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INTRODUCTION

Escherichia coli is a non-spore-forming, Gram-neg-
ative bacterium, usually motile by peritrichous fla-
gella. It is the most common cause of acute urinary 
tract infections as well as urinary tract sepsis (Zhao 
et al., 2007; Lee et al., 2018; Daga et al., 2019). More-
over, it has been known to cause neonatal meningitis 
and sepsis, and also abscesses in a number of organ 
systems (Bonacorsi et al., 2005; Sakran et al., 2011). 
E. coli may also cause acute enteritis in humans as 
well as in animals, and is a general cause of “trave-
ler’s diarrhea,” a dysentery-like disease affecting hu-
mans, and hemorrhagic colitis often referred to as 
“bloody diarrhea” (Scwultsz et al., 2000). Virulence 
types of E. coli include enterotoxigenic (ETEC), en-
teroinvasive (EIEC), enteropathogenic (EPEC), and 
Vero cytotoxigenic (VTEC). According to the special 
pathogenicity theory, special properties enabling E. 
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coli to overcome host defenses in a new environment 
are necessary to express its pathogenicity. In E. coli, 
virulence results from the cumulative impact of one 
or several special properties, or virulence factors, 
which serve to distinguish potential pathogens from 
harmless intestinal strains (Pakbin et al., 2021). The 
purpose of investigations into the virulence proper-
ties of any pathogen is the development of specific 
interventions (such as vaccines) to prevent infection.
Uropathogenic strains of E. coli are characterized 
by the expression of distinctive bacterial properties, 
products, or structures referred to as virulence fac-
tors because they help the organism overcome host 
defenses and colonize or invade the urinary tract. 
Virulence factors of recognized importance in the 
pathogenesis of urinary tract infection (UTI) include 
adhesins (P fimbriae, certain other mannose-resist-
ant adhesins, and type 1 fimbriae), the aerobactin 
system, hemolysin, K capsule, and resistance to se-
rum killing (Emody et al., 2003). E. coli also repre-
sents a common cause of meningitis in newborns 
(Wijetunge et al., 2015). Such cases are less frequent 
in adults, and tend to be associated with head trau-
mas, neurosurgeries and neurosurgical device im-
plantation. Spontaneous, community-acquired in-
fections may also occur in adult patients affected by 
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SUMMARY

Pathogenic Escherichia coli strains can infect a variety of body sites due to the expression of viru-
lence factors necessary to overcome the host defenses. Here, we present two cases of E. coli infection 
in adults and discuss the associated genomic features. Whole-genome sequencing was performed 
using both Illumina iSeq 100 and Oxford Nanopore MinION systems. Assembly was carried out 
with Unicycler using a hybrid approach. The genomes were annotated with RASTtk and scanned 
for genes involved in antimicrobial resistance, virulence and stress response with AMRFinderPlus. 
Sequence analysis was conducted using tools from the Center for Genomic Epidemiology (CGE) 
website. The two strains, named SO80 and SO81, carried a genome of 5,229,956 and 5,437,935 base 
pairs, respectively. SO80 belonged to ST70 and carried 13 virulence factors, 6 of which were located 
on a 170 Kb plasmid, while SO81 belonged to ST69 and carried 29 virulence factors, 5 of which were 
located on a 113 Kb plasmid. Our work highlights key factors which may have contributed to the 
complicated clinical status of these patients, and provides new in-depth data on E. coli infections 
with few precedents in the literature.
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various medical conditions, including HIV, diabetes, 
chronic alcoholism, cirrhosis and chronic organ dis-
function (Bichon et al., 2018). Here, we described 
two case reports of severe infections due to E. coli 
and laboratory genomic results in order to find cor-
relations between virulence factors and grade of clin-
ical implication.

MATERIALS AND METHODS

Two E. coli strains, named SO80 and SO81, were 
isolated in September 2020 from two adult male 
patients hospitalized at Policlinico Sant’Orsola-Mal-
pighi in Bologna, Italy. These isolates were cultured 
from blood and cerebrospinal fluid samples, respec-
tively. Strain identification was performed by MAL-
DI-TOF (Bruker Daltonics, Germany) (Gaibani et al., 
2016). Antimicrobial susceptibility testing was car-
ried out with MicroScan Walkaway platform (Beck-
man Coulter, California), and MIC values were in-
terpreted according to EUCAST clinical breakpoints 
v12.0 (https://www.eucast.org/clinical_breakpoints/). 
Genomic DNA was extracted and sequenced using 
both Illumina iSeq 100 (Illumina, USA) and Oxford 
Nanopore MinION (Oxford Nanopore Technologies, 
UK) platforms. Read quality control was carried out 
with FastQC 0.11.9 (Andrews, 2010). Sequences were 
used for de novo genome assembly with Unicycler 
0.5.0 (Wick et al., 2017). Assembly quality was evalu-
ated with Bandage 0.8.1 (Wick et al., 2015). Genome 
annotation was performed using RASTtk 2.0 (Aziz et 
al., 2008). Antimicrobial resistance, stress response 
and virulence genes were detected using AMRFin-
derPlus 3.10.30 (Feldgarden et al., 2021). The as-
semblies underwent routine analysis through the 
services provided by the Center for Genomic Epide-
miology (http://www.genomicepidemiology.org/ser-
vices/). Specifically, the analysis included: sequence 
typing with MLST 2.0; serotype identification with 
SerotypeFinder 2.0; FumC/FimH typing with CHTyp-
er 1.0; plasmid incompatibility type detection with 
PlasmidFinder 2.1 (Gaibani et al., 2021) (Gaibani et 
al., 2022). In addition, phylogenetic group identifi-
cation was carried out with ClermonTyping 21.03 
(http://clermontyping.iame-research.center/index.
php). BLAST Ring Image Generator (BRIG) 0.95 
(Alikhan et al., 2011) was used to generate a circular 
representation of the genomes. Plasmid nucleotide 
sequences were searched against the NCBI non-re-
dundant (nr) database using blastn 2.12.0 in order to 
identify potentially similar plasmids.

RESULTS

Case 1
A 61-year-old male patient was admitted to our hos-
pital for early onset of fever after vesical catheter 
replacement. The patient was affected by post-trau-

matic tetraplegia, vesical catheter wearer, and ba-
clofen pump wearer. For evidence of septic shock 
and multi-organ failure (pancytopenia, acute renal 
injury, coagulative and hepatic disorders) the patient 
was admitted to the Intensive Care Unit. The blood 
cultures showed E. coli, so we started antibiotic ther-
apy with meropenem (2 gr over 2 h loading dose 
followed by 1 gr q6h over 6 h) and amikacin (500 
mg once daily). Antimicrobial susceptibility testing 
indicated intermediate sensitivity to amikacin and 
preserved sensitivity to gentamicin and other mole-
cules with anti-Gram-negative activity (Table 1). Due 
to persistent shock, we confirmed the carbapenems 
and stopped amikacin in favor of gentamicin (120 
mg once daily). On the seventh day of therapy, we 
observed a good clinical and biochemical evolution, 
so we stopped carbapenem and gentamicin and in-
troduced ceftriaxone. The antibiotic therapy contin-
ued for four more days. The patient was transferred 
to a Rehabilitation Hospital and discharged after 
one month without other infectious complications. 
Whole-genome sequencing was performed on the E. 
coli clinical strain SO80. Illumina sequencing yielded 
a total of 1,424,158 paired end reads, while Nanop-
ore sequencing produced 133,290 sequences of size 
ranging from 123 to 84,529 bp, 5,828 bp on average. 
Overall, the genome was 5,229,956 bp in size with 
a G+C content of 50.54%, and was composed of a 
5,059,634 bp chromosome and a 170,322 bp plas-
mid, referred to as SO80_170Kb, which harbored 
a replicon belonging to the IncFIB type. Moreover, 
genome annotation revealed that the chromosome 
carried 4,870 coding regions, while the SO80_170Kb 
plasmid carried 178. Nucleotide sequence analysis 
showed that the strain belonged to phylogroup D, 
multilocus sequence type ST70, serotype O7:H15, 
CH subtype FumC36/FimH65. Four genes involved 
in antimicrobial resistance were detected, i.e., to be-
ta-lactamases (blaEC), fosfomycin (glpT) and multi-
drug (acrF, mdtM). Moreover, a total of 13 virulence 

Table 1 - Antimicrobial susceptibility profile of Esche-
richia coli strain SO80.

Antimicrobial MIC (μg/ml) Interpretation
Amikacin ≤ 8 Susceptible
Amoxicillin/Clavulanate ≤ 8 Susceptible
Ampicillin ≤ 4 Susceptible
Cefotaxime ≤ 1 Susceptible
Ceftazidime ≤ 1 Susceptible
Ceftazidime/Avibactam ≤ 2 Susceptible
Ceftolozame/Tazobactam ≤ 1 Susceptible
Ciprofloxacin ≤ 0.06 Susceptible
Gentamicin ≤ 2 Susceptible
Piperacillin/Tazobactam ≤ 8 Susceptible
Trimethoprim/
Sulfamethoxazole ≤ 38/2 Susceptible
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genes were found, encoding for adhesins (air, fdeC), 
invasins (eilA, sslE), protectins (iss), nutrient uptake 
systems (iroB, iroC, iroD, iroE, iroN, ybtP, ybtQ) and 
other factors (espX1). The ymgB gene, involved in 
biofilm formation and resistance to acids, was iden-
tified as well (Figure 1). The blastn search revealed 
that the SO80_170Kb plasmid exhibited high se-
quence homology to pSCU-115-1 (Accession number 
CP054369.1) [Coverage 68%, Identity 99.30%] and 
pTrh52_1 (Accession number CP047601.1) [Cover-
age 83%, Identity 99.61%], two plasmids recently 
isolated from E. coli in the United States and in Nor-
way, respectively.

Case 2
A 72-year-old male patient was admitted to our hos-
pital for a high-grade fever and sleepy state; his wife 
reported that he had strangury on previous days. The 
patient was diabetic and suffered from chronic is-
chemic cardiopathy. At the Emergency Department 
(ED), the patient presented right hemiplegia and 
right hemineglect, but the neurovascular imaging 
(cerebrovascular CT scan) did not show any acute 
vascular lesions. Blood exams showed neutrophilic 
leukocytosis (WBC 12900/MMC with PMN 11700/
MMC) and elevated C-reactive protein (28 mg/dl). 
The abdomen CT scan showed prostatic hypertrophy 
with an irregular aspect, and the electroencephalo-
gram (EEG) showed a pattern of encephalitis. Lum-
bar puncture showed opal and xantochromic CSF 
with augmented proteins (protein 292 mg/dl; v.n. < 
50 mg/dl) and polymorphonuclear pleocytosis with 
WBC 244/MMC (PMN 66%). CSF Film array was 
negative. We started antibiotic therapy with am-

picillin (4 gr q6h), ceftriaxone (2 gr q12h) and acy-
clovir (750 mg q8h), and steroid (dexamethasone 8 
mg q6h). The cerebral magnetic nuclear resonance 
showed pachy-leptomeningitis with signs of ventricu-
litis and infectious lesions in front-parietal-occipital 
areas. The patient was transferred to the Intensive 
Care Unit due to rapid clinical worsening (GCS 3), 
epileptic crisis, and need for mechanical ventilation; 
after 24 h blood cultures showed growth of E. coli, 
so we changed antimicrobial therapy with the in-
troduction of meropenem (2 gr LD in 2 h, then 1 gr 
q6h in extended infusion), stopping acyclovir, ceftri-
axone, and ampicillin. The next day, blood cultures, 
urine-culture and CSF-culture showed growth of am-
picillin-resistant and cotrimoxazole-resistant E. coli, 
so we changed antimicrobial therapy with the intro-
duction of ceftriaxone (2 gr q12h) and levofloxacin 
(750 mg q24h), stopping meropenem. On the ninth 
day of recovery the patient showed clinical improve-
ment and was transferred to the Infectious Disease 
Unit. The transrectal ultrasonography showed very 
marked prostatic hypertrophy with multilocular ab-
scess. The follow-up cerebral MRI at fourteen days 
showed increased aspects of ventriculitis and per-
sistence of cerebritis lesions; due to a referred low 
back pain before recovery, we performed a lumbar 
column MRI that showed inter-apofisaric arthritis at 
L2-L3 with a little phlogistic para-lumbar collection. 
The patient was then transferred to the Rehabilita-
tion Unit. The follow-up cerebral MRI at two months 
showed stable cerebritis lesions with a reduction of 
aspects of ventriculitis. The follow-up lumbar col-
umn MRI showed a reduction of the phlogistic as-
pect at L2-L3. Antimicrobial susceptibility testing 

Figure 1 - Circular representation of SO80 chromosome and plasmid nucleotide sequence. Coding sequences are 
shown as gray arrows. Genes involved in antimicrobial resistance, virulence and stress response are shown in 
maroon, navy blue and teal, respectively.
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revealed that the E. coli strain SO81 responsible for 
the infection was resistant to ampicillin and trimeth-
oprim/sulfamethoxazole, while remaining suscep-
tible to all cephalosporins (cefiderocol, cefotazime, 
ceftazidime, ceftazidime/avibactam, ceftolozane/ta-
zobactam), aminoglycosides (amikacin, gentamicin), 
as well as amoxicillin/clavulanic acid, ciprofloxacin 
and piperacillin/tazobactam (Table 2). Whole ge-
nome-sequencing (WGS) was performed in order to 
identify virulence factors potentially associated with 
this case of infection. A total of 1,510,700 paired 
end reads were produced by Illumina sequencing, 
while Nanopore sequencing yielded 101,948 reads of 
size ranging from 106 to 84,302 bp (average length 
5,164 bp). Genome assembly resulted in a 5,324,346 
bp chromosome and a single plasmid of 113,589 
bp, named p113Kb. The genome had a total size of 
5,437,935 bp, with a 50.67% G+C content. Genome 

annotation predicted 5,276 coding sequences locat-
ed in the chromosome and 126 in the plasmid. Nu-
cleotide sequence analysis revealed that strain SO81 
belonged to phylogroup D, multilocus sequence type 
ST69, serotype O15:H18, CH type FumC35/FimH27. 
The plasmid resulted a mosaic carrying three repli-
cons (IncFIA, IncFIB and IncFII). Genome analysis 
revealed that E. coli clinical strain SO81 harbored 
the following genes (Table S1 in the Supplementary 
data): 13 involved in antimicrobial resistance, i.e., to 
aminoglycosides (aph(6)-Id, aph(3’’)-Ib), β-lactams 
(blaEC, blaTEM-1), fosfomycin (glpT), fosmidomycin 
(cyaA), quaternary ammonium compounds (qacEδ1), 
sulfonamides (sul1, sul2), tetracyclines (tet(A)), tri-
methoprim (dfrA7) and multidrug (emrD, acrF); 29 
related to virulence, including adhesins (air, fdeC, 
iha, ipfA, papA, papC, papF, papG-II, papH), inva-
sins (eilA, sinH, sslE), toxins (hlyA, sat), protectins 
(iss), nutrient uptake systems (ireA, iroB, iroC, iroD, 
iroE, iroN, iucA, iucB, iucC, iucD, iutA, ybtP, ybpQ) 
and other factors (espX1); 9 associated with stress 
response, i.e., to acids (ymgB), arsenic (arsD), and 
mercury (merA, merC, merD, merE, merP, merR, 
merT) (Figure 2). BLAST alignment revealed that the 
p113Kb plasmid exhibited high sequence homolo-
gy to pSCU-387-1 [Coverage 76%, Identity 99.07%] 
and pSCU-171-1 [Coverage 75%, Identity 99.14%], 
two plasmids recently isolated in California from 
commensal E. coli (BioProject ID PRJNA624897). 
Despite being collected from healthy subjects, these 
plasmids carried several genes involved in antimicro-
bial resistance. This supports the notion that the gut 
microbiota may act as a reservoir for plasmids har-
boring antimicrobial resistance determinants, and 
may facilitate the transfer of such genes to potential-
ly pathogenic strains (Stephens et al., 2020).

Figure 2 - Circular  representation of SO81 chromosome and plasmid nucleotide sequences.

Table 2 - Antimicrobial susceptibility profile of Esche-
richia coli strain SO81.

Antimicrobial MIC (μg/ml) Interpretation
Amikacin ≤ 8 Susceptible
Amoxicillin/Clavulanate ≤ 8 Susceptible
Ampicillin > 8 Resistant
Cefiderocol 1 Susceptible
Cefotaxime ≤ 1 Susceptible
Ceftazidime ≤ 1 Susceptible
Ceftazidime/Avibactam ≤ 2 Susceptible
Ceftolozane/Tazobactam ≤ 1 Susceptible
Ciprofloxacin < 0.06 Susceptible
Gentamicin ≤ 2 Susceptible
Piperacillin/Tazobactam ≤ 8 Susceptible
Trimethoprim/
Sulfamethoxazole > 76/4 Resistant
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DISCUSSION

In this study, we presented two cases of infections 
caused by E. coli in adult patients, and described the 
genomic features that characterize these strains. We 
confirm that E. coli pathogenicity is due to a summa-
ry of virulence factors that contribute to the severity 
of the consequent clinical pattern. We also suppose 
that an abnormal stimulation of the immune system 
of these patients could be caused by such factors. 
Nonetheless, it is worth noting that the limited num-
ber of isolates examined in this study may have in-
fluenced the conclusions reached. Therefore, further 
research involving a greater number of patients may 
be necessary to confirm these findings and to better 
define the interactions between host and pathogen, 
which could potentially change the already known 
therapeutic options for E. coli infections. In conclu-
sion, our work provides new insights into the genom-
ic background of Gram-negative bacteria with the 
potential to cause complicated infections in patients 
at risk.
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