International Journal of Pharmacy and Pharmaceutical Sciences

\2/ ACADEIC SCIENCES

RO e 4 RS Print ISSN: 2656-0097 | Online ISSN: 0975-1491 Vol 17, Issue 11, 2025
Review Article
A CLINICAL OVERVIEW ON URINARY TRACT INFECTION: RISK FACTORS, DIAGNOSIS AND

TREATMENT APPROACHES

VANKODOTH SIREESHAY, GANDLA KUMARA SWAMY2*

1Department of Pharmacy Practice, Chaitanya (Deemed to be University), Gandipet, Himayathnagar (vil), Hyderabad-500075, Telangana,
India. 2Department of Pharmaceutical sciences, Chaitanya (Deemed to be University), Gandipet, Himayathnagar (vil), Hyderabad 500075,
Telangana, India
*Corresponding author: Gandla Kumara Swamy; *Email: drkumaraswamygandla@gmail.com

Received: 14 Jul 2025, Revised and Accepted: 02 Oct 2025

ABSTRACT

Urinary tract infections (UTIs) refer to the colonization and infection of the urinary tract by microorganisms. It is one of the most prevalent
infectious diseases in hospitals and the general population, with nearly 10% of individuals suffering from UTI at some point in their lives. UTIs are
most common in people between the ages of 16 and 64, and 50% of women worldwide are predicted to get them at least once in their lives. Gram-
negative bacteria (GNBs) account for over 95% of all UTIs, with Escherichia coli, Klebsiella, Enterobacter, Proteus, Pseudomonas, Enterococcus,
Staphylococcus, and others being the most common causative agents for UTIs. Since bacteria are the primary cause of UTIs, the increase in antibiotic
resistance, particularly multidrug-resistant (MDR) uropathogens, poses significant challenges to treatment. Treatment of MDR UTIs requires careful
selection of antibiotics, with options like fosfomycin, nitrofurantoin, trimethoprim-sulfamethoxazole, and fluoroquinolones, which are commonly
employed. This review examines the risk factors, pathophysiology, management, and current treatment options for UTIs and MDR UTlIs, highlighting
the global impact of antibiotic resistance and the urgent need for effective management strategies to combat this growing public health concern.
Clinicians have limited access to effective antibiotic treatments for treating these illnesses. Early detection and adequate empirical therapy are
crucial steps in controlling these organisms, since they have been shown to reduce morbidity and mortality.
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INTRODUCTION

Worldwide, urinary tract infections (UTIs) remain one of the most
common infectious diseases encountered in both community and
healthcare settings, affecting millions of people annually and posing
a substantial public-health burden [1]. Urinary tract infections
primarily arise from structural abnormalities of the urinary tract
and functional disorders, such as inadequate bladder emptying. Men,
women, children, and older adults can all be afflicted by these
illnesses; however, the prevalence, clinical course, and risk factors
frequently differ by sex and age [2].

The term urinary tract infection refers to the colonization and
infection of urinary tract structures by microorganisms [3]. Infection
occurs when bacteria, often originating from the bowel or external
environment, enter the urethra and ascend into the urinary tract.
The urethra serves as both an opening for urine flow and a potential
entry point for bacteria. Typically, urination flushes out these
bacteria before they can reach deeper urinary structures. However,
if bacteria successfully reach the bladder and evade elimination,
colonization and infection develop. Anatomical factors, particularly
in women due to a shorter urethra and its proximity to the rectum
and vagina, make it easier for bacteria to enter the bladder before
being removed by urination. This largely explains why urinary tract
infections are more frequent in women than in men [2]. Additional
influences include hormonal and microbiome factors [4]. UTIs are
divided into three categories: Urethritis (urethral infection), Cystitis
(urinary bladder infection), and Pyelonephritis (renal infection).
They can be characterized as simple or complex and categorized as
uncomplicated or complicated for treatment purposes [3]. An
estimated 150 million people are impacted annually, with a yearly
incidence of 3% for males and 12.6% for women. Germs that cause
common diseases are increasing their resistance to antibiotics
globally. Most UTIs can be treated effectively with medication,
though recurrent and occasionally severe infections may occur [5].

Etiology

Urinary tract infections are caused mainly by bacteria, with current
evaluations estimating that 90-95% of UTIs are caused by bacteria;

however, fungi and sometimes some viruses have also been known
to cause UTIs [6]. The germs that cause more than 85% of UTIs come
from the vagina or gut. Rectal and perineal bacteria colonizing the
urogenital tract are the main cause of almost all UTIs. The majority
of UTIs are caused by Gram-negative bacteria, with the most
common organisms being Escherichia coli, Enterococcus, Klebsiella,
Pseudomonas, and other Enterococcus or Staphylococcus species.
Simple cystitis and pyelonephritis are primarily caused by
Escherichia coli, followed by other Enterobacteriaceae species, such
as Proteus mirabilis and Klebsiella pneumoniae, and Gram-positive
pathogens such as Staphylococcus saprophyticus and Enterococcus
faecalis [7], and a few simple UTIs are caused by blood-borne
bacteria. The most common causes of uncomplicated UTIs are E. Coli
and potentially Klebsiella. A greater variety of organisms are
typically responsible for complicated UTIs, which is important
because certain antibiotic regimens differ due to the rise in
multidrug resistance [8].

Clinical manifestations

UTIs often have no symptoms. When present, symptoms may
include a strong urge to urinate, burning during urination, frequent
small urinations, cloudy or strong-smelling urine, and sometimes
blood-tinged urine. Women may feel pelvic discomfort [9].

Risk factors

The various clinical conditions that accompany UTIs vary in their
severity and place of origin. The risk of UTI is influenced by a wide
range of intrinsic and acquired factors such as female sex,
vesicoureteral reflux, frequent sexual activity, enlarged prostate
gland, urine retention, family history, spermicide use, vaginal
infection, obesity, and vulvovaginal atrophy [10, 11]. Patients with
diabetes, indwelling catheters, immunocompromised individuals,
those receiving residential care, and patients who are immobile due
to medical restrictions, such as stroke, may also colonize with
Bacteria and Candida [12]. Recurrent urinary tract infections (rUTIs)
in women are influenced by an interplay of anatomical, hormonal,
genetic, behavioral, and structural factors, which were explained in
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fig. 1. In postmenopausal women, estrogen deficiency thins the
vaginal and urinary epithelium, diminishes protective lactobacilli,
and compromises local immune barriers, thereby increasing
susceptibility to rUTIs, they are also linked to incontinence,
cystocele postvoidal residual urine 13, 14].

Behavioural factors

The biggest factors that contribute to women's recurrent UTIs are
behavioural variables. The frequency of sexual activity is one such
behaviour that makes UTIs more likely to recur in young women.
The usage of spermicides and other forms of contraception, as well
as other post-intercourse behaviours, are important contributors to
UTIs. Even inappropriate use of tampons, menstrual hygiene,
underwear material, and perineal washing practices all raise the
chance of developing UTIs [15]. Previous use of antibiotics within
the last three months was a significant independent predictor of
resistant infections among risk factors for drug-resistant UTIs
(community-acquired or hospital-acquired), along with diabetes
mellitus, older age, and recurrent UTIs [16].

Genetic factors

Genetic factors linked to a higher risk of UTIs include
polymorphisms in innate immune system-related genes, such as
TLR4, CXCR1, CXCR2, TGF-f, and VEGF. These genes can influence
the body's response to bacterial invasion in the urinary tract, and
changes in these genes can result in a compromised immune
response, which increases the risk of UTIs [17].

Risk factors for UTls
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Age and gender

People of every age group are affected by UTIs, and they become more
common in both sexes as they become older. The incidence of UTIs
declines in middle age but then rises again in older persons. Women are
more prone than men to lower UTIs due to the short urethra and the
urethral openings near proximity to the anus and vagina, which are
believed to be bacterial reservoirs [18]. The biggest risk factor for
postmenopausal women is estrogen insufficiency [19]. Estrogen
deficiency, especially postmenopausal levels, is linked to reduced
bladder epithelial proliferation, diminished antimicrobial peptides, and
vaginal mucosal atrophy, including fewer lactobacilli and higher pH, all of
which elevate the risk of UPEC colonization [20].

Pregnancy-related factors

Urinary tract infections are independently related to pregnancy. Notably,
both pregnant and non-pregnant women of reproductive age have an
identical likelihood of developing UTI [21]. In pregnant women,
streptococcus bacteriuria is a sign of colonization of the vaginal tract
result in UTIs at serious risk. Pregnancy-related UTIs have also been
linked to older age, a woman's lower socioeconomic status, Urinary tract
anatomical anomalies, diabetes, and sickle cell disease [22].

Catheterization

There is a strong correlation between the length of catheterization
and biofilm formation underscores the increased risk of UTIs and
bacteriuria with prolonged catheter use [23].

Factors resulting in compromise of normal host defences to bacterial colonization are an important step in the pathogenesis of UTls.

Risk factors

latrogenic/drugs

Behavioural

Anatomic/physiologic

Genetic

* Indwelling catheter
* Antibictic use
* Spermicides

* Voiding dysfunction
* Frequent or recent sexual
intercourse

* Vesicoureteral reflux
* Female sex
* Pregnancy

* Familial tendency

* Susceptible uroepithelial
cells

* Vaginal mucus properties

Indwelling foley catheters provide an
ascending route for perineal bacteria to
enter the bladder. Recent antibiotic use
disrupts the normal bacterial flora at the
vaginal introitus, allowing uropathogens
(e.g £. cofi) to colonize. Spermicides
cause irritation and attachment sites for
E coli.

Voiding dysfunction causes increased
post-void residual urine volumes, which
allows more time for bacterial
proliferation. Frequent or recent sexual
intercourse may introduce bacteria into
the urinary tract.

Vesicoureteral reflux causes urinary
retention and allows more time for
bacterial growth. The retrograde flow also
allows bacteria to ascend to the kidneys.
Females have a short urethra (4 cm vs 25
cm in males). Pregnancy results in
progesterone-mediated smooth muscle
relaxation to the bladder and ureters, and
compression of the ureters by the uterus.
Both result in urinary retention for
increased bacterial growth.

UTl occurrence tends to cluster in
families. Susceptible uroepithelial cells
secrete less IgA, which is the main
humoral defence mechanism at the
physiologic mucosa. Properties of
vaginal mucus may allow £. coli binding
more readily.

Fig. 1: Risk factors for UTIs

Pathophysiology

Worldwide, the most common hospital-acquired infection and the
most common bacterial infection in humans are urinary tract
infections [24]. UTIs begin when uropathogens that survive in the gut
and invade the urethra and subsequently the bladder by using certain
adhesions, as shown in fig. 2 [25]. The bacteria begin to proliferate and
create toxins and enzymes that can help in their survival if the host's
inflammatory response is unable to completely eliminate them. If the
pathogens are able to pass through the kidney epithelial barrier,
bladder compromise follows infection by uropathogens, which
happens with catheterization. A common occurrence is the
accumulation of fibrinogen on the catheter as a result of the potent
immunological reaction that is induced by catheterization. On
expressing fibrinogen-binding proteins, uropathogens attach
themselves to the catheter. Additionally, bacteria multiply because of
biofilm protection, and if the infection is ignored, it may develop into

bacteraemia and pyelonephritis. Uropathogens have developed a
variety of techniques to cling to and penetrate the tissue of the host,
and their efficiency is intimately linked to the expansion of UTIs [26].
In the early stages, the infection might not seem worrisome, but it
could go considerably worse if there are aggravating factors [27, 28].
The development of UTI is complicated by biofilms, catheters, and
urinary stasis brought on by blockage.

Diagnosis

In order to identify UTI, the following symptoms must be present such
as dysuria, frequency, or urgency i) Analysis of urine:
pyuria+bacteriuriathematuria+nitrites ii) urine culture (straight-cath
or clean-catch midstream), and iii) if: at least 103 colony-forming units
(CFU)/ml for men, and at least 105 CFU/ml for women. There are
several techniques for detecting UTIs, including phenotypical
biochemistry and culture identification strategies, which are regarded
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to be slow due to the length of time it takes for bacteria to grow. There
are also quick methods like PCR and immunoassay, with some
drawbacks such as sensitivity, antigen concentrations, and
seroconversion time. The gold standard technique is quantitative
urine culture; however, it requires about 24 h to get results, and an
additional 24 h are required for testing for antibiotic resistance.
Surface-enhanced Raman spectroscopy is the most recent way for
detecting UTIs. This is a rapid diagnostic method that uses the spectra
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of bacterial strains found in urine samples [29]. A complete urine
examination is an important step in diagnosing urinary tract infections
(UTIs). Dipstick tests such as Multistix provide quick results by
detecting leukocyte esterase, nitrite, blood, and protein. While
dipsticks are useful for rapid screening, their accuracy varies, and
urine culture remains the gold standard for confirmation. In case of
recurrent UTIs, Ultrasound and CT scan are used to examine the
kidneys and bladder for any abnormalities [30].

Kidney infection
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o dark and/or foul-
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Fig. 2: Shows the colonization of bacteria in UTIs

Treatment

The Antibiotics that are used to treat urinary tract infections are
fluoroquinolones, cephalosporins, and aminoglycosides.
Amoxicillin/clavulanate, Cefixime, Cefprozil, levofloxacin,
nitrofurantoin, fosfomycin, and nalidixic acid are other commonly
used antibiotics for bacterial UTIs. The rate of morbidity and mortality
from bacterial infections has dropped since the introduction of
antibiotics. However, these uropathogens have become more resistant
to antibiotics in recent years. Amoxicillin was once used as a first-line
treatment for UTIs; however, it is no longer advised because of the
increasing prevalence of E. coli resistance. Fluoroquinolones,
Cephalosporins, and Aminoglycosides were found to have the highest
resistance rates among uropathogens [31]. However, research has
identified trimethoprim-sulfamethoxazole as an antibiotic with
greater cure rates. Understanding the mode of action of antibiotics is
necessary to create effective treatment [32]. Antibacterial agents
eliminate or inhibit bacteria through distinct mechanisms: B-lactams

(e. g, ampicillin, amoxiclav) disrupt peptidoglycan cross-linking,
compromising cell wall integrity; fluoroquinolones impede DNA
replication by targeting DNA gyrase and topoisomerase IV;
aminoglycosides selectively bind the 30S ribosomal subunit, causing
mistranslation and defective proteins; while co-trimoxazole interrupts
folate synthesis by dual inhibition of dihydropteroate synthase and
dihydrofolate reductase, blocking critical nucleotide and amino acid
production for bacterial growth [33].

E. Coli is the primary cause of uncomplicated UTIs, although multi-
resistant uropathogens are more common in complicated UTlIs,
which have a wider range of bacteria. Conversely, uncomplicated
UTIs also show rising rates of resistance, such as to co-trimoxazole,
amino pencillins, and fluoroquinolones. The empirical treatment
must take this fact into account.

Table 1 shows the aetiology, clinical presentations, treatment
options, and management of UTI based on the type of infection.

Table 1: Treatment for UTI based on the type of infection

Type of infection Symptoms Treatment
Uncomplicated cystitis e Dysuria 1stline
Common organisms: E. coli e Frequent/urgent urination e Nitrofurantoin*-100 mg PO,TID for 5 d
Other organisms: Proteus mirabilis, Klebsiella, e Nocturia 2ndline
pneumoniae, Staphylococcus saprophyticus. e Suprapubic heaviness e Amoxicillin -clavulanate-500 mg-PO BDx5 to 7 d.
e Cefdinir-300 mg,PO,BD: 5-7 d
e (Cephalexin-250-500 mg PO, for 5-7 d.
Complicated Cystitis and Pyelonephritis e Above symptomology 1stline**
Common organisms: E. Coli e Fever e Ciprofloxacin-500 mg PO, BD for 7 d.
Other Organisms: Proteus spp., Klebsiella e Chills, rigors e Levofloxacin 750 mg-PO, daily for 5 d.
pneumoniae, Pseudomonas aeruginosa ¢ Fatigue, malaise 2nd Lipne***

e Flank pain

e Amoxicillin-clavulanate-875 mg, PO, BD for 10-14 d.

o Costovertebral angle tenderness e Cefdinir-300 mg PO, BD for 10-14 d.
e Pelvicor perineal pain in men ° Cephalexin—SOO mg PO,BD for 7-14 d.

*Avoid nitrofurantoin if early pyelonephritis is suspected. Avoid if CrCl<30 ml/min OR in patients older than 65 due to renal clearance. ** If local E.
coli resistance exceeds 10%, ceftriaxone 1g IM should be used (1 dose) prior to initiating oral therapy [34].

Treatment for recurrent urinary tract infection

Recurrent urinary tract infections (RUTIs), commonly affecting
younger sexually active and post-menopausal women, are managed
by distinguishing between infrequent episodes (fewer than two to
three per year) and frequent recurrences (more than three per

year). Infrequent episodes are treated acutely as separate infections.
For frequent RUTIs, after considering risks and benefits, long-term
prophylaxis is an effective strategy for recurrence prevention, using
agents such as trimethoprim-sulfamethoxazole, nitrofurantoin, or
cephalosporins (e.g., cephalexin), typically for 6-12 mo. Intermittent
(e.g., post-coital) prophylaxis or continuous low-dose regimens can
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be similarly effective. At any time during prophylaxis, symptomatic
breakthrough infections should be treated with a full therapeutic
antibiotic course [35].

A urine culture with 2105 colony-forming units/ml and no specific UTI
symptoms is known as asymptomatic bacteriuria, as it usually resolves
on its own without treatment [36]. As antibiotic treatment may
contribute to the development of bacterial resistance, asymptomatic
UTIs should only be treated in specific cases, such as pregnant women,
neutropenic patients, and those undergoing genitourinary surgery.
Symptomatic UTIs, however, are often treated with antibiotics, which
might alter intestinal and vaginal microbiota and increase the risk
factors for drug-resistant bacteria proliferating [37].

Novel antibiotics for multidrug-resistant (MDR) urinary tract
infection (UTI)

Symptomatic UTI patients are usually treated with antibiotics, which
can result in the formation of multidrug-resistant microorganisms
and a long-term change in the normal vaginal and gastrointestinal
tract microbiota. UTIs are a leading cause of sepsis and bacteremia
in older adults and frequently result in hospitalization for infection.
The enzymes known as extended-spectrum beta-lactamases
(ESBLs), which are commonly responsible for UTIs, are produced by
Escherichia coli and other bacteria. Simultaneous antibiotic
resistance is common because the same plasmids that carry ESBL
genes often encode resistance to multiple antibiotics. As a result,
multidrug-resistant (MDR) microorganisms are increasingly
responsible for UTIs, increasing the chances of treatment failure in
both community-acquired and healthcare-associated illnesses [38].
Recent advances in antibiotic development have expanded options
for treating complicated and multidrug-resistant urinary tract
infections  (UTIs). Novel pB-lactam/B-lactamase inhibitor
combinations  such as  cefepime-zidebactam, cefepime-
enmetazobactam, ceftazidime-avibactam, and cefepime-
taniborbactam show strong activity against resistant Gram-negative
pathogens. Cefiderocol, a siderophore cephalosporin, has proven
effective in Phase III trials, while pivmecillinam has recently been
FDA-approved as an oral agent for uncomplicated UTIs. Gepotidacin,
another newly approved oral drug, offers a novel dual-target
mechanism against bacterial DNA replication. Traditional agents like
nitrofurantoin and trimethoprim-sulfamethoxazole remain effective
for uncomplicated cases, while fosfomycin continues to be useful in
recurrent and resistant infections [39].

Prevention of UTIs

Lifestyle modifications play a crucial role in preventing and
managing UTIs. Dietary changes such as staying hydrated, urinating
when needed, and avoiding sugary and acidic foods can help prevent
UTIs. Practicing good hygiene, exercising regularly, and managing
stress may also decrease the risk of getting a UTI. Additionally,
increasing cranberry consumption has been shown to be beneficial
in preventing UTIs. By incorporating these lifestyle modifications,
individuals can reduce their risk of developing UTIs and manage
symptoms more effectively [40].

CONCLUSION

Urinary tract infections are prevalent and serious medical illness
that impacts millions of people globally. The majority of UTIs are
caused by Gram-negative bacteria, with Escherichia coli being the
most common species. Understanding the risk factors,
pathophysiology, and treatment options is crucial for effective
management. A comprehensive approach, including accurate
diagnosis, appropriate antibiotic therapy, and lifestyle modifications,
can help prevent and treat UTIs. The vast variations in resistance
patterns across different geographic locations and healthcare
environments make empirical treatment techniques more
challenging. Commonly used antibiotics like fluoroquinolones,
cephalosporins, and aminoglycosides have seen their effectiveness
severely weakened by the emergence of extended-spectrum beta-
lactamases (ESBLs), plasmid-mediated resistance, and other
resistance mechanisms like decreased permeability and enzymatic
inactivation. = Ongoing research and advancements in
pharmacogenomics and antimicrobial stewardship hold promise for
improving UTI treatment outcomes.
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