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Summary

Introduction. CC16 protein is secreted by Club epithelial cells of the bronchioles, maintains homeostasis of the
airway epithelium and has anti-inflammatory effects in the lungs. It is important to study the level of CCI16 protein
in the serum in order to understand the integrity of the bronchial epithelium and the development of bronchial
dysfunction in young children with bronchiolitis.

Aim of the study. Analysis of blood serum CCI16 concentration in younger bronchiolitis patients.

Material and methods. We clinically examined 70 young children. The main group consisted of 35 non-allergic
bronchiolitis patients. The comparison group included 25 young bronchiolitis patients with a history of allergies.
The control group comprised 10 conditionally healthy children. The average age of patients was 8.4 £ 1.6 months,
6.2 + 1.4, and 6.4 £ 1.2 months in the main, comparison, and control group, accordingly. The complex of clinical-
and-laboratory examination of children included CC16 serum tests. Serum CC16 content was determined by enzyme-
linked immunosorbent assay according to the “Human CCI16 ELISA Kit”.

Results of the study. It should be noted that the most main group patients (22 (62.8 + 6.4%) of all examined) had
elevated CC16 readings. Whereas in the comparison group we did not find an increase in CC16 protein in any case.
In contrast, 13 (51.8 £ 14.4%) children with bronchiolitis with a history of allergy had a decrease in CC16 protein,
which may be a sign of endothelial dysfunction (p = 0.01).

The study showed that young non-allergic bronchiolitis patients had the mean CC16 (38.9 4.5 ng/ml) significantly
higher than those with a history of allergies (22.9 + 3.3 ng/ml), (OR=1,667; 0,854 - 3,250 95% CI; p < 0,05). The
control group patients had the mean CC16 within the reference interval (14.2 £ 2.12 ng/ml).

Conclusions. In young children, elevated CC16 may be considered a marker of respiratory failure in bronchiolitis
patients. Bronchiolitis patients with a history of allergies had statistically significantly lower serum CC16 levels than

those in children without a history of allergies.
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Introduction

Bronchiolitis is one of the most common forms
of respiratory failure in young children. The results
of clinical studies suggest that bronchiolitis remains
a leading factor of hospitalization due to severity of
the disease in young children [1].

The most commonly known cause of severe
bronchiolitis in the first years of life is a respiratory
syncytial virus (RSV) [2]. However, the causal
relationship of pathophysiological changes in
bronchial tree of bronchiolitis patients continues
to be actively studied. Ciliated and club cells are
highly susceptible to toxic substances released by
viruses and bacteria. Damaging the epithelium in
the late phase of inflammation, viruses provoke a
release of a wide range of inflammatory mediators,
such as histamine, bradykinin, leukotrienes, platelet
and bronchial endothelium activating factors, which
increase vascular permeability and mucosal edema.
The release of elastase from damaged cells causes
epithelial destruction, cell proliferation, lymphoid
infiltration, and connective tissue matrix damage
in the form of interstitial growth. [3]. In turn,
inflammation also contributes to elevated viscosity
of bronchial secretions, obstruction of bronchioles
and small bronchi associated with the development
of paralysis of the ciliary apparatus, and inhibition
of phagocytic activity of alveolar macrophages,
resulting in a failure of respiratory ventilation
function [4].

In recent years, the medical community has
strengthened its confidence in the factthatthe question
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of bronchiolitis pathogenesis is far from being finally
resolved. The bronchiolitis genesis largely depends
on interaction of immune mechanisms, failure of
which may deregulate mucociliary clearance, cause
defects of systemic and local immunity, macrophage
system, trigger infection processes and exert
influence on allergic status [5].

Clara cell protein (CC16) is secreted by club
epithelial cells of bronchioles and is considered their
specific marker. CC16 is the most common protein
in normal airway secretions. CC16 is known to
maintain airway epithelial homeostasis and to exert
anti-inflammatory effects in lungs being targeted by
allergens and viruses [6].

CC16 deregulation and deficiency contributes
to increased susceptibility of respiratory system to
viral infections and oxidative stress, which are often
observed in the pathogenesis of respiratory diseases
such as ARVI, obstructive diseases, and bronchial
asthma. The results of recent scientific research
suggest that CC16 is the protein that provides
functional anti-inflammatory and antioxidant effects
in various cells, including epithelial cells and
leukocytes [7]. The anti-inflammatory activity of
CC16 lies in its ability to inhibit the catalytic activity
of secretory phospholipase A2 (sPLA2), a potent
proinflammatory enzyme, by binding to cofactors
required for achieving full catalytic activity of the
enzyme [8].

Measuring the CCI16 concentration makes it
possible to assess a degree of Club cell damage, and,
therefore, the magnitude of respiratory epithelium
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damage and bronchial dysfunction [9]. Given the
above, growing attention has been paid in the scientific
literature to the research of new laboratory markers
for diagnostics of bronchiolitis in young children.

Aim of the study
Analysis of blood serum CC16 concentration in
younger bronchiolitis patients.

Material and methods of the study

We clinically examined 70 young children. The
main group consisted of 35 non-allergic bronchiolitis
patients. The comparison group included of 25 young
bronchiolitis patients with a history of allergies. The
control group comprised 10 conditionally healthy
children. The average age of patients was 8.4 £ 1.6
months, 6.2 £ 1.4, and 6.4 £ 1.2 months in the main,
comparison, and control group, accordingly.

Criteria for inclusion in the study were: children
with bronchiolitis, full-term infants, children aged
0 to 12 months, informed consent of the child's
parents to participate in the study. The exclusion
criteria included congenital malformations of the
bronchopulmonary system, cardiovascular system,
bronchopulmonary  dysplasia, gastroesophageal
reflux disease, and prematurity. The complex of
clinical-and-laboratory examination of children
included: study of life anamnesis, anamnesis of the
disease, perinatal and allergological anamnesis;
conducting an objective examination according to
generally accepted methods; CC16 serum tests.
Serum CC16 content was determined by enzyme-
linked immunosorbent assay according to the
“Human CC16 ELISA Kit”. The resulted data
were statistically processed using the IBM SPSS
"STATISTICA 12" StatSoft Inc. software package
and Excel XP for Windows 10, parametric and
nonparametric calculation methods.

The study was approved in terms of compliance
with ethical and legal rules of medical scientific
research of the Vinnytsya National Pirogov Memorial
Medical University by the Commission on Biomedical
Ethics. The study was found not contradicting
basic bioethical standards and complying with
the principles of the GCP (1996), the European
Convention on Human Rights and Biomedicine (04
April 1997), the WMA Declaration of Helsinki on
Ethical Principles for Medical Research Involving
Human Subjects (1964-2008), basic provisions of
Order of the Ministry of Health of Ukraine No.690
dated 23 September 2009 (as amended by Order of the
Ministry of Health of Ukraine No. 523 dated 12 July
2012). All patients were informed about the purpose
and possible consequences of the study procedures,
and signed a written informed consent form for
participation in the study before manipulations.

Study results

The study showed that young non-allergic
bronchiolitis patients had the mean CC16 (38.9 + 4.5
ng/ml) significantly higher than those with a history
of allergies (22.9 + 3.3 ng/ml), (OR=1,667; 0,854 -
3,250 95% CI; p < 0,05). The control group patients
had the mean CC16 within the reference interval
(14.2 £ 2.12 ng/ml).

It should be noted that the most main group

patients (22 (62.8 + 6.4%) of all examined) had
elevated CC16 readings (mean - 53.9 + 4.6 ng/ml),
while only 13 (37.2 + 16.4%) patients of the main
group had this protein values within the reference
interval (mean - 12.15 £ 2.1 ng/ml), (OR=1,272;
0,435-3,71795% CI; p <0,05). As for patients of the
comparison group, most examined children (13 (51.8
+ 14.4%)) demonstrated low CC16 values (mean -
8.53 £ 1.69 ng/ml). Other patients of the comparison
group (12 (48.2 £ 15.2%)) had CC16 within normal
limits (mean - 19.2 £ 2.62 ng/ml), (OR=2,708; 0,925
- 7,927 95% CI; p < 0,05).

It's worthy to note that although CC16 mean in the
comparison group fell within the reference interval
(22.9 £+ 3.3 ng/ml), it was significantly higher than
in the children of the control group (14.2 £ 2.12 ng /
ml). ml), (OR=1,153; 0,342 - 3,884 95% CI; p <0,05).

Subsequently, we analyzed the specificity
and sensitivity of serum CC16 in allergic young
bronchiolitis patients (figure 1).
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Figure 1. ROC-curve of the CC16 method

Analysis of specificity and sensitivity of serum
CC16 readings in younger bronchiolitis patients
showed that the AUC area under ROC curve was
0.904 [0.769-0.974, 95% CI]. The cut-off point was at
the level of 16.2 ng/ml (sensitivity 83.3%, specificity
95.5%). At the same time, the CC16 sensitivity (55.0%)
in allergic bronchiolitis patients was significantly
lower with almost same specificity (82.0%); the AUC
area under the ROC curve was 0.706 [0.344-0.706
95% CI], the cut-off point - 11.6 ng/ml.

Discussion of the study results

As for today, it has been shown that blood serum
CC16 may indicate the integrity of the bronchial
epithelium and the development of bronchial
dysfunction [10]. According to recent scientific
studies, elevated blood serum CC16 as a response
to toxic substances released by viruses, bacteria and
harmful environmental factors suggests its potential
role of reliable marker for early detection of acute
respiratory failure, including bronchiolitis [11].
Current literature data show a trend of low blood
serum CCI16 in patients prone to early allergic
sensitization and the development of allergic clinical
manifestations [12].

Apparently, CC16 exerts anti-inflammatory and
immunoregulatory effects and may be considered an
endogenous anti-inflammatory protein for patients
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with inflammatory respiratory failure [13].

In our study, we examined the role of CC16 as a
diagnostic marker in younger bronchiolitis patients
depending on a history of allergies. Taking into
account prevalence of bronchiolitis in young children,
the predisposition of children with allergy-burdened
disease history to severe RSV infection and a risk
of bronchial dysfunction, the use of biomarkers for
early diagnosing and prognosis may be statistically
clinically significant [14]. A mutation of CC16 gene
was associated with an elevated risk of developing
allergic diseases in the childhood, associated with a
significant decrease of blood serum CC16 [15]. All
in all, low serum CC16 readings were associated
with allergic sensitization and asthma [16].

In the course of our study, we revealed that
elevated CC16 tests in young bronchiolitis patients
were associated with the inflammatory process in
the bronchi. It is worthy to note that CC16 elevation
in younger bronchiolitis patients not burdened with
severe allergies was statistically significantly higher
than in children with allergic history.

The study demonstrated an increase of serum CC16 in
young in-patients. The study data regarding elevated serum
CC16 in young bronchiolitis patients not burdened with
allergies history was consistent with the literature [17].

In our study, we identified the CC16 role as a
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3HAYEHHS BIJIKA CC16 TP BPOHXIOJITI Y JITEW PAHHBOTO BIKY
H.I. Toxapuyk, A.A. Osepuyk

Binnuubkuii HanioHaabHUil MeqnuyHuii yHiBepcuter imeni M. 1. Iluporosa
(M. Binnunns, Ykpaina)

Pesrome

Beryn. Binox CC16 cexperyetses Club xmiTuHaMu emiTenito OpOHXio, MiATPUMY€E TOMEOCTa3 EMiTeNi0 JUXAIbHUX NUISIXiB
i Ma€e mpoTU3anaibHy [0 B JereHsx. Baxuusum € BuBueHHs piBHs O6inka CC16 B cupoBaTili KpOBi 3 METOI PO3YMIiHHS Iimic-
HOCTi OPOHX1aJIFHOTO EMITEeNiI0 Ta PO3BUTKY OpOHXiadbHOIO TUC(YHKIIT caMe y AiTeil paHHBOTO BiKy, XBOPHX Ha OPOHXIOJIT.

Mera gocainxenns. [Iposectu anani3 piBas 6inka CC16 y cupoBaTii KpoBi AiTel paHHBOTO BiKYy, XBOPUX Ha OPOHXIOMIT.

Marepiau i metonn mociaimkenns. [Iposeacue kiainiune obctexenns 70 niteit panHboro Biky. OCHOBHY Ipymy ckjianu 35
nirteit i3 6ponxioniToM 6e3 0OTSIKEHOTO aNeProNOTiYHOTO aHaMHe3y. [ pyny MOpiBHAHHS CTAaHOBMIH 25 JiTel, XBOPHUX Ha OpoH-
X10iT, SKi Manu OOTSDKEHUU aJeproioTiuHuil aHamHe3. Jlo KOHTPOJIbHOI rpynu Oyno BkIOYeHO 10 yMOBHO 310POBHX HiTEH.
CepenHiil Bik giTell ocHOBHOI rpynu ctaHoBuB 8,4+1,6 mic, rpynu nopiBHsHHA — 6,2+1,4 Mic Ta AiTell KOHTPOJBHOI I'pymH
6,4+1,2 mic. /lo KOMIUIEKCY KJIiHIKO-TaOOpaTOpHOro 0O0CTEKeHHs JiTell BXoamuino Bu3HaueHHs piBHA Oinka CC16 B cuposarmi
kpoBi. Bmict CC16 B cupoBarui KpoBi BU3Hauaidu imyHOQepMeHTHUM MeToaoM 3a Habopom “Human CC16 ELISA Kit”.

PesyabTaTh gocaigxenns. Becranosieno, mo piBens 6inka CC16 y cupoBaTii KpoBi OyB miABUIEHUH Y O1nbIIOCTi AiTeil
ocHoBHOI rpynu (22 (62,8 + 6,4 %) obcrexennux)). Toai Sk y rpyni MOpiBHAHHSA HAMH He OyJI0 BUSBJICHO MiJBUIICHHS PiBHS
6inka CC16 y xonnomy Bumaaky. Hatomicts, y 13 (51,8 + 14,4 %) miteii, XBopuX Ha OPOHXIOMNIT i3 OOTAKEHUM aJIeproio-
riYHUM aHaMHE30M, CIIOCTepirajiock 3HWKeHHs piBHs Oinka CC16, mo WMOBIpHO MOXe OyTH MOPYIICHHSM €HIOTENialbHOT
nucoyxuii, (p=0,01).

VY xoai nociigKeHHS HAMH TaKOX BUSBICHO, 0 Y IiTeH, XBOPUX Ha OPOHX10JIT 0€3 00THKEHOro aleproJoTiYHOro aHaAM-
He3y cepenne 3HadeHHs Oinka CC16 (38,9 + 4,5 ur/min) Oyno 10CTOBIpHO BUIIMM, HIX y JiTed, XBOpUX HA OPOHXIONIT i3 00-
TSOKEHHM aJIeproJIOTIYHUM aHaMHe30M, (22,9 + 3,3 ur/mi), (OR=1,667; 0,854 - 3,250 95% CI; p<0,05). Pasom 3 Tum, y niteit
TpYIH MOPiBHAHHA cepeaHiil piBers O6inka CC16 B cupoBatui KpoBi OyB JOCTOBIPHO BHIUM, HiK Y JiTel KOHTPOJIBHOI Ipynu
(14,2 + 2,12 ur/mn), (p<0,05).

BucuoBku. Y niteil paHHbOro Biky migBuImenni pisens 6inka CC16 Moxe po3TIISaTUCS SIK MapKep ypaskeHHS TUXAJIbHAX
IUIAX1B IpHu OpoHXioniTi. Y niTeil XBOpUX Ha OPOHXIOMIT, AIKi Madu OOTSKEHUI aleproloTiuHui aHaMHe3, piBeHb Oinka CC16
B CHPOBATLi KPOBi OyB JOCTOBIpHO HHUIIUM Yy MOPIBHSHHI i3 MOKa3HUKOM AiTeil 63 00TIKEHOro ajJeprojoriuHoTo aHaAMHE3Y.

KuarwuoBi ciaoBa: 6pouxionir; gitu panuporo Biky; 6imok CC16.
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