
Vol.:(0123456789)1 3

World Journal of Urology (2020) 38:2709–2720 
https://doi.org/10.1007/s00345-020-03159-2

TOPIC PAPER

Treatment of urinary tract infections in the old and fragile

Guohua Zeng1   · Wei Zhu1 · Wayne Lam2 · Ayberk Bayramgil3

Received: 27 October 2019 / Accepted: 4 March 2020 / Published online: 27 March 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Introduction  Urinary tract infection (UTI) is highly prevalent in the frail elderly population. This review aimed to outline 
the diagnostic, treatment, and prevention of UTI in the frail aging population.
Methods  Pubmed and Web of Science search to identify publications until March 2019 relating to the management of UTI 
in the elderly population was performed. A narrative review of the available literature was performed.
Results  64 publications were considered as relevant and included in this review. The diagnosis of symptomatic UTI in the 
old and fragile could be challenging. Routine screening and antimicrobial therapy for asymptomatic bacteriuria should 
not be recommended for frail elderly patients. Cautious choice of antibiotics should be guided by uropathogen identified 
by culture and sensitivity. Understanding local antibiotic resistance rates plays a fundamental part in selecting appropriate 
antimicrobial treatment. Impact of associated adverse effect, in particular those with effects on cognitive function, should be 
considered when deciding choice of antibiotics for symptomatic UTI in the elderlies. Optimal management of comorbidities 
such as diabetes mellitus, adequate treatment of urinary incontinence, and judicious use of urinary catheter is essential to 
reduce the development of UTI.
Conclusion  UTI is a significant but common problem in elderly population. Physicians who care for frail elderly patients 
must be aware of the challenges in the management of asymptomatic UTI, and identifying symptomatic UTI in this popula-
tion, and their appropriate management strategies. There is strong need in studies to evaluate nonantimicrobial therapies in 
the prevention of UTI for the frail elderly population.
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Introduction

Urinary tract infections (UTIs) are extremely common, 
affecting 150 million people each year worldwide [1]. Frail 
elderly patients, often associated with a range of disabilities 
as incontinence, immobility, and cognitive impairment, are 
at particularly high risk for the development of UTIs [2]. 

This is likely due to the altered physiology in this popula-
tion that increases their susceptibility to both infection and 
urinary bacterial overgrowth. UTIs are the leading causes 
of bacteremia, need of systemic antimicrobial therapy, hos-
pitalization, decreased functional status, urosepsis, or even 
death in frail elderly patients [3].

Correct diagnosis of UTI is challenging in the elderly 
population. They often lack typical signs and symptoms, 
but rather present with very wide variation of non-specific 
presenting symptoms including malaise, eating disorders, 
tiredness, or generalized weakness [4]. Furthermore, the 
specimen collection is sometimes difficult for frail elderly. 
As such, misdiagnosis of UTI in this population is not 
uncommon. Literature reported that UTI was erroneously 
diagnosed in 40% of the elderly in hospital [5], with fre-
quent over-diagnosis and subsequent overtreatment. Antibi-
otic therapy may be prescribed for symptoms that represent 
bladder dysfunction or localized vaginal symptoms rather 
than true UTIs, and thus will not confer the intended benefit.
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There are many challenges to diagnosing and treating UTI 
specifically in the frail elderly population because of a lack 
of evidence-based guidelines. The purpose of this review 
is to identify age-related changes which increase the risk 
of UTI, challenges in correctly making the diagnosis in the 
aging patients, and to outline the treatment and prevention 
of UTI in the frail elderly population.

Methods

We performed a narrative review through the PubMed and 
Web of Science databases for relevant articles in English 
published until March 2019. The search was performed 
using the following keywords: “urinary tract infection”, 
“elderly”, “frail”, and “asymptomatic bacteriuria.” Origi-
nal research articles, reviews, abstracts, and opinion articles 
were included and reviewed by all the authors.

Various concepts for frailty have been suggested, but 
no formal consensus has yet been achieved. In this review, 
people over 65 years of age who meets at least three of fol-
lowing clinical features (low grip strength, weight loss, low 
levels of activity, low energy, and slowed walking speed) 
were defined as “frail elderly” according to the standardized 
definition proposed by Fried et al. [3]

The literature searches identified 701 publications, which 
were screened for inclusion. Finally, 64 publications were 
considered as relevant and included in this review.

Prevalence

The prevalence of UTI increases with age in both sexes, 
and increases from 12 to 29 per 100 person years at risk in 
community-dwelling elderly populations to 44–58 per 100 
residents per year at risk in long-term care facilities [4, 6–8]. 
UTI is second only to respiratory infections in elderly popu-
lations older than aged 65 years [9].

Asymptomatic bacteriuria

Asymptomatic bacteriuria is defined as the presence of bac-
teria in urine on microscopy or quantitative culture, with-
out symptoms suggestive of UTI [10]. The prevalence of 
asymptomatic bacteriuria rises with age in both male and 
female, and is very common in the elderly population. How-
ever, its significance remains unclear. In man, asymptomatic 
bacteriuria is present in nearly 10% of men over the age of 
80 in the community [11], and between 15 to 40% of male 
residents of long-term care facilities [6]. For women, the 
prevalence of asymptomatic bacteria rises from 3.5% in the 
general population to 16% to 18% in women over 70 years 
of age. Some epidemiological studies even reported that 
asymptomatic bacteriuria affects up to 50% of older women 

[12, 13]. This is likely attributed to the development of vul-
vovaginal atrophy caused by the altered relationship between 
estrogen, production of glycogen, and Lactobacilli coloniza-
tion in the elderly women. The colonization by Lactobacilli 
decreases vaginal pH through the production of lactic acid 
via glucose metabolism, subsequently decreases the defense 
ability against harboring bacteria. Other factors such as pel-
vic organ prolapse and urinary incontinence in the elderly 
female population also play important roles in increasing 
their risk in developing bacteriuria.

The high incidence of asymptomatic bacteriuria is a 
remarkable aspect of institutionalized elderly people: from 
25 to 50% of women and 15% to 40% of men [4]. The inci-
dence is especially higher in the severely disabled elderlies. 
It is also important to note that the use of long-term urinary 
catheters, not an uncommon practice amongst the elderly 
population, predisposing them to develop asymptomatic 
bacteriuria. The incidence of asymptomatic bacteriuria in 
individuals increases by 3–10% per day, eventually reaching 
100% in patients with chronic indwelling catheters [14]. One 
way to decrease the prevalence of asymptomatic bacteriuria 
in patients requiring a long-term catheter is to consider the 
use of condom-based catheter [15, 16]. It is also interesting 
to note that up to 90% of the aging population also have 
asymptomatic pyuria, which is significantly higher than the 
younger population.

Fundamentally, clinicians should be able to firmly coun-
sel patients that asymptomatic bacteriuria is generally a 
benign condition in older populations, and should not require 
antimicrobial treatment. Importantly, it has been established 
that the presence of asymptomatic bacteriuria is not linked to 
long-term adverse effects, such as cardiovascular diseases, 
renal failure, genitourinary diseases, or reduced survival 
time [10].

UTI

UTI is generally defined as an infection that affects part of 
the urinary tract [17]. Definition of symptomatic UTI var-
ies significantly across previous epidemiological studies. 
Therefore, defining the true incidence of UTI in the elderly 
population has been challenging. UTI is a very common 
problem in the elderly population. The prevalence of UTI 
is higher in older females when compared with the male 
counterpart, and the magnitude of this gender difference is 
significantly wider when compared with the younger popu-
lation. Among community-dwelling older adults, the preva-
lence of UTI ranges from 0.07 in postmenopausal women 
per person per year [18] to 0.01 per person per year in adults 
over 85 [19]. In men, the estimated annual incidence of UTI 
ranges from 0.05 in men between 65 and 74 years of age, and 
rise to 0.08 in men over the age of 85 [20]. UTI is a leading 
cause for American nursing home residents requiring acute 
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hospital admission, but UTI itself is seldom a direct cause 
of mortality in this group of patients [7]. However, increased 
mortality was reported in elderly patients with long-term 
indwelling catheters [21], although it is important to note 
that this cohort of patients in general are associated with 
multiple comorbidities with significant functional impair-
ment. The reported excess in mortality in patients with long-
term indwelling catheter is, therefore, expected.

Risk factors

Risk factors for developing UTI in older people are differ-
ent from the younger population. Age-associated cognitive 
impairment, immunologic abnormality, and increasing num-
ber of comorbidities made older people more susceptible to 
UTI. Table 1 summarized the common risk factors for UTI 
in the elderly population.

Urinary incontinence

Urinary incontinence is common and appears to be an 
important risk factor for UTI in the frail elderly population. 
The results from a population-based cases study of women 
aged 55–75 years showed that urinary incontinence was 
related to the rise of UTI. A previous study demonstrated 
that urinary incontinence with a frequency of greater than 
once monthly was independently associated with UTI risk 
factor (OR 1.36; 95% CI 1.03–1.78). The amount of urine 
lost, however, was not a significant risk factor of UTI in the 
same study [22]. Caljouw et al. [6] carried out a population-
based prospective follow-up study of 86-year-old people 
and found self-reported urinary incontinence was one of 
the strongest predictors for UTI development in this cohort 
of studied population. It has been postulated that as urine 

leaks out of the lower urinary tract, the process creates an 
environment which acts as a medium for bacteria to develop 
and ascend into the urinary tract.

Cognitive impairment

Elderly patients with Alzheimer’s disease or dementia have 
reduced cognitive and functional capacities which progress 
over time. As symptoms worsen, this group of patients may 
have significant difficulty in communicating symptoms and 
presentation. The diagnosis of UTI may be challenging and 
often delayed. Maintaining good general hygiene in elderly 
patients with cognitive impairment could be difficult, and 
access for extra care is desperately needed but often limited. 
In patients with advanced dementia, the ability in the volun-
tary control of both bladder and bowel urges declines. This, 
together with reduced physical mobility, may also contribute 
to the increased risk of UTI development in this population. 
Several studies demonstrated that impaired cognitive status 
predict the development of UTI amongst the elderlies [6, 
23].

Immunologic abnormality

The immune system is an important host-defense system 
essential to protect against diseases for maintenance of life. 
However, the immune system function declines with age, 
with decreased humoral and cellular immune reactivity [24]. 
This leads to immune senescence and the acquired immune 
deficiency in the frail elderlies, compromising their immune 
response and increases the risk of developing UTI. There are 
many reasons why the immune system effectiveness declines 
with age, all of which are essential for clinicians to appreci-
ate to reduce risk of UTI in this cohort of patients. These 
risk factors can generally be divided into host factors and 
social factors. Host factors include associated comorbidities 
(e.g., diabetes, renal failure), medication use (e.g., immuno-
suppressant), micturition dysfunction, metabolic changes, 
and immune senescence. Social factors may include poor 
nutrition, residing in a long-term care facility and poor 
understanding of prevention [25]. When UTI is developed 
in this population, the immune response is, therefore, less 
potent or effective, and as such morbidity and mortality in 
this population is comparatively higher.

Prostatic disease

Benign prostate hyperplasia (BPH) is a common risk factor 
leading to UTI in older men. BPH causes urinary outflow 
obstruction and urinary stasis, which promotes coloniza-
tion of bacteria into the bladder. High post-void residual 
and urinary stasis result from chronic obstruction have been 

Table 1   Common risk factors for UTI in the old and fragile

Common risk factors for UTI in the old and fragile

General
 Urinary incontinence
 Cognitive impairment
 Immunologic abnormality
 Chronic indwelling catheter
 Diabetes Mellitus
 Urologic obstruction
 Neurogenic bladder
 Recent urologic instrumentation

Older men
 Prostatic disease

Older women
 Cystocele
 Atrophic vaginitis
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described to be important risk factors for the development of 
asymptomatic bacteriuria and UTI in older man [26].

Diabetes mellitus

Bacteriuria and UTI occur more commonly in older adults 
with diabetes than in people without this disease. Severe 
UTI complications are usually seen in diabetic patients, like 
perinephric abscess, bacteremia, and renal papillary necro-
sis. Duration of having diabetes, poorly controlled diabetes 
with high HbA1c, glucosuria, and pyuria in this population 
has also been identified as risk factors for harboring asymp-
tomatic bacteriuria [27].

There are multiple potential mechanisms to explain how 
diabetes contribute to the increased risk of UTI. Higher glu-
cose concentrations in urine can allow the growth of patho-
genic bacteria. High levels of renal parenchymal glucose cre-
ate a favorable environment for microorganism growth and 
propagation. Associated impairment in the immune system 
in patients with diabetes also contributes to the pathogenesis 
of UTI. In addition, patients with diabetes are often asso-
ciated with autonomic neuropathy. This results in bladder 
and voiding dysfunctions, decreasing its physical bacterial 
clearance ability, thereby facilitating bacterial growth [28].

Chronic indwelling catheter

Among institutionalized elderly, urinary catheterization 
appears to be the most important risk factor associated with 
UTI. Urinary catheterization is also a risk factor associated 
with fungal infections, especially for older people with pre-
vious antibiotic use or diabetes. It is well known that any 
indwelling device in the urinary tract is prone to the rapid 
development and coating by biofilm within a short time-
frame, which predisposes these patients to develop UTI. 
A biofilm is an assemblage of microbial organisms with a 
surface and enclosed in an extracellular matrix consisting 
polysaccharide materials primarily. The biofilm incorpo-
rates urine components, such as Tamm–Horsfall protein or 
magnesium or calcium ions. The biofilm facilitates micro-
bial adhesion to catheter surfaces in ways that hamper for 
removal with gentle washing. This provides a stable and 
protective environment for microorganisms, which acts as 
a shield to evade attacks by antimicrobial agents. Biofilm 
formation can also cause catheter encrustation and catheter 
obstruction [29].

Microorganisms may also reach the catheter via an intra-
luminal route, which occurs mainly when organisms access 
the catheter’s internal lumen by failing a closed drainage 
system or contaminating the drainage bag. Such organisms 
usually come from exogenous sources and are often arise 
from cross-transmission of organisms through medical staff 
[29].

Diagnosis

Asymptomatic bacteriuria

Asymptomatic bacteriuria is defined as the presence of 
significant quantity of bacteria in uncontaminated urine 
collected without signs or symptoms of UTI (Table 2). 
It should be kept in mind that the presence of bacteriuria 
does not always represent an active disease that requires 
treatment [30]. One would argue if urine should be col-
lected for culture and sensitivity if elderly patients were 
clearly asymptomatic, as positive results would not nec-
essarily alter the management in these patients anyways. 
In women, the microbiological diagnosis of bacteriuria 
is defined as two consecutive voided urine samples with 
the same bacterial species present with ≥ 105 cfu/mL. In 
men, the bacteriuria is diagnosed as a single, clean-catch-
voided urine sample with one bacterial species present 
with ≥ 105 cfu/mL.

Many frail elderly patients have difficulties to cooper-
ate for urine samples collection, because of incontinence 
or reduced cognitive function especially during sepsis. 
For these patients, a specimen obtained by in-and-out 
catheter should be considered. For samples obtained by 
means of urethral catheterization, counts of 102 cfu/mL 
or more are diagnostic of bacteriuria [10]. For patients 
who have a chronic indwelling urinary catheter, it should 
ideally be removed, and culture should then be acquired 
from a freshly inserted catheter [31]. It is difficult for frail 
elderly men to provide a midstream-voided urine specimen 
for diagnostic testing. For these men, the use of a clean 
condom external collection device could be considered to 
collect urine for microscopy and sensitivity analysis. For 
patients using external catheter devices, the quantitative 
count of ≥ 105 cfu/mL is appropriate [32]. It is important 
to note that urine culture by bladder needle aspiration has 
been recommended as the gold standard method for diag-
nosing bacteriuria, but realistically this has seldom been 
used in elderly population.

UTI

The diagnosis of UTI for the elderly follows a similar cri-
terion to the diagnosis of UTI for the young populations, 
which required bacteriuria associated with genitourinary 
symptoms (Table 2). In the elderly population, accepted 
clinical conditions include fever, frequency, dysuria, blad-
der pain, flank pain, gross hematuria, and deteriorating 
urgency or urinary incontinence [33]. Changes in behav-
ior or mental status have frequently been included in the 
criteria but both lack specificity. For older people who are 
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cognitively intact and who are able to report symptoms 
well, UTI diagnosis is not difficult. However, among frail 
elderlies who are often cognitively impaired or have hear-
ing or speech difficulties, distinguishing asymptomatic 
bacteriuria from UTI is often challenging. A survey of 
older people in primary care showed that UTI was the 
second most common infection that physicians initially 
overlooked. The main reason for difficulties in making the 
diagnosis at an earlier stage was due to challenges encoun-
tered with history taking in this population of patients 
[34]. A cohort study in nursing home residents reported 
that the most common symptoms of UTI were altered men-
tal status (39%), behavioral changes (19%), hematuria or 
pyuria (15.5%), and fever or chills (12.8%) [35]. For older 
adults with a long-term indwelling catheter, fever without 
urinary tract localizing symptoms is the most common fea-
ture of UTI [36]. The lack of clear history obtainable from 
the frail and cognitively impaired elderly patients means 
that collateral history from patients’ relatives or carers 
is essential. Careful and systematic clinical and physical 
assessments should be conducted to derive if UTI should 
be a differential diagnosis or not [5].

The presence of dysuria is a strong predictor of bacteriu-
ria with pyuria in nursing home residents, and new dysuria 
has been demonstrated to be the most valuable clinical find-
ing in correctly identifying UTI in older adults [35, 37]. 
On the other hand, although behavioral changes, altered 
mental status, general malaise, and non-mechanical falls in 
the elderly population are generally accepted as part of the 

clinical symptoms suggesting UTI by many clinicians, these 
signs lack specificities and do not necessarily correlate with 
bacteriuria or pyuria as demonstrated in previous studies 
[35]. Interestingly, change in characters of the urine (color 
or odor) also do not reliably correlate with the presence of 
UTI. These symptoms are, therefore, not useful criterion as 
guidance to initiate treatment, and have been suggested to be 
associated with overtreatment and antibiotic overprescribing 
[38, 39]. Rather than an underlying pathology, these urine 
changes may simply suggest need for increased fluid intak-
ing, which indicates a reduced thirst response in the elderly 
or maybe because of drugs (e.g., multivitamins) or diet (e.g., 
asparagus). As a result, in most cognitively impaired patients 
with a change in mental status and/or urine color or odor, 
hydration should be considered first and only to conduct 
further investigations and treatments if not responsive to 
such intervention.

Pyuria is highly sensitive but less specific for UTI, espe-
cially among patients with a urinary catheter in whom pyuria 
is prevalent. Diagnosing UTI based on pyuria alone would 
result in extensive antibiotic overprescribing, especially for 
patients with pyuria accompanying asymptomatic bacteriu-
ria. However, the absence of pyuria is useful for excluding 
UTI. The utility of pyuria for UTI diagnosis in clinical prac-
tice is similar to that of D-dimer for pulmonary embolism 
diagnosis. A negative outcome is of great value for patients 
with all but the highest pretest risks of disease, while a posi-
tive outcome is necessary but not sufficient to determine 
the diagnosis. A urine sample should be tested for pyuria 

Table 2   Diagnosis of asymptomatic bacteriuria and UTI in elderly population

Bacteriuria Women
 Two consecutive voided urine samples with the same bacterial species present with ≥ 105 cfu/

mL
Men
 A single, clean catch-voided urine sample with one bacterial species present with ≥ 105 cfu/mL

Urine sample obtained by means of urethral catheterization
 Sample obtained by means of urethral catheterization with one bacterial species ≥ 102 cfu/mL

Patients using external catheter devices
 A urine sample with one bacterial species present with ≥ 105 cfu/mL

Asymptomatic bacteriuria  The presence of significant quantity of bacteria in uncontaminated urine collected without signs 
or symptoms of UTI

UTI  Bacteriuria associated with genitourinary symptoms
Accepted clinical criteria include
Fever (defined as temperature > 37.9 °C or 1.5 °C increase above baseline temperature)
 Dysuria
 Frequency
 Suprapubic pain
 Gross hematuria
 Costovertebral angle tenderness
 Change in behavior or mental status
 New or worsening urgency or urinary incontinence
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in patients in long-term care facilities. If pyuria is negative, 
UTI is eliminated and urine culture or treatment should not 
be pursued [40].

To overcome the diagnostic challenges in this popula-
tion, criteria for antibiotic treatment for bacteriuria in long-
term care facilities were established. It was recommended 
that antibiotics should be administrated for patients with no 
urinary catheter with acute dysuria alone or fever and one 
of the following symptoms: urinary urgency or frequency, 
suprapubic pain or tenderness, hematuria, or urinary dys-
function. For patients with a chronic indwelling catheter, 
the necessary criteria for administrating antibiotics include 
fever, new costovertebral angle pain or tenderness, shaking 
chills, or new onset of delirium [33]. The implementation of 
these criteria was proven to be safe and reduce antimicrobial 
use for UTI [41].

Management

Asymptomatic bacteriuria

It is widely known that routine testing and antimicrobial 
therapy for asymptomatic bacteriuria are not recommended 
for frail elderly persons [10]. Although antimicrobial therapy 
could eliminate bacteriuria, it increases expense, the risk of 
adverse effects, and superinfection by drug-resistant micro-
organisms [42]. Guidelines state that one-third of the people 
treated with antibiotics will come to harm [43]. Antimicro-
bial therapy does not alleviate chronic urianry symptoms, 
and does not prevent recolonization or minimize the risk of 
developing UTI. Bacteriuria is almost common in elderly 
people with long-term indwelling catheters. However, treat-
ing asymptomatic bacteriuria has no benefit on symptomatic 
episodes and the incidence of fever [44]. Antimicrobial treat-
ment for asymptomatic bacteriuria in the elderly is only rec-
ommended for the following situations: (1) prior to tran-
surethral resection of the prostate and (2) prior to urologic 
operations in which mucosal bleeding is expected [10].

UTI

Choosing the correct antibiotic and duration of antibiotic 
therapy are two important issues we should consider when 
treating UTI in the elderlies. The choice of antibiotic should 
fundamentally be personalized and tailored according to 
each individual elderly patient. The selection should be con-
sidered by bacterial pathogens, antibiotic resistance rates, 
side effects, and patient comorbidities.

Specifically, in frail elderly patients who have been insti-
tutionalized, or in those who have had received frequent 
courses of antibiotics, the range of potential pathogens 
causing UTI could be very broad, and antibiotic resistance 
could subsequently be very high. As a result, unnecessary 
antibiotic courses should be avoided and narrow-spectrum 
agents should be recommended whenever possible and safe. 
This practice would also aid to reduce the risk of developing 
Clostridium difficile-related infections, which causes signifi-
cant morbidity and mortality in elderly populations [45].

Commonly, antibiotic with high levels of urinary excre-
tion is recommended in the treatment of UTI (Table 3). For 
uncomplicated bacterial cystitis, depending on local guide-
line recommendations, frequently used first-line antimi-
crobial therapies include nitrofurantoin, and trimethoprim/
sulfamethoxazole (TMP/SMX), usually administered for a 
period of 3–7 days depending on severity. Nitrofurantoin is 
not effective for pyelonephritis and bacterial prostatitis due 
to its limited tissue penetration ability. Common uropatho-
gens such as K. pneumoniae, P. mirabilis, and P. aerugi-
nosa are also resistant to this agent. However, nitrofurantoin 
is effective against various not uncommon multi-resistant 
uropathogens such as extended spectrum β-lactamase-
producing E coli and vancomycin-resistant enterococci [46]. 
A retrospective study showed that male elderly with UTI 
treated with nitrofurantoin had an overall 77% clinical cure 
rate, which is comparable to other agents [47]. Historically, 
nitrofurantoin is relatively contraindicated in patients with 
renal insufficiency that is more common in older patients 

Table 3   Treatment modalities of UTI in older persons

UTI urinary tract infection, TMP/SMX trimethoprim/sulfamethoxazole

Term References Treatment modalities

Uncomplicated bacterial cystitis [43–47, 51] Nitrofurantoin or TMP/SMX administered for a period of 3–7 days
Pyelonephritis or complicated UTI [54–58] Fluoroquinolones, second- or third-generation cephalosporins, or gentamicin administered for 

a period of 7–14 days
Recurrent UTI in elderly women [59] Long-term prophylactic antibiotics: 6 months of TMP/SMX (40 mg/200 mg daily), trimetho-

prim (100 mg daily), nitrofurantoin (100 mg daily), or 1 year of nitrofurantoin (50 mg daily)
Recurrent UTI in elderly men [52] Medical or surgical treatment to reduce residual urine volume
UTI in patients with chronic 

indwelling catheters
[60–64] Systemic antibiotic therapy is recommended for catheterized patients with associated symp-

toms suggestive of UTI-related bacteremia or pyelonephritis
The optimal duration of antimicrobial therapy has not been evaluated (commonly varies 

between 5 and 21 days according to patients’ condition)
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[48]. However, recent evidence suggests that nitrofurantoin 
can be safely administrated to patients with creatinine clear-
ance ≥ 40 mL/min/1.73m2 [49, 50]. It should be noted that 
nitrofurantoin is potentially associated with pulmonary and 
liver toxicities. This does not mean that all patients with 
past medical histories of pulmonary or hepatological dis-
eases should avoid this drug completely, as it is a versatile 
antimicrobial therapy for UTI. However, in patients with 
respiratory or significant gastrointestinal symptoms, care-
ful assessment for their suitability and monitoring should 
be carried out.

The optimum duration of a given antibiotic for elderly 
patients with uncomplicated lower UTI is still debated. A 
Cochrane review published in 2008 reviewed evidence for 
the appropriate duration of antibiotic treatment for uncom-
plicated UTI in elderly females. The review enrolled 15 ran-
domized controlled studies including 1644 elderly females. 
The study found that, comparing to the long-course anti-
biotic treatment of 7–14 days, short course (3–6 days) was 
appropriate to treat uncomplicated UTI in elderly females 
[51]. Subsequent to this review, a well-designed, double-
blind, randomized controlled trial further confirmed that 
a 3-day course of antibiotic treatment was not inferior to 
a 7-day course for the treatment of uncomplicated symp-
tomatic UTI in elderly women. Importantly and perhaps 
unsurprisingly, this study also demonstrated that shorter 
antimicrobial courses were better tolerated amongst elderly 
patients. The 7-day course caused more frequent adverse 
events including somnolence, cephalalgia, anorexia, siccha-
sia, and emesis [43]. Similarly, regarding treatment of UTI 
in the male population, no clinical study thus far has dem-
onstrated superiority of long-course antibiotics of 7–14 days 
versus shorter courses, but adverse effects associated with 
unnecessary antibiotic therapy have been well documented.

Frail elderly patients with pyelonephritis or complicated 
UTI carry a higher risk of systemic complications. These 
patients often require hospital admissions and parenteral 
therapies. Initial empirical therapy of acute pyelonephritis 
is usually with fluoroquinolones, second- or third-generation 
cephalosporins, or gentamicin [43, 52, 53]. This is then sub-
sequently tailored according to results of microscopy and 
sensitivity results, especially if uropathogens identified are 
resistant to the initiated empirical treatment, regardless of 
clinical response.

Fluoroquinolones, the most frequent antibiotics admin-
istered in outpatient care [54], has often been viewed as an 
effective empirical antimicrobial treatment of choice. How-
ever, with it being a popular choice of antibiotics being used 
globally over the years, attention must be paid to potential 
development of drug resistance, particularly in patients 
aged 65 years and older [54]. Some studies even suggested 
that fluoroquinolones should only be used if sensitivity 
testing results are available [55]. In addition, the specific 

adverse-effect profile of fluoroquinolones must be consid-
ered when the elderly population is managed with these 
drugs. The consensus from the FAD advisory panel in 2015 
suggested that fluoroquinolones should be avoided for treat-
ment of uncomplicated urinary tract infection due to its disa-
bling and potentially permanent side effects of the tendons, 
muscles, joints, nerves, and central nervous system [56]. 
Fluoroquinolones can cause central nervous system side 
effects that are a particular concern in the elderly popula-
tion. Elderly patients, especially those with suspected central 
nervous system disorders, are prone to develop neurotoxic 
complications. For these patients, fluoroquinolones should 
be used with caution, and close supervision is necessary to 
monitor for such symptoms including confusion, weakness, 
loss of appetite and tremor or depression [57].

Alternatively, gentamicin is commonly used in patients 
with pyelonephritis or complicated UTI, as it is very effec-
tive against most Gram-negative organisms. However, with 
its variable bioavailability amongst patients and its poten-
tial associated toxicities, cautious drug-level monitoring is 
required. Careful attention should be paid to appropriate 
dosing in the frail elderly, who not uncommonly have unrec-
ognized renal impairment, and gentamicin dose adjustment 
should be cautiously carried out accordingly [58]. The dura-
tion of gentamicin course of UTI is usually between 7 and 
14 days. However, if the patient’s condition worsens despite 
being offered correct choice of antibiotics according to sen-
sitivity results, further investigations such as renal ultra-
sound should be carried out to rule out potential structural 
abnormalities, such as abscess formation or upper urinary 
tract obstruction.

Recurrent UTI

Recurrent UTI refers to two or more infections in 6 months 
or 3 or more infections in 1 year. Most recurrences are 
thought to represent re-infections rather than relapses 
(including recurrences caused by the same uropathogenic 
strain), although occasionally a persistent focus can produce 
relapsing infections.

Among elderly women with recurrent symptomatic 
UTI, the use of long-term prophylactic antibiotics for 
6–12 months has been shown to be effective at reducing 
UTI episodes [59]. Commonly used prophylactic antibiotic 
regimens include 6 months of TMP/SMX (40 mg/200 mg 
daily), trimethoprim (100 mg daily), nitrofurantoin (100 mg 
daily), or 1 year of nitrofurantoin (50 mg daily). All regimes 
have been demonstrated to be effective in reducing episodes 
of recurrent UTI in older women patients, but with minimal 
adverse effects [37].

In elderly man with recurrent UTI, it is important to con-
sider uroflowmetry, radiological, and endoscopic investigation 
to exclude any potentially serious underlying causes such as 
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malignancy before treatment is commenced. However, bladder 
outflow obstruction by BPH is by far the commonest contribut-
ing risk factor. Medical or surgical treatment should be offered 
for these patients with an aim to reduce residual urine volume 
and to subsequent decrease the risk of re-infections [52]. How-
ever, the use of long-term prophylactic therapy in the manage-
ment of chronic recurrent prostatitis remains controversial, and 
further studies are required to clarify which specific cohort of 
patients would benefit from suppressive antimicrobial therapy.

UTI in patients with chronic indwelling catheters

Many frail elderly patients require long-term urethral cath-
erization, with an estimated 5–10% of residents of long-term 
care facilities relying on chronic indwelling catheters for 
bladder drainage. Specific attentions should be paid in man-
aging UTI in this group of patients. In patients with indwell-
ing catheter in situ for over 1 week in duration, the urethral 
catheter should ideally be changed prior to collection of the 
urine specimen for culture. Such practice has been shown 
to reduce the incidence of contamination by catheter bio-
film. This has also shown to provide rapid defervescence and 
decreased symptomatic relapse post-therapy in patients with 
long-term urethral catheter [60]. Systemic antibiotic ther-
apy should be recommended for catheterized patients with 
associated symptoms suggestive of UTI-related bacteremia 
or pyelonephritis. However, the optimal duration of antimi-
crobial therapy has not been evaluated, although commonly 
varies between 5 and 21 days according to the bacterial spe-
cies, patient co-morbidities, and patient response following 
initiation of treatment. Long-term antibiotic suppressive 
treatment in patients with long-term urethral catheter is not 
recommended as catheterized urine cannot be permanently 
sterilized [61].

Elderly population with catheter care is more susceptible 
to fungal UTI. For patients with fungal UTI, the catheter 
should be removed, if possible. The following urine culture 
should be performed several days late to see if the fungaluria 
has eradicated. If the fungaluria has eradicated, no more 
workup is required. For patients with chronic indwelling 
catheters and asymptomatic fungaluria, administering anti-
fungal agents is not recommended because it will not help 
to eradicate fungaluria and will not improve the long-term 
clinical outcomes. If patients have symptomatic fungaluria, 
appropriated antifungal agents should be given to treat each 
specific fungal UTI [2].

Prevention

Chronic indwelling catheters

The best way to prevent patients with urinary catheters 
from developing UTI is to avoid using urinary catheters to 

begin with. If a urinary catheter has been inserted, duration 
should be kept as short as possible [62]. When encountering 
patients with chronic indwelling catheters, clinicians should 
always question reasons behind why a long-term urinary 
catheter was inserted in the first place [55], and re-evaluate 
regularly to reconsider if this is still required and if a trial 
without catheter can safely be carried out. The use of patient 
urinary catheter reminders following initial insertion of uri-
nary catheter may be helpful to avoid patients from having 
urinary catheters beyond the planned necessary time, and to 
remind health-care providers to review if urinary catheters 
could be removed, especially for hospitalized patients [63].

Appropriate catheter care to prevent unnecessary cathe-
ter-associated mechanical genito-urethral injury, and early 
identification of catheter obstruction help to reduce risk of 
UTI and potential subsequent systemic infections. The use 
of an external condom catheter in men or intermittent self-
catheterization for incontinence management may also help 
to lower the risk of infection. Silver alloy-coated catheters 
have not been shown to decrease the frequency of catheter-
associated UTI [64]. It has been reported that antimicrobial-
coated catheters could slightly decrease the risk of cathe-
ter-associated UTI, but are associated with more frequent 
catheter removal, more uncomfortable caused by catheter, 
and higher cost [65]. Chronic indwelling catheters should 
not be changed very frequently. Additional exchanges on top 
of routine replacements are required only if obstructed, or 
symptomatic UTI following initiation of antimicrobial treat-
ment [66]. Systemic antibiotic prophylaxis for patients with 
long-term urinary catheters does not reduce rates of bacte-
riuria, catheter-associated UTI, or death [66], and should 
not be recommended.

Cranberry juice

Cranberry juice or capsule administration has been recom-
mended to prevent UTI with the benefits of few side effects 
and ease of administration. The mechanism has tradition-
ally been thought to be caused by elevated acidity in urine. 
The present hypothesis is that cranberries function mainly 
by preventing the adhesion of type 1 and P-fimbriae strains 
to the urothelium. Without adherence, the bacteria cannot 
infect the mucosal surface [67]. Several clinical trials have 
investigated the effect of cranberry juice on UTI prevention 
in the elderly. Avorn et al. [68] performed a randomized 
controlled study to evaluate the effect of intake of cranberry 
juice on UTI prevention in elderly women. They found that 
the rates of bacteriuria and pyuria presence concurrent with 
UTI symptoms in the cranberry group were comparable to 
the placebo group. McMurdo et al. [69] carried out a double-
blind, placebo-controlled trial to assess whether cranberry 
juice was able to reduce UTI episodes in older patients in 
hospital. Results also showed that the rate of symptomatic 
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UTI was no significant difference between the placebo and 
the cranberry group. Therefore, the evidence of using cran-
berry juice for the prevention of UTI in the elderly is still 
controversial.

Hormonal

The role of estrogen therapy in the prevention of UTI in 
older women remains uncertain. Loss of estrogen in post-
menopausal women leads to decreased glycogen, epithelial 
thinning, and vaginal alkalization [70]. Estrogen supple-
ment in postmenopausal women has been demonstrated to 
decrease intravaginal pH and promote lactobacilli coloniza-
tion, which replaces more pathogenic colonizing bacteria 
including Escherichia coli and enterococcus species. Current 
evidence suggests that vaginal administration of estrogens 
reduced the UTI risk compared to placebo in postmenopau-
sal women with a history of recurrent UTI. However, the 
effect of vaginal administration of estrogens was far less 
effective than prophylactic nitrofurantoin. Side effects of 
intravaginal estrogen are frequent but not severe. Vaginal 
irritation is the most common adverse effect and might occur 
in up to 20% of elderly women [71]. Oral estrogens, how-
ever, did not show to reduce UTI risk compared to placebo 
in elderly females with a history of recurrent UTI in another 
study [72].

Fluid intaking

Many elderly suffered from incontinence may limit fluid 
intake that is a major problem that is somewhat neglected. 
Fluid restriction is not recommended as it could increase the 
risk of UTI. Increasing oral fluid intake to dilute contaminat-
ing bacteria has been frequently recommended by clinicians 
to prevent recurrent UTI. However, this recommendation is 
only based on an expert committee opinion [73]. There is a 
lack of well-designed randomized controlled trials or high-
level evidence to support this.

d‑mannose

d-mannose, a simple sugar found in many fruits, is a new 
supplement that is being studied for its potential ability to 
prevent UTI with few side effects. d-Mannose help prevent 
E. coli adhesion to the bladder via binding of the mannose 
receptors, which may help reduce the risk of recurrence UTI. 
In a randomized placebo-controlled study, prophylactic use 
of d-mannose significantly reduced the risk of recurrent 
UTI, and was shown to be as effective as nifrofurantoin [74]. 
In addition, the effect of d-mannose on blood glucose level 
is minimal. Thus, it is safe for use by patients with diabetes 
[75].

Vaccine

Vaccine is a promising alternative to antibiotics for prevent-
ing recurrent UTI in frail elderly patients. There are sev-
eral vaccines, such as Uro‐Vaxom®, Urovac®, Uromune®, 
and ExPEC4V, that are currently undergoing randomized 
control trials. Uro‐Vaxom® is an oral tablet consisted of 
bacterial lysates from E. Coli. Many clinical studies have 
proved that Uro‐Vaxom® is well tolerated and can effec-
tively reduce UTI recurrence rates [76]. Urovac® consists of 
ten heat-killed uropathogenic species including six strains 
of E. coli and one Enterococcus faecalis, Proteus vulgaris, 
Morganella morganii, and Klebsiella pneumoniae. Clinical 
studies also confirmed that Urovac® could reduce the risk 
of UTI recurrence [77]. Uromune® is a polyvalent bacte-
rial preparation of whole heat-inactivated bacteria including 
E. coli, Klebsiella pneumoniae, Enterococcus faecalis, and 
Proteus vulgaris. The results from a multicentric prospec-
tive study revealed that Uromune® could effectively reduce 
the UTI recurrence rate and improve the quality of life in 
frail institutionalized older adults [78]. The advantages of 
this sublingual vaccine include easy administration, rare 
and local side effects, and being practical for its use in frail 
institutionalized older adults [79]. While preliminary stud-
ies on UTI vaccines show potential, further large cohorts 
prospective randomized controlled studies with long-term 
follow-up are still necessary to evaluate the long-term effect 
of vaccine [80].

Conclusion

UTI is an important and very common issue encountered by 
many clinicians involved in the care of the elderly popula-
tion. Several specific risk factors predispose this group of 
patients to be more susceptible to develop UTI. Asympto-
matic bacteriuria is particularly frequent in this population, 
and appropriate management principles must be appreciated. 
Diagnosis of symptomatic UTI that requires treatment can 
be very challenging in the frail and elderly patients, in par-
ticular those with cognitive impairment or communication 
difficulties. Meticulous selection of antimicrobial therapy 
should be offered for patients with symptomatic UTI accord-
ing to uropathogen susceptibility profiles, local bacterial 
resistance trends, possible antibiotics adverse effects and 
their possible interactions with other medications, and their 
co-morbidities. Management of UTI in elderly patients with 
long-term catheter remains challenging. There is evidence 
that prophylactic antibiotics are able to reduce risk of recur-
rent UTI in correctly selected elderly patients. Other UTI 
prevention strategies commonly used still lack high-level 
evidence support.
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