SUPPLEMENTARY MATERIAL

Whole-Genome Sequencing, Annotation and Phenotypic Taxonomic Confirmation of a Multidrug-Resistant Escherichia coli Strain Isolated from the Blood of a Sepsis Patient
Peter M. Eze1,2*, Lucy Dillon1, Jurnorain Gani3, Timothy Planche3, Linda B. Oyama1, Christopher J. Creevey1
1School of Biological Sciences, Queen’s University Belfast, United Kingdom
2Department of Environmental Health Science, Nnamdi Azikiwe University, Nigeria
3Institute of Infection and Immunity, City St. George's, University of London, United Kingdom

*Corresponding author: p.eze@qub.ac.uk 



ABSTRACT
Sepsis (blood stream infection) caused by multidrug-resistant (MDR) bacteria, particularly Escherichia coli, represents a significant global health threat due to high morbidity, mortality, and limited treatment options. E. coli, a major causative agent of bloodstream infections, has evolved highly virulent and MDR strains, which contribute to the increasing burden of antimicrobial resistance (AMR), complicating clinical management and reducing the efficacy of conventional antibiotic therapies. In this study, we characterised the genomic and phenotypic drug resistance mechanism of E. coli 266631E isolated from a sepsis patient, highlighting the negative implications of MDR E. coli in sepsis. Antimicrobial susceptibility testing and minimum inhibitory concentration analysis revealed resistance to multiple antibiotics, including amoxicillin, cefotaxime, ciprofloxacin, gentamicin, and tobramycin. Whole genome sequencing identified a broad array of AMR genes encoding resistance to various antibiotic classes, such as macrolides, fluoroquinolones, aminoglycosides, carbapenems, and cephalosporins. Notably, the CTX-M-15 gene, a key extended-spectrum β-lactamase determinant, was found in both the bacterial chromosome and an IncF-type plasmid, emphasizing the potential for horizontal gene transfer and rapid dissemination of resistance. Confirming the taxonomy of the novel and unidentified bacterial strain through querying its 16S rRNA sequence and genome in recognised bacterial taxonomic databases presented a challenge. The isolate showed genetic similarity to E. coli, E. fergusonii, and Shigella species despite their phenotypic differences and variations in their pathogenic traits. However, a simple phenotypic laboratory procedure, based on the biochemical and cultural differences among these bacteria in Coliform ChromoSelect Agar, confirmed the isolate as E. coli. This study underscores the critical importance of integrating phenotypic methods with genomic tools for the accurate identification of clinically significant bacteria. It also highlights the need for both phenotypic and genetic surveillance of key MDR variants in healthcare settings to enable timely, precise diagnosis and targeted treatment of life-threatening infections such as sepsis.
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Figure S1: Result of MALDI-TOF analysis
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Figure S2: Screenshot of AMRFinderPlus output showing AMR genes in contig 1 (chromosome) and contig 3 (IncF-type plasmid) showing predicted AMR genes at 100% identity
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Figure S3: Screenshot of starAMR output showing AMR genes in contig 1 (chromosome) and contig 3 (IncF-type plasmid) showing predicted AMR genes at ≥99% identity
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Figure S4: Screenshot of RGI output of contig 1 (chromosome) showing predicted AMR genes at ≥99% identity
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Figure S4: Screenshot of RGI output of contig 1 (chromosome) showing predicted AMR genes at ≥99% identity…(continued_2)
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Figure S4: Screenshot of RGI output of contig 1 (chromosome) showing predicted AMR genes at ≥99% identity…(continued_3)
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Figure S5: Screenshot of RGI output of contig 3 (IncF-type plasmid) showing predicted AMR genes at ≥99% identity
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Figure S6: NCBI BLAST Search of bacterial 16S rRNA sequence on NCBI Standard Databases [Core nucleotide database option (core nt) option]
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Figure S7: NCBI BLAST Search of bacterial 16S rRNA sequence on NCBI’s rRNA/ITS databases [16S ribosomal RNA sequences (Bacterial and Archaea) option]

[image: A screenshot of a spreadsheet

AI-generated content may be incorrect.]
Figure S8: Snapshot of Greengenes2 BLAST result output
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Figure S9: Snapshot of SILVA BLAST result output
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Figure S10: Sourmash of 1,595 genomes showing the average nucleotide identity (ANI). The red line on both plots indicates the placement of the isolate
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Figure S11: Sourmash of 1,595 genomes showing the Jaccard index. The darker the colour, the more genetically similar the isolates are. The red line in the plot indicates the placement of the isolate (labelled as ''unknown isolate''), which is clustered among multiple Shigella and Escherichia spp. Note: Genome IDs beginning with 621 belong to the genus Shigella, while the others belong to Escherichia.
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Figure S12: (A) Phylogeny of the isolate using FastTree (B) Reduced representation of 1,595 isolates (clades have been removed to be able to visualise the isolate and surrounding genomes).
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Eacherhi ol stain E17ECO383 chromosome. compei oznome Eschesn 241 19728 to% 00 10000% s2seo3s Cromsasst
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‘Shgsla sonnel siran CECT 4887 165 ribosomal RNA, paral sequence Snoalasomsl 2793 2793 98% 00 99.80% 1530 NR 1043261
Shodlafunen 2732 2752 9% 00 9980% 1486 NR 02633
Echorti o 2695 2605 0% 00 SesSY 1473 R 0275401
Escherichia ferqu... 2602 2802 100% 00 99.54% 1542 NR 0749021
Escherichia col srain NBRC 102203 165 rbosomal RNA.partl ssquence Escheichicol 2676 267 O5% 00 99.52% 1467 NR 1140421
‘Escherichia fergusonii sirain NBRC 102419 16S ribosomal RNA, partal sequence Escherichia fergu... 2676 2676 9% 00 99.45% 1467 NR 1140791
s i srsin 268 165 rbosomal RNA.patl sequence Sngslaboysi 2741 2741 9% 00 993M% 1515 NR 1049011
‘Escherichia alberi sirain Albert 19982 16 ribosomal RNA, partal sequence 2704 2704 97% 00 99.33% 1494 NR 0265691
Escherichia coli sirain U /41 16S rixosomal RNA. partial sequence 2619 2619 94% 00 99.17% 1450 NR 0245701
‘Shgsta dysenterae srain ATCC 13313 16S rhosomal RNA. partalsequence 22 22 9% 00 98BS 1487 MR 02I1
Eschorichia marmolae irain HT073016 165 fbosomal RNA. parial ssquance 2655 255 9% 00 GBS 1504 NRISBZ1
Psoudeschorichia winers stain ATCC 33821165 rbosomal RNA gartal sequence 2553 2553 4% 00 9B28% 1443 NR1I91091
Citobactar koser stain LMG 5519 165 ribosomal RNA, partal sequsnce Cirobac 286 2486 9% 00 SN 127 NR 1177511
Citrobacter koseri sirain CDC-8132-86 16 ribosomal RNA, partial sequence Citobacter koseri 2658 2558 6% 00 98.03% 1469 NR_104890.1
Racuels plantols ATCC 33531 stain JOM 7251 16S ribosomal RNA,partal sequence Raoulelis planic... 2623 2523 S4% 00 SB00% 1451 NR 1120111
Citrobacter koseri sirain LMG 5519 16S ribosomal RNA, partal sequence Citiobacter koseri 2597 2597 O7% 00 97.93% 1494 NR 1181051
Citonacter koser smin CIP 82 67 165 nibozoml RNA para sequence. Cirobacterkoser 2520 2520 0% 00 S78E% 1459 NR_116sea1
‘Phytobacter paimae strain 520 16 ribosomal RNA, partal sequence Phytobacterpal. 2569 2569 06% 00 O7.85% 1487 NR 1790341
‘Saimonela bongori sran NCTC 12618 16S thosomal RNA. conplete sequence Samonelabongon 26% 263 100% 00 97.60% 1542 NR 0748881
Atantibacter hermanni siain CIP 103176 168 ribosomal RNA. nartal sequence 2531 2531 9% 00 975 1478 NR 1040401
Ehytobacier massiiensis JC163 16 riposomal RNA. paral sequence 2564 2564 OT% 00 9753% 1499 NRL125600.1
Gitonactor youngae sirain GG 1314 165 bosomal RNA. partal sequence 2543 2543 9% 00 9752 190 NR 0151
Entrobacter auashormaschei sirain WCHES 120003 165 ribosomal RNA. patal sequence 2625 225 100% 00 S7ATH 1538 NR_ 1604511
2531 2531 96% 00 97.38% 1491 NR 0416961
‘Samonelia enerica subsp. enerica serovar Typhimurium sain LT2 163 rbosomal BNA, aral sequence Samonslaener.. 2601 2601 9% 00 S7.30% 1544 NR 0749101
Citrobacter amalonaticus strain LMG 7873 16 ribosomal RNA, parial sequence Citiobacter amal... 2534 2534 O7% 00 O7.26% 1494 NR 1181061
Citonacter amaloticus st CECT 863 165 ribosomal RNA.partl sequence Cirobacteramal.. 2545 2545 97% 00 9721% 1504 NR 1043731
Mita thecola siain OC8.366 165 ribosomal RNA.partal sequence Mixatecos 2520 25723 7% 00 S7.42% 1494 NR 1374151
Cirobacter sediaiii 2566 2566 08% 00 97.11% 1522 NR 0266861
Girobaciorfarmen 2643 2543 OT% 00 9708% 1611 NR 0248611
Pssudoctuchacte . 2691 2591 100% 00 9708% 1542 NR 180315
Kosakoniasaccharl 2620 2520 OT% 00 97.07% 1500 NR 1183331
Kosakoniaquasi... 2584 2584 100% 00 97.01% 1536 NR 1694761
Mixta intestnas stain 29Y89B 165 ibosoml RNA. parial sequence Mixainestinais 2503 2503 97% 00 9686% 1502 NR 1373801
Mixta gaviniae strain A18/07 16S ribosomal RNA. partal sequence Midagavinise 2505 2505 O7% 00 96.86% 1494 NR 1173051
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KAHPIDED_04 RS-GCF-0137 100 1400 [ 0 1 1400 137 1536 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_Escherichia fergusonil
KAHPIDED_04 RS-GCF-0137 100 1400 [ 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales_A 737866; f_Enterobacteriaceae_A; g_Escherichia_710834; s_Escherichia fergusonii
KAHPIDED_04 RS-GCF-0138 100 1400 [ 0 1 1400 137 1536 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0132 100 1400 0 L 1 1400 122 1521 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales_A_737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0132 100 1400 0 0 1 1400 124 1523 [ 2586 d_Bacteria; p_| teria; ¢_Ga teria; o_f terales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0132 100 1400 0 0 1 1400 130 1529 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales_A 737866; f_Enterobacteriaceae_A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0017 100 1400 [ 0 1 1400 135 1534 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0004 100 1400 0 L 1 1400 137 1536 0 2586 d_Bacteria; p_} teria; c__Gar teria; o_E: terales A_737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0007 100 1400 [ 0 1 1400 219 1618 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0002 100 1400 0 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0003 100 1400 0 L 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0117 100 1400 [ 0 1 1400 138 1537 [ 2586 d_Bacteria; p_| teria; c_Ga teria; o_f terales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 GB-GCA-0134 100 1400 [ 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0007 100 1400 [ 0 1 1400 197 1596 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s
KAHPIDED_04 RS-GCF-0007 100 1400 0 L 1 1400 21 1420 0 2586 d_Bacteria; p_Proteobacteria; c__Gammaproteobacteria; o__Enterobacterales_A_737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-9004 100 1400 [ 0 1 1400 924 2323 0 2586 d_Bacteria; p_| teria; ¢_Ga teria; o_f terales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-9004 99.457 737 4 0 1 737 138 874 [ 1339 d_Bacteria; p_Proteobacteria; c_ Gammaproteobacteria; o_Enterobacterales A_737866; f_Enterobacteriaceae_A; g_Escherichia_710834;s_
KAHPIDED_04 GB-GCA-0021 100 1400 [ 0 1 1400 90 1489 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0046 100 1400 0 L 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0149 100 1400 [ 0 1 1400 30 1429 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0004 100 1400 0 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0035 100 1400 [ 0 1 1400 12 1411 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; §_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0007 100 1400 0 L 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c__Gammaproteobacteria; o__Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834; s_Escherichia fergusonil
KAHPIDED_04 GB-GCA-9001 100 1400 [ 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s__
KAHPIDED_04 RS-GCF-0030 100 1400 0 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0030 100 1400 0 L 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A_737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0007 100 1400 0 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834;s
KAHPIDED_04 RS-GCF-0007 100 1400 0 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s__
KAHPIDED_04 RS-GCF-0025 100 1400 [ 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0007 100 1400 0 0 1 1400 46 1445 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-9004 100 1400 [ 0 1 1400 137 1536 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0053 100 1400 0 0 1 1400 83 1482 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0164 100 1400 [ 0 1 1400 22 1421 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0007 100 1400 0 0 1 1400 6 1405 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A_737866; f__Enterobacteriaceae A; g_Escherichia_710834;s__
KAHPIDED_04 RS-GCF-0007 100 1400 0 0 1 1400 138 1537 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s__
KAHPIDED_04 RS-GCF-0003 100 1400 0 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0030 100 1400 [ 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s__
KAHPIDED_04 RS-GCF-0037 100 1400 0 L 1 1400 123 1522 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o__Enterobacterales A 737866; f__Enterobacteriaceae A; g_Escherichia_710834; s
KAHPIDED_04 RS-GCF-0167 100 1400 0 0 1 1400 138 1537 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s_
KAHPIDED_04 RS-GCF-0025 100 1400 [ 0 1 1400 137 1536 [ 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae A; g_Escherichia_710834; s,
[ 0 1 1400 137 1536 0 2586 d_Bacteria; p_Proteobacteria; c_Gammaproteobacteria; o_Enterobacterales A 737866; f_Enterobacteriaceae_A; g_Escherichia_710834; s_

KAHPIDED_04 RS-GCF-0004 100 1400

annotated_results copy +
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Basic Information
Sample Name:EC14

Sample Description:

Identification Result:

Mass Spectrum

306139

Sample Spot:D2
Operator: Administrator
Generated Time: 06/22/2023 14:38

Escherichia coli  9.487

Detailed Results
NO. Result Score
1 Escherichia coli 9.487
2 Escherichia coli 9.423
3 Escherichia coli 9.396
4 Escherichia coli 9.350
5 Escherichia coli 9.327
6 Escherichia coli 9.287
7 Escherichia coli 9.255
8 Escherichia coli 9.241
9 Escherichia coli 9.232
10 Escherichia coli 9.225
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