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OF ENTEROBACTERIACAE ISOLATED FROM
INTESTINAL MICROBIOTA OF RESIDENTS
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Abstract. It is known that resistant Enterobacteriacae strains can be a part of human microbiota. While colonizing the body
of a healthy person, resistant strains do not cause diseases, while the healthy person becomes carrier and source of such
strains or the resistance genes to the external environment. The aim of the study was to compare the antimicrobial sus-
ceptibility of opportunistic Enterobacteriacae isolated from feces of residents of the Republic of Guinea (121 strains) and
Russia, Saint Petersburg (897 strains). The antimicrobial susceptibility was determined by the disc-diffusion method ac-
cording to the national russian Clinical Guideline “Antimicrobial susceptibility testing of microorganisms” using discs
and Muller-Hinton agar manufactured by Oxoid. Resistance mechanisms were tested in bacterial strains non-susceptible
to beta- lactams using confirmatory phenotypic and molecular tests. Resistant strains were detected significantly more of-
ten in the intestinal microbiota of residents of the Republic of Guinea, than of Saint Petersburg (83.5 and 28.7 per 100 strains
studied, respectively), including strains with multidrug resistance (47.9 and 11.1, respectively). The residents of the Republic
of Guinea have a high frequency of isolation of Enferobacteriacae resistant to “old” antibiotics, which were often used in the
1970s, but rarely used in Russia and other European countries: tetracyclines (63.2), trimethoprim/ sulfamethoxazole (59.5)
and aminopenicillins (48.4). The frequency of detection of strains resistant to modern clinically significant antibiotics (ex-
tended spectrum cephalosporins, fluoroquinolones, aminoglycosides) was the same in residents of the Republic of Guinea
and Saint Petersburg. Resistance to beta-lactams in Enterobacteriacae strains isolated both from the residents of the Re-
public of Guinea and from Saint Petersburg is due to the same mechanism — the production of beta-lactamases — broad-
spectrum and extended spectrum- of various genetic families. This data corresponds to world global trends in the antimi-
crobial resistance in Enferobacteriacae: resistance to aminopenicillins in E. coli is due to the production of broad-spectrum
beta-lactamases TEM-1 (80% of strains from residents of the Republic of Guinea and 86.5% from Saint Petersburg), and
resistance to extended spectrum cephalosporins — the production of extended spectrum beta-lactamases of the CTX-M1
genetic group (72.7 and 67.6% respectively). Our research has shown that the intestinal microbiota of the inhabitants of dif-
ferent continents (Europe and Africa) contains the strains (Klebsiella pneumoniae and Escherichia coli) resistant to clinically
significant antibiotics (beta-lactams) due to single mechanism globally spread in Enterobacteriacae.

Key words: resistance, Enterobacteriacae, Republic of Guinea, intestine microbiota, antimicrobial susceptibility, beta-lactamase, E. coli,
K. pneumoniae.

Appec pns nepenucku: Contacts:

KadTeipesa Jingus AnekceeBHa Lidiia A. Kaftyreva

197101, Poccus, CankT-MeTepbypr, yn. Mupa, 14, 197101, Russian Federation, St. Petersburg, Mira str., 14,

®BYH HUW anupemmnonorum n mykpobunonoruv umenm MNactepa. St. Petersburg Pasteur Institute.

Ten.: 8 (812) 232-48-83 (cnyxebH.). Phone: +7 (812) 232-48-83 (office).

E-mail: kaflidia@mail.ru E-mail: kaflidia@mail.ru

Bubnuorpaguyeckoe onucaHue: Citation:

Eroposa C.A., Makaposa M.A., Kadtbipesa J1.A., Cyxaesa J1.B., Egorova S.A., Makarova M.A., Kaftyreva L.A., Suzhaeva L.V.,

3abposckas A.B., MaTteeesa 3.H., BoiiteHkosa E.B. YyBCTBUTENBHOCTH Zabrovskaia A.V., Matveeva Z.N., Voitenkova E.V. Antimicrobial susceptibility
K @HTUMUKPOBHBLIM NpenapaTam WTaMMOB SHTEPOOAKTEPUIA, BbILENEHHbIX of Enterobacteriacae isolated from intestinal microbiota of residents

NPV M3y4eHn MUKPOBUOTHI KMLLIEYHIKA XUTeneit FBuHeickoin Pecnybnmku of the Republic of Guinea and Russia (Saint Petersburg) // Russian Journal
n Poccum (CankT-MeTepbypr) // NHdekumns n ummynntet. 2018. T. 8, No 3. of Infection and Immunity = Infektsiya i immunitet, 2018, vol. 8, no. 3,

C. 349-354. doi: 10.15789/2220-7619-2018-3-349-354 pp. 349-354. doi: 10.15789/2220-7619-2018-3-349-354

© Egorova S.A. etal., 2018 DOI: http://dx.doi.org/10.15789/2220-7619-2018-3-349-354

349



S.A. Egorova et al. MHdekumns n uMmyHuTeT

YYBCTBUTEJIbHOCTb K AHTUMUKPOBHbIM NPEMAPATAM LULTAMMOB 3HTEPOBAKTEPUH,
BblAEJIEHHbIX MPU NU3YYEHUU MUKPOBUOTbI KULLEYHUKA XXUTENEN TBUHEACKOWN
PECNYBJIMKU U POCCUU (CAHKT-NETEPBYPT)

Eroposa C.A., Makaposa M.A., Kadreipea JI.A., Cyxkaesa JI.B., 3abpoBckas A.B., Marpeesa 3.H.,
BoiiTenkosa E.B.

DOHYH HUH snudemuonoeuu u muxkpoouonoeuu umenu Iacmepa, Cankm-Ilemepoype, Poccus

Pe3tome. M3BeCTHO, 4TO Pe3UCTEHTHBIE K AaHTUOMOTUKAM IIITAMMBI SHTEPOOAKTEPHUIT MOTYT BXOIUTH B COCTaB MUKPO-
O6uoThI KulieyHUKa. KosoHn3upyst opraHu3M 310pOBOT0 YeJIOBEKa, yCTOMYMBBIC IITAMMBI HE BBI3bIBAIOT 3a00JI€BAH U
KeJyI0YHO-KHIIEYHOTO TPaKTa, IIPY 3TOM 3I0POBbII YeTOBEK CTAHOBUTCS HOCUTENIEM ¥ KCTOUHUKOM BBITICJCHMST Ta-
KHX IIITAMMOB WJIU IETEPMUHAHT PE3UCTEHTHOCTHU BO BHEIIHIO0 cpeny. Llenb uccienoBaHus COCTOs1a B CDABHUTENb-
HOI OlLIEHKE YYBCTBUTEJIbHOCTU K aHTMOMOTUKAM IITAMMOB YCJIOBHO-TATOI€HHBIX S9HTEPOOAKTEPUI, BbIACICHHBIX
13 poo uctpaxHeHui xureneit ['Buneiickoit Pecnyonuku (121 mramm) u Cankt-IletepOypra (897 mrammos). UyB-
CTBUTEJBHOCTh K aHTUOMOTHKAM ONPEaeISIN AUCKO-T11U(DDY3MOHHBIM METOIOM coriacHo KinmHMYecKuM peKoMeH-
nanusm «OnpeneeHne 4yBCTBUTEIBHOCTA MUKPOOPTaHM3MOB K aHTUMUKPOOHBIM TIperiapaTaM» C UCIIOJIb30BaHUEM
nuckoB mpon3BoncTBa Oxoid. Y mrTaMMoB 0aKTepurii, HSYYBCTBUTEIBHBIX K O¢Ta-TaKTaMHBIM IIperaparaM, U3ydu-
JIM MEXaHU3MBI Pe3UCTCHTHOCTH, UCIIONB3YS MTOATBEepXKAaroIne (PeHOTUITMYECKHE TECTH M MOJIEKYJISIPHBIC METOIBI.
VY xuteneit ['BuHeiickoil Pecrry0IuKy ycToiuMBBEIC K aHTUOMOTHKAM IIITAMMEBI B COCTaBe MUKPOOMOTH KUIIICUHNKA
BBISIBJIEHBI JOCTOBEPHO vallle, ueM y xuteneit Cankt-IlerepOypra (83,5 u 28,7 Ha 100 ucciaenoBaHHBIX IITAMMOB CO-
OTBETCTBEHHO), BKJII0Yasl IITAMMbI C MHOXECTBEHHOHN pe3ucTeHTHOCThIO (47,9 u 11,1 cOOTBETCTBEHHO). Y XXuUTenei
I'Bunetickoit Pecriy6uKky BbICOKA YACTOTA BbIACICHUS IIITAMMOB 9HTEPOOAKTEPUii, yCTOMYUBBIX K «cTapbiM» AMII,
KOTOpBIE YaCTO IIPUMEHSITU B 70-€ IT. IPOIILJIOr0 CTOJETHSI, HO PEIKO UCIIONb3YIOTCS B HacTos1ee Bpems B PO u npy-
I'MX €BPONEMCKUX cTpaHax: TeTpalukJnHaMm (63,2), TpuMmeronpum/cyabdamerokcaszony (59,5) U aMUHOIEHHUITUII-
nuHaMm (48,4). YacTtoTa BBISIBIEHUS IITAMMOB, YCTOMUYMBBIX K COBPEMEHHBIM KIMHUYECKHU 3HAYMMBIM aHTHOMOTU-
KaM (uedasocnopuHbl, GTOPXUHOJIOHBI, AMUHOTIIMKO3UAbI) TPAaKTUYECKU HE OTIMYallach Y XXuUTeneil ['BuHeiickoii
Pecniyonuku u Cankr-IletepOypra. Pe3ancTeHTHOCTD K OeTa-1aKTaMHBIM ITperapaTaM IITaMMOB, BBIICIEHHBIX KaK
y xuteneit 'BuHeiickoit Pecriyonuku, Tak u Cankrt-IletepOypra, o0yciioBiaeHa TpaKTUYeCKN OJHUM MEXaHU3MOM —
MPONYKIIMeH OeTa-TaKTaMa3 IIMPOKOTO M PaCIIMPEHHOTO CIEKTpa Pa3IMIHbIX TCHETHIECKMX CeMECTB. BrIsIBICH-
HBIE 3aKOHOMEPHOCTHU COOTBETCTBYIOT INTIOOATBHBIM TCHACHIIUSM (POPMUPOBAHUS PE3UCTEHTHOCTH K aHTUOMOTHKAM
y IITaMMOB 3HTEPOOAKTEPUI B MUPE: YCTOMIMBOCTh K aMUHONICHUIIMIIINHAM Y E. coli 00ycioBieHa TIpOayKIIAei
Gera-maktamassl mupokoro crektpa TEM-1 (80,0% mrtammoB oT xXuTteieir ['BuHeiickoit Pecniyonuku u 86,5% —
Cankr-IletepOypra), a ycTOMYMBOCTD K Lie(haJOCIOPUHAM PACIIUPEHHOTO CIeKTpa — MPOAYKIIMed OeTa-TaKkTaMas
pacIIMpeHHOro crekrpa reHetnueckoii rpynnbsl CTX-M1 (72,7 u 67,6% cootBeTcTBeHHO). Hawum uccienoBanus mno-
Ka3aju, 4YTO B COCTaBe HOPMaJbHON MUKPOOMOTHI KMIIEYHUKA XUTeNel pa3HbIXx KOHTUHEHTOB (EBpona u Adpuka)
NpUCYTCTBYIOT 0akTepuu (K. pneumoniae n E. coli), ITaMMBbl KOTOPbIX XapaKTEPU3YIOTCSI pe3UCTEHTHOCThIO K KIUHHU-
YeCKHU 3HAUMMbIM aHTUOMOTHKAM (OeTa-JakTaMaM), 00yCJIOBJIEHHOM eAMHBIM MEXaHU3MOM, IJTI00AIbHO pacrpocTpa-
HEHHBIM B TIOMYJISIUSIX SHTEPOOAKTEPUIA.

Karouessie caosa: pezucmenmuocmo, Enterobacteriacae, I'suneiickas Pecnybauxa, Hopmanshas Mukpoobuoma Kuue4Huxa,
YygcmeumensHoCms K anmubduomukam, 6ema-iakmamassl, E. coli, K. pneumoniae.

Introduction

At present, the development of antimicrobial re-
sistance (AMR) of infectious agents has an adverse
effect on human health due to a decrease in the clini-
cal effectiveness of etiotropic therapy. Multidrug re-
sistant strains of microorganisms are the cause of se-
vere forms of health-care infections, as well as other
infectious diseases (tuberculosis, shigellosis, salmo-
nellosis, typhoid fever). In modern conditions, ac-
cording to the WHO assessment, the AMR is a global
problem that must be overcome without delay. In this
regard, in 2015 the World Health Assembly adopted
a global plan of action to combat AMR [1]. One of the
ways to “contain” antibiotic resistance is to monitor
the circulation of resistant strains of microorganisms,
as well as genes that determine the AMR. Two spe-

cies of Enterobacteriacae (Klebsiella pneumoniae and
Escherichia coli) are included in the list of indicator
microorganisms which are monitored for resistance
to clinically relevant antibiotics, in the EU coun-
tries. Particular attention is paid to strains resistant
to extended spectrum cephalosporins (ESC) and
carbapenems (producing extended spectrum beta-
lactamases (ESBL) and carbapenemases) [6].

The results of studies conducted in the Russian
Federation in the last decade have shown that re-
sistant strains of Enferobacteriacae, causative agents
of both health-care and community-acquired infec-
tions, were isolated from various clinical samples
in Russian hospitals, especially in intensive care
units (ICU). In 2013—2016 in population of no-
socomial strains 50—70% of E. coli were resistant
to ESC and fluoroquinolones, more than 20—30%
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were resistant to aminoglycosides. In the popula-
tion of K. pneumoniae the resistance was more pro-
nounced: 80—90% strains were resistant to ESC and
fluoroquinolones, more than 60% — to aminogly-
cosides, carbapenem resistance has appeared (about
10%). High levels of resistance were also observed
in strains isolated under community-acquired condi-
tions: about 30% of FE. coli strains and more than 50%
of K. pneumoniae strains were resistant to fluoroqui-
nolones (every second strain); about 20% of E. coli
and 40% K. pneumoniae showed resistance to amino-
glycosides; the proportion of K. pneumoniae strains
resistant to carbapenems was about 2% |[2, 4, 5, 8].
It is known that resistant Enterobacteriacae strains
can be a part of human microbiota. While coloniz-
ing the body of a healthy person, resistant strains do
not cause diseases, while the healthy person becomes
carrier and source of such strains or the resistance
genes to the external environment. Strains of vari-
ous bacteria, carrying the genes responsible for the
production of ESBL and carbapenemases, are found
in urban wastewater, sewage, soil, feces of agricul-
tural and domestic animals [10].

The aim of the study was to compare the anti-
microbial susceptibility of opportunistic Enterobacte-
riacae strains isolated from feces of residents of the
Republic of Guinea and Russia (Saint Petersburg).

Materials and Methods

We studied the antimicrobial susceptibility
of 1018 Enterobacteriacae strains isolated in 2015—
2016 from feces of residents of the Republic of Guinea
(121 strains) and Saint Petersburg (897 strains) [9].
The collection included 604 strains of E. coli and
414 strains of other Enterobacteriacae (Klebsiella spp.,
Enterobacterspp., Proteus spp., Citrobacterspp., Hafnia
alvei). The antimicrobial susceptibility was deter-
mined by the disc-diffusion method according to the
national russian Clinical Guideline “Antimicrobial
susceptibility testing of microorganisms” [3] using
discs and Muller—Hinton agar manufactured by
Oxoid. The following antibiotics were included in the
study: aminopenicillins (ampicillin and amoxicillin/
clavulanic acid); ESC (ceftazidime and cefotaxime);

carbapenems (meropenem); quinolones (nalidixic
acid and ciprofloxacin); aminoglycosides (gentamicin,
tobramycin, amikacin); tetracyclines (tetracycline);
nitrofuranes (nitrofurantoin); trimethoprim/sulfa-
methoxazole and chloramphenicol. As many species
of Enterobacteriacae have natural resistance to amin-
openicillins, susceptibility to these antibiotics was de-
termined only in E. coli and Proteus mirabilis.

Resistance mechanisms were tested in bacterial
strains non-susceptible to beta-lactams using con-
firmatory tests: phenotypic (a double discs syner-
gy test, the ESBL+AmpC Screen Kit by Rosco
Diagnostica, Denmark) and molecular tests (PCR
with electrophoretic detection with specific primers
to genes encoding beta-lactamases of different mo-
lecular classes: TEM, SHV, OXA, CTX-M, AmpC),
using the primers and conditions described previous-
ly [7], reaction mixture contained 2xTaq Master mix
green HS (Alkor Bio, Russia) and the corresponding
primers in a final concentration of 0.4 uM.

Results and Discussion

The collection of Enterobacteriacae strains iso-
lated from the inhabitants of the Republic of Guinea
and Saint Petersburg was represented by strains sus-
ceptible to antibiotics (16.5 and 71.3%, respectively),
resistant to 1—2 classes of antibiotics (35.5 and 17.6%,
respectively), as well as strains with multiple resist-
ance to 3 or more classes of antibiotics (47.9 and
11.1%, respectively) (Table 1).

The frequency of isolation of resistant strains
varied among residents of the Republic of Guinea
and Saint Petersburg, depending on the antibiot-
ics (Table 2). All the strains retained susceptibility
to carbapenems. In the collection of strains isolated
from the inhabitants of the Republic of Guinea,
a high frequency of resistance to three classes of anti-
biotics was noted: tetracyclines — 63.2 per 100 strains
studied, trimethoprim/sulfamethoxazole — 59.5 and
aminopenicillins — 48.4. Resistance to quinolones
was 17.4, to nitrofuranes — 12.0, to chlorampheni-
col — 9.9, to ESC — 9.1 and to aminoglycosides —
6.6. In the collection of strains isolated from resi-
dents of Saint Petersburg, the frequency of resistant

Table 1. Resistance phenotypes of Enterobacteriacae isolated from residents of the Republic of Guinea

and Saint Petersburg (per 100 strains studied)

Republic of Guinea Saint Petersburg
(n=121) (n=897)
Resistance phenotypes per 100 per 100
n strains 95% CI n strains 95% ClI
studied studied
Susceptible 20 16.5 11.0-24.2 640 71.3 68.3-74.2
Resistant (total): 101 83.5 75.7-89.0 257 28.7 25.8-31.7
- to 1-2 antibiotic classes 43 35.6 27.6-44.4 158 17.6 15.3-20.2
- to 3 and more antibiotic classes 58 479 39.2-56.8 99 11.1 9.1-13.3
ESBL-producing 11 9.1 5.2-15.5 68 76 6.0-9.5
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Table 2. Antimicrobial resistance of Enterobacteriacae isolated from residents of the Republic of Guinea
and Saint Petersburg (per 100 strains studied)

Republic of Guinea Saint Petersburg
AMA (n= 1.21) (n=8.97)
n | Perl00strains | ggecr | n | PerloOstrains | g5y cy
Aminopenicillines’ 45 46.9 37.2-56.8 96 18.8° 15.6-22.4
B-lactams |ESC 1 9.1 5.2-15.5 68 7.6 6.0-9.5
Carbapenems 0 0 0-3.1 0 0 0-0.4
Quinolones 21 17.4 11.6-25.1 79 8.8 7.1-10.8
Tetracyclines' 74 63.24 54.2-71.4 131 14.6 12.4-171
Aminoglycosides 8 6.6 3.4-12.5 37 41 3.0-5.6
Nitrofurans' 14 12.04 7.3-19.1 43 4.8 3.6-6.4
Trimethoprim/sulfamethoxazole 72 59.5 50.6-67.8 65 7.2 5.7-91

" susceptibility of Enterobacteriacae naturally susceptible to this antimicrobials was studied;

2 susceptibility of E. coli and Proteus mirabilis (96 strains) was studied;
3 susceptibility of E. coli and Proteus mirabilis (511 strains) was studied;

4 susceptibility of Enterobacteriacae (117 strains) was studied without Proteus spp. naturally resistant to nitrofurans;

ESC — extended spectrum cephalosporins.

strains was significantly lower and was 18.8 and 14.6,
respectively, for aminopenicillins and tetracyclines.
The strains resistant to other antibiotics were isolat-
ed in 4.1-8.8 per 100 strains studied. During study
strains resistant to beta-lactams (ampicillin and ESC)
were used to detect genes encoding the production
of beta- lactamases of frequently occurring molecular
classes: TEM, SHV, OXA, CTX- M and AmpC.

As many species of Enterobacteriacae (Klebsiella
spp., Enterobacter spp., Citrobacter spp., Hafnia alver)
are characterized by natural resistance to aminopen-
icillins, so their susceptibility to this antibiotics was
not evaluated. 141 strains of E. coli resistant to ami-
nopenicillins were detected: 45 strains from the in-
habitants of the Republic of Guinea and 96 strains
from residents of Saint Petersburg. Genes encoding
the production of broad-spectrum beta-lactamase

(BSBL) — TEM-1, are found in the overwhelming
majority of strains (80.0 and 83.3%, respectively);
OXA — in 3 strains (6.7%) isolated from the inhabit-
ants of the Republic of Guinea, and 5 strains (5.2%)
isolated in Saint Petersburg; SHV — in one strain
isolated in Saint Petersburg. The genes of BSBL
of the two molecular classes, TEM and OXA, were
simultaneously identified in three strains (3.1%), iso-
lated from the inhabitants of Saint Petersburg. Genes
of frequently occurring BSBLs (TEM, SHV, OXA)
were not identified in 13 strains characterized, pos-
sibly, by other mechanisms of resistance.

A molecular study of 79 strains of Enterobacteria-
cae resistant to ESC showed that K. pneumoniae
strains, isolated both from the inhabitants of the
Republic of Guinea (2 strains) and from Saint
Petersburg (13 strains), possessed the genes of ESBLs

Table 3. Beta-lactamases in Enterobacteriacae (E. colin K. pneumoniae), isolated from residents

of the Republic of Guinea and Saint Petersburg

Beta-lactamases Republic of Guinea Saint Petersburg
n | % | 95%cCI n | % | 95%cCl
Strains resistant to aminopenicillins
Total strains 45 100 - 96 100 -
TEM 36 80.0 66.2-89.1 83 86.5 78.2-91.9
SHV 0 0 0-7.9 1 1.0 0.2-5.7
OXA 3 6.7 2.3-17.9 5 5.2 2.2-11.6
Other BSBLs 6 13.3 6.3-26.2 7 7.3 3.6-14.3
Strains resistant to ESC

Total strains 1 100 - 68 100 -
TEM 0 0 0-25.9 2 2.9 0.8-10.1
SHV 0 0 0-25.9 2 29 0.8-10.1
AmpC CMY 0 0 0-25.9 1 1.5 0.3-7.9
CTX-M, of which: 9 81.8 52.3-94.9 63 92.7 83.9-96.8

- CTX-M1 8 72.7 43.4-90.3 46 67.6 55.8-77.6

- CTX-M9 1 9.1 1.6-37.7 17 25.1 16.2-36.4
Other ESBLs 2 18.2 5.1-47.7 0 0 0-5.3

BSBL — broad spectrum beta-lactamase; ESC — extended spectrum cephalosporines; ESBL — extended spectrum beta-lactamase.
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of the CTX-M genetic family, of CTX-MI1 ge-
netic group (Table 3). In an overwhelming majo-
rity of E. coli strains (9 from the inhabitants of the
Republic of Guinea and 55 from the inhabitants
of Saint Petersburg) we identified genes encoding
ESBLs of the CTX-M genetic family (81.8% and
92.7%, respectively) that belonged to two genetic
groups: CTX-M1 (72.7 and 67.6%, respectively) and
CTX-M9 (9.1 and 25.1%, respectively). Also, E. coli
strains isolated in Saint Petersburg, discovered genes
encoding ESBL production in TEM and SHV genet-
ic families (2,9%), and genes encoding cephalospori-
nase molecular class C production (AmpC, of the
CMY genetic group) in one strain (1.5%). The genes
of widespread ESBLs (CTX-M, TEM, SHV, AmpC)
were not detected in 2 strains of E. coliin the Guinean
Republic, possibly characterized by other resistance
mechanisms.

Studies have shown that resistant strains of Enfero-
bacteriacae were isolated in the intestinal microbiota
of both the residents of the Republic of Guinea and
Saint Petersburg. It should be noted that the resistant
strains were detected significantly more often in the
residents of the Republic of Guinea, than of Saint
Petersburg (83.5 and 28.7 per 100 strains studied,
respectively), including strains with multidrug re-
sistance (47.9 and 11.1, respectively). The residents
of the Republic of Guinea have a high frequency
of isolation of Enterobacteriacae resistant to “old”
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