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Abstract

Urinary tract infections (UTI) are one of the most common infections and affect up to 50% of 

women in their lifetime, with almost half of these women experiencing a recurrence in 6–12 

months. Menopause predisposes women to rUTI, as normally lower levels of estrogen lead to 

changes in the urogenital epithelium and subsequently urogenital microbiome. The recently 

discovered urobiome is now known to have different compositions in both healthy and unhealthy 

bladders, including a role in the pathophysiology of rUTI, and may be a therapeutic target for 

prevention and treatment options for rUTI. In postmenopausal women with frequent UTI, the 

diagnosis of acute UTI should be made using a combination of the symptom assessment and urine 

diagnostic studies. The choice of UTI antibiotic should include consideration of efficacy, collateral 

effects, and side effects. Some women may be candidates for self-start therapy, in which the 

patient accurately recognizes her UTI symptoms and then starts previously prescribed antibiotics. 

A large component of the management of women with rUTI is prevention. Urobiome research for 

bladder health and disease is a young field of investigation with significant potential to improve 

care for postmenopausal women affected by rUTI through novel, evidence-based prevention and 

treatment strategies.
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Introduction

Recurrent urinary tract infection (rUTI) affects people of all ages and genders; 

postmenopausal women are disproportionately affected.1 Urogynecologists play a key role 

in providing care for affected women, often through collaboration with specialists in 

infectious disease, urology, and primary care. Confirmation of the diagnoses guides 

prevention and treatment options. Emerging knowledge of the urinary microbiome 

(urobiome) is a potential tool in both evaluation and management of women with rUTI.
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Investigation of the human microbiome began with the Human Microbiome Project,2 a large 

population-based study in healthy adults that cataloged the microbes inhabiting up to 18 

different human body niches, excluding the bladder based on the prevailing dogma that the 

lower urinary tract was a sterile environment. A culture-independent technique, sequencing 

of the 16s rRNA gene,3 was used to document the presence of the urobiome under carefully 

controlled conditions.4,5 The urobiome is now known to have different compositions in both 

healthy and unhealthy bladders, and could play a role the pathophysiology of bladder 

disease, including rUTI pathophysiology.6–8 Given this central role, the urobiome may be a 

therapeutic target for prevention and treatment options for rUTI. In this article, we will 

explore how the urobiome affects our clinical approach to rUTI and highlight key aspects of 

the diagnosis, evaluation, and management of postmenopausal women with rUTI.

Epidemiology and Pathophysiology

Urinary tract infections (UTI) are one of the most common infections and affect up to 50% 

of women in their lifetime, with almost half of these women experiencing a recurrence in 6–

12 months.9 A subset of women experience rUTI, with estimates ranging from 2–10%.1 

While there are variable definitions of rUTI, a commonly accepted clinical definition is ≥3 

UTIs in a 12 months10–12 or ≥2 UTIs in 6 months. 11,12 A commonly accepted major 

professional society guideline defines rUTI as ≥3 symptomatic and medically diagnosed 

UTIs in the previous 12 months, with demonstration of resolution before diagnosis of the 

subsequent infection.13 The demonstration of resolution is important, as UTI treatment is not 

universally effective; patients may experience symptom improvement without microbial 

resolution. This concept is especially important in the context of rUTI diagnosis and 

management. Relapse is defined as a recurring UTI after therapy resulting from persistence 

of the pretherapy isolate, generally occurring ≤2 weeks after initial treatment.14,15 

Reinfection is defined as a recurring UTI caused by a different pathogen from that causing 

the original infection, generally occurring >2 weeks after initial treatment.15

Known risk factors for rUTI include diabetes, functional disability, recent sexual intercourse, 

prior history of urogynecological surgery, incomplete bladder emptying (elevated post-void 

residual), accidental bowel leakage, and urinary incontinence.16 While coitally-associated 

UTIs occur,15 these are less common in postmenopausal women. Additional specific risk 

factors for postmenopausal women include: history of premenopausal UTI, cystocele, and 

blood group Ag secretory status.17

It is clear that menopause is a predominant risk factor for rUTI and that the urogenital 

microbiome undergoes changes as women age, often reducing a woman’s natural defense 

mechanisms against UTI. The pathophysiology of a single acute UTI in premenopausal 

women is very different than that of rUTI in postmenopausal women. The healthy 

premenopausal vagina is known to be largely colonized by Lactobacillus species,18 which 

depend on glycogen produced by vaginal epithelial cells. Lactobacilli ferment glycogen and 

create lactic acid, which is inhibitory to other bacteria,19,20 therefore maintaining a 

protective vaginal microbiome and preventing dysbiosis and infection. Lactobacilli also 

maintain vaginal health by preventing adherence of uropathogens to the vaginal epithelium.
21,22 Genitourinary syndrome of menopause (GSM),23 which include changes in the 
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urogenital epithelium associated with postmenopausal levels of estrogen, leads to less 

epithelial glycogen production and subsequently less Lactobacillus and lactic acid 

production, and elevated pH,24 making the environment more vulnerable to uropathogens 

and infection.

Diagnosis and Evaluation

In postmenopausal women with frequent UTI, the diagnosis of acute UTI should be made 

using a combination of the symptom assessment and urine diagnostic studies.13,25 Table 1 

displays the clinical summary, diagnostic evaluation and treatment protocols for a variety of 

presentations of rUTI in postmenopausal women. In many affected women, there is 

symptom overlap (dysuria, urinary urgency and frequency) with other common conditions 

such as GSM, overactive bladder (OAB), and bacteriuria. Up to 50% of postmenopausal 

women have symptomatic GSM.23,26,27 The prevalence of OAB increases with age and is 

associated with symptoms of urinary urgency, often associated with urinary incontinence 

and frequency.28,29 Similarly, the prevalence of bacteriuria detected on standard urine 

culture in the absence of UTI symptoms increases with age. In a prospective observational 

study of 61 women with an average age of 78, up to one third of these women had 

asymptomatic bacteriuria on voided specimens as defined by ≥105 CFU/ml.30

The classic symptoms of “cystitis” (a.k.a. lower tract UTI) include dysuria, frequency, 

urgency, and suprapubic pain. Older women may report other symptoms as well, including 

foul odor, incomplete emptying, constipation, hematuria, generally feeling “ill”, and altered 

mental status.31 While altered mental status in elderly patients may be related to UTI, 

mentation changes in the setting of a positive urine culture are often inappropriately 

attributed to UTI, and this imprecision may lead to overtreatment and unnecessary antibiotic 

use.32 Alarm symptoms that should prompt clinicians to consider further diagnostic workup 

include gross hematuria, passage of tissue or feculent material in the urine, history of 

urogenital mesh-based procedure, or history of urologic malignancy. Fever, tachycardia, or 

costovertebral tenderness should raise concern for an upper tract UTI, such as 

pyelonephritis.

Pelvic examination is not required for postmenopausal women prior to treatment for 

infrequent, sporadic UTI. However, in postmenopausal women with an uncertain diagnosis 

or consideration of frequent/recurrent UTI, the pelvic examination should assess estrogen 

adequacy in urogenital tissues and search for other findings that would alter planned therapy, 

such as suburethral masses, pelvic organ prolapse, foreign bodies, or fistulous tracts. Since 

decreased detrusor muscle function increases with age, a post void residual volume should 

be obtained to assess for incomplete emptying, which can be a cause for lower urinary tract 

symptoms as well as rUTI.

Clinicians are familiar with the common modalities used for UTI testing (Table 2). Despite 

common use, the standard culture has limitations that may be especially pertinent for 

clinicians providing care for women with rUTI. There is clear evidence that the standard 

culture does not detect all relevant uropathogens,4,5,33 and new urine culture techniques are 

available to detect these microbes documented.33 Unlike the standard urine culture, 
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expanded quantitative urinary culture (EQUC)6,33 inoculates 100x more urine (100μl) on 

diverse types of media, anaerobic conditions, varying temperatures, and time periods up to 5 

days, with a lower threshold of detection than standard urine culture at 10 CFU/ml. This 

method has been shown to correlate well with 16s rRNA gene sequencing data, providing 

evidence that the bacterial DNA identified in urine via culture-independent techniques are 

indeed associated with living, culturable microbes.33 EQUC has also been recently 

compared to standard urine culture in a mostly postmenopausal cohort of women with rUTI 

and was found to identify up to twice as many uropathogens as standard urine culture and 

identified these uropathogens up to three times more frequently.34 We consider the use of 

EQUC in rUTI patients with multiple negative standard urine cultures or symptoms that do 

not improve with standard urine culture-directed treatment.

In women with rUTI, there is no consensus regarding a test of cure following UTI treatment. 

Test of cure can be useful for differentiating relapse vs. failure of treatment, confirming 

uropathogen eradication and potentially preventing relapse, and documentation to support 

the diagnosis of rUTI rather than relapse or reinfection. Potential drawbacks of a test of cure 

include the clinical uncertainty for interpretation of a positive urine culture in the absence of 

patient symptoms. An alternative to the test of cure via urine culture is treat until pyuria has 

resolved, which is a marker for host response and inflammation and also has been shown to 

correlate well with lower urinary tract symptoms.35

During evaluation of postmenopausal women with frequent UTI, the clinician should review 

prior UTI testing results, requesting them from other providers as necessary. Once the 

diagnosis of rUTI has been established, the patient should initiate prevention measures with 

reassessment in 3–6 months. There is scant evidence regarding the yield of additional 

routine testing, however certain clinical scenarios warrant further evaluation. Women with 

persistent relapses or reinfections despite preventative measures, continued infection with 

urea-splitting organisms, elevated serum creatinine, neurogenic bladder dysfunction, 

hematuria, concern for urinary tract malignancy, or a history childhood UTIs, renal calculi, 

or genitourinary surgery may benefit from cystoscopy and/or upper tract imaging.36

A cystoscopy, simply performed in the office, provides view of the bladder and urethra. In a 

study of 118 women with rUTI undergoing cystoscopy, significant abnormalities were seen 

in 8%.37 The upper urinary tract can be imaged by renal ultrasound or computed 

tomography.38–40 There is limited evidence for upper tract imaging in rUTI patients, with 

one study of 116 mostly postmenopausal women with rUTI undergoing either renal 

ultrasound, CT scan, or IVP showing significant abnormalities in 0.9%.41 CT scan is more 

sensitive and specific in most cases, however ultrasound has the benefit of no radiation and 

reduced cost.42 A pelvic MRI is the imaging modality of choice when urethral diverticulum 

is suspected.43,44 Due to the overall limited evidence for further diagnostic workup of 

women with rUTI with cystoscopy and upper tract imaging, the decision to pursue is often 

guided by individual clinical judgement and consultation with providers specializing in 

management of rUTI.

Caring for women with rUTI can benefit from a team approach. Women that have a history 

of a mesh-based surgery, urogenital tract abnormalities, a significant smoking history or 
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other alarm symptoms, or continued rUTI despite the abovementioned prevention strategies 

should be referred to a specialized provider. In complex patients, rUTI care necessitates a 

multi-disciplinary approach, with the involvement of Female Pelvic Medicine and 

Reconstructive Surgery, Infectious Disease and Urology.

Treatment

In postmenopausal women with a confirmed diagnosis of rUTI, the mainstay treatment of 

intervening acute UTI is oral antibiotics. Table 3 summarizes an evidence-based approach to 

treatment of UTI in adult women with rUTI. When available, urine culture results and 

sensitivities should guide treatment. The antibiotic should be chosen based on prior culture 

results and community resistance levels when treatment is started without culture results; the 

antibiotic choice can be modified, if necessary, when the culture results become available. 

The benefits of immediately starting empiric antibiotics include prompt symptom relief45 

and decreased bladder inflammation; these benefits must be considered against the 

possibility of unnecessary or inappropriate antibiotic use, potentially contributing to growing 

antibiotic resistance. A patient-centered treatment approach includes a communication with 

the patient and, when appropriate, her family about rUTI care. Patients should feel prepared 

to initiate evaluation (and treatment, as directed) when she has first symptoms of a UTI. 

Components of that preparation include techniques for symptom relief, UTI testing 

(providing urine sample), and treatment as directed. Patients should have orders (standing 

orders) for urine testing so that she may submit a urine specimen without having to contact a 

doctor.

The diagnosis of acute UTI is generally made using a combination of urine diagnostic 

studies and symptoms. Symptoms can be associated with bacterial colony count of <105 

CFU/ml or lack of uropathogen detection by the standard urine culture. Conversely, some 

women have a positive urine culture, but no UTI symptoms, often referred to as 

“colonization” or “asymptomatic bacteriuria.” This is terminology that pre-dates discovery 

of the urobiome; there is little guidance for interpretation of such findings.46,47

Symptom relief is key. Adequate hydration, bladder-specific and general pain relievers are 

recommended, regardless of antibiotic choice. Phenazopyridine is highly effective as a local 

bladder analgesic.48 Non-steroidal anti-inflammatory drugs have been studied as both an 

adjunct and as an alternative to UTI antibiotics. Ibuprofen can lead to a reduction in 

antibiotic use, although investigators reported a small increase in burden of symptoms 

during the initial treatment.45

The choice of UTI antibiotic should include consideration of efficacy, collateral effects and 

side effects. Underlying patient health conditions may affect selection and dosing. 

Nitrofurantoin and trimethoprim/sulfamethoxazole are appropriate first-line agents with 

known efficacy and minimal potential for collateral damage.49 Trimethoprim/

Sulfamethoxazole should only be used if community resistance is known to be <20% or if 

the uropathogen is known to be sensitive. Fosfomycin has the benefit of one-time dosing, 

with similar efficacy rates.49,50 If early pyelonephritis is suspected, nitrofurantoin and 

fosfomycin should be avoided.
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Some women may be candidates for self-start therapy, in which the patient accurately 

recognizes her UTI symptoms then starts previously prescribed antibiotics.51 In carefully 

selected women with rUTI, accuracy of UTI self-detection ranges from 86–92%.51,52 

Typical candidates: 1) have had previous documented positive urine cultures, 2) have 

symptom relief with antibiotics, 3) will reliably provide a pre-treatment urine specimen, 4) 

comply with treatment, and 5) will follow-up. The choice of a self-start antibiotic depends 

on resistance patterns from prior cultures, local community antibiotic resistance, 

effectiveness in relieving symptoms and tolerance of the medications. Benefits of self-start 

therapy include patient empowerment with active treatment participation and decreased 

patient anxiety, phone calls, clinic visits, and laboratory testing. There is a small risk of 

inappropriate exposure to antibiotic, for example, when a uropathogen is resistant to her 

usual antibiotic.

Prevention

Prevention is a major component of rUTI care in postmenopausal women. While the goal of 

management is to significantly reduce UTI, it is not always realistic eliminate UTI 

completely or indefinitely. Table 4 summarizes the evidence-based approach to UTI 

prevention in this population. Despite no evidence to support efficacy, several prevention 

strategies are often recommended, such as loose-fitting clothing, white cotton underwear, 

voiding immediately after coitus, and wiping “front-to-back” after urination or defecation.

Postmenopausal estrogen levels are associated with lower levels of Lactobacillus and higher 

pH in the urogenital niche.53,54 Restoring the urobiome to its protective state and avoiding 

dysbioses are key in preventing rUTI. Alterations to the protective state of the urobiome can 

also be caused by certain behaviors and hygienic practices. Smokers have decreased vaginal 

lactobacilli;55 vaginal moisturizers, personal lubricants, douches, and spermicides suppress 

the growth of Lactobacillus in vitro.56–58 Vaginal estrogen replacement reduces UTI risk, a 

beneficial effect not seen with oral estrogen.59 Within the first 12 weeks of use, 

Lactobacillus is restored and there is an associated recovery of the host defenses.24

D-Mannose, an over-the-counter monosaccharide sugar, acts in decreasing bacterial 

adherence to the bladder mucosa; it is nearly as effective as daily nitrofurantoin 50 mg daily 

and superior to placebo in preventing UTI over 6 months in women with rUTI.60

Methenamine salts, prescribed as methenamine, enact their antibacterial properties via 

conversion to formaldehyde in acidified urine. A Cochrane review showed that methenamine 

prevent UTI in those with a normal urinary tract and a nonneuropathic bladder, with a low 

rate of adverse events.61

There is biologic plausibility for probiotics and UTI prevention. However, due to the small 

number of available studies, the Cochrane Review did not find benefit of oral probiotics.62 

In pre-menopausal women, a phase 2 clinical trial demonstrated efficacy for vaginal 

Lactobacillus crispatus, which is not yet commercially available, for rUTI reduction.63

Cranberry products, which contain proanthocyanodin, have long been associated with 

bladder health; however a Cochrane review found that cranberry products had no significant 
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effect on preventing UTI.64 Since that review, two randomized placebo-controlled trials 

reporting conflicting results: one showed that cranberry reduced postoperative UTI in 

women undergoing elective gynecological surgery,65 while the other showed no difference 

in rates of bacteriuria and pyuria in female nursing home residents.66 Ascorbic acid (Vitamin 

C) has been shown to decrease UTI rate in pregnant women;67 however, there is no evidence 

supporting its use in prevention of rUTI in postmenopausal women.

Antibiotics, provided daily or post-coitally, are effective preventative measures. Post-coital 

antibiotics reduce the rate of UTI in women with coitally-associated UTI.68,69 When there is 

no post-coital association with rUTI, daily continuous antibiotic prophylaxis for 6–12 

months reduces UTI risk compared with placebo.70

When rUTI episodes continue despite the previously described prevention strategies have 

failed, intravesical antibiotic instillations can be used.71,72 This approach uses direct delivery 

of the antibiotic to the bladder (instillation time of at least one hour) with low systemic 

absorption, avoiding potential systemic side effects. Gentamicin is the most studied 

intravesical antibiotic.73,74 Select patients complete their instillations at home, allowing 

prolonged antibiotic dwell times overnight.

The Urobiome, rUTI and Bladder Health

There is much to learn about care of postmenopausal women with rUTI; many of the studies 

guiding recommended treatment and prevention options have not focused on this population. 

The urobiome is a potential tool for treatment and prevention options in rUTI management. 

In some bladder conditions, such as overactive bladder, there are urobiome differences in 

patients and controls.7 In a study of 60 patients with overactive bladder with urge urinary 

incontinence compared to 58 controls, there were decreased levels of Lactobacillus and 

increased levels of Gardnerella and nine other genera of bacteria.6 At the species level, there 

were differences between groups for Lactobacillus, with Lactobacillus gasseri more 

common in patients and Lactobacillus crispatus more common in controls. The composition 

of the urobiome in overactive bladder patients can even affect treatment response, with one 

study showing that responders were more likely to have less bacteria and less diverse 

urobiomes.75 Contrastingly, patients with interstitial cystitis were found to have greater 

abundance of Lactobacillus in their urobiome when compared to controls (species 

differences not reported).8

Urobiome research for bladder health and disease is a young field of investigation with 

significant potential to improve care for post-menopausal women affected by rUTI through 

novel, evidence-based prevention and treatment strategies.

References

1. Laupland KB, Ross T, Pitout JDD, Church DL & Gregson DB Community-onset Urinary Tract 
Infections: A Population-based Assessment. Infection 35, 150–153 (2007). [PubMed: 17565455] 

2. Human Microbiome Project Consortium. A framework for human microbiome research. Nature 486, 
215–221 (2012). [PubMed: 22699610] 

3. Woese CR & Fox GE Phylogenetic structure of the prokaryotic domain: the primary kingdoms. 
Proc. Natl. Acad. Sci. U. S. A 74, 5088–90 (1977). [PubMed: 270744] 

Jung and Brubaker Page 7

Climacteric. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Wolfe AJ et al. Evidence of uncultivated bacteria in the adult female bladder. J. Clin. Microbiol 50, 
1376–1383 (2012). [PubMed: 22278835] 

5. Siddiqui H, Nederbragt AJ, Lagesen K, Jeansson SL & Jakobsen KS Assessing diversity of the 
female urine microbiota by high throughput sequencing of 16S rDNA amplicons. BMC Microbiol. 
11, 244 (2011). [PubMed: 22047020] 

6. Pearce MM et al. The female urinary microbiome: a comparison of women with and without 
urgency urinary incontinence. MBio 5, e01283–14 (2014). [PubMed: 25006228] 

7. Schneeweiss J, Koch M & Umek W The human urinary microbiome and how it relates to 
urogynecology. Int. Urogynecol. J. 27, 1307–1312 (2016). [PubMed: 26811114] 

8. Siddiqui H, Lagesen K, Nederbragt AJ, Jeansson SL & Jakobsen KS Alterations of microbiota in 
urine from women with interstitial cystitis. BMC Microbiol. 12, 205 (2012). [PubMed: 22974186] 

9. Foxman B Epidemiology of urinary tract infections: incidence, morbidity, and economic costs. Am. 
J. Med 113 Suppl, 5S–13S (2002).

10. Marielle AJ Beerepoot M et al. Lactobacilli vs Antibiotics to Prevent Urinary Tract Infections. 
Arch. Intern. Med 172, 704–712 (2012). [PubMed: 22782199] 

11. Wagenlehner FME et al. Prevention of recurrent urinary tract infections. Minerva Urol. Nefrol. 65, 
9–20 (2013). [PubMed: 23538307] 

12. Epp A et al. Recurrent Urinary Tract Infection. J. Obstet. Gynaecol. Canada 32, 1082–1090 (2010).

13. Haylen BT et al. An International Urogynecological Association (IUGA)/International Continence 
Society (ICS) joint report on the terminology for female pelvic floor dysfunction. Int. Urogynecol. 
J. Pelvic Floor Dysfunct 21, (2010).

14. Nicolle LE et al. Infectious diseases society of America guidelines for the diagnosis and treatment 
of asymptomatic bacteriuria in adults. Clin. Infect. Dis 40, 643–654 (2005). [PubMed: 15714408] 

15. Hooton TM Recurrent urinary tract infection in women. Int. J. Antimicrob. Agents 17, 259–268 
(2001). [PubMed: 11295405] 

16. Mody L & Juthani-Mehta M Urinary tract infections in older women. JAMA J. Am. Med. Assoc 
311, 844–854 (2014).

17. Raz R et al. Recurrent Urinary Tract Infections in Postmenopausal Women. Clin. Infect. Dis 30, 
152–156 (2000). [PubMed: 10619744] 

18. Huang B, Fettweis JM, Brooks JP, Jefferson KK & Buck GA The changing landscape of the 
vaginal microbiome. Clin. Lab. Med. 34, 747–61 (2014). [PubMed: 25439274] 

19. O’Hanlon DE, Moench TR & Cone RA Vaginal pH and Microbicidal Lactic Acid When 
Lactobacilli Dominate the Microbiota. PLoS One 8, e80074 (2013). [PubMed: 24223212] 

20. O’Hanlon DE, Moench TR & Cone RA In vaginal fluid, bacteria associated with bacterial 
vaginosis can be suppressed with lactic acid but not hydrogen peroxide. BMC Infect. Dis 11, 200 
(2011). [PubMed: 21771337] 

21. Boris S, Suárez JE, Vázquez F & Barbés C Adherence of human vaginal lactobacilli to vaginal 
epithelial cells and interaction with uropathogens. Infect. Immun 66, 1985–9 (1998). [PubMed: 
9573080] 

22. Zarate G & Nader-Macias ME Influence of probiotic vaginal lactobacilli on in vitro adhesion of 
urogenital pathogens to vaginal epithelial cells. Lett. Appl. Microbiol 43, 174–180 (2006). 
[PubMed: 16869901] 

23. Portman DJ, Gass MLS & Vulvovaginal Atrophy Terminology Consensus Conference Panel. 
Genitourinary syndrome of menopause: new terminology for vulvovaginal atrophy from the 
International Society for the Study of Women’s Sexual Health and The North American 
Menopause Society. Climacteric 17, 557–563 (2014). [PubMed: 25153131] 

24. Raz R & Stamm WE A Controlled Trial of Intravaginal Estriol in Postmenopausal Women with 
Recurrent Urinary Tract Infections. N. Engl. J. Med 329, 753–756 (1993). [PubMed: 8350884] 

25. Mody L & Juthani-Mehta M Urinary Tract Infections in Older Women. JAMA 311, 844 (2014). 
[PubMed: 24570248] 

26. Bachmann GA & Nevadunsky NS Diagnosis and treatment of atrophic vaginitis. Am. Fam. 
Physician 61, 3090–6 (2000). [PubMed: 10839558] 

Jung and Brubaker Page 8

Climacteric. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



27. Nappi RE & Kokot-Kierepa M Vaginal Health: Insights, Views & Attitudes (VIVA) - results from 
an international survey. Climacteric 15, 36–44 (2012). [PubMed: 22168244] 

28. Anger JT, Saigal CS, Litwin MS & Urologic Diseases of America Project. The prevalence of 
urinary incontinence among community dwelling adult women: results from the National Health 
and Nutrition Examination Survey. J. Urol 175, 601–4 (2006). [PubMed: 16407004] 

29. Al-Mukhtar Othman J, Åkervall S, Milsom I & Gyhagen M Urinary incontinence in nulliparous 
women aged 25–64 years: a national survey. Am. J. Obstet. Gynecol 216, 149.e1–149.e11 (2017). 
[PubMed: 27720862] 

30. Monane M et al. Epidemiologic and diagnostic aspects of bacteriuria: a longitudinal study in older 
women. J. Am. Geriatr. Soc 43, 618–22 (1995). [PubMed: 7775718] 

31. Rowe TA & Juthani-Mehta M Diagnosis and Management of Urinary Tract Infection in Older 
Adults. Infect. Dis. Clin. North Am 28, 75–89 (2014). [PubMed: 24484576] 

32. Hartley S et al. Overtreatment of Asymptomatic Bacteriuria: Identifying Targets for Improvement. 
Infect. Control Hosp. Epidemiol 36, 470–473 (2015). [PubMed: 25782904] 

33. Hilt EE et al. Urine Is Not Sterile: Use of Enhanced Urine Culture Techniques To Detect Resident 
Bacterial Flora in the Adult Female Bladder. J. Clin. Microbiol 52, 871–876 (2014). [PubMed: 
24371246] 

34. Jung C. The Microbiota of Women with Recurrent Urinary Tract Infection: Opportunities to 
Improve Clinical Care; The 43rd Annual Meeting of the International Urogynecological 
Association; 2018 Jun 27–30; Vienna, Austria. Abstract Num 37.

35. Khasriya R et al. Lower urinary tract symptoms that predict microscopic pyuria. Int. Urogynecol. J 
29, 1019–1028 (2018). [PubMed: 28971220] 

36. Fairchild TN, Shuman W & Berger RE Radiographic studies for women with recurrent urinary 
tract infections. J. Urol 128, 344–5 (1982). [PubMed: 7109105] 

37. LAWRENTSCHUK N, OOI J, PANG A, NAIDU KS & BOLTON DM Cystoscopy in women with 
recurrent urinary tract infection. Int. J. Urol 13, 350–353 (2006). [PubMed: 16734849] 

38. Webb JA Ultrasonography in the diagnosis of renal obstruction. BMJ 301, 944–6 (1990). [PubMed: 
2249023] 

39. Pfister SA et al. Unenhanced helical computed tomography vs intravenous urography in patients 
with acute flank pain: accuracy and economic impact in a randomized prospective trial. Eur. 
Radiol 13, 2513–20 (2003). [PubMed: 12898174] 

40. Smith RC, Verga M, McCarthy S & Rosenfield AT Diagnosis of acute flank pain: value of 
unenhanced helical CT. AJR. Am. J. Roentgenol 166, 97–101 (1996). [PubMed: 8571915] 

41. Wu Y. (Rose) et al. Recurrent Urinary Tract Infections Due to Bacterial Persistence or Reinfection 
in Women—Does This Factor Impact Upper Tract Imaging Findings? J. Urol 196, 422–428 
(2016). [PubMed: 26880409] 

42. Brisbane W, Bailey MR & Sorensen MD An overview of kidney stone imaging techniques. Nat. 
Rev. Urol 13, 654–662 (2016). [PubMed: 27578040] 

43. Dwarkasing RS et al. MRI evaluation of urethral diverticula and differential diagnosis in 
symptomatic women. AJR. Am. J. Roentgenol 197, 676–82 (2011). [PubMed: 21862811] 

44. Chung DE, Purohit RS, Girshman J & Blaivas JG Urethral diverticula in women: discrepancies 
between magnetic resonance imaging and surgical findings. J. Urol 183, 2265–9 (2010). [PubMed: 
20400161] 

45. Gágyor I et al. Ibuprofen versus fosfomycin for uncomplicated urinary tract infection in women: 
randomised controlled trial. BMJ 351, h6544 (2015). [PubMed: 26698878] 

46. Cai T et al. The Role of Asymptomatic Bacteriuria in Young Women With Recurrent Urinary Tract 
Infections: To Treat or Not to Treat? Clin. Infect. Dis 55, 771–777 (2012). [PubMed: 22677710] 

47. Cortes-Penfield NW, Trautner BW & Jump RLP Urinary Tract Infection and Asymptomatic 
Bacteriuria in Older Adults. Infect. Dis. Clin. North Am 31, 673–688 (2017). [PubMed: 
29079155] 

48. Zelenitsky SA & Zhanel GG Phenazopyridine in Urinary Tract Infections. Ann. Pharmacother 30, 
866–868 (1996). [PubMed: 8826573] 

Jung and Brubaker Page 9

Climacteric. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



49. Gupta K et al. International clinical practice guidelines for the treatment of acute uncomplicated 
cystitis and pyelonephritis in women: A 2010 update by the Infectious Diseases Society of 
America and the European Society for Microbiology and Infectious Diseases. Clin. Infect. Dis 52, 
103–120 (2011).

50. Falagas ME et al. Fosfomycin versus other antibiotics for the treatment of cystitis: a meta-analysis 
of randomized controlled trials. J. Antimicrob. Chemother 65, 1862–77 (2010). [PubMed: 
20587612] 

51. Schaeffer AJ & Stuppy BA Efficacy and safety of self-start therapy in women with recurrent 
urinary tract infections. J. Urol 161, 207–11 (1999). [PubMed: 10037399] 

52. Wong ES et al. Management of recurrent urinary tract infections with patient-administered single-
dose therapy. Ann. Intern. Med 102, 302–7 (1985). [PubMed: 3871597] 

53. Gustafsson RJ et al. The Lactobacillus flora in vagina and rectum of fertile and postmenopausal 
healthy Swedish women. BMC Womens. Health 11, 17 (2011). [PubMed: 21609500] 

54. Zhang R et al. Qualitative and semiquantitative analysis of Lactobacillus species in the vaginas of 
healthy fertile and postmenopausal Chinese women. J. Med. Microbiol 61, 729–739 (2012). 
[PubMed: 22301614] 

55. Brotman RM et al. Association between cigarette smoking and the vaginal microbiota: a pilot 
study. BMC Infect. Dis. 14, 471 (2014). [PubMed: 25169082] 

56. Fashemi B, Delaney ML, Onderdonk AB & Fichorova RN Effects of feminine hygiene products on 
the vaginal mucosal biome. Microb. Ecol. Heal. Dis 24, (2013).

57. Pavlova SI & Tao L In vitro inhibition of commercial douche products against vaginal microflora. 
Infect. Dis. Obstet. Gynecol 8, 99–104 (2000). [PubMed: 10805365] 

58. Juliano C, Piu L, Gavini E, Zanetti S & Fadda G In vitro antibacterial activity of antiseptics against 
vaginal lactobacilli. Eur. J. Clin. Microbiol. Infect. Dis 11, 1166–9 (1992). [PubMed: 1291315] 

59. Perrotta C, Aznar M, Mejia R, Albert X & Ng CW Oestrogens for preventing recurrent urinary 
tract infection in postmenopausal women. Cochrane Database Syst. Rev CD005131 (2008). doi:
10.1002/14651858.CD005131.pub2 [PubMed: 18425910] 

60. Kranjčec B, Papeš D & Altarac S d-mannose powder for prophylaxis of recurrent urinary tract 
infections in women: a randomized clinical trial. World J. Urol 32, 79–84 (2014). [PubMed: 
23633128] 

61. Lee BSB, Bhuta T, Simpson JM & Craig JC Methenamine hippurate for preventing urinary tract 
infections. Cochrane Database Syst. Rev 10, CD003265 (2012). [PubMed: 23076896] 

62. Schwenger E, Tejani A & PS L Probiotics for preventing urinary tract infections in adults and 
children (Review). Cochrane Database Syst. Rev (2015). doi:
10.1002/14651858.CD008772.pub2.www.cochranelibrary.com

63. Stapleton AE et al. Randomized, Placebo-Controlled Phase 2 Trial of a Lactobacillus crispatus 
Probiotic Given Intravaginally for Prevention of Recurrent Urinary Tract Infection. Clin. Infect. 
Dis 52, 1212–1217 (2011). [PubMed: 21498386] 

64. Jepson RG, Williams G & Craig JC Cranberries for preventing urinary tract infections. Cochrane 
Database Syst. Rev 10, CD001321 (2012). [PubMed: 23076891] 

65. Foxman B et al. Urinary tract infection among women aged 40 to 65: behavioral and sexual risk 
factors. J. Clin. Epidemiol 54, 710–8 (2001). [PubMed: 11438412] 

66. Juthani-Mehta M et al. Effect of Cranberry Capsules on Bacteriuria Plus Pyuria Among Older 
Women in Nursing Homes. JAMA 316, 1879 (2016). [PubMed: 27787564] 

67. Ochoa-Brust GJ et al. Daily intake of 100 mg ascorbic acid as urinary tract infection prophylactic 
agent during pregnancy. Acta Obstet. Gynecol. Scand 86, 783–787 (2007). [PubMed: 17611821] 

68. Melekos MD et al. Post-intercourse versus daily ciprofloxacin prophylaxis for recurrent urinary 
tract infections in premenopausal women. J. Urol 157, 935–9 (1997). [PubMed: 9072603] 

69. Stapleton A, Latham RH, Johnson C & Stamm WE Postcoital antimicrobial prophylaxis for 
recurrent urinary tract infection. A randomized, double-blind, placebo-controlled trial. JAMA 264, 
703–6 (1990). [PubMed: 2197450] 

70. Albert X et al. Antibiotics for preventing recurrent urinary tract infection in non-pregnant women. 
Cochrane database Syst. Rev CD001209 (2004). doi:10.1002/14651858.CD001209.pub2 
[PubMed: 15266443] 

Jung and Brubaker Page 10

Climacteric. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



71. Abrams P et al. The use of intravesical gentamicin to treat recurrent urinary tract infections in 
lower urinary tract dysfunction. Neurourol. Urodyn 36, 2109–2116 (2017). [PubMed: 28503891] 

72. Pietropaolo A, Jones P, Moors M, Birch B & Somani BK Use and Effectiveness of Antimicrobial 
Intravesical Treatment for Prophylaxis and Treatment of Recurrent Urinary Tract Infections 
(UTIs): a Systematic Review. Curr. Urol. Rep 19, 78 (2018). [PubMed: 30094687] 

73. Wan J et al. Intravesical instillation of gentamicin sulfate: in vitro, rat, canine, and human studies. 
Urology 43, 531–6 (1994). [PubMed: 8154077] 

74. Defoor W et al. Safety of gentamicin bladder irrigations in complex urological cases. J. Urol 175, 
1861–4 (2006). [PubMed: 16600780] 

75. Thomas-White KJ et al. Incontinence medication response relates to the female urinary microbiota. 
Int. Urogynecol. J 27, 723–733 (2016). [PubMed: 26423260] 

76. Laosu-angkoon S The sensitivity and specificity of a urine leukocyte esterase dipstick test for the 
diagnosis of urinary tract infection in the outpatient clinic of Rajavithi Hospital. J. Med. Assoc. 
Thai 96, 849–53 (2013). [PubMed: 24319857] 

77. Najeeb S et al. Comparison of urine dipstick test with conventional urine culture in diagnosis of 
urinary tract infection. J. Coll. Physicians Surg. Pak 25, 108–10 (2015). [PubMed: 25703753] 

78. Devillé WL et al. The urine dipstick test useful to rule out infections. A meta-analysis of the 
accuracy. BMC Urol. 4, 4 (2004). [PubMed: 15175113] 

79. Hessdoerfer E, Jundt K & Peschers U Is a dipstick test sufficient to exclude urinary tract infection 
in women with overactive bladder? Int. Urogynecol. J 22, 229–232 (2011). [PubMed: 20838986] 

80. Pfaller MA & Koontz FP Laboratory evaluation of leukocyte esterase and nitrite tests for the 
detection of bacteriuria. J. Clin. Microbiol 21, 840–2 (1985). [PubMed: 3998118] 

81. Stamm WE Measurement of pyuria and its relation to bacteriuria. Am. J. Med 75, 53–8 (1983).

82. Gray Sears CL et al. Prospective comparison of computerized tomography and excretory 
urography in the initial evaluation of asymptomatic microhematuria. J. Urol 168, 2457–60 (2002). 
[PubMed: 12441939] 

83. O’Connor OJ, McSweeney SE & Maher MM Imaging of hematuria. Radiol. Clin. North Am 46, 
113–32, vii (2008). [PubMed: 18328883] 

84. Kass EH Asymptomatic infections of the urinary tract. J. Urol 167, 1016–1020 (2002). [PubMed: 
11905871] 

85. Brubaker L & Wolfe AJ The new world of the urinary microbiota in women. Am. J. Obstet. 
Gynecol. 213, 644–649 (2015). [PubMed: 26003055] 

86. Stamm WE et al. Diagnosis of Coliform Infection in Acutely Dysuric Women. N. Engl. J. Med 
307, 463–468 (1982). [PubMed: 7099208] 

87. Hooton TM, Roberts PL, Cox ME & Stapleton AE Voided midstream urine culture and acute 
cystitis in premenopausal women. N. Engl. J. Med 369, 1883–91 (2013). [PubMed: 24224622] 

88. Kline KA & Lewis AL Gram-Positive Uropathogens, Polymicrobial Urinary Tract Infection, and 
the Emerging Microbiota of the Urinary Tract. Microbiol. Spectr 4, (2016).

89. Arabyat RM, Raisch DW, McKoy JM & Bennett CL Fluoroquinolone-associated tendon-rupture: a 
summary of reports in the Food and Drug Administration’s adverse event reporting system. Expert 
Opin. Drug Saf 14, 1653–1660 (2015). [PubMed: 26393387] 

90. Castelló T, Girona L, Gómez MR, Mena Mur A & García L The possible value of ascorbic acid as 
a prophylactic agent for urinary tract infection. Spinal Cord 34, 592–3 (1996). [PubMed: 8896124] 

91. Madani Y & Mann B Nitrofurantoin-induced lung disease and prophylaxis of urinary tract 
infections. Prim. Care Respir. J. 21, 337–341 (2012). [PubMed: 22836745] 

92. Practice Bulletin No. 141. Obstet. Gynecol. 123, 202–216 (2014). [PubMed: 24463691] 

93. Rudenko N & Dorofeyev A Prevention of recurrent lower urinary tract infections by long-term 
administration of fosfomycin trometamol. Double blind, randomized, parallel group, placebo 
controlled study. Arzneimittelforschung. 55, 420–7 (2005). [PubMed: 16080282] 

94. Oplinger M & Andrews CO Nitrofurantoin contraindication in patients with a creatinine clearance 
below 60 mL/min: looking for the evidence. Ann. Pharmacother 47, 106–11 (2013). [PubMed: 
23341159] 

Jung and Brubaker Page 11

Climacteric. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jung and Brubaker Page 12

Table 1:

Clinical Heterogeneity of Women with Recurrent UTI: Adult women with recurrent UTI have varying clinical 

situations, requiring individualization of care.

Scenario Patient HPI Exam Urine Studies Imaging Management Follow-Up

1 78yo non-
sexually active 
woman reports 
frequent UTIs, 
which respond 
to UTI 
antibiotics

-Vulovaginal atrophy
-Normal post-void residual

3 positive urine 
cultures of >105 

CFU/ml E. Coli in 
last 12 months

None -Vaginal estrogen
-Consider D-mannose

-Standing 
order for UA 
and reflex 
urine culture
-Follow-up 3–
6 months

2 55yo sexually 
active woman 
reports 
frequent UTIs, 
sometimes 
associated with 
intercourse, 
variable 
response to 
UTI antibiotics

-Vulvovaginal atrophy
-Normal post-void residual

1 positive urine 
culture for 
10,000–50,000 
CFU/ml E. coli, 2 
negative urine 
cultures

None -Vaginal estrogen
-Consider post-coital 
antibiotics

-Standing 
order for UA 
and reflex 
urine culture
-Follow-up 3 
months
-Consider 
EQUC

3 53yo sexually 
active woman 
with frequent 
UTIs and 
dyspareunia

Suburethral mass
Normal post-void residual

3 positive urine 
cultures for >105 

CFU/ml E. coli x2 
and Pseudomonas

Pelvic MRI 
shows 
urethral 
diverticulum

Diverticulum excision -Follow-up 
after surgery 
to ensure that 
rUTI resolves

4 62yo woman 
with history of 
smoking and 
mesh 
midurethral 
sling reports 
frequent UTIs

Normal post-void residual 3 positive urine 
cultures >105 

CFU/ml for 
Proteus, 
Enterococcus, and 
E. coli; 
microscopic 
hematuria

Cystoscopy 
documents 
urethral mesh 
erosion,
CT urogram 
shows non-
obstructive 
renal stone

-Urology consult for 
stone removal
-Surgical removal of 
mesh exposure

-Follow-up 
after surgery 
to ensure that 
rUTI resolves

5 82yo woman 
with 
persistently 
positive urine 
cultures and 
symptoms 
despite 
appropriate 
antibiotic 
treatment

Vulvovaginal atrophy
Normal post-void residual
GFR 47

Multiple positive 
urine cultures 
>105 CFU/ml for 
Klebsiella 
pneumoniae x5, 
E. Coli, and 
Enterobacter in 
last 12 months. 
All treated with 
only 2 
documented 
negative urine 
cultures.

Cystoscopy 
normal CT 
scan normal

-Vaginal estrogen
-D-mannose
-Methenamine

-Antibiotic for 
UTI 
suppression 
selected in 
conjunction 
with PCP
-Follow-up 3–
6 months
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Table 2:

Common Clinical Tests for UTI

Test Usage Notes

Urine Dipstick • Utility limited in the evaluation of 
postmenopausal women with rUTI, due to 
decreased sensitivity
• In postmenopausal women, sensitivities for 
voided urines are similar, however urine 
dipstick is less sensitive for catheterized 
urines, which is the optimal route of evaluation 
in a postmenopausal woman with frequent 
UTI

• Screening test with sensitivity ranging from 66–88% in patients 
of all ages and genders76–78

• Sensitivity of 50–55.6% in catheterized urines, and 73.7–84.2% 
in voided urines when using a cutoff of ≥105 CFU/ml, they found 
positive dipstick (positive for either leukocyte esterase or nitrites) 
in a study of 75 postmenopausal women with irritative bladder 
symptoms.
• Sensitivity of 44.2% in catheterized urines when using the 
cutoff of ≥103 CFU/ml in a study of >2000 women with OAB 
(age not reported).79

Urinalysis • Useful adjunct to determine whether urine 
culture testing is needed and/or to determine 
whether empiric UTI treatment should be 
initiated before urine culture results are 
available.
• Leukocyte esterase: enzyme produced by 
leukocytes, and represents the presence of 
white blood cells (WBCs).80 Nitrites: 
represent the presence of gram-negative 
bacteria which convert urinary nitrate to 
nitrite.80 Blood in the urine is common during 
active UTI.

• Sensitivity of 95.6% when combination of leukocyte esterase 
and pyuria, representing the inflammatory host response,81 in 
predicting a positive urine culture in the general population.76

• If microscopic hematuria, defined as ≥3 red blood cells per 
HPF, is persistent after treatment of the acute infection, further 
should be considered. Testing may include assessments to detect 
urinary tract malignancy (cystoscopy and upper urinary tract 
imaging), nephropathy, or other benign renal disease.82,83

Urine Culture, Standard • Identifies uropathogenic species present in 
the urine and is widely used today as a gold 
standard for UTI diagnosis.
• Involves incubation of 1μl of urine on a 
combination of blood and MacConkey agar at 
35°C for 24 hours, and is designed to detect 
uropathogenic E. Coli.

• Criteria of ≥105 CFU/ml of a single organism originally 
developed in the 1950s as a predictor of those that would develop 
urosepsis after kidney surgery.84,85

• A lower cut-off of ≥102 CFU/ml in the setting of UTI symptoms 
has a high predictive value for UTI.86,87

• UTI may be polymicrobial, with several different uropathogens 
causing the UTI.88 Clinicians should be familiar with the 
reporting patterns of their microbiology laboratories. For 
example, a laboratory report of “growth of multiple organisms 
suggestive of contamination,” is often interpreted by providers as 
a negative result for UTI.
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Table 3:

Treatment of UTI in Adult Women with Recurrent UTI45,48–51,89

Type Name Dosing Notes

Symptom Relief Pyridium
Ibuprofen

100–200mg TID x2 
days
400mg TID x3 days

-Orange discoloration of urine
-Can mask symptoms of UTI, do not use >2 
days
-Caution in renal impairment
-Can decrease need for antibiotics

1st line Antibiotics Nitrofurantoin monohydrate/macrocrystals
Trimethoprim/Sulfamethoxazole
Fosfomycin

100mg BID x5 days
160/800mg BID x3 
days
3g x1 dose

-Minimal resistance
-Avoid if early pyelonephritis suspected
-Avoid if resistance known to exceed 20%
-Avoid if used for UTI in previous 3 months
-Minimal resistance
-Avoid if early pyelonephritis suspected
-Slightly less efficacious

2nd line Antibiotics Ciprofloxacin
Beta-Lactams

250 BID x3 days OR 
500mg ER daily x3 
days
3–7 day course

-Resistance prevalence high in some areas
-Higher risk for collateral damage (prolonged 
QT interval, tendon rupture)
-Less efficacious
-More adverse events
-Avoid ampicillin or amoxicillin alone – poor 
efficacy and high resistance

Self-start Antibiotics Nitrofurantoin monohydrate/macrocrystals
Trimethoprim/Sulfamethoxazole
Fosfomycin

Same as above
Same as above
Same as above

Same as above
Same as above
Same as above
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Table 4:

Prevention of UTI in Adult Women with Recurrent UTI15,24,56,59–74,90–94

Type Dosing Notes

Vaginal estrogen
-Tablets
-Creams
-Ring

Estradiol (Vagifem) 10mcg 2x/week
Estradiol (Estrace) 0.5mg 2x/week 
Conjugated vaginal estrogens (Premarin) 
0.5mg 2x/week
Estradiol (Estring) 2mg every 3 months

-most consistent low dosing
-affordable
-instruct patients 0.5mg is a pea-sized amount
-benefit of long-term dosing
-patient or provider can replace
-usually most expensive

D-Mannose 2g dissolved in 200ml water daily -over-the-counter product
-low rate of side effects

Methenamine 1g twice a day -converts to formaldehyde in acidified urine
-does not induce bacterial resistance
-caution in renal and/or hepatic impairment

Antibiotics - continuous
-Nitrofurantoin monohydrate/
macrocrystals
-Trimethoprim/Sulfamethoxazole
-Trimethoprim
-Cephalexin
-Fosfomycin

50–100mg daily
40/200mg daily to every 3 days
100mg daily
125–250mg daily
3g every 10 days

-caution rare pulmonary toxicity with chronic use
-avoid if Cr Cl <30 ml/min

Antibiotics – post-coital
-Nitrofurantoin monohydrate/
macrocystals
-Trimethoprim/Sulfamethoxazole
-Cephalexin

50–100mg x1
40/200mg – 80/400mg x1
250mg x1

Antibiotics – intravesical
-Gentamicin

40–80mg in 50ml normal saline -time periods of 1 hour to overnight

Widely Used Despite Limited Evidence for Efficacy

Vaginal probiotic Daily x5 days, then weekly x10 weeks -may be best if used in conjunction with vaginal 
estrogen

Vitamin C 1–3g three to four times per day -goal of urine acidification

Cranberry 2 capsules daily -equivalent to 20oz servings of cranberry juice
-equivalent to 72mg of active ingredient 
proanthocyandin
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