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Complete genomes of Escherichia coli isolates encoding the EatA

autotransporter from pediatric sources
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ABSTRACT Virulence in Escherichia coli is multifactorial, with additional virulence factors
continuously being examined and characterized. We describe the complete genomes of
12 E. coli isolates obtained from subjects enrolled in the Global Enteric Multicenter Study,
each containing the virulence-associated enterotoxigenic E. coli autotransporter A gene
(eatA).
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W hile not considered a canonical virulence gene of enterotoxigenic Escherichia coli
(ETEC), there is mounting evidence that the ETEC autotransporter A (eatA) plays
a critical role in ETEC virulence (1). We describe the complete genomes of 12 E. coli
isolates (2) containing the eatA gene (1, 3) from each of the seven geographic sites of the
Global Enteric Multicenter Study (4). Phylogenomically diverse eatA-containing isolates
from cases and controls, as well as male and female subjects, were selected for complete
genome sequencing (Table 1).

Initial isolation is described by Panchalingam et al. (5). Briefly, feces or rectal swabs
(transported in cold containers) were inoculated into Cary-Blair transport media then
selective growth media within 6 and 18 hours of collection. Several lactose-ferment-
ing colonies (red/pink) were selected from McConkey agar (incubated for 48 hours at
37°C) and sub-cultured in motility indole ornithine medium. Suspected E. coli isolates
[motility(-), indole ornithine(-), methyl-red(+), Voges-Proskauer(-), citrate(-)] were
lacking canonical pathotype genes as determined by multiplex PCR (6). Verified E. coli
isolates were frozen in 20% glycerol and maintained at —80°C. Frozen cultures were
provided to, and stored at, the Center for Vaccine Development, University of Maryland
School of Medicine.

Isolates were resurrected from frozen culture on lysogeny agar overnight at 37°C.
Genomic DNA was extracted using Qiagen’s DNeasy Blood & Tissue Kit, and sequencing
libraries for both sequencing technologies were generated with unsheared genomic
DNA. Nanopore libraries were prepared using Oxford Nanopore Technologies’ (ONT)
Genomic DNA by Ligation Kit (7) and run on Nanopore R9 flow cells with the MinlON
Mk1B sequencer. Basecalling was performed using Guppy (v4.2.2) (8). lllumina libraries
(150 bp paired end) were prepared using the Kapa Library Kit (Roche/lllumina) and
sequenced on the Illumina HiSeq 4000 platform. Quality control and adapter trimming
were performed with bcl2fastq (v2.20.0.445) (9) and porechop (v0.2.3_seqan2.1.1) (8) for
lllumina and ONT sequencing, respectively. Hybrid assembly using both Illumina and
ONT reads was conducted with Unicycler (v0.4.8) (10). Final assembly statistics were
recorded with QUAST (5.0.2) (11). Genomes were annotated with the NCBI Prokaryotic
Genome Annotation Pipeline (v6.10) (12). All software was run with default values.

Isolate information, relevant sequencing statistics, and GenBank accession numbers
are included in Table 1. Average genome coverage was 339.3x (range 257-489x), and
the assembled genomes have an average genome size of 5,316,437 bp (range 5,129,814-
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5,727,105 bp) and an average GC% of 50.4% (range 50.15%-50.7%). Analysis of these 12
eatA-positive isolates determined the sequence type (MLST) (13, 14) and molecular
serotype (Serotype Finder v1.1 [15, 16]). Together, these isolates represent seven distinct
sequence types and serotypes (Table 1).

The plasmid-encoded eatA gene was harbored on plasmids ranging from 68 to 153
kb, indicating eatA is carried on diverse plasmids and is phylogenomically distributed.

ACKNOWLEDGMENTS

This project was funded in part by federal funds from the National Institutes of Health,
Department of Health and Human Services, under the National Institute of Allergy and
Infectious Diseases (grant numbers T32A1162579 [B.A.H.] and U19 AI110820 [D.A.R.]).

We thank all GEMS study participants, sites, researchers, and investigators, especially
Dr. S.M. Tennant and her group at the Center for Vaccine Development.

AUTHOR AFFILIATIONS

'Institute for Genome Sciences, University of Maryland School of Medicine, Baltimore,
Maryland, USA

’Department of Microbiology and Immunology, University of Maryland School of
Medicine, Baltimore, Maryland, USA

*Department of Microbial Pathogenesis, University of Maryland School of Dentistry,
Baltimore, Maryland, USA

“‘Center for Pathogen Research, University of Maryland School of Medicine, Baltimore,
Maryland, USA

AUTHOR ORCIDs

David A. Rasko & http://orcid.org/0000-0002-7337-7154

FUNDING

Funder Grant(s) Author(s)

National Institutes of Health T32A1162579 David Rasko
Bernadette A. Hritzo

National Institutes of Health U19AI110820 David Rasko

Bernadette A. Hritzo
Jane M. Michalski Wilhelm

DATA AVAILABILITY

All data have been released in BioProjects PRINA1321367 and PRINA1322554. The
associated SRA and genome assembly accession numbers for each isolate are listed in
Table 1.

ETHICS APPROVAL

This study received approval from the University of Maryland Baltimore Institutional
Review Board (protocols HP-00040030 and HP-00059433-7).

The clinical protocol was approved by ethics committees at the University of
Maryland Baltimore and at each GEMS field site (4). Written informed consent was
obtained from the parent or primary caretaker of each participant before the initiation of
study activities (4).

April 2026 Volume 15 Issue 4

Microbiology Resource Announcements

10.1128/mra.01127-25 5


http://orcid.org/0000-0002-7337-7154
http://dx.doi.org/10.13039/100000002
http://dx.doi.org/10.13039/100000002
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1321367/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1322554/
https://doi.org/10.1128/mra.01127-25

Announcement

REFERENCES

1.

April 2026 Volume 15

Kuhlmann FM, Martin J, Hazen TH, Vickers TJ, Pashos M, Okhuysen PC,
Gomez-Duarte OG, Cebelinski E, Boxrud D, del Canto F, Vidal R, Qadri F,
Mitreva M, Rasko DA, Fleckenstein JM. 2019. Conservation and global
distribution of non-canonical antigens in Enterotoxigenic Escherichia
coli. PLoS Negl Trop Dis 13:e0007825. https://doi.org/10.1371/journal.pn
td.0007825

Hazen TH, Michalski JM, Tennant SM, Rasko DA. 2023. Genomic diversity
of non-diarrheagenic fecal Escherichia coli from children in sub-Saharan
Africa and south Asia and their relatedness to diarrheagenic E. coli. Nat
Commun 14:1400. https://doi.org/10.1038/s41467-023-36337-y

Patel SK, Dotson J, Allen KP, Fleckenstein JM. 2004. Identification and
molecular characterization of EatA, an autotransporter protein of
enterotoxigenic Escherichia coli. Infect Immun 72:1786-1794. https://doi.
org/10.1128/1A1.72.3.1786-1794.2004

Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam
S, Wu Y, Sow SO, Sur D, Breiman RF, et al. 2013. Burden and aetiology of
diarrhoeal disease in infants and young children in developing countries
(the Global Enteric Multicenter Study, GEMS): a prospective, case-control
study. The Lancet 382:209-222. https://doi.org/10.1016/50140-6736(13
)60844-2

Panchalingam S, Antonio M, Hossain A, Mandomando |, Ochieng B,
Oundo J, Ramamurthy T, Tamboura B, Zaidi AKM, Petri W, Houpt E,
Murray P, Prado V, Vidal R, Steele D, Strockbine N, Sansonetti P, Glass Rl,
Robins-Browne RM, Tauschek M, Svennerholm A-M, Kotloff K, Levine
MM, Nataro JP. 2012. Diagnostic microbiologic methods in the GEMS-1
case/control study. Clin Infect Dis 55:5294-5302. https://doi.org/10.1093
/cid/cis754

Nguyen TV, Le Van P, Le Huy C, Gia KN, Weintraub A. 2005. Detection
and characterization of diarrheagenic Escherichia coli from young
children in Hanoi, Vietnam. J Clin Microbiol 43:755-760. https://doi.org/1
0.1128/JCM.43.2.755-760.2005

Issue 4

10.

1.

12.

13.

14.

15.

16.

Microbiology Resource Announcements

Oxford Nanopore Technologies. 2026. Nanopore. Available from: https://
nanoporetech.com/products/prepare/dna-library-preparation

Wick RR, Judd LM, Holt KE. 2019. Performance of neural network
basecalling tools for Oxford Nanopore sequencing. Genome Biol 20:129.
https://doi.org/10.1186/s13059-019-1727-y

lllumina. 2026. Bcl2fastq. https://support.illumina.com/sequencing/sequ
encing_software/bcl2fastg-conversion-software.html.

Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS
Comput Biol 13:21005595. https://doi.org/10.1371/journal.pcbi.1005595
Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality
assessment tool for genome assemblies. Bioinformatics 29:1072-1075. h
ttps://doi.org/10.1093/bioinformatics/btt086

Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
prokaryotic genome annotation pipeline. Nucleic Acids Res 44:6614-
6624. https://doi.org/10.1093/nar/gkw569

Jolley KA, Bray JE, Maiden MCJ. 2018. Open-access bacterial population
genomics: BIGSdb software, the PubMLST.org website and their
applications. Wellcome Open Res 3:124. https://doi.org/10.12688/wellco
meopenres.14826.1

Wirth T, Falush D, Lan R, Colles F, Mensa P, Wieler LH, Karch H, Reeves PR,
Maiden MCJ, Ochman H, Achtman M. 2006. Sex and virulence in
Escherichia coli: an evolutionary perspective. Mol Microbiol 60:1136-
1151. https://doi.org/10.1111/j.1365-2958.2006.05172.x

Joensen KG, Tetzschner AMM, Iguchi A, Aarestrup FM, Scheutz F. 2015.
Rapid and easy in silico serotyping of Escherichia coli Isolates by use of
whole-genome sequencing data. J Clin Microbiol 53:2410-2426. https://
doi.org/10.1128/JCM.00008-15

2014. SerotypeFinder. https://bitbucket.org/genomicepidemiology/sero
typefinder/src/master/.

10.1128/mra.01127-25 6


https://doi.org/10.1371/journal.pntd.0007825
https://doi.org/10.1038/s41467-023-36337-y
https://doi.org/10.1128/IAI.72.3.1786-1794.2004
https://doi.org/10.1016/S0140-6736(13)60844-2
https://doi.org/10.1093/cid/cis754
https://doi.org/10.1128/JCM.43.2.755-760.2005
https://nanoporetech.com/products/prepare/dna-library-preparation
https://doi.org/10.1186/s13059-019-1727-y
https://support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software.html
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.1111/j.1365-2958.2006.05172.x
https://doi.org/10.1128/JCM.00008-15
https://bitbucket.org/genomicepidemiology/serotypefinder/src/master/
https://doi.org/10.1128/mra.01127-25

	Complete genomes of Escherichia coli isolates encoding the EatA autotransporter from pediatric sources

