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Abstract: The most common uropathogen is Escherichia coli, which causes more than 80% of catheter-
associated urinary tract infections (CAUTI). Catheter-associated uropathogenic E. coli is difficult to be 
eradicated due to biofilm formation alongside increasing antibiotic resistance. The goal of this study is to 
determine the prevalence of biofilm and non-biofilm producing uropathogenic E. coli isolates and the 
antibiogram of E. coli isolates among catheterized patients who were admitted to Mansoura’s University 
Hospitals. Also, the expression of bla-CTX-M and Fim H genes was determined using quantitative real-time 
PCR. The correlation between expression of bla-CTX-M and Fim H genes was detected. Isolated E. coli were 
highly resistant to nitrofurantoin (75%), ceftazidime (72%), ceftriaxone (71%), amikacin (71%), piperacillin-
tazobactam (61%), and cefepime (53%). Biofilm formation was detected in all E. coli isolates. Also, bla-CTX-
M and FimH genes were highly expressed in all E. coli isolates, as their expression is higher than the reference 
gene by 359.3 and 914.6 folds respectively. Insignificant positive correlation was detected between bla-CTX-
M expression and FimH expression (r= 0.05, P-value= 0). These findings confirmed the serious infections 
caused in the catheterized patients, hence the importance of performing appropriate aseptic procedures when 
inserting and maintaining catheters to avoid CAUTI. 
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1. INTRODUCTION: 
One of the most frequent healthcare-associated 

infections (HAIs) is catheter-associated urinary tract 
infection (CAUTI), which accounts for 30% of all 
HAIs1. The risk of CAUTI is increased by increasing 
the duration of catheterization. Approximately 5% of 
infection is increased each day at the intensive-care 
unit. It is strongly recommended to remove the 
urethral catheter whenever feasible2. When 
catheterization is required for a long time, it should 
be maintained as recommended by guideline for 
prevention of catheter-associated urinary tract 
infections, which is stated by healthcare infection 
control practices advisory committee (HICPAC), 
CDC3,4. For CAUTI prevention, CDC guidelines for 
prevention of CAUTI should be followed including 

proper aseptic catheter insertion, maintenance, and 
removal, as well as a minimizing catheter use4. 

The most frequent uropathogen is Escherichia 
coli, which accounts for more than 80% of all cases 
5. The selection of antimicrobial therapy for 
uropathogenic Escherichia coli (UPEC) depends on 
the patient’s tolerance, the clinical presentation, and 
the results of urine culture to avoid inappropriate 
antimicrobial use4. In many countries, trimethoprim, 
nitrofurantoin, β-lactams, and quinolones are the 
treatment of UTIs regularly. Regrettably, there is an 
increasing rate of resistance to these antibiotics due 
to the widespread and misuse of them6. The resistant 
uropathogen includes extended-spectrum β-
lactamases (ESBLs) and carbapenemase-producing 
E. coli 5. ESBL genes include CTX-M, SHV, and 
TEM7. 
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For their pathogenicity in the urinary system, 
UPEC have several virulence features such as 
capsule, fimbriae, flagella, toxins, iron scavenger 
receptors, and lipopolysaccharide6. Biofilms are 
difficult to eradicate with antimicrobials, as they 
prevent the access of antibacterial agents, white 
blood cells, and antibodies due to their high content 
of polysaccharides8. 

Uropathogenic E. coli forms biofilm within the 
bladder epithelium in urinary tract infection (UTI)9. 
Fimbrial adhesins, capsular structures, 
autotransporter proteins, flagella, and 
exopolysaccharides are just a few of the potential 
variables that could help E. coli colonize catheter 
surfaces and bladder epithelium10. P fimbriae, which 
is related to pyelonephritis and is expressed by pap 
genes11, type 1 fimbria, which is encoded by the fim 
gene cluster, and S fimbrial adhesin, which is 
encoded by sfa genes, are the most common 
attachment factors in UPEC. In a Tunisian study 
fimbrial adhesin (FimH) was the most prevalent 
(68%) gene coding for the fimbrial adhesive system, 
followed by pap (41%), and sfa/foc (34%) 12.  

In many investigations, type 1 fimbriae are 
important virulence factors in UTI and CAUTI10. 
Type 1 fimbriae are engaged in the early stages of 
biofilm formation and cause adhesion to both abiotic 
and biotic surfaces.13. Type 1 fimbriae in E. coli are 
critical during UTIs because they mediate attachment 
to mannose-containing receptors on the 
uroepithelium and promote the establishment of 
intracellular bacterial populations14.  

Thousands of coiled FimA domains precede the 
tip fibrillum domains, FimF-FimG-FimH, in each 
pilus of type 1 pili. To withstand mechanical forces 
during attachment, the domains are linked by non-
covalent -strands15. FimA, FimF, FimG, and FimH 
are structural components of the fimbrial adhesin, 
while FimC and FimD are the assembling system for 
pilus16. FimB and FimE are responsible for ON/OFF 
orientation17. FimH is a type 1 pilus adhesin that 
binds D-mannose moieties on cells and secreted 
glycoproteins18. 

This study aims to determine the prevalence of 
biofilm and non-biofilm producing uropathogenic E. 
coli isolates and the antibiogram of E. coli isolates 
among catheterized patients who were admitted to 
Mansoura’s University Hospitals. Also, the 
expression of bla-CTX-M and Fim H genes was 
determined using quantitative real-time PCR. The 
correlation between expression of bla-CTX-M and 
Fim H genes was detected. 

 
 
 
 

2. METHODS 

2.1. Specimen collection: 
About 147 urine specimens were collected from 

catheterized patients in Mansoura University 
Hospital, Daqahleya, Egypt under complete aseptic 
conditions according to Shephard (2019)19. The study 
follows the principles of the declaration of Helsinki, 
and informed consent was obtained from patients 
and. The manager of the Urology and Nephrology 
Center gave his written approval. Urine samples 
were collected only from the patient before starting 
antibiotic treatment to avoid false results. Following 
hospitals’ protocol, two urine specimens were taken 
from each patient in capped-sterile containers: urine 
sample from the catheter before removal and part of 
urinary catheter distal to the inflating balloon. 
Specimens were transported with ice to Mansoura 
University's Faculty of Medicine's Microbiology 
Diagnostics and Infection Control Unit (MDICU). 

The inclusion criteria for patients to be involved 
in the current study are presence of UTI, beside 
presence of state of low immunity such as diabetes or 
other chronic diseases. The exclusion criteria involve 
administration of antibiotic or infection other than 
UTI. 

2.2. Isolation and identification of E. coli: 
For isolation of E. coli 19, 0.01 ml calibrated 

bacteriologic loop was used to culture urine on 
CLED agar (Oxoid, UK) plates, with a significant 
count of 105 CFU/ml. Luria Bertani broth (Miller, 
USA) was inoculated with a portion of the catheter, 
incubated at 37°C, and then subcultured on 
MacConkey's and blood agar plates (Oxoid, UK). 
Colony morphology, Gram staining, and biochemical 
testing are all used to identify the isolated bacteria20, 
then E. coli isolates were selected and involved in 
this study after purification in cases of mixed growth. 

Bacterial isolates from urine collected from 
catheters were included in this study. In case of 
finding any differences between culture results of 
urine collected from catheters and culture of the tip 
of the culture, informing infection control unit was 
performed with exclusion of those different isolates 
and notinvolved in the current study . 

A standard strain of E. coli (ATCC25922) was 
kindly provided by the staff of microbiology lab, 
faculty of medicine, Mansoura University. 

2.3. Tissue Culture Plate Method (TCP) for 
Biofilm Detection: 

The isolate from the nutrient agar plate is 
inoculated into Trypticase soy broth (TSB) overnight 
(Oxoid, England). Then, the inoculums were put into 
a 96-well flat-bottom microtitre plate and inoculated 
in TSB with 1 percent glucose produced in various 
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dilutions (1:20, 1:40, 1:80, and 1:100). Then the 
plates were incubated for 24 hours in aerobic 
condition at 37ºc. After washing three times with 
phosphate buffer saline (PBS), methanol fixation was 
performed. After decantation, the wells were stained 
with crystal violet for 20 minutes. After washing, 
33% glacial acetic acid was added to extract the stain. 
Using an automated ELISA plate reader, the optical 
density is evaluated at 490 nm. According to Nabajit 
Deka (2014) read, the optical density for biofilm 
detection was calculated21. 

2.4. Antibiotic susceptibility testing by disk 
diffusion test: 

The antibiogram of the isolated E. coli was 
determined by disk diffusion test for 
chloramphenicol (C) 30 μg, cefepime (FEP) 30 μg, 
amikacin (AK) 30 μg, ceftriaxone (CRO) 30 μg, 
nitrofurantoin (F) 300 μg, trimethoprim-
sulphamethoxazole (SXT) 25 mcg, piperacillin-
tazobactam (TZP) 110 μg, nalidixic acid (NA) 30 μg, 
and ceftazidime (CAZ) 30 μg. Antibiotic discs were 
supplied from Oxoid, England. The test was carried 
out as recommended by Clinical Laboratory 
Standards Institute (CLSI) guidelines (CLSI 2018 
M100 28th); results were interpreted using CLSI 
standard breakpoints.  The inhibition zones were 
evaluated using criteria from the Clinical Laboratory 
Standards Institute CLSI22. 

2.5. bla-CTX-M and Fim H expression: 
2.5.1 RNA extraction: 

To extract and purify bacterial RNA, the 
RNeasy® Mini Kit is employed (Qiagen, Hilden, 

Germany). Up to 1 x 109 bacteria were disrupted and 
homogenized by bead-milling bacteria in a 
guanidine-thiocyanate–containing lysis solution. The 
material is put onto RNeasy Mini spin column after 
it has been treated with ethanol. The RNeasy silica 
membrane binds the whole RNA, impurities are 
immediately washed away, and RNase-free water is 
used to elute high-quality RNA. 
Following the manufacturer's instructions for the 
purification of the extracted RNA, Denovix 
Spectrophotometer (AGBL, USA) was used to 
ensure the purity of the extract at wavelength 
260/280 nm.  
2.5.2 Conversion of extracted RNA into double-
stranded DNA (ds DNA): 

Qiagen QuantiTect RT kit was used for the 
elimination of genomic DNA and reverse 
transcription following the manufacturer's 
instructions. 
2.5.3 Quantitative real-time polymerase chain 
reaction (RT-PCR): 

After cDNA synthesis by reverse transcription, 
in the RT-PCR mix (QIAGEN Reference Database), 
an aliquot of each completed reverse transcription 
reaction was added. 2 µL of DNA template were 
mixed with 10 µL of master mix, 0.5 µL for each 
primer (F-R) (Table 1), and 12 µL DD – RNAse – 
DNAse- free Water.  PCR reaction conditions were 
35 cycles of 3 min at 94°C for start activation, 
denaturation temperature was 95°C for 30 sec, 
annealing temperature was 66°C for 40 sec. for Fim-
H & 62°C for 45 sec. for CTX-M, and the extension 
temperature was 73°C for 45 Sec. 

Table 1: The primers that were used in this study: 

Gene  Sequence Melting temperature (Tm) 
FimH Forward: AAAACGAGGCGGTATTGGTG 

Reverse: GCTGTGATGTTTCTGCTCGT 
62, 59 

bla-CTX-M Forward: CGCTTTGCGATGTGCAG 
Reverse: ACCGCGATATCGTTGGT 

61, 57 

16-S  
(Reference gene) 

Forward: AGAGTTTGATCMTGGCTCAG 
Reverse: ACGAGCTGACGACARCCATG 

67, 60 

 

2.6. Statistics and data analysis 
Statistics were done using GraphPad prism 6. 

Number and percent were used to describe 
qualitative data. Mean and standard deviation (SD) 
were used to describe parametric data. The 
association between CTX-M and FimH gene 
expression was determined using a correlation test. 
Significance was considered at (0.05). 

 

 

3. RESULTS: 
3.1. Patients’ characteristics: 

Urine specimens were collected from 147 
catheterized patients who were admitted to intensive  
care units in Mansoura’s hospital (Mansoura 
university, Daqahleya, Egypt). 

The age of patients included in the study ranged 
between 3 and 82 (mean age ± SD= 58.9±17.62) 
years old. Out of the 147 studied patients, 103 

96



Catheter-associated uropathogenic Escherichia coli 

 
https://aijpms.journals.ekb.eg/ 

 

(70.06%) were males and 44 (29.9%) were females 
(Figure 1). 

 

Figure 1: Frequency of studied patients according to 
their gender. 

The urine culture of the 147 catheterized 
patients were positive in 78 (53%) patients. Urine 
culture of 69 (46.9%) catheterized patients were free 
from microorganisms (Figure 2).  

 

Figure 2: Frequency of studied patients according to 
their urine culture results. 

 
3.2. E. coli isolation and identification: 

In the current study, mono-microbial 
colonization represented 79.5% (62/78) in 
catheterized patients for short-term catheterization 
less than 10 days and poly microbial colonization 
constituted about 20.5 % (16/78) of patients with 
long-term catheterization in which catheters were 
inserted for one month (Figure 3). 

 The urine culture of the 147 catheterized 
patients was positive in 78 (53%) patients. Urine 
cultures of 69 (46.9%) catheterized patients were free 
from microorganisms.  

About 151 bacterial isolates were retrieved. The 
most commonly isolated bacteria were E. coli 

(n=100, 66%) followed by Candida spp. (n=20, 
13%), Staphylococcus aureus (n=16, 11%), and 
Klebsiella spp. (n=12, 8%) (Figure 4). 

 

 

Figure 3: Frequency of monomicrobial and 
polymicrobial infection among catheterized patients. 

 

 

Figure 4: Distribution of microorganisms retrieved 
from urine culture of catheterized patients. 

 
3.3. Antibiogram of the isolated E. coli: 

Isolated E. coli were resistant to nitrofurantoin 
(75%), ceftazidime (72%), ceftriaxone (71%), 
amikacin (71%), piperacillin-tazobactam (61%), 
cefepime (53%), and nalidixic acid (44%). Isolated 
E. coli were least resistant to chloramphenicol (18%), 
and trimethoprim-sulphamethoxazole (30%) (Figure 
5). 

About 81% of tested E. coli were multi-drug 
resistant. 
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Figure 5: Antibiogram of E. coli isolates. 

3.4. Biofilm formation: 
Biofilm formation was confirmed in 94% E. 

coli isolates, which had been isolated from the urine 
culture of catheterized patients as shown in figure 6. 

 
 

3.5. bla-CTX-M and Fim H expression: 
bla-CTX-M and FimH genes were expressed in 

all E. coli isolates (n=100). Upon comparing the 
expressed results to the negative control, the mean 
CTX-M was highly expressed by 359.3 folds. FimH 
was highly expressed by 914.6 folds (Table 2, Figure 
7, 8).

 

 
Figure 6: Classification of E. coli isolates according to the degree of biofilm formation. 

Table 2: Expression of bla-CTX-M and Fim H genes:  

Gene Ct ΔCt ΔΔCt Fold Change 
Mean SD Mean SD Mean SD Mean SD 

CTX-M 22.24 0.6173 3.479 0.6828 -8.336 0.6872 359.3 177.7 

Fim H 20.66 0.512 
 2.802 0.5849 -9.728 0.5849 914.6 342.4 
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Figure 7: bla-CTX gene expression in comparison to 
reference gene (16-S). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: FimH gene expression in comparison to 
reference gene (16-S). 
 
 

 
3.6. Correlation between expression of bla-CTX-M 
and FimH:  

A positive correlation was detected between 
bla-CTX-M expression and FimH expression (r= 
0.05), but this correlation is insignificant correlation 
as P-value= 0.6 (p-value > 0.05) (Table 3, Figure 9). 

 
Figure 9: Correlation between bla-CTX-M and FimH 

genes. 

4. DISCUSSION   
Seeking good catheter care is indispensable to 

prevent risks of CAUTIs. CAUTIs lead to decreased 
life quality, increased mortality and increased risk of 
hospitalization 23. 70% to 80% of complicated UTIs 
are caused by catheterization. Infection with UPEC 
is the most common cause of UTIs 24.  

In this study, E. coli was the most predominant 
isolate (66%) followed by Candida spp. (13%), 
Staphylococci (11%), and Klebsiella spp. (8%). This 
is following several studies like that of Tamadonfar 
and his colleagues (2019) who stated that UPEC is 
responsible for 65% of CAUTI24.  Also, 
Enterococci (11%) and Staphylococci are involved 
in CAUTIs24, 25. Another study that was conducted in 
Taiwan confirmed that Candida spp. (25.8%) is the 
most common isolate causing CAUTI followed by E. 
coli (15.2%)26.  

Catheterization creates the proper environment 
for biofilm formation. Biofilm may be crystalline and 
cause blockage problems if caused by urease-
producing bacteria27. Biofilms promote the 
establishment of multidrug-resistant organisms by 
allowing for poor antibiotic penetration and 
horizontal virulence gene transfer28. In the current 
study, biofilm formation was confirmed in 94% of E. 

coli isolates. This is following some studies which 
reveal that 84% of UPEC have a high tendency to 
make biofilm29. Other studies showed lower values 
such as 61%30 and 62.5% 28.  

High percent of weak biofilm formation that 
were detected in this study may be attributed to the 
use of silicon-catheters which cause less irritation to 
the mucosa in opposite to latex-catheters which 
showed higher rate of biofilm production than silicon 
catheter, as latex causes more irritation to the mucosa  
and had rough surface which enhances biofilm 
formation in comparison to smooth surface of 
silicon31.  

Antibiotic resistance has been linked to 
CAUTIs all around the world; as resistance to most 
of the available antibiotics is increasing. This 
increased resistance to antibiotics is due to biofilm 
formation which prevents access of antibiotics to kill 
the pathogenic bacteria, and to the increased 
antibiotic administration for a reason other than UTIs 
32. Continuous emergence of antibiotic-resistant 
bacteria needs more investigations and studies to 
combat this increasing problem by applying different 
strategies or new treatment methods33.   
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In the current study, the isolated E. coli were 
most resistant to nitrofurantoin (75%), ceftazidime 
(72%), ceftriaxone (71%), amikacin (71%), 
piperacillin-tazobactam (61%), cefepime (53%), and 
nalidixic acid (44%).  They were least resistant to 
chloramphenicol (18%), and trimethoprim-
sulphamethoxazole (30%). The antibiotic resistance 
in the current study is following several studies34, 35, 
but the resistance pattern to different antibiotics 
differs among different countries or different 
hospitals in the same country according to the used 
protocol. 

In a study, the antibiogram of UPEC showed 
increased resistance to ampicillin, ceftriaxone, 
ciprofloxacin, TMP/SMX, and gentamicin (100%, 
96%, 89%, 53%, and 57% respectively). UPEC were 
least resistant to carbapenems, nitrofurantoin, and 
fosfomycin (0%, 1.3%, and 6.6%) 35. In another 
study, uropathogenic bacteria were extremely 
vulnerable to erythromycin, penicillin G, cefazolin, 
cefuroxime, cefotaxime, and aztreonam (90.52%, 
74.01%, 73.41%, 72.52%, 71.41%, and 70.11%). 
They were least susceptible to vancomycin, 
amikacin, linezolid, and imipenem (0.92%, 3.17%, 
3.47%, and 5.74%)34.  

Carbapenem-resistant Enterobacteriaceae 
(CRE) and extended-spectrum beta-lactamase 
(ESBL) producing Enterobacteriaceae are two 
prevalent multi-resistant gram-negative bacteria 
discovered in chronic indwelling catheters32. 

In the current study, 81% of the isolated E. coli 
were multi-drug resistant (MDR), which is more or 
less in agreement with many studies that reported 
that multidrug-resistant uropathogenic E. coli was 
63% 36, 62.5% 28, 77.8% 37.  

In addition to biofilm formation especially in 
presence of catheters, fimH has the main role in the 
binding of E. coli with host cell receptors. Mutations 
disrupt the expression of fimH results in the 
decreased virulence of UPEC 38. In this study fimH 
were expressed in all (100%) E. coli isolates.  

In other studies, fimH was found in more than 
71% of multi-drug resistant E. coli isolates 36 and in 
more than 50% in urosepsis isolates37.  

fimH gene was detected in 100% of E. coli 
isolated from bovine endometritis, in which they 
were positive phenotypically for biofilm formation39. 
In an Egyptian study, it was detected in 75% of E.  
coli isolated from cheese40.  

E. coli isolates from catheterized patients in the 
present study are not only characterized by high rates 
of resistance and biofilm formation but there is also 
a high rate of expression of bla-CTX-M (100%). This 
is in agreement with some studies as that of the 
Egyptian study who detected the bla-CTX-M gene in 
98% of isolates41. Also, an Indonesian study reported 
CTX-M-15 gene in more than 89% of isolates 42.  

Worldwide spread of the CTX-M-type ESBL-
producing Enterobacteriaceae (CTX-M Ent) are 
predominant, E. coli harboring CTX-M-15 (CTXM-
1 group) being the most commonly reported in both 
adult and pediatric studies. However, several other 
CTX-M types continue to circulate43. Also, in 
another study, CTX-M-1 and CTX-M-15 presence 
were reported in ESBL positive patients as 100%, 
95.5%, respectively44. 

In another study, CTX-M-1 and CTX-M-15 
were detected in 73%, 37% in UTIs, respectively. 
They also clarified that Presence of CTX-M-1 genes 
among E. coli strains isolated from inpatients were 
found statistically higher than outpatients45. 

According to authors’ knowledge, there is no 
available study which measure the expression of bla-
CTX-M from the same point of view of the current 
study to compare with it. 

In the current study, there is a positive 
insignificant correlation between bla-CTX-M 
expression and FimH expression (r= 0.05, P-value= 
0.6). There is no similar study to compare our 
findings with other studies. But some studies 
mentioned that biofilm production has been linked to 
antibiotic resistance and virulence factors29. Another 
study discovered a significant prevalence of biofilm-
forming UPEC strains, which have been associated 
with the MDR phenotype28. 

Hence, to counteract biofilm growth, new 
tactics must be developed during catheterization and 
increase awareness about hygienic practices and self-
management in patients living with urinary catheters 
to improve their life quality and prevent CAUTI46.   

5. CONCLUSIONS 
Catheterization causes several problems 

especially CAUTIs.  UPEC is the most common 
pathogen causing CAUTIs. Biofilm formation and 
increased resistance to antibiotics are major 
complications in catheterized patients. High 
expression of resistant gene bla-CTX-M and fimH 
gene (the main gene incorporated in fimbriae type1 
composition) are detected in all catheterized patients 
in this study. So, following strict precautions 
including aseptic insertion, maintenance, and 
appropriate use of urinary catheters as in approved 
guidelines is highly recommended to prevent 
CAUTIs and their complications especially biofilm 
formation and increased antibiotic resistance.   
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