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The purpose of this research is to determine the intensity of biofilm formation, adhesion
and motility of bacteria depending on different types of children s urinary tract infections.
Materials and methods: the paper contains the research of adhesion, motility and biofilm
formation properties of 44 clinical isolates of bacteria from children with lower urinary
tract infections, acute and chronic pyelonephritis. The ability of bacteria to form biofilms
was tested using the method of microtiter plates. The motility of the microorganisms was
tested using standard methods. The ability of bacteria to adhere was investigated accord-
ing to Brilis, through the use of formalinized erythrocytes. Results: differences were found
in the ability to form biofilm between strains of bacteria that cause infections of the lower
urinary tract (optical density 0.40 = 0.06) and chronic pyelonephritis (optical density
0.48 £0.07) (p<0.05). Furthermore, a correlation was established between adhesion and
biofilm formation abilities of bacteria (r = 0.529 (p<0.01)). It was detected that increased
motility ability of the bacteria reduces the force applied by this strain to form biofilm.
Conclusions: bacteria isolated from children with acute and chronic pyelonephritis
showed higher ability to adhere and form biofilm than the bacteria isolated from children
with lower urinary tract infection. High ability to form biofilm and adhere of the isolated
bacteria can be considered an adverse predictive factor in the course of urinary tract
infection.
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In recent years results from scientific studies have indicated the role bio-
films play in the occurrence and development of up to 65% of nosocomial
infectious diseases [1] and over 80% of all the infections of bacterial origin
[2] Urinary tract infections (UTI) are among the most common infections that
annually affect 150 million people worldwide [3]. UTI rank second among all
pediatric infections, being outranked only by respiratory tract diseases.

Owing to their biological properties, biofilms can form on a wide range of
surfaces. Urogenital tract of the human body is no exception. It was proven
that biofilms can form on transitional epithelium cells, prostatic calculus and
urinary catheters [4], and bacteria adhered to uroepithelium cause pyelone-
phritis [5].
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Results of scientific research indicate a connection between Escherichia coli
uropathogenic strains contained in biofilms and development urinary tract in-
fections [6, 7], as well as a role of bacterial biofilms in development of chronic
cystitis [8]. Recently, more and more data indicate a tendency of bacterial
association formation by the bacteria with high adhesion index isolated from
children with recurrent UTI [9]. In the recent years, there have been inves-
tigations of the different types of motility in colonization of urinary tract by
uropathogenic bacteria [10].

Currently there are a limited number of publications on interrelation be-
tween different types of motility, biofilm formation and adhesive activity of
bacteria, and the impact caused by these pathogenicity factors on the course
of UTL.

As there are differences in severity degree of adhesion and biofilm forma-
tion factors between children and adults [11], the purpose of this research was
to determine the intensity of biofilm formation, adhesion and motility of bac-
teria depending on different types of UTI in children.

Materials and Methods. The research was held at the Department of Pedi-
atrics No. 4 and the Department of Microbiology, Virology and Immunology
of Bogomolets National Medical University. In the course of the research, the
analysis was conducted of the biological properties of 44 strains of bacteria
isolated from 56 patients that were under medical treatment in Kyiv Children’s
clinical hospitals No. 6 and No. 7 within the period from September 2016 until
January 2017. The patients were divided into three groups.

Group No. 1: 29 patients formed “Lower Urinary Tract Group”. The criteria
for inclusion in the group No. 1 were complaints of painful urination, dysuria,
urinary urgencies, lower abdominal pains and leucocyturia at relatively unaf-
fected overall condition of the patient.

Group No. 2: 14 patients were included in “Acute Pyelonephritis Group”.
The criteria for inclusion in the group No. 2 were complaints of pain in the
kidney projection, increased body temperature up to low-grade fever or higher,
abdominal pain, headache, dizziness, nausea, vomiting, and acute pyelonephri-
tis characteristic changes in physical, instrumental and laboratory examination.

Group No. 3: 13 patients were included in “Chronic Pyelonephritis
Recurrence Group”. The criteria for inclusion in the group No. 3 were clinical
signs of acute pyelonephritis and past medical history of pyelonephritis
recurrence episodes.

A bacteriologic study according to Bergey’s Manual of Determinative
Bacteriology. with an extended antibioticogram of the urine samples of all
patients were conducted at the Laboratory of Microbiology, Virology and
Mycology of the State Institution “Institute of Urology of National Academy
of Medical Sciences of Ukraine”.

Biofilm Formation Study. The ability of bacteria to form biofilms was
tested using the method of 96-well microtiter plates [12]. Sterile flat-bottomed
96-well plates (TPP-Switzerland) were filled with 200 pl of 24-hour broth
bacterial culture (0.5 according to McFarland) previously diluted with
1% glucose nutrient broth, in the proportion of 1:100. After 24 hours of
incubation at 37 °C the contents of each well was evacuated, the wells were
washed three times with 300 pl of sterile isotonic solution. The bacteria adhered
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to the surface of plates were fixed with 60-minute exposure under a stream of
hot air (60 °C). The wells were colored with 200 pl of 1% solution of crystal
violet for 15 minutes. After washing the wells 3 times with isotonic solution,
the colorant was extracted with 200 pl of 95% ethanol. Optical density (OD)
was tested with microtiter plate reader (Humareader) of a wavelength of
630 nm. A biofilm was considered formed if optical density index was higher
than the optical density of negative control plus 3 standard deviations (Std.
dev.) of negative control. Thus:

1. No biofilm: OD < OD of negative control (0.34) + 3 Std. dev. of negative
control (0.02); OD < 0.4;

2. Weak biofilm 0.4 < OD < 0.46;

3. Medium biofilm 0.46 < OD < 0.52;

4. Strong biofilm OD > 0.52.

Determination of Adhesion. Adhesion of bacteria was tested through the use
of formalinized erythrocytes [13]. We used formalinized erythrocyte concen-
trate of a healthy donor with third rhesus-positive blood group (B(IIT)Rh+).

Formalinized erythrocytes were diluted in saline in the proportion of 1:20;
1 ml of the solution was co-cultivated with 1 ml of nutrient broth containing
bacterial cells of the corresponding strain in the concentration of 109cells/ml
during 30 min at 37°C; as the vials were periodically shaken in a shaker.

After a 30-minute cultivation in the thermostat, smears were made on ob-
ject-plates, and fixed with 96% solution of ethyl alcohol during 15 minutes.
The smears were colored according to Romanovsky-Gimza during 30 minutes,
and then adhesion of the bacteria was evaluated under a light microscope with
the definition of adhesion index of the studied microorganisms (IAM). IAM -
average number of microbial cells in one erythrocyte involved in the adhesion.

The microorganisms were considered nonadhesive if microorganism adhe-
sion index was less than two, moderately adhesive at IAM value from 2 to 4,
and highly adhesive at [AM higher than 4.

Determination of Motility. Identification of the different types of motility
was carried out by standard methods [14]. Motility properties were determined
in all clinical isolates that theoretically were able to move (Proteus mirabilis,
E. coli, Pseudomonas aeruginosa). Swimming motility was determined as fol-
lows: bacteria of the researched strain were introduced through a puncture into
0.3% nutrient agar incubated in the thermostat for 24 hours at 37.°C, and after-
wards the area of motility was estimated according to the diameter of bacteria
distribution area in agar.

Bacteria swarming was assessed through bacterial culture on 1% nutrient
agar, culture area not exceeding 5 millimeters in diameter. Twitching mo-
tility was studied by introducing bacteria to 0.7% nutrient agar by method
of medium puncture to the bottom of Petri dish. Bacteria were incubated in
the thermostat during 24 hours. After incubating, nutrient agar was removed
from the surface of the dish. Having been dried in the thermostat for 30 min-
utes, the bottom of the dish was colored with 1% solution of crystal violet for
30 minutes. Petri dish was washed with saline and dried.

Colony growth area of less than 1 cm on agar indicated low swimming,
swarming and twitching ability; area of 1-2 cm — as moderate ability of the in-
dicated motility types, growth area diameter of more than 2 cm was considered
as high motility ability.
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Swarming on a catheter was assessed by the method according to which a
channel of a diameter of 1 cm was made in 0.9% nutrient agar. Two formed
parts of nutrient agar were combined together with a part of sterile latex
catheter of 1 cm located in the channel. Bacteria were cultured on nutrient
agar in a form of a loop at the edge of a catheter and incubated for 24 hours.
Bacteria growth was assessed on the opposite side of the catheter (on the other
part of nutrient agar).

Analysis of the results was performed using the SPSS program version 12.
The results were considered statistically significant at p<0.05.

Results. Out of 29 patients of the first group, bacteriuria of more than
10° CFU/ml was found in 12 (41%) and 19 clinical strains of bacteria were
isolated. Out of 14 patients of the 2 group bacteriuria of more than 10° CFU/ml
was found in 12 (86%) and 8 strains of bacteria were isolated. In all the patients
of the 3 group bacteriuria of more than 10*- 105 was found and 13 strains of
bacteria were isolated.

Out of the isolated bacteria E.coli prevailed - 57% (group 1 - 52%; group
2 - 75%; group 3 - 54%), Staphylococcus epidermidis - 18% (group 1 - 19%;
group 2 - 25%; group 3 - 12%), Enterococcus faecalis - 11% (group 1 - 13%,
group 2- 0%, 3 - 8%), others - 14%. In group 1, 16% of isolates were represent-
ed by microorganism associations which were consist of E.coli, S.epidermidis,
E. faecalis, Enterobacter aerogenes. Biofilm formation of the first group pa-
tients’ strains did not significantly differ and equaled as follows: E.coli (n=9)
0.41 £ 0.07 OD, S.epidermidis (n=4) 0.38+0.03 OD, E. faecalis (n=4) 0.5 +
4+ 0.1 OD. In the second group, biofilm formation index of E.coli (n=9) equaled
0.43 £ 0.03 OD, which is less than of S.epidermidis (n=3) 0.52 + 0.1 OD
(p<0.05). Biofilm formation index of E.coli (n=9) of the third group was at the
level of 0.47 + 0.05 OD (see Fig. 1).
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Fig.1. Intensity of biofilm formation by E.coli, S. epidermidis isolated from children with
different types of UTI (* - p<0,05)

Among the selected pathogens only 32% did not form biofilm, mainly
group 1 strains (group 1 - 48%, group 2 - 13%, group 3 - 15%); 43% of bacteria
formed weak biofilm (group 1 - 47%, group 2 - 25%, group 3 - 23%); 14 % of
strains formed medium biofilm (group 1 - 4%, group 2 - 38%, group 3 - 38%);
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11 % of bacteria formed strong biofilm (group 1 - 7%, group 2 - 25%, group
3 - 23%). The results are shown in Fig. 2.
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Fig. 2. Qualitative characteristic of biofilm formation by clinical strains of bacteria
isolated from different types of UTI

Group 1 bacteria formed biofilm at the level of 0.40 + 0.06 OD, which was
significantly less than group 2 bacteria formed — 0.45 £+ 0.05 OD (p<0,05) and
group 3 — 0.48 £0.07 OD (p<0,05) (see Fig. 3).
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Fig. 3. Intensity of biofilm formation by the bacteria (united by the principle of clinical
groups) isolated from children with different types of UTT (* - p<0,05)

The indices of biofilm formation by bacterial associations under co-
cultivation of three strains equaled 0.42 + 0.03 OD. When passaging on a solid
nutrient medium with a subsequent counting the colonies, it was established
that within the associations (E.coli, S.epidermidis, E. faecalis ta E.coli,
S.epidermidis, E. aerogenes) over 90% of colonies were formed with E.coli.
The level of biofilm formation by the members of the association separately
did not significantly differ from the level of biofilm formed in the course of
their joint cultivation.

ISSN 1028-0987. Mixpoion. scypn., 2018, T. 80, Ne 1 61



27 % of the investigated strains did not possess adhesive properties (group
1 - 36%, group 2 - 0%, group 3 - 25%), 39% of bacteria possessed low adhesive
ability (group 1 - 48%, group 2 - 25%, group 3 - 25%), 22% of isolates showed
medium adhesive ability (group 1 - 14%, group 2 - 50%, group 3 - 12,5%),
12% of bacteria possessed high adhesive ability (group 1 - 0%, group 2 - 25%,
group 3 - 37,5%) (see Fig. 4).

Fig. 4. Microscopy of E.coli clinical isolate adhesion to formalinized erythrocytes;
coloring according to Romanovsky-Gimza
(eye lens - x10, field lens - x40)

Correlation analysis carried out between the film formation and adhesion
ability of bacteria showed a direct credible link r = 0.529 (p<0.01).

Out of 27 (61%) investigated strains able to perform different types of mo-
tility (E. coli, Morganella morganii, P. mirabilis). 15 % of the strains possessed
the ability of twitching (group 1 - 14%, group 2 - 20%, group 3 - 14,5%), 37%
had swarming ability (group 1 - 21%, group 2 - 60%, group 3 - 43%), 22 % -
swimming ability (group 1 - 7%, group 2 - 40%, group 3 - 43%), no one of the
studied bacteria had the ability of catheter swarming.

A credible direct correlation was established between swimming and
swarming ability of the bacteria r=0.706 (p<0.01) and swimming and twitch-
ing ability r=0.55 (p<0.01). It was observed that increased motility of the bac-
teria ability of this strain to form biofilm. (see Fig. 5)
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Discussions. For colonizing the urinary tract, bacteria need virulence fac-
tors that facilitate adhesion to the urothelium. Microorganism motility plays an
important role in this process, as well as the ability to form biofilm in order to
avoid the effects of the immune system and antibacterial factors.

The level of biofilm formation by different types of bacteria isolated from
children with equal clinical forms of UTI differed insignificantly and did not
demonstrate a statistically credible difference. Conversely, even bacteria of one
type (E.coli, S.epidermidis) isolated from different forms of UTI possessed a
statistically credible difference in ability to form biofilm. The results of the
research demonstrate that bacteria isolated from lower urinary tract infections
possess the lowest level of biofilm formation ability, and bacteria isolated from
chronic pyelonephritis recurrence possess the highest. The received data are
confirmed in other publications [15].

We have found no connection between motility ability and various forms of
UTI. Perhaps migration of bacteria to the renal pelvis in children is provided
not so much by the properties of the bacterium itself as by peculiarities of the
macroorganism (for example, a reflux). The absence of connection between
motility indices of pathogens and urinary tract colonization is demonstrated in
some other researches [7].

We consider that the established correlation between adhesive ability and
biofilm formation ability at the level r = 0.529 (p<0.01) can be explained with
the fact that adhesion is one of the key stages of biofilm formation. Microtiter
plate method can be significantly limited by testing the ability of nonspecific
adhesion of bacteria (bacteria adhere to plastic of 96-well plate). The model of
adhesion determination used in the present research permits us to test nonspe-
cific adhesive ability (bacteria adhere to glycophorin glycocalyx of the erythro-
cytes, which is analogical in epithelium cells), thus considering the availability
of the determined correlation it can be assumed that bacteria that demonstrate
high level of nonspecific adhesion possess high specific adhesion ability.

The established correlation between swimming and swarming ability of the
bacteria r= 0.706 (p<0.01) is explained by the fact that both types of motility
are conditioned by the presence of flagella. It was found that the strains ca-
pable of active movement have less ability to form biofilms. A series of studies
confirm a number of phenotypic differences between planktonic and biofilm
(settled) forms of bacteria [16]. In the transition to a settled form of existence,
bacteria alter the expression of many genes. We believe that this fact may ex-
plain the decrease of motility ability in the transition to biofilm form.

Correlations between adherence ability and biofilm formation capacity of
bacteria with clinical form of the urinary tract infection has crucial meaning,
because, in one side, determination of pathogenic properties of bacteria could
serve as predictive tool, on the other side, it is one of the evidences that biofilm
formation ability is important pathogenic factor that contributes to the develop-
ment of infectious process.

Conclusions. Diverse adhesion and biofilm formation ability of bacteria
was established depending on the type of UTI from which they were isolated.
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The bacteria isolated from children with acute and chronic pyelonephritis
possess higher level of adhesion and biofilm formation ability than the bacteria
isolated from children with lower urinary tract infection.

Adhesive ability of the bacteria correlates with their biofilm formation abil-
ity, whereas we have established no dependencies between microorganism mo-
tility and biofilm formation ability or UTI type.

High level of biofilm formation and adhesion ability of the isolated bacteria
can be considered an adverse predictive factor in the course of UTIL.

3ATHICTD IO ®OPMYBAHHS BIOILIIBOK, AJITE3Ii TA
PYXJIMBOCTI Y BAKTEPIA, BUALIEHUX BIJI AITEW 3 IHOEKIIIEIO
CEYOBHUX HJISAXIB
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Pesome

Mertoto JaHOTO AOCIHiKEHHs OyJI0 BU3HAYESHHS IHTEHCHBHOCTI O10IITiBKOYTBOPEHHSI,
a/IF€3MBHOI 37IaTHOCTI OaKTepill, X pyXJIMBOCTI B 3aJI©XKHOCTI Bijl PI3HUX BHUIIB 1H(DEKIIH
CEYOBHX NIIAXiB y miTedl. Marepianu i meToau: y poOOTi AOCTIIHKEHO 3AATHICT IO
ajresii, pyxJIMBOCTI Ta O10TIIIBKOyTBOPEHHS Y 44 KIIIHIYHUX 130JTiB OaKkTepiid, mo Oynn
BUJIUICHI BT TiTSH, XBOPHUX Ha iHPEKI[IF0 HIKHIX CEYOBUX MUIAXIB, TOCTPHIA Ta XPOHIYHHIA
miesoHeppuUT. 3MaTHICTH OaKTepiit 10 hopMyBaHHS O10TUTIBKHM Oyia IIepeBipeHa 3a T0moMOo-
rOI0 METOY 96-TyHKOBHX MIKPOTUTPYBAJIbHUX IUIAHIIETIB. PyXIMBICTH MIKpOOpraHi3MiB
BU3HAYAJIACS CTAaHIAPTHUME METOIAMKAMH. 3MaTHICTh OaKkTepiil 10 afre3ii Oyia qociipKeHa
3a MeToanKkoro bpimica 3 BUKOpUCTaHHSAM (OpPMaTiHI30BAaHUX EPUTPOIHTIB. Pe3yasTaru:
OyJI0 BCTAHOBJIGHO BIJMIHHOCTI y 37aTHOCTI (OopMyBaTH OIOIUIIBKY MK HITaMaMu
OaxTtepiil, IKi BUKJIMKAIOTH 1HQEKIi0 HIKHIX cedoBux nuwixis (0,40 + 0,06 OILl) ra
xporigawii mexonedput (0,48 +£0,07 OILL) (p<0,05). Taxoxk Oyna BCTaHOBIIEHA KOPEIIAIis
MDK aJre3MBHOIO 3/1aTHICTIO OakTepiil Ta 31aTHICTIO 10 yTBOpeHHs OiomtiBku (r = 0,529
(p<0,01)). Bymo BcTaHOBIIEHO, 0 OaKTepii, sIKi 3AaTHI 10 PyXy, Ml MCHIIY 31aTHICTh
1o popmyBaHHS OioTuTiBKH. BHCHOBKM: 3MaTHICTH 10 anresii Ta popMyBaHHS O10TUTIBKH
Oinblra y 6akTepii, siki Oyny BUILIEH] Bl JITEH 3 TOCTPUM Ta XpOHIYHUM Mi€IOHEPPHUTOM,
HDK BiJ{ TiTeH 3 iH(EKIIEI0 HUKHIX CEYOBUX IUISAXIB.

Bucoka 3patHicTh 10 popMyBaHHS O10TUTIBKY Ta aaresii y i30Ib0OBaHUX OaKTepiil Moxke
BBA)KaTHCSl HECIIPUATIIMBUM MPOTHOCTUYHUM (haKTOpoM y mepeOiry iHdekuii ceqoBux
IUISXIB.

Kniouosi cnosa: 6iomniBka, iH(EKIIis CEIOBUX NUIAXIB, aAre3is OaKTepii.
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CIHOCOBHOCTbB K ®OPMUPOBAHUIO BUOILVIEHOK, AAT'E3UU U
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Pesome

Lenpro JaHHOTO MCCIEAOBaHUS SBISUIOCH ONpee/iCHHe HHTEHCHBHOCTH OHOIICH-
K0OOpa30oBaHMsl, aire3MBHON CIIOCOOHOCTH OAaKTEpU U MX MOABHIKHOCTH B 3aBUCHMO-
CTH OT Pa3HBIX BUAOB HH(EKIMA MOYEBHIX MyTel y nereil. MaTepuaabl U MeTOAbI: B
pabote u3ydeHa CriocoOHOCTh K aJre3uH, MOJBMKHOCTH M OMOIUIEHKOOOPa30BaHHIO y
44 KTMHUYECKUX U30JIATOB OaKTEpHil, BBIICICHHBIX OT JIETEH, KOTOPbIE NMENH HH(EKIHIO
HIDKHUX MOUYEBBIX ITYTEH, OCTPBINA B XpOHIIeCKUi renonedput. CriocoOHOCTh OaKTepwHii
K ()OPMHPOBaHNIO OMOIIICHOK OBLIA ITPOBEPEHA C TIOMOIIBIO METO/Ia MUKPOTHTPOBAIBHBIX
IJIAHOICTOB. HOI[BI/I)KHOCT]J MUKPOOPraHn3MOB HUCCJIEA0BAIACh C IOMOIIBIO CTAHAAPTHBIX
MeTo0B. CIToCOOHOCTH K aAre3un ObUIa M3ydeHa Mmo MeToauke bpmiica ¢ ncmomnb3oBa-
HHUEM (HOpPMaTMHU3UPOBAHHBIX SPUTPOLUTOB. Pe3ysbTaThl: ObLUTH OOHAPYKEHBI OTIIHYHS
B CIIOCOOHOCTH (POPMHUPOBATH OMOIJICHKY Y IITAMMOB OaKTEpHil, KOTOPbIE BBI3BIBAIOT
nHpexknuo HKHIX MoueBbIX myTeit (0,40 + 0,06 EIl) u xponmdeckuii nueronegput
(0,48 0,07 EIT) (p<0,05). Taxsxe Obl1a ycTaHOBJIEHA KOPPEIISINS MEK/Ty aIre3MBHOH CIT0-
COOHOCTBIO OaKTEpUil U CIIOCOOHOCTHIO K 00pa3zoBanuto ouoruieHku (r = 0,529 (p<0,01)).
Bakrepun, ciocoOHBIE K MTOABIKHOCTH, UMETTH CHIKEHHYIO CITOCOOHOCTH K OMOTIICHKO-
00pa3oBaHMIo. BBIBOABI: CITIOCOOHOCTH K a/ire3ud ¥ (POPMHUPOBAHHIO OUOTUICHOK BBILIEC Y
OakTepuii, KOTOpbIe ObUIN BBIJEICHBI Y JETEH C XpPOHUYECKUM NHEIOHe(PUTOM, B CpaB-
HEHUH C OAKTEPUSAMHU, KOTOPbIE BBI3bIBAIN HH(EKIMN HIDKHUX MOYEBBIX ITyTel. Bricokast
CIOCOOHOCTh K (DOPMHUPOBAHHIO OMOTUICHOK M a/r€3UH Y BBLICICHHBIX OAKTEPUl MOXKET
CUHUTAThCA He6ﬂaFOHpI/IHTHLIM MPOTHOCTUYCCKUM q)aKTOpOM B KJIMHUYE€CKOM TCUCHUU UH-
(hexiuii MOUECBBIX ITyTEH.

Knrouesvle crosa: 6GuoruieHka, HHGEKIUS MOYCBBIX TYTEH, anre3us OaKTepHil.
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