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ARTICLE INFO ABSTRACT

Handling Editor: Thanh Nguyen This study is focused on Escherichia spp. isolates resistant to critically important antibiotics (cefotaxime, cipro-
floxacin and colistin) among Caspian gull’s (Larus cachinnans) chicks nesting in the Nove Mlyny Water Reservoir,
Czech Republic. The prevalence of antimicrobial resistance (AMR) in bacteria within wild birds is commonly
evaluated using a single sampling event, capturing only a brief and momentary snapshot at a particular location.
Therefore, the Caspian gulls in our study were sampled in May 2018 (n = 72) and May 2019 (n = 45), and a
water sample was taken from the reservoir (2019). We obtained 197 isolates identified as E. coli by MALDI-TOF
MS. A total of 158 representative isolates were whole-genome sequenced, 17 isolates were then reclassified to
Escherichia albertii. We observed a higher (86 %; 62/72) occurrence of ESBL/AmpC-producing Escherichia spp.
among gulls in 2018 compared to 38 % (17/45) in 2019 (p < 0.00001). The decrease in prevalence was linked to
clonal lineage of E. coli ST11893 predominating in 2018 which carried blacvy.2 and which was not recovered
from the gulls in 2019. Oppositely, several Escherichia STs were found in gulls from both years as well as in the
water sample including STs commonly recognized as internationally high-risk lineages such as ST10, ST58, ST88,
ST117, ST648 or ST744. Phylogenetic analysis of E. coli from EnteroBase from countries where these particular
gulls wander revealed that some STs are commonly found in various sources including humans and a portion of
them is even closely related (up to 100 SNPs) to our isolates. We demonstrated that the occurrence of AMR in
Escherichia can vary greatly in time in synanthropic birds and we detected both, a temporary prevalent lineage
and several persistent STs. The close relatedness of isolates from gulls and isolates from EnteroBase highlights the
need to further evaluate the risk connected to wandering birds.
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1. Introduction and open possibilities for further evolution of the potentially pathogenic

bacteria.

Contamination of wildlife with antibiotic residues and antibiotic
resistant bacteria (ARB) is an increasingly described phenomenon. As
wild animals are almost never treated with antibiotics it is evident that
the origin of ARB pollution in wildlife was caused by outside factors and
it may be ascribed to human activities (Ahlstrom et al., 2021). Any type
of anthropogenic pollution in wildlife should be principally seen as an
issue, however with the antimicrobial resistance (AMR) the problem is
more complex as it may spread via wild animals and the environment

An extra focus regarding the ARB should be targeted on wild wan-
dering and migratory birds, especially synanthropic species. Synan-
thropic birds commonly live in proximity to humans, often feed in dump
sites and landfills and interact with diverse water sources (Chytil et al.,
2022), therefore they are more prone to be colonised with ARB (Ahmed
et al., 2019). This was reported by a previous study from Alaska where
they detected a higher level of resistance among gulls coming from
urban area compared to the gulls inhabiting an island with limited
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anthropogenic influence (Atterby et al., 2016). Similar results were
obtained for gulls in Australia (Wyrsch et al., 2022). Additionally,
striking genetic similarities were observed in cefotaxime-resistant E. coli
among gulls and humans in Sweden and in gulls and humans in Australia
(Wyrsch et al., 2022; Atterby et al., 2017; Nesporova et al., 2020).

The need to consider AMR as a multi-sectorial and complex issue has
been recognised in recent years and framed within the One Health
concept (Van Puyvelde et al., 2018). However, data on the environ-
mental dynamics and ecology of AMR bacteria remain limited (Na et al.,
2018). Only a few studies address ecological questions, such as the
bacteria’s ability to live in diverse niches, adapt, and persist over
extended periods (Na et al., 2018; Liu et al., 2021). Our attention is still
too often narrowed towards antibiotic resistance itself and to clinical
settings without searching for the complex picture (Torres et al., 2020).

Caspian gulls count for synanthropic birds and expansive species and
they have been extending to Czechia from Ukraine (Chytil et al., 2022).
The first breeding pair was observed in 1990, raising up to 248 breeding
pairs in 2020, and their first and main colony in the Czech Republic was
established in Nove Mlyny Reservoir (Chytil et al., 2022). In some areas
including central Europe, Caspian gulls has been declared an invasive
species and they exhibit nomadic lifestyle with lengthy dispersal
movements independent of season-related migration (Chytil et al.,
2022). Therefore, we also described the migratory habits of these gulls
within a parallel study which involved telemetry (Chytil et al., 2022).
These data were crucial for one of our objectives in this study - to
compare data about AMR Escherichia coli found in these gulls with
publicly available data from countries to which these gulls wander and
explore their phylogenetic relations. The main objective was to provide
insights into the prevalence dynamics of AMR E. coli among Caspian
gulls in Nove Mlyny Reservoir in the Czech Republic for two consecutive
years. The study aimed to describe the occurrence and persistence of
specific E. coli sequence types (STs) among gulls and in the water
environment of their colony and highlight the factors that may
contribute to making certain STs a successfully persistent lineage. We
further aimed to describe the mechanisms underlying the AMR and
describe mobile genetics elements linked to them.

2. Materials and methods
2.1. Samples collection and selective cultivation

Cloacal sampling of gulls’ nestings was performed on the 24th of May
2018 and 25th of May 2019 from a gulls’ colony located on an island in
the Nove Mlyny water reservoirs (Chytil et al., 2022). The island with
the gulls’ colony is located on 48°5310.6'N 16°36'00.6'E with area of
0.002795 km?2 In 2018, the number of breeding pairs was 150,
increasing to 211 pairs in 2019 (Chytil et al., 2022). For the time of birds
nesting, the visits to the island are restricted so there is limited direct
influence of humans on the gull’s chicks. A total of 72 cloacal swabs in
Amies transport medium (ThermoFisher Scientific, Oxoid, Massachu-
setts, USA) were collected in 2018 and 45 cloacal swabs were obtained
in 2019 from individual gull’s chicks (Chytil et al., 2022). In addition, a
water sample was taken from the Nove Mlyny water reservoir where the
gulls’ colony was nesting on 27th July 2019. The samples from gulls
were placed into buffered peptone water (ThermoFisher Scientific,
Oxoid) and stored at 4 °C for several hours as the primary samples for
selective cultivation. The handling of the gulls was in concordance with
Ethical standards and covered by approval of the local Czech nature
protection authorities (Permissions S-JMK78643/2018 OZP/Sko and S-
JMK 40970/2019 OZP/Sko).

Cloacal samples from gulls and obtained pellet from centrifuging 1 L
of collected water sample were enriched in buffered peptone overnight
(10 mL, 37 °C with shaking at 140 RPM). Following that, enriched
cultures originating from cloacal samples were cultivated on three plates
with MacConkey agar (MCA, Oxoid, UK) and cefotaxime (2 mg/L,
Sigma-Aldrich, Missouri, USA), or ciprofloxacin (0.05 mg/L, Sigma-
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Aldrich), or Eosin methylene blue agar (ThermoFishes Scientific,
Oxoid) supplemented with colistin (3.5 mg/L, Sigma-Aldrich). A single
colony of preferably E. coli morphology was taken from each plate and
subsequently inoculated to obtain a pure culture using the same type of
media from which the colony originated. The water sample was inocu-
lated on the same type of media as cloacal samples and we aimed to
select up to 20 colonies of E. coli morphology from each plate for puri-
fication. Nevertheless, a sufficient number of colonies was obtained only
for cefotaxime-supplemented agar while only a single E. coli-like colony
was recovered from media with ciprofloxacin. All isolates were species
identified using MALDI-TOF MS (Bruker Daltonics, Germany) and only
isolates identified as E. coli (a total of 197) were included in further
testing.

2.2. Phenotype characterization and PCR-based detection of selected
antimicrobial resistance genes

All Escherichia isolates were tested for susceptibility to the set of 18
antimicrobial substances using disc diffusion methods and COLISPOT
method as described previously (Sismova et al., 2023). The zones were
evaluated with EUCAST (2020) (Committee, 2020) criteria where
applicable and the remaining antibiotics were evaluated using CLSI
(2017) (Clinical and Laboratory Standards Institute (CLSI), 2500)
guidelines. The production of extended-spectrum beta-lactamase (ESBL)
and AmpC type beta-lactamase in isolates selected from media with
cefotaxime was tested by MAST phenotype diffusion test (D68C1 AmpC
& ESBL Detection Set, MAST® Diagnostics, UK). The DNA of isolates
from media with ciprofloxacin and colistin was obtained using heat lysis
and screened for the presence of transferable mechanism of quinolone
resistance (TMQR) genes (acc(6)-lb-cr, qnrA, qnrB, qnrC, qnrD, qnrS,
gepA, 0gxAB) and mcr genes (mcr-1 — mcr-9), respectively, by PCR as
described previously (Zelendova et al., 2023; Janecko et al., 2018).

2.3. Whole-genome sequencing

We recovered at least one resistant Escherichia isolate from a total of
96 birds (67 out of 72 in 2018 and 28 out of 45 in 2019). Majority of
Escherichia isolates (158 from 197 isolates) coming from the gulls and
the water sample were subjected to short-read whole-genome
sequencing (WGS) including all isolates from media with cefotaxime (99
isolates) with ESBL/AmpC production confirmed by MAST, all isolates
with TMQR genes detected by PCR (33 isolates) and a representative
subset of other ciprofloxacin-originated isolates without detected TMQR
genes (25 from 62 isolates) and a single isolate with mcr-1 from 3
Escherichia isolates obtained on media with colistin. The MAST and PCR
testing was performed prior to the WGS to help us navigate the selection
for WGS.

Genomic DNAs for WGS were isolated using NucleoSpin® Tissue kit
(Macherey-Nagel GmbH & Co, Germany) and sequenced on Illumina
(California, USA) platforms (MiSeq, HiSeq). A single isolate of the most
prevalent sequence type belonging to a novel ST (11893) was selected
for long-read sequencing using Sequel II platform (PacBio) as described
previously (Nesporova et al., 2020).

2.4. WGS data processing and analysis

Raw sequencing data was quality (Q > 20) and adaptor trimmed
using Trimmomatic software (v. 0.36) (Bolger et al., 2014). Assemblies
were generated using SPAdes software (v. 3.11.1) (Bankevich et al.,
2012). Fasta files were filtered for minimal a length of 200 bp. Sequence
types (ST) were determined using MLST (v.2.0) (Larsen et al., 2012) and
one isolate for each yet undescribed MLST allelic combination was
uploaded to EnteroBase (Zhou et al., 2020; enterobase.warwick.ac.uk)
to assign the novel ST (Supplementary Table 1). ResFinder (v.4.1)
(Florensa et al., 2022), PlasmidFinder (v.2.1) (Carattoli et al., 2014) and
VFDB (Chen et al.,, 2016) databases were employed via ABRicate
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(github.com/tseemann/abricate) to evaluate the presence of antibiotic
resistance genes (ARGs), plasmid replicons and virulence-associated
genes (VAGs), respectively. Thresholds of 90 % for coverage and 90 %
for identity were used for VAGs and plasmid replicons. Thresholds of 95
% for coverage and 95 % for identity were used to consider ARGs as
present. Plasmid STs were assigned using pMLST (v. 2.0) (Carattoli et al.,
2014). MGE (v. 1.0.3) (Johansson et al., 2021) was used to confer po-
tential co-localozation of ARGs and plasmid replicons within the same
contig. The phylogenetic group of E. coli isolates was determined by
ClermonTyping (Beghain et al., 2018). The statistical analysis to
compare the prevalence of cefotaxime-selected isolates in 2018 and
2019 and TMQR-positive isolates in 2018 and 2019 in gulls was done
using Fishefs exact test (o« = 0.05). The relationship between individual
ST persistence (defined as the ratio of isolates found in 2019 and 2018)
and the number of VAGs was analysed and visualized using R pack-
age’utils’ version 3.6.2. Alignment of contigs with blargy genes for
E. coli ST2325 was performed using Geneious (v.7.1.9). The genomic
data were deposited in GenBank within BioProjects PRINA1025840
(E. coli) and PRINA1028173 (E. albertii) and EnteroBase. The individual
BioSamples and EnteroBase Uberstrain accession numbers are listed in
Supplementary Table 1.

2.5. Phylogenetic analysis

All the phylogenetic analyses were based on Prokka open reading
frames prediction (v1.14.5) (Seemann, 2014) and multi-fasta alignment
using Roary (v.3.7.0) (Page et al., 2015) to infer the core genome
(including genes present in 99 % or more genomes) for each specific set
of strains. The trees were generated using RAXML (Stamatakis, 2014)
supported by 100 bootstrap. After the first phylogenetic analysis of our
158 presumably E. coli isolates, we observed a distant clade comprising
17 of our isolates, represented mostly by previously undescribed
ST12346. Moreover, the number of core genes included in the phylo-
genetic analysis was unusually low and comprised only of 2159 genes.
We utilized the ClermonTyping results which suggested the strains could
belong to Escherichia albertii. This was confirmed by additional phylog-
eny including all E. albertii in EnteroBase (564 strains, accessed 23rd
June 2021) and our distant strains fitting among them (Supplementary
Fig. 1). After these findings, we performed separate phylogenetic anal-
ysis for 141 E. coli strains (Fig. 1, Supplementary Table 6) and 17
E. albertii isolates (Fig. 2, Supplementary Table 10) which resulted in
increasement to 2902 core genes for E. coli.

As four gulls from the Nove Mlyny reservoir were tagged with
telemetry loggers, we could observe that Caspian gulls from this area
migrate to several surrounding countries (Chytil et al., 2022). We
wanted to investigate whether there are some overlaps between the
isolates from this study and E. coli deposited in EnteroBase coming from
these countries in terms of closely related strains. We downloaded a total
of 5722 E. coli strains in June and July 2021 coming from Czechia (131
strains), Germany (2966, sampling year limited to 2010-2020), Poland
(424 strains), Slovakia (35 strains), Austria (111 strains), Croatia (60),
Hungary (195), the Netherlands (1024 strains, sampling year limited to
2010-2020) and Belgium (776). To further select the set of strains from
EnteroBase and avoid the phylogeny being less specific because of
including too distant strains, we ran the set through MLST (v. 2.0.9)
(Larsen et al., 2012) and selected 1393 strains that had the same ST as at
least one of our isolates. A phylogenetic tree for a total of 1534 strains
(1393 from EnteroBase and 141 from this study) was generated and
evaluated for SNP distance using snp-dists v.0.6.3 (github.com/tsee-
mann/snp-dists) with results in Supplementary Table 9. We selected 75
strains from EnteroBase (Supplementary Table 2) which differed in 100
SNPs and less from our isolates and we rerun the phylogeny for these
strains together with our E. coli strains (n = 141) to again evaluate the
SNP distance for this phylogeny (Supplementary Table 7).

Separate phylogenetic analysis was performed for the strains of the
most prevalent ST11893 (Supplementary Table 5) which was first
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detected in this study and for the second most prevalent ST2325 (Sup-
plementary Table 8). The genome of E. coli RM48e of ST11893 was
obtained as a hybrid assembly of PacBio polished data with Illumina
reads using Unicycler (v.0.5.0) (Wick et al., 2017).

2.6. F34:A-:B- plasmid alignment

E. coli ST11893 was long-read-sequenced as a novel ST which
showed to be the most prevalent among the whole set of gull isolates
using a reference genome of E. coli RM48e. We have also obtained the
full circular sequence of F34:A-:B- plasmid (GenBank accession number
OR689867) with blacyy.2 using Unicycler with data from PacBio and
[lumina. This reference plasmid sequence was used to align all ST11893
short-reads using BRIG (v.0.95) (Alikhan et al., 2011) and compare the
plasmid sequences. BLASTn (blast.ncbi.nlm.nih.gov) was used to check
whether there are some closely related plasmid sequences in GenBank
with negative results.

2.7. Figures creation

The graphical abstract was created using Bio Render (biorender) and
Google maps (google.com) images. Rstudio was used to visualize rela-
tion between persistence and average VAGs number for individual STs.
The phylogenetic trees were visualised using the Interactive Tree of Life
(iTOL) (Letunic and Bork, 2021). The F34:A-:B- alignment was visual-
ised using BRIG (v.0.95). Annotated sequences were visualized in
Geneious. MS PowerPoint was used to make schemes and adding labels
within figures.

3. Results and discussion

3.1. Insights from dispersal behaviour and habitat selection of tracked
Caspian gulls

The parallel study which tracked the movements of Caspian gulls
from the colony in Nove Mlyny Reservoir showed that the gulls were
mostly detected in lowlands areas of the Czech Republic, western
Poland, Germany, the Netherlands and Belgium (Chytil et al., 2022).
Closely related E. coli genomes were recovered from EnteroBase from all
these countries. In several countries including Hungary, Slovakia,
Austria and Croatia, gulls occurred less distinctively, yet closely related
strains were still recovered from Hungary and Austria. Regarding
Slovakia and Croatia, the low number of available genomes in Enter-
oBase could be the main reason for not observing a close phylogenetic
link with our strains. The furthest dispersal distance of 1714 km of our
gulls was recovered in Spain (Chytil et al., 2022), however, we did not
involve Spain and other sporadically visited countries in our large
phylogenetic analysis to keep it feasible.

Water bodies were the most frequently selected environment for our
Caspian gulls followed by landfill sites, mineral extraction sites, and
industrial and commercial units according to telemetry data (Chytil
et al., 2022). The tracking of gulls showed that in the close area around
the breeding colony, Caspian gulls frequently foraged on the water
reservoirs, local landfill sites and nearby agricultural land. The nearest
landfill site used by the gulls was situated 12 km from the breeding
colony (Chytil et al., 2022). We assume it may be a likely source for the
gulls’ colony contamination with E. coli ST11893 (further details below)
in 2018. Interestingly, Germany forbade to dump of untreated domestic
waste in 2005 and after that, the gulls declined in population numbers
with losing this important food source. This highlights the dual negative
effect of anthropogenic influence as the landfill sites are not only already
known hot-spots for AMR bacteria (enterobase.warwick.ac.uk) but also
enable gulls to enlarge their population and inhabit more areas (Chytil
et al., 2022; Klein and Neubauer, 2006).

Oppositely, several persistent STs, especially of E. coli ST2325 and
E. albertii ST12346, seemed to be exchanging between gulls and water,
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Fig. 1. The phylogenetic relationships of 141 E. coli isolates coming from this study (based on 2902 core genes). The columns in the first part represent the Source
(gull or water), Year of isolation, Phylogroup, ST, total number of detected antibiotic resistance genes (N-ARGs), and total number of detected VAGs (N-VAGs). The
columns with blue circles represent the results of phenotypic antibiotic resistance testing — full blue circle represent resistant phenotype, empty circle intermediate
phenotype and no circle susceptible phenotype for respective antibiotics. The squares represent the presence (full) or absence (empty) of ARGs (violet), chromosomal
mutations related to resistance (purple and pink). The last column shows which resistance genes were linked to be carried by specific plasmids (based on MGE tool).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. The phylogenetic relationships of 17 E. albertii isolates coming from this study (based on 3671 core genes). The columns in the first part represent Source (gull
or water), Year of isolation, ST, total number of detected antibiotic resistance genes (N-ARGs), and total number of detected VAGs (N-VAGs). The columns with blue
circles represent the results of phenotypic antibiotic resistance testing — full blue circle represent resistant phenotype, empty circle intermediate phenotype and no
circle susceptible phenotype for respective antibiotics. The squares represent the presence (full) or absence (empty) of ARGs (violet) and plasmid replicons (tur-
quoise). The last column shows which resistance genes were linked to be carried by specific plasmids (based on MGE tool). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

as we recovered these STs from the water sample as well. However, with
confluence of three rivers it is not possible to hypothesize about the
primal source, considering also that the gulls themselves could be
contaminated by these STs initially and introduced them to the water
environment later.

This study showed valuable insights that could not be recovered from
a snap-shot-based sampling of wild birds with no movement tracking
available. There is still room for improvement for the design of these
wildlife AMR surveillance studies including involving more sampling
points, focusing on how long can be wild bird colonized by these AMR
clones, what is the ability of these clones to spread in the bird’s popu-
lation, or identify the urban area at risk of pathogen spill over. Several
studies focusing on these aspects have been already conducted showing
that birds can carry ESBL-producing E. coli long enough to transfer them
during migration and that interindividual transmission of these AMR
clones among wild birds can be extensive (Sandegren et al., 2018), or
showing that recreational urban water sources and schools are most
sensitive to possible transmission of AMR bacteria from gulls in Madrid
(Martin-Vélez et al., 2024).

3.2. Escherichia isolates obtained from different selective media in 2018
and 2019

We have obtained a total of 176 isolates from the cloacal samples of
gulls and 21 isolates from the water sample. A total of 158 isolates
comprising 141 E. coli and 17 E. albertii isolates were further evaluated
by WGS. All the isolates were identified as E. coli by MALDI-TOF but
later 17 cefotaxime-resistant (CefR) isolates were reclassified as
E. albertii based on the analysis of WGS data. The limited MALDI-TOF
ability to distinguish between E. albertii from E. coli may lead to its
misclassification in previous studies and resulting in E. albertii being
underreported. Therefore, next-generation sequencing or alternatively
efficient method (e.g. additional biochemical tests) should be imple-
mented to perform proper surveillance of this clinically relevant bacteria
(Huys et al., 2003; Luo et al., 2021).

From the gull samples, we obtained CefR Escherichia isolates from 86
% (62/72) of samples in 2018 and 38 % (17/45) of samples in 2019
which was a significant decrease (p < 0.00001). In 2018, E. coli repre-
sented 57 of CefR isolates and 5 remaining were E. albertii and in 2019
there were 11 E. coli and 6 E. albertii CefR isolates. Ciprofloxacin-
resistant (CipR) E. coli were collected from 81 % (58/72) and 80 %
(36/45) of samples in 2018 and 2019, respectively. Three colistin-
resistant (ColR) E. coli isolates were recovered in 2018 only.

Regarding the Escherichia isolates coming from the water sample, we
obtained the intended number of 20 E. coli-like colonies from media with
cefotaxime but only one from media with ciprofloxacin. No isolate was
obtained from colistin-supplemented media.

PCR screening for TMQR genes in 94 CipR isolates from gulls
revealed a slight and statistically insignificant (p < 0.2) increase in the
prevalence of these genes among gulls from 2018 with 33 % (16/58) to
2019 with 41 % (15/36). In 2018, 21 % of CipR isolates from gulls
carried gnrB and 12 % gnrS and opposite to that in 2019 gnrS was pre-
sent in 30 % of CipR isolates and gnrB in 11 %. Gene qnrS was also
detected in a single CipR isolate from the water sample. The WGS
revealed all gnrB being gnrB19 variant and gnrS as qnrS1. From three
ColR E. coli only one carried mcr-1 gene. In E. coli set (141), we observed
a high prevalence of blacyy.2 (29 %, n = 141), blatgym.18 (26 %), blacrx-m-
1 (9 %), blatgm-106 and blatgym.1c (both 6 %). Interestingly, we detected
blacrx.m genes in all E. albertii isolates represented by blacrxm.1 (15
isolates) and blac 15 (2 isolates), as the only ARGs present in all except
one isolate (Fig. 2). The results of phenotypic testing of resistance to 18
antibiotics are summarized in Fig. 1 for E. coli and Fig. 2 for E. albertii.
The phenotypic resistance is summarized and compared to WGS data in
the Supplementary results.

3.3. Phylogenetic analysis and persistence evaluation

One of the most important benefits of this study is that we can
compare the diverse Escherichia strains presence in the same gulls’ col-
ony within twelve months’ period. We also provided information on
which Escherichia isolates were present in the water environment in
2019. Moreover, we compared our data with EnteroBase so we can
provide a wider perspective and determine potential regional high-risk
STs related to these wandering birds. Therefore, we can provide in-
sights into the dissemination and persistence of specific Escherichia
lineages.

The most abundant phylogenetic groups among isolates from this
study were A (n = 46 isolates), E (n = 38) and B1 (n = 34) which are
related to the typically non-pathogenic E. coli (Cummins et al., 2022).
However, we have also detected several isolates from more likely
pathogenic phylogroups D (n = 7 isolates), F (n = 6), G (n = 5) and B2 (n
=1).

A total of 41 different E. coli STs were detected among our isolates
and several of them were found in both years or overlapping between
the gulls and a water sample. In the phylogenetic analysis of all of our
E. coli isolates (involving 2902 core genes), four unique water-gull
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isolate pairs showed differences up to 10 SNPs including ST2325 and
ST540 (Supplementary Table 6). However, in the detailed phylogeny of
ST2325 (involving 3394 core genes), the closest pair of gull and water
isolates differed by 17 SNPs (Supplementary Table 8). Closely related
strains (up to 100 SNPs) of detected STs were also recovered from
EnteroBase, specifically ST744 (n = 26), ST23 (n = 17), ST949 (n = 11),
ST155, ST58 (both n = 4), ST162 (n = 3), ST117, ST9699, ST86 (each n
= 2), ST10, ST350, ST648, ST1167 (each n = 1), highlighting their
ability to circulate across various sources in Czechia and surrounding
countries (Fig. 3, Supplementary Fig. 2). We further focus on notable STs
regarding their prevalence, persistence and dissemination traits.
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3.4. Temporary dominant local clone of E. coli ST11893

The ST11893 was a novel ST first detected in this study and all
ST11893 isolates carried blacyy-2 gene incorporated within IncFII F34:
A-:B- plasmid. ST11893 was remarkably prevalent among Escherichia
isolates selected from 2018 using cefotaxime media as it represented
59.7 % (37/62) of recovered CefR isolates. Moreover, as the level of
samples from which were recovered cefotaxime-resistant Escherichia
isolates surprisingly dropped from 86 % in 2018 to 38 % in 2019, we can
assume that gulls were temporarily colonized with this particular ST.
The isolates were mostly clonal in the pairwise comparison with the
medium of 8 SNPs distance and a maximum of 31 SNPs (Supplementary
Table 5) which suggest they came from a common source. The isolates
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Fig. 3. The phylogenetic relationships of E. coli isolates from this study and 75 E. coli isolates coming from EnteroBase that were related up to 100 SNPs with at least
one of our samples in the preliminary phylogeny with 54 remained up to 100 SNPs within this detailed phylogeny (2849 core genes). The tree branches with the
highest abundance of isolates from EnteroBase are highlighted in colour: ST744 (red), ST23 (green), ST949 (blue). The colour in the inner circle represents the
country of origin (see the figure legend), the next circles represent ST, the year of isolation and source of isolation. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)
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reached an average number of 42 VAGs which is not extensive VAGs
cargo for E. coli as some strains can carry over 100 VAGs (Jarocki et al.,
2020). As we did not detect a single isolate of this ST the next year,
despite the same sampling spot, the potential explanation could be that
the ST11893 was overruled by other strains as a result of bacterial
competition or the dismissal of the temporary source of contamination.
We currently study the influence of bacterial competition in this case in
a follow-up study. Moreover, not a single isolate from 2019 carried the
IncFII F34:A-:B- plasmid associated with ST11893.

3.5. Locally persistent lineages of E. coli ST2325 and E. albertii ST12346

With 16 isolates overall, E. coli ST2325 was the second most preva-
lent (11 %; 16/141) from the sequenced E. coli collection. In contrast to
ST11893, it was detected in gulls from both years (2018 and 2019), and
also from the water sample so it seems to be more persistent and
omnipresent in this specific location. Similarly, with 12 isolates,
E. albertii ST12346 was the third most prevalent ST detected for the
whole set and the most prevalent for E. albertii.

Interestingly, a common trait for ST2325 and ST12346 was a low
number of VAGs, as ST2325 has the lowest number of VAGs from E. coli
with 16 VAGs and ST12346 has the lowest number in total with only 8
VAGs on average. Our observation of presumably low-virulent E. albertii
is in contrast with its recent genomic study which emphasizes its high
virulence content and pathogenic potential (Luo et al., 2021).

The relationship between ST persistence (defined as the ratio of
isolates found in 2019 and 2018 for respective ST) and the average
number of VAGs in the given ST is shown in Supplementary Figure 5.
The qualitative overview of present VAGs in E. coli isolates is shown in
Supplementary Figure 6 and in E. albertii in Supplementary Figure 7. Our
results suggest that higher number of VAGs might not be helpful for
environmental persistence of an Escherichia ST, rather the opposite.
However, this observation is limited because of a low number of total
isolates and by the study design as the water sample was taken only in
2019. Therefore, the analysis reflects on the combination of both, the
ability of ST to persist within the gulls per se and the ability of ST to
survive in the water. As clonality was not generally observed for ST2325
(presented in the Supplementary results), even for some isolates from
the same year, it is probable that this ST occurred for the first time in the
location longer time prior our sampling as it has the opportunity to
explore multiple evolution trajectories. The traits enabling Escherichia to
survive in water for prolonged time should be studied further as the
circulation of environmentally successful ARB between water and wild
birds is unsettling. Special focus should be paid on the role of VAGs in
this as another study identified that E. coli from a contaminated surface
water have low virulent content as well and it has been shown already
reported that bacterial isolates can show reduced virulence as a result of
avoiding the phage predation and developing resistance to them (Leon
and Bastias, 2015).

The ability to persist is most certainly multifactorial but our data put
the VAGs into novel perspective as they are generally seen as something
which should make E. coli more prone to succeed (Manges et al., 2019).
However, that could be related to the common bias toward clinical
isolates as they are studied heavily but still represent only a specific
subgroup of E. coli (Wyrsch et al., 2022; Torres et al., 2020; Manges
et al., 2019 Jun 12).

3.6. Commonly detected sequence types

Here, we would like to highlight E. coli STs that were detected in both
years (ST117, ST744, ST93, ST58, ST155, ST549) or they came from
both, gulls and the water sample (ST10, ST540, ST58, ST549).

These STs were also common among the 75 strains recovered from
EnteroBase which were closely related (up to 100 SNPs in the phylogeny
analysis of 1534 strains, with 2138 core genes, Supplementary Table 9)
to ours from the geographically relevant area (Chytil et al., 2022). We
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detected 13 different STs among the 75 strains, 26 strains belonged to
ST744 and 17 to ST23. ST744 strains came from 2013 to 2020 with
origin mainly in Germany and also in Poland. The minimum SNPs dif-
ference for ST744 for a pair of isolates from our study (gull) and
EnteroBase (human, Germany) was 35 (preliminary phylogeny, 2138
core genes) or 46 (final phylogeny, 2849 core genes, described in the
Supplementary results). ST23 came from 2013 to 2018, it was found in
poultry and a cat from Czechia and in various sources in Hungary and
Germany as well with a minimum of 52 SNPs difference (sediment,
Germany) from our isolate (in both preliminary and final phylogeny).
Other represented STs in the EnteroBase subset included the common
ones such as ST10, ST58, ST117, ST155, ST162, ST648 and also rarer
STs including ST350, ST949, ST1167 and ST9699. Nevertheless, these
rare STs could be underreported because they could only be evolu-
tionary younger and it does not necessarily mean they are harmless. For
example, ST9699 from a gull carried the highest number of ARGs from
the gull collection with eleven genes detected and this ST can be found in
wildlife and livestock in Poland. We detected only one isolate (ST949) in
our set which was clonally related to genomes from EnteroBase linked to
German surface waters (further details in the Supplementary results).

3.7. F34 plasmids

F34:A-:B- plasmids were the most prevalent in the collection due to
their association with the most prevalent E. coli ST11893. We aligned all
these plasmids with the reference plasmid obtained through the com-
bination of long- (PacBio) and short-reads and we saw all possessed the
identical structure (Fig. 4). Interestingly, while looking closer at the
surrounding of blacyy.2, we observed that the insertion of this resistance
gene led to the truncation of colicin-related cha gene (Fig. 4). Colicins
are polypeptide toxins produced by and active against E. coli and closely
related bacteria so they are an important tool for the inner competition
among these bacteria (Cascales et al., 2007). We hypothesize that this
truncation could be one of the factors which contributed to the disap-
pearance of the ST11893 and we intend to conduct further investigation
on this lineage and its F34:A-B- plasmid in further studies. It would be an
interesting example that acquiring a resistance gene may turn into a
disadvantage in long-term lineage environmental persistence and sur-
vival. The other notable plasmids and their association with ARGs are
presented in the Supplementary results.

4. Conclusions

We showed that E. coli isolates closely related to the ones obtained
within our study can be detected in countries to which these particular
gulls wander with a particularly high proportion of closely related
ST744 and ST23. We detect an unexpected decrease of extended-
spectrum beta-lactam-resistant E. coli from 2018 (86 %) to 2019 (38
%) among gulls. However, we were able to explain this by the high
occurrence of ST11893-blacyy.2 clone in 2018 which did not persist
among the gulls to the following year. This is an example that antibiotic
resistance itself may not always be the key for a lineage to survive,
especially outside the clinical environment. On the other hand, we also
noted that some STs managed to persist in the sampled gulls’ population
into the following year and some were also detected in the water close to
the gulls’ colony. Here, we observed that the lineages of ST2325 (E. coli)
and ST12346 (E. albertii) with the best-observed persistence had also the
lowest number of VAGs from E. coli and E. albertii.
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