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Abstract 
Introduction: Urinary tract infections (UTIs) in elderly patients represent a 
major clinical challenge due to their high frequency, their often atypical 
presentation, and the potential complications that can arise in this vulnerable 
population. Objective: The aim of this study was the molecular characteriza-
tion of virulence factors in Escherichia coli isolated from UTI patients over 50 
years of age. Materials and Methods: The methods used included phenotypic 
identification of 80 strains by conventional microbiological techniques, thus 
confirming their 100% identity. In addition, molecular characterization was 
performed by PCR to detect the fimH and hlyA virulence genes, while antibi-
otic susceptibility testing was carried out. The results show that 80% of strains 
come from outpatient clinics and 20% from urology departments. Moreover, 
74% of patients were male, compared with 26% female. High rates of antibiotic 
resistance were observed: 73.75%, 81.5% and 78.75% respectively for amoxi-
cillin/clavulanic acid, cefepime and ceftriaxone. Strains tested against ciprof-
loxacin showed a high resistance rate of 78.57%. With regard to virulence 
genes, 80% of strains had the fimH gene, but none had the hlyA gene. Con-
clusion: These results underline the importance of the fimH gene in urinary 
tract infections in the elderly, and suggest appropriate therapeutic management. 
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1. Introduction 

Urinary tract infections (UTIs) represent a major public health problem, particu-
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larly in the elderly [1]. Indeed, these infections, among the most common, are 
characterized by the significant presence of bacteria in urine. Moreover, they oc-
cur in the urinary tract, whether in the mucosa of the urinary tract or in the renal 
parenchyma, and are systematically accompanied by leukocyturia. These infec-
tions rank 2nd among infectious pathologies after those of the respiratory tract, 
and their incidence is estimated at around 150 million cases per year worldwide 
[2]. As a result, these infections are a very frequent reason for consultation at gen-
eral emergency departments [3], are responsible for over 7 million office visits 
each year and over 100,000 hospital admissions each year in the USA. Further-
more, the overall prevalence of urinary tract colonization in the general popula-
tion is estimated at 3.5%, and increases linearly with age [4]. E. coli is the pathogen 
most frequently implicated in these infections [5]. This predominance is explained 
by the presence of specific virulence factors, such as fimbriae, toxins and secretion 
systems [6], which enable the bacteria to adhere to, invade and cause damage to 
urinary tract tissue [7]. However, although data from Africa are more limited, 
available studies indicate a high prevalence of UTIs accompanied by increasing 
antimicrobial resistance among pathogens [8]. In Ivory Coast, urinary tract infec-
tions are recurrent in hospitals. According to a study carried out at the pediatric 
nephrology unit of the Centre Hospitalier Universitaire (CHU) de Yopougon, ne-
phrotic syndrome in children accounts for 25% of consultation activity and 33% 
of hospital activity [9]. Later in 2014, Boni and colleagues, in their study aimed at 
determining the bacteriological profile of germs isolated in urinary tract infections 
in children, found that Escherichia coli was the most isolated bacterium (38%), 
followed by Klebsiella sp. with 24% [10]. A recent study by Gbegbe et al. [11] in 
Ivory Coast revealed that UTIs accounted for around 20% of urology consulta-
tions, with E. coli responsible for over 70% of cases. Consequently, patients aged 
50 and over are particularly vulnerable to UTIs due to factors such as decreased 
immune function [12], frequent use of medical devices, and associated comorbid-
ities. Against this background, the main aim of this study is to characterize the 
virulence factors of E. coli strains isolated from UTI patients aged 50 and over in 
Ivory Coast. 

2. Materials and Methods 
2.1. Bacterial Strain 

The biological material for this study consisted of Escherichia coli strains isolated 
from ambulant UTI patients aged between 50 and 92 years. The material was col-
lected at the Biological Resource Center of the Institut Pasteur de Ivory Coast 
(IPIC). A total of 80 bacterial strains of human origin were isolated from urine 
and urinary catheters of patients during 2022 at the IPCI’s Clinical Bacteriology 
Department. All these strains were stored either in brain broth with added glycerol 
at −80˚C. 

2.2. Confirming the Identity of Collected Strains 

Revivification and isolation of collected strains 
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Bacterial strains preserved in preservation agar were revivified from heart-brain 
broth (BCC) and incubated at 37˚C for 24 hours. The broth was then streaked 
onto EMB agar. The seeded medium was incubated under the same conditions as 
before. 

Re-identification of collected strains 
After 24 hours of culture, colonies were selected for re-identification by deter-

mining biochemical characters using Le Minor’s reduced rack. 

2.3. Determination of Bacterial Susceptibility to Antibiotics 

All strains were tested using the agar disk diffusion method, in accordance with 
the recommendations Antibiogram Committee of the French Society of Microbi-
ology [13]. For the detection of resistance phenotypes, the antibiotics used were: 
amoxicillin-clavulanic acid (20/10 μg), ceftriaxone (30 μg), cefepime (30 μg), 
ertapenem (10 μg), aztreonam (30 μg), ciprofloxacin (5 μg), amikacin (30 μg), 
gentamicin (10 μg). The reference strain E. coli ATCC 25922 was used during an-
tibiotic susceptibility testing as an internal control. 

2.4. Detection of Virulence Genes: FimH and HlyA in the Strains 
Tested 

DNA extraction from Escherichia coli and reference strains E. coli ATCC 29522 
and K. pneumoniae ATCC 70603 was carried out using the alkaline lysis with 
phenolysis method. A conventional Polymerase Chain Reaction (PCR) was used 
to detect the virulence genes encoding type I fimbriae (FimH) and hemolysin 
(HlyA). Specific primer pairs were used to amplify genes (Table 1). PCR amplifi-
cation was performed in a 30 µl volume using a thermal cycler (Perkin® Elmer 
Gen Amp Lapplied Biosystems 9700). Amplification conditions included an initial 
DNA denaturation step lasting 15 min at 95˚C. This step was followed by 35 am-
plification cycles comprising denaturation at 95˚C for 30 s, hybridization at 60˚C 
for 30 s, elongation at 72˚C for 1 min and a final elongation step at 72˚C for 10 
min. The reaction medium consisted of 8 μl of DNA, primers at a volume of 1 µl, 
ultrapure water 4.7 µl and a master mix containing (Taq polymerase, dNTPs, 5X 
Buffer and magnesium) at a volume of 17.3 µl. Another DNA-free reaction mix-
ture was used as a negative control. Amplified products were analyzed by electro-
phoresis on 1.5% agarose gel (Invitrogen) stained with ethidium bromide. Read-
ings were taken on the ultra-violet plate (Gel doc). 
 

Table 1. Primer list for virulence gene detection. 

Genes Primers Sequence (5'-3') Hybridization temperature Size 

fimH 
fimH-f TGCAGAACGGATAAGCCGTGG 

60 508 
fimH-r GCAGTCACCTGCCCTCCGGTA 

hlyA 
hlyA-f ACGATGTGGTTTATTCTGGA 

60 328 
hlyA-r CTTCACGTCACCATACATAT 
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3. Results 
3.1. Confirmation of the Identity of the E. coli Strains Collected 

In the course of this study, 80 E. coli strains were collected over the period from 
January to December 2022. These strains came from the biological collection of 
the Institut Pasteur de Ivory Coast. Re-identification confirmed that these col-
lected strains are all E. coli. 

3.2. Distribution of E. coli Strains by Hospital Department 

The E. coli strains collected came from urology and outpatient departments. Anal-
ysis of the distribution of strains collected according to hospital department re-
vealed that 80% came from outpatient departments, compared with 20% from 
urology departments. 

3.3. Gender Distribution of Infected Patients 

The graphical distribution (Figure 1) showed a dominant prevalence of E. coli in 
males. Indeed, 74% of E. coli-infected patients were male, while 26% were female. 
 

 
Figure 1. Distribution of E. coli strains by sex. 

3.4. Antibiotic Resistance of Escherichia coli Strains 

Resistance of Escherichia coli to beta-lactam antibiotics 
The beta-lactam antibiotics tested on all strains showed different levels of re-

sistance in the 80 strains tested. Antibiogram results revealed 73.75, 81.5 and 
78.75% resistance to amoxicillin/clavulanic acid, cefepime and ceftriaxone respec-
tively. These values indicate very high rates of resistance. In contrast, ertapenem 
has a much lower resistance rate of 6.25% (Table 2). 

Escherichia coli resistance to aminoglycosides and fluoroquinolones 
With regard to aminoglycosides, only gentamicin and amikacin were tested. 

Resistance rates were low, at 25 and 12.5% respectively. Strains tested against 
ciprofloxacin showed a high resistance rate of 78.57%. 

4. Virulence Genes FimH and HylA 

Analysis of the electrophoretic results showed that the FimH gene was detected 
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Table 2. Antibiotic resistance rates of the studied E. coli strains. 

Antibiotic Number of Strains 
Number of resistant 

strains (R + I) 
Resistance rate (%) 

β-lactams 

AMC 80 59 73.75 

FEP 80 65 81.25 

CRO 80 63 78.75 

ERT 80 5 6.25 

ATM 40 20 50.00 

Aminoglycosides 

GMN 80 20 25.00 

AKN 80 10 12.50 

Fluoroquinolones 

CIP 70 55 78.57 

R + I: Resistance + Intermediate. AMC: amoxicillin-clavulanic acid; FEP: Cefepime; CRO: 
ceftriaxone; ERT: Ertapenem; ATM: Aztreonam; GMN: Gentamicin; AKN: Amikacin; CIP: 
Ciprofloxacin. 

 
in 64 of the 80 E. coli strains, i.e. a rate of 80%. Figure 2 shows the FimH bands 
corresponding to a size of 508 bp. On the other hand, no HlyA marker was found 
in any of the 80 strains tested. 
 

 
Figure 2. 1.5% agarose gel electrophoresis showing a simplex PCR for 
the detection of the fimH virulence gene. Lane M: Molecular weight 
marker; Lane 7: Positive control (508 bp); Lanes 1, 2, 3, 5, 6: Samples 
positive for fimH; Lane 4: Negative sample. 

5. Discussion 

Urinary tract infections (UTIs) in elderly patients represent a major clinical chal-
lenge due to their high frequency, often atypical presentation, and the potential 
complications that can arise in this vulnerable population. In this age group, the 
results obtained in this study show that of the 80 strains collected, 59% or 74% 

https://doi.org/10.4236/ojmm.2025.152008


E. J. Tahou et al. 
 

 

DOI: 10.4236/ojmm.2025.152008 105 Open Journal of Medical Microbiology 
 

were isolated from men and 21% or 26% from women, with a sex ratio of 2.8. This 
male predominance was reported by Foxman et al. [14]. This author showed a 
male predominance with a sex ratio of 2.7. Another study conducted by Doucouré 
et al. [15] at the University Hospital du Point G showed that 48 cases of urinary 
tract infections were diagnosed, representing a prevalence of prevalence of 4.30%. 
The sex ratio was 0.65 in favor of men (19/29). Indeed, this male predominance 
among elderly patients in our study is explained by the fact that male individuals 
have an increased risk of urinary tract infections due to prostate-related problems, 
such as benign prostatic hypertrophy or urinary retention, and the increased in-
cidence of urinary catheterization. Nicolle et al. [16] have pointed out that in men 
over 50, urinary tract obstruction, incomplete bladder emptying, catheterization 
and chronic illnesses such as diabetes and heart failure are important risk factors. 
Furthermore, 80% of these strains came from outpatient clinics and 20% from the 
urology department, reflecting the tendency for the majority of urinary tract in-
fections to be managed on an outpatient basis. This departmental distribution is 
also explained by another study [17], which reported that most cases of uncom-
plicated urinary tract infections in the elderly are treated in outpatient clinics, with 
a small proportion requiring referral to specialist departments, notably urology. 
On the other hand, patients with more severe or recurrent infections, such as py-
elonephritis or prostatitis in men, are more likely to be referred to a specialist de-
partment such as urology [14]. This may explain why, in this study, 20% of strains 
came from this department. In addition, with regard to antibiotic resistance in the 
strains tested, our results reveal a worrying situation, particularly for betalactam 
antibiotics and fluoroquinolones, which are commonly used in the treatment of 
urinary tract infections in Ivory Coast [18]. High rates of resistance to betalactam 
antibiotics may be attributed to the production of extended-spectrum β-lac-
tamases (ESBLs) by E. coli, which has been observed in several studies carried out 
in Ivory Coast. 

For example, Daoudi [19] also highlighted increasing resistance to 3rd and 4th 
generation cephalosporins, notably ceftriaxone and cefepime, similar to the high 
rates observed in our study. This may be due to the frequent use of C3Gs in the 
treatment of bacterial infections, and to self-medication or overuse of antibiotics 
[20]. With regard to aminoglycosides, the low level of resistance to amikacin 
(12.5%) confirms the continued efficacy of this antibiotic, as reported in the work 
of Tahou and colleagues, who noted that amikacin remains a therapeutic option 
of choice against resistant urinary tract infections in several health centers in Ivory 
Coast [21]. The alarming rate of resistance to ciprofloxacin (78.57%) also reflects 
trends already observed in Ivory Coast, where this molecule is widely used to treat 
urinary tract infections. Indeed, excessive use of ciprofloxacin has contributed to 
a significant increase in resistance rates, necessitating a reassessment of treatment 
protocols [22]. This situation justifies the need to reinforce antibiotic stewardship, 
promote awareness among prescribers and consider appropriate therapeutic al-
ternatives. In addition, the virulence of E. coli strains, as a major pathogen of uri-
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nary tract infections (UTIs), expresses a variety of virulence genes that enable it 
to colonize the urinary tract, evade the host’s immune defenses and cause infec-
tion [23]. These virulence genes include adhesion factors, toxins, enzymes and 
secretion systems, which vary between strains of uropathogenic E. coli. In elderly 
patients, the ability of E. coli to cause recurrent or severe urinary tract infections 
is often linked to the expression of these factors. Virulence genes common in E. 
coli are FimH: a gene coding for type 1 fimbrial adhesins, papG: coding for P fim-
briae, involved in severe kidney infections, hlyA: this gene codes for hemolysin 
alpha, a toxin that destroys host cells, cnf1: coding for cytotoxic necrotizing factor 
1 and iroN: a siderophore receptor enabling the bacterium to capture iron [24]. 
In this study, only the FimH and hlyA genes were analyzed, and the results showed 
that they were present in 80% of the strains tested. These results are similar to 
those obtained by Johnson et al. [25] in the USA, with a rate of 80%. Furthermore, 
another study showed that over 80% of isolated uropathogenic E. coli strains pos-
sessed the FimH gene [26]. This presence of the gene underlines its essential role 
in uroepithelial cell adhesion and urinary tract colonization. Furthermore, other 
research has confirmed the high prevalence of FimH in strains isolated in urinary 
tract infections, particularly in vulnerable populations such as the elderly and 
pregnant women, due to the ability of this gene to promote the establishment and 
persistence of infections [27]. For example, Russo and Johnson demonstrated that 
E. coli strains carrying FimH are more likely to cause recurrent infections, con-
firming that this virulence factor is crucial for persistent pathogenicity, particu-
larly in elderly patients [28]. On the other hand, the complete absence of the hlyA 
gene in this study differs from some previous research. Yamamoto et al. [29] 
found that hlyA was present in around 30% of isolates from patients with compli-
cated urinary tract infections. One study also reported a low prevalence of HlyA 
in E. coli strains responsible for uncomplicated UTIs [25]. This absence could be 
explained by genetic variability: the HlyA gene, coding for hemolysin A (a toxin), 
is present in some bacterial strains, but not in all. The study may have involved 
strains naturally lacking this gene. In elderly patients, urinary tract infections are 
often linked to physiological changes such as weakened immunity, changes in mi-
crobial flora and incomplete bladder emptying. These factors can favor the prolif-
eration of less virulent but more opportunistic strains of E. coli. 

6. Conclusion 

This study revealed that elderly male patients were the most infected compared 
with females, with a sex ratio of 2.8. In terms of antibiotic resistance, the E. coli 
strains studied showed a high rate of resistance to third-generation cephalospor-
ins, including 81.25% for cefepime and 78.75% for ceftriaxone. Most strains were 
resistant to fluoroquinolones, with a rate of 78.57% for ciprofloxacin. As for mo-
lecular characterization, 80% of the strains analyzed possessed the FimH gene. On 
the other hand, the HlyA gene, coding for a hemolysin, was totally absent in all 

https://doi.org/10.4236/ojmm.2025.152008


E. J. Tahou et al. 
 

 

DOI: 10.4236/ojmm.2025.152008 107 Open Journal of Medical Microbiology 
 

strains. These results underline the urgency of implementing effective antibiotic 
stewardship strategies, as well as ongoing resistance surveillance initiatives in 
Ivory Coast, as recommended in several public health reports. 
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