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Escherichia coli sagnsiemcss 0OHum u3 npeocmasumenetl Kuweuno2o Mukpoouoma. Cmpykmypa nonyasyuu npeumyiyecmeeHHo Kio-
HAbHAs, OOHAKO HAUYUEe 2eHO8 NAmo2eHHOCmu nepegooum cunanmponuyio Escherichia coli 6 namoeen, cnocobuwlil evizbieams
paseumue unghekyuonHo20 npoyeccd. B sagucumocmu om 2enemuuecko2o Gona (Haruuus Qakmopos sUpYIeHMHOCIU U 2eHO8, UX
rkooupyrowux) Escherichia coli noopaszoensirom na enexuuieurslil u ouapetinvii namomunsl. K nocieonum omuocsames SHmepomokcu-
2eHHble, DHMEPONamozeHHble, IHMEPOUHBA3UBHBLE, DHMepoadeesusHble u dHmepozemoppazuveckue E. coli, svizvisaioujue eemoppa-
2UUeCKUL KOTUNM U/ULU 2eMOTUMUKO-YPEMUYECKULl CUHOPOM, 8 MOM yucie npooyyupyiowue wuea-moxcut. Ecmo E. coli, cnocobnvie
NPUKPENTIAMbCA K CIMEHKAM KUWEUHUKA U 8bI3bI6AMb HAPYUIEHUE NPOYECCO8 6CACLIBAHUS — IHMEPOUSPe2aAyUOHHbLI U OUPPY3HO-
azpe2ayuoHHbILl NAMOMuUNbL COOMEEMCMEECHHO.

Kniouegwie cnosa: Escherichia coli; ouapes, 3abonesanus,; sHmepomoKcutbl; namo2eHHOCMyb, MONEKYIAPHO-2EeHeMUUeCKUe UCCIe00-
8AHUSL, NATNO2EHHOCTb

Jnst untupoBanust: baiipakosa A.JL., Jlaxtun B.M. Pa3nooGpa3ue Escherichia coli: mpencraButens MUKpoOHOMa MM NATOTeH AJIs
00IIIECTBEHHOTO 3/IpaBOOXpaHeHUsI? Dnudemuonoaus u ungpexyuonnsie bonesnu. 2024; 29(3): 177-181.
DOI: https://doi.org/10.51620/3034-1981-2024-29-3-177-181

Jlist koppecnionaeHuuu: batipakosa Anexcanopa JIb6o6na, K. M.H., CTapIINil HAYYHBIH COTPYIHUK Ta00paTOPUH KIMHHYECKOM
mukpob6uonorun u 6norexnonornd ®EYH MHUNOM unm. I'H. T'abpuuesckoro PocriorpedHai30pa; acCUCTEHT Kadeapbl MUKPO-
Guonoruu, Bupyconoruy, ummyHonoru HOU ¢ynnamenTansuol Menununsl Poccuiickoro Yausepcurera Menunuast M3 PO,
e-mail: alexandrabl@mail.ru.

KoHduIMKT HHTEPECOB. A8mopbl 3a56/1510M 00 OMCYMCMEUU KOHPAUKMA UHMEPECOB.

®unancupoBaHue. Paboma svinonnena 6e3 CnoHCOPCKOU NOOOEPHCKU.

TocTynuna 09.08.2024
IpunsTa k neyarn 05.09.2024
Omny0mKkoBaHO 01.10.2024

Bayrakova A.L."?, Lakhtin V.M.!

DIVERSITY OF Escherichia coli: AREPRESENTATIVE OF THE MICROBIOME OR A PATHOGEN FOR
PUBLIC HEALTH?

'G. N. Gabrichevsky research institute for epidemiology and microbiology, 125212, Moscow, Russia;

2"Russian Medical University" of the Ministry of Health of the Russian Federation, 127006, Moscow, Russia

Escherichia coli is one of the representatives of the intestinal microbiome. The population structure is predominantly clonal, however,
the presence of pathogenicity genes translates synanthropic Escherichia coli into a pathogen capable of causing the development
of an infectious process. Depending on the genetic background (the presence of virulence factors and the genes encoding them),
Escherichia coli is divided into extra-intestinal and diarrhoeal pathotypes. The latter includes enterotoxigenic, enteropathogenic,
enteroinvasive, enteroadhesive and enterohemorrhagic E. coli, which causes hemorrhagic colitis and/or hemolytic-uremic syndrome,
including producing Shiga toxin. There is E. coli capable of attaching to the intestinal walls and causing a violation of the absorption
processes — enteroaggregative and diffuse-aggregating pathotypes, respectively.
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The main habitat of Escherichia coli is the digestive
system — the gastrointestinal tract, where, being an aerobic
organism, this microorganism is in symbiosis with other
representatives of the microflora, being part of the intesti-
nal microbiome. Despite the possibility of genetic recombi-
nation, the population structure of E. coli is predominantly
clonal, which makes it possible to identify the main phylo-
genetic groups. The literature data indicate seven phyloge-
netic groups A, B1, B2, D, E, F and C within each popula-
tion, which is determined by geographical, socio-economic
and medical data, including the genetic relationship of syn-
anthropic E. coli to the host organism [4]. The analysis of
the occurrence indicates that A, B1, B2, D are the main
groups, and in A, B1 and D the determinants of virulence
are rarely detected, while in synanthropic and pathogenic
strains belonging to B2 their detection is the same [5,6].
It should be understood that in order to become etiologi-
cally significant agents determining the development of
acute intestinal infection or another type of pathology,
synanthropic E. coli must acquire virulence factors and
vice versa, the identification of strains of the phylogenetic
group B2 is potentially classified as pathogenic. Thus, the
population structure of E. coli, depending on the genetic
background (the presence of virulence factors and genes
encoding them), can cause both diarrheal diseases (DEC)
and extra-intestinal infections (ExPEC) [7,8,9]. Moreover,
ExPEC phylogenetically differ from synanthropic E. coli or
DEC and, depending on the course of the pathological pro-
cess, are divided into uropathogenic (UPEC), septicemic
(SEPEC) and meningitis-associated (MNEC) infections.
ExXPEC, like diaregenic colibacteria, have a wide range of
virulence factors, which are often found in synanthropic
E. coli living in the intestine [10]. This is possible due to
the horizontal transfer of virulence determinants that deter-
mine the development of diarrheal diseases [11]. It is likely
that in the future, the loss and acquisition of genes will
continue to lead to the appearance of pathogenic isolates
that do not correspond to the current definitions of DEC. In
hospital settings, ExXPEC having virulence genes, including
resistance to antibacterial drugs, contribute to infection as-
sociated with medical care.

DEC has specific combinations of virulence signs, due
to which they are grouped into pathotypes, each of which
has unique genetic data, biological features and other char-
acteristics [12]. Determining the pathotype is necessary
both for the effectiveness of diagnosis and for understand-
ing the burden of the disease, including the choice of drug
therapy. It is known that DECs are genetically heteroge-
neous, for some there is no data on molecular genetic fac-
tors of pathogenicity [14]. The determination of pathotypes
is also complicated by the frequent release of pathogenic
E. coli in individuals with an asymptomatic course of in-
fection [15], including the existence of hybrid strains [16].
Grouping DEC based on the general characteristics of a
particular pathotype is useful for understanding the breadth
of the variety of virulence mechanisms that determine the
development of pathology. In this case, it is optimal to study
genomic data — the search for new pathotype-specific and
diarrhea-associated genes, including their unique ability to
produce thermolabile and thermostable enterotoxins, a va-
riety of colonization factors and other biological properties
specific to pathogenic populations [17]. Molecular genetic
research also makes it possible to determine the relation-
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ship with synanthropic E. coli. It is extremely important
that DEC detection methods be as sensitive and specific as
possible, which determines the accuracy of a comprehen-
sive assessment and subsequent description of the charac-
teristics of each isolate.

DEC pathotypes include enterotoxigenic E. coli (ETEC);
enteropathogenic E. coli (EPEC), enteroinvasive E. coli
(EIEC) and enteroadhesive strains (EAggEC), E. coli ca-
pable of attaching to intestinal walls and causing disrup-
tion of intestinal absorption processes — enteroaggregative
E. coli (EAEC) and diffuse aggregating (DAEC), respec-
tively. There is also enterohemorrhagic E. coli (EHEC),
which causes hemorrhagic colitis and hemolytic-uremic
syndrome, including Shiga toxin-producing (STEC) [49].

Enterotoxigenic Escherichia coli (ETEC)

Enterotoxigenic ETEC includes 22 serological variants
(06, 08, 011, 015, 020, 025, 027, 063, O78 and others)
and more than 16 serovars, mainly causing "traveler's diar-
rhea" [3], especially the increasing etiological role of 0128
and 0167 in third world countries is noted. To date, the
O157:H7 serovar has been and remains the most important
one causing an outbreak of human diarrheal infections [3].

The diagnosis is based on the presence of colonization
factors or the detection of thermolabile (It) and thermosta-
ble (ST) enterotoxins [18], which determine electrolyte im-
balance in intestinal epithelial cells, causing the develop-
ment of secretory diarrhea. The presence of one or both of
the above-mentioned toxin genes serves as an identification
characteristic of the ETEC strain [19]. The contribution of
both hemolysins to the pathogenicity of ETEC has been
demonstrated in numerous epidemiological studies indi-
cating the development of colibacteriosis (enterotoxigenic
escherichiosis) both in humans and animals [20].

According to the literature, two classes of thermolabile
toxin are distinguished: It1, isolated from humans and 1t2,
similar in functional, immunogenic and biological proper-
ties, but found only in E. coli isolated from animals. The
latter differs from the human in primary amino acid se-
quences [21]. For 12, it is known that the genes responsible
for its production are encoded not in the plasmid, as for
example for It1, but in chromosomal DNA. The immediate
difference is that antiserums against It do not neutralize 1t2.

Two types of enterotoxin are distinguished among ST:
STa (ST-I) and STb (ST-1I), which have different structures
and mechanisms of action. STa-enterotoxin is divided into
two subtypes: STa-H, available in ETEC human isolates,
and STa-P-associated E. coli, isolated mainly from animals:
pigs, calves, lambs, chickens and horses, respectively [22].

Enteropathogenic Escherichia coli (EPEC)

Like most other DECs, EPEC is often the cause of diar-
rhea in infants and young children in economically and so-
cially disadvantaged countries in low- and middle-income
families, including travelers traveling to endemic regions.
HERES includes 22 serological variants (serogroups O18,
044, 055%,086,0111,0112,0114,0119, 0125ac, 0126,
0127, O128ab, 0142) and more than 29 serovars (O:H),
representing a heterogeneous group of strains character-
ized by the variability of virulent signs, which determines
their ability to cause the development of the disease [23].
It is known that there are both asymptomatic carriers and
evidence that certain serogroups cause diarrhea more often
than others (055, 0125, O111, 0126, O18). This fact can
be explained by a number of reasons, one of which is dif-



SIUAEMHNOJIOTUA U MHOEKIIMOHHBIE BOJIE3HMH, 2024; 29(3)
https://doi.org/10.51620/3034-1981-2024-29-3-177-181

ferences in the immune status, the presence of IgA received
by children with breast milk from their mother and prevent-
ing the colonization of the EPEC pathotype [24].

The EPEC virulence genes are encoded in the chromo-
somal locus of the enterocyte pathogenicity island (LEE)
[25], and their centers are in the intimate protein gene en-
coded by LEE — eae [26]. Some EPEC strains carry the
plasmid of the EPEC adhesion factor (pEAT) encoding
the pilus gene, which forms a bundle-like unit of bfp [27].
Isolates in which bfp+ is detected are called typical EPEC
(tEPEC) strains, and bfp— are defined as atypical EPEC
(aEPEC) pathogens. Currently, there are no tests to detect
highly virulent strains.

Enterohemorrhagic E. coli (EHEC) EHEC of the
STEC subtype (shigatoxigenic EHEC type) is associated
both with outbreaks of life—threatening foodborne diseases
- severe bloody diarrhea caused by serotype O157:H7 or
O157HNM, and can cause mild impairment, often accom-
panied by fever, vomiting or chills and caused by serotypes
of other groups (026, O111, O113, O117 and O145, re-
spectively) [28].

STEC strains are determined by the presence of vero-
toxin production and a Shiga-like toxin encoded (shiga-
toxin-producing E. coli — STEC), and EHEC strains have
additional virulence factors, the expression of which leads
to hemorrhagic colitis and, in some cases, life-threatening
hemolytic-uremic syndrome. All EHEC pathotypes are
STEC, but not all STEC are EHEC. The diagnosis of STEC
is based on the molecular identification of variants of the
Shiga toxin (stx gene) and auxiliary virulence genes, in-
cluding markers encoded by the LEE island of pathogenic-
ity, also present in EPEC. Diagnostic methods for EHEC
strains often target the hemolysin genes encoded by the
plasmid [29]. Serotyping is used both to identify E. coli
0157:H7 and other EHEC strains [30].

Enteroinvasive Escherichia coli (EIEC)

EIEC, also known as enteroinvasive E. coli, includes 9
serogroups (0O28ac, 029, 0124, 0136, 0143, 0144, 0152,
0164, 0167 and O173, respectively) and a limited num-
ber of serovars are associated, the most important of which
are the serogroups O124, O144 and O152, respectively.
They differ in the ability to damage and multiply in the
cells of the intestinal epithelium, thereby causing the de-
velopment of inflammation, and the clinical manifestations
and mechanisms of virulence are indistinguishable from
the mechanisms initiated by closely related Shigella spe-
cies [31,32]. EIEC, like Shigella, carries an F-type pINV
plasmid encoding genes responsible for the development of
dysentery [33]. Molecular detection of the pINV-encoded
ipaH gene, a type IlI effector protein, is used to differentiate
Shigella and EIEC from other pathotypes [34]. EIEC also
differ from Shigella in biochemical characteristics, molecu-
lar genetic data - the presence of a specific lacY gene [35],
present in all EIEC, but absent in Shigella spp. There is
a B-glucuronidase (uidA) gene present in both EIEC and
Shigella spp [36].

Enteroaggregative E. coli (EAEC/EAZEC) EAEC is a
new extra—intestinal diarrhoeal pathogen that causes dis-
eases in people regardless of age and is common in both
industrialized countries and low-income regions. There is
evidence of the occurrence of EAEC in the microbiota of
healthy individuals [37]. Studies of diarrhea using the ex-
ample of different regions have shown their genetic diversi-
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ty. The pathogenicity and clinical significance of EAEC are
also questionable, since asymptomatic carriage is common,
and studies do not indicate a direct link with diarrhea [38].
For example, when simulating infection on volunteers with
various strains of EAEC isolated from patients, only one
strain caused diarrhea, and not in every subject [37]. This
fact can be explained by the fact that not all EAEC are able
to adhere to intestinal epithelial cells.

EAEC includes 8 serotypes (O3, O15, 044, 077, 086,
O111 and O127, respectively) [32], and the best definition
of EAEC is the identification of an aggregative pattern on
cell culture with the absence of markers associated with
other pathotypes [39].

In this case, laboratory testing on the HEp-2 cell line
is considered the gold standard of EAEC diagnostics. Re-
cently, it has been proposed to differentiate the strains of
EAgEC into typical (t-EAgEC) and atypical (a-EAgEC),
differentiated by the presence or absence of the aggR gene.
It has been suggested that aggR/t-EAgEC has a greater
pathogenicity than a-EAgEC [3]. Several molecular tar-
gets can also be used to detect EAEC, but given that the
subtypes differ significantly, there is no consistent molecu-
lar definition yet [40]. The most commonly used marker
genes for EAEC include aatA, a plasmid—encoded gene
important for biofilm formation, aggR; a transcription ac-
tivator encoded by a plasmid; and the aaiC gene located
on a genomic island with a type VI secretion system [41].
Genome-wide studies of EAEC isolates are necessary for
further identification of gene targets and molecular epide-
miology of EAEC.

Diffuse-aggregating  (diffuse-attaching) E. coli
(DAEC) Epidemiological data linking DAEC to diarrhea in
children in the CIS countries are available, but, like EAEC,
its status as a causative agent of diarrheal diseases remains
uncertain due to inconclusive evidence regarding studies
on asymptomatic carriage [42]. It is important to note that
the global prevalence of DAEC is difficult to determine,
since the target genes used to identify this pathotype are not
specific. The first definition of DAEC is associated with the
distinctive nature of diffuse adhesion on cell culture, how-
ever, this study is not suitable for diagnosis, since atypical
EPEC (aEPEC) also have this property [43]. Later, DAEC
strains were detected due to the presence of F1845 adhe-
sion genes encoded by afa, dra, or daa operons and being
structurally and functionally similar [44]. Despite the exis-
tence of molecular genetic studies regarding the determina-
tion of daaC, daaE, afaB, afaC and other genes in the afa,
dra and daa operons, it has been shown that they are also
present in well-characterized EAEC strains. Thus, despite
the use of molecular genetic studies, gene identification is
not 100% of the DAEC identification methods from other
DECs. As in the case of EAEC, to identify DAEC, whole
genome sequencing studies are needed, including taking
into account epidemiological data. Hybrid strains Separate
studies indicate the identification of hybrid strains with
genes associated with the identification of several DECs
at once. These include strains producing the Shiga—EAEC
toxin, which caused an outbreak of diseases in Europe;
ETEC, detected in livestock and EPEC strains carrying the
ETEC It hemolysin gene, including aEPEC, which has a
gene usually found in extra-intestinal pathogenic E. coli
(ExPEC) [45,46,47,48]. Hybrid strains are relatively rare,
which is apparently due to the low transmission (mobility)
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of virulence genes, but their existence is an important ex-
ample of the existence of other DECs that do not fall under
the classical description.

Resume. Unfortunately, molecular diagnostics are
not always effective for determining DEC, in particular,
due to problems with identifying molecular targets for
EAEC and DAEC. In addition, epidemiological studies
of asymptomatic carriage indicate a contradictory
relationship between the presence of a marker gene and
symptoms of diarrhea. Continuing this work, combined
with well-designed epidemiological studies, will help us
better understand disease outcomes with the possibility
of developing a treatment strategy related to DEC. It is
important to recognize and understand the exceptions in the
ability to cause the development of the disease, including
continuing research using the example of molecular genetic
research methods to understand the breadth of diversity
DEC. Since it is believed that synanthropic intestinal
isolates are reservoirs of pathogenic strains, it remains
an open question whether there is a relationship between
them, including taking into account geographical, socio-
economic and medical data providing further understanding
of the occurrence of diarrhoeal and other E. coli pathotypes.

REFERENCES

1. Jesser KJ, Levy K. Updates on defining and detecting diarrheagenic
Escherichia coli pathotypes. Curr Opin Infect Dis. 2020 Oct;33(5):372-
380. doi: 10.1097/QCO.0000000000000665. PMID: 32773499;
PMCID: PMC7819864.

2. Jang J, Hur HG, Sadowsky MJ, Byappanahalli MN, Yan T, Ishii
S. Environmental Escherichia coli: ecology and public health
implications-a review. J Appl Microbiol. 2017 Sep;123(3):570-581.
doi: 10.1111/jam.13468. Epub 2017 Jul 3. PMID: 28383815.

3. Heterogeneity of the population of pathogenic Escherichia coli
pathogens of intestinal infections and diseases of extra-intestinal
localization. St. Petersburg, 2021: Dissertation of M.A. Makarov,
MD. 4. Sudaeva, L. V. Phylogenetic groups and virulence genes of
Escherichia coli strains isolated from the intestinal microbiota of
children. L. V. Suzhaeva, M. A. Makarova, L. A. Kaftyreva. Clinical
laboratory diagnostics. 2020; 65; 4: 251-257. DOI 10.18821/0869-
2084-2020-65-4-251-257. EDN DCXVMZ.

5. Bailey JK, Pinyon JL, Anantham S, Hall RM. Distribution of
human commensal Escherichia coli phylogenetic groups. J Clin
Microbiol. 2010; 48(9): 3455-6. doi: 10.1128/JCM.00760-10. Epub
2010 Jul 7. PMID: 20610687; PMCID: PMC2937668.

6. Tenaillon O, Skurnik D, Picard B, Denamur E. The population genetics
of commensal Escherichia coli. Nat Rev Microbiol. 2010 Mar;8(3):207-
17. doi: 10.1038/nrmicro2298. PMID: 20157339.

7. Meena PR, Priyanka P, Singh AP. Extraintestinal pathogenic
Escherichia coli (EXPEC) reservoirs, and antibiotics resistance trends:
a one-health surveillance for risk analysis from "farm-to-fork". Lett
Appl Microbiol. 2023; 23;76(1): ovac016. doi: 10.1093/lambio/
ovac016. PMID: 36688760.

8. Riley LW. Distinguishing Pathovars from Nonpathovars: Escherichia
coli. Microbiol Spectr. 2020 Dec;8(4):10.1128/microbiolspec.ame-
0014-2020. doi: 10.1128/microbiolspec. AME-0014-2020. PMID:
33385193; PMCID: PMC10773148.

9. Ochman H, Selander RK. Standard reference strains of Escherichia
coli from natural populations. J Bacteriol. 1984 Feb;157(2):690-
3. doi: 10.1128/jb.157.2.690-693.1984. PMID: 6363394; PMCID:
PMC215307.

10. Nowrouzian FL, Clermont O, Edin M, Ostblom A, Denamur E, Wold
AE, Adlerberth 1. Escherichia coli B2 Phylogenetic Subgroups in the
Infant Gut Microbiota: Predominance of Uropathogenic Lineages in
Swedish Infants and Enteropathogenic Lineages in Pakistani Infants.
Appl Environ Microbiol. 2019; 27; 85(24): e01681-19. doi: 10.1128/
AEM.01681-19. PMID: 31562173; PMCID: PMC6881811.

11. Tenaillon O, Skurnik D, Picard B, Denamur E. The population genetics
of commensal Escherichia coli. Nat Rev Microbiol. 2010; 8(3): 207-17.

180

12.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

doi: 10.1038/nrmicro2298. PMID: 20157339.

Mirsepasi-Lauridsen HC, Vallance BA, Krogfelt KA, Petersen
AM. Escherichia coli Pathobionts Associated with Inflammatory
Bowel Disease. Clin Microbiol Rev. 2019; 30; 32(2): e00060-18. doi:
10.1128/CMR.00060-18. PMID: 30700431; PMCID: PMC6431131.

. Sohel I, Puente JL, Murray WJ, Vuopio-Varkila J, Schoolnik

GK. Cloning and characterization of the bundle-forming pilin gene of
enteropathogenic Escherichia coli and its distribution in Salmonella
serotypes. Mol Microbiol. 1993; 7(4): 563-75. doi: 10.1111/j.1365-
2958.1993.tb01147.x. PMID: 8096320.

. Jesser KJ, Levy K. Updates on defining and detecting diarrheagenic

Escherichia coli pathotypes. Curr Opin Infect Dis. 2020; 33(5): 372-
380. doi: 10.1097/QC0.0000000000000665. PMID: 32773499; PM-
CID: PMC7819864.

Misiewicz 1A, Galinski J. Wystepowanie chorobotworczych cech u
szczepow Escherichia coli pochodzacych z przypadkow bakteriurii
bezobjawowej i objawowych zakazen uktadu moczowego [Pathogenic
characteristics of Escherichia coli strains in cases of asymptomatic bac-
teriuria and symptomatic urinary tract infections]. Med Dosw Mikro-
biol. 1989; 41(3-4): 151-9. Ilonsckuii. PMID: 2701235.

. Lindstedt BA, Finton MD, Porcellato D, Brandal LT. High frequency

of hybrid Escherichia coli strains with combined Intestinal Pathogenic
Escherichia coli (IPEC) and Extraintestinal Pathogenic Escherichia
coli (ExPEC) virulence factors isolated from human faecal samples.
BMC Infect Dis. 2018; 1; 18(1): 544. doi: 10.1186/s12879-018-3449-2.
PMID: 30497396; PMCID: PMC6267907

Teng LJ, Hsueh PR, Liaw SJ, Ho SW, Tsai JC. Genetic detection of
diarrheagenic Escherichia coli isolated from children with sporadic
diarrhea. J Microbiol Immunol Infect. 2004; 37(6): 327-34. PMID:
15599464.

Dubreuil JD, Isaacson RE, Schifferli DM. Animal Enterotoxigenic
Escherichia coli. EcoSal Plus. 2016 Oct;7(1):10.1128/ecosalplus.
ESP-0006-2016. doi: 10.1128/ecosalplus.ESP-0006-2016. PMID:
27735786; PMCID: PMC5123703.

Blanco J, Blanco M, Garabal JI, Gonzalez EA. Enterotoxins, coloniza-
tion factors and serotypes of enterotoxigenic Escherichia coli from hu-
mans and animals. Microbiologia. 1991; 7(2): 57-73. PMID: 1684712.
Dubreuil JD, Isaacson RE, Schifferli DM. Animal Enterotoxigen-
ic Escherichia coli. EcoSal Plus. 2016; 7(1): 10.1128/ecosalplus.
ESP-0006-2016. doi: 10.1128/ecosalplus.ESP-0006-2016. PMID:
27735786; PMCID: PMC5123703.

Kartsev, N. N. Epidemiology, properties and laboratory diagnostics of
enterotoxigenic Escherichia coli. N. N. Kartsev, N. K. Fursova. Bacte-
riology. 2018; 3; 1: 45-49. DOI 10.20953/2500-1027-2018-1-45-49.
EDN LZPNYL.

Misiewicz 1A, Galinski J. Wystepowanie chorobotworczych cech u
szczepow Escherichia coli pochodzacych z przypadkow bakteriurii
bezobjawowej i objawowych zakazen uktadu moczowego [Pathogenic
characteristics of Escherichia coli strains in cases of asymptomatic
bacteriuria and symptomatic urinary tract infections]. Med Dosw Mik-
robiol. 1989; 41(3-4): 151-9. Ilonsckuii. PMID: 2701235.

Shulyak B.F. Enterohemorrhagic strains of E. coli. Almanac of Clinical
Medicine. 2011; 25.

Makarova M. A. Modern understanding of diarrhoeal Escherichia
coli - pathogens of acute intestinal infections. Journal of Microbiol-
ogy, Epidemiology and Immunobiology. 2023; 100; 4: 333-344. DOI
10.36233/0372-9311-410. EDN RNMHNB.

Platenkamp A, Mellies JL. Environment Controls LEE Regulation
in Enteropathogenic Escherichia coli. Front Microbiol. 2018; 27; 9:
1694. doi: 10.3389/fmicb.2018.01694. PMID: 30140259; PMCID:
PMC6094958.

An H, Fairbrother JM, Désautels C, Mabrouk T, Dugourd D, Dezfulian
H, Harel J. Presence of the LEE (locus of enterocyte effacement) in pig
attaching and effacing Escherichia coli and characterization of eae, espA,
espB and espD genes of PEPEC (pig EPEC) strain 1390. Microb Pathog.
2000; 28(5): 291-300. doi: 10.1006/mpat.1999.0346. PMID: 10799279.
Silva C, Zavala-Alvarado C, Puente JL. Self-Conjugation of the En-
teropathogenic Escherichia coli Adherence Factor Plasmid of Four
Typical EPEC Isolates. Biomed Res Int. 2017; 2017: 6325736. doi:
10.1155/2017/6325736. Epub 2017 Oct 26. PMID: 29226143; PM-
CID: PMC5684527.

The European Hydrogen Energy Conference (EHEC). International
Scientific Journal Alternative Energy and Ecology. 2017; 22-24(234-
236): 126. EDN YKUQQG.



SIUIEMHNOJIOT U U MHOEKIIMOHHBIE BOJIE3HMU, 2024; 29(3)

https://doi.org/10.51620/3034-1981-2024-29-3-177-181

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Monteiro R, Ageorges V, Rojas-Lopez M, Schmidt H, Weiss A, Bertin
Y, Forano E, Jubelin G, Henderson IR, Livrelli V, Gobert AP, Rosini
R, Soriani M, Desvaux M. A secretome view of colonisation factors
in Shiga toxin-encoding Escherichia coli (STEC): from enterohaemor-
rhagic E. coli (EHEC) to related enteropathotypes. FEMS Microbiol
Lett. 2016; 363(16): faw179. doi: 10.1093/femsle/fnw179. Epub 2016
Jul 26. PMID: 27465489.

Lim JY, Yoon J, Hovde CJ. A brief overview of Escherichia coli
O157:H7 and its plasmid O157. J Microbiol Biotechnol. 2010; 20(1):
5-14. PMID: 20134227; PMCID: PMC3645889.

van den Beld MJ, Reubsaet FA. Differentiation between Shigella, en-
teroinvasive Escherichia coli (EIEC) and noninvasive Escherichia co-
li. Eur J Clin Microbiol Infect Dis. 2012; 31(6): 899-904. doi: 10.1007/
$10096-011-1395-7. Epub 2011 Sep 7. PMID: 21901636.

Myagkova, V. V. Genetic differentiation of Shigella/EIEC from E.
coli. Actual problems of infectious pathology and biotechnology :
Proceedings of the XIV International Student Scientific Conference,
Ulyanovsk, May 31, 2021. Ulyanovsk: Ulyanovsk State Agrarian Uni-
versity named after P.A. Stolypin, 2021. EDN TWOVVY.

Pasqua M, Michelacci V, Di Martino ML, Tozzoli R, Grossi M, Colon-
na B, Morabito S, Prosseda G. The Intriguing Evolutionary Journey of
Enteroinvasive E. coli (EIEC) toward Pathogenicity. Front Microbiol.
2017; 5; 8: 2390. doi: 10.3389/fmicb.2017.02390. PMID: 29259590;
PMCID: PMC5723341.

Dranenko NO, Tutukina MN, Gelfand MS, Kondrashov FA, Boch-
kareva OO. Chromosome-encoded IpaH ubiquitin ligases indicate
non-human enteroinvasive Escherichia. Sci Rep. 2022; 27; 12(1):
6868. doi: 10.1038/s41598-022-10827-3. PMID: 35477739; PMCID:
PMC9046306.

Ud-Din A, Wahid S. Relationship among Shigella spp. and enteroinva-
sive Escherichia coli (EIEC) and their differentiation. Braz J Micro-
biol. 2015; 4;45(4): 1131-8. doi: 10.1590/s1517-83822014000400002.
PMID: 25763015; PMCID: PM(C4323284.

Ud-Din A, Wahid S. Relationship among Shigella spp. and en-
teroinvasive  Escherichia coli (EIEC) and their differentia-
tion. Braz J Microbiol. 2015; 4; 45(4): 1131-8. doi: 10.1590/s1517-
83822014000400002. PMID: 25763015; PMCID: PMC4323284.
Nataro J.P., Deng Y., Cookson S., Cravioto A., Savarino S.J., Guers
L.D. et al. Heterogeneity of enteroaggregative Escherichia coli viru-
lence demonstrated in volunteers. The Journal of Infectious Diseases.
1995; 171(2): 465-8. Doi:10.1093/infdis/171.2.465.

Harrington SM, Dudley EG, Nataro JP. Pathogenesis of enteroaggrega-
tive Escherichia coli infection. FEMS Microbiol Lett. 2006; 254(1):
12-8. doi: 10.1111/5.1574-6968.2005.00005.x. PMID: 16451173.
Mathewson JJ, Cravioto A. HEp-2 cell adherence as an assay for viru-
lence among diarrheagenic Escherichia coli. J Infect Dis. 1989; 159(6):
1057-60. doi: 10.1093/infdis/159.6.1057. PMID: 2656874.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

MWKPOBMONOTUA

Jenkins C. Enteroaggregative Escherichia coli. Curr Top Micro-
biol Immunol. 2018; 416: 27-50. doi: 10.1007/82 2018 105. PMID:
30232602.

Bamidele O, Jiang ZD, Dupont H. Occurrence of putative virulence-
related genes, aatA, aggR and aaiC, of Enteroaggregative Escherichia
coli (EAEC) among adults with travelers' diarrhea acquired in
Guatemala and Mexico. Microb Pathog. 2019; 128: 97-99. doi:
10.1016/j.micpath.2018.12.030. Epub 2018 Dec 21. PMID: 30579944.
Meza-Segura M, Zaidi MB, Vera-Ponce de Leon A, Moran-Garcia N,
Martinez-Romero E, Nataro JP, Estrada-Garcia T. New Insights Into
DAEC and EAEC Pathogenesis and Phylogeny. Front Cell Infect
Microbiol. 2020; 15; 10: 572951. doi: 10.3389/fcimb.2020.572951.
PMID: 33178627; PMCID: PMC7593697.

Adorjan A, Makrai L, Mag T, Janosi S, Konyves L, Toth 1.
High Frequency of Multidrug-Resistant (MDR)  Atypical
Enteropathogenic Escherichia coli (aEPEC) in Broilers in Hungary.
Front Vet Sci. 2020; 13; 7: 511. doi: 10.3389/fvets.2020.00511. PMID:
32903588; PMCID: PMC7438536.

Le Bouguénec C, Servin AL. Diffusely adherent Escherichia coli
strains expressing Afa/Dr adhesins (Afa/Dr DAEC): hitherto
unrecognized pathogens. FEMS Microbiol Lett. 2006; 256(2): 185-94.
doi: 10.1111/j.1574-6968.2006.00144.x. PMID: 16499605.

Prager R, Lang C, Aurass P, Fruth A, Tietze E, Flieger A. Two novel
EHEC/EAEC hybrid strains isolated from human infections. PLoS
One. 2014; 21; 9(4): €95379. doi: 10.1371/journal.pone.0095379.
PMID: 24752200; PMCID: PMC3994036.

Lang C, Fruth A, Holland G, Laue M, Miihlen S, Dersch P, Flieger A.
Novel type of pilus associated with a Shiga-toxigenic E. coli hybrid
pathovar conveys aggregative adherence and bacterial virulence.
Emerg Microbes Infect. 2018; 5; 7(1): 203. doi: 10.1038/s41426-018-
0209-8. PMID: 30514915; PMCID: PMC6279748.

Munhoz DD, Santos FF, Mitsunari T, Schiiroff PA, Elias WP,
Carvalho E, Piazza RMF. Hybrid Atypical Enteropathogenic and
Extraintestinal Escherichia coli (aEPEC/EXxPEC) BAI1250 Strain:
A Draft Genome. Pathogens. 2021; 14; 10(4): 475. doi: 10.3390/
pathogens10040475. PMID: 33919948; PMCID: PMC8070890.

Dias RC, Dos Santos BC, Dos Santos LF, Vieira MA, Yamatogi RS,
Mondelli AL, Sadatsune T, Sforcin JM, Gomes TA, Hernandes RT. Di-
arrheagenic Escherichia coli pathotypes investigation revealed atypi-
cal enteropathogenic E. coli as putative emerging diarrheal agents in
children living in Botucatu, Sdo Paulo State, Brazil. APMIS. 2016;
124(4): 299-308. doi: 10.1111/apm.12501. Epub 2016 Jan 11. PMID:
26752102.

Melton-Celsa AR. Shiga Toxin (Stx) Classification, Structure, and
Function. Microbiol Spectr. 2014; 2(4): EHEC-0024-2013. doi:
10.1128/microbiolspec. EHEC-0024-2013. PMID: 25530917; PMCID:
PMC4270005.

181



