog BknouMTENbHO. B MccrnegoBaHne Obinyv BKIHOYEHbI OpUTMHAmNbHbIE CTaTbil, PaHAOMWU3NPOBAHHbIE
KOHTPONMPYEMbIE UCCMIEA0BaHNS, CMCTEMaTNYECKNe 0630pbl M MeTa-aHanmab!.

Pe3ynbTart n 3akntoueHue. [TOHAMaHNe NPUYMH U MEXaHW3MOB, JIEXaLLMX B OCHOBE PELMANBUPYIOLLMX PECMIMPATOPHbIX
WHOEKLMIA, UMEET pellaloLiee 3HaveHre Ans pa3paboTkm SGeKTUBHBIX CTpaTernn neveHns 1 npodunakTuky. Jleyexue
PELMAMBUPYIOLLNX PECTIMPATOPHBIX MHADEKLMI - CNoXHas 3agada, Tpebytollas MHororpaHHoro nogxoga. B aaHHom o63ope
Obinn npeAcTaBneHbl pa3nuyHble (akTopbl, COCOOCTBYIOLMX Pa3BUTMIO PECMMPATOPHBIX UH(DEKLMIA, BKIHOYAS MMMYHHbII,
MWKPOBHBIe naToreHbl U hakTopbl OKpYXKaloLLEel cpeabl.

Knrouesnble crnosa: peyudusupyroujue pecnupamopHble UHGeKyuu, umMmyHumem, 0emu, NHE8MOHUSI, npocmyda

Tyuingeme
KA3IPrl KE3EHAE BAJIAJNIAPOAFbl KAUTANAHATbLIH PECMTUPATOPIbIK
MHOEKLUMANAP TYPAJDbI TYCIHIK. SOOEBUETTIK LUOJY.
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Kipicne. KalitananatbiH pecnnpatopnbik uHdekupsnap ykin enem 6oibiHwWwa xeke agamaapra aa, AeHcaynblK cakray
XyWeciHe Oe alTapnblkTaih canmak Tycipeadi. JKoFapfbl KOHE TOMEHri ThIHbIC XON4apblHbIH MHMEKUMANapbiHbIH,
KaliTanaHaTblH 3NW304TapbiMeH cunattanatbiH 6yn uHdekuusnap 6aprblk xac TonTapbiHAarbl aypyllaHablK NeH eniMHIH,
xannbl cebebi 6onbin Tabbinagpl. KaiiTanaHatbiH pecnupaTopnblK MHGEeKLMsNapablH, acepi 3aphan LWekkeH agamaapaa
Ke3neceTiH duaukanblk BenrinepaeH ackin Tycegi, Oyn kebiHece emip canacbiHbIH HalapnayblHa, AeHcaynblK cakTayabl
nanganaHyablH, XoFapbinayblHa XaHe 3KOHOMUKaIbIK LbIFbIHAApFa SKeNes;.

Makcar. Ocbl canagafbl 3amaHayu ogebueTTepaiH LepekTepiH 3epTTey HerisiHae Ganmanapgafrbl KaiTanaHaTbiH
pecnupaTopIibIK MHEKLMANapAbIH epeKLwenikTepiH 3epTTey.

I3pey ctpateruscbl. 3epTrey UpToDate, PubMed, Embase, Cochrane Library xaHe Google Scholar isgey xyiieci
CUSKTbI ManiMeTTep 6a3acbiH KongaHa oTblpbin Xyprisingi. ©aebu isgey 2015 xbingaH 2024 xbinFa AeniHri 9 XbingblK
Ke3eHai KamTbiabl. 3epTTeyre TyNHyCKa Makananap, paHaoMusauusnaqFaH baksinaHaTbiH 3epTTeynep, Xymeni Wwonynap
XOHe MeTa-Tangaynap eHrisingi.

Hotuxe xoHe KOpbITbIHAbI. KaliTanaHaTbiH pecnupaTopnblk WHpeKunsnapabiH, cebentepi MEH MexaHu3MaepiH
TYCiHY TWiMAI emzey XaHe anfblH any cTpaTerusinapblH @3ipney YLiH eTe MaHbi3abl. KaliTanaHatbiH pecnupatoprblk
WHeKuMAnapasl emaey Ken Kblpnbl TOCiNAi KaXeT eTeTiH Kkypgeni Minget. byn wonyga pecnupatoprblk
WHeKUMANapabiH, JaMybiHa biKnan eTeTiH apTyphi dhakTopnap, COHbIH, iliHAE WMMYHABIK, MAKPOBTBIK KO3MbIpFbILITapP
XOHe KopLuaraH opTa hakTopnaps! YCbIHbIIAbI.

TytiH ce3dep: KalimanaHambIH pecnupamop/biK UHGekyusnap, uMmyHumem, 6ananap, NHEBMOHUS, mymay
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Introduction

Recurrent respiratory infections (RRI), the condition
characterized by recurrent infections in children, more
commonly seen in children before school age. Depending
on the pathogen, it can affect both the upper and lower
respiratory tract. RRI can significantly impact an individual's
health and quality of life [10,58,65,14].

Due to delayed treatment of respiratory diseases,
various complications may arise, leading to chronic
infections and fatal outcomes among young children, a
phenomenon more prevalent in developing countries
[35,61,20]. In many developed nations, upper respiratory
tract infections account for over 20% of pediatrician visits,
increasing to 70% during epidemic periods. Recurrent
infections in children have emerged as the most common
pathology in recent years, constituting approximately 90%
of all outpatient visits to physicians. RRI is widespread
across various countries worldwide, irrespective of
economic development levels and climates. Consequently,
over 75% of the global demand is for antibacterial agents
[21,67], utilized in treating infectious diseases. Microbial
resistance to antibacterial agents develops due to frequent
and inappropriate administration of these medications [37,
42].

According to various studies, the highest frequency of
Recurrent Respiratory Infections (RRI) occurs between 6
months and 1 year of age. This is because breastfeeding
typically ceases during this period, leading to the
development of the child's own antibodies. Various
factors, such as the immaturity of the immune system,
environmental influences, having many siblings, and early
socialization where a child comes into contact with
pathogens from other children in daycare settings,
contribute to the frequency of respiratory infections.
Children who start attending daycare, the frequency of
RRI is around 40-50%, decreasing to 15-20% by the
second year, and further dropping to 5-10% by the third
year [41, 3].

Literature lacks a clear definition regarding the
frequency of respiratory infections and how often a child
should fall ill within a year, what constitutes a normal
occurrence. Different scientific studies provide varying
definitions for the frequency of respiratory infections. The
definition of recurrent respiratory infections is characterized
by a child falling ill more than 6 times a year [60] or
experiencing pneumonia either as a standalone condition or
because of respiratory infection complications - with a
frequency of 2 or more episodes within a year [43, 5]. Acute
rhinitis is considered recurrent if episodes occur more than
5 times a year [10,52], while acute otitis media is recurrent if
there are 3 episodes within 6 months or 4 episodes per year
[4, 28].

In a study by Chiappini E. et al., the determination of
RRI used various criteria such as illness duration,
hospitalizations, the severity of the child's condition, and
how often they visited the pediatrician. Points were
assigned to each criterion, and if the total exceeded 30
within 6 months, the child was classified as having RRI [10].

Therefore, RRI has always been a pertinent topic in
pediatric and family medicine practice. Timely diagnosis of
RRI can enhance the quality of life for children and serve as
a preventive measure against chronic illnesses.

Aim. To study the features of recurrent respiratory
infections in children, based on research data from the
current literature in this field.

Search strategy. The study was conducted using
databases such as UpToDate, PubMed, Embase, Cochrane
Library, and the Google Scholar search engine. The
literature search spanned 9 years, from 2015 to 2024
inclusively. This depth of search was maintained, as the
previously utilized literature remains relevant to this day.
Original articles, randomized controlled trials, systematic
reviews, and meta-analyses were included in the study. The
literature review specifically focused on full-text articles. A
total of 152 articles were analyzed, with 70 included in the
review. After gathering the material, a critical analysis of the
literature was conducted, and a plan for further research
was developed in line with the required tasks and
objectives.

The search strategy employed for the study
encompassed a combination of terms including keywords
such as «recurrent respiratory infections» OR («respiratory
tract infections in children») OR («respiratory» AND
«infection»), OR («recurrent» AND «respiratory» AND
«infections»). Furthermore, the search included keywords
such as secondary immune deficiency, immunity in children,
upper respiratory tract infections and lower, children, risk
factors for recurrent respiratory infections, treatment
modalities, and recovery of children with immune
deficiencies, along with their respective synonyms.

Results and discussion.

During the research of scientific literature using the
search strategies mentioned above, it was discovered that
the primary etiological factor in children with RRI can be
both pathogens from the external environment and the
child's own conditionally pathogenic flora, due to the
decrease in immune resistance, which we will discuss later.

In a study conducted by Li L. et al. in 2019, a significant
difference in the composition of the microbiome in children
with RRI was discovered [31]. The respiratory microbiome
plays a protective role against respiratory infections of viral
origin, preventing various complications. The mechanisms
of this protection continue to be actively studied. Symbiotic
bacteria such as Dolosigranulum and Corynebacterium play
an important role in protecting the mucous membranes of
the upper respiratory system in early age. On the other
hand, elevated levels of Haemophilus influenzae,
Streptococcus and Moraxella catarrhalis are linked to a
heightened susceptibility to respiratory infections and
inflammatory complications in children. A study by Teo S.M.
et al. showed that these microorganisms, in addition to
frequent recurrent respiratory infections, may contribute to
allergic sensitization and asthma at a later age [57].

In a cohort study conducted by researchers under the
guidance of Bosch A.A. et al., it was found that children who
experienced frequent respiratory infections during infancy
demonstrated a different path of respiratory tract
microbiome development compared to children who were
less ill. These patients showed a decrease in the presence
of Dolosigranulum and Corynebacterium bacteria, as well
as a rapid increase in the amount of Moraxella catarrhalis
from a very early age [6].

In a study conducted by researchers under the
guidance of Robinson P.F.M. et al., it was noted that
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children with recurrent wheezing most commonly had the

The main risk factors for children that can lead to RRI [2]

following bacteria: Streptococcus pneumoniae,  are presented in the table below. Conditionally, they can be
Staphylococcus  aureus, Moraxella catarrhalis, and  divided into exogenous and endogenous. All of these risk
Haemophilus influenzae [51]. factors combine to form a group of children with RRI.
Table 1.
RRI risk factors.
RRI risk factors
Exogenous Endogenous
chronic diseases of the mother early going to daycare
family allergoanamnesis early termination of breastfeeding
prematurity and premature birth frequent use of antibiotics
pregnancy on the background of anemia mother's smoking during pregnancy
atopic diseases environmental pollutants
congenital and genetic diseases sisters and brothers of school age
poor socio-economic conditions
The immune response of children to various pathogens Munteanu A and colleagues utilized

can be diverse due to the maturation and functioning
characteristics of their immune system. Children with RRI
often exhibit changes in the immune system. The
secondary post-infection nature of these changes may
manifest through a combination of two or more immune
system impairments. In 19% of children with RRI,
abnormalities in the production of specific antibodies are
noted despite normal IgG levels. It is likely that all observed
nonspecific changes in the immune system may be
associated with frequent respiratory infections. Various
infections, especially viral ones, can influence the immune
response, cytokine reactions, and phagocytosis.
Respiratory infections can lead to a deeper immune
dysfunction induced by the virus, as the child's immune
system does not always fully recover, thereby contributing
to infection relapses [50].

In the study conducted by Raniszewska A. and
colleagues, which examined immunological abnormalities in
children with RRI, a decrease in the absolute numbers of
CD4+ and CD8+ T lymphocytes, B lymphocytes, and
neutrophils was noted. The chemiluminescence method was
used in this study to analyze the activity of granulocytes to
assess the nonspecific immune response. The results
showed that in children with reduced chemiluminescence, a
more frequent decrease in the level of neutrophils was
observed compared to children with a normal or increased
chemiluminescent response (p < 0.05) [49].

Children experiencing RRI may exhibit an altered
response of neutrophils to pathogenic microorganisms, a
crucial element in triggering the nonspecific immune
reaction that shields the body against harmful bacteria.
Diagnostic assessments should involve determining the
absolute levels of granulocytes and conducting a
morphological examination. In cases of RRI, there is a
reduction in leukocyte adhesion, a lack of myeloperoxidase
and glucose-6-phosphate dehydrogenase, along with an
increased IgE syndrome [26].

In the scientific work by Pasternak G. et al., which
focused on studying IgG and its subclasses in children with
RRI, a deficiency of total IgG was found in 12.2%, IgA in
8.4%, and IgM in 7.4% of children (p<0.05). Deficiency of
lgG (particularly the IgG-1 subclass) was more common in
children with RRI compared to IgA and IgM deficiencies
[46].

immunophenotyping of T and B lymphocytes in children
with RRI to assess the condition of immune cells through
flow cytometry. In 70% of instances among children with
RRI, immunoglobulin levels fell within the normal range,
while 30% exhibited a moderate deviation either in
decrease or increase of immunoglobulins. Concerning
peripheral immune cells like T and B lymphocytes, as well
as NK cells (natural killer cells), an immune response
dysfunction was observed. RRI in children resulted in a
diminished cellular immune response and a decrease in the
quantity of CD8+ T cells [44].

In modern times, one of the approaches to treating RRI
involves nonspecific enhancement of the immune response
or reinforcement of innate defense mechanisms. As
children's immune systems are not fully mature and react
suboptimally to infectious agents. Immunotherapy provides
an opportunity to stimulate the activity of specific
components of the immune system, making the body's
defense mechanisms more effective [47,19].

Immune rehabilitation for RRI encompasses the
establishment of an ideal daily schedule, minimizing the
chances of infection (by avoiding crowded areas during
epidemics), adhering to a balanced diet, engaging in
adequate physical activity and tempering practices,
addressing chronic infection sites, resolving deficiencies in
vitamins and micronutrients, and rectifying imbalances in
gut microbiota [22,63].

Immunotherapy

In 1993, a synthetic dipeptide molecule called pidotimod
(PDT) was first introduced in Italy. Research shows that
PDT can influence innate and specific immune responses
by increasing the expression of toll-like receptors, which
helps initiate the innate immune response. PDT also
stimulates the maturation of dendritic cells and natural killer
cells, as well as promotes the proliferation of T-
lymphocytes. These properties make PDT potentially useful
for enhancing immunity and combating infections.
Additionally, while the use of PDT did not lead to an
increase in B-cells or antibody levels in one study, it did
result in elevated production of secretory IgA. PDT has
demonstrated good tolerability and a favorable safety
profile, with most treatment durations ranging from 1 to 3
months in continuous use, and in some cases, administered
for the initial 10 days over a span of 3-6 months [48,69].
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In multicenter randomized trials involving children aged
2 to 14 years, the efficacy of PDT was evaluated based on
factors such as fever duration, antibiotic usage,
hospitalization length, school absenteeism, recovery time,
and recurrence rates. The results suggested a reduction in
these parameters among children receiving PDT. However,
some studies have raised concerns regarding the reliability
of these findings due to certain limitations in the research
[45].

OM-85 is a blend of lysates derived from 21 bacterial
strains, encompassing essential species and subspecies
that are associated with numerous cases of RRI such as
Moraxella catarrhalis, Haemophilus influenzae,
Streptococcus pneumoniae, Klebsiella ozaenae, Klebsiella
pneumoniae, Streptococcus pyogenes, Staphylococcus
aureus and Streptococcus viridans. Research has indicated
that OM-85 acts on both specific and nonspecific immune
responses. It promotes the proliferation of T-lymphocytes,
maturation of dendritic cells, and regulates the balance
between Th-1 and Th-2 cytokines (an important aspect in
early childhood where there is an imbalance of Th-1 and
Th-2 cytokines) [12]. Furthermore, the bacterial lysate OM-
85 stimulates the production of antimicrobial peptides,
promotes the activation of macrophages to produce
chemokines (a and B interferons) and cytokines. Levels of
immunoglobulins A and G increase in the blood as
cytokines stimulate B cells. OM-85 regulates inflammatory
processes; for instance, it reduces the levels of anti-
inflammatory  Th-2  cytokines (interleukins  4,5,13),
eosinophils, and macrophages, which can reduce atopic
manifestations, hypersecretion of mucus in the bronchi, and
other symptoms associated with asthma [30].

OM-85 has been licensed in various European
countries, Asia, Central, and South America. A
comprehensive clinical study was conducted in North
America to evaluate the efficacy of the drug in protecting
against respiratory infections. The therapy involved oral
administration of OM-85 from 6 months of age, at a dosage
of 3.5 mg once daily for 10 days over a period of 3 months.
Positive results in favor of the drug were noted. A meta-
analysis encompassing 53 studies involving OM-85
administration demonstrated a significant reduction in the
frequency of recurrent respiratory infections among children
receiving the treatment compared to the control group (p <
0.05) [12, 30, 18].

Probiotics

Currently, the effectiveness of probiotics and their
impact on the immune system is crucial in various diseases.
The microbiome positively influences the body's
immunomodulatory role, stimulating immune cells, which
contributes to reducing the frequency of recurrent
respiratory illnesses [66, 70, 9, 13, 34]. Some studies have
proposed using lactobacilli and bifidobacteria for 2 months
to prevent RRI, with the dosage tailored to the children's
age. The group of children receiving probiotic treatment
showed significantly lower average rates of acute
respiratory viral infections, reduced durations of fever and
cough, fewer antibiotic prescriptions compared to the
placebo group (p < 0.05) [32, 29, 33]. There are studies
indicating positive results in preventing recurrent ofitis in
children who received Lactobacillus salivarius PS7 for 6
months [8]. However, a Cochrane review presented

conflicting findings, suggesting that probiotics were not
effective in cases of recurrent otitis (Relative Risk (RR) of
0.97 with a 95% Confidence Interval (Cl) of 0.85-1.11) [55].

Vitamins

Research on the effectiveness of vitamins A and C in
preventing respiratory infections among children is limited
and conflicting. There are a number of studies on the
effectiveness of vitamin C in colds, showing that it can
shorten the duration of the illness and alleviate the patient's
condition. The effectiveness is attributed to two main
factors: firstly, the decrease in vitamin C levels in the blood
during viral infections, and secondly, the role of vitamin C in
the production of alpha and beta interferons. These two
mechanisms account for the effectiveness of vitamin C in
this context [38, 39, 11]. The use of oral vitamin C may
reduce the duration of prodromal and catarrhal periods, as
well as the length of hospital stay. While clinical
effectiveness has been demonstrated, further high-quality
research is needed to confirm this hypothesis [54]. Studies
indicate a low level of vitamin A in the majority of individuals
with chronic infectious diseases. A low level of vitamin A
increases the risk of recurrent respiratory infections [68, 1,
64, 59, 56]. Regarding studies on vitamin D, it has been
shown that besides its role in bone tissue mineralization
and metabolic processes, it can modulate specific and
nonspecific immune responses. One important aspect is the
enhancement of immune defense efficiency against various
infectious agents [24,62]. Vitamin D contributes to reducing
the risk of lower respiratory tract infections in newborns and
is recommended for use [27]. Some authors have not
observed an effect of vitamin D in pneumonia cases [25]. It
is possible that low doses of vitamin D (400 |U) did not have
a significant effect on pneumonia prevention, which in turn
calls for research on higher doses of vitamin D [15,23]. In
2019, Martineu A. and co-authors conducted a systematic
review and meta-analysis using various methods, including
prospective, randomized, double-blind, placebo-controlled
trials on vitamin D supplements. Subgroup assessments
were also conducted to reduce data errors. It was
concluded that the addition of vitamin D during acute
respiratory infections had a positive impact on patients with
vitamin D levels below 10 ng/mL (p = 0.002). No significant
changes were observed in patients with normal vitamin D
levels (p = 0.15) [40]. Children with RRI often have low
levels of vitamin D [7, 16, 36, 53]. Based on the studies
mentioned, it is evident that vitamin D has beneficial
properties in respiratory infections.

Conclusion

The study of recurrent respiratory infections (RRI) in
children is crucial in pediatrics. Timely diagnosis can
enhance children's quality of life and prevent chronic
illnesses. Factors influencing RRI development and immune
system changes were identified. Immunotherapy like OM-85
boosts immunity, while probiotics and vitamin D help
prevent infections. A comprehensive approach including
immunotherapy, probiotics, and vitamin D can significantly
improve children's health. Further research is needed to
enhance treatment and prevention methods for RRI.
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