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Abstract

Introduction. Pathogenic strains of Escherichia coli are an important object of surveillance within the One Health
concept in the wild, agriculture and human society.

Migratory bird colonies and high latitude avian colonies may be points of active intraspecies and interspecies
contact between different animal species, accompanied by the spread of pathogens. At the same time, the
phylogeography of E. coli in relation to the presence of natural foci of colibacillosis in polar regions remains
virtually unstudied.

The aim of this study was to assess the pathogenic potential of E. coli strains from the polar regions of the Earth,
based on the analysis of the genomes of these bacteria from typical ornithogenic ecosystems of the Arctic and
Antarctic.

Materials and methods. The study used collections of E. coli isolated from ornithogenic biological material during
expeditions to high latitude areas of the Arctic (archipelagos of Novaya Zemlya, Franz Josef Land, Svalbard) and
Antarctic (Haswell Archipelago). 16 cultures associated with avian E. coli (12 polar and 4 temperate strains) were
selected for genome-wide sequencing using BGI technology. The annotation of the genomes focused on the
identification of genes for pathogenicity factors and antimicrobial resistance, as well as the identification of strains
belonging to individual genetic lineages using the cgMLST method.

Results. The annotation of the genomes allowed their assignment to different sequence types in the multilocus
sequencing typing and genome-wide sequencing typing schemes. The analysis of the geographical distribution of
the sequence types of polar E. coli strains determined by the cgMLST method showed their global representation
in geographically distant regions of the planet. For example, cgST 133718 was observed in Antarctica (strain
17_1myr) and in the UK, and sequence 11903, to which strain 32-1 from the northernmost point of Novaya
Zemlya belonged, was previously identified in the USA.

All strains studied were characterized by the presence of extensive virulence. Among the pathogenicity factors
identified were haemolysins A, E, F, siderophores, including the yersiniabactin gene cluster, a number of adhesion,
colonization and invasion factors, as well as the thermostable enterotoxin EAST-1 and genes that characterize
enteroaggregative strains of E. coli (the virulence regulator gene eilA and enteroaggregative protein (air)). One
of the Arctic strains (33-1) had determinants of antibiotic resistance, in particular the extended-spectrum beta-
lactamase gene TEM-1b and the Tn1721 transposon, including tetracycline resistance genes (tetA-TetR), were
detected in its genome.

Conclusion. The results of the study indicate the circulation of E. coli strains with strong pathogenic potential
in high-latitude Arctic and Antarctic ornithogenic ecosystems. The analysis of genomic data indicates the
presence of geographically widespread genetic lineages in these regions, which justifies the importance of
monitoring epidemic clones of E. coli, along with monitoring for other pathogens, in bird colonies in high-latitude
areas.
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MaToreHHbIN NOTEHL AN OPHUTOreHHbIX WwtammoB Escherichia coli,
BbIIBJIEHHbIX B NOJIIPHbIX permoHax 3emnm

AcnaHoB b.W.', Azapos [1.B."2, MakapoBa M.A."3, Mapbiwesa E.I%, KpaeBa JI1.A.2, Moxos A.C.",
JNle6epesa E.A.", ToHuapoB H.E.2, Jle6epgesa H.B.>, Crapukos [].A.¢, Konogxunsesa B.B.",
Mones [.E.2, loHuyapos A.E." >

'CeBepo-3anagHblil rocyfapCTBEHHbIN MEAULMHCKII YyHBepcuTeT nmeHmn WM. MeuHnkoBa, CaHkT-MeTepbypr, Poccus;
2N HCTUTYT SKCNepUMeHTanbHoi MeauumHel, CaHkT-MNeTepbypr, Poccns;

3CaHKT-MeTepbyprckmin HayYHO-UCCNeA0BATENbCKU UHCTUTYT SNUAEMUONIOTMN U MUKpobronorum nmenu MNactepa,
CaHkT-lNeTepbypr, Poccus;

‘CaHKT-leTepbyprckuii rocyaapcTBeHHbI yHuBepcuTeT, CaHKT-MeTepbypr, Poccus;

SMypMaHCKUiA MOPCKOI 61ONOrMYecKUn MHCTUTYT, MypmaHck, Poccus;

*HukHe-CBMPCKNIA FOCY[apCTBEHHBIN MPUPOAHbIA 3anoBedHuK, llogenHoe Mone, Poccua

AHHOMauus

BBepeHume. [NatoreHHble WwWTammbl Escherichia coli sBNAOTCA BaXXHbIM 0ObEKTOM MOHUTOPUHIA B MPUPOAE, CeMb-
CKOM X035CTBE N YenoBe4eckom obLLecTBe B paMkax KoHuenummn « EguHoro 3gopoBbsi» . KonoHUn MUrpmpyoLmx
NTUL 1 NTUYBK 6a3apbl B BbICOKMX LUMPOTaxX MOryT ObiTb TOYKAMM aKTUBHBLIX BHYTPMBUAOBbLIX U MEXBUAOBbIX KOH-
TaKTOB MeX4y PasfvMyYHbIMU BUAEMU XXUBOTHbIX, COMPOBOXAAILWMNXCH pacnpocTpaHeHNEM MUKPOOPraHN3MOB.
B T0 xe Bpems cdunoreorpacdms E. coli B KOHTEKCTE HanMuns NPUPOAHbLIX O4aroB KONMMBaKTEPUO30B B MOMSIPHBIX
pernoHax NpakTM4eckn He n3dyyanachb.

Llenb paboTbl: OLeHKa naToreHHoro noteHuuana wraMMoB E. coli, pacnpoCcTpaHEHHbIX B MONSAPHbBIX pernoHax
3emnu, Ha ocHOBe aHanu3a reHOMOB AaHHbIX 6akTepuii U3 BbIOOPKK, XapakTepusytoLen TUNUYHblE OPHUTOMEH-
Hble aKocMCTeMbl APKTUKN N AHTAPKTUKK.

Matepunansi n metoabl. B pabote 6binu ncnonb3oBaHbl WTammel E. coli, BblgeneHHbIe 13 OPHUTOreHHOro 6uo-
Nornyeckoro marepuana B XO4e 3KCneauuuii Ha BbICOKOLUMPOTHbIE TeppuTopun ApkTuku (apxunenarn Hosas
3emns, 3emna ®paHua-Nocuda, LUnuubepreH) n AHTapkTukn (apxunenar Xacyann). M3 Hux 16 wrammoB, ac-
COLMMPOBAaHHbIX C NTULaMM (12 NONAPHbIX LUTAMMOB U 4 LUTamMMma, BbIAEMNEHHbIX B YMEPEHHbIX LUMpoTax), Obinu
otobpaHbl A4/151 MOMHOreHOMHOIO CEKBEHMPOBaHMUSA C MCNomnb3oBaHWeM TexHonorun BGIl. AHHOTMpOBaHWeE reHo-
MOB 6bIf10 CHOKYCUPOBaHO Ha MAEHTUMMKALMM FEHOB, KOAMPYIOLWMX hakTopbl NaTOreHHOCTU N YCTOWYMBOCTM K
aHTMMUKPOOHBLIM Npenaparam, a Takke Ha onpegeneHun NPYHaaNeXXHOCTU LUTAMMOB K OTAEMbHLIM CepoTUnam 1
reHeTM4eCKUM NIMHUSM, B TOM YKCIe Ha OCHOBE MCronb3oBaHnsa metoga cgMLST.

Pe3ynbraThbl. [poBegéHHOE aHHOTMPOBaHME reHOMOB E. coli N03BOMUIIO0 YyCTAHOBUTbL X MPUHAANEXHOCTb K pas-
NIMYHBIM CUKBEHC-TUMNaM B CXeMaxX MYIbTUNOKYCHOMO CEKBEHUPOBaAHNA-TUMMPOBAHUS Y MONTHOTEHOMHOIO CeKBe-
HMPOBaHMWA-TUNMPOBaHWA. AHanM3 reorpac4eckoro pacnpoCTPaHeHNs! CUKBEHC-TUMOB «MOMSAPHbIX» LTaMMOB
E. coli, onpenenénHbix metogom cgMLST, npogemMoHcTprpoBan ux rmobanbHyto NpeacTaBneHHoCTb. Tak, Hanpu-
mep, cgST 133718 6bin oTmedeH B AHTapkTuge (wrtamm 17_1myr) n paHee — B BenvukoBputaHum, a CMKBEHC-TUN
11903, k koTopoMy NpuHagnexan wramm 32-1 n3 camon ceBepHomn Touku Hoson 3emnu, 6bin paHee BbIsSIBMEH
B CLUA. Bce nsyyeHHble WTaMMbl XapakTepn3oBanvcb Hanmunem obLUMpHOro Bupynoma. B uncne BbISBNEHHbIX
reHoB )akTopoB NaToreHHoCTn obHapyXeHbl reHbl remonuanHoB A, E, F, cugepodopsl, Bknovasa nepcnHmabak-
TUHOBbLIN KNacTep reHoB, psa reHoB hakTopoB afre3vu, KONOoHU3aLuuM 1 MHBa3uW, a Takke reH TepmocTabusb-
HOro aHTepoTokcuHa EAST-1 u reHbl, MapkupylolmMe aHTepoarrperatmBHble WTaMmbl E. coli: reH perynstopa
BMPYNEHTHOCTHM €eilA n aHTepoarrperatnBHbIn 6enok (air). OgnH 13 «apkTmuyecknx» wrammos (33-1) xapaktepu-
30Barncs HanM4yMeM AeTepMUHaHT YCTOMYMBOCTU K aHTMBMOTUKaM, B YaCTHOCTM, B €ro reHoMe ObIn AeTEKTUPOBaH
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reH 6eTta-nakramasbl paclumpeHHoro crnektpa TEM-1b n TpaHcnoson Tn1721, BknovaloLwmii reHsl YCTOMYMBOCTU

K TeTpaumknuHam (tetA-tetR).

3akntoueHue. PesynbraThl UCCreQ0BaHUS CBUAETENLCTBYHOT O LMPKYNSALUM B OPHUTOFEHHbIX 3KOCUCTEMAX Bbl-
COKOLLUMPOTHOM APKTUKM U AHTaApKTMKM LWITamMoB E. coli, obnagarLmx BblpaXXeHHbIM NaToreHHbIM NOTEHLMANoM.
AHanM3 reHoMHbIX AaHHbIX CBUAETENLCTBYET O PACNPOCTPAHEHUN B 3TUX PErMOHax reHEeTUYECKUX NUHUIA, LIn-
POKO reorpadmyeckn npeacTaBneHHbIX, YTO 060CHOBLIBAET 3HAYMMOCTb MOHUTOPUHIA SNMOEMUYECKUX KITOHOB
KULLEYHOW Nanoyku, Hapsioy ¢ MOHUTOPMHIOM APYrMX NaToreHoB, B KONTOHWUSIX MacCOBbIX BUAOB MTUL, HA BbICOKO-

LUMPOTHBIX TEPPUTOPUSAX.

KnroueBble cnoBa: Apkmuka, AHmapkmuka, Escherichia coli, noriHoeeHoMHoe cekgeHuposaHue, chakmopsl na-

moc2eHHOCMU, OPHUMOCeHHbIe 3KocUuCmeMbl

Amuyeckoe ymeepxdeHue. Mpoueaypa ot6opa 06pasLos G1onornieckoro Matepuana ocyLecTBrsnach B COOTBET-
CTBUM C 0BLLENPUHATLIMU HOpMaMu 61oaTuku. MpoTokon nccnefoBaHns o4obpeH NokanbHbIM 3TUHECKUM KOMUTETOM
C3IrMY um. .. MeyHukoBa (npotokon Ne3 ot 13.03.2024).

BnazodapHocmb. KonnekTye aBTOPOB BbipaXaeT NPU3HaTENbHOCTb PYKOBOACTBY M COTPYAHMKaM POCCUINCKON aHTapk-
TUYECKOM IKCMeamLmnn, aKkeneanummn «ApKTUYECKUIn NNaByyvnii yHUBepcuTeT», POCCUIACKOM apKTUYECKOW aKCneanumm Ha
apxunenare WnuuGepreH, pykoBoactBy MypmaHcKoro mopckoro 6uonornyeckoro UHCTUTyTa Poccuiickon akagemum
HayK 3a NOMOLLb B MPOBEAEHNMN NOMNEBbIX NCCNEeA0BaHNNA.

HUcmouHuk huHaHcupoeaHusi. ViccrneaoBaHne BbINOMHEHO 3a CHET rpaHTa Poccunckoro HayvHoro choHga Ne 23-25-
00128, https://rscf.ru/project/23-25-00128
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3aHHbIX C Nybnukaumnen HacTosiLLen cTaTb.
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Introduction

Escherichia coli is a unique microorganism ca-
pable of causing infections in a wide range of clinical
manifestations in humans and various animals, which
determines the importance of monitoring the spread of
its main pathotypes in nature, agriculture and human
society [1].

One of such pathotypes monitored under the One
Health concept is avian pathogenic E. coli (avian patho-
genic E. coli — APEC), which belongs to the group of
pathogens of extraintestinal localization (extraintestinal
pathogenic E. coli — ExPEC) [2, 3].

Although the possibility of direct zoonotic trans-
mission of APEC from birds to humans is debatable
[4], numerous studies show that APEC are genetically
similar to human ExPEC (uropathogenic E. coli (UP-
EC) and E. coli associated with neonatal meningitis
(NMEC)). There are studies supporting the commonali-
ty of pathogenicity factors in human APEC and ExPEC
isolates. For example, the virulence genes iroN, traT,
iucD, cvi/cva, ibeA, gimB, tia, neuC, kpsMTII, tsh, iss,
sitD, chuA, fyud, irp2, vat, malX and pic are present in
the genomes of both APEC, UPEC and NMEC [5].

The similarity between the virulomes of APEC
strains and human EXxPEC emphasizes the potential
threat of avian-associated zoonotic infections. Impor-
tantly, wild birds may act as a facilitator of the spread
of APEC-associated virulence and antimicrobial resis-
tance genes. For example, it has been shown that anti-
biotic resistance determinants can be transmitted from
wild geese and swan strains of Enterobacteriaceae to

strains in domestic birds, and from the latter to humans
[6, 7].

The circumpolar regions of the Earth represent a
unique geographical environment in which, despite ex-
treme climatic conditions, the high productivity of shelf
seas [8] maintains a high level of faunal biodiversity.
The coasts of the Arctic and Southern Oceans within
the continental Antarctic, Antarctic and sub-Antarc-
tic archipelagos are points of attraction for billions of
migrating birds, a significant part of which make long,
including transcontinental flights. For example, the Pa-
laearctic-African migration system alone includes 2.1
billion migrating individuals [9]. Colonies of migrating
birds in high latitudes can be points of active intraspe-
cies and interspecies contacts between birds and other
animals, accompanied by the exchange of microbiota,
including the pathogenic part of it [10].

In this regard, it seems important to study the dis-
tribution of bird-associated pathogens in ornithogenic
ecosystems formed around bird colonies on the coasts
of the Arctic and Antarctic seas.

At the same time, phylogeography and genetic
features of such an actual object of epidemiologic and
epizootologic surveillance as E. coli remains virtually
unstudied in polar regions.

The aim of the study is the assessment of the
pathogenic potential of E. coli strains distributed in the
polar regions of the Earth based on the analysis of the
genomes of these bacteria from a sample characteriz-
ing typical ornithogenic ecosystems of the Arctic and
Antarctica.
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Materials and methods

Collections of E. coli strains isolated from orni-
thogenic biological material (droppings, feces and car-
casses of fallen birds, nest substrates, microbial mats of
water bodies contaminated with bird droppings) during
several expeditions were used in this study.

In particular, during the implementation of the
scientific program of the Russian Arctic expedition on
the Svalbard archipelago in 2018, 28 samples of orni-
thogenic material were collected, from which 6 isolates
were isolated, in the expedition of Arctic Floating Uni-
versity (2023) — 8 isolates from 38 samples, in the
68th Russian Antarctic expedition of 2022-2023 — 19
isolates from 29 samples.

The present study describes the E. coli cultures
isolated in the bird colonies of the Svalbard archipelago
(West Spitsbergen Island), Novaya Zemlya and Franz
Josef Land archipelagos, as well as on the islands of
the Haswell Archipelago, which became one of the key
ornithological territories of East Antarctica due to many
thousands colonies of Adelie and Emperor penguins.

Furthermore, five E. coli strains isolated from
cloacal flushes during bird ringing in the spring-sum-
mer period of 2023 at the Ladoga ornithological sta-
tion (Nizhne-Svirsky Reserve, Gumbaritsy tract, Len-
ingrad region) were used as comparison strains. All
Arctic and Antarctic cultures were isolated without
the use of enrichment methods using dense nutrient
media when cultured directly in the field, as described
previously [11].

The procedure of biological material sampling
was carried out in accordance with generally accept-
ed ethical normsto The research protocol was approved
by the Ethics Committee of the which is confirmed
by the decision of the Local Ethics Committee of
North-Western State Medical University named after
L.I. Mechnikov (Protocol No. 3, March 13, 2024).

Species identification of the isolated strains was
performed using time-of-flight mass spectrometry
(MALDI-TOF) on a Bactoscreen instrument (Litech).
Mass spectra were analyzed using Biotyper 3.1 soft-
ware.

As aresult of random sampling, 16 strains were se-
lected for whole-genome sequencing (WGS), followed
by annotation and evaluation of pathogenic potential.

Information on the sources of cultures whose ge-
nomes were sequenced is presented in Table 1.

Biolabmix kits were used for genomic DNA iso-
lation. Genomic sequencing was performed using BGI
technology at the Pasteur Research Institute of Epide-
miology and Microbiology. Genome annotation was
performed using the RAST server (https://rast.nmpdr.
org/rast.cgi), drug resistance and virulence genes were
searched using the ABRicate v 0.8 program (https://
github.com/tseemann/abricate), and the MEGARes
(https://megares.meglab.org/amrplusplus/latest/html),
Comprehensive Antibiotic Resistance Database, CARD

3.0.2 (https://card.mcmaster.ca/analyze/rgi) and VFDB
(https://www.mgc.ac.cn/VFs/) databases were used for
this purpose.

The antigenic structure of E. coli was determined
using the online tool SerotypeFinder 2.0 (https://cge.
food.dtu.dk/services/SerotypeFinder/). The MLST 2.0
resource (https://cge.food.dtu.dk/services/MLST/) was
used to evaluate the results of multilocus sequenc-
ing-typing (MLST). The WGS typing results for bovine
genes obtained using the online tool cgMLSTFinder
1.2 (https://cge.food.dtu.dk/services/cgMLSTFinder/)
were compared with the data on the corresponding
cgMLST types deposited in the EnteroBase database
(https://enterobase.warwick.ac.uk/species/index/ecoli),
allowing for differences (Max Number MisMatches) of
no more than 20 single polymorphisms (SNPs).

Results

The annotation of genomes allowed us to deter-
mine their belonging to different STs in MLST and
WGS-typing schemes. The main characteristics of the
studied genomes and access numbers to their sequences
are presented in Table 2.

Genes encoding AmpC-like beta-lactamases,
the hyperproduction of which provides resistance to
cephalosporins, were identified in all genomes stud-
ied [12]. In addition, the genome of the Arctic strain
E. coli 33-1 was characterized by the presence of a
plasmid of about 78,000 bp containing the gene for
the extended-spectrum beta-lactamase TEM-1b and
transposon Tn1721, which includes tetracycline resis-
tance genes (tetA-tetR). Numerous pathogenicity fac-
tor genes associated with adhesion, invasion and iron
capture were detected in the genomes of the studied
microorganisms (Table 3).

The wide representation of EXPEC pathogenicity
factor genes in the genomes of the strains under study
raises the question of the potential association of these
strains with cases of infectious diseases in humans.

Using the EnteroBase database (https://enterobase.
warwick.ac.uk/species/index/ecoli), which accumu-
lates global data on cgMLST genotyping results and
currently includes information on more than 340,000
E. coli strains, a search was carried out for information
on the geographical distribution of cgSTs identified in
this study and their sources of isolation. The informa-
tion was retrieved from the metadata provided in En-
teroBase database for 11 STs (Table 4).

Discussion

In this study, an attempt was made to generate a
sample of E. coli strains associated with high-latitude
ornithogenic ecosystems typical of circumpolar regions
in both the Northern and Southern Hemispheres.

In the Arctic, our studies focused on strains asso-
ciated with marine colonial birds (Long-tailed Duck,
Thick-billed Buzzards) and goose species (Bean Goose,
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No. Isolates Place of isolation, coordinates Source of isolation
Isolates associated with bird ecosystems of the Arctic
1 67Spits Svalbard archipelago, Barentsburg, 78°03'N 14°16'E Feces of Rissa trydacyla
2 70_2Spits SvalbardNaYrcér:g);gagg:ﬁ qc:‘nf%%rggnYBé ylcRest Feces of Rissa trydacyla
3 89Spits Svalbard archipelago, Barentsburg, 78°03'N 14°16'E Feces of Anser brachyrhynchus
4 97Spits Svalbard archipelago, Barentsburg, 78°03'N 14°16'E Feces of Anser brachyrhynchus
5 AFU_2 Yugorsky Peninsula, White Nose Cape, 69°36'14.7"N 60°12'08.1"E Feces of Somateria mollissima
6 AFU 32 1 Novaya Zemlya archipelago, Cape of Desire, Feces of polar bear. near the Rissa trydacyla
= 76°57'18.5"N 68°34'41.9"E bird spot
7 AFU_33_1 Novaya Zemlya;\é'ocgi?ﬁ)f éég.?,\’j ggg; 4!Zl1ér91'cljéCape of Desire, Nests in the bird spot of Rissa trydacyla
Apxunenar 3emnsa PpaHua-Nocuda, o-8 Bunbyeka,
B AU e N e e Egg shell of Uria omvia
79°53'41.8"N 58°44'07.2"E
9 AFU_55_1 Franz JosefAmhipge(l)?gzqg?;;r?rjosné?gszk'ileoi_zl'?EndS (South Island), Pond near the Sterna paradisaea bird spot
Isolates associated with bird ecosystems of the Antarctic
10 15myr West Antarctica,I Queen I\/Laryl Lan?, Hafwelll Arg'hipelago, Haswell Adelie penguin (Pygoscelis adeliae),
sland, 66°31'36.6"S 93°00'20.8"E cloaca sample
11 17_1myr West Aﬁ:gﬁ:ﬁ ’I s?;neci n6g/!%r1y.3Lg gdsggsgggg‘ gf'réipelagq Stomach sample from Fulmarus glacialoides
12 28myr iz A.P;i;‘;giz’ ISI:(;Z? 6!\251?%‘(L)eéﬁﬁl,Sngs(’Vézl‘lzggwliEpelago, Feces of Adelie penguin (Pygoscelis adeliae)
Isolates form birds in European region of Russia, Ladoga Ornithological Station (LOS)
13 LOS_49 Nizhne-Svirskiy Reserve, LOS, 60°40'35.0"N 32°56'27.2"E Cloaca sample from Poecile palustris
14 LOS_51 Nizhne-Svirskiy Reserve, LOS, 60°40'35.0"N 32°56'27.2"E Anas crecca feces
15 LOS_52 Nizhne-Svirskiy Reserve, LOS, 60°40'35.0"N 32°56'27.2"E Cloaca sample from Turdus pilaris
16 LOS_54 Nizhne-Svirskiy Reserve, LOS, 60°40'35.0"N 32°56'27.2"E Cloaca sample from Turdus pilaris

Eiders). These bird species differ both in the ecological
niches they occupy and in the duration and directions
of migration, which may influence the structure of their
microbiota, determining the probability of colonization
by different E. coli genotypes.

At the same time, it is necessary to take into ac-
count the possibility of forming a single reservoir for
populations of this microorganism along the entire coast
of the Arctic Ocean, determined by bird migrations in
the meridional direction. Thus, it was recently found
out that a significant part of the kittiwake population
migrates from the South Island of Novaya Zemlya to
the wintering grounds on the coast of the North Pacific
Ocean [13]. The spread of pathogens with Arctic migra-
tory birds (predominantly from the goose group) simul-
taneously in latitudinal and meridional directions was
previously shown for influenza viruses [14]. It should
be noted that bean geese, the strains from which were

studied in this research, make seasonal migrations from
the Svalbard archipelago to wintering grounds in Bel-
gium and the Netherlands, and against the background
of global climate change in the Arctic, these birds are
actively exploring Novaya Zemlya as well [15].

Three Antarctic strains, whose genomes were
characterized in the present study, were isolated in the
territory of Adelie penguin colonies on the islands of
the Haswell Archipelago in East Antarctica. In spite
of the fact that penguins of this species are endemic to
Antarctica, in the territories of the colonies they neigh-
bor also with long-distance migratory species of birds.
For example, a frequent inhabitant of the Haswell Ar-
chipelago, the south polar skua, is able to make long
seasonal migrations and reach the North Pacific and the
North Atlantic [16]. Thus, the populations of Antarc-
tic birds are not isolated from the global circulation of
pathogens, as evidenced, in particular, by the circula-
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Table 2. Genetic characteristics of isolated E. coli strains

Strain Region of isolation Serotype Sequ?g_f_? type STby Ezggrg_lg)enome GenBank access number
67Spits Arctic 04:H5 12 10054 JAYEAG010000000
70_2Spits Arctic 043:H2 937 28072 JAYEAE000000000.1
89Spits Avrctic 083:H1 135 87221 JAYEADO000000000.1
97Spits Arctic 0166:H49 1246 162 JAYEAC000000000.1
AFU_2 Avrctic 093:H16 8097 132840 JAYEAJ000000000
AFU_32_1 Arctic 054:H45 491 11903 JAYEAI000000000
AFU_33_1 Arctic 015:H2 69 189219 JAYEAHO000000000
AFU_43_1 Avrctic 09:H49 6163* 1429 JBIQXY000000000
AFU_55_1 Arctic 039:H4 1155 196482 JBIQXZ000000000
15myr Antarctic O8:H7 127 196780 JBIQXV000000000
17_1myr Antarctic 06:H31 196 133718 JBIQXWO000000000
28myr Antarctic 0182:H38 1632 94237 JBIQXX000000000
LOS_49 European Russia 08:H5 2594* 47119 JBIQYA000000000
LOS_51 European Russia 085:H8 297 114487 JBIQYB000000000
LOS_52 European Russia N/i 1333* 119313 JBIQYC000000000
LOS_54 European Russia N 58 126100 JBIQYD000000000

Note. *Genotypes with single nucleotide polymorphisms in genes for which sequencing-typing was performed, distinguishing them from the

specified sequence types. N/I — not identified.

tion in the Antarctic of influenza virus strains identical
to those isolated in other geographical regions [17].

Analysis of the geographical distribution of ST E.
coli determined by the cgMLST method demonstrat-
ed their cosmopolitanism, which was manifested by
the detection of identical cgST in geographically dis-
tant regions of the planet. For example, cgST 133718
was detected in Antarctica (strain 17_1myr) and Great
Britain, and cgST 11903, to which strain 32-1 from the
northernmost point of the New Earth belonged, was
previously detected in the USA.

Despite the fact that all the strains studied belong
to different genetic lineages (ST and serotypes), they
are all united by the presence of an extensive virulome.
As shown in Table 3, all strains from polar regions have
a set of virulence factors that allow them to be con-
sidered as potential agents of human infections. In this
respect, in general, they do not differ from the strains
isolated from birds in the Leningrad Region.

Thus, 10 out of 12 polar strains contained genes
or combinations of genes determining the synthesis
of hemolysins A, E and F, which together with sidero-
phores of the enterobactin, aerobactin and yersinibactin
clusters participate in iron capture during the infection
process [18]. It should be noted that the genes of the
yersinibactin operon, found in half of the Arctic and
Antarctic cultures, are part of the high pathogenicity

island. This mobile genetic element is associated, as
previously shown, with virulent UPECs [19].

The identified virulence factors for which local-
ization in mobile genetic elements has been described
include the uropathogenicity protein. The importance
of this factor in damaging mammalian cells has been
demonstrated, which is essential in the development of
urinary tract infections [20].

In the studied sample, strains marking the entero-
aggregative E. coli (EAEC) pathotype were also iden-
tified, in particular, the eilA virulence regulator gene
(Salmonella HilA homolog) and the enteroaggregative
protein gene (air), common in EAEC, were detected in
the genomes of strains AFU-33-1 and AFU-43-1 from
Novaya Zemlya and Franz Josef Land. The strain AFU-
33-1 belongs to ST 189219 according to cgMLST re-
sults, which is widely represented in a number of Euro-
pean countries, USA and Brazil as a pathogen of gener-
alized human infections. Thus, the spread of a peculiar
epidemic clone of E. coli was observed in territories
where there were no permanent human settlements.

In general, the spread of global genetic lineages of
E. coli in high latitudes is consistent with the notion that
the Rapoport Rule is observed for human pathogens,
which states that as one moves from the equator to the
poles, the distribution ranges of species or other taxo-
nomic groupings increases [21].
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Table 3. Pathogenic determinants in studied E. coli strains

ORIGINAL RESEARCHES

Pathogenic determinants

17myr

15myr

AFU_43 1

pits

LOS_51

28myr
67Spits
70_2S
89Spits
97Spits
AFU_2
AFU_32_1
AFU_33_1
AFU_55_1
LOS_49
LOS_52
LOS_54

Hemolysins

Hemolysin A (hlyA)
Bird hemolysin E (hlyE)

Hemolysin F (hlyF)

Enterobactin operon
Yersiniabactin operon

Aerobactin operon

Heat-stable enterotoxin EAST-1
Subtilase

Cytolethal distending toxin (cdt)

Adhesion, invasion and biofilm formation determinants

Adhesin AIDA-I -
Aggregation substance Tia

Gen eilA homologue (Salmonella HilA homolog)
Enteroaggregative protein (air)

Factor of invasion of brain endothelium (ibeA)
Serum survival gene (iss)

Arylsulfatase AslA

Heat-resistant agglutinin (hra)

Cytotoxic necrotizing factor (cnf)

Uropathogenic specific protein (usp)

Curlin CsgA

Homologue of the Shigella flexneri SHI-2 pathogenicity island
gene shiA

Intimin-like adhesin FdeC

Serine protease autotransporters of Enterobacteriaceae
(SPATE)

+

The search for antimicrobial resistance genes in
the genomes of E. coli strains carried out in this study
indicates the absence (within our sample) of critical de-
terminants of drug resistance. Nevertheless, the pres-
ence of genetic determinants of resistance to cepha-
losporins and tetracycline in the genome of the Arctic
strain AFU 33-1 indicates the possibility of circulation
of mobile genetic elements carrying these genes in the
wild and their preservation in the microbiome of Arctic
animals in the absence of antibiotic pressure.

Conclusion

The results of the study indicate the circulation
of E. coli strains with strong pathogenic potential in
high-latitude Arctic and Antarctic ornithogenic ecosys-
tems. The analysis of the genomic data indicates the
presence of genetic lineages that are geographically
widespread in these regions, highlighting the impor-
tance of monitoring for epidemic clones of E. coli,
together with monitoring for other pathogens, in high-
latitude bird colonies.
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Table 4. Geographical distribution and isolation sources of sequence types (cgST) of the identified strains

Sequence type
by core genome

Region (regions)

Source of isolation

Reference number of the Sequence
Read Archive (SRA) for strains most

. Garcia A., Fox J.G. A one health perspective for defining and
deciphering Escherichia coli pathogenic potential in multiple
hosts. Comp. Med. 2021; 71(1):3-45.

DOI: https://doi.org/10.30802/AALAS-CM-20-000054

. Kimura A.H., Koga V.L., de Souza Gazal L.E., et al. Character-
ization of multidrug-resistant avian pathogenic Escherichia coli:
an outbreak in canaries. Braz. J. Microbiol. 2021; 52(2):1005-12.
DOI: https://doi.org/10.1007/s42770-021-00443-0

. Dalazen G., Fuentes-Castillo D., Pedroso L.G., et al.
CTX-M-producing Escherichia coli ST602 carrying a wide re-
sistome in South American wild birds: another pandemic clone
of one health concern. One Health. 2023;17:100586.

DOI: https://doi.org/10.1016/j.onehlt.2023.100586

. Yousef HM.Y., Hashad M.E., Osman K.M., et al. Surveillance
of Escherichia coli in different types of chicken and duck hatch-
eries: one health outlook. Poult. Sci. 2023; 102(12):103108.
DOTI: https://doi.org/10.1016/j.psj.2023.103108

. Ewers C., Li G., Wilking H., Kiessling S., et al. Avian pa-
thogenic, uropathogenic, and newborn meningitis-causing
Escherichia coli: how closely related are they? Int. J. Med. Mi-
crobiol. 2007;297(3):163-76.

DOI: https://doi.org/10.1016/j.ijmm.2007.01.003
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. FuB., XuJ., Yin D., et al. Transmission of blaNDM in Entero-
bacteriaceae among animals, food and human. Emerg. Microbes
Infect. 2024;13(1):2337678.

DOI: https://doi.org/10.1080/22221751.2024.2337678
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DOI: https://doi.org/10.1017/S0954102004002263

. Hahn S., Bauer S., Liechti F. The natural link between Europe
and Africa — 2.1 billion birds on migration. Oikos. 2009;
118:624-6.
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11.

13.

14.

15.
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