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There is an urgent need to develop new effective strategies to combat resistant bacteria. The aim was to inves-
tigate the effect of microampere current on resistant A. baumannii strains and its impact on bacterial susceptibility
to antibiotics. The study of the effect of low-intensity currents on the reference and clinical strains of A. baumannii
(n=15) was conducted in isotonic solution and meat-peptone broth (MPB), followed by measuring the optical density
(OD) after 24 and 48 hours of incubation. The change in microorganism susceptibility to ceftazidime was also eval-
uated. The OD values after current exposure on the reference strain A. baumannii in isotonic solution significantly
(p<0.05) differed from the values without current exposure by 1.7 and 1.55 times at 24 and 48 hours, respectively.
The effect of currents on clinical strains led to a significant decrease (p<0.05) in OD values (1.940.4 — without cur-
rent exposure; 1.2+0.2 — after current exposure) by 1.58 times at 48 hours. Under the influence of currents, the cell
concentration of clinical A. baumannii strains in MPB at 48 hours significantly decreased by 1.18 times (p<0.05).
A statistically significant bioelectric effect was also observed after prior exposure to microampere currents on A.
baumannii strains, manifested by the reduction of bacterial resistance to ceftazidime. The average values of the
minimum inhibitory concentrations of ceftazidime significantly (p<0.001) decreased approximately 3.38 times, and
the bactericidal ones —4.18 times. Low-intensity currents exhibit a significant bactericidal effect on clinically relevant

multidrug-resistant A. baumannii strains and enhance their susceptibility to antibiotics.
Key words: multidrug resistance, A. baumannii, microampere current, bioelectric effect.

Connection of the publication with planned re-
search works.

The work was performed at the Department of Mi-
crobiology of National Pirogov Memorial Medical Uni-
versity, Vinnytsya and is a fragment of the research work
“Research of the biological properties of pathogens of
healthcare-associated infections and the development
of means of combating them” (state registration num-
ber 0123U101070).

Introduction.

Resistance of gram-negative bacteria to last-line
drugs has become a serious global problem, the scale
of which continues to gain momentum. Non-fermenting
gram-negative bacteria, in particular Acinetobacter bau-
mannii, Pseudomonas aeruginosa Ta Stenotrophomonas
maltophilia, which show high resistance and limit thera-
peutic options, and the use of alternative drugs, in par-
ticular tigecycline or colistin, is often accompanied by
problems related to their efficacy and potential toxicity
attract the special attention of researchers and clinicians
[1-3].

A. baumannii is one of the six main dangerous noso-
comial pathogens in the ESKAPE short list (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter spp.) of the World Health Organization
(WHO) with high rates of morbidity and mortality [4-
6]. In the updated (May 17, 2024) list of WHO priority
pathogens A. baumannii, resistant to carbapenems (Car-
bapenem-resistant A. baumannii — CRAB), remained in

the group of the highest (critical) priority, which empha-
sizes the lack of progress in controlling this problem [7].

Acinetobacter infections have a diverse epidemiolo-
gy, including infections associated with war and natural
disasters, nosocomial infections in temperate climates,
and infections in tropical regions [3, 8]. A. baumannii
is characterized by both natural resistance and a high
ability to acquire B-lactamases, in particular carbapen-
emases of the class OXA [4]. CRAB strains usually pos-
sess resistance to most known antibiotics, including
broad-spectrum carbapenems such as meropenem,
imipenem, and doripenem [8, 9]. Among gram-negative
pathogens, A. baumannii causes infections with a higher
frequency, and the proportion of polyresistant isolates is
four times greater than for P. aeruginosa and K. pneumo-
niae. Infections of the skin and soft tissues, bloodstream,
etc., caused by A.baumannii are mainly nosocomial, and
infection with a polyresistant strain increases the severi-
ty of the disease, the length of stay in the intensive care
unit or hospital, despite therapy with broad-spectrum
antibiotics, in particular third-generation cephalospo-
rins, fluoroquinolones and carbapenems and their com-
binations with B-lactamase inhibitors [2, 6].

The epidemic scale of multidrug-resistant A. bau-
mannii infections requires immediate action: increased
monitoring and prevention, development of innovative
therapeutic approaches, and strategies to stop further
spread of the pathogen.

The aim of the study.

Investigation of the antibacterial effect of microam-
pere current without external power sources on multi-
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drug-resistant A. baumannii strains and its influence on
bacterial susceptibility to antibiotics.

Object and research methods.

In the course of experimental studies, clinical strains
of Acinetobacter baumannii with signs of multidrug re-
sistance (MDR) and the reference strain A. baumannii
ATCC 15151 were used. The study of the effect of mi-
croampere current on microorganisms was conducted
using 24-hour cultures of museum and clinical isolates
in isotonic sodium chloride solution and meat-peptone
broth (MPB).

Concentration standardization was performed spec-
trophotometrically using the Densi-La-Meter |l densi-
tometer (“Erba Lachema s.r.0.”, Czech Republic), which
was pre-calibrated for accurate determination of con-
centration based on optical density (OD), where one
OD,,, unit corresponded to approximately 8x10® CFU/
ml [10]. The initial concentration of microorganisms was
set at 2.0 OD units for both the reference and clinical A.
baumannii strains (n=15).

Suspensions of A. baumannii strains in isotonic solu-
tion and MPB (15 ml each) were placed into tubes with
electrodes — electron donor and acceptor — connected
to each other, including via a measuring device, using a
first-kind conductor. The current strength in saline solu-
tion ranged from 46 to 50 YA, and in MPB from 54 to 60
UA, at a voltage of 0.02-0.04 V. The control group includ-
ed microbial suspensions without exposure to low-in-
tensity currents.

After 24 and 48 hours of incubation at 37°C, the cur-
rent strength in the interelectrode space and the con-
centration of microbial cells were determined. Addition-
ally, the change in microbial susceptibility to ceftazidime
was assessed. For this purpose, a standardized bacterial
suspension (4.0x108 CFU/ml, corresponding to 0.5 Mc-
Farland units) was prepared. The minimum inhibitory
concentration (MIC) and minimum bactericidal concen-
tration (MBC) of antibiotics were determined by the se-
rial dilution method according to EUCAST recommenda-
tions (Version 14.0, effective from 01.01.2024).

Statistical data processing was performed using Mic-
rosoft Office (365) Excel 2019, calculating the arithmetic
mean (M), standard error (m), and significance of differ-
ences (p). The results were considered statistically signif-
icant at p<0.05.

Research results and their discussion.

The initial cell concentration of the reference and
clinical A. baumannii strains was pre-standardized to 2.0
OD units (=1.6x10° CFU/mI). In the physiological solu-
tion, the cell concentration of the reference and clinical
strains that were not exposed to low-intensity currents
decreased after 24 hours to 1.6+0.4 OD (=1.28x10°) and

1.620.7 OD (=1.28x10° CFU/ml), respectively, and after
48 hours to 1.7+0.3 OD (=1.36x10° CFU/ml) and 1.9+0.4
OD (=1.52x10° CFU/ml), respectively (table 1). The OD
values after current exposure on the reference strain A.
baumannii ATCC 15151 significantly (p<0.05) differed
from the values without current exposure by 1.7 and
1.55 times at 24 and 48 hours, respectively, and were
found to be 0.9+0.6 OD (=7.2x10% CFU/ml) and 1.1+0.2
OD (=8.8x108 CFU/ml). The current effect on clinical
strains did not result in a significant reduction in cell
concentration at 24 hours, but at 48 hours, the OD value
was 1.240.2 (=9.6x10® CFU/ml) and was significantly
(p<0.05) lower (by 1.58 times) than without current ex-
posure (0D=1.9+0.4, =1.52 x 10° CFU/ml) at that time of
observation (table 1).

In the conditions of MPB, the concentration of cells of
the reference and clinical strains of A. baumannii in test
tubes increased without the action of a physical factor,
and at 24 h, the ODU indexes were determined 6,3%0,5
(=5.04x10° CFU/ml) and 6,6+0,2 (= 5.28x10° CFU/ml)
respectively, at 48 h — 6,5+0,7 (=5.2x10° CFU/ml) and
6,7+0,7 (=5.36x10° CFU/ml) respectively (table 2). Under
the influence of currents, the concentration of cells of
clinical strains of A. baumannii in the MPB decreased in
24 h (ODU=6,240,6, = 4.96x10° CFU/ml), but no signifi-
cant difference was determined. However, at 48 h, a sig-
nificant decrease in the number of cells of clinical strains
(ODU=5.7£0.4, = 4.56x10° CFU/ml) was determined by
1.18 times (p<0.05) compared to untreated suspensions
of A. baumannii (table 2).

We found a statistically significant bioelectrical effect
after the preliminary action of microampere currents on
the multidrug-resistant (MDR) strains of A. baumannii,
which was manifested in weakening the resistance of
bacteria to ceftazidime. Indicators of sensitivity to an-
tibiotics of clinical MDR strains of Acinetobacteria (MIC
and MBC) without prior exposure to current and after
its action are listed in table 3. For MDR strains of A.
baumannii, high concentrations of MIC and MBC were
determined. Without prior exposure to current, the MIC
value of ceftazidime was determined on average to be
541.67+160.29 pg/ml, MBC — 1166.67+278.89 ug/ml.
For MDR strains of A. baumannii, high concentrations
of MIC and MBC were determined. Without prior ex-
posure to current, the MIC value of ceftazidime was de-
termined on average to be 541.67+160.29 pg/ml, MBC
— 1166.67+£278.89 pg/ml. Current treatment reduced
the resistance of the studied strains by approximately 4
times. The average MICs of ceftazidime decreased sig-
nificantly (p < 0.001) by approximately 3.38 times and
were equal to 135.42+40.07 pg/ml, and MBC — by 4.18

Table 1 — The effect of low-intensity currents without external power sources on reference and clinical
strains of Acinetobacter baumannii in isotonic solution conditions

Initial values 24 h 48 h
Strains of microorganisms Bacterial qell Current | Bacterial qell Current | Bacterial (Eell Current
concentration, | strength, | concentration, | strength, concentration, | strength,
OoDU pA ODU uA ODU pA
Acinetobacter Intact environment 20 - 1,6+0,4 - 1,7+0,3 -
baumannii ATCC 15151 | Currents of low intensity ’ 46-50 0,9+0,6* 36-40 1,140,2* 24-30
Acinetobacter Intact environment 20 - 1,610,7 = 1,9+0,4 -
baumannii (n=19) Currents of low intensity ! 46-50 1,1+0,5 38-40 1,2+0,2* 27-31

Notes: * — significant difference between the indicators obtained in an intact environment and under the conditions of action of a current of
low intensity without external power sources (p<0,05); ** — significant difference between the indicators obtained in an intact environment and
under the conditions of action of a current of low intensity without external power sources (p<0,01).
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Table 2 - Effect of low-intensity currents without external power sources on reference and clinical strains
of Acinetobacter baumannii in meat-peptone broth conditions

Initial values 24 h 48 h
Strains of microorganisms Bacterial cell | Current | Bacterial cell | Current | Bacterial cell | Current
concentration, | strength, | concentration, |strength, [concentration,| strength,
obu HA obu UA obu HA

Acinetobacter Intact environment - 6,3%0,5 5 6,5+0,7 -
baumannii ) ] 2,0 *
ATCC 15151 Currents of low intensity 54-60 5,9+0,3 44-48 5,8+0,4 30-40
Acinetobacter Intact environment 20 - 6,6%0,2 - 6,7t0,7 -
baumannii (n=19) | Currents of low intensity ’ 54-60 6,2+0,6 43-47 5,7+0,4*% 31-39

Notes: * — significant difference between the indicators obtained in an intact environment and under conditions of low-intensity current without
external power sources (p<0.05); ** — significant difference between the indicators obtained in an intact environment and under conditions of

low-intensity current without external power sources (p<0.01).

Table 3 — Susceptibility of multidrug-resistant

Acinetobacter baumannii strains to antibiotics after

MDR strains of A. baumannii and strains without
signs of MDR [18].

exposure to low-intensity current without external power

sources during cultivation

At the next stage, we found a significant bio-

electric effect, i.e. an increase in the sensitivity of
resistant A. baumannii strains to ceftazidime after

preliminary exposure of the physical factor under.
The mechanisms of the bioelectric effect are elec-
trophoresis, ionophoresis and electroporation,

Ceftazidime
MiC MiC MBC MBC
without current | after the action | without current | after the action
(control), of the current, (control), of the current,
ug/ml ug/ml ug/ml ug/ml
541,67+160,29 135,42+40,07* | 1166,67+278,89 | 291,67+69,72*

which allow overcoming the barriers of the cell

Note: * — significant difference between the indicators determined without
prior exposure to the current and after exposure to a low-intensity current

without external power sources (p<0,001).

times and amounted to an average of 291.67+69.72 ug/
ml.

The threat of antibiotic resistance is no longer a fore-
cast for the future. This is already happening in every
country and can affect every person of any age. The
WHO warns that humans may have another 1-2 decades
to use existing antibiotics, so there is an urgent need to
develop new effective antibacterial strategies. Strategies
using physical methods of impact on resistant microor-
ganisms with the possibility of application for medical
and environmental purposes are promising [11-14].

At the first stage of the study, we applied low-intensi-
ty currents (current strength — 54-60 pA, voltage — 0.02-
0.04 V) without external power sources to planktonic
forms of A. baumannii in various environments (physi-
ological solution and MPB) for 24-48 hours, which led
to their death, the formation of sediment from microor-
ganisms, and as a result, a decrease in the concentration
of viable bacteria. Damage to bacteria under the action
of an electric current, leading to their death, is known
as the phenomenon of irreversible electroporation, and
can be used with stronger currents of short duration to
disinfect various environments, for example, drinking
water, liquid food [15-17].

We found a significant bactericidal effect of currents
of low intensity (microampere current), which is im-
portant for medical use, against actual strains of A. bau-
mannii with signs of multidrug resistance (MDR). Naomi
Lesmana Putri and colleagues also studied the effects of
low milliampere-scale electrical voltage as a method to
eradicate A. baumannii bacteria with and without signs
of multidrug resistance. The researchers used currents
of 1 mA, 2 mA, 5 mA, and 10 mA and 0.5 V with mon-
itoring times of 30 minutes, 2 hours, and 4 hours, and
concluded that a current of 5 mA and a duration of 30
minutes was optimal for reducing the concentration of

wall and biofilm biomass [19].

As Sasa Haberl Megli¢ and colleagues point out
in their recent study on the inactivation of resis-
tant E. coli strains by electroporation, many studies have
demonstrated the inactivation of bacteria by electropo-
ration, but rarely have clinical antibiotics and bacteria
resistant to them been used. The researchers used four
different electric field strengths (5, 10, 15 and 20 kV/cm)
for electroporation. The study revealed that electropo-
ration significantly boosts the efficacy of antibiotics and
eliminates resistant bacteria. Moreover, the authors
highlighted that electroporation exerts a prolonged ef-
fect lasting up to 24 hours, rendering bacteria suscepti-
ble for an extended period [15].

Conclusions.

Low-intensity currents (microamperage currents)
without external source cause a significant antimicrobial
effect against current strains of A. baumannii with mul-
tidrug resistance.

Low-intensity electric current without external power
sources increases the sensitivity of multidrug-resistant
A. baumannii strains to antibiotics by 4 times (bioelectric
effect), i.e., weakens their antibiotic resistance.

Prospects for further research.

It is expected that the data substantiate the use of
the bioelectric effect as the additional option for the
prevention and treatment of infectious complications
of wounds, burns, and surgical sites caused by resistant
strains of A. baumannii in the complex antimicrobial
management approaches.
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BN/IMB MIKPOAMMEPHOIO CTPYMY HA K/IHIYHI LUTAMW ACINETOBACTER
BAUMANNII 3 O3HAKAMMU MHOXWHHOI NIKAPCbKOI CTIMKOCTI TA NPOSIB
BIOENIEKTPUYHOTIO EDEKTY
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IcHye 2ocmpa HeobxidOHicmb y po3pobui Hosux eghekmusHUX cmpameeili bopombbu i3 pe3ucmeHmMHUMU
b6akmepiamu. Mema — docnidumu 0ito MiKpoammnepHo20 cmpymy Ha peaucmeHmHi wmamu A. baumannii, a maxkoxc
lioeo enaue Ha yymsausicme 6akmepili 00 aHmubiomucie. [ocniO#eHHA 8rausy cmpymie HU3bKOI iHmeHcusHocmi
Ha pegepeHmHuli ma KnaiHiyHi wmamu A. baumannii (n=15) npogodunu y i30MOHIYHOMY PO34YUHI Mma m’saco-
nernmoHHomy bynsblioHi (MI16B) i3 nodansbwum 8umipto8aHHAM ornmuy4Hoi eycmuHu (OF) uepe3 24 ma 48 200uH
iHKy6auii. Takoxc ouiHB8aAU 3MIHY 4Yymaueocmi MikpoopaaHiamie 0o uegmaszudumy. [MokazHuku OOl nicns
dii cmpymis Ha pegpepeHmHuli wumam A. baumannii ATCC 15151 8 i3omoHiyHomy po34uHi docmosipHo (p<0,05)
8i0pi3HANuUCL 8i0 3Ha4yeHb 6e3 sriausy cmpymy y 1.7 ma 1.55 paszu Ha 24 ma 48 200. [is cmpymie Ha KAiHiYHI
wmamu npu3eoodusna 00 00CmMosipHo20 3HUMeHHA (p < 0,05) 3HayeHb OO (1,940,4 — 6e3 Jdii cmpymis; 1,2+0,2
— nicnsa dii cmpymis) y 1.58 pasu Ha 48 200. [1i0 dieto cmpymie KOHUeHMpPauia KAiMuH KAiHiYHUX wmamie A. bau-
mannii y MIb Ha 48 200 docmosipHo 3meHwyesanace y 1.18 pasu (p<0,05). Takoxc bya0 8useneHo cmamucmu4Ho
3Hayywuli bioenekmpuyHuli echekm nicaa nonepedHboi Oii MmikpoammnepHux cmpymie Ha wmamu A. baumannii,
AKuli nposendaeca y nocaabneHHi peaucmeHmHocmi 6akmepili 0o yegpmazuoumy. CepedHi 3HaYeHHA MiHIMaAbHUX
iHeibyro4yux KoHueHmpauil yegmaszudumy oocmosipHo (p<0,001) 3meHwunuce npubausHo y 3,38 pasu, a
b6akmepuyudHux — y 4,18 pasu. Cmpymu HU3bKOI IHMeHCcU8HOCMI Cpu4uHOMb 3HAYHUL YUuOHUL ehekm w000

aKmyanbHUX rosipesucmeHmHux wmamis A. baumannii ma nioguwyroms ix yymsausicme 0o aHmubiomukis.

Knro4oei cnosa: MHOMUHHA nikapcbka cmilikicme, A. baumannii, mikpoamnepHuli cmpym, bioenekmpuyHuli

egekm.

38’A30K nyb6aiKauii 3 nnaHOBMMM HayKOBO-AOCAIg-
HUMK poboTamu.

[aHe gocnigeHHA BUKOHAHO BiANOBIAHO A0 NaHy
HayKoBO-A0C/iAHOI poboTn Kadeapu mikpobionorii Bi-
HHULbKOTO HALWiOHANbHOTO MEAWMYHOro YHiBepCUTeTy
im. M. |. Muporosa «JocnigxeHHs 6ioN0riYHNX BIaCTU-
BOCTel 36yAHMKIB iHdEKLil, NOoB’A3aHMX 3 HaZAHHAM
MeANYHOI Aonomoru, Ta po3pobKa 3acobis 6opoTbbu 3
HUMKW» (HOMep AeprKaBHOT peecTpauii 0123U101070).

Bcryn.

CTiliKicTb rpamHeraTuBHux 6aKTepit Ao npenapa-
TiB OCTaHHbOI NiHii 3aXMCTy NepeTBOpMAACA Ha Cepnos-
Hy rnobanbHy npobnemy, macwTabu AKOI NPOAOBXKY-
10Tb HabupaTn obeptie. OcobnmBy yBary AOCNiAHMKIB
i KniHiLKUCTiB NpuBepTaloTb HedpepMeHTyoUi rpamHe-
ratuBHi 6akrepii, 3oKkpema Acinetobacter baumannii,
Pseudomonas  aeruginosa Ta  Stenotrophomonas
maltophilia, AKi AEMOHCTPYIOTb BUCOKY PE3UCTEHTHICTb
i 0BbMeXytTb TepaneBTUYHI MOX/IMBOCTI, @ 3aCTOCYBaH-
HS aNbTEPHATUBHMX MPenapaTiB, 30KpPema TUTELUKAIHY
UM KOMICTMHY, YacTo CYNpPOBOAMKYETbCA Mpobremamu,
NnoB’A3aHUMM 3 IXHbOK eDEeKTUBHICTIO Ta MOTEHLMHO
TOKCUYHicTHo [1-3].

A. baumannii € ogHWUM i3 LWeCTM ronoBHUX Hebe3neu-
HUX BHYTPIWHbONIKAPHAHMUX NATOreHIB i3 WOPT-CNUCKY
ESKAPE (Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseu-
domonas aeruginosa, Enterobacter spp.) BcecBiTHbOI
opraHisauii oxopoHu (BOO3) 340poB’s i3 BUCOKMMM NO-
Ka3HMKaMW 3aXBOPIOBAHOCTI i cmepTHOCTI [4-6]. Y oHOB-
neHomy 17 TpaBHA 2024 poKy nepeniky NpiopuUTeTHUX
natoreHisB BOO3 A. baumannii, cTiliki Ao KapbaneHemis

(Carbapenem-resistant A. baumannii — CRAB), 3anuwu-
JCb Yy Tpyni HaMBULWOrO (KPUTUYHOTO) NpPiOPUTETY, LLO
NiAKPECIOE BiACYTHICTb NPOrpecy y KOHTPOAI Li€i npo-
6nemu [7].

IHdeKLiaM, BUKNMKAHMM aumHeTobaKTepismu, Bnac-
TMBa Pi3HOMAHITHa enigemionoria, BKAtOYatoun iHdeKLii
noB’A3aHi i3 BiiHAMK Ta CTUXIMHUMUM NXaMU, NiKAPHA-
Hi iHpeKUji y nomipHOMY KaimaTi Ta iHdeKUil TponiyHmx
perioHiB [3, 8]. A. baumannii BiA3HAYAETbCA AK NPUPOL-
HOIO PE3UCTEHTHICTIO, TaK i BUCOKOIO 34aTHICTIO HabyBa-
TV B-naktamaswu, 30Kkpema KapbaneHemasu Knacy OXA
[4]. WTamn CRAB 3a3BMYali AE€MOHCTPYHOTb CTiMKICTb A0
6inblOCTi BiZOMUX aHTMOIOTMKIB, 30Kpema A0 Kapba-
NeHemiB LUMPOKOro CnekTpa Aii, TaKMX AK MeponeHem,
imineHem Ta gopineHem [8, 9]. Cepen, rpamHeraTUBHMX
naTtoreHis, A. baumannii BUKNVKae iHeKuji i3 6inb-
IO YACTOTOK, @ YACTMHA MONIPE3UCTEHTHUX i30N1ATIB
€ B YOTMpPW pa3u binbwoto, Hixk ana P. aeruginosa Ta K.
pneumoniae. IHeKLiT WKipM Ta M'AKUX TKAHWH, Kpo-
BOTOKY, TOLLO, BUKAWUKAHI A. baumannii, B OCHOBHOMY
€ HO30KOMiaNbHMMM, @ 3aPaXKEHHA NONIPE3UCTEHTHUM
LUTAaMOM 36i/1bLUYE BAXKKICTb 3aXBOPHOBAHHA, TPMUBAOCTI
nepebyBaHHA y BiAA4iNEHHI iHTEHCUBHOI Tepanii un ni-
KapHi, He ANBAAYUCL Ha Tepanito aHTUBIOTUKAMK LWNPO-
KOro CnekKTpy Aii, 30Kkpema LedanocnopmHamm TpeTboro
NoKoAniHHA, GTopXiHONOHamMK Ta KapbaneHemamu Ta ix
KoMbiHauiamu 3 iHribiTopamm B-naktamas [2, 6].

EnigemiuHi macwTtabu 3axBoptoBaHOCTI nonipesuc-
TEHTHUMM iHOeKuismu A. baumannii BUMaraloTb He-
raHuX Ain: NOCUNEHHA MOHITOPUHTY Ta NPOdINaKTUKMY,
PO3p0O6KM IHHOBALMHUX TepaneBTUYHUX MigxoAiB Ta
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cTpaTerii ANA MNPUNUHEHHA MOAANbLUIOTO PO3MNOBCHO-
[OYKEeHHA naToreHa.

Merta gocnigKeHHs.

JocnigreHHs aHTMbaKTepiaibHOI  Aji  Mikpoam-
NnepHOro cTpymy 6e3 30BHilWHIX AXKepen KMBAEHHA Ha
WwTamun A. baumannii 3 MHOMHHOO NiIKAPCbKOHO CTiliKi-
CTHO, @ TAKOX BM/IMBY LbOro ¢isnyHoro daktopa Ha 4yT-
NnBicTb BaKTepilt 40 aHTUBIOTUKIB.

O6’eKT i meTOAM AOCNIAXKEHHA.

Y xoai eKcnepuMeHTasbHUX [OCAiAXKeHb BUKO-
PUCTOBYBANM KAiHiIYHI wWTamu Acinetobacter baumannii
3 03HAKaMW MHOXUHHOT fliKapcbKoi cTilikocTi (MJIC) Ta
pedepeHTHMI wTam A. baumannii ATCC 15151. Jocni-
OSKEHHA BNAMBY MIKPOAMMEpPHOro CTPyMy Ha Mikpoop-
raHi3Mu NPOBOAW/IM i3 3aCTOCYBaHHAM L060BUX KyNbTyp
MY3EMHUX i KMIHIYHUX i3015TiB Y cepenoBuLLi i30TOHIY-
HOFO PO34YMHY X/I0pUAY HaTPilo Ta M'ACO-NENTOHHOrO
6ynblioHy (MNB).

CTaHpapTM3aLilo KOHLUEHTpaLii npoBoguan chnek-
TPOPOTOMETPUYHO i3 3aCTOCYBAHHAM AEHCUTOMETPA
Densi-La-Meter Il («Erba Lachema s.r.0.», Yexis), akui
nonepeaHbo KanibpyBann pns TOYHOTO BM3HAYEHHA
KOHLEHTpauji 3a ontuyHoto ryctnHoto (OF), npuyomy
oAHa oauHuua O, o Bignosigana npubansHo 8x10%
KYO/mn [10]. BuXiAHY KOHLEHTPaL,it0 MiKpoopraHiamis
BCTAaHOB/OBaNM Ha piBHi 2,0 OOl (oAMHULbL ONTUYHOI
ryCTUHW) ans pedepeHTHOro Ta KAiHIYHMX wTamis A.
baumannii (n=15).

3aBuWcC KynbTyp WTamiB A. baumannii y i30TOHiYHOMY
po34unHi Ta MIMB BHOCcKMAKM no 15 ma B Npobipku 3 enek-
TpoAaMW — JOHOPOM Ta aKLENTOPOM €/1IeKTPOHIB, CNONY-
YeHMX MiXK cob60t0, B TOMY YNCi | Yepes3 BUMIpPIOBAIbHUIM
NPUCTPIN, NPOBIAHWKOM nepworo poay. Cuna cTpymy y
¢disionoriyHomy po3umHi ctaHoBMAa 46-50 MKA, y MIMB —
54-60 mKA, npu Hanpysi 0,02-0,04 B. KoHTponbHa rpyna
BK/IOMANa cycneHsii mikpoopraHiamis 6e3 BNAnBY cTpy-
MY HU3bKOT iIHTEHCUBHOCTI.

Yepes 24 T1a 48 roamH iHKybauii npu 37°C BM3Hava-
IV CUNY CTPYMY B MiKeNeKTPOAHOMY NPOCTOPi Ta KOH-
LeHTpaLito MiIKpOBHMX KNiTUH. OKpiM LbOro, OLiHI0BaNN
3MiHY YYTAMBOCTI MiKpoopraHiamis Ao uedrtasmanmy.
[na uporo roTyBanu cTaHAApPTU30BaHy bGaKTepiasibHy
cycnensito (4,0x10® KYO/mn, wo signosigano 0,5 3a
McFarland). BusHaueHHs miHimanbHUX iHribytoumnx (MIK)
Ta MiHiManbHUX 6akTepnunaHnx (MBuK) KoHUEHTpaUil
aHTMOIOTMKIB MPOBOAUAN METOAOM CepiiHUX po3Be-
OeHb BignoBigHO Ao pekomeHgauinn EUCAST (Bepcis
14.0, unHHa 3 01.01.2024).

CTaTUCcTUYHY 06pobKY AaHMX 34iliCHIOBaNM 3a A0OMO-
moroto Microsoft Office (365) Excel 2019, obuncatoroun
cepeaHe apudmetmyHe (M), cepeaHto noxmbKy (m) Ta

OOCTOBIpHICTb pPi3HUL (p). Pe3ynbTaTn BBaXKaiM cTaTuc-
TUYHO 3Ha4vyWwmumm npu p<0,05.

Pe3ynbTatu gocnigKeHHA Ta ix 06roBopeHHs.

BuxigHy KOHLEHTpauito KNiTUH pedepeHTHoro Ta
KNiHIYHUX WTamis A. baumannii 6yno nonepeaHbO CTaH-
AapTm3osaHo Ao 2.0 O0r (=1.6x10°KYO/mn). Y ¢isiono-
riYHOMY PO3UYMHi KOHLEHTpPAL,iA KNiTUH pedepeHTHOro Ta
KNIHIYHWX WTaMiB, AKi He 3a3HaBaNW Aii CTPYMiB HU3bKOT
iHTEHCMBHOCTI 3MeHLYyBanacb Ha 24 roa ao 1,6+0,4 00T
(=1.28x10°) Ta 1,6%0,7 OOT (=1.28x10° KYO/mn) Bigno-
BigHO, a Ha 48 roa — oo 1,7+0,3 OOT (=1.36x10° KYO/
mn) Ta 1,9+0,4 OOl (=1.52x10° KYO/mn) BianosigHo
(rabnuua 1). MokasHmkmu OOT nicna Aii cTpymis Ha pe-
depeHTHUI WwTam A. baumannii ATCC 15151 poctoBipHO
(p<0,05) BigpisHANUCD Bifg, 3HAYEHb 6€3 BNMBY CTPYMY Y
1.7 Ta 1.55 pasu Ha 24 Ta 48 rog, BignosiaHo i 6yno Bu-
3HauyeHo 0,9+0,6 OOT (=7.2x10% KYO/mn) Ta 1,1+0,2 OOT
BignosiaHo (=8.8x10% KYO/mn). [lis CTpyMiB Ha KAiHIYHI
LITaMM He Aana AOCTOBIPHOIO 3MEHLLIEHHSA KOHLEeHTpau,i
KNITWH Ha 24 rog, npoTe Ha 48 rog, 3HayeHHA OOT cTaHo-
BMno 1,2+0,2 (= 9.6x10% KYO/mn) i poctosipHo (p<0,05)
byno meHWMMm 3a Take 6e3 gii ctpymy (00r=1,9+0,4, =
1.52x10° KYO/mn) Ha ueit yac cnoctepexkeHHa (Tabanuya
1).

B ymoBax m’sco-nernmoHHO20 6ynblioHy KOHUEeH-
mpauis KaimuH peghepeHmMHo20 ma KAiHIYHUX wmamie
A. baumannii y npobipkax 6e3 0ii ¢iauuHo20 hakmopy
3pocmana i Ha 24 200 bynu eu3Ha4veHi nokasHuku OOr
6,3+0,5 (=5.04x10° KYO/mn) Ta 6,6+0,2(= 5.28x10° KYO/
M) BiANOBiAHO, a Ha 48 rog — 6,5+0,7 (=5.2x10° KYO/
M) Ta 6,710,7 (=5.36x10° KYO/mn) BignosigHo (Tabnm-
uAa 2). Mig aieto cTpymiB KOHLEHTPALiA KAITUH KAIHIYHKX
wTamis A. baumannii y MMNB Ha 24 roa 3meHLwwMNachb
(00r=6,240,6, =~ 4.96x10° KYO/mn), ane AoctosipHOI
pi3HMLi He 6yno BM3HayeHo. MNpoTe Ha 48 rog 6yno Bu-
3HaYEHO JOCTOBIPHE 3MEHLUEHHSA KiNbKOCTi KAITUH KAi-
HiYHMX wTamis (O0r=5,7+0,4, = 4.56x10° KYO/mn) y
1.18 pasu (p<0,05) woao HeobpobneHnx cycneHsin A.
baumannii (tabnunua 2).

Mu  BUABUAM CTATUCTMYHO 3HaYywun bBioenek-
TPUYHUI edeKT nicna nonepegHboi Aii MiKpoamnep-
HUX CTpymiB Ha MJIC wtamu A. baumannii, AKui npo-
ABNABCA Yy NocnabfieHHi pe3ncTeHTHOCTi bGaKTepilt go
uedTasnanmy. MoKasHMKM YyTAMBOCTI A0 aHTUMBIOTUKIB
KNiHIYHUX NONIPE3UCTEHTHMX LWITAMiB aLMHeTobaKTepin
(MIK Ta MBuK) 6e3 nonepegHboro BNAMBY CTPymy Ta
nicnsa Moro Aji 3a3HayeHo y Tabauui 3. Ons MJ/IC wTa-
miB A. baumannii 6yno BU3HAYEHO BMCOKiI KOHLEHTpaUii
MIK Ta MbuK. be3 nonepeaHboro BNAMBY CTPyMy 3Ha-
yeHHa MIK uedTasmammy BM3HAYMAM B cepeaHbOMy
541,67+160,29 mkr/mn, MBuK — 1166,67+278,89 mkr/

Tabnuua 1 — Bname cTpymiB HU3bKOT iIHTEHCMBHOCTI 63 30BHILLHIX AXKepen KUBNeHHA Ha pedepeHTHI Ta
KAiHiYHi wtamum Acinetobacter baumannii B ymoBax i30TOHIYHOIO pO34MHY

BuxigHi NOKasHUKK 24 rop, 48 rop,
LTamu mikpoopraHismis KF)HLI,eHTpaLI!iH Cuna K.OHLI,EHTpaLI,.iH Cuna K.OHLI,EHTpaLI,.iﬂ Cuna cTpy-
MIKPOBHUX TiN,| CTpyMmy, |[MiKPOBHUX Tin,| CTPyMy, |MiKPOBHMUX Ti, MY MKA
oor MKA oor MKA oor L
Acinetobacter IHmakmHe cepec?oeuu,ge 20 - 1,6+0,4 - 1,7+0,3 -
baumannii ATCC 15151 | SMPYMU HU3LKOI ' 46-50 | 0,9:0,6* | 36-40 | 1,1:0,2* 24-30
iHmeHcugHocmi
Acinetobacter I:maKmHe cepeqoeuwe 50 - 1,6£0,7 - 1,910,4 -
baumannii (n=19) MpymU HU36KO! ' 46-50 1,1¢0,5 38-40 | 1,240,2* 27-31
IHmeHcugHocmi

MpumiTtkKn: * — 4OCTOBIPHA PI3HULA MiXK NOKa3HWKaMM, OTPUMAHUMM B IHTAKTHOMY CEpPeAoBULLi Ta 3a YMOB Aii CTPYMY HU3bKOI iHTEHCUMBHOCTI
6e3 30BHILLHIX Axepen skuBaeHHs (p<0,05); ** — nocToBipHa Pi3HMLA MiXK NOKa3HMKAMM, OTPMMAHUMK B IHTAKTHOMY CEPELOBUILLi Ta 38 YMOB Aii
CTPYMY HU3bKOT iIHTEHCUBHOCTI 6€3 30BHiLLHIX AxKepen )usneHHs (p<0,01).
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Tabnuua 2 — Bname cTpymiB HU3bKOIT iIHTEHCUBHOCTI 6€3 30BHILLHIX AXKepen }KUBNEHHA HA pedepeHTHI
Ta KNiHivHi wramu Acinetobacter baumannii B ymoBax m’aco-nenToHHOro 6ynbAoHy

BuxigHi nOKasHUKK 24 rop, 48 rop,
LLITamu MiKpOOpraHiamis Konuentpauia|  Cuna | KoHueHTpauis | Cuna |KoHueHTpauis| Cuna
MIKPOOHUX Tin,| CTPyMy, |MIiKPOBHUX TiA, | cTpymy, | MIKpOBHUX | cTpymy,
oor MKA oor MKA Tin, OO MKA
Z\C"”et"b({?t” IHMaKkmHe cepedosuuie 50 - 6,3%0,5 = 6,5+0,7 -
aumann ,
ATCC 19151 Cmpymu HU3bKOT iHMeHCuBHOCMI 54-60 5903 | 44-48 | 58:04* | 30-40
Acinetobacter IHmakmHe cepedosuwye 20 - 6,60,2 - 6,7+0,7 -
baumannii (n=19)| Cmpymu Hu3bKoi iHmeHcusHocmi ’ 54-60 6,240,6 43-47 5,7+0,4* 31-39

MpumitkK: * — goCTOBIPHA PI3HULA MK MOKa3HUKaMM, OTPUMAHUMMN B iIHTAKTHOMY CepefoBULLi Ta 32 YMOB Aii CTPYMY HU3bKOT iIHTEHCUBHOCTI
6e3 30BHiLLHIX AxKepen KuBneHHs (p<0,05); ** — nocToBipHa PiSHULA MiXK MOKa3HUKAMM, OTPUMAHMMM B iHTAKTHOMY CepeoBULL Ta 33 YMOB fii
CTPYMY HU3bKOI iHTEHCMBHOCTI 6€3 30BHILLHIX Axepen KuBneHHa (p<0,01).

mn. ObpobKa CTpymMOM 3HM3MAA CTIKKiCTb AocChi-
[O)KYBaHUX WTamiB NpubausHo y 4 pasu. CepeaHi
MIK uedTtasmgumy pocTtosipHo (p<0,001) 3meH-
wuancb npnbnumsHo y 3,38 pasu i gopisHOBaAM

Tabnuua 3 — YyTausicTb NoNipe3snCTeHTHUX WTamis
Acinetobacter baumannii po aHTM6ioTUKIB nicna Aii ctpymy
HM3bKOI iIHTEHCUBHOCTI 6€3 30BHiLLHIX AXKepen }KUBNEeHHA

B NpoLeci KyNbTUBYBAHHSA

135,42+40,07 mkr/mn, a MBuK —y 4,18 pa3u i cta-
HOBMAK B cepeaHbomy 291,67+69,72 mKr/mn. Ledprasnaum

3arposa CTiiKOCTi A0 aHTMOIOTUKIB MepecTae
6YTW NPOrHO30M Ha MalibyTHe. Lle BinGysaeTbea MIK MIK MBuK _ MBuK
BXKE 3apa3 Y KOMHill KpaiHi i moXe BNAUHYTU Ha 6es aii croymy ;g Aii ctpymy, 6es aii crpymy | nicaa Al cTpy-

. g (KoHTpONb), (KoHTpOIb), my,

KOXKHY NtoamHy byab-sikoro Biky. BOO3 3acTepirae, MKF/MA MKr/mn MKr/mMn MKr/mn
WO Y NtoAen modxKe 3anmwmtuca we 1-2 agecatm-
NITTA ANA BUKOPUCTaHHA iCHYOYMX aHTMBIOTKMKIB, | 541,67+160,29 | 135,42+40,07* | 1166,67+278,89 | 291,67+69,72*

TOMY iCHYE rocTpa HeobxigHicTb y po3pobui HoBUX
edeKTUBHUX aHTMbaKTepianbHUX cTpaTerin. bara-
ToObiusAUYMMK € cTpaTeril i3 BUKopUCTaHHAM i-
3UYHUX METOAIB BN/ANBY Ha PE3UCTEHTHI MiKpOOp-
raHi3MM i3 MOX/IMBICTIO 3aCTOCYBaHHA ANA MeANYHUX Ta
eKonoriyHux uinen [11-14].

Ha nepwomy etani gocnigXeHHa My 4ianm cTpyma-
MW HU3bKOI iIHTEHCUBHOCTI (cnna cTpymy— 54-60 MKA, Ha-
npyra — 0,02-0,04 B) 6e3 30BHilLHIX AKepen KMBAEHHA
Ha NAIAHKTOHHI popmun A. baumannii 'y pisHUX cepesoBu-
wax (disionorivHomy posumHi Ta MIMB) npotarom 24-48
rog, Wo nNpu3BoamIo Ao ix 3armbeni, yTBOpeHHs ocagy i3
MIKPOOpPraHiamiB, i AK HACNIAOK, 3HUKEHHA KOHLEHTpa-
Lii *KUTTE3AATHMX BaKTepin. MolwKoaKeHHA baKkTepin nig
[OIEI0 @NeKTPUYHOTO CTPYMY, LLLO MPU3BOANUTL A0 X 3aru-
6eni, Bigome fAK ABMLLE HE3BOPOTHOI enekTponopawi, i
MOJe BMKOPUCTOBYBATUCL MPU Bifibl CUAbHUX CTPYMAX
KOPOTKOI TPUBaNoOCTi AnAa aesiHpekLUii pisHUX cepeno-
BWLL,, HAaMPWKAAZL NUTHOI BOAM, PiAKMUX NPOAYKTIB Xapyy-
BaHHA [15-17].

Hamn BMABNEHO 3HAYHWUM UMAHUA edEKT CTPyMmiB
HU3bKOI IHTEHCUBHOCTI (MiKpoamnepHoro cTpymy), WO
BaXX/IMBO A1 MEeAMYHOro 3aCTOCYBaHHA, NMPOTM aKTy-
aNnbHUX WTamis A. baumannii 3 03HaKaMN MHOXUHHOI
nikapcbKoi cTirikocTi (M1C). Naomi Lesmana Putri 3 Ko-
Neramm TakoX BMBYAN BNAMB HU3bKOi €N1€KTPUYHOIT Ha-
npyru B miniamnepHin Wkani Sk MeTof, 3HULLEHHA bak-
Tepint A. baumannii 3 03HaKaMN MHOXKWHHOT NiKapCbKoi
CTiKoCTi Ta 6e3 Hux. [locnigHUKM BUMKOPUCTOBYBaU
cuny ctpymy 1 mA, 2 mA, 5 mA ta 10 mA 1a 0,5 B 3 yacom
MOHITOpUHry 30 XBUAUH, 2 rTOANHWU Ta 4 roanHW Ta Npu-
MWW A0 BUCHOBKY, WO cuna cTpymy 5 MA Ta TpuBanictb
30 XBUAWH € ONTUMANIBHUMM ONA 3MEHLIEHHA KOHLEH-
Tpauii MN1IC A. baumannii Ta 6e3 o3Hak MJ1C [18].

Ha HacTynHoMy eTani Hamu 6yn10 BUABNEHO 3HAYHUI
bioenekTpuUHUIA edekT, To6TO NiABULLEHHS YYTANBOCTI
pesncTeHTHUX wWTamiB A. baumannii po uedrasmanmy
nicna nonepeaHbOro BNAMBY AOCNIAXKYBaHOMO GisUYHO-
ro ¢paktopa. MexaHiamamu gji 6ioenekTpuyHOro epekTy

Mpumitka: * — focToBipHa Pi3HMLA MiXK NOKasHMKaMM, BU3HayeHUMM 6e3 no-
nepeaHbOro BMNAMBY CTPYMY Ta Micas Ail CTPyMy HU3bKOI iIHTEHCUBHOCTI 6e3 30B-
HiLWHIX Axepen ueneHHn (p<0,001).

BM3HaAYaloTb eflekTpodopes, ioHodpopes Ta eneKkTporno-
pes, Wo A03BOAAE A0/1aTV bap’epu KNITUHHOI CTiIHKM Ta
6iomacwu bionnisku [19].

AIK 3a3HavatoTb Sasa Haberl Megli¢ 3 koneramu y
CBOEMY HELL0A3BHbOMY AOCNIAMEHHI iHAaKTMBaujii pe-
3UCTEHTHUX wWTamiB E. coli wnaxom enektponopaii,
y 6aratbox aocnigrkeHHax 6yno npoaeMOHCTPOBAHO
iHaKTUBaLto GaKTepili 33 4ONOMOro enekTponopaldii,
ane pifKo BUMKOPUCTOBYBAIUCH KAiHIYHI aHTUBIOTMKM Ta
6aKTepii, WO A0 HUX CTiKKi. JocniaHNKM 3acTOCOBYBann
YOTUPU Pi3Hi Hanpy*KeHOoCTi enekTpuyHoro noasa (5, 10,
15 i 20 kB/cm) ans enekTponopauii i 3a3HayaloTb, LLO
eneKkTponopaLis epeKTMBHO NOCUNIOE Ait0 aHTUBIOTUKIB
Ta iHaKTUBYE CTiliKi 6aKTepii. [o Toro K, aBTopu nigKpec-
JIIOIOTb, WO eNleKTponopaLia Mae binbl TpuBanuit epexT
(mo 24 roamH), wo pobuTb bakTepii BpasAMBMMK NpPoTA-
rom 3Ha4Horo yacy [15].

BucHoBKM.

CTPYMM HU3bKOT iHTEHCUBHOCTI (MiKpoamnepHi cTpy-
MW) CMPUYMHIOIOTb 3HAYHUIN LIUAHUIA ePEeKT NPOTH aKTy-
aNbHUX WTamiB A. baumannii 3 03HaKaMM MHOMMHHOT
NiKapCbKoIi CTIMKOCTI.

ENeKTpMUYHMI CTPYM HU3bKOT iHTEHCMBHOCTI 6e3 30B-
HILWHIX AXKepen XKMBNEHHA NiABULLYE YYTAMBICTb Nonipe-
3UCTEHTHUX WTamiB A. baumannii po aHTUbioTUKIB Yy 4
pa3u (bioenekTpuyHmit edekT), To6To Nocnabnioe ix aH-
TUBIOTMKOPE3UCTEHTHICTb.

MepcnekTMBKM NOAANBLUNX AOCNIAMKEHD.

OuiKy€eTbCA, WO OTPMMaHI AaHi NONErwyTb BUKOPHK-
CTaHHA bioenekTpuyHoro edekty ana NpodinakTnkm Ta
NiKyBaHHA iHQEKLiMHMX YCKNaAHEHb paH, ONiKiB, 30HM
XipypriYHOro BTPYy4YaHHA, BUKJAMKAHWUX PE3UCTEHTHUMMU
WwTamamu A. baumannii.
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BMN/INB MIKPOAMMNEPHOIO CTPYMY HA KANIHIYHI WUTAMW ACINETOBACTER BAUMANNII 3 O3HAKAMMU
MHOXWHHOI NIKAPCbKOI CTIMKOCTI TA MPOAB BIOEJIEKTPUYHOIO EDEKTY

Haszapuyk O. A., be6uk B. B., OeHucko T. B., Hasapuyk I. I, MapxomeHKo O. .

Pe3stome. BcecBiTHA opraHisalisi OXOpOHM 340p0OB’A 3acTepirae, Lo y Alo4ein moxe 3annwmtucs we 1-2 geca-
TUNITTA AN BUKOPUCTAHHA iCHYOUNX aHTUBIOTMKIB, TOMY iCHYE rocTpa HeobxigHicTb y po3pobLi HOBUX eheKTUBHMUX
aHTMbaKTepiaNbHMX cTpaTerii.

Mema — pocnipxeHHA aHTMbBaKTepiaNbHOI Aii MiKpoamnepHOro cTpyMy 6e3 30BHILLHIX AXKepesn KMUBAEHHA Ha
wramm A. baumannii 3 MHOXUHHOIO fliKapcbKoto CTinKicTio (MJIC), a TaKoXK BNAMBY LbOro ¢isMYHOro YMHHMKA Ha
YyTAMBICTb BaKTepili 40 aHTUBIOTUKIB.

06’ekm | memoOdu 0ocniorweHHA. [JocniaKeHHA BNAMBY MIKPOAaMMepHOro CTPYMy Ha cycrneHsii pepepeHTHoro
Ta KNiHiyHux MJ1IC wramis A. baumannii (n=15) npoBoauAM y cepefoBuLLi i30TOHIYHOrO PO3YMHY XJI0pPUAY HATpIO
Ta m’sico-nenToHHOro bynblioHy (MIMB) i3 noganbWMm cNeKTPOPOTOMETPUYHUM BUMIPHOBAHHAM ONTUYHOT F'YCTUHM
(OT) uepes 24 1a 48 roguH iHKy6auji npy 37°C nig gieto ctpymis. Cuna cTpymy y ¢isionoriyHoMy po3umHi cTaHOBKUAA
46-50 MmKA, y MINB — 54-60 MKA. TaKoX OL,iHIOBAIM 3MiHY YYTIMBOCTI MiKpOOpraHiamis 4o uedprasmanmy, s 4oro
BM3Ha4aM MiHiManbHi iHribytodi Ta 6akTepuumaHi KoHueHTpauii (MIK Ta MBuK) go Ta nichs snamey ¢isnyHoro
dakKTopa.

Pe3ynomamu. Moka3Hnkm OOT nicna aii cTpymiB B i30TOHIYHOMY PO34YMHi Ha pedepeHTHUI WwTam A. baumannii
ATCC 15151 pocToBipHo (p<0,05) Bigpi3HANMUCH Bif 3Ha4YeHb 6e3 BnamBy cTpymy y 1.7 Ta 1.55 pasu Ha 24 Ta 48 rog.
[Lia cTpymiB Ha KNiHIYHI WTamn He Aana AOCTOBIPHOrO 3MEHLUEHHA KOHLEHTPaUii KNiTUH Ha 24 roa, npoTe Ha 48
rog 3HayeHHs OOT ctaHoBuno 1,2+0,2 i goctoBipHO (p<0,05) 6yno meHwWMM 3a Take 6e3 gii ctpymy (O0r=1,9+0,4,
= 1.52x10° KYO/mn) Ha uei yac cnoctepexeHHsa. Mia Aielo CTPYMIB KOHLUEHTPaLA KAITUH KAIHIYHUX WwTamis A.
baumannii y MINB Ha 48 rog fAoCTOBIpHO 3MeHwyBanacb (00r=5,7+0,4, = 4.56x10° KYO/mn) y 1.18 pasu (p<0,05)
woao HeobpobneHux cycneHsin A. baumannii. Takox 6yno BMUABAEHO CTAaTUCTUYHO 3HAYYLLMA BioeneKTPUYHUI
edeKT nicna nonepeaHboOi Aji MikpoamnepHux cTpymis Ha MJIC wtamn A. baumannii, AKNMA NPoABAABCA y Nocna-
61eHHi pesncteHTHOCTI BaKkTepil Ao uedTasnammy. bes nonepegHbOro BNAMBY CTPymy 3HauyeHHA MIK uedtasmammy
BM3HauYMAM B cepegHbomy 541,67+160,29 mrr/mn, MBuK — 1166,67+278,89 mkr/mn. CepeaHi MIK uedrasmgumy
noctosipHo (p<0,001) 3meHwmnancs npubausHo y 3,38 pasu i gopisHioBanu 135,42+40,07 mkr/mn, a MBuK —y 4,18
pasu i cTaHoBUAM B cepeaHbomy 291,67+69,72 mKr/mn.
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BucHosKu. CTPYMU HU3bKOT IHTEHCMBHOCTI CMPUUYNHIOIOTL 3HAYHWUIN LMAHUI edeKT WoA0 aKTyasibHUX Nosipesnc-
TEHTHUX WTamiB A. baumannii Ta NiABULLYIOTb X YyTAUBICTb A0 aHTUBIOTUKIB.
Kno4oBi cnoBa: MHOMKMHHA JliIKapcbKa CTilKicTb, A. baumannii, MikpoamnepHuUin CTpym, bioenekTpuYHui edexr.

EFFECT OF MICROAMPERE CURRENT ON CLINICAL STRAINS OF ACINETOBACTER BAUMANNII WITH MULTIPLE
DRUG RESISTANCE AND THE MANIFESTATION OF THE BIOELECTRIC EFFECT

Nazarchuk O. A., Bebyk V. V., Denysko T. V., Nazarchuk H. H., Parkhomenko O. G.

Abstract. The World Health Organization warns that humanity may have only 1-2 decades left to use existing
antibiotics, highlighting the urgent need for the development of new effective antibacterial strategies.

Aim — to investigate the antibacterial effect of microampere current without external power sources on A. bau-
mannii strains with multidrug resistance (MDR) and to assess the impact of this physical factor on bacterial suscep-
tibility to antibiotics.

Object and research methods. The effect of microampere current on suspensions of reference and clinical MDR
A. baumannii strains (n=15) was studied in an isotonic sodium chloride solution and meat-peptone broth (MPB),
followed by spectrophotometric measurement of optical density (OD) after 24 and 48 hours of incubation at 37°C
under the influence of currents. The current intensity in physiological saline was 46-50 A, while in MPB it ranged
from 54-60 pA. Changes in bacterial susceptibility to ceftazidime were also evaluated by determining the minimum
inhibitory and bactericidal concentrations (MIC and MBC) before and after exposure to the physical factor.

Results. The OD values after exposure to currents in an isotonic solution for the reference strain A. baumannii
ATCC 15151 significantly (p<0.05) differed from those without current exposure, decreasing by 1.7 and 1.55 times at
24 and 48 hours, respectively. The effect of currents on clinical strains did not result in a significant reduction in cell
concentration at 24 hours; however, at 48 hours, the OD value was 1.240.2, significantly (p<0.05) lower than that
without current exposure (OD=1.9+0.4, =~ 1.52x10° CFU/ml) at this observation point. Under the influence of cur-
rents, the cell concentration of clinical A. baumannii strains in MPB at 48 hours significantly decreased (0D=5.7+0.4,
= 4.56x10° CFU/ml) by 1.18 times (p<0.05) compared to untreated A. baumannii suspensions. A statistically signif-
icant bioelectric effect was also observed following prior exposure of MDR A. baumannii strains to microampere
currents, manifested by a decrease in bacterial resistance to ceftazidime. Without prior exposure to current, the MIC
value of ceftazidime was determined to be an average of 541.67+160.29 pg/ml, and the MBC was 1166.67+278.89
ug/ml. The average MIC of ceftazidime significantly (p<0.001) decreased approximately 3.38 times to 135.42+40.07
ug/ml, while the MBC decreased 4.18 times, averaging 291.67+69.72 ug/ml.

Conclusions. Low-intensity currents exert a significant bactericidal effect on clinically relevant multidrug-resist-
ant A. baumannii strains and enhance their susceptibility to antibiotics.

Key words: multidrug resistance, A. baumannii, microampere current, bioelectric effect.
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