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Abstract. Cytokine profile of bronchoalveolar secretion in prolonged course of community acquired pneumonia.
Razumniy R.V. Despite existing studies on pathogenetic role of cytokine (CK) system in lung damage in pneumonia,
there are still controversial issues of cytokine-mediated processes that lead to the prolongation of the inflammatory
process in lung tissue in this pathology. The article presents the study of the cytokine profile of bronchoalveolar
secretion (BAS) in the prolonged course of community-acquired pneumonia (CAP). To achieve the purpose of the
research, in patients with prolonged CAP on the first and last 1-2 days of hospital stay the concentration of pro-
inflammatory (IL-1p, IL-2, TNFa, IL-6, IL-8) and anti-inflammatory CK (IL-4 and IL-10) in BAS was determined. When
studying the cytokine profile of BAS in the acute period of CAP, it was found that patients with a prolonged course of
the disease subsequently had an increase in the concentration of pro-inflammatory CK (IL-1p, IL-6, IL-8, TNF-a and IL
-2), reduction of anti-inflammatory (IL-4, IL-10) and more significant disproportion of the ratio of their opposition
pools (IL-1B/IL-10 and TNF-0/IL-10) in BAS. In the conditions of the generally accepted therapy in patients with
prolonged and not prolonged CAP course, various rate of improvement of indicators of CK in BAS is defined. In
patients with prolonged CAP, the rate of progress of pro-inflammatory and anti-inflammatory CK was slower. At the
time of discharge from the hospital, most patients had an imbalance of pro-inflammatory and anti-inflammatory CK
with a predominance of pro-inflammatory activity in the bronchoalveolar space.

Pegepar. LutokiHoBHii mpodias OpOHX0aJbLBEOJSIPHOIO CeKpPeTy MPH 3aTSKHOMY mepedidi HerocmiTaabHOL
nHeBMoHil. Pasymuuii P.B. Heszsaorcaiouu na icnyroui 00cuiodxcents wjoo0o namoeenemuyrol poii Cucmemu yumoxinie
(LIK) y nowkoOsicenni neceHié npu NHeBMOHIl, 00 MenepiuHb020 YAcy 3aMUAiombcs OUCKYCIUHUMU NUMAHHS
YUMOKIHONOCEPeOKOBAHUX NPOYECis, SKI NPU3800amsb 00 NPOIOH2AYIL 3aNATbHO20 NPOYECY 8 e2eHesill MKAHUHI npu Yitl
namonoeii. Omoice, y cmammi HaedeHi pe3yibmamu O0CHIONCEHH YUMOKIHOB020 NPOPIN0 OPOHXOANbEEONAPHO2O
cexpemy (BAC) npu 3amsascrnomy nepebizi necocnimanvnoi nueemonii (HII). [na peanizayii memu yb020 00Caiodicents
xeopum i3 samadxcuum nepedicom HII y nepwi ma ocmanui 1-2 Oui nepebysanns ¢ cmayionapi 6 BAC eusnauanu
KoHyenmpayito nposzananvrux (LJI-1p, IJI-2, ®HIlo, I/I-6, I/I-8) ma npomusananrenux LK (IJ/I-4 ma LJI-10). Tlpu
susyenHi yumoxkinogozo npogino BAC y cocmpomy nepiodi HII 6yno ecmanosneno, wo y X60pux, y SKux 6 HoOAIbUOMY
cnocmepizagca 3amadxcHull nepebiz 3axeoprosanns, ¥y bAC peecmpysanoca 30invuenns xonyenmpayii nposananciux LK
(IL-15, IL-6, IL-8, TNF-o. ma IL-2), 3uuoicennss npomusanamvhux (IL-4, IL-10) ma 6inew icmomna oucnponopyis
cnisgionouterntst ix onosuyiunux nynie (IL-15/IL-10 ma TNF-o/IL-10). B ymosax 3azanvHonpuiinamoi mepanii y X6opux i3
3amaAxcHuM i He npononeoeanum nepebdicom HII susnaueno pisnuii memn noxkpawjenns noxasnuxie I{K BAC. ¥V xeopux i3
samsaxcuum nepebicom HII memn noninwenns emicmy nposananvhiux ma npomusananvhux L{K 06ye 6invu nosinbHum i
Ha MOMEHmM GUNUCKU 3i cmayioHapy 8 Olnbuwiocmi nayicumis 30epieascs oucoananc nposanaivhux i npomusananeiux LK 3
npesanto8aHHAM y OPOHXOATbEEONAPHOMY NPOCMOPI NPO3ANATLHOL AKMUBHOCII,

Nowadays, there is evidence of pathogenetic role of
cytokines (CK) in respiratory diseases that have
imbalances in this system [8, 10, 11]. However, despite
the intensive studies, lung damage in pneumonia has a
lot of controversial issues of cytokine-mediated proces-
ses that lead to the prolongation of the inflammatory

to study the cytokine profile of bronchoalveolar
secretion in the prolonged course of CAP.

MATERIALS AND METHODS OF RESEARCH

In our research we studied 79 patients aged 25-
56 years, undergoing treatment in the clinic for

process in the lung tissue in this pathology. In
particular, it is believed that early hyperproduction of
pro-inflammatory CK TNF-a and anti-inflammatory
interleukin 1L-10 on the background of depression
markers of cell-mediated immune defence (IL-2, INFy)
leads to a sharp increase in oxygen radicals and nitric
oxide concentrations, the predominance of apoptosis
over activation markers and contributes to the unfa-
vourable course of pneumonia [4]. Other researchers
indicate that low TNF-o and IL-1 correlate with
phagocytic disorders, contributing to the dissemination
of infection [12]. The correlation is recorded between
the concentration of pro-and anti-inflammatory CK,
and it depends on the etiological factor [5] and
pneumonia severity [6, 7]. That is why in-depth study
of the CK system and the analysis of the cytokine
response heterogeneity will expand the understanding
of the immunopathogenesis of prolonged community-
acquired pneumonia (CAP). The aim of the study was
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CAP. During the investigation patients were divided
into two groups depending on the duration of the
CAP. 38 patients (22 men and 16 women) were
selected for group I, among which CAP of clinical
group III was stated in 24 (63.2%) patients, VI — in
14 patients (36.8%) with a prolonged course of the
disease. The group II included 41 patients (24 men
and 17 women), with CAP of clinical group III
verified in 29 (70.7%) patients, VI — in 12 patients
(29.3%), who recovered within two-three weeks of
treatment. Groups of patients were coherent in age
and sex. Verification of the diagnosis of CAP was
carried out according to the standardized protocols
of diagnostics and treatment of respiratory diseases
operating in Ukraine [1]. All patients gave informed
consent to the processing of their data, as well as to the
laboratory and instrumental methods used in the study.
The research was conducted in accordance with the
principles of bioethics set out in the WMA Declaration
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of Helsinki — “Ethical principles for medical research
involving human subjects” and “Universal Declaration
on Bioethics and Human Rights” (UNESCO).

In patients of groups I and II, on the first and last
1-2 days of hospital stay, in the obtained from the
affected area of the lungs during fibrobronchoscopy
perfomed according to the standard method BAS
there was determined concentration of pro-inflam-
matory (IL-1B, IL-2, TNFa, IL-6, IL-8) and anti-
inflammatory CK (IL-4 and IL-10) [9]. The ratio of
the CK opposition pools, particularly IL-1p/IL-10
and TNFa/IL-10, was calculated. To determine the
cytokine profile of BAS, the test systems certified in
Ukraine manufactured by the NGO Protein Contour
(ProCon) were used. The study of the concentration
of CK was performed by solid-phase ELISA using
laboratory equipment manufactured by Sanofi Diag-
nostics Pasteur (France), including enzyme-linked
immunosorbent assay PR 2100 [3], according to the
instructions of the manufacturer. The study results
were compared with the CK concentration in BAS,
obtained by examining 25 healthy individuals, identical
in age and sex. Conventional therapy and symptomatic
treatment were used to treat patients with CAP
diagnosis [1].

The standard application packages, such as Mic-
rosoft Microsoft 7, Microsoft Office 2007 (product
number 89409-707-4157945-65726 2007) were used
for the statistical processing of the obtained research
results. The basic principles of using statistical research
methods in clinical trials were used as well [2].

RESULTS AND DISCUSSION

While studying the CK BAS, it was found that
the acute period of CAP in patients of both groups
revealed probable changes in the concentration of
both pro-inflammatory and anti-inflammatory CK
(Table 1). Thus, in group I, the level in IL-1p was
higher than expected by 8.4 times (p<0.01), in group
IT — by 5.9 times (p<0.01). Comparative analysis of
biological fluid in the studied samples, the concen-
tration of this CK in patients of both groups showed
that in the patients of group I, on admission to the
hospital, the level of IL-1B was by 1.4 times
(p<0.05) higher than in patients of group II. The
level of other pro-inflammatory CK IL-2 in group I,
compared with the norm, increased by 9.1 times
(p<0.01) in group II — by 4.8 times (p<0.01). In the
intergroup comparison, the concentration of IL-2 in
patients of groupl, on average, was by 1.9 times
(p<0.05), higher than the value of a similar indicator in
patients of group II. On admission to the hospital, all
patients had a probable increase in the concentration of
TNF-a in BAS. In patients of groupl, the con-
centration of TNF-a in BAS increased on average by
9.5 times (p<0.01), in group II — by 6.3 times (p<0.01).

22/ Tom XXVII/ 1

A comparative analysis of the level of TNF-a in the
comparison groups showed that in patients of group I,
the level of TNF-a in BAS on average was by 1.5 ti-
mes (p<0.05) higher than in group IL

When studying the level of other pools of pro-
inflammatory CK, particularly IL-6 and IL-8, an
increase in their concentration in BAS in patients of
both groups was also found. Thus, in patients of group
I, the level of IL-6 in BAS was higher than usual on
average by 11.8 times (p<0.01), the concentration of
IL-8 increased by 7.4 times (p<0.01), in group II the
content of these CK was higher than average by 6.7
(p<0.01) and 4.2 times (p<0.01) respectively. Besides,
it was found that the multiplicity of increase in the
level of IL-6 and IL-8 in BAS in patients with
prolonged course of CAP was by 1.8 times (p<0.05)
higher than in patients who recovered within two to
three weeks of treatment.

Thus, studying the cytokine profile of BAS in the
acute stage of CAP, it was found that in patients of
both groups, in the biological substrate studied, there
was an increase in the level of the pool of pro-
inflammatory CK. Significantly, these changes were
more pronounced in group I, i.e. in patients who
subsequently had a prolonged course of CAP.

Analysis of the level of the pool of anti-inflam-
matory CK in BAS in the acute period of CAP showed
considerable increases in their concentration in the
bronchoalveolar space. In particular, in patients of
group I, the level of IL-4 in BAC was higher than
usual, on average by 3.7 times (p<0.01), the concen-
tration of IL-10 increased by 3.2 times (p<0.01), in
group II the content of these CK was higher than ave-
rage by 6.7 (p<0.01) and 4.6 times, (p<0.01) respec-
tively. At the same time, in the intergroup comparison,
the concentration of IL-4 in BAS in patients of group I,
was lower by 1.8 times (p<0.05), than the value of this
indicator in patients of group I, and the level of IL-10
was lower by 1.4 times (p<0.05) respectively.

According to the changes in the BAS in the acute
period of the CAP the level of pro-inflammatory and
anti-inflammatory CK and changes in coefficients were
noted, which characterize the ratio of their opposition
pools. Thus, the increase in IL-1p/IL-10 compared
with the reference rate in group I was by 2.8 times
(p<0.05), in group II — by 1.4 times (p<0.05). Compa-
rative analysis of IL-1B/IL-10 in both study groups
showed that the value of this coefficient in group I was
by 2.0 times (p<0.05) higher than in group II. Com-
pared with the norm, the value of TNF-o/IL-10 in the
subjects of groups I and II increased by 3.4 times
(p<0.01) and 1.6 times (p<0.05) respectively. In the in-
tergroup comparison, the value of the studied coef-
ficient in patients of group I was by 2.1 times (p<<0.01)
higher than the value of TNF-a / IL-10 in group IL
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Table 1

Level of CK in BAS in the examined patients in the acute period of CAP Me (Q25; Q75)

Groups of patients

Analyzed indicator Norm p**
I (n=38) II (n=41)
IL-1p (pg/ml) 3.28 27.6 193 <0.05
(3.18; 3.54) (25.67;29.31) (17.78; 20.64)
p*<0.01 p*<0.01
IL-2 (pg/ml) 1.6 145 7.6 <0.05
(1525 1.71) (13.63; 15.37) (7.14; 8.06)
p*<0.01 p*<0.01
TNF-o (pg/ml) 21.8 208.1 1384 <0.05
(20.12; 23.76) (189.4; 224.6) (130.08; 148.05)
p*<0.01 p*<0.01
IL-6 (pg/ml) 2.1 24.8 14.1 <0.05
(1.97;2.25) (22.56; 26.53) (13.125 14.81)
p*<0.01 p*<0.01
IL-8 (pg/ml) 17.8 1325 743 <0.05
(16.38;19.22) (124.55; 140.47) (69.09; 78.02)
p*<0.01 p*<0.01
1L-4 (pg/ml) 1.4 511 9.37 <0.05
(1.31;1.52) 4.71;542) (8.81; 10.02)
p*<0.01 p*<0.01
IL-10 (pg/ml) 1.91 6.18 8.71 <0.05
(1.74; 2.07) (5.79; 6.61) (8.10;9.23)
p*<0.001 p*<0.001
IL-1B/IL-10 1.62 447 222 <0.05
(14;1.9) (4.01; 4.89) (1.95;2.43)
p*<0.05 p*<0.05
TNF-0/IL-10 9.86 33.67 15.89 <0.05
(8.9;10.74) (29.28; 37.04) (13.81;17.42)
p*<0.01 p*<0.05

Notes: * — reflects the probability of differences of each indicator relative to the norm according to the Mann-Whitney U-test; ** — the probability of
the difference between the corresponding indicators in patients of groups I and II according to the Mann-Whitney U-test.

Thus, the above changes in the ratio of pro-
inflammatory and anti-inflammatory CK indicate a
significant predominance of the pro-inflammatory
activity of BAS in this period of the survey. Also, in
the acute period of CAP in patients who sub-
sequently had a prolonged course of the disease, a
more significant predominance of the pro-
inflammatory activity of BAS was noted.

When re-determining the level of CK, i.e. after
completing conventional therapy in groups I and II,
the dynamics of improvement of the disturbed indi-
cators was different. Thus, in group I, compared
with the original study, the concentration of IL-1f in
BAS decreased by 2.0 times (p<0.05), in group II —
by 2.9 times (p<0.05), the content of IL-2 — by
2.4 times (p<0.05) and 2.5 times (p<0.05) respec-
tively. Although complete recovery of IL-1p and IL-
2 concentrations in BAS in both groups at discharge
from the hospital did not occur, in patients of group I
the content of IL-1B and IL-2 was by 2.04 times
(p<0.05) and 1.95 times (p<0.05) higher than in the
group II (Table 2).
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When studying the level of TNF-a there was
found a decrease in its concentration in BAS com-
pared with the acute period of CAP, in group I — by
2.23 times (p<0.05), in group II — by 3.41 times
(p<0.05). Although complete recovery of this
indicator in both study groups at discharge from the
hospital did not occur, in patients of group I the
content of TNF-o was by 2.3 times (p<0.05) higher
than its concentration in BAS in group II.

The content of other pro-inflammatory CK IL-6 in
patients of group I compared with the original study
decreased by 2.41 times (p<0.05), IL-8 — by 1.78 times
(p<0.05), in group I — by 2.71 times (p<0.05) and 2.05
times (p<0.05). Complete recovery of IL-6 and IL-8
concentration in BAS in both groups at discharge from
the hospital did not occur. However, in patients of
group I, the content of IL-6 was by 1.98 times
(p<0.05), IL-8 — by 2.06 times (p<0.05) higher than in
the group II. Therefore, when studying the cytokine
profile of BAS after CAP treatment, it was found that
patients in group I had more pronounced pro-
inflammatory activity of BAS.

Ha ymosax niyensii CC BY 4.0
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Table 2
Level of BAS in CK in the examined patients after
conventional treatment of CAP Me (Q25; Q75)
Groups of patients
Analyzed indicator Norm p:
1 (n=38) II (n=41)
IL-1p (pg/ml) 3.28 134126 6.57£1.42 <0.05
(3.18;3.54) (12.58; 1434) (621; 6.96)
p*<0.05 p*<0.05
IL-2 (pg/ml) 1.6 5.96+1.03 3.05:0.54 <0.05
(1.52;1.71) (5.65; 6.38) (2.86;3.26)
p*<0.05 p*<0.05
TNF-a (pg/ml) 21.8 93.2+16.1 40.6:7.9 <0.05
(20.12;23.76) (86.67;99.72) (38.16; 43.04)
p*<0.05 p*<0.05
IL-6 (pg/ml) 2.1 103£2.1 52413 <0.05
(197;225) (94.81; 11.21) (4.87;5.61)
p*<0.05 p*<0.05
IL-8 (pg/ml) 17.8 745+15.1 362458 <0.05
(1638;19.22) (69.28; 80.46) (34.04; 38.73)
p*<0.05 p*<0.05
IL-4 (pg/ml) 1.4 3.18+0.41 1.95:0.14 <0.05
(131;152) (2.89;3.41) (1.79; 2.06)
p*<0.05 p*<0.05
IL-10 (pg/ml) 1.91 5.12+0.48 291025 <0.05
(1.74;2.07) @4.71;5.48) (5.269; 3.08)
p*<0.05 p*<0.05
IL-1B/TL-10 1.62 2.62:0.46 2264054 >0.05
(14;19) (2.35;2.83) (2.07;2.46)
p*<0.05 p*>0.05
TNF-a/IL-10 9.86 182429 13.9542.1 >0.05
8.9;10.74) (16.19; 19.65) (12.83; 1521)
p*<0.05 p*>0.05

Notes: * — reflects the probability of differences of each indicator relative to the norm according to the Mann-Whitney U-test; ** — the probability of
the difference between the corresponding indicators in patients of groups I and II according to the Mann-Whitney U-test.

Complete recovery of anti-inflammatory CK in
both groups after completion of conventional treatment
did not occur. Nevertheless, less pronounced positive
changes in the concentration of these CK also occurred
in patients of group L. In particular, the concentration of
IL-4 in group I in this study period exceeded the
reference rate by 2.3 times (p<0.01). In group II, after
completion of conventional treatment, the content of
IL-4 was by 4.8 times (p<0.01) lower than in the
original study and by 1.4 times (p<0.05) higher than
reference value. Comparative analysis of this CK level
in patients of both groups showed that in group I the
concentration of IL-4 in BAS was by 1.6 times
(p<0.05) higher than in group II.

Changes in the level of other pro-inflammatory
CK IL-10 after treatment in both groups had a simi-
lar direction. Complete recovery of CK in both
groups on discharge from the hospital also did not
happen: the concentration of IL-10 in group I
exceeded the reference rate by 2.7 times (p<<0.01), in
group Il — in by 1.5 times (p<0.05). In the intergroup
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comparison, the concentration of IL-10 in BAS in
patients of group I was by 1.8 times (p<0.05) higher
than the level of CK in group II. Therefore, when
studying the cytokine profile of BAS after the end of
CAP treatment, we found that patients of group I,
along with more significant pro-inflammatory
activity of BAS, more pronounced pro-inflammatory
activity of BAP was preserved.

Complete recovery of IL-1p/IL-10 and TNF-o/IL-
10 coefficients in group I patients before discharge
from the hospital did not occur. The values of IL-
1B/IL-10 and TNF-a /IL-10 in group I exceeded the
reference ones by 1.7 and 1.8 times, respectively
(p<0.05). In contrast to patients of group I, in group II
during this study period the values of IL-13/IL-10 and
TNF-o/IL-10 decreased and probably did not differ
from the reference norm (p>0.05).

Thus, in the early stages of CAP, there was an
increase in the level of pro-inflammatory and anti-
inflammatory CK in BAS and a significant disorder
of the ratio of their opposition pools towards
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increasing pro-inflammatory activity. Patients with a
prolonged course of CAP had more significant
disorders of the cytokine profile of BAS, which was
expressed in a considerable increase in the level of
pro-inflammatory (IL-1B, IL-2, TNF-a, IL-6 and
IL-8) and anti-inflammatory CK (IL-4 and IL-10) as
well as an increase in pro-inflammatory activity, as
evidenced by an increase in IL-1B/IL-10, TNF-o/IL-
10. During the standard therapy of CAP, in patients
with a prolonged course of the disease, the cytokine
profile of BAS was not fully restored.
CONCLUSIONS

1. In patients with a prolonged course of CAP in
its acute period, changes in the BAS system were
more significant than in patients with non-prolonged
course.

2. In the intergroup comparison, in the case of a
prolonged course of CAP, BAS recorded an increase
in the concentration of pro-inflammatory CK (IL-1f
1.4 times, IL-6 and IL-8 — by 1.8 times, TNF-a — by
1.5 times, IL-2 — by 1.9 times), a decrease in anti-
inflammatory (IL-4 — by 1.8 times, IL-10 — by
1.4 times) and a more significant disproportion in

the ratio of their opposition pools, as evidenced by
an increase in IL-1B/IL-10 — by 2.0 times, TNF-
o/IL-10 — by 2.1 times.

3. In the conditions of the standard therapy in
patients with prolonged and non-prolonged course of
CAP, various rates of improvement of CK in BAS
indicators are defined. In patients with prolonged
CAP, the rate of improvement of pro-inflammatory
and anti-inflammatory CK was slower. At the time
of discharge from the hospital, most patients had an
imbalance  of pro-inflammatory and  anti-
inflammatory CK with a predominance of pro-
inflammatory activity in the bronchoalveolar space.

4. Based on the obtained data, in the future, it can
be considered appropriate to determine the patho-
genetic role of CK and imbalances in their system
during prolonged CAP to conduct a study of the
content of CK in the serum.
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