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a b s t r a c t 

Objectives: This study compares the incidence, clinical features, microbial profiles, and outcomes of urinary tract 
infections (UTIs) in patients aged 65 years and older versus those younger than 65 years. 
Methods: A longitudinal cohort of 1,123 patients was divided into Group A ( ≥ 65 years, n = 560) and Group B 
( < 65 years, n = 563) and followed for 2 years. The study analyzed UTI incidence, clinical features, microbial 
profiles, and outcomes, including recurrence and antibiotic resistance. 
Results: Over 2 years, Group A had a significantly higher UTI incidence (38.0%) compared with Group B (12.8%) 
( P < 0.0001). Complete recovery was less common in Group A (44.6%) than in Group B (70.83%), whereas 
recurrent UTIs and antibiotic resistance were more frequent in Group A (43.5% vs 22.2%, P < 0.0001 and 11.7% vs 
2.78%, P = 0.0017, respectively). Escherichia coli was the most prevalent pathogen in both groups, with Klebsiella 

and Pseudomonas species more common in recurrent UTIs, particularly in older patients. Risk factors for recurrent 
UTIs included advanced age, female sex, diabetes, immunosuppression, and renal stones. 
Conclusions: These findings highlight the need for age-specific UTI prevention and management strategies that 
account for microbial resistance patterns and higher recurrence rates in older patients, addressing clinical and 
microbial challenges. 
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Urinary tract infections (UTIs) are a significant health concern, par-
icularly among older adult populations, constituting a substantial pro-
ortion of bacterial infections [ 1 ]. Although UTIs are prevalent across
arious age groups, their incidence escalates with age, affecting both
exes more equally due to anatomic and physiologic changes [ 2 ]. In
lder adults, the clinical presentation and outcomes of UTIs differ
arkedly from those in younger individuals, necessitating focused re-

earch to optimize management and improve patient outcomes [ 3–5 ]. 
In geriatric patients, UTIs can have profound clinical implications,

otentially leading to detrimental outcomes if not promptly diagnosed
nd appropriately treated. The aging process is associated with nu-
erous physiologic changes, such as decreased immune function, al-

erations in the genitourinary tract, and chronic conditions like dia-
etes and benign prostatic hyperplasia, which increase susceptibility
o infections [ 6 ]. Epidemiologic data underscore the burden of UTIs
n geriatric cohorts, highlighting not only the high incidence rates but
lso the associated risk factors predisposing older men and women
o such infections. Cognitive impairment and functional disabilities,
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ommon in older adults, can further complicate the recognition and
anagement of UTIs, often resulting in delayed treatment and worse

utcomes [ 7 , 8 ]. 
The intricate interplay of physiologic changes, comorbidities, and

ealth care complexities renders UTIs in older adults a multifaceted
hallenge, necessitating a comprehensive understanding of their clinical
eatures and outcomes. Compared with younger cohorts, older patients
xperience more severe UTI outcomes, with higher rates of complica-
ions such as pyelonephritis, sepsis, and increased mortality. A signifi-
ant number of geriatric patients experience recurrent UTIs, defined as
wo or more episodes within 6 months or three in a year, leading to
ncreased morbidity, health care costs, and potential complications. Re-
urrent UTIs are particularly concerning in older individuals due to the
umulative impact on their health, quality of life, and the health care
ystem [ 9 , 10 ]. 

The rise of antimicrobial resistance poses a significant challenge in
reating UTIs, especially in older adult patients with frequent health
are interactions and prior antibiotic use. Antimicrobial resistance com-
licates the management of UTIs, making standard treatments less effec-
ive and leading to prolonged illness and increased risk of severe out-
omes. Older adult populations are more susceptible to infections by
 broader range of pathogens, including multidrug-resistant organisms.
his susceptibility is exacerbated by frequent hospitalizations, the use of

nvasive devices such as catheters, and the presence of multiple comor-
tober 2024 
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idities, which are more common in geriatric patients. Thus, identifying
he specific etiological agents responsible for UTIs in this demographic
s essential for tailoring appropriate antibiotic therapy [ 10 , 11 ]. 

Although previous studies have identified the higher frequency of
TIs and individual risk factors among older patients, there is a scarcity
f longitudinal studies comparing the incidence, etiology, and outcomes
cross different age groups. This limitation hampers our understanding
f the long-term implications and progression of UTIs in older adult
atients. Furthermore, evolving patterns of antibiotic resistance among
lder adult patients with UTI remain inadequately explored, leading to
aps in the optimal management of these infections. 

Therefore, the current longitudinal, prospective cohort study was de-
igned to address critical gaps in understanding the incidence, clinical
eatures, etiology, and outcomes of UTIs in older adults (65 years and
lder) compared with younger patients. This study also evaluates the im-
act of antimicrobial resistance on treatment efficacy, which is crucial
or developing effective management strategies. Our primary research
uestion is: How do the incidence, clinical features, etiology, and out-
omes of UTIs in older adult patients differ from younger patients? 

Understanding these differences is pivotal for clinicians to develop
ge-specific guidelines for diagnosing, treating, and preventing UTIs,
hereby enhancing patient care and reducing the burden of this common
nfection in the aging population. 

atients and methods 

tudy design and setting 

This longitudinal, prospective cohort study was conducted at Prince
attam Bin Abdulaziz University Hospital, Kharj, KSA, from January
021 to February 2024. The study enrolled older adult patients aged 65
ears and older and those younger than 65 years, presenting to the hos-
ital’s outpatient clinics. Exclusion criteria included patients with active
TIs or indwelling urinary catheters at presentation, individuals with a
istory of renal transplant, and those who had received prophylactic an-
ibiotics or immunosuppressive therapy within 5 days before presenta-
ion. Eligible patients provided written informed consent. Patients with
ndwelling urinary catheters were excluded because catheter-associated
TIs have distinct microbiologic profiles and risk factors, which would
ave confounded our findings. Similarly, patients with recent antibiotic
se were excluded to avoid skewing the antibiotic resistance data. 

Both age groups were followed prospectively for 2 years to monitor
he incidence of UTIs. Baseline assessments included demographic data,
edical history, and the presence of new-onset UTI symptoms. Patients
ho consented to join the study were scheduled for physical examina-

ions and urine analysis appointments every 2 months. They were ad-
ised to report to the hospital immediately upon experiencing any symp-
oms suggestive of a UTI, such as dysuria, urgency, frequency, or lower
bdominal discomfort, or if they observed a positive urine dipstick test
esult. The Acute Cystitis Symptom Score (ACSS) was used to assess UTI
ymptoms due to its robust psychometric properties and ease of adminis-
ration. The ACSS includes 18 questions across four categories: “Typical ”
ymptoms (six items), “Differential ” diagnosis (four items), “Quality of
ife ” impact (three items), and “Additional ” factors (five items, such as
enstruation and pregnancy in women). The first three categories use
 Likert scale (0-3) for symptom severity, whereas the last category re-
uires binary “Yes/No ” responses. Asymptomatic cases were defined by
 low total score (less than 4), no individual symptom score exceeding
, and no visible blood in the urine [ 12 , 13 ]. 

aboratory investigations 

Urine analysis was performed every 2 months, and urine cultures
ere performed every 2 months or upon any clinical suspicion of a UTI
2

o identify causative pathogens. The frequency of urine cultures was
onsistent across both groups, and this protocol ensured comparabil-
ty between older and younger patient groups. UTIs were initially diag-
osed by a positive leukocyte esterase dipstick test (Nephurtest + leuco;
oehringer Mannheim, Germany) as previously described [ 14 , 15 ] or
y positive urine microscopy of midstream samples showing ≥ 10
eukocytes/ 𝜇l. In females with clinical findings suggesting UTI, urine
icroscopy was indicated even if the leukocyte esterase dipstick test
as negative. Further investigations included: 

a. Urine culture and sensitivity testing: Standard urine cultures were
performed to identify the causative bacteria or pathogens responsi-
ble for UTIs. Quantitative bacterial colony counts were conducted
to determine infection severity. Cystitis was identified by more
than 1,000 colony-forming units/ml in clean-catch urine speci-
mens, whereas pyelonephritis was diagnosed by detecting more than
10,000 colony-forming units/ml [ 16 , 17 ]. 

b. Biochemical assays, including urea, creatinine, urinary sodium, and
uric acid measurements, were conducted at enrollment and during
follow-up. 

maging studies 

Included ultrasounds, which were performed to assess kidney struc-
ure, identify abnormalities or obstructions, and evaluate for other dis-
ase conditions. Computed tomography scan and magnetic resonance
maging were utilized for selected patients to provide detailed anatomic
nd pathologic assessments. 

tatistical data analysis 

Descriptive statistics summarized the demographic characteristics of
he study population, including age, sex distribution, and comorbidities.
ontinuous variables were presented as means ± SDs or medians with in-
erquartile ranges, depending on their distribution. Categoric variables
ere summarized as frequencies and percentages. The incidence of UTIs
as calculated as the number of new cases per 1,000 person-years for

ach cohort. 
Chi-square tests were used to compare the incidence rates between

he older and younger cohorts and between males and females within
ach group. For our study population, comprising patients with sus-
ected UTIs, to ensure the ACSS’s applicability in our specific study con-
ext, a preliminary pilot study was conducted with a subset of our target
opulation. The ACSS demonstrated high internal consistency (Cron-
ach’s alpha = 0.87) and test-retest reliability (r = 0.83, P < 0.01) in
ur pilot cohort, reaffirming its reliability and validity for assessing UTI
ymptoms in our study population. 

Microbiologic data were analyzed to identify the etiologic agents re-
ponsible for UTIs in both cohorts, with pathogen distribution compared
sing chi-square or Fisher’s exact tests, depending on the expected cell
ounts. Antimicrobial resistance patterns were examined to assess trends
ver time and differences between age groups. 

Outcomes of UTIs, including recurrence rates, antimicrobial resis-
ance, and other complications, were analyzed descriptively and com-
ared between the older and younger cohorts using appropriate statis-
ical tests. Kaplan-Meier curves and log-rank tests were employed to
ompare the time to UTI development between cohorts and within sex
ubgroups. Cox proportional hazards regression analysis was used to
dentify independent predictors of UTI development, adjusting for po-
ential confounders such as age, sex, comorbidities, and other relevant
actors. Stratified analyses explored the impact of these variables on UTI
ncidence and outcomes within each cohort. 

Statistical analysis was performed using IBM SPSS Statistics for Win-
ows, Version 27.0 (IBM Corp., Armonk, New York, USA). 
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Figure 1. Flow of patients through the study. This flowchart illustrates the se- 
lection and progression of patients through the study. Out of 1,308 identified 
patients, 1,123 provided consent to participate. These patients were divided into 
two groups based on age: Group A (560 patients aged > 65 years) and Group B 
(563 patients aged < 65 years). In Group A, 213 patients (70 males and 143 
females) developed UTIs. Among these, 95 patients completely recovered with 
antibiotic treatment, 93 experienced recurrent UTIs, and 25 developed addi- 
tional infections. In Group B, 72 patients (19 males and 53 females) developed 
UTIs. Among these, 51 patients completely recovered with antibiotic treatment, 
16 experienced recurrent UTIs, and two developed additional infections. The 
flowchart details the outcomes for each group, emphasizing the effectiveness of 
antibiotic treatment and the incidence of recurrent UTIs and other diseases. 
UTIs, urinary tract infections. 
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esults 

This prospective cohort study investigated the incidence, risk fac-
ors, clinical features, and outcomes of UTIs in patients aged 65 years
nd older compared with those younger than 65 years, conducted from
anuary 2021 to January 2024. A total of 1,308 patients were initially
dentified, and 1,123 consented to participate, representing an overall
onsent rate of 85.9%. The study population was divided into two age
roups: Group A (560 patients aged 65 years or older) and Group B (563
atients younger than 65 years). 

atient demographics 

The study included 1,123 patients: 560 in Group A and 563 in Group
. The mean ages were 69.12 ± 4.66 years for Group A and 39.08 ±
3.14 years for Group B ( P < 0.0001). Comorbidities such as diabetes,
yslipidemia, hypertension, autoimmune diseases, immunosuppression,
eurologic diseases, chronic liver diseases, and gastrointestinal disor-
ers were more common in Group A (69.46%) compared with Group B
19.36%) ( Figure 1 , Table S1 ). 

ncidence of UTIs 

In Group A, 213 out of 560 patients (38.0%) developed a UTI, with
n incidence of 380.36 per 1,000 individuals over 2 years and an annual
ncidence rate of 190.18 per 1,000 person-years. Group A males had an
ncidence of 307.02 per 1,000 males over 2 years, whereas females had
3

n incidence of 430.72 per 1,000 females over 2 years. In Group B,
2 out of 563 patients (12.8%) developed a UTI, with an incidence of
27.91 per 1,000 individuals over 2 years and an annual incidence rate
f 63.96 per 1,000 person-years. The incidence rates for Group B males
nd females were 72.52 and 176.08 per 1,000 over 2 years, respectively
 Figure 1 ). 

These findings indicate a significantly higher incidence of UTIs in
he older cohort compared with the younger cohort ( 𝜒2 = 35.41, P
 0.0001), suggesting age is a significant risk factor. Females had higher

ncidence rates than males in both age groups. 

TI outcomes 

UTI outcomes were categorized into complete recovery, recurrent
TI, resistant infections, and asymptomatic bacteriuria. In Group A,
5 patients (44.6%) achieved complete recovery, whereas 33 (15.5%)
ad asymptomatic bacteriuria, all recovered completely. Recurrent UTI
as observed in 93 patients (43.7%), with 24 developing cystitis and
0 developing pyelonephritis. In addition, 25 patients (11.7%) experi-
nced resistant UTIs, with seven developing cystitis and four developing
yelonephritis. 

In Group B, 51 patients (70.83%) recovered completely, includ-
ng 12 with asymptomatic bacteriuria. Recurrent UTI was observed in
6 patients (22.2%), with four developing cystitis and two develop-
ng pyelonephritis. Resistance to antibiotics was noted in two patients
2.78%). Statistical analysis revealed significant differences between
he two age groups regarding UTI outcomes. Older adult patients were
ess likely to recover entirely and more likely to experience recurrent
TIs and antibiotic-resistant infections than younger patients ( Table 1 ,
igure 1 ). Group A (older adults, ≥ 65 years) experienced significantly
arlier UTI recurrences compared with Group B (younger, < 65 years).
he log-rank test demonstrated a statistically significant difference in
ecurrence rates between the two groups ( P < 0.0001). Notably, the sep-
ration between the curves becomes evident within the first 6 months,
ith Group A showing a higher cumulative recurrence rate during this
eriod. At 12 months, 33.5% of patients in Group A had experienced a
ecurrence compared with only 14.2% in Group B ( P = 0.002). By the
4-month mark, the recurrence rate in Group A had increased to 43.5%
ompared with 22.2% in Group B ( P < 0.0001) (Figure S1). 

linical features of enrolled patients with UTI 

Table 1 outlines the UTI outcomes and clinical features in Group A
 ≥ 65 years) and Group B ( < 65 years). A significantly higher proportion
f females in Group B (72.22%) developed UTI compared with Group
 (52.58%) ( 𝜒2 = 8.495, P = 0.0035). Group B patients had a signifi-
antly higher recovery rate (70.83%) compared with Group A (44.6%)
 𝜒2 = 12.291, P = 0.0005). Older patients showed a higher UTI recur-
ence rate (43.5%) compared with Group B (22.2%) ( 𝜒2 = 26.69, P
 0.0001). Resistance to UTI treatment was higher in Group A (11.7%)
ompared with Group B (2.78%) ( 𝜒2 = 9.841, P = 0.0017). 

Clinical manifestations varied significantly between the two age
roups. Increased urination frequency and urgency were significantly
ore common in Group A (89.2% and 88.7%, respectively) compared
ith Group B (47.2% and 37.5%, respectively) ( P < 0.0001 for both

ymptoms). Dysuria was also more common in Group A (62%) compared
ith Group B (34.7%) ( P < 0.0001). Suprapubic and flank pain were
ore prevalent in Group A (55.4%) than in Group B (25%) ( P < 0.0001

nd P = 0.0012, respectively). Hematuria, urinary incontinence, and
isorientation were present in Group A but absent in Group B. Fever
as more prevalent in Group B (40.3%) than in Group A (14.55%) ( P
 0.0001). Fatigue was more prevalent in older patients (81.2%) than

n younger patients ( P < 0.0001). There was no significant difference in
symptomatic bacteriuria between the groups (15.49% in Group A vs
6.67% in Group B) ( Table 1 ). 
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Table 1 

UTI outcome and clinical features in Group A and B patients. 

Variable Group A ( ≥ 65) patients who 
developed UTI (n = 213) 

Group B patients who 
developed UTI ( < 65) 
(n = 72) 

𝜒2 (Chi-square) P -value 

Females; n (%) 112 (52.58) 52 (72.22) 8.495 0.0035 a 

Males; n (%) 101 (47.42) 20 (38.46) 
UTI outcome 

Recovery; n (%) 95/213 (44.6) 51/72 (70.83) 12.291 0.0005 a 

Recurrence; n (%) 93/213 (43.5) 16/72 (22.2) 26.699 < 0.0001 a 

Cystitis, n (%) 24/93 (25.8) 4/16 (25) 
Pyelonephritis; n (%) 10/93 (10.75%) 2/16 (12.5%) 
Resistance; n (%) 25/213 (11.7) 2/72 (2.78) 9.841 0.0017 a 

Cystitis; n (%) 7/25 (28%) 1/2 (50) 
Pyelonephritis; n (%) 4/25 (16%) 1/2 (50) 
Clinical manifestations 

Increased urination frequency; n (%) 190 (89.2) 34 (47.2) 56.371 < 0.0001 a 

Urgency; n (%) 189 (88.7) 27 (37.5) 76.974 0.0001 a 

Dysuria; n (%) 132 (62.0%) 25 (34.7) 16.150 0.0001 a 

Suprapubic pain; n (%) 118 (55.4) 18 (25.0) 19.932 0.0001 a 

Flank pain; n (%) 39 (18.3) 2 (2.8) 10.540 0.0012 a 

Incontinence; n (%) 23 (10.8) 0 (0) 8.457 0.0036 a 

Fever; n (%) 31 (14.55) 29 (40.3) 21.424 < 0.0001 a 

Fatigue; n (%) 173 (81.2) 18 (25.0) 76.946 < 0.0001 a 

Disorientation; n (%) 27 (12.67) 0 (0) 10.082 0.0015 
Asymptomatic bacteriuria; n (%) 33(15.49) 12 (16.67) 0.056 0.8133 

UTI, urinary tract infection. 
Table 1 presents a comparison of UTI outcomes and clinical features between Group A patients ( ≥ 65 years old) and Group B patients ( < 65 years old). The data 
includes the number and percentage of females and males in each group and various UTI outcomes, such as recovery, recurrence, cystitis, pyelonephritis, and 
resistance rates. In addition, the table highlights the clinical manifestations observed in both groups, such as increased urination frequency, urgency, dysuria, 
suprapubic pain, flank pain, incontinence, fever, fatigue, disorientation, and asymptomatic bacteriuria. Chi-square tests were used for categoric variables, and 
t-tests were used for continuous variables. 

a Statistical significance is indicated by the chi-square ( 𝜒2 ) values and corresponding P -values, with values marked by indicating a statistically significant 
difference between the groups. 
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icrobial profile and demographics according to UTI outcome 

Table 2 summarizes the microbial profile, demographics, and comor-
idities of older adults ( ≥ 65 years, Group A) and younger patients ( < 65
ears, Group B) who developed UTIs. Escherichia coli was prevalent in
oth groups, with significant differences ( P = 0.024). In Group A, pa-
ients with resolved UTIs had a higher prevalence of E. coli (42.12%)
ompared with those with recurrent (33.33%) or resistant UTIs (36%).
n Group B, E. coli was most prevalent in resolved UTIs (52.94%). Kleb-

iella was more prevalent in recurrent UTIs in Group A (40.8%) than re-
olved (31.58%) or resistant UTIs (40%). In Group B, Klebsiella was most
revalent in resolved UTIs (21.57%) ( P = 0.044). Significant differences
n Pseudomonas were observed in both groups, with higher prevalence
n recurrent UTIs (Group A: 21.51%, Group B: 37.5%) ( P = 0.041). 

A significantly higher proportion of females in Group B had resolved
TIs (41.18%, P = 0.0209). Diabetes mellitus was significantly higher

n recurrent UTIs in both groups (Group A: 96.77%, Group B: 56.25%)
 P < 0.0001). Dyslipidemia was frequent among patients with recurrent
TIs in both groups (Group A: 50.54%, Group B: 100%) ( P = 0.00073).
besity was highly prevalent in recurrent UTIs (Group A: 56.99%, Group
: 81.25%) ( P < 0.0001). Prostatic disorders in males and vaginal in-
ections in females were significantly higher in recurrent UTIs in both
roups (Group A: 21.5%, Group B: 62.5%) ( P = 0.00003). 

ntibiotic resistance patterns 

Antibiotic resistance tests revealed the highest resistance in Group
 to cefixime (six patients), ceftazidime (four patients), nalidixic acid

four patients), amikacin (four patients), cotrimoxazole (three patients),
nd gentamicin (two patients). In Group B, resistance was observed to
efixime (two patients) and ceftazidime (one patient). Group A’s lowest
esistance was ceftriaxone, cefotaxime, and nitrofurantoin (one patient
ach). Both groups showed no resistance to levofloxacin ( Figure 2 ). 
4

isk factors for UTI recurrence 

Logistic regression analysis identified several significant factors as-
ociated with recurrent UTIs in older adult patients ( Table 3 ). Older
ge ( > 65 years) was significantly associated with a higher risk of
TI recurrence, with each additional year increasing the likelihood by
4.18% (odds ratio: 1.1418, 95% confidence interval: 1.0981-1.1873,
 < 0.0001). Females were over four times more likely to experience
ecurrent UTIs than males (odds ratio: 4.2871, 95% confidence inter-
al: 2.3170-7.9323, P = 0.0069). Diabetes and higher body mass index
ignificantly increased the risk of recurrent UTIs ( P < 0.0001). Immuno-
uppression due to malignancies, autoimmune diseases, or drugs was
ignificantly associated with UTI recurrence ( P = 0.0406). 

The presence of renal stones significantly increased the risk of re-
urrent UTIs ( P < 0.038). Prostate disorders in males and gynecologic
iseases in females were also significant risk factors for UTI recurrence,
ith P -values of < 0.0001 and < 0.0025, respectively. These findings
ighlight the multifactorial nature of UTI recurrence in older adult pa-
ients, emphasizing the importance of considering age, sex, comorbidi-
ies, and specific urogenital conditions in managing and preventing re-
urrent UTIs. 

iscussion 

This study provides comprehensive data on the incidence, clinical
eatures, and outcomes of UTIs in older adult patients compared with
ounger individuals. The results indicate that the incidence of UTIs is
ubstantially higher in patients aged 65 years and older compared with
hose younger than 65 years, aligning with previous studies [ 18–21 ] that
nderscore the increased susceptibility to UTIs with age. Older adults’
eightened risk of UTIs may be attributed to physiologic changes, co-
orbidities, and increased health care interactions. These factors high-

ight the necessity for age-specific strategies in managing UTIs. 
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Table 2 

Microbial profile, demographics, and comorbidities of the study groups according to the outcome of UTI. 

Parameter Group A ( ≥ 65) patients who developed UTI (n = 213) Group B ( < 65) patients who developed UTI (n = 72) Significance 

UTI outcome 
Resolved UTI 

(n = 95) 

Recurrent UTI 

(n = 93) 

Resistant UTI 

(n = 25) 

Resolved UTI 

(n = 51) 

Recurrent UTI 

(n = 16) 

Resistant UTI 

(n = 2) 

Uropathogenic organism 

Escherichia coli ; n (%) 40 (42.12) 31 (33.33) 9 (36) 27 (52.94) 6 (37.5) 1 (50) X2 : 7.391 P : 0.024 
Klebsiella ; n (%) 30 (31.58) 38 (40.8) 10 (40) 11 (21.57) 3 (18.75) 1 (50) X2 : 6.226 P : 0.044 
Enterococcus ; n (%) X2 : X2 : 9 (9.47) 6 (6.45) 

2.01481 
2.01481 

2 (8) 5 (9.8) 1 (6.25) 0 X2 : 1.2063 P : 0.54 

Pseudomonas ; n (%) 6 (6.32) 20 (21.51) 6 (24) 3 (5.88) 6 (37.5) 1 (50) X2 : 6.3570 P : 
0.041a 

Staphylococcus ; n (%) 7 (7.37) 7 (7.53) 1 (4) 2 
4.8% 

0 0 X2 : 2.0148; 
P = 0.365 

Mixed organisms; n (%) 4 (4.21) 7 (7.53) 2 (8) 6 (11.56) 0 0 X2 : 7.2; 
P = 0.0273a 

Patients’ characteristics 
Female; n (%) 35 (16.43) 56 (26.29) 21 (9.96) 27 (41.18) 10 (62.5) 2 (100) X2 :7.729 

P = 0.0209a Male; n (%) 48 (22.54) 44 (20.66) 9 (4.23) 24 (47.06) 6 (37.5) 0 
Diabetes n (%) 84 (88.4) 90 (96.77) 24(96) 38 (88.24) 16 (56.25) 2 (100) X2 : 18.741 

P = 0.000085b 

Dyslipidemia n (%) 37 (38.95) 47 (50.54) 17 (68) 30 (58.8) 16 (100) 0 X2 : 14.4266 
P = 0.00073b 

Hypertension 42 (44.21) 42 (45.16) 11 (44) 32 (62.75) 13 (81.25) 0 X2 : 11.215 
P = 0.003b 

Obesity 29 (30.53) 53 (56.99) 21 (84) 28 (54.9) 13 (81.25) 2 (100) X2 : 18.406 
P < 0.0001b 

Immunosuppression 2 (2.11) 21 (22.58) 6 (24) 2 (3.92) 10 (62.5) 2 (100) X2 : 0.7635 
P = 0.682 

Chronic liver disease 8 (8.42) 3 (3.22) 1 (4) 14 (27.45) 10 (62.5) 0 X2 : 2.7062 
P = 0.258 

Renal stones 7(7.37) 18 (19.35) 6 (24) 4 (7.84) 8 (11.76) 1(50) X2 : 1.0474 
P = 0.592 

Gastrointestinal disorders 32 (33.68) 36 (38.7) 5 (20) 33 (64.7.) 13 (25.49) 2(100) X2 : 5.8303 
P = 0.054 

Vaginal or cervical disease in females 4 (4.21) 20 (21.5) 12 (48) 21 (41.7) 10 (62.5) 2 (100) X2 : 20.98 
P = 0.00003b 

Enlarged prostate in males 20 (31.58) 31 (33.33) 14 (16) 8 (15.69) 16 (100) 0 X2 : 6.4008 
P = 0.0407a 

UTIs, urinary tract infections. 
This table presents the microbial profile, demographic characteristics, and comorbidities of Group A ( ≥ 65 years old) and Group B ( < 65 years old) patients who 
developed UTIs. The data is categorized based on the outcome of UTI: resolved, recurrent, or resistant. The table includes the distribution of uropathogenic organisms 
( Escherichia coli, Klebsiella, Enterococcus, Pseudomonas, Staphylococcus , and mixed organisms) among the groups, along with their respective chi-square ( 𝜒2 ) values 
and P -values, indicating statistical significance where applicable. In addition, it details patients’ characteristics (sex distribution) and comorbid conditions (diabetes, 
dyslipidemia, hypertension, obesity, immunosuppression, chronic liver disease, renal stones, gastrointestinal disorders, vaginal or cervical disease in females, and 
enlarged prostate in males). Statistically significant differences between the groups are highlighted with P -values, with values marked by a and b indicating 
significance levels. 

Table 3 

Logistic regression analysis of risk factors for recurrent UTIs in older adult patients. 

Variable Coefficient Standard error Wald P Odds ratio 95% Confidence interval 

Age 0.10711 0.0093240 131.9561 < 0.0001 1.1418 1.0981-1.1873 
Sex 0.53446 0.19800 7.2861 0.0069 4.2871 2.3170-7.9323 
Diabetes 0.12431 0.017063 53.0783 < 0.0001 0.12431 0.017063 
BMI 1.58094 0.13540 136.3342 < 0.0001 1.58094 0.13540 
Immunosuppression 0.19429 0.32511 3.3415 0.0406 1.2143 1.0094-1.4620 
Hypertension 0.00033392 0.0027455 0.01479 0.8032 0.9937 0.9816-1.0060 
Renal stones 0.56860 0.13189 6.5870 < 0. 048 0.56860 0.13189 
Prostate enlargement in males 0.077751 0.0047897 263.5118 < 0.0001 1.1859 0.9245-1.5212 
Gynecologic diseases in females 0.64035 0.183178 8.2603 < 0.0025 .4054 1.3483-1.4650 
Liver diseases 0.17048 0.12704 1.8007 0.1796 0.17048 0.12704 
Gastrointestinal disorders -0.0094388 0.0051051 3.4185 0.0645 0.9906 0.9807-1.0006 

BMI, body mass index; UTIs, urinary tract infections. 
This table presents a logistic regression analysis results identifying risk factors for recurrent UTIs in older adult patients. The variables analyzed include age, sex, 
diabetes, BMI, immunosuppression, hypertension, renal stones, prostate enlargement in males, gynecologic diseases in females, liver diseases, and gastrointestinal 
disorders. The table displays each variable’s coefficient, standard error, Wald statistic, P -value, odds ratio, and 95% confidence interval. Statistically significant 
risk factors are indicated by P -values, with significant variables affecting the likelihood of recurrent UTIs highlighted accordingly. 
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Figure 2. (a) Heatmap of antibiotic resistance patterns in uropathogenic bac- 
teria in group A (patients aged ≥ 65 years). (b) Heatmap of antibiotic resistance 
patterns in uropathogenic bacteria in group B (patients aged < 65 years). 
The figure illustrates the percentage susceptibility of various bacterial isolates 
to different antibiotics among the two age groups: Group A ( ≥ 65 years) and 
Group B ( < 65 years). The bacterial isolates included Escherichia coli, Klebsiella, 

Enterococcus, Pseudomonas, Staphylococcus , and mixed organisms. The antibi- 
otics tested were levofloxacin, amikacin, cefixime, ceftazidime, nitrofurantoin, 
ciprofloxacin, gentamicin, cotrimoxazole, nalidixic acid, cefotaxime, and ceftri- 
axone. This heatmap highlights significant differences in resistance percentages 
in the two study groups. 
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Our study also found a notably higher incidence of UTIs in females
cross both age groups, consistent with previous research [ 18 , 21–23 ].
natomic and hormonal differences likely contribute to the increased
usceptibility of women to UTIs. In addition, older patients in the cur-
ent study often present with atypical symptoms or less pronounced
anifestations, such as urgency, suprapubic pain and flank pain, hema-

uria, urinary incontinence, and disorientation rather than the classic
TI symptoms seen in younger populations, which can lead to delays in
iagnosis and initiation of appropriate treatment, increasing the risk of
omplications such as pyelonephritis and sepsis in the older cohort. In-
orporating these insights into clinical practice can improve early recog-
ition of UTIs in older adults, allowing prompt treatment and reducing
he risk of recurrence, antibiotic resistance, and other complications. 

The atypical presentations, including vague or nonspecific symptoms
ike fatigue or confusion, necessitate a high index of suspicion from
linicians. Diagnostic approaches must be tailored to this population,
ith careful consideration of underlying comorbidities such as diabetes,
hich may further obscure typical UTI symptoms. Routine screening for
symptomatic bacteriuria should also be considered in high-risk older
dult patients, especially those with recurrent UTIs, to enable timely
ntervention. 

Significant differences in UTI outcomes between the two age groups
ere observed. Older patients had a lower rate of complete recovery
nd experienced significantly earlier and more frequent UTI recurrences
nd antibiotic-resistant infections compared with younger patients. Fur-
6

hermore, E. coli remains the predominant pathogen in older adults and
ounger patients, as observed in our study and corroborated by reports
rom Europe, Asia, and the Americas [ 24–27 ]. However, we found Kleb-

iella and Pseudomonas species to be more prevalent in recurrent UTIs in
lder adult patients. This trend has also been reported in studies from
outheast Asia and South America, where patients with recurrent UTI,
articularly those with comorbidities like diabetes, showed higher resis-
ance rates and increased prevalence of these organisms. These findings
re concerning, given the global rise in antimicrobial resistance. Previ-
us research [ 28–30 ] has shown that older adult patients are particu-
arly vulnerable to antimicrobial resistance due to frequent antibiotic
se and comorbid conditions necessitating repeated health care inter-
entions. Routine screening for UTIs in older adults, especially those
ith comorbid conditions such as diabetes and immunosuppression,

hould be prioritized to enable early detection and timely intervention,
reventing complications and improving patient outcomes. 

The study observed the highest resistance rates with cefixime, cef-
azidime, nalidixic acid, amikacin, cotrimoxazole, and gentamicin, with
lmost no resistance noted for levofloxacin and ciprofloxacin. How-
ver, antibiotic resistance patterns in UTIs exhibit significant variabil-
ty across different populations, age groups, and geographic regions.
hese findings are consistent with reports from other regions, where
lder adult populations are also observed to have higher resistance rates,
ikely due to increased antibiotic exposure and frequent health care in-
eractions. Compared with data from European and North American
tudies, our findings align with increasing resistance to commonly used
ntibiotics for UTI treatment, such as trimethoprim-sulfamethoxazole
TMP/SMX) and cephalosporins in older adults [ 28–31 ]. For exam-
le, a study from Southern Italy showed that the three most isolated
athogenic strains were E. coli (72.2%), Klebsiella pneumoniae (12.4%),
nd Proteus (9.0%), with high resistance rates to cephalosporins, ampi-
illin, and amoxicillin–clavulanic acid [ 32 ]. 

Furthermore, reports from Asia, specifically in older adult popula-
ions in China and Japan, highlight resistance patterns against amikacin
nd cefixime, mirroring our observations. In Asia, the prevalence and
esistance patterns of UTIs among hospitalized urology patients high-
ight notable regional differences, underscoring the importance of local-
zed antibiotic stewardship [29,33] . The higher incidence of antibiotic-
esistant UTIs in older individuals necessitates continuous surveillance
f resistance patterns and the development of targeted antibiotic stew-
rdship programs and age-specific treatment guidelines to mitigate the
pread of resistant pathogens. Tailoring antibiotic therapy based on lo-
al resistance patterns and individual patient profiles can enhance treat-
ent efficacy and reduce recurrence risk. 

Logistic regression analysis identified significant risk factors for re-
urrent UTIs in older individuals, including age, female sex, diabetes,
igher body mass index, immunosuppression, renal stones, and prostate
nlargement in males. These findings emphasize the multifactorial na-
ure of UTI recurrence in older adults and support the need for compre-
ensive management approaches addressing these underlying risk fac-
ors, as suggested by other research groups [ 30 ]. Management of UTIs
n older adult patients should adopt a holistic approach, addressing the
nfection and underlying risk factors such as diabetes, obesity, and im-
unosuppression with the engagement of multidisciplinary care teams,

ncluding primary care physicians, geriatricians, and infectious disease
pecialists to provide integrated care and improve patient outcomes. 

The current study has several strengths, including its prospective co-
ort design, comprehensive follow-up, unique cohorts of different ethnic
ackgrounds, and robust data collection on clinical features, outcomes,
nd microbiologic profiles in patients aged 65 years and older and those
ounger than 65 years. However, limitations include potential selection
ias due to the study being conducted at a single center and excluding
atients with specific conditions such as renal transplants and recent
ntibiotic use. Future research should aim to include a more diverse pa-
ient population and explore the impact of various interventions on UTI
revention and management in older adult patients. 
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In conclusion, this study demonstrates that patients aged 65 years
nd older have a higher incidence of UTIs, significantly earlier and more
requent UTI recurrences, and antibiotic resistance than younger pa-
ients. Age- and sex-specific strategies are crucial for preventing and
anaging UTIs, focusing on addressing antibiotic resistance and recur-

ent infections in older adult patients. Implementing these strategies can
nhance patient care and reduce the burden of UTIs in the aging popu-
ation. 

eclarations of competing interest 

The authors have no competing interests to declare. 

unding source 

Prince Sattam University Hospital and Prince Sattam Bin Abdulaziz
esearch Deanship partially supported the study by providing some lab-
ratory kits. 

thical consideration 

The manuscript entitled: The Incidence, Clinical Features and Out-
ome of Urinary Tract Infections in Geriatric Patients: A Prospective Lon-
itudinal Study has received approval from the University Institutional
eview Board (IRB) and Ethical Committee. This approval encompasses

he informed consent process, research proposal, study design, and data
nalysis methods employed in the study. IRB approval number: scBR-
13/2021. 

cknowledgment 

The authors thank Faisal S A Bin Owais and Faisal S. F. Alharbi for
heir assistance in patient recruitment. 

uthor contributions 

Prof. Sanaa Kamal: Study design, conceptualization, data cura-
ion and validation statistical analysis, investigation, methodology,
atients’ recruitment, project administration, patient recruitment, re-
ources, project supervision, manuscript writing, review & editing. Dr.
ohey Nagib and Mohammed Saad Al Qahtani contributed equally to

atient recruitment, the study follow-up, and the article’s drafting. Ab-
ulmajeed Al Mazroua, Abdulaziz M. M. Alshamrani, and Abdallah S.
. Alayyaf contributed to patient recruitment, follow-up, acquisition of
ata, and data entry and interpretation. All authors reviewed the final
anuscript, agreed to submit it for publication, and provided final ap-
roval of the version to be submitted. 

ole of the funding source 

The study’s funder had no role in study design, data collection, anal-
sis, interpretation, or report writing. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi:10.1016/j.ijregi.2024.100469 . 

eferences 

[1] Chenoweth CE. Urinary tract infections: 2021 update. Infect Dis Clin North Am

2021; 35 :857–70. doi: 10.1016/j.idc.2021.08.003 . 
[2] Vazquez-Montes MDLA, Fanshawe TR, Stoesser N, Walker AS, Butler C, Hayward G.

Epidemiology and microbiology of recurrent UTI in women in the community in Ox-
fordshire. UK. JAC Antimicrob Resist 2024; 6 :dlad156. doi: 10.1093/jacamr/dlad156 .
7

[3] Nicolle LE. Urinary tract infections in the older adult. Clin Geriatr Med 2016; 32 :523–
38. doi: 10.1016/j.cger.2016.03.002 . 

[4] Akhtar A, Ahmad Hassali MA, Zainal H, Ali I, Khan AH. A cross-sectional assess-
ment of urinary tract infections among geriatric patients: prevalence, medication
regimen complexity, and factors associated with treatment outcomes. Front Public

Health 2021; 9 :657199. doi: 10.3389/fpubh.2021.657199 . 
[5] Genao L, Buhr GT. Urinary tract infections in older adults residing in long-term care

facilities. Ann Longterm Care 2012; 20 :33–8 . 
[6] Schmauck-Medina T, Molière A, Lautrup S, Zhang J, Chlopicki S, Madsen HB, et al.

New hallmarks of ageing: a 2022 Copenhagen aging meeting summary. Aging (Al-

bany NY) 2022; 14 :6829–39. doi: 10.18632/aging.204248 . 
[7] Becher KF. Harnwegsinfektionein Update [urinary tract infection in the elderly -

update]. MMW Fortschr Med 2023; 165 :42–4. doi: 10.1007/s15006-023-2336-y . 
[8] Teissier T, Boulanger E, Cox LS. Interconnections between inflammageing and im-

munosenescence during ageing. Cells 2022; 11 :359. doi: 10.3390/cells11030359 . 
[9] Cortes-Penfield NW, Trautner BW, Jump RLP. Urinary tract infection and asymp-

tomatic bacteriuria in older adults. Infect Dis Clin North Am 2017; 31 :673–88.
doi: 10.1016/j.idc.2017.07.002 . 

10] Manseck AS, Otto W, Schnabel M, Denzinger S, Burger M, Spachmann PJ. Geriatric
Patients and Symptomatic Urinary Tract Infections: analysis of Bacterial Range and
Resistance Rates at a 3rd Level of Care Hospital in Germany. Urol Int 2022; 106 :298–
303. doi: 10.1159/000516677 . 

11] Madrazo M, Esparcia A, López-Cruz I, Alberola J, Piles L, Viana A, et al.
Clinical impact of multidrug-resistant bacteria in older hospitalized patients
with community-acquired urinary tract infection. BMC Infect Dis 2021; 21 :1232.
doi: 10.1186/s12879-021-06939-2 . 

12] Alidjanov JF, Khudaybergenov UA, Ayubov BA, Pilatz A, Mohr S, Münst JC, et al.
Linguistic and clinical validation of the acute cystitis symptom score in German-
speaking Swiss women with acute cystitis. Int Urogynecol J 2021; 32 :3275–86.
doi: 10.1007/s00192-021-04864-1 . 

13] Alidjanov JF, Naber KG, Pilatz A, Wagenlehner FM. Validation of the American
English acute cystitis symptom score. Antibiotics 2020; 9 :929. doi: 10.3390/antibi-
otics9120929 . 

14] Little P, Turner S, Rumsby K, Warner G, Moore M, Lowes JA, et al. Dipsticks and
diagnostic algorithms in urinary tract infection: development and validation, ran-
domised trial, economic analysis, observational cohort and qualitative study. Health

Technol Assess 2009; 13 :1–73 iii, ix. doi: 10.3310/hta13190 . 
15] Devillé WL, Yzermans JC, van Duijn NP, Bezemer PD, van der Windt DA, Bouter LM.

The urine dipstick test useful to rule out infections. A meta-analysis of the accuracy.
BMC Urol 2004; 4 :4. doi: 10.1186/1471-2490-4-4 . 

16] Kolman KB. Cystitis and pyelonephritis: diagnosis, treatment, and prevention. Prim

Care 2019; 46 :191–202. doi: 10.1016/j.pop.2019.01.001 . 
17] Bilsen MP, Aantjes MJ, van Andel E, Stalenhoef JE, van Nieuwkoop C, Leyten EMS,

et al. Current pyuria cutoffs promote inappropriate urinary tract infection diagnosis
in older women. Clin Infect Dis 2023; 76 :2070–6. doi: 10.1093/cid/ciad099 . 

18] Gajdács M, Ábrók M, Lázár A, Burián K. Urinary tract infections in elderly patients:
a 10-year study on their epidemiology and antibiotic resistance based on the WHO
access, watch, reserve (AWaRe) classification. Antibiotics (Basel) 2021; 10 :1098.
doi: 10.3390/antibiotics10091098 . 

19] Behcet M, Avcioglu F. Causative agents of urinary tract infections in elderly men
with benign prostatic hyperplasia: a microbiological evaluation. Clin Lab 2021; 67 .
doi: 10.7754/Clin.Lab.2020.200940 . 

20] Lin WH, Wang MC, Liu PY, Chen PS, Wen LL, Teng CH, et al. Escherichia coli
urinary tract infections: host age-related differences in bacterial virulence fac-
tors and antimicrobial susceptibility. J Microbiol Immunol Infect 2022; 55 :249–56.
doi: 10.1016/j.jmii.2021.04.001 . 

21] Sako A, Yasunaga H, Matsui H, Fushimi K, Yanai H, Gu Y, et al. Hospi-
talization for urinary tract infections in Japan, 2010–2015: a retrospective
study using a national inpatient database. BMC Infect Dis 2021; 21 :1048.
doi: 10.1186/s12879-021-06735-y . 

22] Redondo-Sánchez J, Del Cura-González I, Díez-Izquierdo L, Rodríguez-Barrientos R,
Rodríguez-Cabrera F, Polentinos-Castro E, et al. Trends in urinary tract infection hos-
pitalization in older adults in Spain from 2000–2015. PLoS One 2021; 16 :e0257546.
doi: 10.1371/journal.pone.0257546 . 

23] DeRosa A, Wattengel BA, Carter MT, Sellick JA, Lesse AJ, Mergenhagen KA. Admis-
sions and mortality related to urinary tract infections in male veterans with demen-
tia. Sr Care Pharm 2021; 36 :681–6. doi: 10.4140/TCP.n.2021.681 . 

24] Zilberberg MD, Nathanson BH, Sulham K, Shorr AF. Multiple antimicrobial resis-
tance and outcomes among hospitalized patients with complicated urinary tract
infections in the US, 2013–2018: a retrospective cohort study. BMC Infect Dis

2021; 21 :159. doi: 10.1186/s12879-021-05842-0 . 
25] Jernigan JA, Hatfield KM, Wolford H, Nelson RE, Olubajo B, Reddy SC, et al.

Multidrug-resistant bacterial infections in U.S. hospitalized patients, 2012–2017. N
Engl J Med 2020; 382 :1309–19. doi: 10.1056/NEJMoa1914433 . 

26] Shields RK, Zhou Y, Kanakamedala H, Cai B. Burden of illness in US
hospitals due to carbapenem-resistant Gram-negative urinary tract infections
in patients with or without bacteraemia. BMC Infect Dis 2021; 21 :572.
doi: 10.1186/s12879-021-06229-x . 

27] Ahmed H, Farewell D, Jones HM, Francis NA, Paranjothy S, Butler CC. Antibi-
otic prophylaxis and clinical outcomes among older adults with recurrent urinary
tract infection: cohort study. Age Ageing 2019; 48 :228–34. doi: 10.1093/ageing/
afy146 . 

28] Stoltidis-Claus C, Rosenberger KD, Mandraka F, Quante X, Gielen J, Hoff-
mann D, et al. Antimicrobial resistance of clinical Enterobacterales isolates
from urine samples, Germany, 2016 to 2021. Euro Surveill 2023; 28 :22.
doi: 10.2807/1560-7917.ES.2023.28.19.2200568 . 

https://doi.org/10.1016/j.ijregi.2024.100469
https://doi.org/10.1016/j.idc.2021.08.003
https://doi.org/10.1093/jacamr/dlad156
https://doi.org/10.1016/j.cger.2016.03.002
https://doi.org/10.3389/fpubh.2021.657199
http://refhub.elsevier.com/S2772-7076(24)00140-1/sbref0005
https://doi.org/10.18632/aging.204248
https://doi.org/10.1007/s15006-023-2336-y
https://doi.org/10.3390/cells11030359
https://doi.org/10.1016/j.idc.2017.07.002
https://doi.org/10.1159/000516677
https://doi.org/10.1186/s12879-021-06939-2
https://doi.org/10.1007/s00192-021-04864-1
https://doi.org/10.3390/antibiotics9120929
https://doi.org/10.3310/hta13190
https://doi.org/10.1186/1471-2490-4-4
https://doi.org/10.1016/j.pop.2019.01.001
https://doi.org/10.1093/cid/ciad099
https://doi.org/10.3390/antibiotics10091098
https://doi.org/10.7754/Clin.Lab.2020.200940
https://doi.org/10.1016/j.jmii.2021.04.001
https://doi.org/10.1186/s12879-021-06735-y
https://doi.org/10.1371/journal.pone.0257546
https://doi.org/10.4140/TCP.n.2021.681
https://doi.org/10.1186/s12879-021-05842-0
https://doi.org/10.1056/NEJMoa1914433
https://doi.org/10.1186/s12879-021-06229-x
https://doi.org/10.1093/ageing/\penalty -\@M afy146
https://doi.org/10.2807/1560-7917.ES.2023.28.19.2200568


M. Al Qahtani, M.E.D.M. Naghib, A.M.M. Alshamrani et al. IJID Regions 13 (2024) 100469

[  

 

 

[  

 

 

 

[  

 

 

[  

 

 

[  

 

 

29] Tandan M, Sloane PD, Ward K, Weber DJ, Vellinga A, Kistler CE, et al. Antimicro-
bial resistance patterns of urine culture specimens from 27 nursing homes: impact
of a two-year antimicrobial stewardship intervention. Infect Control Hosp Epidemiol

2019; 40 :780–6. doi: 10.1017/ice.2019.108 . 
30] Danilo de Oliveira W, Lopes Barboza MG, Faustino G, Yamanaka Inagaki WT,

Sanches MS, Takayama Kobayashi RK, et al. Virulence, resistance and clon-
ality of Proteus mirabilis isolated from patients with community-acquired uri-
nary tract infection (CA-UTI) in Brazil. Microb Pathog 2021; 152 :104642.
doi: 10.1016/j.micpath.2020.104642 . 

31] Dunne MW, Aronin SI, Yu KC, Watts JA, Gupta V. A multicenter analy-
sis of trends in resistance in urinary Enterobacterales isolates from ambula-
8

tory patients in the United States: 2011–2020. BMC Infect Dis 2022; 22 :194.
doi: 10.1186/s12879-022-07167-y . 

32] Maione A, Galdiero E, Cirillo L, Gambino E, Gallo MA, Sasso FP, et al. Preva-
lence, resistance patterns and biofilm production ability of bacterial uropathogens
from cases of community-acquired urinary tract infections in South Italy. Pathogens

2023; 12 :537. doi: 10.3390/pathogens12040537 . 
33] Choe HS, Lee SJ, Cho YH, Çek M, Tando ğdu Z, et al. Aspects of urinary tract in-

fections and antimicrobial resistance in hospitalized urology patients in Asia: 10-
year results of the Global Prevalence Study of Infections in Urology (GPIU). J Infect

Chemother 2018; 24 :278–83. doi: 10.1016/j.jiac.2017.11.013 . 

https://doi.org/10.1017/ice.2019.108
https://doi.org/10.1016/j.micpath.2020.104642
https://doi.org/10.1186/s12879-022-07167-y
https://doi.org/10.3390/pathogens12040537
https://doi.org/10.1016/j.jiac.2017.11.013

	The incidence, clinical features and outcome of urinary tract infections in geriatric patients: A prospective longitudinal study
	Introduction
	Patients and methods
	Study design and setting
	Laboratory investigations
	Imaging studies
	Statistical data analysis

	Results
	Patient demographics
	Incidence of UTIs
	UTI outcomes
	Clinical features of enrolled patients with UTI
	Microbial profile and demographics according to UTI outcome
	Antibiotic resistance patterns
	Risk factors for UTI recurrence

	Discussion
	Declarations of competing interest
	Funding source
	Ethical consideration
	Acknowledgment
	Author contributions
	Role of the funding source
	Supplementary materials
	References


