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and are associated with high-risk lineages.
forming bacteria are frequently found in  hospitalized  patients  having  a  UTI  in  Brazil 
patients’  risk  factors  was  found. Complicated UTIs caused by MDR-and biofilm- 
with non-MDR isolates. Most isolates were  biofilm-forming  but  no  association  with 
mortality rate of  patients infected with MDR-isolates was higher than of  those infected 
associated with UTIs in  patients with comorbidities  and  over  60 years of   age.  The 
MDR-and  ESBL-producing E. coli isolates belonged  to  high-risk  lineages and were 
resistance rates were high and the majority of UTIs were complicated CA-UTIs. Most 
biofilm-forming, adhesion and invasion abilities were quantitatively assessed. Antibiotic 
short-read sequencing. Antibiotic susceptibility was evaluated using VITEK-2 and the 
in  hospitalized patients in  Brazil.  Bacterial  DNA  was  extracted and sequenced using 
causing asymptomatic bacteriuria, or community (CA) or hospital  acquired (HA) UTIs 
and UTIs caused  by MDR or biofilm-forming ExPECs  and to characterize ExPECs 
with persistent UTIs. To reveal a possible association between patients’ risk factors 
difficult to threat. Additionally, virulence mechanisms as biofilm formation are associated 
tract infections (UTIs). They are increasingly multidrug resistance (MDR) making them 
Extraintestinal pathogenic Escherichia coli (ExPEC) is the most common cause of  urinary 
Abstract
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E. coli isolated from patients
susceptibility, the presence of virulence and resistance genes and the sequence type of 
including  the  biofilm-forming  ability,  adhesion  and  invasion  abilities,  antibiotic 
treatment  strategies against  UTIs.  Therefore,  we  aimed  to  reveal  the  characteristics, 
Such  information is  important  as  it  helps  to  improve  the  risk  assessment  of   and 
patients’ risk factors and ABU/UTIs caused by MDR and/or  biofilm-forming E. coli. 
threat.  However,  only  few  studies  have  focused  on  a  possible  association  of  the 
In Brazil, the increase of  UTIs caused by MDR E. coli represents a serious public health 

most common causes of sepsis.
UTIs  are  uncomplicated,  inside the  hospitals  complicated  UTIs  remain  one  of   the 
patients,  UTIs  are  mostly considered  as  complicated  [10].  Although  the  majority  of 
increase  the  risks of   acquiring  an  infection  and  of   therapy  failure  [9].  In  male 
immunosuppression, comorbidities (diabetes, neurogenic bladder). Such comorbidities 
or  the  presence  of   an  underlying  disease  as,  e.g.,  renal  transplantation, 
with a condition, such as structural or functional abnormalities of  the genitourinary tract 
a longer period of  antibiotic treatment [8]. A complicated UTI is an infection associated 
UTIs can be classified into uncomplicated or complicated infections, the latter requiring 

successful global spread of these bacteria.
combination  of   high  resistance  and virulence  profiles  in E.  coli contributed  to  the 
of   therapeutic  failure,  especially in  some  of   the  device-associated  infections.  The 
bacterial cells present in biofilms to antimicrobial agents [7] being an important reason 
indwelling  medical  devices  [6].  Previous  studies  have  demonstrated  the  resistance  of 
complex  intracellular  bacterial  community,  and  form  biofilms  on  abiotic  surfaces  of 
UPEC  can  form  an intracellular  biofilm-like  pod  in  urogenital  cells,  the  so  called 
in  the  genito-urinary tract  and  interferes  with  bacterial  eradication  [5].  Remarkably, 
Also biofilm formation increases the virulence of  an isolate as it helps bacteria to persist 
infection, these  virulence  factors  often  interfere  with  the  host  defense  response  [4]. 
allowing the adhesion and colonization of  host mucosal surfaces. In a later phase of 
phores,  and  adhesins  that  play  an  important  role  in  the  initial  phase  of   infection  by 
caused  by E.  coli is  the  presence  of  virulence  factors  such  as  fimbriae,  toxins,  sidero- 
and  more  severe  infections  [3].  Another  factor  determining  the  severity  of   infections 
resistance to antimicrobials contributes to bacterial persistence and can lead to chronic 
the slow development of new antibiotics, treatment options are sometimes scarce[2]. The 
tomatic bacteriuria (ABU) With the emergence of  multi-drug resistant (MDR) E. coli and 
urinary tract infections (UTIs) [1]. In addition, they are also the major cause of asymp- 
(UPEC), are the most common cause of  hospital- (HA) or community-acquired (CA)
Pathogenic  extraintestinal Escherichia  coli (ExPEC),  especially  uropathogenic E.  coli 

Introduction



with ABU and UTIs hospitalized in Rio de Janeiro, Brazil, and their possible association 
with patients’ risk factors.

Material and Methods
Bacterial strains, growth conditions, antimicrobial susceptibility 

and case definitions
A total of  63 E. coli isolates were collected during a period of  one year (November/2015- 
November/2016) from urine samples of  hospitalized patients in four different hospitals 
located in Rio de Janeiro, Brazil. The well characterized strain 042 was used as a positive 
control for biofilm formation [11]. Microorganisms were stored at -80oC in a Luria Broth 
(LB) medium (Merck, S.A) with 20% glycerol before culturing them for further analy-
ses. 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, and risk factors as, e.g., primary site of  infection, comorbidities, use of  immuno-
suppressors and previous hospitalization. The patients were interviewed, and their medi-
cal records were 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 in-
fections were defined as UTIs occurring in a host with predisposing conditions (risk-fac-
tors), regardless of  the presenting syndrome or severity of  illness.

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 [12]. De 
novo assembly was performed using CLC Genomics Workbench v10.0.1 (Qiagen, CLC 
bio A/S, 143 Aarhus, Denmark). The reference genomes were uploaded to the ENA 
database (project number: PRJEB23420). Annotation was performed by uploading se-
quences to the RAST server version 2.0 [13]. The MLST sequence types (ST) and whole 
genome (wg) MLST complex types (CT) were identified by uploading assembled ge-
nomes to SeqSphere v4.1.9 (Ridom, Muster, Germany). For the wgMLST analysis in 
seqsphere, a 2764 genes core genome (cg) scheme in combination with 1785 accessory 
genes was used [14]. Resistance genes were identified by uploading assembled genomes 
in fasta format to ResFinder (CGE) [15]. Virulence genes were identified by uploading 
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incubation, cells were lysed and further processed as described above.
incubated for another 1.5h to  kill the attached but not the intracellular bacteria. After 
replaced after 3h of  incubation by a medium containing 100 µg/ml of kanamycin and 
determined for each isolate. For the invasion experiment, the medium of the cells was 
diluted and  plated onto TSA  agar plates and the number  of colony  forming units was 
(PBS) and then lysed using 0.1% Triton X-100 in  PBS. Lysates were collected, serially 
37oC in a CO2 incubator, cells were washed three times with phosphate-buffered saline 
different isolates using a multiplicity of infection of 20. After 3h or 6h of  incubation at 
HEK-293 were grown in a monolayer in 24-well plates and inoculated in triplicate with 
Scotland) supplemented with 2% fetal bovine serum (VWR, Roden, The Netherlands). 
maintained in Dulbecco’s modified Eagle medium (ThermoFisher  Scientific,  Paisley, 
isolates, epithelial HEK-293 cells (Human embryonic kidney cells; ATCC®LGC) were 
To  compare the adhesion and invasion ability (in)to urinary tract cells of the different 

Adhesion  and  Invasion  assay

our study.
found for reference strain 042 known to form biofilm and used as a positive control in 
form biofilm if an OD≥1.15432 was found. This cut-off value was based on the value 
trophotometric  device  (Tecan  Trading  AG,  Switzerland).  The  strain  was  considered  to 
95% ethanol was added and biofilm formation was quantified at 570 nm using a spec- 
with  0.5%  CV  (Crystal  Violet)  for  5  min.  After  washing  with  distilled  water,  200μl of 
planktonic  cells  were  removed  and  rinsed  three  times  with  distilled  water  and  stained 
bacterial  strains)  of the  overnight  culture  and  incubated  for  24h  at  37oC.  Then,  the 
tom  polystyrene  micro  titer  plates  (TPK)  was  inoculated  with  5μl (approximately  105 

LB- medium at 37oC overnight. Subsequently, 200μl of LB-medium in 96-well flat-bot- 
Quantitative  biofilm formation  was  assessed by  culturing isolates in microtiter wells  in 

Biofilm  formation  assay

specific virulence genes [17].
genes (traT, malX, kpsM). The phylogenetic groups were determined by the presence of 
genes (sfaS, papA, papG, papGII, papGIII, fimH, afa operon, agn43) and other virulence 
tem genes (iha, iroN, fyuA, fhuA, fhuE, Irp2, iutA), toxin genes (cnf1, hlyA, hlyD), adhesin 
v10.0.1 (Qiagen, CLC bio A/S, Aarhus, Denmark). These genes include, iron uptake sys- 
genes downloaded from NCBI or the ENA database using CLC Genomics Workbench 
genes were identified by blasting assembled genomes against known virulence reference 
assembled genomes in fasta format to VirulenceFinder 1.5. [16] Other, specific virulence 
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addition, 57% of the isolates in this study were resistant to fluoroquinolones (n=36) and
were obtained from patients suffering from CA-UTIs (80%; n=4) or ABU (20%; n=1). In 
percentages  were 42%, 37% and  25%,  respectively.  Carbapenemase-producing  isolates 
and 29% of the ABU cases, CA-UTIs and HA-UTIs, respectively. For ESBL E. coli these 
Spectrum Beta-Lactamase (ESBL)-producing ones. MDR E. coli were found in 57%, 43.8% 
A total of 33 (52.3%) patients were infected with MDR E. coli and 25 (39.6%) with Extended 
ed (73%). For HA-UTIs and CA-UTIs, this was 91% and 75%, respectively (Table 1). 
the ABU cases were found in female patients. Most UTIs were classified as complicat- 
a HA-UTI  (64%), while most women  had a CA-UTI (66.6%). In addition,  57.1%  of 
be classified  as  CA-UTIs  (50.7%;  n=32)  or  HA-UTIs  (38.0%;  n=24).  Most  men  had 
seven (11.1%) patients were found to have an ABU, most patients had a UTI that could 
(3.1%), suffering from neurological diseases (38.0%) and HIV infection (1.5%). Whereas 
obstructive  urinary tract diseases (14.2%), catheterization (7.9%), acute kidney failure 
undergoing  surgical procedures (14.2%), diabetes (23.8%), neoplastic diseases (22.2%), 
tients: admission  to  an  intensive  care  unit (38.0%), previous  hospitalization (39.6 %), 
3.3 years  old  (range: 11 to 97). The  following  risk  factors  were recorded for  the  pa- 
A total of 63 patients (46 females, 73%) were included in this study with a mean age of 67.86 ±
Results

data for this study.
that signed a consent form in which they gave permission for the use of samples and 
45780215.8.0000.5259. All the samples used in this study were obtained from patients 
committee according to Brazilian legislation and received the following CAAE number:
This study was submitted and approved by the Pedro Ernesto University Hospital ethical 
Ethics

results with p values below 0.05 (p<0.05) were considerate significant.
univariate analysis were considered for inclusion in the logistic regression models. The 
sion analysis for multivariate analysis. Variables that achieved a probability of  <0.1 in the 
with and without risk factors. The correlation study was performed using logistic regres- 
comparisons  were  used  to  analyze  the  frequency  of  specific isolates between  patients 
and the Student t test and the Mann-Whitney U test for continuous variables. Bivariate 
Statistical significance was assessed using the Fisher’s exact test for categorical variables 
ysis  of   percentages,  mean  and  standard  deviation  for  categorical  and  numerical  data. 
Software version 24.0 (SPSS Inc., Chicago, IL, USA). Statistical procedures included anal- 
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS)

Statistical  analysis



28% to aminoglycosides (n=18). The frequency of aminoglycosides and fluoroquinolones 
resistant isolates was higher in patients with CA-UTIs (65% and 46%, respectively). Fifty 
(79.3%) isolates obtained from patients having a CA- UTI (n=20; 62.5%), HA-UTI (n=10; 
41.6%) or ABU (n=4; 57.1%) had biofilm-forming properties (Figure 1 and Table 1). 

We tried to identify patient’s risk factors possibly associated with infections caused by 
MDR and biofilm-forming isolates. Comorbidities as diabetes (OR=3.913; 95%CI 
0.960-15.947; p=0.045), neurologic (OR=3.491; 95%CI 1.177-10.354; p=0.020) and 
neoplastic diseases (OR=3.913; 95%CI 0.960-15.947; p=0.045) were found to be 
statistically significantly associated with UTIs caused by MDR isolates. An age older 
than 60 years (OR=3.580;95%CI 1.021-12.551; p=0.036) and neurologic diseases 
(OR=3.564;95%CI 1.222-10.390; p=0.018) were associated with UTIs caused by 
ESBL-producing E. coli. The mortality rate for patients suffering from UTIs caused by 
MDR or ESBL-producing E. coli was significantly higher than from patients suffering 
from UTIs caused by non-MDR and non-ESBL-producing isolates. We also tried to 
identify risk factors associated with infections caused by biofilm-forming isolates. 
However, despite the observation that the frequency of  having one or more risk factors 
was higher in this group compared to non-biofilm-forming isolates, not significantly 
statistically difference was found for a specific risk factor (Table 2).
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Table 1. Characteristics of  patients included in this study.  

Clinical Characteristics Total n(%)a Hospital Ac-
quired n(%)b

Community 
acquired n(%)b

Asymptomatic 
Bacteriuria 

n(%)b

Hospital 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) 67.86±3.3 67.73±5.4 69.09±4.8 71.85±58

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)

Patient 
Origin

Home 46 (73.0) 15 (62.5) 31 (96.8) Not informed

Hospital/Healthcare 
institutions

10 (15.8) 9 (37.5) 1 (3.1) 0 (0)

Prior hospitalization (>48hours) in 
the last 90 days

25 (39.6) 16 (66.6) 6 (18.7) 3 (42.8)

Surgical procedure in the hospital-
ization

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  
Comorbid-
ities

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 kidney disease 4 (6.3) 1 (4.1) 2 (6.2) 1 (14.2)

Acute kidney failure 2 (3.1) 2 (8.3) 0 (0) 0 (0)

Chronic obstructive 
pulmonary disease

5 (7.9) 2 (8.3) 3 (9.3) 0 (0)

Obstructive pathology 
of  the urinary tract

9 (14.2) 5 (20.8) 3 (9.3) 1 (14.2)

Other 
risk-factors 
to UTis

Indewelling cathter 5 (7.9) 2 (8.3) 2 (6.2) 1 (14.2)

Imnusosuppressor use 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

50 (79.3) 18 (75) 25 (78.1) 7 (100)
  aPercentages were based on the total number of  patients (n=63); bPercentages were based on the total num-
ber of  patients for the indicated type of  infection. HUPE, HUPE-University Hospital Pedro Ernesto; HRL, 
Rio-Laranjeiras Hospital. FBLO, Bela Lopes de Oliveira Foundation; BAM, Bambina Hospital. All hospitals 
are located in Rio de Janeiro, Brazil.
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Resistance genes most frequently identified among our isolates were blaTEM-1B (n=28; 
44.4%), strB(aph(6)-Id) (n=26; 41.2%), sul1 (n=26; 41.2%), sul2 (n=26; 41.2%), mph(A) 
(n=24; 38.8%), tetA (n=23; 36.5%), and dfrA17 (n=20; 31.7%). The aac(6’)Ib-cr gene was 
the most frequently found fluoroquinolone resistance gene in the isolates (14.2%). Sever-
al clinical isolates had genes encoding for ESBLs, the most frequent gene identified was 
blaCTX-M-15 (n=11), followed by the blaCTX- M-14 gene (n=2), the blaCTX-M-2 gene (n=2) and the 
blaCMY-2 gene (n=1). All carbapenemase-producing isolates had the blaKPC-2 gene (Figure 
2A). The frequency of  resistance genes in isolates obtained from patients with a CA-
UTI, HA-UTI or ABU was similar. From patients suffering from CA-UTIs , 45.5% of 
the bla-CTX-M-15-producing E. coli and 55.5% of the E. coli containing the fluoroquino-
lones resistance gene aac(6’)Ib-cr were isolated. The frequency of the blaCTX-M-15 gene in 
isolates from patients with an ABU was 14.2% and from none of  these patients isolates 
having the aac(6’)Ib-cr fluroquinolones resistance gene were obtained.

We investigated the presence of  65 virulence genes. The most frequently found vir-
ulence genes involved in iron uptake were tonB (n=61; 96.8%), fhuE (n=60; 95.2%), 
fhuA (n=58; 92.0%) and fyuA (n=45; 71.4.0%). In addition, the fimH gene was pres-
ent in 96.8% of  the isolates, while the papAH genes were present in 42.8% of  the 
isolates. Also, toxins were detected among these isolates, most frequently the hlyD 
gene (n=61, 96.8%) and the sat gene (n=17, 26.9%). Other frequently found viru-
lence genes were malX (n=60; 95.2.%), iss (n=51; 80.9%), traT (n=43; 68.2%), ompT 
(n=43; 68.2%) and agn43 (n=47; 74.6%) (Figure 2B). In general, the number of  viru-
lence genes present in isolates from patients with an ABU, the CA- or HA-UTI were 
similar and no association was found between the presence of  virulence genes and the 
type of  UTI. However, the presence of  usp and vat genes were more frequently de-
tected in isolates of  patients with a CA- UTIs. In addition, MDR isolates had a high-
er number of virulence genes but not statistically significantly difference was found.

The MSLT results revealed that our isolates belong to 31 different sequence types 
(ST) types, being ST131 the most frequent (n=16) followed by ST69 (n=6), ST10 
(n=4), ST648 (n=3) and ST405 (n=3). Two isolates with ST73, ST1703, ST93, 
ST641, ST744 and ST1193 were found and only one isolate for the other STs (single-
ton STs). The majority of  isolates belonged to phylogenetic group B2 (50.7%, n=32), 
whereas 12 (19%) isolates belonged to phylogenetic group A, 12 (19%) to D and 6 
(9.5%) to group B1. One isolate belonged to the phylogenetic group F and for 2 iso-
lates the phylogenetic group could not be identified. Subsequently, we determined the 
serotype of  the isolates. All ST131 isolates were found to belong to O25:H4, while the 
majority of  ST69 isolates belonged to O17/O44:H18. All ST405 and all ST648 isolates 
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had the same serotype, i.e., ST405/O102:H6 and ST648/O1:H6, respectively. The ABU 
cases were caused by isolates that belonged to ST10, ST69, ST93, ST354, ST405, ST744 
and ST2530. Interestingly, most ST131 isolates (n=14) were isolated from patients with 
CA-UTIs, causing 43.7% of  these infections. The ST types causing HA-UTIs were more 
diverse and only in two cases caused by ST131 and in three cases by ST648 E. coli (Table 3).
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Table 2. Risk factors for acquisition of UTIs caused by MDR, ESBL-producing or bio-

Variable MDRa n (%) OR CI 95% p- valueb

Female 24 (72.1) 0.970 0.318-2.955 0.591

Age > 60 years 24 (72.1) 2.955 0.475-4.146 0.367

Prior hospitalization 12 (36.4) 1.404 0.310-2.373 0.485

Surgical procedure 5 (15.2) 4.146 0.281-4.797 0.563

Concomitant infections 6 (18.0) 0.857 0.253-3.123 0.553

Diabetes mellitus 10 (30.3) 2.373 0.960-15.947 0.045

Neurologic disease 17 (51.5) 1.161 1.177-10.354 0.020

Neoplastic diseases 10 (30.3) 4.797 0.960-15.947 0.045

Chronic kidney disease 1 (3.0) 0.889 0.028-2.863 0.271

Acute kidney failure 1 (3.0) 3.128 0.054-15.158 0.730

Chronic obstructive pul-
monary disease

3 (9.1) 3.913 0.218-9.010 0.546

Trauma 3 (9.1) 15.947 0.090-1.768 0.191

Mortality rate 13 40.60) 3.491 1.039-11.262 0.035

  aMDR, multidrug resistance; ESBL, Extended-spectrum-beta-lact -
Chi square test.
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ESBL n 
(%)

OR CI 95% p-value Biofilm- 
produc-
ers n (%)

OR CI 95% p-value

17 (68.0) 0.659 0.214-2.031 0.329 36 (72.0) 0.771 0.185-3.225 0.51

21 (84.0)  3.580 1.021-12.551 0.036 35 (55.5) 1.432 1.095-1.874 0.58

9 (36.0)  0.863 0.304-2.450 0.497 17 (34) 0.442 0.128-1.522 0.160

4 (16.0)  1.257 0.303-5.222 0.513 7 (14.0) 0.895 0.163-4.927 0.599

4 (16.0)  0.714 0.190-2.683 0.438 9 (18.0) 0.732 0.167-3.209 0.472

7 (28.0)  2.074 0.604-7.124 0.196 11 (22.0) 1.551 0.298-8.066 0.463

14 (56.0)  3.564 1.222-10.390 0.018 20 (40.0) 1.500 0.406-5.541 0.392

8 (32) 3.106 0.880-10.964 0.069 11 (22.0) 1.551 0.298-8.066 0.463

2 (8.0) 1.565 0.206-11.901 0.522 3 (6.0) 0.766 0.073-8.034 0.613

1 (4.0) 1.542 0.092-25.839 0.640 1 (2.0) 0.245 0.014-4.203 0.373

2 (8.0) 1.014 0.157-6.549 0.666 5 (10) 1.111 1.013-1.219 0.301

3 (12.0) 0.727 0.164-3.222 0.487 7 (14) 0.895 0.163-4.927 0.599

12 (50.0) 5.333 1.633-17.416 0.005 14 (28.6) 0.900 0.238-3.406 0.563

-amase; OR, odds ratio;and CI, confidence interval at 95%. bP-values were calculated using the

film-producing E. coli isolates.
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Table 3. Characteristics of  E. coli isolates causing HA-and CA-UTIs and ABUs.  

HA-UTIsa n (%) CA-UTIs n (%) ABU n (%)

MLST and Serotype

O25:H4-ST131 2 (8.3) 13 (40.6) 0 (0)

O15:H18, O17/
O44:H18, O25:H18 or 
O15:H2 -ST69

2 (8.3) 3 (9.3) 1 (14.2)

O22:H1 or O6:H1-ST73 0 (0) 2 (6.2) 0 (0)

O107:H54 or O89:H10- 
ST10

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 lineages isolates 16 (66.6) 10 (31.2) 4 (57.1)

Phylogenetic group

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)

  aHA-UTIs: hospital acquired urinary tract infections (UTIs); CA-UTIs: community acquired 
UTIs; ABU: asymptomatic bacteriuria. bMDR: multidrug resistance. cESBL: extended-spec-
trum-beta-lactamase.
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patients  infected with a high-risk clone to that of  patients infected
obtained  had  complicated  UTIs.  Subsequently,  we  compared the  mortality  rate  of 
from  1  ABU  case.  Furthermore,  all  patients  from which  an  ST648  isolate  was 
(n=2) E.  coli was  isolated.  On  the  other  hand,  ST405 (n=1) E.  coli was  only  isolated 
other  lineages.  From  only  two  patients that  had  a  non-complicated  UTI  an  ST131 
risk  lineages  were  more  often the  cause  of  the  UTIs  than E.  coli belonging  to 
in  patients  with  chronic kidney  and  neoplastic  diseases, E.  coli belonging  to  high- 
(n=19; 86.3%) and  in  patients  with  neurologic  diseases  (n=11;  50%).  Also, 
by ST131,  ST405  or  ST648 E.  coli were  found  in  people  older  than  60  years 
symptoms  with  infections  caused  by  such  high-risk  clones.  Most  infections  caused 
In  addition,  we  tried  to  reveal  a  possible  association  of  the  patient’s  risk  factors  and 

presence  ofvirulence  genes iha  (p=0.0278)  and usp (p=0.0001).
In  addition,  the  high-risk  clones  were  statistically  significantly associated  with  the 
to have a higher cell invasion ability compared to ST131 and ST405 isolates (Figure 4B). 
control  and  that  of ST405  isolates  (Figure  4A).  ST69  and  ST1703 isolates appeared 
all the isolates was significantly higher than that of the DH5α strain used  as  a negative 
for ST131 isolates and isolates belonging to other STs. However, the adhesion ability of 
forming ability. Similar results were found for the adhesion ability to uroepithelial  cells 
high-risk lineages. No statistically significantly differences were found for the biofilm- 
adhesion and invasion ability of isolates belonging to high-risk clones with that of  non- 
with  MDR  and  ESBL  profiles.  Therefore,  we  also  compared  the  biofilm-forming, 
high-risk clones, such as ST131, ST405 and ST648, which are known to be associated 
46%  of CA-UTIs  and  20%  of HA-UTIs  were  caused  by E.  coli isolates belonging to 
sistance genes between isolates obtained from patients with ABU , CA- or HA-UTIs, 
Although we  did not find significant  differences in the number  of  virulence  and re- 

with  CA-  or  HA-UTIs  isolates  (Figure  3).
patients  with  an  ABU  did  not  clustered and  were  most  of the  time  more  related 
than  with  the  AmpC-ESBL-producing ST131  isolate  5332.  The  isolates  from 
isolates  as  2102,  2206,  5420 and  6638,  were  more  closely  related  with  each  other 
producing  ST131  isolates clustered  together,  while  CTX-M-15  producing  ST131 
having  the  same  antimicrobial  resistance  profile.  Indeed,  the  carbapenemase- 
clusters with  ST131 isolates. A more closely genetic relatedness was found for isolates 
consisting  of isolates  from  ST744,  ST1193,  ST405  or  ST648  and  two  different 
isolates  belonging  to  other  ST.  In  total  six  clusters  were  identified,  four  clusters 
diversity within  ST131,  ST648  and  ST405  isolates  was  lower  than  observed  for 
they clustered  together  according  to  their  (wg)MLST  ST  and  serotype.  The  genetic 
showed  that  independently  of the  hospital  where  the  isolate  originated  from, 
by-gene  NGS-based  typing  method,  i.e.,  whole  genome  (wg)MLST.  Our  analyses 
We  investigated  the  relatedness  of   the  different  isolates  in  more  detail  using  a  gene- 
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Figure 2. Resistance and virulence genes identified in isolates obtained 
asymptomatic bacteriuria. A. The gray blocks indicate the presence of the 
resistance genes. B The orange blocks indicate the presence of virulence genes
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from patients suffering from community- or hospital acquired UTIs or an 

6

Resistance and Virulence Properties of Extraintestinal Pathogenic E. coli causing nosocomial-and community acquired urinary tract infections in hospitalized patients in Rio de Janeiro, Brazil

202



Fi
gu

re
 3

. (
w

g)
M

LS
T

 o
f E

. c
oli

 is
ol

at
es

. T
he

 (w
g)

M
LS

T
 s

ch
em

e 
co

nt
ai

ne
d 

27
64

 c
or

e 
ge

no
m

e 
ge

ne
s 

an
d 

17
85

 a
cc

es
so

ry
 g

en
es

. 
C

lu
st

er
s a

re
 n

um
be

re
d 

1-
6 

an
d 

th
e 

cl
us

te
r t

hr
es

ho
ld

 w
as

 se
t t

o 
10

 a
lle

le
 d

iff
er

en
ce

s. 
ST

 ty
pe

s a
re

 in
di

ca
te

d 
by

 d
iff

er
en

t c
ol

or
s a

s i
nd

ic
at

ed
 

in
 th

e 
le

ge
nd

.

Chapter 6

203



 

 

 

   

 

 

6

Resistance and Virulence Properties of  Extraintestinal Pathogenic E. coli causing nosocomial-and community acquired urinary tract infections in hospitalized patients in Rio de Janeiro, Brazil

204

(p=0.007; Table 4).
lineages  (n=9;  40%).  However,  not  statically  significantly  association  was  found 
that the mortality was higher among patients infected or colonized with high-risk E. coli 
with E. coli from other lineages (that were least isolated from two patients) and found 
the mortality rate of patients infected with a high-risk clone to that of patients infected 
which an ST648 isolate was obtained had complicated UTIs. Subsequently, we compared 
ST405 (n=1) E. coli was only isolated from 1 ABU case. Furthermore, all patients from 
that had a non-complicated UTI an ST131 (n=2) E. coli was isolated. On the other hand, 
the cause of  the UTIs than E. coli belonging to other lineages.  From only two patients 
kidney and neoplastic diseases, E. coli belonging to high-risk lineages were more often 
and  in  patients  with  neurologic  diseases  (n=11;  50%).  Also,  in  patients  with  chronic 
ST131, ST405 or ST648 E. coli were found in people older than 60 years (n=19;86.3%)
symptoms  with  infections  caused  by  such  high-risk  clones.  Most  infections  caused  by 
In  addition,  we tried  to  reveal a  possible  association  of the  patient’s  risk  factors  and 

of virulence genes iha (p=0.0278) and usp (p=0.0001).
addition, the high-risk clones were statistically significantly associated with the presence 
higher  cell  invasion ability  compared  to  ST131  and  ST405  isolates  (Figure  4B).   In 
and  that  of ST405 isolates (Figure 4A). ST69 and ST1703 isolates appeared to have a 
isolates was significantly higher than that of the DH5α strain used as a negative control 
isolates and  isolates  belonging  to  other  STs.  However,  the  adhesion  ability  of   all  the 
Similar  results  were  found  for  the  adhesion  ability  to  uroepithelial  cells  for  ST131 
es.  No  statistically  significantly differences  were  found  for  the  biofilm-forming  ability. 
vasion ability of  isolates belonging to high-risk clones with that of  non-high-risk lineag- 
and ESBL profiles. Therefore, we also compared the biofilm-forming, adhesion and in- 
clones, such as ST131, ST405 and ST648, which are known to be associated with MDR 
of  CA-UTIs and 20% of HA-UTIs were caused by E. coli isolates belonging to high-risk 
tance genes between isolates obtained from patients with ABU , CA- or HA-UTIs, 46% 
Although we did not find significant differences in the number of virulence and resis- 

(p=0.007; Table 4).
lineages  (n=9;  40%).  However,  not  statically  significantly  association  was  found 
that the mortality was higher among patients infected or colonized with high-risk E. coli 
with E. coli from other lineages (that were least isolated from two patients) and found 



Figure 4. 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 grey-colored bars indicate the study isolates. *indicates a statistically significantly difference 
(p≥0.05) compared to the negative control and **indicates a statistically significantly difference 
(p≥0.05) compared to the negative control and the other isolates.
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Table 4.  Characteristics of  high-risk and non-high-risk E. coli isolates and of  the pa-
tients infected or colonized with these isolates.

Characteristics of  isolates high-risk E. coli1 n (%) Other  E. coli isolates n (%)

Biofilm-forming 17 (77.2) 19 (79.1)

MDR 18 (81.8) 9 (37.5)

ESBL 17 (77.2) 3 (12.5)

Characteristics of  patients

Age older 60 19 (86.3) 8 (33.3)

Prior hospitalization 6 (27.2) 7 (29.1)

Surgical procedure 4 (18.1) 1 (4.1)

Concomitant infections 1 (4.5) 1 (4.1)

Diabetes mellitus 5 (22.7) 4 (16.6)

Neurologic disease 11 (50) 4 (16.6)

Neoplastic diseases 5 (22.7) 3 (12.5)

Chronic kidney disease 3 (13.6) 0 (0)

Acute kidney failure 1 (4.5) 3 (12.5)

Chronic obstructive pulmonary 
disease

1 (4.5) 2 (8.3)

Trauma 4 (18.1) 3 (12.5)

Mortality rate 9 (40.9) 3 (12.5)
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cases were identified among male patients, while female patients had more CA-UTIs.
was higher than that of HA-UTIs, this difference was not significant. Most of HA-UTIs 
associated with UTIs in hospitalized patients. [18] Although the frequency of  CA-UTIs 
showing that  previous  hospitalization,  surgical  procedures  and  comorbidities  were 
diseases of  the  urinary  tract  and  catheterization.  Our  findings confirm  that of  others 
tic  diseases,  diabetes,  previous  hospitalization,  surgical  procedures,  obstructive 
our study, the most frequently found risk factors for UTIs were neurologic and neoplas- 
that showed that UTIs are more frequently found in women and elderly people [2]. In 
patients  and  patients  older  than  60  years.  These  results are  similar  to  those  of others 
these characteristics and patients’ risk factors. Most isolates were obtained from female 
pitalized in Rio de Janeiro, Brazil. In addition, we tried to possible association between 
tance genes and the ST of E.coli isolated from patients with ABU and UTIs and hos- 
sion and invasion abilities, antibiotic susceptibility, the presence of virulence and resis- 
In this study, we studied the characteristics, including the biofilm-forming ability, adhe- 

Discussion

ST93, ST641, ST744, ST1193 and ST1703.
  1High-risk E. coli lineages: ST131, ST405 and ST648; other E. coli lineages: ST10, ST73, ST69,
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explained  by the predominance of isolates that belong  to the B2 and D phylogenetic
usp genes that were more frequently identified in CA-UTIs isolates. Our results may be 
with an HA- or CA-UTIs or with ABU were similar, with the exception of the vat and 
and HA-UTIs. The distribution of virulence genes of the isolates obtained from patients 
In addition, we investigated the presence of  virulence genes associated with ABU, CA- 

observed in our study.
more difficult to eradicate[26], they are often causing complicated UTIs, which we also 
in biofilms are known to be associated with a higher resistance to antibiotics and to be 
tors  for  UTIs.  However,  not  statically  significantly association was  found. As bacteria 
forming isolates were associated with patients having comorbidities and other risk fac- 
tions, and with infected kidneys, septicemia and death [25], we investigated if biofilm 
known to be commonly associated with urinary catheters, chronic and recurrent infec- 
isolated  from  urine  samples  produced  biofilms [25]. As biofilm-forming  isolates are 
These results are consistent with previous studies that showed that about 80% of E. coli 
isolates  is  of  clinical  relevance.  In  our  study,  most  isolates  were  able  to  form  biofilm. 
with  catheter-associated  UTIs. [5] Therefore, revealing  the  biofilm-forming  ability  of 
Bacterial biofilm is often associated with persistence of microorganisms in the host and 

risk a factor for the emergence of  MDR uropathogens. [24]
caused  by  the  treatment  of their  disease.  Indeed,  immunosuppression  is known to be 
be  explained  by  the  immunosuppressed  condition  of patients  with  neoplastic diseases 
isolates.  [23]  The  association  between  neoplastic  diseases  and  MDR infections  may 
showing  age  to  be  an  independent  risk  factor  for  UTIs  caused  by ESBL-producing 
bacteria  were  associated  with  an  age  older  than  60  years,  confirming  previous  results 
hospitalized  patients  before.  [22]  In  addition,  UTIs  caused by  ESBL-producing 
Indeed, diabetes and neurologic diseases have been pointed as risk factors for UTIs in 
suffering  from  comorbidities,  mainly  diabetes  and  neurologic and  neoplastic  diseases. 
bacteria.  [21]  Here,  most  of the  MDR E.  coli were isolated  from  patients  also 
have  investigated  risk  factors  associated  with  UTIs, especially  those  caused  by  MDR 
to  third-generation  cephalosporins  and  fluoroquinolones,  respectively.  Several  studies 

presence of resistance genes, including blaCTX-M-15 and aac(6’)Ib-cr, genes causing resistance 
fluoroquinolones.  The  phenotypic  antibiotic resistant  results  correlated  with  the 
ESBL-producing  ones  and  a  high rate  of resistance  to  aminoglycosides  and 
Our  results  showed  a  high frequency  of UTIs  caused  by  MDR-E.  coli,  especially 
clinical  concern  due  to the  limited  antibiotic  options  to  treat  these  infections.  [20]
complicated UTIs [19]. MDR-E.  coli,  mainly  ESBL-producing  ones,  are  of increasing 
we  found  most male  patients  having  HA-UTIs  known  to  be  more  associated  with 
Only three male and four female patients were identified with ABU. As in other studies 
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high-risk clones and the presence
high-risk  clones.  These  results may  be  explained  by  the  known  association  between 
MDR or ESBL-producing isolates. A same association was found for UTIs caused by 
The  mortality  rate  was found to be higher for patients suffering from UTIs caused by 
risk-factors associated with infections caused by E. coli high-risk clones as ST131[29]. 
previous  studies  considered hospitalization  and  previous  antibiotic  treatment  as  host 
antibiotic  treatment in  elderly  patients  and  patients  with  neurologic  diseases.  Indeed, 
may  be  (partially) explained  by  the  higher  rate  of   previous  hospitalization  and 
from  neurologic diseases  and  in  patients  with  complicated  infections.  These  results 
high-risk clones  were  more  frequently  detected  in  elderly  patients,  patients  suffering 
for non-high-risk  lineages  frequently  identified in  this  study.  Overall,  UTIs  caused  by 
patients from which they were isolated. The results were compared with data obtained 
investigated the  virulence  characteristics  of   this  group  and  the  risk  factors  of   the 
Considering  the  high  number  of   UTIs  caused  by  high-risk  lineages  in  this  study,  we 

frequently found to be associated with a resistance profile [28].
a resistance profile, while isolates from other  lineages,  as  e.g.  ST69  and  ST10,  are  less 
described  previously[28]. Indeed, these lineages are known to be often associated with 
CA-and  HA-UTIs.  The  predominance of    ST131,  ST405  and  ST648   have   been 
belonging to ST131, ST405 and ST648 were responsible for approximately 35% of the 
frequently  found  in  CA-UTIs. Furthermore,  MDR  and  ESBL-producing  isolates 
and  ST648  were  the most  prevalent  STs  causing  UTIs  and  that  ST131  was  more 
fluoroquinolones resistant  [27].  Our  results  showed  that  ST10,  ST69,  ST131,  ST405 
the  spread  of  specific  bacterial  lineages  that  are  CTX-M  producing  and 
The worldwide increase of infections caused by MDR bacteria has been associated with 

circulate  among hospitals and in the community.
that  these bacteria,  including  bacteria  belonging  to  high-risk  lineages  as  ST131, 
which the  genetically  related  isolates  were  obtained.  Therefore,  these  results  suggest 
In  addition,  we  could  not  find  an  epidemiological  link  between  the  patients  from 
we identified six genetically related clusters, formed by isolates from different hospitals. 
Although  the  genetic  variation  observed  between  the  isolates  in  this  study  was  high, 

the gut[26].
often  required  and/or  of benefit for both MDR and non-MDR bacteria to persist in 
bacteriophages,  which can  easily  be  exchanged  between  strains.  Moreover,  they  are 
are  located  on  mobile-genetic elements,  such  as  plasmids,  pathogenicity  islands  and 
isolates. This may be explained by the fact that in ExPEC isolates many virulence genes 
bacteria isolates, although the number of virulence genes was generally higher in MDR 
association between  the  presence  of   virulence  genes  and  either  MDR  or  non-MDR 
groups  in  our  study,  which  are  known  to  be  more  virulent. We  did  not  find  an 
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combination of molecular and phenotypical characterization and epidemiological analy-
susceptibility  of  these  patients  to  infections  is  also  an  important  factor. Finally,  the 
resistant  lineages  were  associated  with  a  higher  mortality rate.  However,  the 
complicated  one,  belonged  to  high-risk E.  coli lineages. UTIs  caused  by  these  highly 
ABU.  Most  bacteria  isolated  from  patients suffering  from  a  UTI,  particularly  a 
of virulence and resistance genes among bacteria  causing  the  HA-UTIs,  CA-UTIs  or 
Moreover, we did not find a statistically significantly difference between the distribution 
patients  having  risk  factors  and having  a  UTI  caused  by  a  biofilm-forming  isolate. 
developing  an  UTI  caused  by ESBL-producing E. coli. No relation was found between 
caused  by  MDR E. coli, and  an  age  older  than  60  years  increase  the  risk  of 
and  neoplastic diseases  were  considered  to  increase  the  risk  of   developing  an  UTI 
are  highly  frequent among hospitalized patients. Comorbidities as diabetes, neurologic 
complicated CA-UTIs,  and  UTIs  caused  by  MDR/ESBL  and  biofilm-forming E.  coli 
hospitalization were the most frequently found risk factors in this study.  In addition, 
male  and  younger  patients.  Comorbidities,  surgery  procedures  and  previous 
In summary, the frequency of  UTIs among female and older patients was higher than in 

related to a specific lineage.
invasion  ability.  Although,  this  difference  may  be isolate-specific  rather  than  being 
ability than non-high-risk clones. However, the non-high-risk clones presented a better 
iron-regulated  adhesin,  respectively,  the  high-risk  clones  presented  a  similar  adhesion 
with  the  presence  of   the afa and iha genes encoding  the  afimbrial  adhesins  and  the 
These  results  showed  that  despite  the high-risk  clones  being  statistically  associated 
other lineages, however, ST1703 and ST69 isolates had a higher ability to invade cells. 
abilities,  ST131  isolates  showed the  same  ability  to  adhere  to  uroepithelial  cells  than 
bacteria growing in a biofilm [5].   When  we  investigated the  adhesion  and  invasion 
facilitating the exchange of genetic mobile elements containing resistant genes between 
may  be  due  to  insufficient  concentration  of  antibiotics  within  the  biofilm  or  by 
intrinsic  resistance  of  microorganisms  growing  in  biofilms  to  many  antibiotics,  which 
number  of  biofilm-producing  isolates  in  this  study.  Previous  studies  reported  the 
resistance profile and that of other lineages. These results may be explained by the high 
film-forming  ability  of  high-risk  lineages  that  were  associated  with  an  antibiotic 
In  this  study,  not  statistically  significantly differences  were  found  between  the  bio- 

factors and isolates characteristics and/or the mortality rate.
for all patients but may have had an important impact on the correlation between risk 
sample size. Secondly,  information  about  the  severity  of   infections  was  not  available 
mortality  rate. However, this study has several limitations including the relatively small 
clone, which  increases  their  susceptibility  to  infections,  may  explain  this  higher 
several  risk-factors  often  present  in  patients  having  a  UTI  caused  by  a  high-risk 
of an MDR/ESBL profile. The limited antibiotic treatment options and the presence of 



sis of E. coli isolated from UTIs could be helpful for the risk-assessment of the UTIs 
and for improving patient management.
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