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Abstract: Background: Extraintestinal pathogenic Escherichia coli (ExPEC) is the most common cause
of urinary tract infections (UTIs). They are often multidrug-resistant (MDR), making them
challenging to treat. Additionally, virulence mechanisms as biofilm formation are associated with
persistent UTIs. Aims: To reveal a possible association between patients’ risk factors and UTIs
caused by MDR or biofilm-forming ExPECs and characterize ExPECs causing asymptomatic
bacteriuria, community- (CA), or hospital-acquired (HA) UTIs in hospitalized patients in Brazil.
Methods: Bacterial DNA was extracted from the urine of 63 hospitalized patients and sequenced
using short-read sequencing. Antibiotic susceptibility was evaluated using VITEK-2, and the
biofilm-forming, adhesion, and invasion abilities were quantitatively assessed. Results: Antibiotic
resistance rates were high, and the majority of UTIs were complicated CA-UTIs. Most MDR- and
ESBL-producing E. coli isolates belonged to high-risk lineages and were associated with UTIs in
patients with comorbidities and over 60 years of age. The mortality rate of patients infected with
MDR-isolates was higher than of those infected with non-MDR isolates. Most isolates were biofilmforming, but no association with patients’ risk factors was found. Conclusions: Complicated UTIs
caused by MDR- and biofilm-forming bacteria are frequently found in hospitalized patients in Brazil
suffering from a UTI and are associated with high-risk lineages.
Keywords: urinary tract infections; multi-drug resistance; biofilm; virulence genes; WGS.
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1. Introduction
Extraintestinal pathogenic Escherichia coli (ExPEC), especially uropathogenic E. coli (UPEC), are the
most common cause of hospital- (HA) and community-acquired (CA) urinary tract infections (UTIs)
[1]. Besides, they are also the primary cause of asymptomatic bacteriuria (ABU). With the emergence
of multi-drug resistant (MDR) E. coli and the slow development of new antibiotics, treatment options
are often scarce [2]. Antimicrobial resistance contributes to bacterial persistence and can lead to
chronic and more severe infections [3]. Another factor determining the severity of infections caused
by E. coli is the presence of virulence factors that play an important role in the initial phase of infection
by allowing the adhesion and colonization of host mucosal surfaces [4]. Also, biofilm formation
increases an isolate's virulence as it helps bacteria to persist in the genitourinary tract and interferes
with bacterial eradication [5]. Remarkably, UPEC can form an intracellular biofilm-like pod in
urogenital cells, the so-called complex intracellular bacterial community, and form biofilms on
indwelling medical devices [6], leading to device-associated infections.
The combination of high resistance and virulence profiles in E. coli contributed to the booming global
spread of these bacteria. UTIs can be classified into uncomplicated and complicated infections. The
latter is associated with the presence of a patient’s risk factors [7, 8]. In Brazil, the increase of UTIs
caused by MDR E. coli represents a severe public health problem. Few studies have focused on a
possible association of the patient’s risk factors and the resistance and virulence characteristics of E.
coli. Such information is crucial as it helps to improve the risk assessment of and treatment strategies
against UTIs. Therefore, we aimed to reveal the characteristics, including the biofilm-forming ability,
adhesion and invasion abilities, antibiotic susceptibility, the presence of virulence and resistance
genes, and the sequence type (ST) of E. coli isolated from patients with ABU and UTIs hospitalized in
Rio de Janeiro, Brazil, and their possible association with patients’ risk factors.
2. Results and Discussion
This study characterized 63 E. coli isolates from patients with ABU and UTIs admitted to hospitals in
Rio de Janeiro, Brazil. Most of the isolates were from female patients (n=46; 73%) and patients older
than 60 years (mean age 67.9 ± 3.3 years old) (Table 1). These results agree with previous studies
showing that UTIs are more frequently found in women and older adults [2]. The most frequently
identified patient’s risk factors were neurologic and neoplastic diseases, diabetes, previous
hospitalization, surgical procedures, obstructive diseases of the urinary tract, and catheterization
(Table 1). Our findings are consistent with previous findings that hospitalization, surgical
procedures, and comorbidities were associated with UTIs in hospitalized patients [16][8]. Although
the frequency of CA-UTIs was higher than that of HA-UTIs, this difference was not statistically
significant. In addition, the HA-UTIs cases were more identified among male patients (64%). As
shown by others, HA-UTIs in males often resulted in complicated UTIs [17].
MDR-E. coli, mainly ESBL-producing ones, are of increasing clinical concern due to the limited
antibiotic options to treat these infections [18]. In our study, 33 (52.3%) patients were infected with
MDR E. coli and 25 (39.6%) with ESBL-producing ones. Several studies have investigated patients’
risk factors associated with UTIs, especially those caused by MDR bacteria [19]. Here, most of the
MDR E. coli were isolated from patients also suffering from comorbidities, mainly diabetes
(OR=3.913; 95%CI 0.960-15.947; p=0.045), neurologic diseases (OR=3.941; 95%CI 1.177-10.354; p=0.020)
and neoplastic diseases (OR=3.913; 95%CI 0.960-15.947; p=0.045). Indeed, diabetes and neurologic
diseases have been pointed as risk factors for UTIs in hospitalized patients before [20]. UTIs caused
by ESBL-producing bacteria were also associated with an age older than 60 years (OR=3.580; 95%CI
1.021-12.551; p=0.036), consistent with previous results showing age to be an independent risk factor
for UTIs caused by ESBL-producing isolates [21]. The association between neoplastic diseases and
MDR infections may be explained by the immunosuppressed condition of patients with neoplastic
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diseases caused by the treatment of their disease. Indeed, immunosuppression is a risk factor for the
emergence of MDR uropathogens [22].
Bacterial biofilm is often associated with the persistence of microorganisms in the host and with
catheter-associated UTIs [5]. Therefore, revealing the biofilm-forming ability of isolates is of clinical
relevance. In our study, most isolates were able to form biofilm (Figure 1). These results are consistent
with previous studies that showed that about 80% of E. coli isolated from urine samples produced
biofilms [23]. We investigated if biofilm-forming isolates were associated with patients having
comorbidities and other risk factors for UTIs. However, no statically significant association was
found. In addition, we investigated the presence of virulence genes associated with ABU, CA- and
HA-UTIs. The distribution of virulence genes of the isolates obtained from patients with an HA- or
CA-UTIs or with ABU were similar, except for the vat and usp genes that were more frequently
identified in CA-UTIs isolates. Our results may be explained by the predominance of isolates that
belong to the B2 and D phylogenetic groups in our study, which are known to be more virulent. We
did not find an association between the presence of virulence genes and either MDR or non-MDR
bacterial isolates, although the number of virulence genes was generally higher in MDR isolates. This
may be explained by the fact that in ExPEC isolates, many virulence genes are located on mobile
genetic elements, such as plasmids, pathogenicity islands, and bacteriophages, which can easily be
exchanged between strains. Moreover, they are often required and/or beneficial for both MDR and
non-MDR bacteria to persist in the gut [24].
The worldwide increase of infections caused by MDR bacteria has been associated with the spread of
specific bacterial lineages that are CTX-M β-lactamase-producing and fluoroquinolones resistant [25].
Our previous study showed that E. coli with ST10, ST69, ST131, ST405, and ST648 were the most
prevalent STs causing UTIs found in the investigated hospitals. Here, ST131 was more frequently
found in CA-UTIs. Furthermore, MDR and ESBL-producing isolates belonging to ST131, ST405, and
ST648 were responsible for approximately 35% of the CA-and HA-UTIs. The predominance of ST131,
ST405, and ST648 have been described previously [26]. Considering the high number of UTIs caused
by high-risk lineages (ST131, ST405, and ST648) in this study, we investigated the virulence
characteristics of this group and the patients' risk factors from which they were isolated. The results
were compared with data obtained for non-high-risk lineages frequently identified in this study.
Overall, UTIs caused by high-risk clones were more frequently detected in elderly patients (86.3%),
patients suffering from neurologic diseases (50%), and in patients with complicated infections (Table
2). These results may be (partially) explained by the higher rate of previous hospitalization and
antibiotic treatment in elderly patients and patients with neurologic diseases. Indeed, previous
studies considered hospitalization and previous antibiotic treatment as host risk-factors associated
with infections caused by E. coli high-risk clones as ST131 [22, 27]. The mortality rate was found to be
higher for patients suffering from UTIs caused by MDR or ESBL-producing isolates. The same
association was found for UTIs caused by high-risk clones. These results may be explained by the
known association between high-risk clones and an MDR/ESBL profile. The limited antibiotic
treatment options and the presence of several risk-factors often present in patients having a UTI
caused by a high-risk clone, which increases their susceptibility to infections, may explain this higher
mortality rate. Nevertheless, this study has several limitations, including the relatively small sample
size. Secondly, information about the severity of infections was not available for all patients but may
have had an important impact on the correlation between risk factors and isolates characteristics
and/or the mortality rate. When we investigated the adhesion and invasion abilities, ST131 isolates
showed the same ability to adhere to uroepithelial cells as other lineages. However, ST69 and ST1703
isolates had a higher ability to invade cells (Figure 2). These results showed that despite the high-risk
clones being statistically associated with the presence of the afa and iha genes encoding fimbrial
adhesins and the iron-regulated adhesin, respectively, the high-risk clones presented a similar
adhesion ability as non-high-risk clones. However, the non-high-risk clones presented a better
invasion ability. Although, this difference may be isolate-specific rather than being related to a
specific lineage.
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Figure 1. Quantitative biofilm-forming results of E. coli isolates. The isolates were divided into nonadherent (light grey bars), and biofilm-forming (dark grey bars) isolates based on results obtained for
the control strain EAEC 042 (black bar). Error bars indicate variation between the replicates
(duplicates from three independent experiments).

(a)

(b)

Figure 2. Adhesion and Invasion of E. coli isolates. (a) the results of the adhesion assay using
representative isolates of ST131, ST405, ST69, and ST1703. (b) the results of the invasion assay with
the same isolates. The black bar indicates the DH5α strain used as a negative control, and the greycolored bars indicate the study isolates. *indicates a statistically significant difference (p<0.05)
compared to the negative control, and **indicates a statistically significant difference (p<0.05)
compared to the negative control and the other isolates. Using the averages of each CFU/mL count
using three biological replicates.
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Table 1. Characteristics of patients included in this study.
Clinical Characteristics

Hospital

Total

Hospital

Community

Asymptomatic

n (%)a

acquired

acquired

bacteriuria

n (%)b

n (%)b

n (%)b

HUPE

17 (28.5)

9 (37.5)

7 (21.8)

1 (14.2)

HRL

31 (49.2)

9 (37.5)

18 (56.2)

4 (57.1)

FBLO

10 (15.8)

2 (8.3)

6 (18.7)

2 (28.5)

BAM

5 (6.3)

4 (16.6)

1 (3.1)

0 (0)

Female gender

46 (73)

14 (58.3)

28 (87.5)

4 (57.1)

Age (years, mean±SD)

67.9±3.3

67.7±5.4

69.1±4.8

71.9±5.8

Wards

Intensive care unit

24 (38.0)

6 (25)

13 (40.6)

5 (71.4)

Hospital room

3 (4.7)

1 (4.1)

2 (6.2)

0 (0)

Infirmary

36 (57.1)

17 (70.8)

17 (53.1)

2 (28.5)

Home

46 (73.0)

15 (62.5)

31 (96.8)

Not applicable

Hospital/

10 (15.8)

9 (37.5)

1 (3.1)

0 (0)

25 (39.6)

16 (66.6)

6 (18.7)

3 (42.8)

9 (14.2)

6 (25)

3 (9.3)

0 (0)

Concomitant infections

13 (20.6)

9 (37.5)

3 (9.3)

1 (14.2)

Other

Diabetes mellitus

15 (23.8)

8 (33.3)

7 (21.8)

0 (0)

Neurologic disease

24 (38.0)

9 (37.5)

12 (37.5)

3 (42.8)

Neoplastic diseases

14 (22.2)

7 (29.1)

5 (15.6)

2 (28.5)

Chronic

4 (6.3)

1 (4.1)

2 (6.2)

1 (14.2)

2 (3.1)

2 (8.3)

0 (0)

0 (0)

5 (7.9)

2 (8.3)

3 (9.3)

0 (0)

Patient Origin

Healthcare
institutions
Prior hospitalization (>48hours) in the
last 90 days
Surgical
procedure in the hospitalization

Comorbidities

kidney disease
Acute
kidney failure
Chronic obstructive
pulmonary disease
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9 (14.2)

5 (20.8)

3 (9.3)

1 (14.2)

Indwelling catheter

5 (7.9)

2 (8.3)

2 (6.2)

1 (14.2)

Immunosuppressor

3 (4.7)

2 (8.3)

0 (0)

1 (14.2)

HIV

1 (1.5)

0 (0)

0 (0)

1 (14.2)

Trauma

9 (14.2)

5 (20.8)

3 (9.3)

1 (14.2)

Mortality rate

17 (26.9)

7 (29.1)

7 (21.8)

3 (42.8)

Complicate infections

46 (73.0)

22 (91.6)

24 (75)

Not applicable

Biofilm-forming

50 (79.3)

18 (75)

25 (78.1)

7 (100)

pathology

of

the

urinary tract
Other
risk factors to
UTIs

use

Percentages were based on the total number of patients (n=63); b Percentages were based on the total number
of patients for the indicated type of infection. HUPE, HUPE-University Hospital Pedro Ernesto; HRL, RioLaranjeiras Hospital. FBLO, Bela Lopes de Oliveira Foundation; BAM, Bambina Hospital. All hospitals are
located in Rio de Janeiro, Brazil.
a
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Table 2. Characteristics of E. coli isolates causing HA-, CA-UTIs or ABUs.
HA-UTIsa n (%)

CA-UTIs n (%)

ABU n (%)

O25:H4-ST131

2 (8.3)

13 (40.6)

0 (0)

O15:H18,

2 (8.3)

3 (9.3)

1 (14.2)

0 (0)

2 (6.2)

0 (0)

1 (4.1)

2 (6.2)

1 (14.2)

O102:H6-ST405

1 (4.1)

1 (3.1)

1 (14.2)

O1:H6-ST648

2 (8.3)

1 (3.1)

0 (0)

Other

16 (66.6)

10 (31.2)

4 (57.1)

A

5 (20.8)

4 (12.5)

1 (14.2)

B1

3 (12.5)

3 (9.3)

0 (0)

B2

12 (50)

20 (62.5)

1 (14.2)

D

4 (16.6)

3 (9.3)

2 (28.5)

F

0 (0)

0 (0)

2 (28.5)

MDRb

13 (54.1)

17 (53.1)

4 (57.1)

ESBLc

10 (41.6)

14 (43.7)

3 (42.8)

MLST
and Serotype

O17/O44:H18,
O25:H18 or O15:H2
-ST69
O22:H1 or
O6:H1-ST73

O107:H54
or O89:H10-ST10

lineages isolates
Phylogenetic
group

HA-UTIs: hospital acquired urinary tract infections (UTIs); CA-UTIs: community acquired UTIs; ABU:

a

asymptomatic bacteriuria. bMDR: multidrug resistance. cESBL: extended-spectrum-beta-lactamase.

3. Materials and Methods
3.1. Bacterial strains, growth conditions, antimicrobial susceptibility and case definitions
A total of 63 previously collected E. coli isolates [9] were used in this study. The well-characterized
strain 042 was used as a positive control for biofilm formation [10]. Susceptibility tests were
performed using the Vitek-2 (bioMérieux, Marcy l'Etoile, France) and interpreted following EUCAST
guidelines (v7.1, 2017). Isolates resistant to three or more antimicrobial classes were considered to be
MDR. Data from patients suffering from ABU or CA- or HA-UTIs were collected, including age, sex,
mortality rates (frequency of occurrence of death among the patients in our study between November
2015-November 2016), and risk factors as, e.g., primary site of infection, comorbidities, use of
immunosuppressors and previous hospitalization. All patient’s strains from located and interviewed
patients were included in this study. The patients were interviewed, and their medical records were
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reviewed to obtain demographic and clinical data. ABU were defined as cases where 105 CFU/mL of
E. coli was isolated from urine samples of patients without any symptoms of a UTI. Comorbidities
were defined as one or more coexisting medical conditions along with the diagnosis of UTIs or ABU.
HA-UTIs were defined as cases where the urine samples were collected at least 72h after admission
to the hospital, and the patient did not have clinical symptoms before or during this period.
Complicated infections were defined as UTIs occurring in a host with predisposing conditions (riskfactors), regardless of the presenting syndrome or severity of illness.
3.2. DNA extraction, whole genome sequencing and molecular analysis
Total DNA was extracted from all 63 isolates using the Ultraclean® microbial DNA isolation kit
(Qiagen). A DNA library was prepared using the Illumina Nextera XT kit, and libraries were
sequenced on a MiSeq (Illumina) as previously described [9]. De novo assembly was performed using
CLC Genomics Workbench v10.0.1 (Qiagen, CLC bio A/S, 143 Aarhus, Denmark). Annotation was
performed by uploading sequences to the RAST server version 2.0 [11]. The multi-locus sequence
types (MLST) and whole-genome (wg) MLST complex types (CTs) were identified by uploading
assembled genomes to SeqSphere v4.1.9 (Ridom, Muster, Germany). For the wgMLST analysis in
seqsphere, a 2764 genes core genome (cg) scheme combined with 1785 accessory genes was used [12].
Resistance genes were identified by uploading assembled genomes in fasta format to ResFinder
(CGE) [13]. Virulence genes were identified by uploading assembled genomes in fasta format to
VirulenceFinder 1.5 [14]. Other specific virulence genes were identified by blasting assembled
genomes against known virulence reference genes downloaded from NCBI or the ENA database
using CLC Genomics Workbench v10.0.1 (Qiagen, CLC bio A/S, Aarhus, Denmark). These genes
include iron uptake system genes (iha, iroN, fyuA, fhuA, fhuE, irp2, iutA), toxin genes (cnf1, hlyA, hlyD),
adhesin genes (sfaS, papA, papG, papGII, papGIII, fimH, afa operon, agn43) and other virulence genes
(traT, malX, kpsM). The phylogenetic groups were determined by the presence of specific virulence
genes [15].
3.3. Biofilm formation assay
Biofilm formation was quantified by culturing isolates in microtiter wells in Lysogeny Broth (LB) at
37oC overnight. Subsequently, 200 μl of LB-medium in 96-well flat-bottom polystyrene microtiter
plates (TPK) was inoculated with 5 μl (approximately 10 5 bacterial strains) of the overnight culture
and incubated for 24h at 37oC. The planktonic cells were then removed and rinsed three times with
distilled water and stained with 0.5% CV (Crystal Violet) for 5 min. After washing with distilled
water, 200 μl of 95% ethanol was added, and biofilm formation was quantified at 570 nm using a
spectrophotometric device (Tecan Trading AG, Switzerland). The strain was considered to form
biofilm if an OD ≥ 1.15 was found. This cut-off value was based on the value found for reference
strain 042 known to form biofilm and used as a positive control in our study.
3.4. Adhesion and Invasion assays
To compare the adhesion and invasion ability (in)to urinary tract cells of the different isolates,
epithelial HEK-293 cells (Human embryonic kidney cells; ATCC®LGC) were maintained in
Dulbecco’s modified Eagle medium (ThermoFisher Scientific, Paisley, Scotland) supplemented with
2% fetal bovine serum (VWR, Roden, The Netherlands). HEK-293 were grown in a monolayer in 24well plates and inoculated in triplicate with different isolates using a multiplicity of infection of 20.
After 3h or 6h of incubation at 37°C in a CO2 incubator, cells were washed three times with phosphatebuffered saline (PBS) and then lysed using 0.1% Triton X-100 in PBS. Lysates were collected, serially
diluted, and plated onto TSA agar plates, and the number of colony-forming units was determined
for each isolate. For the invasion experiment, the cells' medium was replaced after 3h of incubation
by a medium containing 100 µg/ml of kanamycin and incubated for another 1.5h to kill the attached
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but not the intracellular bacteria. After incubation, cells were lysed and further processed as
described above.
3.5. Statistical analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) Software
version 24.0 (SPSS Inc., Chicago, IL, USA). Statistical procedures included analysis of percentages,
mean and standard deviation for categorical and numerical data. Statistical significance was assessed
using the Fisher’s exact test for categorical variables and the Student t-test and the Mann-Whitney U
test for continuous variables. Bivariate comparisons were used to analyze the frequency of specific
isolates between patients with and without risk factors. The correlation study was performed using
logistic regression analysis for multivariate analysis. Variables that achieved a probability of <0.1 in
the univariate analysis were considered for inclusion in the logistic regression models. The results
with p values below 0.05 (p<0.05) were considered significant.
3.6. Ethical approval and consent to participate
This study was submitted and approved by the Pedro Ernesto University Hospital ethical
committee according to Brazilian legislation and received the following CAAE number:
45780215.8.0000.5259/ All the samples used in this study were obtained from patients that signed a
consent form in which they permitted the use of samples and data for this study.
4. Conclusions
The frequency of UTIs among female and older patients was higher than in male and younger
patients. Comorbidities, surgical procedures, and previous hospitalization were the most frequently
found risk factors in this study. In addition, complicated CA-UTIs, and UTIs caused by MDR/ESBL
and biofilm-forming E. coli are highly frequent among hospitalized patients. Comorbidities as
diabetes, neurologic and neoplastic diseases were considered to increase the risk of developing a UTI
caused by MDR E. coli, and an age older than 60 years increased the risk of developing a UTI caused
by ESBL-producing E. coli. No relation was found between patients having risk factors and having a
UTI caused by a biofilm-forming isolate. Moreover, we did not find a statistically significant
difference between the distribution of virulence and resistance genes among bacteria causing the HAUTIs, CA-UTIs, or ABU. Most bacteria isolated from patients suffering from a UTI, particularly a
complicated one, belonged to high-risk E. coli lineages. UTIs caused by these highly resistant lineages
were associated with a higher mortality rate. However, the susceptibility of these patients to
infections is also an important factor. Finally, the combination of molecular and phenotypically
characterization and epidemiological analysis of E. coli isolated from UTIs could be helpful for the
risk-assessment of UTIs and for improving patient management.
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