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PE3IOME. 3HaunMOCTh HOCUTEIBLCTBA AMAPEETEHHBIX E. coli y nereil 00ycioBiIeHa CBA3BIO C
YPOBHEM pPaclpOCTPaHEHHOCTH PE3UCTEHTHOCTH K aHTHOMOTHKAM M KAaueCTBOM OKa3aHHs Me-
JUIIHCKOW MOMOIIM B TIEIMAaTPUUECKUX OTAEIeHUAX. B craThe MBI mpeacTaBisieM JaHHBIE O
pasIMUHBIX BapUaHTaxX AUapereHHbIX E. coli, BBIACIEHHBIX OT (peKaIbHBIX HOCUTEIECH paHHEro
JIETCKOTO BO3pacTa, 1 0 YyBCTBUTEIBHOCTH BBIICIECHHBIX MUKPOOPTraHU3MOB K aHTUOMOTUKAM.
HccnenoBanuch 00pasipl Kaja AeTel, NOCTyNalmuX B IeTckuil can. M3onsatel E. coli uccne-
JIOBAJIMCh HA HaJW4YWEe T€HOB BHPYJICHTHOCTH MyTeM KyibTuBHpoBanus u I11[P-ananu3za B pe-
aJbHOM BpeMeHH. Bce M30isThl KUIIeUHbIX BO30yAHUTENECH TECTUPOBAIN Ha aHTUMHUKPOOHYIO
YyBCTBUTEIBHOCTD JUCKO-TU(PPY3HOHHBIM METOIOM B COOTBETCTBHHU ¢ npoTokosaMmu EUCAST
(Hay4uHblii KOMUTET O ONPEIENIEHUIO PYKOBOASAIIMX MPUHLIMIIOB JUISI HMHTEPIpPETALUU YCTOM-
YHUBOCTH K IPOTHUBOMHUKPOOHBIM IpernapaTam). B o0mieii cioxuocTu 661510 uccienoBano 680 00-
pasioB dekanui, 165 U3 KOTOPHIX coaepkalid HCKOMBIEC TUapeereHHbIe H30IATHI E. coli. Toipko
11,51% ¢exanbubIX U305TOB E. coli uMeny reHbl BUPYJICHTHOCTH Pa3INYHbIX NATOTHUIIOB. AH-
THOMOTUKOPE3UCTEHTHOCTh JHapeereHHbIX E. coli, BBIIENICHHBIX OT AETEH PaHHEro Bo3pacTta
0e3 nuapeu, mMokaszaja cCaMyIo BBICOKYIO (PEHOTUMYECKYI0 ycToMYnBOCTh K AK (amukanun) —
12,3% u SXT (rpumetonpum / cynbpameTorcaszon) — 9,7%, CIP (uunpodnokcannn) — 4,3%,
FOX (uedoxcutnn) — 2,83 u LEV (neBodnokcaunn) — 1,58. OqHoBpeMeHHasi YCTOMYHUBOCTD
OoJiee yeM K JIByM aHTHOaKTepHaJIbHBIM IpernapaTaM He Habmrogainack. HecMoTps Ha HU3KYIO
pacmpocTpaHEeHHOCTh THapeereHHbIX E. coli cpenn AeTeill paHHEro Bo3pacTa, HeJIb3sl HeJ00le-
HUBATh (PaKThl BOSHUKHOBEHUS U PACIPOCTPAHEHUS SNUIEMHUH B JETCKUX KOJJIEKTHBaX. [ pymn-
bl PUCKA JOJDKHBI HAXOAUTHCS TOA PErYISPHBIM U IPUCTAIBHBIM HaOII0AeHeM. MOHUTOPUHT
AHTUOMOTHKOPE3UCTEHTHOCTH COLUANBHO 3HAYMMBIX MH(PEKIMOHHBIX areHTOB JOJIKEH CTaTh
YaCThIO TOJITOCPOYHON CTPATETHH B KaXKI0M CTpaHE.

KJIOYEBBIE CJIOBA: nuapeerennsie E. coli; 4yBCTBUTENIBHOCTh K aHTHOMOTHKAM;
(hexapbHbIC HOCUTENIHN; PpAHHUN NeTCKUH BO3PaCT.
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SUMMARY. The importance of the children’s faecal diarrhoeagenic E.coli carriers determines
the prevalence of antibiotic resistance and the quality of medical care in paediatrics departments.
We report the incidence of different categories of diarrhoeagenic E.coli isolated from faecal car-
riers in early childhood and antibiotic susceptibility. The exams were conducted through routine
faecal examinations needed to start kindergarten. E. coli isolates were examined by culturing
and real-time PCR analyses for E. coli virulence genes. All isolates of intestinal pathogens were
tested for antimicrobial susceptibility by the disk diffusion method and according to EUCAST
protocols. A total of 680 faecal samples were obtained, 165 with suspected diarrheagenic E. coli
isolates. Only 11.51% of faecal E. coli isolates had virulence genes of various pathotypes. Antimi-
crobial resistance of diarrheagenic E. coli isolated from young children without diarrhoea showed
the highest phenotypic resistance to AK — 12.3% and SXT — 9.7%, CIP — 4.3%, FOX — 2.83
and LEV — 1.58. Simultaneous resistance to more than two antibacterial drugs was not observed.
Despite the low rate of diarrheagenic E. coli among young children, the factor for the emergence
and spread of epidemics in children’s groups should not be underestimated. Risk groups should
be closely and regularly monitored. Monitoring the antibiotic resistance of socially significant
infectious agents should be a sustainable strategy for each nation.

KEY WORDS: diarrheagenic E. coli; antibiotic susceptibility; faecal carriers; young children.

INTRODUCTION

AIM OF STUDY

Diarrheagenic Escherichia (E.) coli (DEC)
are being recognized as an important pediatric
enteropathogen worldwide. Currently, these
organisms are classifiedinto six categories:
enteropathogenic E. coli — (EPEC), entero-
toxigenic E. coli — (ETEC), enteroinvasive E.
coli — (EIEC), diffusely adhering E. coli —
(DAEC), enteroaggregative E. coli— (EAEC),
enterohemorrhagic E. coli — (EHEC/STEC)
[12]. DEC are one of the main causes of spo-
radic and epidemic diarrhoea in children, with
the most commonly affected age group being
less than 5 years [9]. In this age group, diar-
rhoea can quickly become complicated, espe-
cially if the etiological agent is phenotypically
resistant to antimicrobials commonly used in
therapy.

To assess the severity of early faecal carriers
of diarrheagenic E. coli as a reservoir for entero-
colitis in at-risk pediatric groups (2—6 years), in
which the spread of intestinal pathogens is fa-
cilitated by close person-to-person contact, and
still poorly developed personal hygiene habits in
young children.

MATERIALS AND METHODS

For a period of 4 months (August 2021 — No-
vember 2021) in the National Reference Labo-
ratory for Intestinal Diseases, NCIPD, Sofia, a
total of 680 faecal samples from children without
diarrhoea aged 2—6 years were tested. Preventive
tests for intestinal pathogens (Salmonella, Shi-
gella, DEC) are mandatory before the children
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proceed to kindergartens in Bulgaria or after the
absence of children from kindergartens for more
than a month. The collected faecal samples are
from three major cities in the country — Sofia
(capital), Varna and Burgas. All samples were
aerobically cultured, serologically tested and
molecularly examed for virulent E. coli genes.
The faecal samples for viruses and parasites have
not been tested, as this is not the focus of our
study. All isolates of DEC, Salmonella sp. and
Shigella sp. have been tested for antibiotic sus-
ceptibility.

All parents were informed in writing about
the purpose of our study. In addition, accor-
ding to the normative documents of the Ministry
of Health of the Republic of Bulgaria, a child,
which is laboratory-confirmed as positive for
Salmonella sp., Shigella sp., DEC, has no right
to proceed to kindergarten until the presentation
of three consecutive negative microbiological
tests on faecal samples.

Parents of laboratory-confirmed children po-
sitive for Salmonella, Shigella or DEC were also
examed.

Faecal samples. Faecal samples were col-
lected in sterile containers for this purpose and
stored at 4-8 °C for no more than 12 hours until
delivery to the microbiological laboratory.

Isolation. Sample faeces were cultured aero-
bically at 37 °C for 16—18 hours to become dif-
ferentiating, selective and enriching nutrient me-
dia: McConkey agar, Deoxycholate agar, Levin
agar and Selenite broth for the enrichment of
Salmonella sp. and Shigella sp. After overnight
enrichment, it proceeded with secondary cultures
of Selenite broth on a solid Deoxycholate agar
medium for detection of Salmonella sp. and Shi-
gella sp.

Phenotypic identification. All suspected iso-
lates for Salmonella, Shigella and diarrhoeagenic
E. coli were tested with KIA and API20E. Sub-
sequently, they were serotyped with commer-
cial sera (Sifin — Germany, BioRad — USA,
SSI — Denmark and BB — NCIPD, Ltd., Bul-
garia). DNA was isolated from serotyped DEC
isolates with certain OK groups to detect virulent
genes. Commensalbacteria were identified with
MALDI TOF.

Antimicrobial susceptibility. All isolated Sal-
monella enterica, Shigellas p. and DEC were
tested for antimicrobial susceptibility by the disk
diffusion method according to the EUCAST pro-
tocols to the following antibiotics: Amikacin —
30 pg (AK); Ampicillin — 10 pg (AMP); Levo-
floxacin — 5 pg (LEV); Ciprofloxacin — 5 ug
(CIP); Cefoxitin — 30 pg (FOX); Amoxicil-

lin-Clavulanic acid — 20-10 pg (AMC) and Tri-
methoprim-Sulfamethoxazole — 1.25-23.75 pg
(SXT), (Oxoid ™) on Mueller-Hinton agar, at
37 °C for 18-24 hours. For control, we used
Escherichia coli ATCC 25922.

DNA extraction. Of all the OK-typed E. coli
isolates, we extracted bacterial DNA with
QIAamp DNA Kits, Germany according to the
manufacturer’s instructions. The extracted DNA
was stored at 80 °C for genetic testing for viru-
lence genes.

Real-time PCR analysis. DEC isolates were
examined by real-time PCR to detect virulence
genes: eae for atypical EPEC; pEAF for typi-
cal EPEC; aatA for EAEC; daaC for DAEC; elt
(lable tox) for ETEC; est (stable tox) for ETEC,
ipaH for EIEC; stx] and stx2 for EHEC [11].
Exemplary pairs and reaction conditions are pre-
sented in Table 1. E. coli ATCC 25922 and dH,O
were used as negative controls. Positive controls
were ready for use DNA od ETEC, EPEC, EAEC
and VTEC provided by Satum Serum Institute,
Denmark.

RESULTS

Of all the 680 collected and microbiological
tested faecal samples from children 2—6 years of
age without diarrhoea, nine strains of Salmonella
enterica subsp. Enterica — S. typhimurium (5/9)
and S. enteritidis (4/9), 3 strains of Shigella
flexneri 2b and 165 strains of Escherichia coli,
belonging to different OK groups, with leading
ones O111 and O6 were obtained. And no co-
infections were detected.

The results of molecular genetic studies of
DEC isolates confirmed 4.24% (7/165) as tEPEC
positive for the pEAF gene and 1.21% (2/165)
as aBEPEC, positive for eae gene, belonging to
OK — group O111; 1.81% (3/165) as It-ETEC
and 0.6% (1/165) as st-ETEC belong to OK
group O6; 1.21% (2/165) were EIEC, positive
for ipaH gene (Oll12ac and Ol12ab), 2.24%
(4/16) were EAEC, positive for aatA4 gene (044,
O15: HI5, O126 — 2 isolates) presented in
Table 2, Fig. 1 and 2. Of the 165 E. coli isolates
that tested positive for agglutination with
commercial sera for DEC typing, only 11.51%
had virulence genes. Citrobacter sp., Shigella
sp. and Enterobacter sp. show well-observed co-
agglutination with polyvalent sera for groups I, 11
and III of E. coli (BB — NCIPD, Ltd., Bulgaria).

Antimicrobial resistance of DEC isolated
from young children without diarrhoea. The
studied isolates show the highest phenotypic
resistance to AK — 12.3% and SXT — 9.7%. In
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Table 1
Primers and conditions for Real-time PCR analisis of DEC
Target gene / Concn Tm/ Each The reaction mixture
primername (uM) | bpsize | 20-plreaction | was subjected to 50 °C
cae /EAE-S | ACT GGA CTT CTTATTRCCGTT | 035 | 82°C mixture for 2 min, 95 °C
for CTATG contained: for 10 min,
10 pl and 45 cycles of 95 °C
EAE-B2 rev CCT AAA CGG GTATTATCA 189 bp qMAXSenTM for 15 s and 60 °C for
CCAGA Green qPCR 60 s.
pEAF | GTT CTT GGC GAA CAG GCT 035 | 84°C Master Mix After 45 cycles, a
EP-1 for TGT C (2x) melting curve with a
ramp speed of 2.0 °C/s
EP-2 rev TTA AGC CAG CTA CCA TCC 107bp Forward between 70 °C and
ACCC and Reverse 95 °C was determined
aatAd / AGG TTT GAT ATT GAT GTC CTT | 0.35 75 °C Praimers with a reading every
EA-1 for GAG GA (0.35%) 0.2°C
EA-2 rev TCA GCT AAT AAT GTA TAG AAA 52bp
TCC GCT GTT DNA 2 ubt
NF water to
daaC/ ATT ACG TCATCC GGG AAG 0.35 87 °C final volume
DAA-F CACACA
DAA-R GCT TGC TCA TAA AGC CGC 146bp
AGA CAA
Elt/LTt GGC GAC AGA TTATAC CGT GC 0.35 78 °C
LTr CGG TCT CTATAT TCC CTGTT 450bp
Est/STa-F ATTTTT MTT TCT GTATTR TCT T 0.35 73 °C
STa-R CAC CCG GTA CAR GCA GGATT 190bp
ipaH /IpaH1 | GTT CCT TGA CCG CCT TTC CGA 0.35 85 °C
TAC CGT C
IpaH2 GCC GGT CAG CCA CCCTCT 603bp
GAG AGT AC
stxl / AGT CGT ACG GGGATG CAG | 035 | 80°C
stxAl 598 ATA AAT
stxAl 1015 CCG GAC ACATAG AAG GAA 418bp
ACT CAT
stx2 [ Stx2f GGC ACT GTC TGAAACTGC CC 0.35 89 °C
Stx2r TCG CCA GTTATC TGA CATTCT G 246bp
Table 2
Prevalence of the different diarrheagenic Escherichia coli isolated
from 2—6 year ages children with no diarrhoea
DEC No isolates % OK-groupes Genes
tEPEC 7 4.24 Ol111, O44, O15: H15; 0126 pEAF
aEPEC 2 1.21 0111 eae
It-ETEC 3 1.81 06 elt
st-ETEC 1 0.6 06 est
EIEC 1.21 Ol12ac, Ol112ab ipaH
EAEC 4 2.24 044, 015:H15, 0126 aat4
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Fig. 1. Amplification analysis of DEC positive control strains — tEPEC, aEPEC, EIEC, ETEC, EAEC, VTEC, DAEC.
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Fig. 3. Antimicrobial resistance of tested DEC isolates from faecal carriers 2—6 year of ages

second place is the resistance to CIP—4.3% and lates, the results are as follows: (1/4) S. enteriti-
FOX — 2.83. In particular, we must point out the  dis demonstrates resistance to Trimethoprim-sul-
expressed resistance to LEV — 1.58% (Fig. 3). famethoxazole, (1/4) S. enteritidis is resistant to

From the antimicrobial susceptibility testing Ampicillin, the other two isolates, as well as the
of Shigella flexneri and Salmonella enterica iso-  three isolates of Shigella flexneri 2b, are sensi-
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tive to all tested antimicrobial agents. Of all 5
S. typhimurium isolates, only one was resistant
to Amikacin.

It should be noted that in a large number
(53/680) of the studied faecal samples, growth
in pure culture of K. pneumoniae, Enterobacter
sp., C. braakii, C. freindii and M. morgani. In ad-
dition, we reported sterile (11/680) faecal sam-
ples, in which primary (24 hours) and secondary
(48 hours) cultures after 37 °C cultivation were
deprivedof bacterial growth.

No pathogens were isolated from examed pa-
rents as contact persons of laboratory-confirmed
Salmonella, Shigella ordiarrhoeagenic E. coli-
positive children.

DISCUSSION

In recent years, the NRL for Enteric Disea-
ses has been receiving DEC isolates toconfirm
bacterial diagnosis, mainly from hospitalized
patients. The Covid epidemic has minimized
laboratory-confirmed cases of enterocolitis and
the reporting of etiologically confirmed bacterial
diarrhoea. Mostly for these reasons, there are no
data on the carrier of the OK-serogroups E. coli
in the country. DEC is being recognized as im-
portant pediatric enteropathogens worldwide.
Enterotoxigenic E. coli is the most common en-
teropathogen in developing countries, accoun-
ting for approximately 210 million episodes of
diarrhoea and approximately 380,000 deaths [4,
14]. In Bulgaria, the data on the prevalence of
ETEC, as the most common cause of infectious
diarrhoea, especially in pediatric patients, do not
differ. In our study, ETEC take first place in iso-
lation among children aged 2—6 years without
diarrhoea.These are the most common OK-sero-
logical groups, O6, which so far have the grea-
test etiological significance in E. coli enteritis,
manifested as sporadic or epidemically related
diseases. Regardless of this established pattern in
our country, it is necessary to take into account
the other OK-groups in the course of microbio-
logical research. EPEC and EAEC take second
place after ETEC in our study with O111, 044,
O15: H15, and O126. Many studies have found
a significant association of EPEC with infant
diarrhoea. Healthy transmission of intestinal
pathogens, in general, is very common in deve-
loping countries. Colonization, not disease, can
be the result of the interaction of many factors,
including host sensitivity (related to the child’s
age, breastfeeding, nutritional and immunolo-
gical status), bacterial factors (various virulence
genes) and environmental factors. hygiene and

high faecal contamination [3, 5, 8]. And since
children attending kindergartens are a vulne-
rable group to the epidemic spread of ETEC, we
recommend the strict application of methods for
early clinical and etiological diagnosis of carriers
and timely and correct collection of materials for
microbiological studies of faeces.

Impressive is the large number of E. coli
isolates serologically identified with commer-
cial E. coli sera, and yet only 11.51% of these
isolates have virulence genes. This fact raises a
significant problem for our country, as the dia-
gnosis of DEC is made solely based on serology
and typing, which is a factor in misdiagnosis and
misreported positive DEC cases, especially in
the absence of clinical manifestations.

Another significant problem is one compa-
ny’s widespread use of E. coli serums due to low
prices. However, these sera show co-agglutina-
tion with other bacterial species, as we found in
our study, which provides data showing the im-
portance of a complete biochemical evaluation
of other enteropathogenic bacteria before pro-
ceeding with typing.

Of all 680 faecal samples of young children
without diarrhoea, 53 of them reported growth
in pure culture of various commensals such as
K. pneumoniae, Enterobacter sp., C. braakii,
C. Freindii and M. morgani important for intes-
tinal microbiota and general immunity [2, 13].
As we do not have data on whether these chil-
dren took antibiotics shortly before the study or
were on a special diet, we can only assume that
commensals in the mass are associated with an
unhealthy diet or drug therapy.

In recent years, several researchers have re-
ported increased resistance to antibacterial drugs
of DEC isolated from sporadic and especially
epidemic-related infectious diarrhoea. This fact
is essential for the practice, given on the one
hand the increasing use of antibiotics and on
the other hand the epidemic spread of R-factors,
which most often cause this resistance [1, 7].
One of the factors in this problem is excessive
consumption and irresponsible prescribing of an-
tibiotics. Also, the use of antibiotics in animal
husbandry favours the spread and persistence of
resistant bacteria in humans through two diffe-
rent mechanisms: consumption of antibiotic-con-
taminated meat, in which antibiotics cause selec-
tive pressure on the host microbiota, and/or con-
sumption of meat contaminated with antibiotic
bacteria.Various studies around the world have
shown that ready-to-eat animal products are con-
taminated with E. coli strains resistant to various
types of antibiotics, mainly to B-lactams through
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the production of broad-spectrum [B-lactamases
(ESBL) [6, 10]. This is also confirmed by the
tested Bulgarian isolates of DES from healthy
children. The results obtained from the pheno-
typic testing of isolates still show low values,
but clearly expressed resistance to AK — 12.3%
and SXT — 9.7% followed by CIP — 4.3% and
FOX — 2.83. In particular, we must point out
the expressed resistance to LEV — 1.58%. This
could be explained by the widespread use of
these antibacterial agents in recent years and the
rapid development and spread of resistance to
them. Analyzing the obtained results, we hypo-
thesize that the increasing values of resistant
DEC isolates among young children are most
likely of origin to sick adults and/or asymptom-
atic faecal carriers, which are often proven over
the years as a source of epidemics transmitted
by food.

CONCLUSION

Due to the ever-increasing number of infec-
tions caused by resistant E. coli and their ease
of faecal-oral transmission among humans and
environmental sources, understanding the epide-
miology of these strains and their mechanisms
of resistance is crucial in combating these in-
fections. Furthermore, timely detection, isola-
tion and treatment of enteric infectious agents
among children will prevent the development of
outbreaks, and reduce the cost of hospital care
and the risk of developing severe infectious diar-
rhoea with the unwanted lethal exit.

HUcTounnk ¢puHaHCcoOBOIl moaaep:kKku. Pado-
Ta ¢puHaHCUpyeTcs MccnenoBarenbckuM hOHIOM
MunmnctepcTBa o6paszoBanus bonrapuu. [Ipoekt
Ne KIT 06-M43/2, nostops 2020 r.

Pe3ynpTaThl 5TOTO MCCIEAOBAHUS OBLIH TIPEI-
crasiensl Ha X1V HaunoHnanbHo# KoHpepeHIH
110 WH(EKIIMOHHBIM 3a00JieBaHusIM — 7—9 OKTsI-
opst 2021 . B ropoae [Tnosause, bonrapus.
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