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ne of the crucial criteria for probiotics evaluation is their property of antibiotic resistance, which should
Obe characteristic for the selection of the promising strain for production technology. But these properties

are capable of significantly varying, for example, their loss may occur during technological passages, and
acquired resistance (plasmid) may be present. Plasmid resistance appears due to the presence of R-plasmids and
can occur during antibiotic therapy, chemotherapy, and radiation therapy.

This paper presents the results of determining the sensitivity of the enterococcus strain isolated from the probi-
otic "Linex" and enterococci isolated from newborn children before and after cultivation in cell cultures, which were
used as a model. It was established that after the cultivation of a probiotic strain of Enterococcus faecium and the
clinical strain of Enterococcus faecalis in human and animal cell cultures, there are changes in the strain's diameters
of the growth inhibition zones around the disks with antibiotics, which may indicate a reversal of their sensitivity and
resistance to antibiotics.
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PEBEPCIA YYTJ/IUBOCTI LULTAMIB
EHTEPOKOKIB 0O AHTUBIOTUKIB

NMPU IX KYJIbTUBYBAHHI B KYJIbTYPAX
KJITUH NioaAnHnN | TBAPUH
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PAKTEPUCTUKOIO BIAGOPY NepCrnekTUBHUX A1 BUPOGHMYOI TEXHOAOrIT LUTAMIB. Ane Ui BAAGCTUBOCTI 34ATHI 4O

3HAYHOro BAPIKOBAHHS, HAMPWKIGH, MOXe BiA6YBATUCS iX BTPATA MPU TEXHOMOMYHMX MACAXAX, A60 MOXe
6YTU MPUCYTHS TAK 3BAHA HABYTA PE3UCTEHTHICTb (Mna3migHa). MiasmigHa pe3UCTeHTHICTb 3yMOBIEHA MPUCYTHICTIO
R-rnnasmig 1a Moxe BUHUKATY Mpu QHTUGIOTUKOTepAril, XiMioTeparii, MpOMeHeBIV Teparil MaKpOOPraHI3My.

Y po60Ti npencrasneHo Pe3ynbTaTh BU3HAYEHHS YyT/IMBOCTI LUTAMY €HTEePOKOKY, BWAOIIEHOro 3 npenaparty-
npo6iotnka «JliHekc», T eHTePOKOKIB, I30/1bOBAHMX Bif HOBOHAPOLAXEHUX OiTeM, Mpwn IX KYAbTUBYBAHHI Y Ky/bTYPAX
KNITWH, SIKI CIyryBaayM MOLETIO MAKPOOPIaHI3My. BecTtaHoBneHo, wo nicnis KynbTuBYBAHHS MPOGIOTUYHOMO LUTAMY
eHTepokokiB Enterococcus faecium Ta kniHiyHoro wramy Enterococcus faecalis y KynbTypax KIITWH JTIOANMHN T
TBAPWH BIAGYBAKOTLCS 3MIHW Y [PO3MIPAX 30H 3ATPUMKM POCTY LUTAMIB HOBKOJIO AUCKIB 3 AHTUGIOTUKAMM, LLIO MOXe
BKQ3YBATU HQA PEBEPCIIO IX YYT/IMBOCTI TA PE3UCTEHTHOCTI 4O QHTUGIOTHKIB.

Knto4osi cnoBa: eHTepOKOKM, QHTUGIOTUKY, PEBEPDCIS, KYIbTYOU KITITUH.

O,E{HVIM i3 KpuTEPIiB OLIHKM MPOGIOTHKIB € BIACTUBICTb IX AHTUGIOTUKOPE3NCTEHTHOCTI, O MOBMHHA 6YTHU XA~
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odetermine the natural sensitivity of enterococ-
I cal strains isolated from the probiotic prepa-
ration and enterococci isolated from newborn
children, the method of determining the sensitivity of
bacteria and fungi to antibiotics when cultivated in
human and animal cells was used (1). Usually, diagnos-
tic laboratories use the standard disk-diffusion meth-
od for determining the sensitivity of microorganisms to
antibiotics. But it is known that when microbial cells
interact with cells of a macroorganism, the adhesive
properties of bacteria can change, which could lead
to a change in the antimicrobial sensitivity of bacteria.
The phenomenon of reversal of sensitivity to antibiot-
ics was first discovered in lactic acid bacteria during
their interaction with human lymphoblastoid cells.

The purpose of the research was the determination
of the natural sensitivity of clinical strains of entero-
cocci isolated from newborn children and the strain of
enterococci isolated from the probiotic drug "Linex"
during cultivation in cell cultures.

The objects of research were strains of enterococ-
ci of the Enterococcus faecalis species, isolated from
the biotopes of newborn children (navel, stomach
contents, intestinal contents) and the strain of entero-
cocci — Enterococcus faecium, isolated from the pro-
biotic drug "Linex". Enterococcal agar and Muller-Hin-
ton agar were used to preserve the biological activity
of the studied strains. The presence of changes in the
sensitivity of the strains was studied after their cul-
tivation in cell cultures: HEp-2 — human tumour cell
line; BHK — Syrian hamster kidney cells; MDCK — dog
kidney cells; RK-13 — rabbit kidney cells. A suspension
of cells of the studied bacteria (at a concentration of
1.0x108 CFU/ml — 0.5 units according to the McFarland
standard) was inoculated into tissue cultures. Suscep-
tibility to antibiotics was studied before cultivation in
cell cultures (initial) and after (final) using commercially
produced discs ( HiMedia, India; "Aspect”, Ukraine).

Research materials and methods. Microorganism
strains: Enterococcus faecium, isolated from "Linex"; clin-
ical strain Enterococcus faecalis isolated from newborn
babies. Cell cultures: HEp-2; BHK; MDCK; RK-13. RPMI-1640
medium for growing cell cultures without the addi-
tion of antibiotics. Nutrient media for enterococci and
determining antibiotic sensitivity: enterococcal agar,
Muller-Hinton agar. Disks with antibiotics manufac-
tured by Himediag, India and "Aspect", Ukraine, registered
in Ukraine: aminoglycosides (gentamicin, amikacin);
cephalosporins (ceftazidime, ceftriaxone, cefuroxime,
cefepime); vancomycin, linezolid, amoxicillin; oxacillin,
benzylpenicillin; macrolides — azithromycin; tigecycline,
lincomycin, clindamycin, furazidin; fluoroquinolones (ci-
profloxacin, levofloxacin). The disc-diffusion method
was used for the study. Control was carried out with
standard test cultures: Escherichia coli 25922, S. aureus
ATCC 25923 and P. aeruginosa ATCC 27853. Depending
on the diameter of the growth inhibition zone of the test-
ed bacteria around the discs with antibiotics, the stud-
ied strains were divided into three groups: sensitive — S;
resistant — R, and intermediate — I.

Results and discussion. The investigated strain of
Enterococcus faecium was pre-cultivated on entero-
coccal agar, the isolated colony was selected and
screened on simple nutrient agar in a test tube. The
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culture grown after 24 hours of incubation in a ther-
mostat at a temperature of +37 °C was used to study
its sensitivity to antibiotics. A suspension of cells of the
studied bacteria (at a concentration of 0.5 Mcfarland
units) was inoculated on the Muller-Hinton medium,
and discs with antibiotics were applied. Growth in-
hibition zones were measured after 18-24 hours. The
obtained data are listed in Table 1.

Table 1. Susceptibility to Enterococcus faecium ("Linex")
Name of antibiotics Growth inhibition in mm
vancomycin 28 S
linezolid 28 S
ciprofloxacin 19 [
ceftazidime 0 R
cefuroxime 0 R
amoxicillin 0 R
benzylpenicillin 0 R
oxacillin 0 R
lincomycin 12 R
clindamycin 14 R
gentamicin 10 R
ceftriaxone 0 R
cefepime 0 R
amikacin 1 R
tigecycline 28 S
furazidin 20 S
azithromycin 15 R
levofloxacin 14 R
R - resistant; S — susceptible; | - intermediate

The investigated strain of Enterococcus faecium
was resistant to 13 antibiotics: 3rd generation
cephalosporins: ceftazidime, cefuroxime, ceftriaxone;
4th generation — cefepime; also to amoxicillin,
benzylpenicillin, oxacillin, lincomycin, clindamycin,
2nd and 3rd generation aminoglycosides: gentamicin
and amikacin; to macrolide — azithromycin.
Sensitivity was found to vancomycin, linezolid,
tigecycline and furazidin. Enterococcus faecium was
moderately resistant to ciprofloxacin and resistant to
levofloxacin.

Enterococcus faecium, isolated from enterococ-
cal agar and previously grown on nutrient agar in a
test tube, was used for introduction into cell cultures.
Next, the Enterococcus faecium strain was inoculated
in cultured monolayer cell lines for 24 hours. For this
purpose, a 1 cm? suspension of microorganisms (at a
concentration of 1.0x108 CFU/ml — 0.5 units according
to the McFarland standard) was inoculated into cell
cultures and cultivated in RPMI-1640 medium without
the addition of serum and antibiotics in a thermostat
at a temperature of 37 °C.

As a control, a suspension of Enterococcus faecium
was used (at a concentration of 0.5 units according to
the McFarland standard).
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Table 2 shows the zones of growth inhibition after
passage through cell cultures.

E.faecium was re-isolated from the cell cultures after
24 hours of incubation and it was studied whether the in-
dicators of sensitivity to antibacterial drugs had changed.

Table 2. Sensitivity of Enterococcus faecium As can be seen from the table, the growth inhibition

after passage through cell cultures zone of E.faecium after passage through cell culture

5 £ o © - HEp-2 increased by 2 mm to vancomycin, by 4—6 mm to

z ° g 5 £ = linezolid, by 5-6 mm to ciprofloxacin (from | to S); E.fae-

8 g B 8 E_, 5 cium remained stably resistant to ceftazidime, cefurox-

g £ 5 8 8 § ime and amoxicillin. After passage through the culture of

Zones of growth inhibition in mm BHK cells, the parameters did not change, with the ex-

1 HEp-2 | 30 34 25 0 0 0 ception of sensitivity to ciprofloxacin, which increased by

2 BHK 28 30 W 0 0 0 2 mm, thus from moderately sensitive E.faecium became
3 MDCK 30 34 2 0 0 0 sensitive (from | to S)

4 RK-T3 30 % 25 0 0 0 In MDCK and RK-13 cell cultures, an increase in the

diometers of the growth inhibition zone of E.faecium
was also noted by 2 mm to vancomycin, by 4-6-8 mm
to linezolid, by 67 mm to ciprofloxacin (from | to S); to
ceftazidime, cefuroxime and amoxicillin, E.faecium re-
mained stably resistant as well.

The next stage of research was to determine the sen-

Table 3. Comparison of the sensitivity of E.faecium sitivity of the clinical strain of E. faecalis before and after
before and after passage through cell cultures passage through cell cultures.
= £ ° o c Analysis of the data provided in Table 4 showed
% ° g .S £ = that in the case of passaging through RK-13 cell cul-
8 g B 3 g 5 ture, two zones of growth inhibition of the E.faecalis
g £ g S 3 § strain were formed. Colonies enterococci of the first zone
Zones of growth inhibition in mm of E.faecium before passage have changed their sensitivity to 2nd and 3rd genera-
8 | 28 19 0 0 0 tion cephalosporins: ceftazidime, cefuroxime, and cef-
Zones of growth inhibition in mm. E faecium after passage trlcxong fc.)r. moderote resistance. E.faecql/s anes of
1 HEp-2 | 30 3 2 0 0 0 growth inhibition decreased by 8—9 mm to linezolid (that
is, it turned from sensitive to moderately resistant); by
2 BHK 28 30 22 0 0 0 . . .
5-6 mm to ciprofloxacin (from S to | as well). In relation to
3 MDCK 30 34 26 0 0 0 . . . . .
the strain remained sensitive to vancomycin, amoxicil-
4 RK13 30 36 2 0 0 0 lin, and tigecycline; to amikacin, it is still stably resistant.
Table 4. Comparison of the susceptivity of E.faecalis before and after passage through cell cultures
vankomycin ‘ linezolid ‘ ciprofloxacin ‘ ceftazidime ‘ cefuroxime ‘ ceftriaxone ‘ amicacine ‘ tigercycline ‘ amoxicicline
Befopre passage
1090:0]0 | 2986:004 | 2168:032 | 2080:033 | 2680:033 | 2623118 | 100W131 | 24450164 | 3570030
After passage
1| HEp-2 20 32 22 22 30 980+0,22
2 | BHK 22 32 20 26 3 10,31£0,69 36
3 | MDCK 20 30 20 18 (12) 30 965+0,35 40
4 | RK-13 | 20,00£0,01 | 2145£0,12(10) | 16,25t0,75 | 1498+0,12(8) | 1516#131(8) | 2396£1,25(7) 6,80£0,47 25,660,883 40,03+0,06
Table 5. Indicators of sensitivity of the clinical strain of E.faecalis to antibiotics before and after cultivation in RK-13 cell culture
Name of antibiotics Before cultivation After cultivation
Zone of growth inhibition (mm) ‘ Sensitive or resistant | Zone of growth inhibition (mm) ‘ Sensitive or resistant
Colonies of the first zone
Amoxicillin 35.70£0.30 sensitive £40.03+0.06 sensitive
Amikacin® 10.011.31 resistant 6.80£0.47 resistant
Cefuroxime (Il) © 173610.64 sensitive 15.161.31 moderately resistant
Ceftriaxone (lll) ° 26.23%118 sensitive 2396%1.25 moderately resistant
Ceftazidime (lll) ° 26.80+0.33 sensitive 1498+0.12 moderately resistant
Vancomycin 1990+0.10 sensitive 20.00£0.01 sensitive
Linezolid ° 298610.14 sensitive 21.45£0.12 moderately resistant
Ciprofloxacin ° 21.68+0.32 sensitive 16.25£0.75 moderately resistant
Tigacil 24.45+1.64 sensitive 25.6610.88 sensitive
Colonies of the second zone
Cefuroxime (Il) °* 17.3620.64 sensitive 8.16%1.31 resistant
Ceftriaxone (lIl) ** 26.23+118 sensitive 696£1.25 resistant
Ceftazidime (lll) * 26.80+0.33 sensitive 798+0.12 resistant
Linezolid °* 29861014 sensitive 945:0.12 resistant
1. p<0.05. 2. — antibiotics to which E.faecalis showed stability. 3.° — antibiotics in relation to which reversion occurred
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Colonies of the second zone due to reversion changed
their sensitivity to resistance to drugs ceftazidime, cefu-
roxime, ceftriaxone and linezolid..

Colonies of the first zone of enterococci changed
their sensitivity to 2nd and 3rd generation cephalospo-
rins: ceftazidime, cefuroxime, ceftrioxone to moderate
resistance. Zones of growth inhibition of E. faecalis de-
creased by 8-9 mm to linezolid (that is, they turned from
sensitive to moderately resistant); by 5-6 mm to cipro-
floxacin (from S to | as well). The strain remained sensitive
to vancomycin, amoxicillin, and tigecycline; stably resis-
tant to amikacin.

Colonies of the second zone due to reversion changed
their sensitivity to resistance to the drugs ceftazidime,
cefuroxime, ceftriaxone and linezolid.

Conclusions. After the cultivation of enterococcal
strains in transplanted cultures of animal and human
cells, their sensitivity to antibiotics was changed. This
property has been found to be unstable: after passag-
es, the sensitivity and resistance of the studied microor-
ganisms are reversed. The same processes can occur in
the human body and lead to ineffective treatment with
antibiotics, the sensitivity to which is determined by tra-
ditional methods.

Literature

1. Yegorov D. P, Rybalko S. L., Grigor'eva S. M., Starosila D. B., Shirobokov
V. P. Changes in sensitivity to antibiotics in bacterial strains during
their co-cultivation with human and animal cell cultures // MpeseH-
TMBHA MeauumHa. Teopis | mpakTuka., 2023, — 2(2), C. 24-27.

2. Rybalko S. L., Pokas Ye. V., Dieyev V. A., Liaskovski T. M., Furzikova T.
M., Diadiun S. T., lvanskaya N. V., Nastoyashcha N. I., Verkhatsky P.
P., Salkov S. T. Antibiotic resistance changes in strains of bacteria
and yeast-like fungi following their growth in established cell lines of
human and animal origin // ISSN 0233-7657. Biopolymers and the
cell. 2006. - V. 22. N2 5.

BigomocTi npo aetopiB:

3. Rybalko S. L., Liaskovski T. M., Podgorskyi V. S., Harmasheva |. L.,
Kovalenko N. K. Reversal of antibiotic sensitivity of lactic acid
bacteriae in transplanted cultures of human lymphoblastoid cells.
Microbiological journal. 2006. V.68, N26. P. 43-51;

4. Rybalko S. L., Pokas Ye. V., Dieyev V. A., Liaskovski T. M., Diadiun S.
T., Saenko V. F. The method of changing antibiotic resistance of
enterobacteria to antibiotic sensitivity. Ukrainian patent for a utility
model N2 20587 dated 15.01.2007year.

5. Anvar Y., van Biesen M., Dasgupta K. Ineraction of biofim bacteria
with antibiotics in a novel in vitro chemostat system. Antimicrob.
Agents Chemother. 1989. 33, P. 1824-1826.

6. Anvar H., Costerton J. W. Effective use of antibiotics in the treatment
of bioflm-associated infections. ASM News, 1992. 58, P. 665-668.
7.Gilbert P, Collier J., Brown M. R. Influence of growth rate on
susceptibility to antimicrobial agents: biofilms, cell cycle, dormancy,
and stringent response. Antimicrob. Agents Chemother. 1990. 34, P.

1865-1868.

8. Costerton J., Cheng K.-J. Geesey G. G., Anvar H. Bacterial biofilms in
nature and disease. Ann. Rev. Microbiol. 1987, 41. P. 435-464.

9 Gilbert P. Attachment and biofim formation: the critical event in
microbial pathogenesis. J. Pharm. Pharmacol. 1997, 49. suppl. 4. P. 8.

10. Golubev D. B., Sominina A. A., Medvedeva M. N. Guidelines for the
use of the cell cultures in virology. Leningrad, Medicine, 1976. P. 54.

11. National Committee for Clinical Laboratory Standards. Performance
standards for antimicrobial susceptibility testing; eleventh
informational supplement. New York, 2001. V. 2.79 .

12. WHO Technical Report Series (criteria for interpreting test results
based on the Bauer-Kirbi method). Geneva, 1984. N 673. P. 147-169.

13. Onveiji C. O., Nicolau D. P., Nightingale C., Bow L. Interferon-gamma
effects on activities of gentamicin and vancomycin against
Enterococcus faecalis resistant to the drugs: an in vitro study with
human neutrophils. Int. J. Antimicrob. Agents. 1999. M. P. 31-37.

14.U. Ouadrhiri Y., Scorneaux B., Sibille Y., Tulkens P. M. Mechanism of
the intracellular kiling and modulation of antibiotic susceptibility of
Listeria monocytogenes in THP-1 macrophages activated by gamma-
interferon. Antimicrob. Agents Chemother. 1999, 43. P. 1242-1251.

15. Difco Manual  Dehydrated culture media and reagents for
microbiology: Tenth edition. Detroit, 1994. P. 844—850. YOK
616.002.828: [577.181.5+62-581 /584] +57.017.4.

16. Zhalko-Titarenko V. P., Bondarenko V. N., Grigoriev A. V. Dynamics
of Shigella interaction with Epithelium during infection. Journal of
Microbiology, Epidemiology and Immunobiology. 1986. N2 4, P. 21-24.

Information about the authors:

€ropos [I. . — HauioHanbHWUA MEQUUYHWA YHIBEPCUTET
imeHi O. O. boromornbLgs, kabenpa Mikpo6ionorii,Bipyco-
NOril TAl IMYHOSIOT, OCUCTEHT Kadeapu.

E-mail: grigav@gmail.com.

Lupo6okos B. M. — o. M. H., npodecop, akapemik HAH
Ta HAMH YkpadiHn, HauioHanbHUn MeanyHuin yHiBep-
cutet imeHi O. O. BoromonsLs, kadenpa MikpoGionoril,
BipYCOSOrii TA iIMyHOSOrIT, 3aBigyBaY Kadenpu.

E-mail: v.p.shyrobokov@gmail.com,

ORCID: 0000-0003-0882-148X.

Puéanko C. J1. — o. M. H., npodecop, Y «IHcTuTyT enige-
Mionorii Ta iIHPeKLiMHNX XBOPO6 iM. J1. B. lpomMalLeBCcbko-
ro HAMH YkpaiHn», naé6opaTopis eKCnepuMeHTANbHOT
XiMioTepanii BipyCHKMX iHEKLi, 3aBigyBAY N1A60PATORI.
E-mail: y_dasha@ukr.net,

ORCID: 0000-0002-1913-1380

lpurop’esa C. M. — k. M. H., [IY «IHCTUTYT enigemionorii
TA iHPeKUinHMX XBOPO6 iM. J1. B. oomaluescbkoro HAMH
YKpaiHu», naéopaTopis eKCnepUMEHTANbHOI XiMioTe-
panii BIDYCHUX IHQEKL,R, C.H.C.
E-mail: Grigorevasm@ukr.net.

Crapocuna L. b. — k. 6. H., 1Y «|lHCcTUTYT enigemionoril
TA iHpeKUinHMX XBOPO6 iM. J1. B. [pomatuescbkoro HAMH
YKpaiHu», NnaéopaTopis eKCnepUMEHTANbHOI XiMioTe-
panii BipyCHWX iHQEKLIR, C.H.C.

E-mail: y_dasha@ukr.net.

No3 (3) / 2023 p.

Yehorov D. P. — Bogomolets national medical university, depart-
ment of microbiology, virology and immunology, assistant of the
department, Kyiv, Ukraine.
E-mail: grigav@gmail.com.

Shyrobokov V. P. — Doctor of medical science, professor, aca-
demician of the National Academy of Sciences and National
Academy of Sciences of Ukraine, Bogomolets national medical
university, department of microbiology, virology and immunology,
head of the department.

E-mail: v.p.shyrobokov@gmail.com,

ORCID: 0000-0003-0882-148X.

Rybalko S. L. — Doctor of medical science, professor, head of the
laboratory of experimental chemotherapy of viral infection of the Sl
"L. V. Gromashevsky Institute of Epidemiology and Infectious Diseas-
es of the National Academy of Sciences of Ukraine", Kyiv, Ukraine.
E-mail: y_dasha@ukr.net,

ORCID: 0000-0002-1913-1380.

Hryhorieva S. M. — Candidate of medical science, senior re-
searcher of the laboratory of experimental chemotherapy of viral
infection of the SI "L. V. Gromashevsky Institute of Epidemiology
and Infectious Diseases of the National Academy of Sciences of
Ukraine", Kyiv, Ukraine.

E-mail: Grigorevasm@ukr.net.

Starosyla D. B. — Candidate of biology science, senior researcher
laboratory of experimental chemotherapy of viral infection of the Sl
"L. V. Gromashevsky Institute of Epidemiology and Infectious Diseas-
es of the National Academy of Sciences of Ukraine", Kyiv, Ukraine.
E-mail: y_dasha@ukr.net.

15



