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Adhesive properties of film forming and non-film
forming strains of Staphylococcus epidermidis,
isolated from upper respiratory tract of human

0.S. Voronkova, T.M. Shevchenko, A.l. Vinnikov
Oles Honchar Dnipro National University, Dnipro, Ukraine

Objective: to compare the adhesive properties of film forming and non-film forming strains of Staphylococcus epidermidis,
isolated from upper respiratory tract of human.

Materials and methods. An ability to adhesion of 13 film forming and 11 non-film forming strains of Staphylococcus
epidermidis, isolated from upper respiratory tract of human, was studied. Ability to adhesion of film forming and non-film
forming strains of S. epidermidis was studied with use of human buccal epithelial cells. There were determined: average rank
of adhesion (ARA), index of participation of epithelial cells in the adhesion (K) and index of adhesion of microorganisms
(IAM).

Results. Studied strains showed the ability to adhere to buccal epithelial cells. It was established that all 13 of film forming
strains of S. epidermidis were high-adhesive with ARA amounted to 7.53 + 2.30. Among these strains highest level of ARA
was 11, while participation of epithelial cells was 85%, and the IAM was 12.94. Lowest level of ARA among film forming
strains equal to 3, K was 89 %, and the IAM was 3.37, but it was only one strain. Among film forming strains 1 strain (7.7 %)
had TAM less than 4.0 and it was a strain with intermediate adherent ability. The rest of the strains were high-adhesive and
had TAM more than 5.81. Among them IAM between 5 and 9 units had 8 (66.7 %) and 4 (33.3 %) strains had ITAM more than
10 units. Among the 11 studied non-film forming strains non-adhesive were 2 (18.2 %) strains, low-adhesive was 1 (9.1 %),
intermediate level of ability showed for 2 (18.2%) and 6 (54.5 %) were high-adhesive.

The ARA of non-film forming strains of S. epidermidis was 1.84 times lower compared to the same index of film forming
strains and amounted 4.09 + 2.55. Maximal ARA among surveyed non-film forming strains was 9, while the K was 89 % and
the IAM was 10.11. Lowest indexes were 0 that was fixed for one non-adherent strain.

Conclusions. It was established that all investigated film forming and non-film forming strains of S. epidermidis adhered to

human buccal epithelium cells. It was found that all film forming strains were high-adhesive, among non-film forming strains
high-adhesive were 54.5 % of strains.

Among film forming strains IAM was 8.66 * 2.66 that is 1.87 times higher compared to non-film forming strains, IAM of that
was 4.62 + 2.87.
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he existence of bacteria in the biofilm as form  adhesion [6—8]. Adhesion to biological objects

of difficult complex community takes place
both in the environment and in the human body. In
this form microorganisms have an increasing level
of resistance to environmental factors, including
antibiotic and disinfectants, and can cause different
lesions during infection [1—5].
One of the important factors during the formation
of biofilm is the ability of microorganisms to

(surfaces of cells, tissues, walls of blood vessels etc.)
is associated with a specific interaction of adhesion
proteins [9] or fimbriae lectins with receptors or
membrane domain of host cells surface [10, 11].
Herewith colonization resistance of macroorganism
is close dependent on a combination of factors that
prevent multiply and attachment of bacteria to
mucous membranes. A significant role in this process
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Table. Adhesive properties of film forming and non-film forming strains of S. epidermidis, isolated from upper respiratory

tract of human, to human buccal epithelium cells

Studied strains

Average rank of adhesion Index of participation of epithelial Index of adhesion

(ARA) cells in the adhesion (K) [%] of microorganisms (IAM)
Film forming strains (n = 13) 7.53 + 2.30* 87.15 + 2.82 8.66 + 2.66*
Non-film forming strains (n = 11) 4.09 + 2.55 80.45 + 26.92 4.62 +2 .87

Asterisks [*] denotes significant at p < 0.05 between groups.

belongs to the normal microbiota of the mucous
membrane and its relationships with competitive
pathogenic microorganisms, and also the physio-
logical state of the macroorganism’s cells [12].
Therefore, the process of microbial adhesion is the
initial step in the development of infection and
biofilm-formation.

Objective: to compare the adhesive properties of
film forming and non-film forming strains of
Staphylococcus epidermidis, isolated from upper
respiratory tract of human.

Materials and methods

An ability to adhesion of 13 film forming and
11 non-film forming strains of S. epidermidis was
studied. Studied strains were isolated from the
upper respiratory tract of human.

Ability to adhesion of film forming and non-film
forming strains of S. epidermidis was studied with
use of human buccal epithelial cells [13, 14]. The
strains were grown overnight in meat-peptonic
broth (MPB), and then centrifuged 5 min at
6000 rpm by laboratory centrifuge (OITu-3 Y 4.2).
Pellet was resuspended in phosphate-buffered
saline (PBS) (g/100 ml): NaCl — 0,85; Na, HPO, —
1,42 (pH 7,2). Suspension of bacteria containing
1,0 - 10° CFU /ml. Sample of buccal epithelial cells
transferred to a buffer and centrifuged at 6000 rpm
5 min. The supernatant was removed, and the
resulting pellet was again resuspended in buffer
and centrifuged in the same mode. The number of
cells counted with the use of Horiaev—Toma
chamber. Make a suspension of epithelial cells with
1,0 - 10® cells/ml. Suspension of bacterial and
epithelial cells were mixed in equal quantities both
and incubated 30 min at 37 °C. After incubation
with use of centrifugation for 5 min at 6000 rpm
cells washed twice with PBS to separate the
epithelial cells and unattached bacterial cells. The
microscopic preparation make from pellet stained
by Gram method and the number of bacteria
adhered on the surface of epithelial cells was
counted.

There were determined:

— average rank of adhesion (ARA) — the average
number of bacteria that adherent to one epithelial
cell;

— index of participation of epithelial cells in the
adhesion (K) — the percentage of cells, on the
surface of which microorganisms were adhered,;

— index of adhesion of microorganisms (IAM) — the
average number of bacteria on one epithelial cell
that is involved in adhesion. TAM calculated as:
TAM = (ARA - 100) / K.

Adhesiveness was considered as zero if ARA was
0—1,0; low if ARA was 1,01—2,0; intermediate if
ARA was 2,01—4,0 and high if ARA was > 4.0.
Microorganisms considered as non-adhesive if TAM
was < 1,75; low-adhesive — if IAM was 1,76—2,50;
intermediate — if TAM was 2.51—4.0 and high-
adhesive — if IAM was > 4,00.

Statistical analysis of the results was made using
the t-Student test with significance level of 0.05.

Results and discussion

One of the main factors of colonization of biotope
by staphylococci is the ability of these bacteria to
adhere on the cell surface and then resist to host
defense mechanism. That’s why the research of
ability to adhesion is significant for studying of
microorganisms.

We established an ability to adhesion of film
forming and non-film forming strains of S. epider-
midis, isolated from upper respiratory tract of
human, to buccal epithelium cells of human.

In a result of study was found that all film forming
strains of S. epidermidis capable to adhere on human
buccal epithelial cells (table).

It was established that all 13 of film forming
strains of S. epidermidis were high-adhesive with
ARA amounted to 7.53 £ 2.30. Among these strains
highest level of ARA was 11, while participation of
epithelial cells was 85 %, and the TAM was 12.94.
Lowest level of ARA among film forming strains
equal to 3, K was 89 %, and the IAM was 3.37, but
it was only one strain.

IAM is a key parameter that determines the
adhesiveness of microorganisms. Therefore, it is
appropriate to use to further the general charac-
teristics of adhesive properties studied strains of
S. epidermidis.

Thus, among these 13 film forming strains 1 strain
(7.7%) had TAM less than 4.0 and it was a strain
with intermediate adherent ability. The rest of the
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strains were high-adhesive and had TAM more than
5.81. Among them IAM between 5 and 9 units had
8 (66.7%) and 4 (33.3%) strains had IAM more
than 10 units.

It was determined that adhesive potential of non-
film forming strains of S. epidermidis was lower
compared to film forming strains. During the studies
it was found that in group of non-film forming
strains were low-, intermediate- and high-adhesive
strains. Among the 11 studied strains non-adhesive
were 2 (18.2 %) strains, low-adhesive was 1 (9.1 %),
intermediate level of ability showed for 2 (18.2 %)
and 6 (54.5%) were high-adhesive. This indicates
on the prevalence among film forming and non-film
forming strains cultures with intermediate level of
adhesion activity. But indexes of adhesion of non-
film forming strains are significantly lower compare
to film forming isolates.

The ARA of non-film forming strains of S. epider-
midis was 1.84 times lower compared to the same
index of film forming strains and amounted
4.09 + 2.55. Maximal ARA among surveyed non-film
forming strains was 9, while the K was 89 % and the
IAM was 10.11. Lowest indexes were 0 that was
fixed for one non-adherent strain.

Thus, it can be assume that more pronounced
adhesive properties of film forming strains, indi-
cating their high colonization potential compare to
non-film forming strains. This data indicate aside
on higher pathogenic potential. It’s known that the
adhesion of pathogenic and opportunistic bacteria,
including staphylococci, to mucosal epithelial cells
is the initial stage of inflammation. During this stage
the colonization resistance of the organism largely
depends on a combination of factors that prevent
the attachment and multiply of bacteria on mucous
membranes. Essential role in realization of this
mechanism play normobiota of mucosa and it
competitive relationship with the pathogenic mic-
roorganisms, and also the physiological state of cells.

Analyzing the results it can be note the following:
all film forming strains of S. epidermidis were
characterized by high adhesive properties, as well

No conflict of interest.
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adhesive, among non-film forming strains high-
adhesive were 54.5 % of strains.

Among film forming strains IAM was 8.66 + 2.66
that is 1.87 times higher compared to non-film
forming strains, IAM of that was 4.62 £ 2.87.

4. Beveridge T.J. Visualizing bacterial cell walls and Biofilms // Microbe.—
2006.— Vol. 6.— P. 1—6.

5. Lopez D. Biofilm / D. Lopez, H. Vlamakis, R. Kolter // Cold Spring
Harb. Perspect. Biol.— 2012.— Vol. 4 (10).— P. 163—168.

6. Haymenko 3.C. CpaBHWTEAbHasi OLEHKa aAre3MBHOW aKTUBHOCTU
6aKTepuii, BbIAEAEHHbIX Y BOAbHbIX U3 OCTEOMWEAUTUUYECKOro ouara
1 U3 paH oTKpbITbIX NeperomoB / 3.C. HaymeHko, W.B. lUvnuupiHa //
leHuit optoneamn.— 2011.— Ne 4.— C. 31—34.

7. Sauer K. Characterization of phenotypic changes in Pseudomonas
putida in response to surface-associated growth / K. Sauer, A.K. Cam-
per // J. Bacteriol.— 2001.— Vol. 183.— P. 6579—6589.

8. Pace J.L. Biofilms, infection, and antimicrobial therapy / J.L. Pace,

69



YKPAIHCbKUW BICHUK MEAUKO-COLIIATIbHOI EKCMEPTU3U = N2 3-4(33-34) » 2019

M.E. Rupp, R.G. Finch (eds) // Boca Raton: CRC Press Taylor & Francis CNocoBHOCTU M @HTUAM3OLMMHOM aKTMBHOCTM CTAadUAOKOKKOB, Bbl-

Group, 2006.— 495 p. AENEHHbIX C KOXM AHOAEH, CTPAAAIOLLMX XPOHUYECKUMU AepMaTo3amu /
9. Schroeder K. Molecular characterization of a novel Staphylococcus 0.E. ®anoBa // BectHMk TOMCKOro rocyAapCTBEHHOIO yHUBEPCUTETA.—

aureus surface protein (SasC) involved in cell aggregation and biofilm 2011.— Ne 349.— C. 188—189.

accumulation / K. Schroeder, M. Jularic, S.M. Horsburgh, N. Hirsch- 13. KoBaneHko H.K. MpobioTMyHi BAACTMBOCTI MPOMMUCAOBUX LWITaMiB

hausen, C. Neumann, A. Bertling, A. Schulte, S., Foster, B.E. Kehrel, AakTobaumn i 6idipobakrepii / H.K. KosaneHko, O.M. AiBiHCbKa,

G. Peters, C. Heilmann // PLoS One.— 2009.— Vol. 4 (10).— P. 7567. 0.A. MNoaTaBcbka, I.A. lapmawesa, A.M. LLnHkapeHko, A.T. OneLeHko //
10. TocteB B.B. BaktepuanbHble 6MonAeHKM M MHOekunn / B.B. Toctes, MikpobionoriuHui xypHan.— 2010.— Ne 72 (1).— C. 9—17.

C.B. Cupoperko // XypHan uHdektonormn.— 2010.— Ne 2 (3).— 14. Bpuanc B.1. MeToanka U3yueHuss aAre3MBHOIo npouecca MUKpoopra-

C.4—-15. Hu3moB / B.W. bpuauc, T.A. bpuneHe, X.I. AeHuHep, A.A. AaHuHep //
11. MasiHckuit A.H. CTadrAOKOKKOBbBIE BUONAEHKH: CTPYKTYPa, PErYASLMS, NabopatopHoe peno.— 1986.— Ne 4.— C. 210—212.

ottopxeHne / A.H. MasHckui, WU.B. Yebotapb // XypHan MUKpo- 15. NaBnoBa UK. Bruonornueckune ceoictea Staphylococcus aureus, Bbl-

61ONOTUM, IMMAEMMONOTUM U UMMyHOBMOAOTUM.— 2011.— Ne 1.— AEAEHHbIX U3 PasAMuHbIX AOKycOB baktepuoHocuteneit / UK. Mas-

C. 101—-108. roBa, H0.C. Xomuu // BecCTHUK YenssbBUHCKOro rocyAapCTBEHHOro
12. ®anoBa O.E. B3anumocBsidb U CTenNeHb BbIPAXEHHOCTW aAre€3MBHOM yHuBepcuteta.— 2013.— Ne 7.— C. 66—67.

0.C. BopoHKoBa, T.M. LlleB4eHKO, A.l. BUHHiKOB
JluinpoBcbkuii Hationaabuuil yaiBepeuret imeni Ouecst Tonuapa, /{ninpo, Ykpaina

AQre3nBHi BNacTMBOCTI BiOMNiBKOTBIPHMUX
i HeGioNNIBKOTBIpPHMX WTaMiB Staphylococcus epidermidis,
BUAOIIEHUX I3 BEPXHIX AUXaANIbHUX LLAAXIB NOANHU

Merta IOCHIAKEHHS: TOPIBHAHHS aJAre3MBHUX BJIACTUBOCTEH OiOIIIBKOTBIpHUX Ta HEOIOMIIBKOTBIPHUX INTaMiB
Staphylococcus epidermidis, BujisieHuX i3 BepXHIiX ANXATbHUX MIJISXIB JOAUHH.

Marepiamu Ta Meroau. Jlocmimkeno smaTHicTh g0 aaresii 13 GiommiskoTBiprux Ta 11 HeGiOMIIBKOTBIPHUX IMITaMiB
S. epidermidis, BujizeHux i3 BepXHIX AMXaIbHUX HIJISAXIB JIOAMHU. 3AaTHICTD 0 aaresii 6iomIiBKOTBIpHUX Ta HEGIOIIBKO-
TBIpHUX 1TaMiB S. epidermidis BuBuamu Ha KJIiTHHAX OYKaJIbHOTO erniTesito JoanHn. BusHauanu cepeniii mokasHUK aaresii
(CITA), ingiekc yuacri enitesianbHux kit B ajaresii (K) Ta ingexc agresusnocti Mikpoopranizmis (IAM).

Pesyabratu. [locaikeni mraMu IoKasaau 34aTHICTb afre3yBaTUCs 10 KIITHH OyKaJbHOTO emitesio. BeranosieHo, mo
Bci 13 GiommiBKOTBipHUX miTamiB S. epidermidis 6y sucokoanresusuumu (CITA — (7,53 £ 2,30) ym. ox.). Cepex 1ux 1mra-
MiB HaiiBuiuii piserb CITA ckiaB 11, Tozii ik yyacTs emnitesianbHUX KaiTuH ctanoBuiaa 85 %, a IAM — 12,94. Haitnuxauit
piserb CITA cepen GiomuriBkoTBipHuX mTamis gopisaiosas 3, K cranosus 89 %, a IAM — 3,37, asie 11e OyB Jiuiiie O/[MH TIITaM.
Cepen GionutiskoTsipHux mramis 1 (7,7 %) mas TAM meniue 4,0, i e OyB 11Tam 3 IIPOMIZKHOIO aIN€3UBHOIO 31aTHICTIO. Perita
mramiB OyJu BucokoaaresuBHumMu i maau IAM 6Ginbire 5,81, Cepen vux [AM mik 51 9 oqunuigmu maiu 8 (66,7 %), a 4
(33,3 %) mrramu maau IAM 6Ginbine 10 ogunuip. Cepen 11 gocmimkennx HeGIOMIIBKOTBIPHNX MITAMIB HeaAre3UBHUMU OyJIK
2 (18,2 %) mrramu, nusbkoaaresusnumu — 1 (9,1 %), cepentiit pisenb azresii Bcranosseno st 2 (18,2 %) mramis i Buco-
kuii — 1uist 6 (54,5 %) mrramis. CITA HebGiomriBKOTBIpHUX 1TaMiB S. epidermidis 6ys y 1,84 pasy HUKYNM TIOPIBHSIHO 3 TUM
JKe TIOKa3HUKOM Oi1OTIIBKOTBIpHUX TTamiB i cranoBuB 4,09 + 2,55. Makcumanbrnii mokasuuk CITA cepen mocmiskennx
HITaMiB, 10 HE YTBOPIOIOTH TTiBKH, cTaHoBUB 9, To/i sik K — 89 %, a [AM — 10,11. Haitauskui mokasuuku craHoBusu 0, 1o
6yJ10 3a(hiKCOBAHO /ISt OZHOTO HEGIOIIIBKOTBIPHOTO IITAMY.

Bucnosku. Beranosiieno, 1mo Bei gocsiiazkeni 6ionaiBKoTBipHi Ta HeGIOIiBKOTBIpHI mtaMu S. epidermidis mann aare3ns-
HY 3[aTHICTh 0 KJITHH OYKKAJbHOTO emiTesiio JoauHn. Bei 6iommBKoTBIpHI mtaMu Gy BUCOKOAATE3UBHUMHE, CEPE]
HebIOUIIBKOTBIPHIX — BHCOKOoaAre3uBHUMu 6yJio 54,5 % mramis. Cepen GiommiBkorBipaux mramis [AM 6ys 8,66 + 2,66,
mo B 1,87 pasy Buiie mopiBHsAHO 3 HeGiomiBKOTBIpHIMH MiTamMamu, [AM — 4,62 + 2,87.

Kumouogi ciioBa: Staphylococcus epidermidis, 6i011iBKOTBOPEHHSI, aJre3is, piBeHb aresii, BepXHi JMXajbHi HLISXH.

0.C. BopoHKoBa, T.H. LlleBuyeHKo, A.U. BUHHUKOB
JlnenpoBckuii HanmoHa bublil ynusepcuter nmenu Ousecs Tonuapa, [nenp, Ykpanna

AforesuBHble cBOMCTBa BUOMNEHKO0OPA3YIOLLMX
M HeOMOMNEHKOOBPa3YoLIKX WTaMMOB Staphylococcus epidermidis,
BbIIENTIEHHbIX U3 BEPXHUX [blXaTe/bHbIX NyTEN YE/IOBEKA

Ileap paGoOTBL: CpaBHEHME AATE3UBHBIX CBOWCTB OMOIIEHKOOOPA3YyIOIUX U HEOUOIIEHKOOOPA3yIOIMX IITaMMOB
Staphylococcus epidermidis, Bbljie/IeHHBIX 113 BEPXHUX JIBIXaTEJIbHBIX [TyTEll YeIOBEKA.

Marepuainsl u MeToabl. V3ydena criocobrocth k afaresun 13 GuorienkooGpasyonumx u 11 HeGHOMIEHKOOOPA3yIOIINX
mTaMMoB S. epidermidis, BbIIeTIEHHBIX 13 BEPXHKX JIbIXaTeIbHBIX Ty Teil uesnoBeka. CriocoOHOCTb K ajre3un OuorieHkooOpa-
3YIOIMX U HEOUOIIEHKOOOPa3yoIuX MTaMMOB S. epidermidis usydanu Ha KjieTkax OYKKaJbHOIO SIUTENIUSI YETOBEKa.
Omnpenensiny cpenuuii mokasaresb aare3un (CITA), mHIEKC yyacTus sluTe/InaIbHbIX KaeTok B aaresun (K) u unmpexc anare-
3uBHOCTU MUKpoopranusmos (M1IAM).

Pesyabrarsl. VccieioBatHble IITaMMbl TIOKA3ajid CIIOCOOHOCTD aJIr€3MpPOBAThCSl K KIETKaM OYKKaJIbHOTO STIUTENUSL.
VYeranosieno, uto Bee 13 GuoruienkooGpasyiomux mraMmoB S. epidermidis Gpiin BbicokoanresusubiMu (CITA — (7,53 +
+ 2,30) yca. en.). Cpenn atnx mramMMmoB MakcuManbubiii CITA cocrtaBu 11, Torma kak ydacTie anuTeTNaIbHBIX KIETOK
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coctasisino 85 %, a UAM — 12,94. Cawmbiii nuskuii yposerb CITA cpeu GHOIIEHKOOOPA3yIONIUX [ITAMMOB ObLI paBeH 3,
K cocrasisin 89 %, a UAM — 3,37, 1o 570 GbLI TOJbKO ozt TirtammM. Cpeu Grorienkoo6pasyonmx mramMmos 1 (7,7 %)
umen MMAM wmenbuie 4,0: 910 ObLI IITaMM CO CPEJHUME aAre3WBHBIMU cBoWcTBamMu. OCTajbHbIE IITAMMbI ObLIM
BbICOKOa/Ire3uBHbIMU U umesin TAM Goubiiie 5,81. Cpeau uux MAM mexay 5 u 9 exunuiiamu umenu 8 (66,7 %) mraMmos,
a 4 (33,3%) mramma umesnn MAM Gosee 10 equnuir. Cpexn 11 uccieioBaHHBIX HEGUOILIEHKOOOPA3YIOIIUX IIITAMMOB
Heagre3uBHbMEU Oblin 2 (18,2 %) mrramma, HuskoanresuBubiMu — 1 (9,1%), cpesHuii ypoBeHb ajire3ult YCTAaHOBJIEH JIJIst
2 (18,2%) mrrammoB u Bbicokuit — 17ist 6 (54,5 %) mrammoB. CITA HeGnomieHKo06pasyIomux mraMMoB S. epidermidis 6L
B 1,84 pasa HUKe 10 CPaBHEHWIO C 9THM IIOKazaTejeM OUOIUIEHKOOOPasyIomuX ITaMMOB U cocTtaBua 4,09 + 2,55,
MakcumasbHblii okasaresb CITA cpenn uccieloBaHHBIX MITAMMOB, He 0OpasyroIluX OUOILIEHKY, COCTaBUI 9, TOr/Ia KakK
K—89%, a MAM — 10,11. Camblii Huskuii nokasaresns coctaBu 0, 4T0 ObLI0 3aMKCMPOBAHO JIST OAHOTO HEOMOILIEHKO-
00pasyIoIIero mramma.

BsiBo/IpI. YCTaHOBIIEHO, YTO BCE UCCIIE0OBAHHbIE OMOILIIEHKOOOPA3yoliie 1 HeOUOILIEHKOOOPA3YIoIINe MITaMMbI S. epi-
dermidis vimenu aJre3VBHYIO CIIOCOOHOCTb K KJIETKaM OYKKaJbHOTO BMUTEINS 4eloBeka. Bcee OHOILIEHKOOOpasyIoliye
MITAMMBI GBUIH BBICOKOQ/ITE3UBHBIME, CPEIN HEOUOTIIIEHKOOGPA3YIOINX — BBICOKOATE3UBHBIMU ObLITO 54,5 % IITAMMOB.
Cpenu 6uomnieHkoobpasyomux mraMmoB [AM 6bu1 8,66 + 2,66, uto B 1,87 pasa Bblllie 110 CPABHEHUIO ¢ HEOUOILIEHKOOOPa-
3ytonmmu mrammamu, IAM — 4,62 + 2,87.

Kiouesbie cioBa: Staphylococcus epidermidis, GuoiieHKooOpa3oBaHuie, aJre3usi, ypOBeHb ajIre€31K, BEPXHUE JIbIXaTelb-
HbIE My TH.
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