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ABILITY OF MICROORGANISMS, CAUSING RESPIRATORY INFECTIONS
IN CHILDREN, TO FORM BIOFILMS in vitro

'Kharkiv National Medical University, Ukraine
2Kharkiv Regional Children’s Clinical Hospital, Ukraine

The purpose of the study was to detect ability to
form biofilms by microorganisms that cause respirato-
ry tract infections.

Materials and methods. The study involved 97
strains of microorganisms. Microorganisms were iso-
lated from children with respiratory tract infections.
All strains, isolated from patients, were able to form
biofilms. There were 44 strains of S. aureus (from
patients with pneumonia — 13 strains, from patients
with other respiratory diseases — 31), 34 strains of S.
pneumoniae (pneumonia — 27 strains, other respirato-
ry diseases — 7), 13 strains of K. pneumoniae (pneu-
monia — 6 strains, other respiratory diseases — 7), 6
strains of P. aeruginosa (pneumonia — 5 strains, other
respiratory diseases — 1). Children were treated at
the pulmonary department and intensive care unit in
Kharkiv Regional Children’s Clinical Hospital.

Results and discussion. The optical density of pri-
mary biofilms formed by Gram-positive microorgan-
isms was 1.33+0.24 Units of OD, and their second-
ary biofilms was 0.32+0.10 Units of OD. In patients
with pneumonia optical density of primary biofilms of
Gram-positive microorganisms was 1.48+0.21 Units of
OD and of secondary biofilms was 0.30+£0.08 Units of
OD. Optical density of primary biofilms of Gram-pos-
itive microorganisms in patients with other respirato-
ry infections was 1.18+0.15 Units of OD, of second-
ary biofilms was 0.35+0.12 Units of OD. The optical
density of primary biofilms formed by Gram-negative
microorganisms was 2.01+1.03 Units of OD, optical
density of secondary biofilms was 1.06£0.42 Units
of OD. In patients with pneumonia optical density of
primary biofilms of Gram-negative microorganisms
was 2.57+0.87 Units of OD, of secondary biofilms
was 1.21+0.50 Units of OD. Optical density of primary
biofilms of Gram-negative microorganisms in patients
with other respiratory infections was 1.24+0.66 Units
of OD, of secondary biofilms was 0.8410.11 Units of
OD.

Conclusion. Gram-negative microorganisms in
general formed more massive biofilms compared
with Gram-positive microorganisms. Among all micro-
organisms P. aeruginosa formed the thickest prima-
ry and secondary biofilms. Strains of P. aeruginosa
isolated from patients with pneumonia formed the
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thickest primary and secondary biofilms. Strains of
S. aureus isolated from patients with other respirato-
ry infections formed most massive primary biofilms,
strains of K. pneumoniae formed the hardest second-
ary biofilms in this group.

Keywords: biofilms, children, respiratory dis-
eases, S. aureus, S. pneumoniae, K. pneumoniae, P.
aeruginosa.

Research relation to the programs, plans, and
department themes. The research was carried out
within the framework of the initiative topic “Experi-
mental discourse of application of a complex of an-
tibacterial agents on the basis of detection of micro-
biological features of microorganisms that cause pu-
rulent-inlammatory diseases”, the State Registration
Number is 0120U102569.

Inroduction. A biofilm is defined as a sessile
microbial community in which cells are attached to
a surface or to other cells and embedded in a pro-
tective extracellular polymeric matrix [1-4]. The EPS
matrix allows the microbes to function synergistically
as a community by maintaining close contact via inter-
cellular communication pathways and sharing group
resources [5-7]. The formation and dispersal of bio-
films is regulated by several mechanisms, including
quorum sensing (QS), bis-(3’-5’) cyclic diguanosine
monophosphate (c-di-GMP) signaling, and regulation
of small RNAs [7, 8]. The growth in a biofilm plays an
important role during infection by providing a defense
against several clearance mechanisms. The biofilm
matrix can impede the access of certain types of im-
mune defenses, such as macrophages, which display
incomplete penetration into the biofilm matrix and
“frustrated phagocytosis” [4, 9].

Biofilms growth on host tissues and medical de-
vices act as a key mechanism of virulence for opportu-
nistic pathogens such as Pseudomonas aeruginosa,
staphylococcal species, and the fungi [10]. The ability
of P. aeruginosa to form biofilms is a critical factor that
allows it to cause severe and recalcitrant infections
associated with significant morbidity and mortality [7,
11]. Biofilms provide P. aeruginosa an enormous ad-
vantage by promoting survival on artificial materials,

177


mailto:anna1989isaeva@ukr.net

MeAaunyHi Hayku

evasion from the immune system, and tolerance to
antimicrobial therapy [7, 11-14].

The purpose of the study was to detect ability
of microorganisms that cause respiratory tract infec-
tions, to form biofilms.

Materials and methods. For detection of bio-
films formation 97 strains of S. aureus, S. pneumoni-
ae, K. pneumoniae, P. aeruginosa were isolated from
children with respiratory diseases, namely 44 strains
of S. aureus (pneumonia — 13 strains, other respirato-
ry diseases — 31), 34 strains of S. pneumoniae (pneu-
monia — 27 strains, other respiratory diseases — 7), 13
strains of K. pneumoniae (pneumonia — 6 strains, oth-
er respiratory diseases — 7), 6 strains of P. aerugino-
sa (pneumonia — 5 strains, other respiratory diseases
— 1). Microorganisms were isolated and identified by
routine microbiological methods [15].

Polystyrene flat-bottom 96-well plates were used
for detection of biofilms formation. Night cultures of
isolated microorganisms were diluted by fresh nutri-
ent medium 1:100. Obtained suspensions in sterile
conditions were inoculated in the dose of 150 uL into
the wells of the plates. Plates were incubated at 28°C
for 24 hours under moist conditions. Optical density
of the obtained cells was detected with the aid of Mul-
tiskan photometer with wave length of 540 nm. After
that, content of the wells was carefully removed and
into the wells were added 150 pL of distilled water and
15 uL 1% alcohol solution of crystal violet. Wells that
were filled with dye were incubated at room tempera-
ture for 45 minutes. Then the dye was carefully aspi-
rated and wells were rinsed three times with distilled
water with the aid of multi channel dropper. Into the
washed wells 250 pL of ethyl alcohol was added and
left for 45 minutes at room temperature. Intensity of
attaining was done with photometer with wave length
of 540 nm [16].

All examined patients and their parents signed an
informative consent, the study was conducted in ac-
cordance with the Declaration of Helsinki of the World
Medical Association of Bioethics, standard provisions
on ethics of the Ministry of Health of Ukraine Ne66 of
February 12, 2006.

The Wilcoxon Matched Pairs Test - nonparamet-
ric method was used due to small amount of experi-
ments. The differences were evaluated using the chi-
squared test. A P value less than 0.05 was considered
statistically significant. Means + standard deviation of
at least three independent replicates are depicted.
Significance was determined using the Kruskal-Wallis
ANOVA by Ranks.

Results and discussion. Optical density (OD)
of primary biofilms that formed microorganisms, iso-
lated from patients was 1.46+0.56 Units of OD, OD of
secondary biofilms was 0.47+0.36 Units of OD. OD of
primary biofilms formed by microorganisms, isolated
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from patients with pneumoniae was 1.71+£0.63 Units
of OD, of secondary biofilms was 0.50+0.45 Units of
OD. OD of primary biofilms formed by microorgan-
isms, isolated from patients with other respiratory
infections was 1.19+0.29 Units of OD, of secondary
biofilms was 0.43+0.22 Units of OD.

OD of primary biofilms formed by Gram-posi-
tive microorganisms was 1.33+0.24 Units of OD, of
secondary biofilms was 0.32+0.10 Units of OD. OD
of primary biofilms was thicker than OD of secondary
biofilms, Z = 7.67, p < 0.05. OD of primary biofilms
formed by Gram-positive microorganisms in patients
with pneumonia was 1.48+0.21 Units of OD, OD of
secondary biofilms was 0.30£0.08 Units of OD. OD of
primary biofilms was more massive than OD of sec-
ondary biofilms, Z = 5.51, p < 0.05. OD of primary
biofilms formed by Gram-positive microorganisms
isolated from patients with other respiratory infections
was 1.18+0.15 Units of OD, of secondary biofilms
was 0.35+0.12 Units of OD. OD of primary biofilms
was harder than OD of secondary biofilms, Z = 5.37,
p <0.05.

Gram-negative microorganisms formed pri-
mary biofilms with OD 2.01+1.03 Units of OD, OD
of secondary biofilms was 1.06 £ 0.42 Units of OD,
p = 0,000132. OD of primary biofiims formed by
Gram-negative microorganisms in patients with pneu-
monia was 2.57+0.87 Units of OD, of secondary bio-
films was 1.21+0.50 Units of OD, p = 0.003346. OD
of primary biofilms formed by Gram-negative micro-
organisms in patients with other respiratory infections
was 1.24+0.66 Units of OD, OD of secondary biofilms
was 0.8410.11 Units of OD, p = 0.011719.

OD of primary biofilms formed by S. aureus
strains was 1.29+0.17 Units of OD, OD of secondary
biofilms was 0.30+0.08 Units of OD. Primary biofilms
were thicker than secondary, Z = 5.776745, p < 0.05.
OD of primary biofilms formed by S. aureus strains in
patients with pneumonia was 1.46+0.12 Units of OD,
of secondary biofilms was 0.26+0.04 Units of OD. Pri-
mary biofilms were more massive than secondary, p =
0.001474. OD of primary biofilms formed by S. aureus
strains in patients with other respiratory infections was
1.2210.13 Units of OD, OD of secondary biofilms was
0.31£0.08 Units of OD. Primary biofilms were harder
than secondary, p = 0.000001.

OD of primary biofilms formed by S. pneumoniae
strains was 1.38+0.30 Units of OD, OD of secondary
biofilms was 0.35+0.12 Units of OD. Primary biofilms
were thicker than secondary, Z = 5.086213, p < 0.05.
OD of primary biofilms formed by S. pneumoniae
strains in patients with pneumonia was 1.49+0.25
Units of OD, OD of secondary biofilms was 0.32+
0.08 Units of OD. Primary biofilms were more mas-
sive than secondary, p = 0.000006. OD of primary
biofilms formed by S. pneumoniae strains in patients
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with other respiratory infections was 1.00+0.09 Units
of OD, OD of secondary biofilms was 0.49+0.15 Units
of OD. Primary biofilms were harder than secondary,
p =0,017961.

OD of K. pneumoniae primary biofilms was
1.4910.81 Units of OD, OD of secondary biofilms
was 0.92+0.24 Units of OD. Primary biofilms were
thicker than secondary, p = 0.001474. OD of K. pneu-
moniae primary biofilms in patients with pneumonia
was 2.06+£0.91 Units of OD, of secondary biofilms
was 0.98+0.34 Units of OD. Primary biofilms were
more massive than secondary, p = 0.027709. OD of
K. pneumoniae primary biofilms in patients with other
respiratory infections was 1.00+0.05 Units of OD, of
secondary biofilms was 0.87+0.10 Units of OD. Prima-
ry biofilms were harder than secondary, p =0.017961.

OD of primary biofilms formed by P. aeruginosa
strains was 3.13+0.15 Units of OD, OD of secondary
biofilms was 1.36+0.59 Units of OD. Primary biofilms
were thicker than secondary, p = 0.027709. OD of
primary biofilms formed by P. aeruginosa strains in
patients with pneumonia was 3.18+0.09 Units of OD,
of secondary biofilms was 1.50+0.55 Units of OD. Pri-
mary biofilms were more massive than secondary, p =
0.043115.

Comparing of primary biofilms OD using Krus-
kal-Wallis test among all 4 microorganisms revealed
that the highest index was detected in P. aeruginosa,
the lowest was found in S. aureus: H (3.97) = 20.08,
p =0.0002 (Fig. 1).

Fig. 1. Comparison of primary biofiims OD formed by
microorganisms, isolated from all patients

Comparing of secondary biofilms OD among all 4
microorganisms revealed that the highest index was
detected in P. aeruginosa, the lowest was found in
S. aureus: H (3.97) = 48.51, p <0.05 (Fig. 2).

Comparison of the primary biofilms OD among
all 4 microorganisms in patients with pneumonia re-
vealed the highest index in P. aeruginosa with the
lowest in S. aureus: H (3,51) = 13.29, p =0.0041
(Fig. 3).
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Fig. 2. Comparison of secondary biofiims OD formed by
microorganisms, isolated from all patients

Fig. 3. Comparison of primary biofiims OD formed by
microorganisms, isolated from patients with pneumonia

Comparing OD of secondary biofilms among all 4
microorganisms in patients with pneumonia revealed
the highest index in P. aeruginosa with the lowest in S.
aureus: H (3.51) = 27.34, p <0.05 (Fig. 4).

Fig. 4. Comparison of secondary biofilms OD formed by
microorganisms, isolated from patients with pneumonia
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Comparison of primary biofiims OD among 3
microorganisms in patients with other respiratory
diseases revealed the highest index in S. aureus
with the lowest in K. pneumoniae: H (2.45) = 24.53,
p <0.05 (Fig. 5).

Fig. 5. Comparison of primary biofims OD formed
by microorganisms, isolated from patients with other
respiratory diseases

Comparing OD of secondary biofilms among 3
microorganisms in patients with other respiratory dis-
eases revealed the highest index in K. pneumoniae
with the lowest in S. aureus: H (2.45) = 22.69, p <0.05
(Fig. 6).

Fig. 6. Comparison of secondary biofims OD formed
by microorganisms, isolated from patients with other
respiratory diseases

All isolates were able to form biofilms. Both
Gram-positive and Gram-negative microorganisms
formed primary biofilms that were thicker than sec-
ondary biofilms.

OD of primary and secondary biofilms of P. aeru-
ginosa strains in patients with pneumonia was the
highest among all microorganisms. OD of primary
and secondary biofilms of S. aureus strains in patients
with pneumonia was the lowest among all microor-
ganisms.
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On other hand, in patients with other respirato-
ry diseases the highest OD of primary biofiims was
detected in the strains of S. aureus, the lowest — in
strains of K. pneumoniae. OD of secondary biofilms
of K. pneumoniae strains in patients with other respi-
ratory diseases was the highest among 3 microorgan-
isms (S. aureus, S. pneumoniae, K. pneumoniae).
OD of secondary biofilms of S. aureus strains in pa-
tients with other respiratory diseases was the lowest
among 3 microorganisms (S. aureus, S. pneumoniae,
K. pneumoniae).

S. aureus, like all bacteria, expresses myriad viru-
lence factors upon entering the host environment that
aid it in adhering to host tissues, proliferating inside
the host, and evading the immune system. In recent
years, S. aureus has become an emerging cause of
community acquired pneumonia. Pneumonia caused
by S. aureus is a significant cause of morbidity and
mortality and can induce severe lung destruction [17].

There are several steps in the biofilm’s formation:
initial contact and attachment to the surface; micro-
colony formation; maturation and formation of the ar-
chitecture of the biofilm; detachment and dispersal of
the biofilms. One of the most important steps in bio-
films formation is attachment. P. aeruginosa has sev-
eral mechanisms that help this microorganism in this
stage. The type V secretion system (autotransport
system) plays role in biofilms formation and cellular
adherence. The soluble lectins, LecA and LecB, are
present in the outer membrane of P. aeruginosa that
may participate in adhesion and play a major role in
the severity of P. aeruginosa — induce lung bacteri-
al load, influencing its survival and biofilms formation
[18].

In the respiratory tract present barriers which
prevent the establishment of infection, such as the
presence of mucus, opsonins, innate immune cells,
and additional factors. Activation of P. aeruginosa QS
alters innate and adaptive responses and, along with
the associated cytotoxic effects of the virulence fac-
tors, allows for the establishment of a severe lower
respiratory tract infection, especially pneumonia. [19].

The severity of Paeruginosa is due to its secre-
tion of exoenzymes. Also, P. aeruginosa has single
polar flagellum and multiple cell surface pili (type IV)
that responsible for adherence to cell membranes and
other surfaces [18]. Taking everything into account it
can be explained why strains of P. aeruginosa formed
the thickest primary biofilms.

Secondary biofilms in all cases were thinner than
primary among and Gram-positive and Gram-nega-
tive microorganisms. It can be defined the fact that
QS can inhibit production of flagella and other adhes-
ins on the stage of the biofilm’s formation, because
they are thought to be strong immunogens and they
stimulate formation of interleukins [20-23].
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Conclusion

In the present study microorganisms causing re-
spiratory tract infections in children were able to form
more massive primary biofilms that can play a more
significant role in the severity of pneumonia compared
with other respiratory infections. OD of primary bio-
films formed by microorganisms causing pneumonia
was 1.71+0.63 Units of OD, OD of primary biofilms
formed by microorganisms causing other respiratory
infections was 1.19+0.29 Units of OD.

Comparing OD of primary (H (3,97) = 20.08,
p=0.0002)) and secondary (H (3,97) = 48.51, p <0.05))
biofims formed by S. aureus, S. pneumoniae,
K. pneumoniae, P. aeruginosa using Kruskal-Wallis

MikpoGionoria

test revealed the highest index in P. aeruginosa and
the lowest in S. aureus.

P. aeruginosa isolated from patients with pneu-
monia formed the thickest primary and secondary
biofilms.

S. aureus formed most massive primary biofilms
in patients with other respiratory diseases, K. pneu-
moniae formed the hardest secondary biofilms in this
category of patients.

Prospects for further research. It is planned to
detect susceptibility of S. aureus, S. pneumoniae, K.
pneumoniae, P. aeruginosa in their biofiims form to
the action of the antibacterial drugs in vitro.
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BU3HAYEHHA 3O0ATHOCTI MIKPOOPIAHI3MIB,

AKI BUKNUKAIOTb 3AXBOPIOBAHHSA OPIAHIB AUXAHHA Y OITEN,

POPMYBATHU BIOMIIBKU Y EKCMIEPUMEHTI in vitro

Icaeea I'. O., Miwuna M. M., Mo3zoea IO. A., loH4apb M. O.,

JlozeiHoea O. J1., Bacrok M. A.

Pe3tome. Memoro gocnigxeHHs Byno BUSBNEHHS 30aTHOCTI MIKPOOPraHi3miB, siKi BUKMMKalOTb 3aXBOPHO-
BaHHS OpraHiB AnxaHHSA y giTen, oo bionniBkoyTBopeHHs. Big nauieHTiB 6yno BuaineHo 97 wramis mikpoopra-
Hi3MmiB, 3 HUX 44 wTamu S. aureus (Big NAUEHTIB 3 NHEBMOHIIMW — 13, Big NaLEHTIB 3 iHLUMMW 3aXBOPIOBAHHS-
MM opraHiB anxaHHsa — 31), 34 wrtamu S. pneumoniae (Bifg NALUEHTIB 3 MTHEBMOHIAMM — 27, Big NaUieHTIB 3 iHWMMK
3aXBOPIOBAHHSIMM OpraHiB amxaHHs — 7), 13 wramis K. pneumoniae (Big nauieHTiB 3 THEBMOHIAMU — 6, Big nauj-
EHTIB 3 iHLIMMW 3aXBOPIOBAHHAMM OpraHiB AuxaHHs — 7), 6 wramis P. aeruginosa (Big nauieHTiB 3 MHEBMOHISIMM
— 5, Big NauUieHTIB 3 iHLLIMMW 3aXBOPIOBAHHAMM OpraHiB AnxaHHs — 1). [JocnimpkeHHsA 34aTHOCTI MiKpOopraHiamis 4o
BioNniBKOYTBOPEHHS BU3HA4anu 3a JOMOMOIOK BU3HAYEHHS 30aTHOCTI WTaMiB B6akTepiv 4o aaresii Ha NoBepXHi
nonictnpony B 96-T1 NyHKOBUX MMaHLLETIB AN iMyHOEpPMEHTHOro aHanidy. BusHayeHHs OnTUYHOI LWinbHOCTI
NpOoBOAMNOCH 3a fonomoroto hotomeTpa Multiskan npy gosxuHi xBuni 540 Hm.

OnTnyHa WinbHICTE NEepBUHHMX BionniBok, Ski dopmyBanu [PaMnoO3NTMBHI MiKpoopraHiamu Oyna
1.331£0.24 op.ou., BTopMHHUX — 0.324£0.10 oa.owl. Y nauieHTiB 3 nHeBMOHieto OLL nepBuHHMX GionniBoK, LLIO
dopmyBanu Npamno3nTmBHI MikpoopraHiamu 6yna 1.48+0.21 og.ow., a BTopnHHMX — 0.30+0.08 oa.ow. Y naui-
EHTIB 3 iHLUMMM 3aXBOPIOBAHHSAMW OpraHiB ANXaHHA ONTWUYHA LLINBHICTb NEPBUHHMX BiONNiBOK, WO dhopMyBanm
pamno3anTMBHI MikpoopraHiamm 6yna 1.18+0.15 og.ow., a BTOpMHHUX — 0.35+0.12 op.oLu.

OnTnyHa WinbHICTb nepBUHHMX 6GionniBok, ki dopmyBanu [pamHeratuBHi MiKpoopraHiamu 6yna
2.01+1.03 og.ow., a BTOpuHHUX — 1.06+£0.42 of.owl. Y nauieHTiB 3 NHEBMOHIED OMNTMYHA LWiNbHICTL nep-
BMHHMUX BionniBok, Wo dopmMmyBanu pamHeratMBHi MikpoopraHiamu Oyna 2.57+0.87 op.owy., @ BTOPUHHUX —
1.211£0.50 og. ow. Y nauieHTiB 3 iHWKWMM 3aXBOPHBAHHSAMW OpraHiB AMXaHHS OMTUYHA LUiNbHICTL NEpPBUH-
HMX OionniBok, Wo copmyBanu pamHeraTMBHi MikpoopraHiamu 6yna 1.24+0.66 oa.owl., a BTOPUHHUX —
0.84+0.11 oa. ouu,.

IpamHeraTuBHi MikpoopraHiamu opmyBanu BinbLl WinbHi 6ionniBkK y MNOPIBHSAHHI 3 [PaMno3NTUBHUMM
MikpoopraHiamamu. LLitamu P. aeruginosa, BugineHi Big nawuieHTiB 3 NHEBMOHIIMU, (hOpMyBanun HanodinbLw ma-
CVBHI, SIK NEPBUHHI, TaK i BTOPUHHI Bionnieku.

Knro4yoBi cnoBa: 6ionnisku, AiTW, 3axBOPIOBaHHSA OpraHiB AuxaHHs, S. aureus, S. pneumoniae,
K. pneumoniae, P. aeruginosa.
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ONPEAENEHUE CNMNOCOBHOCTU MUKPOOPITrAHU3MOB,

KOTOPbLIE BbI3bIBAIOT 3AEOJIEBAHUA OPFAHOB AbIXAHUA Y OETEWN,

POPMUPOBATb BUOIMINEHKU B SKCMNEPUMEHTE in vitro

Ucaeea A. O., Muwuna M. M., Mo3zoeas FO. A., loH4apbs M. A.,

JlozeuHoesa O. J1., Bacrok M. A.

Pestome. Lenbio uccnegoBaHns 6bino onpegeneHMe cnocobHOCTM MUKPOOPraHNM3MOB, KOTOPbIE BbI3bl-
BaloT 3aboneBaHUs OpraHoB AbIXxaHus y geten, oopmmupoBaTtb 6uonneHkn. OT nauyneHToB ObINO Bblgene-
HO 97 WTaMMOB MUKPOOPraHn3moB, U3 HUX 44 wtamma S. aureus (OT NAUMEHTOB C MHEBMOHUAMNU — 13, OT
nauMeHToB C ApyrMMmu 3aboneBaHusiMuM opraHoB AbixaHus — 31), 34 wrtamma S. pneumoniae (0T nauueH-
TOB C MHEBMOHUSAMU — 27, OT NAUMEHTOB C OPYrMMK 3aboneBaHUsMU OpraHoB AbixaHus — 7), 13 wrammoB
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K. pneumoniae (0T NAUUEHTOB C MHEBMOHUSIMU — 6, OT NAUMEHTOB C APYrMMK 3a00neBaHNsiMM OpraHoB Abl-
XaHus — 7), 6 wrammoB P. aeruginosa (0T NauMeHTOB C MHEBMOHWUSIMU — 5, OT nauneHToB ¢ apyrumm 3abone-
BaHUSMU opraHoB AbixaHus — 1). ccnegosaHue cnocobHOCTM MUKPOOPraHM3mMoB (hOPMUPOBAaTL BUOMNEHKM
onpenensinv ¢ NOMOLLbI0 CMOCOOHOCTM LITaMMOB K afresmn Ha NoBepXHOCTM nonmctmpona B 96-nmyHOYHbIX
nnaHwetax. OnpeaeneHne onNTUYECKOW NIOTHOCTM NpPoBOAUIM ¢ noMoLbio doTomeTpa Multiskan npu annHe
BOJHbI 540 HM.

OnTnyeckasi NNOTHOCTb NEPBUYHBIX BUONNEHOK, KOoTopble hopmupoBanu paMnonoXuTenbHble MUKPO-
opraHmnambl 6bina 1.3320.24 en.on., BTopuyHbiX — 0.32+0.10 eg.on. Y naunmeHTOB ¢ MHEBMOHUEN ONTUYEeCKas
NAOTHOCTb MEPBUYHBLIX BMOMNNEHOK, KOTOpble hopmMupoBany paMnonoXuTenbHble MUKPOOpraHmMamMbl Gbina
1.4810.21 ep.on., a BTopu4dHbix — 0.30+0.08 ea.on. Y nauMeHToOB ¢ ApyrMmMmn 3aboneBaHMsMU OpraHoB Ablxa-
HWUSI ONTUYECKas NITOTHOCTb NEPBUYHLIX BMONNEHOK, KOTOPblE hopMMpoBanu MpaMnonoXuTenbHble MUKPOOP-
raHuambl 6eina 1.18+0.15 eq.on., a BTopmyHbix — 0.35+£0.12 eq.on.

OnTnyeckasi NNOTHOCTb NEPBUYHBIX BUOMMEHOK, KOTopble chopMmpoBanu pamoTpuLaTenbHbIE MUKPOOP-
raHuambl 6bina 2.01+1.03 eg.on., a BTopuYHbIX — 1.06£0.42 eg.on. Y naumeHToB ¢ nHeBMoHuen Ol nepBuy-
HbIX BUOMMEHOK, KoTopble hopmmnpoBanu pamoTpulartenbHble MUKpoopraHuamel 6eina 2.57+0.87 ep.on., a
BTOpPUYHbLIX — 1.21+0.50 eq.on. Y naumMeHToB € ApyrMMmn 3aboneBaHnsiMmn opraHoB AbixaHnsa Ol nepBUYHbIX
ouonneHok, kotopble dhopMmpoBanu MpamoTpuuaTenbHble MUKpoopraHMamMbl Obina 1.24+0.66 eq.on., a BTO-
puyHbix — 0.8410.11 eg.on.

IpamoTpuuaTenbHble MUKpPOOpraHuambl hopmupoBanu Gonee MrOoTHbIE GUOMMEHKM MO CPaBHEHUIO C
MpamnonoxutensHbiMu. LUTammbl P. aeruginosa, BblAeneHHbIE OT NAUMEHTOB C MHEBMOHMAMU, (POPMUPOBAM
bornee MaccuBHbIE Kak NEPBUYHbIE, TaK U BTOPUYHbIE BUOMMEHKMN.

KnioueBble cnoBa: OuonneHkun, getun, 3aboneBaHusi OpraHoB AbixaHusi, S. aureus, S. pneumoniae,
K. pneumoniae, P. aeruginosa.
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