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The aim of our work is to determine the susceptibility of clinical isolates of bacteria in biofilm to the most common antimicrobial
drugs used in clinical practice.

Materials and methods. By means of serial dilutions of antimicrobial drugs, we analyzed the effectiveness of amoxicillin clavulanate,
ceftriaxone, cefixime, gentamicin, furazidin and silver nanoparticles on planktonic and biofilm forms of 60 strains of bacteria isolated
from children with lower urinary tract infections, acute and chronic pyelonephritis.

Results. Through the use of serial dilutions method it was found that 77 % of planktonic strains were susceptible to amoxicillin
clavulanate, 70 % - to ceftriaxone, 47% — to cefixime, 78 % — to gentamicin and 92 % — to furazidin. The percentage of the strains
susceptible to amoxicillin clavulanate after biofilm formation was 63 %, to ceftriaxone — 17 %, to cefixime — 13 %, to gentamicin —
37 %, to furazidin — 80 %.

Conclusions. It was established that biofilm bacteria gain resistance to all the investigated drugs, but the change of susceptibility
manifests itself in varying degrees. The number of resistant strains of bacteria depends on the form of the urinary tract infection,
in acute and chronic pyelonephritis the number of resistant strains is much greater than in infection of the lower urinary tract.
Planktonic and biofilm forms of bacteria were the most effectively influenced in vitro by furazidin, amoxicillin clavulanate and
gentamicin. Cephalosporins (ceftriaxone, cefixime) were less effective against both forms of bacteria.

EdeKTBHiCTb aHTUMIKPOOHUX NpenapartiB NPOTH NAAHKTOHHKX i GionAiBKOBUX dpopm
6akTepin, WO BUAINEHI Bia AiTeH 3 iHPEKLIEID ceuoBUX LWAAXIB

A. A. BopsiHuK, €. O. peuyxa, K. T. Aonatbko, B. A. MoHsToBCbKMA, I. B. THinoCKypeHKo, |. 0. MiTiopsieBa-KopHiliko

MeTa po60TK — BU3HAYEHHS YYTNMBOCTI KNiHIYHUX i30N5TiB OakTepii y cknagi Bionniskv 40 HAWMOLUMPEHILLUX aHTUMIKPOBHWX
npenaparis, L0 BUKOPUCTOBYIOTLCS Y KMiHIYHIN NpakTuL.

Marepianu Ta MmeToau. 3a JONOMOIOI0 CEPIHMX PO3BEAEHb aHTUMIKPOBHMX NpenapaTtis NpoaHanidyBanu eqeKTUBHICTb aMOkK-
CULWMNIHY KnaBynaHary, LedTpiakCoHy, Ledikcumy, reHTamiumHy, dypasnmamHy Ta HaHO4YaCTMHOK cpibna Ha MnaHKTOHHKMX i Gio-
nniskoBux chopmax 60 LutamiB 6aKTepii, LLIO BULINEHI Bif AITEN 3 iIHEKLISMU HIDKHIX CEHOBWX LLMSXIB, FOCTPUM NiENOHedpUTOM
i PELIMANBOM XPOHIYHOTO MiENOHEdPUTY.

PesynkTaTti. 3a LONOMOroK METOAY CEepiliHUX Po3BeaeHb BCTAHOBWNW, LU0 77 % NAaHKTOHHMX LITaMIB YyTAMBI JO aMOKCULMAIHY
knasynaHarty, 70 % — uedTpiakcoHy, 47 % — uedikcumy, 78 % — rentamiumHy, 92 % — dypasnauHy. YacTka LTamis, LLO Yy TIMB
[0 aMOKCULMAIHY KnasynaHaTy nicrns yTBopeHHs bionnisku npotsrom 24 roguH y 96-nyHKOBOMY NraHLueTi, JopisHioBana 63 %,
1o uedrpiakcoHy — 17 %, uedikeumy — 13 %, reHtamiumny — 37 %, dypasnauty — 80 %.

BucHoBku. bakTepii, Lo MicTATbCS B GionniBLj, NOCUMIOIOTb CTINKICTb 40 BCIX AOCMIMKEHNX Npenaparis, ane 3viHa YyTmBocCTi
NPOSIBNSAETLCA NO-Pi3HOMY. KinbKiCTb pe3ncTeHTHUX LTamiB GakTepin 3anexuTb Bid (opmMu iHEKLii CeHOBMBIQHMX LUMSXIB,
MpY FOCTPOMY Ta XPOHIYHOMY MIENOHEPUTI KiNbKICTb PEUCTEHTHUX LUTaMIB BinlbLua, HiXk NPK iHEDEKLLT HYXKHIX CEHOBUX LLNSIXIB.
Ha nnaHkToHHi Ta Gionniskosi hopmun BakTepiit HaedeKTVBHILLe BNIWBanK in vitro dypasuamH, aMOKCULMIIH KnaBynaHar i
reHTamiuuH. Liedpanocnopunm (uedpiakcoH, Ledikcum) bynm MeHww eekTrBHIMM LWoao 060x dopm HakTepi.

9dPeKTMBHOCTb AHTAMUKPOOHBIX NpenapaToB NPOTUB NAAHKTOHHbIX U GUONAEHOUHbIX
¢dopm 6aKTepui, BbIAGAEHHbIX OT AeTeW C MHDEKLMeH MoYEBbIX NyTen

A. A. BoasiHuk, E. A. Tpeuyxa, K. I. AonaTtbko, B. A. MoHATOBCKMH, A. B. THUAOCKYpeHKo, U. A. MuTiopsieBa-KopHUIKO

Lienb pabotbi — onpeneneHne 4yBCTBUTENbHOCTU KIMHUYECKNX U30NATOB 6aKTepvu7| B cocTaBe GMOnneHkM k Hanbonee pacnpo-
CTPaHEHHbIM aHTVIMI/IKpOﬁHbIM npenaparam, ucnornb3yembiM B KIUHUYECKo NpakTuke.

Marepuans! u MeTogbl. C MOMOLLK CEPUIHBIX Pa3BELeHMUI aHTUMUKPOBHBIX MpenapaTtos NpoaHanu3vupoBani 3pgeKTMBHOCTL
aMOKCULMNIMHA KnaBynaHara, LedTpuakcoHa, Ledrkenma, reHTammumHa, ypasuanHa n HaHodacTuL cepebpa Ha NnaHKTOHHbIX
1 BGronneHo4HbIx dhopmax 60 LWTamMMoB GakTEpPUiA, BIAENEHHBIX OT AETEN C MHAEKLMAMM HUKHUX MOYEBBIX NYTEN, OCTPbIM U
XPOHWYECKUM MUENOHEPUTOM.

Pesynbkrathbl. C NOMOLLbI0 METOAA CEPUIHBIX Pa3BEAEHNI YCTAHOBMEHO, YTO 77 % NMaHKTOHHbIX LUTAMMOB YyBCTBUTENbHBI K
amoKeULMNAnHY knasynaHarty, 70 % — uedtpuakcony, 47 % — uedmkeumy, 78 % — reHtamuumny, 92 % — dypasmaunHy. Jons
LITaMMOB, HyBCTBUTENbHBIX K aMOKCULIMIIIHY KnaBynaHaty nocne obpasoBaHus 6uonneHku, coctaensna 63 %, LedTpruakcoHy —
17 %, uedmkenmy — 13 %, reHtamuumny — 37 %, dypasuauty — 80 %.

3anopoxckuii MeguumHekuin xypHan. Tom 20, Ne 6(111), Hosbpb — Aekabpb 2018 1.



Original research

BriBogbl. baktepun, coaepxaluyecs B GuonneHke, ycunueatoT YCTOMYMBOCTL KO BCEM MCCrefoBaHHbIM npenapatam, Ho
V3MEHEHVEe YyBCTBUTENBHOCTM NPOSIBISETCS B PA3HOMN CTeNeHN. Y1cno peancTeHTHbIX LUTAaMMOB BakTepuii 3aBUCHT OT (POPMbI
VHEKLMIN MOYEBBIBOAALLMX MyTelA, MPW OCTPOM 1 XPOHUHECKOM MENoHedpUTE KONMYECTBO PE3NCTEHTHBIX LUTAMMOB GorbLue,
YEM MPU MHAEKLMM HUKHUX MOYEBBIX NyTei. Ha nnaHKToHHble 1 GuonneHouHble hopmbl Baktepuin Hanbonee aheKTUBHO
BMUSINN in vitro ypasunanH, aMOKCULIMNWH KNaBynaHar 1 reHtamuumH. LiedbanocnopuHbl (LedTprakcoH, Ledukenm) Ouinm

MeHee 3(PhEKTUBHBIMM B OTHOLLIEHUM 0Benx hopm BakTepuii.

Resistance to antimicrobial agents is acknowledged a
worldwide threat to human health: in the United States
alone, every year at least 2 million cases of serious bacterial
infections are registered that are resistant to treatment with
one or more antibiotics, out of which 23 000 are fatal [2].
EARS-Net 2016 data show that antimicrobial resistance
remains a serious threat to public health in Europe [6].

At the same time The National Institute of Health in
USA estimates: 80 % of all microbial infectious diseases
are associated with biofilms — groups of microbial cell
adherent to themselves and/or surface and enclosed in
self-secreted slime like matrix. Several of scientific reports
indicate importance of biofilm in urinary tract infections
(UTI) - development of chronic infectious and demonstrate
increased tolerance to disinfectants and antibiotics [3,10].

The investigations of the majority of European coun-
tries [4,5,9] indicate that more than half of antibiotics are
prescribed at the level of primary healthcare. Children
are the largest part of the population aided at this level.
Moreover, up to 50 % of UTI in young children are missed
in primary care [1] and not prescribed antibiotics at first
presentation [7].

According to statistic reports of the Ministry of Health-
care of Ukraine, prevalence of renal and urinary tract diseas-
es in children over the past 5 years in Ukraine significantly
increased, namely: from 40 to 56 per 1000 child population.
Given the fact that children are more vulnerable to acute
and chronic complications, including kidney scarring and
renal failure, they require immediate treatment using ap-
propriate antibiotics. According to the current Ukrainian
national treatment protocols, only the minimum inhibitory
concentration and minimum bactericidal concentration
of antibiotics is indicated to planktonic forms of bacteria,
and the fact that resistance of biofilm forms of bacteria is
dramatically increases [8] is ignored.

The aim

The aim of our work is to determine the susceptibility of
clinical isolates of biofilm bacteria to the most common
antimicrobial drugs used in clinical practice.

Materials and methods

The study was held at the Department of Pediatrics No.
4 and the Department of Microbiology, Virology and Im-
munology of Bogomolets National Medical University. In
the course of the study, the analysis was conducted of
amoxicillin clavulanate, ceftriaxone, cefixime, gentamicin,
furazidin and silver nanoparticles effectiveness against 60
strains of bacteria isolated from 85 patients who received
medical treatment in Children’s Clinical Hospitals No. 6 and
No. 7 in the city of Kyiv within the period from September
2016 until January 2017. The patients were divided into
three groups.

Zaporozhye medical journal. Volume 20. No. 6, November — December 2018

Group No. 1: 46 patients formed the “Lower Urinary Tract
Group”. The criteria for inclusion in the group No. 1 were:
complaints of painful urination, dysuria, urgency urinary,
lower abdominal pains and leukocyturia at relatively good
performance status of the patient. 23 subsequently analyzed
strains of bacteria were isolated from the 1 group patients.

Group No. 2: 19 patients were included in the “Acute
Pyelonephritis Group”. The criteria for inclusion in the group
No. 2 were complaints of kidney pain, increased body tem-
perature up to low-grade fever or higher, abdominal pain,
headache, dizziness, nausea vomiting and acute pyelone-
phritis characteristic changes in physical, instrumental and
laboratory examination. 19 strains of bacteria were isolated
from the 2 group patients.

Group No. 3: 20 patients were included in the “Chronic
Pyelonephritis Recurrence Group”. The criteria for inclusion
in the group No. 3 were clinical signs of acute pyelonephri-
tis and past medical history of pyelonephritis recurrence
episodes. 18 strains of bacteria were isolated from the 3
group patients.

Abacteriologic study with an extended antibioticogram
of the urine samples of all patients was conducted at
the Laboratory of Microbiology, Virology and Mycology of
the State Institution “Institute of Urology of National Acad-
emy of Medical Sciences of Ukraine”.

Determination of biofilm and planktonic bacteria forms
susceptibility to antibiotics

Susceptibility of planktonic forms of bacteria to antibi-
otics was detected by the disc test with the use of Muel-
ler—Hinton agar. We also determined the minimal inhibitory
concentration by the method of standard serial dilutions in
the broth using 96-well plates for antibiotics ceftriaxone,
cefixime, amoxicillin clavulanate, gentamicin, as well as for
furazidin and silver nanoparticles.

The assessment of the susceptibility results was carried
out in accordance with CLSI protocols.

Susceptibility of biofilm forms to antibiotics was deter-
mined as follows: after 24-hour incubation, 200 pl of nutrient
broth, bacterial culture (0.5 according to McFarland) was
diluted in the proportion of 1:100 in 96-well plate. The wells
were washed three times with isotonic solution. 200 pl of
nutritive broth with 1% of glucose and antibiotic in double
dilutions were added to the biofilm formed on the bottom.
After 12 hours of incubation at 37 °C bacterial growth in
the wells of the plate was assessed through optical den-
sity of the broth determination with microtiter plate reader
(Humareader) at a wavelength of 630 nm.

Analysis of the results was performed using the SPSS
program version 12. The results were considered statisti-
cally significant at P < 0.05.

Results

Out of the isolated bacteria E. coli prevailed —53 %, S. epi-
dermidis — 20 %, E. faecalis — 12 %, 15 % — others.
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Antibiotic susceptibility of planktonic forms of 60 clini-
100 cal isolates was determined through the method of serial

% 92 dilutions and the disc test.
90 % Through the use of serial dilutions method it was re-
80 7 vealed that 77 % of planktonic strains were susceptible to
amoxicillin clavulanate, 70 % — to ceftriaxone, 47 % — to

78
70
70 63 t - n
cefixime, 78 % — to gentamicin and 92 % — to furazidin.
60 X - S
Only ceftriaxone demonstrated statistically significant

50 47 difference in the results received by the method of serial
40 37 dilutions and the disc test, other antibacterial agents demon-
30 strated similar activity (Table 1).
20 17 %0 After biofilm formation, the number of strains resistant

137 to antimicrobial drugs statistically significantly increased
10 (except furazidin). The number of the strains susceptible

0

after biofilm formation to amoxicillin clavulanate equaled
amoxicillin ceftriaxone cefixime gentamicin furazidin 63 %, to ceftriaxone — 17 %, to cefixime — 13 %, to genta-
clavulanate micin — 37 %, to furazidin — 80 %.

Change in susceptibility to antibiotics depending on

the microorganism form is shown in the Fig. 1.
Fig. 1. Amount of bacteria in planktonic and biofilm forms susceptible to antimicrobial drugs The Investlgaﬁlon of SIIvgr nanoparticles activity con-
(determined by the method of serial dilutions). cerning the investigated strains, conducted at the Institute
of Life and Environmental Sciences of Ukraine, showed
that they possess antibacterial activity against planktonic
forms at the level of 100 mg/l (90 % of strains), for 10 % of
the strains inhibitory concentration was at the level of 10
mg/l. Bacteria in biofilm became more resistant to silver
nanoparticles, namely: 62 % of the strains retained the abil-

Antibiotic Number of resistant strains | Number of resistant strains ity to mUltiply at a concentration of 100 mg/l» for 38 % of
(disc test), % (dilutions method), % biofilm bacteria the minimal inhibitory concentration ranged

B Planktonic form @ Biofilm form

***: P <(0.001 (difference between planktonic and biofilm forms of bacteria).

Table 1. Resistance to antimicrobial drugs among planktonic forms of clinical isolates
from children with urinary tract infection

Amoxicillin clavulanate 19.0 23.0 from 10 mgl/l to 50 mg/l (Fig. 2).

Ceftriaxone 11.0 30.0*

Cefixime 35.0 430 . \

Gentamicin 220 22.0 Discussion

Furazidin 8.0 8.0 Bacteria in biofilm can increase their resistance to an-
* P <0.05. tibacterial drugs aided by several mechanisms. One of

Fig. 2. Change in inhibitive concentration in planktonic and biofilm bacterial forms.

Table 2. Susceptibility to antimicrobial drugs among planktonic and biofilm forms of bacteria divided into clinical groups

Antibiotics Group 1 (n=23) Group 2 (n=19) Group 3 (n=18)
Number of Number of Number of Number of Number of Number
susceptible strains, susceptible strains, susceptible strains, susceptible strains, susceptible strains, of susceptible strains,
planktonic form, % biofilm form, % planktonic form, % biofilm form, % planktonic form, % biofilm form, %
Amoxicillin clavulanate 78 74 74 63 78.0 50.0*
Ceftriaxone 83 30* 47 5¢ 79.0 11.0*
Cefixime 43 13* 32 16 67.0 6.0*
Gentamicin 87 52* 89 21* 72 28*
Furazidin 96 83* 89 84 89 720

*: P < 0.05 (difference between planktonic and biofilm strains in each group).
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them prevents molecules of antibiotic from penetrating
into biofilm matrix [3]. The probability of this mechanism
is indirectly demonstrated in this study, as the increase of
the biofilm resulted in the loss of susceptibility to a greater
range of antibiotics.

The data on susceptibility to antibiotics, received
through the disc method, are almost similar to the data
received by the method of serial dilutions of antibiotics and
differ only with respect to the indices of susceptibility re-
ceived by the method of serial dilutions with biofilm bacterial
form. The results obtained indicate that the disc method is
not able to demonstrate a credible level of biofilm bacterial
form susceptibility to antibiotics. Considering the signi-
ficant difference in susceptibility to antibiotics between
the two forms of bacteria, the definition of biofilm-forming
bacteria susceptibility by standard methods is more than
approximate.

When testing the susceptibility of biofilm-forming
bacteria to antimicrobial drugs, the biofilms were formed
at the bottom of a 96-well plate (plastic being an adhesive
surface). When testing susceptibility of biofilm-forming
bacteria, (clinical strains of P. mirabilis, E. coli, and S. epider-
midis) biofilms of which were formed on the surface of latex
catheters, we found that the minimal inhibitory concentration
of ceftriaxone had not changed depending on the surface
of biofilm formation. The opposite results were obtained
for gentamicin: concentration that had inhibited the biofilm
growth on a catheter was 4 times less than the inhibitory
concentration for the biofilms formation on plastic. Consider-
ing that the process of film formation is extremely sensitive
to modeling conditions, the exactitude of susceptibility to
antibiotics results may depend not only on bacterial form,
but also on a surface a biofilm is formed on.

Conclusions

Biofilm forms of clinical isolates of bacteria are more
resistant against antibiotics and silver nanoparticles than
planktonic bacterial forms.

The size of bacterial biofilm affects the range of anti-
microbial drugs susceptibility of the bacteria. The greater
the biofilm size is, the lesser number of antibacterial drugs
it is susceptible to.

The study has shown that the planktonic and biofilm
forms of bacteria were the most effectively influenced in
vitro by furazidin, amoxicillin clavulanate and gentamicin.
Cephalosporins (ceftriaxone, cefixime) were less effective
against both forms of bacteria.

Silver nanoparticles demonstrate antibacterial effect
on planktonic form of clinical isolate in high concentrations
(MIC = 100 mg/l). After biofilm formation the bacteria be-
come more resistant to the nanosilver effect.

Further research. To create and probate more accu-
rate model for antibiotic susceptibility testing (flow models
etc) in order to obtain the most reliable data as our previous
results demonstrate that biofilm mode as well as surface
properties could affect the antibiotic susceptibility levels.

To modify treatment of patients with different forms
of UTI taking into account the data from biofilm bacteria
susceptibility testing and perform comparative analysis to
determine whether this approach could contribute to more
successful treatment of UTI.
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