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surveillance of  lineage specific MGEs may be useful to monitor (new) emerging clones.
factors  are  involved  in  this  process.  Nevertheless,  the  detection,  identification  and 
lineages,  it  cannot  explain  the  success  of   other  lineages,  indicating  also  other (host)
specific PAIs,  GIs  and  other  MGEs  seemed  to  be  involved  in  the  success of   some 
MGEs  seemed  to  be  lineage  dependent.  Although  the  acquisition  of IncF  plasmids, 
profiles.  Furthermore,  the  interplay  between  virulence  and  resistance by  acquiring 
clear  association  was  found  between  the  presence  of  specific  MGEs  and  virulence 
studied,  ST73  and  ST131  isolates  had  the  most  similar  virulence  profile.  Overall,  no 
only  partially  present  or  completely  absent  in  our ST131  isolates.  Of   all  isolates 
in  ST131  isolates.  In  contrast,  genomic  islands present  in  this  reference  strain  were 
ST131 reference strain EC958 were identified in our isolates, most of  them exclusively 
identified in ST69 and ST131 isolates. In addition, several other MGEs present in the 
were identified. Also, a new genomic island associated with several virulence genes was 
diverse  pathogenicity  islands  similar  to those  found  in  highly  virulent  ST73  isolates 
to  harbor  several  resistance  genes,  including blaCTX-M-15. In  addition,  in  ST131  isolates 
sequences  and  the  chromosome  of the  isolates.  The  resistance  cassettes  were  found 
plasmids  contained  resistance cassettes  and  were  also  found  within  phage-related 
resistant  phenotype,  a  high number  of,  mainly  IncFII  plasmids  was  identified.  The 
to  ST69  and  ST73  were  not.  Among  the  ST131,  ST405  and  ST648  isolates  with  a 
(ST) 131, ST405 and ST648 were found to be multidrug-resistant while those belonging 
in  Brazil.  Isolates  belonging  to  the  evolutionary  successful  lineages  of   sequence  type 
virulence and resistance profiles of isolates obtained from urine of hospitalized patients 
particular  lineages.  Here,  we  identified  the  presence  of  MGEs  and  their  role  in 
(MGEs)  and  this  process  has  been  associated  with  the  successful  dissemination  of 
genes are acquired by horizontal transfer of  plasmids and other mobile genetic elements 
with severe UTIs and higher incidences of multidrug resistance. Most of the resistance 
urinary tract infections (UTIs). Particular evolutionary successful lineages are associated 
Extraintestinal pathogenic E.  coli (ExPEC)  are  the  most  frequent  etiological  agent  of 
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high-risk lineages and IncF plasmids, particularly those containing replicon
also  increase  the  virulence  of bacteria  [14].  Indeed,  there  is  an  association between 
role  in  the  evolution  of bacterial  clones  [18],  [19].  The  acquirement  of plasmids  may 
important for the spread of antibiotic resistance [16], [17] and they play  an  important 
resistance profiles. Among the different MGEs, plasmids are considered to be the most 
DNA  can  occur.  MGEs  are  not  only  associated  with virulence  but  also  with 
tRNA-encoding  genes,  which  together  define  the area  where  insertion  of foreign 
usage,  carriage  of mobile  sequence  elements and  are  flanked  by  direct  repeats  and 
characterized  by  the  presence  of virulence genes,  a  biased  G+C  content  and  codon 
even  between  species  [15]. PAIs are  a  subset  of genomic  islands  (GIs)  and  are 
(PAIs)  [11],  mobile  genetic elements  (MGEs)  that  can  be  transmitted  horizontally 
cycle  [11]–[14].  Most  of these  virulence  genes  are  present  on  pathogenicity  islands 
overcome  the  host  defense, for colonization and in further steps during the infection 
virulence  genes such  as  adhesins,  siderophores  and  toxins  that  are  important  to 
with  spread of resistance  genes.  Evolutionary  successful  lineages  contain  a  variety  of 
ST131, also ST405 and ST648 are considered as high-risk lineages as they are associated 
been associated  with  an  enhanced  ability  to  colonize  and  persist  in  the  host.  Like 
Other  evolutionary  successful  lineages,  as  ST69,  ST73,  ST405  and  ST648,  have 

prevalent among ESBL-producing ST131 E. coli [10].
presence  of  specific  virulence  genes  was  introduced,  virotype  C  being  the  most 
gene  [9].  Recently,  the  classification  of  ST131  isolates  in  virotypes  according  to  the 
Spectrum  Beta-Lactamase  (ESBL)  genes, such  as  the  frequently  detected  CTX-M-15 
producing [8]. MDR-ExPEC clones are often associated with plasmid-based Extended 
when being resistant to fluoroquinolones and H30-Rx when they are also CTX-M-15- 
fimH30 sublineage. E. coli belonging to this sublineage are usually referred to as H30-R 
according to their adhesive subunit of type 1 fimbriae (fimH) sequence, like the ST131 
[6],  [7].  Within  the  ST131 lineage  there  are  sublineages  that  are  often  classified 
which  may  be  responsible for  their  virulence  potential  and  successful  global  spread 
serotype O25b:H4 and possess a variable combination and number of virulence genes, 
131  clone[3]–[5].  Isolates of this  lineage  often  belong  to  phylogenetic  group  B2  and 
successful lineages, such as the, often multi-drug resistant (MDR), sequence type (ST)
fluoroquinolones  [2].  This  worldwide  increase  is  associated  with  specific  evolutionary 
of  antibiotic  resistance,  mainly  to  cephalosporins,  aminoglycosides  and 
treatment became more complicated as regular antibiotic regimens fail due to the increase 
(UPECs),  are an important etiological agent of urinary tract infections (UTIs) [1]. Their 
Extra-intestinal  pathogenic Escherichia  coli (ExPEC),  particularly  uropathogenic E.  coli 
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types FIA and FII. Therefore, we characterized the presence of  MGEs in E. coli isolates 
from evolutionary successful lineages isolated from the urine of  hospitalized patients in 
Rio de Janeiro, Brazil. Furthermore, we aimed at characterizing the role of  these MGEs 
in the antimicrobial resistance and virulence properties of  ST131 and non-ST131 isolates.

Materials and Methods 

Bacterial isolates, whole genome sequencing, assembly and annotation 
E. coli isolates used in this study were collected from urine samples of  hospitalized pa-
tients, from four different hospitals located in Rio de Janeiro, Brazil [20]. After the iden-
tification using MALDI-TOF, DNA was extracted using the Ultraclean Microbial DNA
isolation kit (MO BIO Laboratories, Carlsbad, CA, US).  Libraries were prepared using
the Nextera XT library preparation kit with the Nextera XT v2 index kit (Illumina, San
Diego, CA, USA). Subsequently, libraries were sequenced on a MiSeq sequencer, us-
ing the MiSeq reagent kit v2 generating 250-bp paired-end reads (Illumina, San Diego,
CA, USA). Quality trimming of  reads was performed with CLC Genomics Workbench
v10.0.1 (Qiagen, CLC bio A/S, Aarhus, Denmark) using a minimum Phred (Q) score of
28. De novo assembly was performed using CLC Genomics Workbench v10.0.1 (Qia-
gen, CLC bio A/S, Aarhus, Denmark) using default settings and optimal word sizes
based on the maximum N50 value (the largest scaffold length, N, such that 50% of  the
assembled genome size is contained in scaffolds with a length of  at least N). Annotation
was performed by uploading the assembled genomes onto the RAST server version 2.0
[21].  The sequences of  all isolates are available in the ENA database (project number:
PRJEB23420).

Long-read whole genome sequencing 
To characterize the newly identified GI, named GI-II, in more detail, we also sequenced 
ST131 isolates 2724, 3218, 5770D and 5848, and ST69 isolates 108, 605, 2441, 2445 and 
4953 using long-read sequencing on a MinION device (Oxford Nanopore Technologies 
[ONT], Oxford, United Kingdom). For this, total DNA was extracted using the Dneasy 
Ultraclean Microbial kit (Qiagen, Hilden, Germany). The DNA concentration and purity 
were measured using a NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA) and the Qubit double-stranded DNA (dsDNA) BR assay kits (Life 
Technologies, Carlsbad, CA, USA).  The library was prepared using the Rapid Sequenc-
ing kit (SQK-RAD004) according to the manufacturer’s instructions (Oxford Nanopore, 
Oxford, UK). The final library was assessed with the Genomic DNA ScreenTape assay 
with the 2200 TapeStation system (Agilent Technologies, Waldbronn, Germany) before 
loading it onto a flo-MIN106 R9.4 flow cell. Base calling was performed using Guppy 
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v3.2.2 (ONT). The quality of  the data was analyzed through Poretools v0.6.0 [22].  A 
hybrid assembly using Illumina short reads and ONT long reads was performed using 
Unicycler v0.4.1 [23]. Bandage v0.8.1 [24] was used to visualize the assembly graphs. 

Plasmids identification, analysis virulence genes and resistance genes. 
To identify the plasmids’ replicon sequence and incompatibility types, fasta files were 
uploaded to the PlasmidFinder (v2.0) tool (CGE) [25], replicon sequences with at least 
90% coverage and 99% identity were considered to be present in the isolates. Plasmid 
multi-locus sequence typing (pMLST) was performed by uploading the fasta files to the 
pMLST (v2.0) tool (CGE) [25]. We also predicted the plasmid-derived sequences by 
uploading the fasta file to the online mlplasmids tool [26] and MOB-suite tool [27]. The 
contigs with a score higher than 0.60 using mlplasmids and the contigs identified as plas-
mid-derived sequences by the MOB-suite tool were further analyzed using the Artemis 
tools and the Basic Local Alignment Search Tool (BLAST, v.2.7.1 NCBI). To identify the 
virulence genes present in the plasmid-derived sequences, fasta files containing just the 
predicted sequences were constructed and uploaded to the VirulenceFinder tool (v.2.0) 
(CGE) [28]. In addition, to identify the resistance genes present on plasmids these se-
quences were uploaded to the ResFinder tool (3.1) (CGE) [29], and heat-maps were 
generated using the GraphPrism software (v.7.04) (GraphPad Software, La Jolla, US). 
Resistance cassettes were identified by blasting the sequence data of the isolates against 
the NCBI database, and finally the alignments were performed using ACT [30]

Detection of  pathogenicity islands 
The PAIs were identified by blasting the isolate sequences against a PAI database con-
taining complete sequences of  PAIs commonly found in E. coli, i.e., PAI I536, PAI II536, 
PAI III536, PAI IV536 and PAI ICFT073 downloaded from the NCBI database and PAI 
sequences available in the PAIDB [31] (see supplementary data S.1 for reference 
sequences). Comparisons were visualized using DNA plotter [32]. Identification of  GIs, 
prophages, HPIs, ROD insertion elements, ratA-like toxin, Flag-2 lateral flagellar locus 
and Type VI secretion system present in reference sample EC958 in our isolates was per-
formed using the Circos tool [33], and the alignment of  the new GI named GI-II in this 
study with GI CP023826 was visualized using the EasyFig tool [34]. 

Statistical tests 
The Fisher’s exact test was used to evaluate the association between the presence of 
IncF plasmids and the multidrug resistant profile using GraphPad Prism (v.7.0.3) 
(GraphPad Software, La Jolla, US). Values of  p<0.05 were considered statistically 
significant. 
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Results
Bacterial isolates

In total, 49 E. coli isolates belonging to phylogenetic groups B2 and D obtained from 
urine samples of  hospitalized patients admitted to four different hospitals, in Rio de 
Janeiro were analyzed in this study. The presence of  MGEs was determined in 26 iso-
lates belonging to ST131, of  which 24 belonged to serotype O25:H4 and the other two 
to serotype O16:H5. Based on fimH typing the majority of  ST131 isolates were fimH30 
(n=22), while two isolates were fimH22 and another two isolates were fimH41. The ST131 
isolates presented different virotypes namely A, B, C, C2, C3 and D. The non-ST131 
isolates used in this study belonged to ST69 (n=9), ST73 (n=4), ST405 (n=4) and ST648 
(n=6). ST69 and ST73 isolates were not associated with MDR, whereas ST405 and 
ST648 isolates often were MDR (including ESBL-producing and carbapenem-producing 
ones). The isolates investigated in this study belonged to phylogenetic group B2 (n=36) 
and D (n=13) as we have shown before [20]. For the analyses of the PAIs, we included 18 
additional isolates belonging to phylogenetic groups A and B1 and collected in the same 
period (Supplementary data S.2). 

Plasmid analyses 
IncF plasmids were present in all ST131 isolates, the majority of  these plasmids con-
taining the IncFII (n=21) and/or the IncFIA (n=9) replicon. pMLST results revealed a 
high diversity of pMLST profiles, especially among plasmids found in H30-ST131 iso-
lates. In the H30-ST131 isolate susceptible to all antibiotics tested, an F1:A2:B20 profile 
was found. In the H30-R-ST131 isolates resistant to fluoroquinolones, F1:A2:B20 (n=4), 
F2:A1:B- (n=2), F1:A2:B- (n=1), F-:A2:B20 (n=1) and F18:A6:B8 pMLST profiles were 
identified. In addition, in the H30-R-ST131 isolates also resistant to carbapenems, one 
isolate had an F1:A2:B20 profile and for two isolates the F allele was not identified, 
and, therefore, these were classified as F-:A2:B20. Among the highly resistant sublineage 
H30-Rx-ST131, two pMLST profiles, F2:A-:B- (n=5) and F31:A4:B1 (n=4), were found 
in isolates of  virotype A and C, respectively. The two H22-ST131 and two H41-ST131 
isolates had the same pMLST profiles, i.e., F2:A-:B1 and F29:A-:B10, respectively, pro-
files that were not found in H30-ST131 isolates. Overall our results show a link between 
the resistance phenotype and the plasmid type (Figure 1 and Table 1). The pMLST pro-
files found in other ST isolates were different from the ones in ST131 isolates, except 
for the F29:A:B10 plasmid that was present in two ST131 isolates and in three ST69 
isolates and F31:A4:B1 present in four ST131 and one ST69 isolates. In addition, other 
plasmid profiles were found in the ST69 isolates, i.e., pMLST profiles F36:A4:B1 (n=2), 
F1:A1:B66 (n=1) and F2:A-:B10 (n=1). For one ST69 isolate no plasmid profile could 
be identified. Interestingly, the H41/ST131 sublineage is less associated with an MDR 
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profile and has the same pMLST profile, F29:A:B10, as identified in three of our ST69 
isolates, including the ESBL-producing isolate (605). IncF plasmids were not identified 
in ST73 isolates. The IncF plasmids in ST648 isolates were classified as F1:A1:B1 and in 
ST405 isolates as F2:A-:B10, except for one isolate that had an F2:A-:B- plasmid.

Figure 1. NJ tree for all the 49 isolates with the distance based on cgMLST. The cgMLST 
scheme was based on 2764 target genes. The columns indicate the ST type, serotype, 
phylogenetic groups, the fimH type (only for ST131 isolates), the plasmid replicon type and the 
pMLST profile. In pink the ST131 isolates, in green the ST73 isolates, in brown the ST648 
isolates, in dark pink the ST69 isolates and in yellow the ST405 isolates. Please note that for 
isolate 7348 the MLST type (ST73) could only be identified using the CGE webtool not by 
Seqsphere. NI, not investigated.
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Virotype A, ESBL, resistance to fluoroquinolones
x6638 ST131 O25:H4 B2 fimH30 A blaCTX-M-15 +1 - + F2:A1:B-

2102 ST131 O25:H4 B2 fimH30 A blaCTX-M-15 + - + F2:A1:B-

5420 ST131 O25:H4 B2 fimH30 A blaCTX-M-15 + - + F2:A1:B-

2206 ST131 O25:H4 B2 fimH30 A blaCTX-M-15 + - + F2:A1:B-

Virotype A, non-ESBL, sensitive to fluoroquinolones

2478 ST131 O16:H5 B2 fimH41 A - - - - F29:A-:B10

4006 ST131 O16:H5 B2 fimH41 A - - - - F29:A-:B10

Virotype C, ESBL, resistance to fluoroquinolones

1710D ST131 O25:H4 B2 fimH30 C blaCTX-M-15 + - + F2:A4:B1

5770D ST131 O25:H4 B2 fimH30 C blaCTX-M-15 + - + F2:A4:B1

9533D ST131 O25:H4 B2 fimH30 C blaCTX-M-15 + - + F2:A4:B1
Virotype C, carbapenemase-producer, sensitive to fluoroquinolones

7104 ST131 O25:H4 B2 fimH30 C2 blaKPC-2 + - - F-:A2:B20

3218 ST131 O25:H4 B2 fimH30 C2 blaKPC-2 + - - F-:A2:B20

9893 ST131 O25:H4 B2 fimH30 C3 blaKPC-2 + - - F-:A2:B20

Virotype C, MDR, sensitive to fluoroquinolones

8565 ST131 O25:H4 B2 fimH30 C3 - + - - F1:A2:B20

5976 ST131 O25:H4 B2 fimH30 C3 - + - - F1:A2:B20
 1 +, indicates the presence of  the gene or characteristic; -, indicates the absence of  the gene or 
characteristic; isolates are grouped according to their virotype, presence of  the extended spectrum 
beta-lactamase (ESBL) gene, and their multi-drug resistant (MDR), plasmid-mediated quinolone 
resistance (PMQR) and plasmid multi-locus sequence type (pMLST) profiles.
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among ST131 isolates.
Table 1. Association between the pMLST, virotype and antibiotic resistance profiles 



Figure 2.  Distribution of  acquired resistance genes identified in the plasmid-derived 
regions. Red hits indicate the presence of  a resistance gene with at least 90% identity and 60% 
coverage. The samples are organized by ST type.
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Identification of plasmid-based resistance gene 
We analyzed the presence of  plasmid-based resistance genes in our isolates. Our results 
identified 35 different resistance genes, including blaCTX-M-15, blaCTX-M-8, blaCTX-M-2, blaKPC-2 
and aac(6’)-Ib-cr genes, which represented 68.6% of all the resistance genes identified in 
our isolates. Most resistance genes (64.8%) were found in ST131, ST405 and ST648 iso-
lates, whereas less resistance genes were identified in the ST69 and ST73 isolates (Figure 
2). Among ST131 isolates, a higher number of resistance genes was identified in MDR 
and ESBL-producing isolates belonging to the A/H30 and C/H30 sublineages. We also 
found several resistance genes between IS elements, i.e., within a resistance cassette, in 
H30Rx-ST131, ST405 and ST648 isolates. A resistance cassette highly similar to the one 
present in the pEC958 plasmid found in the E. coli ST131 reference strain EC958 (NCBI: 
HG941719.1) was identified in different plasmids among genetically closely related A/
H30Rx ST131 isolates (2102, 2206, 5420 and 6638; Figure 3A). A similar resistance cas-
sette was also identified among C/H30Rx ST131  i solates (5770D, 1710D and 9533D; 
Figure 3B), however two regions were found to be different. The IS26/blaCTX-M15/Tn3 
region present in pEC958 was replaced by other genes between IS26 elements in our 
plasmid, and a region of  14Kb containing IS26 elements and resistance genes present 
in pEC958 was deleted from the plasmid and had most likely been integrated into the 
chromosome of  our isolate (Figure 3B and C).  Interestingly, two resistance cassettes 
were identified on the chromosome of our MDR isolates (Figures 3C and D). In ST648 
isolates we identified a chromosomal resistance cassette within phage-related sequences 
similar to one found in the FDAARGOS_497 reference strain (NCBI: CP033853.1; Fig-
ure 3D). The other chromosomal resistance cassette was identified in the chromosome 
of H30Rx ST131 isolates (5770D, 1710D, 9533D), which was also closely related to a cas-
sette from reference strain FDAARGOS_497 (Figure 3C). The resistance cassette found 
in C/H30Rx ST131 isolates (5770D, 1710D and 9533D) was also identified in H30-R 
ST131 isolate (6202) (Figure 3E), and in ST405 (6050) and ST69 (605) isolates. Thus, this 
resistance cassette was present in several isolates but on different plasmids. More precise-
ly, in the A/H30Rx-ST131 isolates (5420, 2102 and 6638) it was identified in a plasmid 
similar to pEC958, while in the C/H30Rx-ST131 isolates (5770D, 9531D, 1710D) it was 
present in a plasmid more similar to pecAZ146 (NCBI:CP018990) (Figure 4). Finally, we 
found a statistically significant association between the presence of IncF plasmids and an 
MDR profile (p=0.0142) and an ESBL profile (p=0.0107; see supplementary data S.3).  
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Figure 3. Alignment of  resistance cassettes present in plasmid and chromosome regions 
using hybrid assemblies of  short and long read sequences. Alignments of  A. the resistance 
cassette present in the plasmid of  H30Rx-ST131, virotype A isolate 5420 and the one found in 
plasmid pEC958 of  the Escherichia coli ST131 EC958 reference strain;  B. the resistance cassette 
present on the plasmid of  5770D isolate and the one found on plasmid pEC958 of  the Escherichia 
coli ST131 EC958 reference; C. the resistance cassette found in the chromosome of  the 5770D iso-
late and the one on the chromosome of  the FDAARGOS_497 reference strain; D. the resistance 
cassette present in representative isolates of  ST648, i.e., 7002D and 1843, and the resistance cas-
sette present on the chromosome of  the FDAARGOS_497 reference strain; E. coli the resistance 
cassette present in plasmids present in H30Rx-ST131 isolates 6202 and 5770D. The resistance 
genes are indicated in red, the IS elements in yellow, Tn elements in dark blue, the phage protein 
genes in light pink and other genes present in the chromosome in orange.
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our non-ST131 isolates (Figure 5A and 5B).
H22-ST131 isolates. None of the elements present in EC958  strains were identified in 
locus  was  present  in H41-ST131  isolates  and  only partially present in H30-ST131 and 
type IV secretion locus was not identified among our  ST131  isolates  and  the  capsular 
lateral flagellar locus were more conserved and found in almost all ST131 isolates. The 
partially  identified  among  all  ST131  isolates, while  the  ratA-like  toxin  and  Flag-2 
isolates,  and  ROD3  was  identified only  in H30-ST131.  The  O-antigen  loci  were 
ROD1 was present in all isolates, ROD2  was  present  in H30-ST131  and H22-ST131 
insertion  elements  present  in EC958  were  also  identified  among  our  ST131  isolates. 
and  prophage  7  was partially  found  in H30-ST131  isolates.  In  addition,  ROD 
(2102, 5420,3528, 1294D  and  6202),  prophage  6  was  absent  in  all  our  ST131  isolates 
present  in H30-ST131 isolates, prophage 2 was present in only five H30-ST131 isolates 
and 5 were partially present  in  all  ST131  isolates,  while  the  prophage  3  was  partially 
ST405  isolates. From the seven prophages identified in the EC958 strain, prophages 1 
majority  of ST69  (9715,  666,  864,  7719,  605  and  108)  isolates,  but  in  none  of the 
it  was absent.  This  HPI  was  also  present  in  all  ST73  and  ST648  isolates  and  in  the 
only partially  present  and  in  two H30-ST131  isolates  (isolates  2102  and  7018)  where 
was present in almost all ST131 isolates except in the H41-ST131 isolates where it was 

partially present only in H30 ST131 isolates (Figure 5). Interestingly, an HPI (PAI IV536)
GI-selC were  absent  in  all  ST131  and  non-ST131  isolates,  whereas  the  GI-leuX was 
isolates but was not present in any of the non-ST131 isolates (Figure 5). GI-pheV and 
island GI-thrW present in reference strain EC958 was highly conserved among ST131 
tion, O-antigen, rat-like) associated with virulence, in our E. coli isolates. The genomic 
pathogenicity islands (HPIs), and other insertion elements (ROD, Flag-2, type IV secre- 
such  as genomic  islands  (GI-pheV,  GI-selC,  GI-leuX,  GI-thrW),  phages  (1-7),  hyper 
The ST131  reference strain EC958  (NCBI:  HG941719.1)  was used to identify MGEs 

EC958
Identification of mobile genetic elements present in the ST131 reference strain 



Figure 4. Alignments of plasmids carrying the resistance cassettes identified in H30Rx-
ST131 isolates. (A) Alignment between the pEC958 plasmid present in the ST131 Escherichia coli 
EC958 reference strain and the plasmids present in H30-Rx virotype A ST131 isolates 2102 (pink), 
5420 (green) and 6638 (purple). (B) Alignment between the pECAZ146_1 plasmid present in 
theST131 E. coli Ecol_AZ146 and the plasmids present in H30-Rx virotype C ST131 isolates 
5770D (pink), 1710D (green) and 9533D (purple). 
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present or absent and GI-II was also absent (Figure 7).
the  latter  isolates,  the PAI  II536 and PAI  I536 were  absent, PAI  VI536 was  only  partially 
compared to the one found in isolates belonging to phylogenetic groups A and B1. In 
of PAIs was  found  in  the  49  isolates  that  belong to  phylogenetic  groups  B2  and D, 
similarities in PAIs distribution with ST73 than with other ST types. A different pattern 
the H22-ST131  (5332  and  5848)  isolates.  The ST131 H30-Rx  clade  C  presented  more 
This  same PAI was  also  partially  present  in almost  all  other  ST131  isolates  expect  for 
was  completely  present  in  all  ST73,  two ST131,  one  ST648  and  one  ST69  isolate(s). 
ST648 isolates. The PAI I4787 was only present in the ST73 isolates, while the espC PAI 
present  among  ST73  and  ST131  isolates, however it was present in ST69, ST405 and 
present  only  in H30Rx  clade  C ST131  and  ST73  isolates.  The  ETT2 PAI was  not 
least  partially  present.  Similar results  were  found  for PAI I536, which  was  partially 
57710,  1710D,  9533D, 2724D)  ones  were  the  only  isolates  in  which PAI II536 was  at 
isolates  had  a  more  similar  profile.  Among  S131  isolates  the H30-Rx  clade  C  (9260, 
Although  a  high  diversity  in PAI profiles  was  observed,  genetically  closely  related 
isolates  tested. PAI II536 (16%) and LEE (2%) were the least frequently identified ones. 
identified, PAI ICFT073 being  the  most  frequently  identified  one  and  present  in  all 
pathogenicity  islands  (PAIs)  in  our  isolates.  In  each  isolate  at  least  one PAI was 
(see  supplementary  data  S.4  and  Figure  6). We  also  investigated  the  presence  of other 
(2441, 2445A and 4953) and was partially present in almost all ST131 and ST69 isolates 
in  five  ST131  (9893,  1294D,3528,  4233  and  2724)  isolates  and  in  three  ST69  isolates 
associated with iron uptake (iucA, iucC, iucD, iutA, tonB). This GI was completely present 
ated  with  biofilm-forming  ability,  toxins  and  antitoxin  genes yeeV and yeeU,  and  genes 
with  pyelonephritogenic E.  coli (papA, papB, papI, papX),  the  antigen  43  (agn43)  associ- 
of the  tRNAPhe-type,  was  95900bp  in  size  and  contained  P  fimbriae  genes  associated 
isolate  from  Sweden  (reference  number:  CP023826)  in  our  isolates.  It  appeared  to  be 
We also identified a new genomic island (GI) GI-II similar to a GI present in an ST131 

Identification of other mobile genetic elements
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teins and genes not directly involved in resistance or virulence profiles.  HP, hypothetical proteins.
other coding sequences are indicated in orange and include those encoding uncharacterized pro- 
tegrases); in yellow, the IS elements that are sligthly different from those found in the Swedisch GI;
(3218). In red,  the main virulence genes; in blue, the mobile genetic elements (IS, transposase, in- 
quences. On top the Swedisch GI (CP023826) and on the bottom an ST131 representative isolate 
found  in   a  Swedisch  ST131  isolate  using  hybrid  assemblies  of   short  and  long  read  se- 
Figure 6. Alignment of  the genomic island (GI) GI-II present in our isolates and the GI 



Figure 7. Pathogenecity islands present in the isolates. The figure shows the most 
frequently found PAIs identified among different ST types. The black hits indicate the presence 
of a PAI, while the gray hits indicate that the PAI is partially present and white hits indicate the 
absence of the PAI.  The isolates belonging to phylogenetic groups B2 and D are indicating with 
their ST types, whereas isolates belonging to phylogenetic group A  and B1 are indicated by A 
and B, respectively.
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Virulence genes and mobile genetic elements 
We investigated the presence of 77 virulence genes associated with plasmid-based re-
gions or pathogenicity islands present in our 49 isolates. Overall the number of  virulence 
genes identified on plasmid-based regions were lower than the number of genes present 
in pathogenicity islands. The majority of identified genes on plasmids were associated 
with iron uptake and a minor part was associated with toxin production and other vir-
ulence determinants. Detected genes include the aerobactin siderophore and the iroE, 
iroD, iroB, iroN, iucA, iucB, iucC, iucD, iutA, sitA, sitB, sitC and sitD genes, the gene en-
coding enterotoxin senB, the increased serum survival (iss) gene, as well as colicin and 
microcin associated genes (mchF and cba) that are involved in killing of  other bacteria. In 
general, the diversity of  MGE associated virulence genes was high within the ST types. 
Moreover, the ST648 and ST69 isolates presented a higher virulence score (VS) associ-
ated with MGEs, i.e., 44.5 and 36.4 respectively, compared to the isolates of  other ST 
types including ST131 (VS=24.1), ST73 (26.5) and ST405 (VS=25.2) isolates. The ST648 
and ST69 isolates had the same PAIs (PAIETT2 and PAI ICFT073), which carry genes of the 
system secretion type 3 (TSS3), pap cluster genes and hemolysin and iron-uptake sys-
tem genes (Table 2). ST73 and C/H30-ST131 isolates (9581A, 9260, 5770D, 1710D and 
9533D) had a very similar PAI-associated virulence gene profile. These C/H30-ST131 
isolates were associated with an MDR profile and also had higher numbers of virulence 
genes associated with plasmids and PAIs than other ST131 isolates (Figure 8).  In ad-
dition, the Fisher’s exact test did not identify a significant association between the PAI 
profile and the presence of IncF plasmids in CTX-M-15-producing isolates. 
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Figure 8. Heat map of virulence genes present in mobile genetic elements identified in 
ST131, ST73, ST648, ST69 and ST405 isolates.  Black hits indicate the genes present in patho-
genicity islands and the grey hits indicate the presence of  virulence genes associated with plasmids. 
TSS3 indicates the genes associated with the system secretion type 3.  
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Table 2. Comparison of  the virulence score of  and presence of  PAIs in ST131 and non-
ST131 isolates.  

ST131 ST73 ST648 ST69 ST405

VSa 24.19 26.5 44.5 36.44 25.25

1 (3.8) 0 (0) 6 (100) 8 (88.8) 4 (100)

0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

26 (100) 4 (100) 6 (100) 9 (100) 4 (100)

0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

0 (0) 0 (0) 0 (0) 0(0) 0 (0)

22 (84.6) 4 (100) 6 (100) 6 (66.6) 4 (100)

2 (7.6) 2 (50) 0 (0) 0 (0) 0 (0)

PAI espc 2 (7.6) 4 (100) 0 (0) 0 (0) 0 (0)
 aVS, virulence score, indicated as the mean number of virulence genes in each lineage. This table 

only lists PAIs of which the complete sequences were identified in the isolates.  

Discussion 

UTIs caused by MDR ExPEC are challenging to treat and manage. In this study, we 
investigated the presence of  MGEs in E. coli isolates circulating in Brazil and their role 
in resistance and virulence. The most prevalent plasmids were of  the IncF type and 
were mainly present in ST131, ST405 and ST648 isolates, known to be often MDR. Our 
results are in agreement with previous studies in which MDR isolates, including ESBL-
CTX-M-15-producing ones, were shown to be associated with IncF plasmids [35], [36]. 
Indeed, a statistically significant association between MDR/ESBL profiles and the pres-
ence of IncF plasmids was found in our isolates. Although pMLST profiles were highly 
diverse in ST131 isolates, F1:A2:B20 and F2:A1:B- were the ones most often found in 
antibiotic resistant ST131 isolates. In contrast, F29:A:B10 plasmids were present in two 
susceptible H41/ST131 isolates and in three susceptible ST69 isolates. Our results are in 
agreement with previous studies showing that F29:A-:B10 plasmids were associated with 
H22, H41 or H30 susceptible (H30-S) ST131 isolates, while F1:A2:B20 and F2:A1:B- 
plasmids were associated with the resistant H30-R and H30-Rx ST131 isolates [37]–[39]. 
Notably, we found that ST131 isolates having the same virotype and similar antibiotic 
resistance had the same plasmid profile, indicating an association between the plasmid 
profile and specific sublineages, which reinforce the hypothesis that specific plasmids 
are associated with the ongoing evolution of  ST131 sublineages. Additionally, ST405 
and ST648 isolates also carried several IncF plasmids, which may be associated, like in 
ST131, with the successful spread of  these clones. The presence of  the F1 and F2 alleles 
is a common feature seen in ST131, ST648 and ST405 lineages associated with an MDR 
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lineages.
hypothesis that plasmid-mediated resistance is mainly associated with specific high-risk 
identified  in  some  ST131  and  ST405  isolates  but not in ST73 isolates supporting the 

addition,  in  our  study  resistance  cassettes without  the blaCTX-M-15 gene  were 
the  same  plasmid  containing  the resistance cassette was found in each sublineage.  In 
(virotype A) and H30-Rx ST131 (virotype C) may be explained by the observation that 

lineages  [1,  35].  The  association of blaCTX-M-15 with sublineages H30-Rx  ST131 

and  in  dissemination of blaCTX-M-15 and aac(6’)Ib-cr genes among  high-risk E.  coli 
from  different countries  that  showed  the  importance  of IncF plasmids  in  resistance 
resistance cassettes  associated  with  MGEs  was  already  described  in  previous  studies 
cassette  present  in  the  chromosome  of our  ST648  isolates.  The  presence  of 
[44].  This  may  also  be  the  reason  of the  presence  of phage-related  resistance 

blaCTX-M-15 gene,  and  may  have  been  facilitated  by  the  presence  of IS26 elements 
a  transposition  event,  which  may  have  occurred  to  increase the  stability  of the 
chromosome.  The  presence  of a resistance cassette  on the  chromosome  indicates 
isolates  presented  a  phage-related  resistance cassette  also  present  on  the 
cassettes  were  found  in  plasmids and  on  the  chromosome.  In  addition,  the  ST648 
reference  strain  (EC958) was  detected.  In  virotype  C  ST131  isolates,  resistance 
similar  to  the one found  on  plasmid  pEC958  present  in  the  ST131 E.  coli ST131 
plasmids present in  these  isolates.  In H30-Rx  virotype  A  ST131  isolates,  a  cassette 
resistance cassettes,  defined  as  blocks  of  resistance  genes,  that  were  identified  within 
ST131,  ST405  and  ST648  lineages.  This  could  be  explained  by  the  presence  of 
aac(‘6)-Ib-cr in the plasmid-derived regions. Most resistance genes were identified in the 

We  also  identified the presence  of  resistance  genes  including blaCTX-M-15, dfrA17 and 

bacteria of belonging to other STs.
with the worldwide spread of ST131 bacteria [42], [43] and may also be of benefit for 
chromosome  of our isolates.  The  presence of this gene  has  been  associated  before 
not  found  in  our  plasmid. However,  the blaCTX-M-15 gene  was  located  on  the 
and  was  associated  with several resistance genes, including blaCTX-M-15 [40], [41] that was 
ST648  isolates  from wastewater  in  Norway  and  in  hospitalized  children  in  the  US, 
particular  IncF F1:A1:B1  plasmid.  This  same  type  of  plasmid  was  identified  in 
which could  indicate  that  its  successful  spread  is  related  to  the  presence  of this 
Isolates  from  ST648,  although  genetically  diverse,  carried  the  same  plasmid  type, 

why they did not have an MDR phenotype.
profile. None of the ST73 isolates carried IncF plasmids, which could be the reason 
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virotype C ST131 isolates.
groups.  Nevertheless, we  observed  that  ST73  isolates  had  a  similar  profile  as H30-Rx 
non-ST131 isolates was highly diverse in isolates that belong to B2 and D phylogenetic 
pathogenic  than in commensal E. coli [49]. The distribution of PAI among ST131 and 
our  study. Interestingly,  these PAIs  are  more  frequently  reported  to  be  present  in 
studies [42], PAI I536 and PAI II536 were identified among MDR H30-ST131 isolates in 
those latter two PAIs among ExPEC isolates in Brazil [48]. Different from previous 
in  all isolates,  which  is  consistent  with  a  previous  study  showing  a  high  prevalence  of 
ST69,  ST405  and  ST648  isolates,  while PAI  ICFT073 and PAI  IV536 were  present
Also, the presence of other PAIs was investigated. PAIETT2 was only identified among 

MDR ST69 isolates in our study.
profile  (F29:A-:B10) as H41-ST131 isolates.  This  ST69  isolate  is  also  one  of the  two 
isolate  (2441)  had the complete sequence of this GI-II and also had the same plasmid 
in  an  isolate from  Sweden  (reference  number: CP023826). Interestingly,  one  ST69 
iutA/iucAB-CD operon and tonB gene, and the antigen 43, and was similar to a GI found 
virulence genes  including  the  P  fimbriae, papAG operon,  the  iron  uptake  system,  the 
was  completely  present  in  ST69  and  H30-ST131  isolates.  This  GI-II  harbored 
A new GI (named GI-II in this study) was at least partially identified in all isolates and 

identified among H30-ST131.
coli as RODs, the ratA-like toxin and Flag-2 lateral flagellar locus were more frequently 
HPI. Other genomic regions present in EC958 strain known to be variable between E. 
not  find  an  association  between  the  resistance  to  antibiotics  and  the presence  of this 
ST405 isolates [1]. Moreover, different from what has been reported previously, we did 
ST131, B2/ST648, B2/ST73 and D/ST69 isolates, but it was completely absent in D/ 
phylogenetic  group  B2  isolates  [1],  [11]. We  also  identified  it  in the  majority  of  B2/ 
previous  studies,  the  presence  of PAI  IV536 was already  associated with 
our  ST131  isolates,  except  for H41-ST131 where  it  was  only  partially  present.  In 
ST131  reference  strains.  In  addition, the  HPI PAI  IV536 was  identified  in  almost  all 
ST131  isolates.  These  prophages, particularly  prophage  6,  are  present  in  several H30- 
H30-ST131  isolates,  while  the other  prophages  were  completely  or  partially  absent  in 
also investigated the presence of  prophages. We  found  that  prophage  2  was  present  in 
these  GIs  that  can  restrict the transfer of  these mobile elements to other isolates. We 
and  may  be  explained  by the  presence  of  specific  methyltransferases  associated  with 
these  MGEs  exclusively in  ST131  isolates  was  already  described  previously  [46],  [47], 
system  structures  also present  in  other  B2 E.  coli strains.  In  addition,  the  presence  of 
are known to carry the siderophore  receptor  locus  and Type  I  restriction/modification 
strains [45]. GI-leuX and GI-thrW have been identified among other UPEC strains and 
and  GI-pheV are considered  important  for  and  are  identified  in  nearly  all H30-ST131 
absent in all our isolates.  This  is  different  from  previous  studies  showing  that  GI-leuX 
island  GI-leuX was  partially  present  only  in  our  H30-ST131,  whereas  GI-pheV was 
the  only  highly  conserved  GI  present  among  all  our  ST131  isolates.  The  genomic 
EC958  strain  were  also  present  in  our  isolates.  Our  study  revealed  that  GI-thrW was 
Further,  we  investigated  if  the  MGEs  present  in  the  highly  virulent  and  resistant 
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improve the balance between resistance and virulence.
and  at  the  same  time have  other  MGEs  that  are  exclusive  for  ST131  in  order  to 
important  for  virulence, such  as  the  GI-II,  that  are  already  present  in  other  lineages 
hypothesize that the H30-Rx  ST131 sublineage may  acquire  MGEs  having  only  genes 
Likewise, GI-II  is  only  present  in H30-Rx  ST131  and  ST69  isolates.  Therefore,  we 
ST73 isolates,  shown  in  our  previous  study  to  have  the  highest  virulence  score  [53]. 
could  explain  the  similarities  in PAIs  distribution  between  the H30-Rx  ST131  and 
rying  virulence  and  resistance  genes  without  increasing  the  bacterial  fitness cost.  This 
through acquisition of MGEs, e.g. PAIs, but with the acquisition of specific MGEs car- 
ST131 sublineages may be explained not by an increase in the number of virulence genes 
On the other hand, the interplay between resistance and virulence that is observed in 

tween the presence of  specific PAIs, the virulence score and antibiotic resistance.
in highly resistant and virulent H30-Rx-ST131 isolates there was no clear association be- 

in most of the non-ST131 isolates. Although, PAI I536 and PAI II536 were partially present 
and cba). The virulence score associated with PAIs and plasmids was lower in ST131 than 
gions were enterotoxin (senB), increased serum survival (iss), colicin and microcin (mchF 
against bacterial infections [52]. Other virulence genes identified in plasmid-derived re- 
for survival in the urinary tract, since the reuptake of iron is part of the host’s defense 
PEC [51] and the production of siderophores was reported previously to be essential 
(iroBCDEN). These virulence genes have been associated before with virulence in Ex- 
Most of  these genes encoded for aerobactin (iutA/iucABCD, sitABCD) and salmochelin 
mid-derived regions were associated with the iron uptake system, adhesions and toxins. 
genes present in PAIs in our isolates. The majority of virulence genes identified on plas- 
the number of plasmid-based virulence genes was lower than the number of virulence 
We also investigated the presence of virulence genes associated with MGEs.  In general, 

more associated with the phylogenetic groups than with specific lineages.
were similar to those previously reported [50], [51] indicating that the PAIs distribution is 
Most PAIs present in B2 and D isolates were absent in A and B1 isolates. Our results 
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potentially high virulent lineages in the future.
emergence  of  specific clones.  Such  knowledge  will  be  useful  to  early  identify 
affect  the  virulence and  resistance  of E.  coli clones  and  eventually  can  lead  to  the 
studies on MGEs  are  required  to  increase  our  knowledge  about  how  these  MGEs 
particular MGEs  were  exclusively  identified among H30-Rx  ST131 isolates. Further 
the bacteria  seems  to  be  lineage  specific,  as  is  supported  by  the  observation  that 
tors. In  addition,  the  relation  between the  acquisition of   MGEs  and  the  evolution  of 
different MGE types, plasmids, PAIs and other GIs, all having important virulence fac- 
association between the presence of MGEs and virulence is more complex and involves 
with MDR  and  ESBL  profiles was found in high-risk clones. On the other hand, the 
towards high-risk clones. Indeed, a clear association between the presence of plasmids 
sociated with successful lineages and may be essential for their emergence and evolution 
In summary, the presence of specific plasmids and resistance cassettes seems to be as- 
Conclusions
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S.1. Characteristics of ST131 and non-ST131 isolates used in this study
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5332 ST131 O25:H4 B2 + + 22 D

7018 ST131 O25:H4 B2 - + 30 A

7104 ST131 O25:H4 B2 + + 30 C2

9260 ST131 O25:H4 B2 + + 30 C

3218 ST131 O25:H4 B2 + + 30 C2

9581A ST131 O25:H4 B2 + + 30 C

x5770d ST131 O25:H4 B2 + + 30 C

x6638 ST131 O25:H4 B2 + + 30 A

1294D ST131 O25:H4 B2 - + 30 B

2102 ST131 O25:H4 B2 + + 30 A

1710D ST131 O25:H4 B2 + + 30 C

9533D ST131 O25:H4 B2 + + 30 C

3528 ST131 O25:H4 B2 - + 30 C2

7078 ST131 O25:H4 B2 - - 30 C3

9893 ST131 O25:H4 B2 + + 30 C2

7974 ST131 O25:H4 B2 + + 30 D

4233 ST131 O25:H4 B2 + + 30 D

5420 ST131 O25:H4 B2 + + 30 A

2478 ST131 O16:H5 B2 - - 41 A

4006 ST131 O16:H5 B2 - - 41 A

5976 ST131 O25:H4 B2 + + 30 C3

2206 ST131 O25:H4 B2 - + 30 A

8565 ST131 O25:H4 B2 - + 30 C3

x2724 ST131 O25:H4 B2 - + 30 C2

6202 ST131 O25:H4 B2 - + 30 C2
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Characteristics of  non-ST131 isolates in this study
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2993 ST648 O1:H6 B2 + +

1843 ST648 O1:H6 B2 + +

0107D ST648 O1:H6 B2 - -

x2986 ST648 O1:H6 B2 + +

7002 ST648 O1:H6 B2 + +

6022 ST648 O1:H6 B2 + +

x6050 ST405 O102:H6 D + +

9602 ST405 O102:H6 D + +

6161 ST405 O102:H6 D + +

2877 ST405 O102:H6 D + +

2445A ST69 O17/O44:H18 D - -

605 ST69 O17/O77:H18 D + +

7719 ST69 O17/O77:H18 D - -

864 ST69 O15:H18 D - -

x2441 ST69 O17/O77:H18 D - +

666 ST69 O15:H2 D - +

9715 ST69 O25:H18 D - -

108 ST69 O45:H45 D - -

4953 ST69 O17/O44:H18 D - -

3052 ST73 O22:H1 B2 - -

9492 ST73 O6:H1 B2 - -

7348 ST73 O6:H1 B2 - -

2723A ST73 O6:H1 B2 - -
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7500 ST744 O89:H10 A

8139 ST744 O89:H10 A

9646 ST167 O89:H9 A

1469B ST617 O neg. :H9 A

9749A ST1703 O15:H11 A

7198 ST1703 O15:H11 A

 421 ST1703 O15:H11 A

1825 ST93 O7:H4 A

3397 ST46 O9:H4 A

6632D ST453 O23:H16 B1

x2192 ST453 O23:H16 B1

9562 ST155 O86:H51 B1

708 ST224 O163:H23 B1

5361 ST224 O8:H23 B1

7266 ST641 O no found. :H34 B1

7022 ST641 O30:H25 B1

5306 ST641 O30:H25 B1

6632D ST453 O23:H16 B1

x2192 ST453 O23:H16 B1
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S.2. List with pathogenicity island present in the database used in this
study.

PAI database

Number PAI Host Strain Function Insertion 
site

GenBank Acession 
(size)

1 AGI-1 Escherichia coli 
BEN2908

Not published tRNA-aspV AY395687(29.5kb, com-
plete PAI)

2 AGI-3 Escherichia coli 
BEN2908

Putative mobile ge-
netic elements, trans-
posase, carbohydrates 
assimilation

tRNA-selC AY857617(53.2kb, com-
plete PAI)

3 espC PAI Escherichia coli
E2348/69

EspC, ORF3, Entero-
toxin

ssrA 
(potential 
regulatory 
10Sa RNA 
molecule)

AF297061(15.2kb, com-
plete PAI)

4 ETT2 Escherichia coli 
789

Type III secretion 
system

Not pub-
lished

DQ077151 (11.5kb)

5 GimA Escherichia coli 
RS218

IbeRAT, GcxKRCI 
(glyoxylate pathway), 
CglDTEC (glycerol 
metabolism), PtnIP-
KC (PTS system)

yjiD/ujiE AF289032 (20.3kb)

6 HPI Escherichia coli
3172/97

Siderophore yersini-
abactin biosyn-
thetic gene cluster 
(ybtS/Q/A/U/T/E, 
irp2/1), fyuA

tRNA-asnT AJ245584 (1.3kb)

7 HPI Escherichia coli 
536

intB; P4-like integrase 
from high-pathoge-
nicity island (HPI)

tRNA-asn GQ903054 (0.8kb)

8 HPI Escherichia coli
5720/96

Siderophore yersini-
abactin biosyn-
thetic gene cluster 
(ybtS/Q/A/U/T/E, 
irp2/1), fyuA

tRNA-asnT AJ245585 (0.9kb)

85 LEE Escherichia coli 
11128

LEE, T3SS machin-
ery,espBFGHLZ, tir, 
map

tRNA-pheV NC_013364_P1(54.1kb, 
complete PAI in the 
sequenced genome)

86 LEE Escherichia coli 
11368

LEE, T3SS machin-
ery,espBFGHL, tir, 
map

tRNA-pheU NC_013361_P1(58.7kb, 
complete PAI in the 
sequenced genome)

87 LEE Escherichia coli 
12009

LEE, T3SS ma-
chinery,espBFGH-
KLMOZ, tir, map

tRNA-pheV NC_013353_P1(87.4kb, 
complete PAI in the 
sequenced genome)
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88 LEE Escherichia coli 
172

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells, Eae

tRNA-selC AF041809 (2.4kb)
AF041810 (1.1kb)

89 LEE Escherichia coli 
71074

Enterocyte efface-
ment pathogenicity 
island locus (LEE)

- GQ338312 (44.1kb)

90 LEE Escherichia coli 
83/39

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells(efa1/lifA), 
Shet-2 enterkotox-
in(senA),eae, ser, ces, 
esc, tir, sep, esp

tRNA-pheU AF453441(60.4kb, 
complete PAI)

91
LEE

Escherichia coli
84/110-1

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells, Eae

tRNA-pheV AF453442 (10.7kb)
AF461393 (5.4kb)
AF461394 (1.9kb)
AY082443 (3.8kb)

97 LEE Escherichia coli
ATCC43895

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells, Eae

tRNA-selC AF071034(45.3kb, 
complete PAI)

112 LEE Escherichia coli 
RDEC-1

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells, Eae

IS2/lifA AF200363(37.9kb, 
complete PAI)

113 LEE Escherichia coli
RW1374

Type III secretion 
system, translocation 
of  Tir, adherence of  
EHEC to epithelial 
cells, Eae

tRNA-pheV AJ303141 (112.9kb)

114 LEE II Escherichia coli
413/89-1

Type III secretion 
system, Eae

tRNA-pheU AJ277443 (60.1kb)
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115 LIM Escherichia coli 
B171-8

bfpT-regulated chap-
erone-like protein 
(trcA)

potB AB016764 (6.5kb)

116 ETT2 Escherichia coli
O157:H7 
Sakai

Type III secretion 
system

tRNA-Gly NC_002695_P1(27.5kb, 
complete PAI in the 
sequenced genome)

117 LPA Escherichia coli
4797/97

EspI, BtuB, Iha tRNA-selC AJ278144(37.7kb, com-
plete PAI)

118 Not 
named

Escherichia coli 
APEC O1

tkt1 metE and 
ysgA genes 
of  the E. 
coli K12 
genome.

NC_008563_P5(15.3kb, 
complete PAI in the 
sequenced genome)

119 Not 
named

Escherichia coli 
C72

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056440 (5.5kb)

120 Not 
named

Escherichia coli 
E25

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056435 (2.3kb)

121 Not 
named

Escherichia coli 
Ec222

Vacuolating auto-
transporter toxin (Vat)

tRNA-thrW AY151282(22.1kb, 
complete PAI)

122 Not 
named

Escherichia coli 
P17

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056437 (3.3kb)

123 Not 
named

Escherichia coli
UMN026

shiA homolog, aero-
bactin siderophore

tRNA-Phe NC_011751_P1(57.3kb, 
complete PAI in the 
sequenced genome)

124 Not 
named

Escherichia coli 
Z13

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056438 (4.0kb)

125 Not 
named

Escherichia coli 
Z16

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056439 (4.0kb)

126 Not 
named

Escherichia coli 
Z25

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056436 (3.3kb)

127 Not 
named

Escherichia coli 
Z42

Uropathogenic-specif-
ic protein (USP)

aroP-pdhR 
locus

AB056434 (13.2kb)

139 OI-122 Escherichia coli
O157:H7 
EDL933

Two non-LEE effec-
tor (Nle) molecules 
that are secreted by 
the LEE type III 
secretion system

tRNA-pheV NC_002655_P4(22.9kb, 
complete PAI in the 
sequenced genome)

146 OI-122 Escherichia coli
O157:H7 
EDL933

Non-LEE-encoded 
effector genes nleG2-
3, nleG6-2, and 
nleG5-2

- NC_002655_P3(9.2kb, 
complete PAI in the 
sequenced genome)

147
PAI 
I4787

Escherichia coli 
4787

P fimbriae (F165_1 
fimbraie; foo operon)

tRNA-pheU AY560911 (5.3kb)
AY560912 (4.5kb)

148 PAI I536 Escherichia coli 
536

Alpha-hemolysin, 
fimbriae, adhesins

tRNA-selC AJ488511(76.9kb, com-
plete PAI)
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149 PAI I 
APEC-01

Escherichia coli 
APEC O1

P pilus(pap oper-
on), siderophore 
receptor(ireA), 
invasion determinant 
gene(tia),capsule 
biosynthesis(kps gene 
cluster)

tRNA-pheV DQ095216(66.8kb, 
complete PAI)

151  PAI I 
CFT073

Escherichia coli
CFT073

Alpha-hemolysin, 
P-fimbriae, aerobactin

tRNA-pheV AF003741 (2.0kb)
AF003742 (3.0kb)
AF081283 (10.2kb)
AF081284 (3.7kb)

152 PAI I 
CFT073

Escherichia coli
CFT073

Alpha-hemolysin, 
P-fimbriae, aerobactin

tRNA-pheV NC_004431_P1(44.6kb, 
complete PAI in the 
sequenced genome)

153 PAI I 
CL3

Escherichia coli
 CL3

Putative hemolysin/
adhesin cluster

close to a 
tRNA gene

AY275838 (27.3kb)

154  PAI II 
4787

Escherichia coli 
4787

F1C fimbriae(F165_2 
fimbraie; fot operon), 
partial micocin M 
operon, partial iroBC-
DEN operon

tRNA
-proA/yagU

AY560913 (0.9kb)
AY560914 (5.3kb)
AY560915 (3.6kb)
AY560916 (2.2kb)

155 PAI II536 Escherichia coli  
536

Alpha-hemolysin, 
P-fimbriae, Hekadhes-
in, hemagglutinin-like 
adhesins

tRNA-leuX AJ494981(102.3kb, 
complete PAI)

156 PAI II 
APEC-01

Escherichia coli 
APEC O1

- tRNA-Asp NC_008563_P1(29.7kb, 
complete PAI in the 
sequenced genome)

157 PAI 
IICFT073

Escherichia coli
CFT073

P-fimbriae, iron-
regulated genes

tRNA-pheU AF447814(71.7kb, 
complete PAI)

158 PAI II 
CFT073

Escherichia coli
CFT073

P-fimbriae, iron-
regulated genes

tRNA-pheU NC_004431_P2(58.3kb, 
complete PAI in the 
sequenced genome)

159 PAI 
III536

Escherichia coli 
536

S-fimbriae, iron 
siderophore system, 
Sap adhesin, TSH-like 
hemoglobin protease, 
HmuR-like heme 
receptor

tRNA-thrW X16664 (75.8kb, com-
plete PAI)

160 PAI III 
APEC-
vat01

Escherichia coli 
APEC O1

vat tRNA-Thr NC_008563_P2(19.3kb, 
complete PAI in the 
sequenced genome)

161  PAI 
IV536

Escherichia coli 
536

Siderophore synthesis, 
iron uptake

tRNA-asnT AF135406 (4.0kb)
AF136296 (3.9kb)

162 PAI IV 
APEC-01

Escherichia coli 
APEC O1

Yersiniabactic operon tRNA-Asn NC_008563_P3(77.7kb, 
complete PAI in the 
sequenced genome)

163 PAI V536 Escherichia coli 
536

K15 capsule tRNA-pheV AJ617685(105.8kb, 
complete PAI)
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164 PAI I 
AL862

Escherichia coli 
AL862

pathogenicity island 
PAI-I complete 
sequence

tRNA-pheR GQ497943(59.1kb, 
complete PAI)

165 PAI I 
AL862

Escherichia coli 
AL862

Afimbrial AfaE-VIII 
adhesin, ribose me-
tabolism, PTS system

tRNA-pheR AF072900 (12.1kb)
AF286670 (4.3kb)
AF286671 (1.5kb)

166 SE-PAI Escherichia coli 
ED 32

putative homolog to 
shiA (SHI-2 patho-
genicity island of  
Shigella flexneri)

pheV JQ994271 (8.1kb)

167 TAI Escherichia coli 
86-24

Iha (IrgA homologue 
adhesin), tellurite 
resistance(TlpA-D)

tRNA-ser AF126104 (8.0kb)

168 TAI Escherichia coli
O157:H7 
EDL933

OI-43 and OI-48 are 
duplicates, encoding 
tellurite resistance 
(Ter) and the putative 
adhesin Iha and are 
therefore called Ter- 
and adherence-con-
ferring islands (TAIs)

tRNA-serW NC_002655_P1(87.5kb, 
complete PAI in the 
sequenced genome)

169 TAI Escherichia coli
O157:H7 
EDL933

OI-43 and OI-48 are 
duplicates, encoding 
tellurite resistance 
(Ter) and the putative 
adhesin Iha and are 
therefore called Ter- 
and adherence-con-
ferring islands (TAIs)

tRNA-serX NC_002655_P2(87.5kb, 
complete PAI in the 
sequenced genome)
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S.3. Plasmid, multidrug-resistance and ESBL profiles and results of 
statistical analysis.
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5332 ST131 O25:H4 blaCMY-2 + - - F2:A-:B1 +

7018 ST131 O25:H4 - + - + F2:A1:B- +

7104 ST131 O25:H4 blaKPC-2 + - - F-:A2:B20 +

9260 ST131 O25:H4 blaCTX-M-15 + - - F31:A4:B1 +

3218 ST131 O25:H4 blaKPC-2 + - - F-:A2:B20 +

9581A ST131 O25:H4 blaCTX-M-15 + - + F2:A-:B- +

x5770d ST131 O25:H4 blaCTX-M-15 + - + F31:A4:B1 +

x6638 ST131 O25:H4 blaCTX-M-15 + - + F2:A1:B- +

1294D ST131 O25:H4 blaKPC-2 + + - F1:A2:B20 +

2102 ST131 O25:H4 blaCTX-M-15 + - + F2:A1:B- +

1710D ST131 O25:H4 blaCTX-M-15 + - + F31:A4:B1 +

3528 ST131 O25:H4 - - - - F1:A2:B- +

9533D ST131 O25:H4 blaCTX-M-15 + - + F31:A4:B1 +

7078 ST131 O25:H4 - - - - F1:A2:B20 +

9893 ST131 O25:H4 blaKPC-2 + - - F-:A2:B20 +

7974 ST131 O25:H4 blaCTX-M-2 + - - F18:A6:B8 +

4233 ST131 O25:H4 blaKPC-2 + - - F1:A2:B20 +

5420 ST131 O25:H4 blaCTX-M-14 + - + F12:A1:B- +

2478 ST131 O16:H5 - - - - F29:A-:B10 +

4006 ST131 O16:H5 - - - - F29:A-:B10 +

5976 ST131 O25:H4 - + - - F1:A2:B20 +

2206 ST131 O25:H4 blaCTX-M-15 + - + F2:A1:B- +

8565 ST131 O25:H4 - + - - F1:A2:B20 +

x2724 ST131 O25:H4 - + - - F2:A1:B- +

6202 ST131 O25:H4 - + - - F1:A2:B20 +

5848 ST131 O25:H4 blaCMY-2 + - - F2:A-:B1 +

2993 ST648 O1:H6 blaCTX-M-3 + - - F1:A1:B1 +

1843 ST648 O1:H6 blaCTX-M-15 + - + F1:A1:B1 +

0107D ST648 O1:H6 - + - F1:A1:B1 +

x2986 ST648 O1:H6 blaCTX-M-15 + - + F1:A1:B1 +

7002 ST648 O1:H6 blaCTX-M-15 + - + F1:A1:B1 +

6022 ST648 O1:H6 blaCTX-M-15 + - + F1:A1:B1 +

x6050 ST405 O102:H6 blaCTX-M-15 + - - F2:A-:B10 +

9602 ST405 O102:H6 blaCTX-M-15 + - - F2:A-:B10 +
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6161 ST405 O102:H6 blaCTX-M-15 + - - F2:A-:B10 +

2877 ST405 O102:H6 blaCTX-M-15 + - - F2:A-:B- +

2445A ST69 O17/O44:H18 - - - - F31:A4:B1 +

605 ST69 O17/O77:H18 blaCTX-M-8 + + - F29:A-:B10 +

7719 ST69 O17/O77:H18 - - - - F29:A-:B10 +

864 ST69 O15:H18 - - - - None -

2441 ST69 O17/O77:H18 - + + - F1:A1:B66 +

666 ST69 O15:H2 - + - - F2:A-:B10 +

9715 ST69 O25:H18 - - - - F36:A4:B1 +

108 ST69 O45:H45 - - - - F29:A-:B10 +

4953 ST69 O17/O44:H18 - - - - F36:A4:B1 +

3052 ST73 O22:H1 - - - - None -

9492 ST73 O6:H1 - - - - None -

7348 ST73 O6:H1 - - + - None -

2723A ST73 O6:H1 - - - - None -
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S. 4. Distribution of  genomic island II (GI-II) among ST131 and non-
ST131 isolates including isolates that belongs to phylogenetic groups A
and B1
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