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The recent discovery of the urinary microbiome bolstered the notion that microbes might play a role in bladder

cancer. Although microbial involvement in bladder neoplastic transformation and metastatic progression, except

schistosomiasis, has not been established, accumulating research suggests that dysbiosis of the urinary

microbiome can produce a chronically inflammatory urothelial microenvironment and lead to bladder cancer.

urinary microbiome  bladder cancer  Bacillus Calmette-Guerin therapy

1. Introduction

Bladder cancer (BC) is the sixth most common cancer in the United States; over 80,000 new cases were recorded

in 2020 alone. Worldwide, more than 570,000 patients were diagnosed with BC, and over 200,000 patients died

from the disease . BC can be classified into non-muscle-invasive (NMIBC) and muscle-invasive (MIBC) bladder

cancer. NMIBC comprises tumors isolated to the urothelium or lamina propria (stages 0 and 1), while MIBC refers

to tumors that have invaded the muscle or deeper layers (stages 2–4) . About 70–80% of newly diagnosed

patients present with NMIBC, and only 10–20% show progression to MIBC . As with other cancers, a higher

tumor stage is associated with decreased survival rates; survival rates for NMIBC are approximately 80–90%, but

drop to as low as 15% for MIBC . Thus, depending on the stage, treatment options vary greatly, with intravesical

Bacillus Calmette-Guerin (BCG) therapy following transurethral resection of bladder tumors (TURBT) being the

standard treatment for intermediate- or high-risk NMIBC patients . Despite these and other treatment options,

bladder cancer shows a high recurrence rate. About 70% of patients who do not undergo cystectomy will

experience recurrence of the disease . This, combined with a mortality rate that has remained unchanged for

over 30 years, has prompted investigations into other potential treatment methods.

The risk of developing BC increases with age, and men are affected nearly four times more frequently than women

worldwide . The most common risk factor for BC is smoking, followed by heavy alcohol use and occupational

exposure to polycyclic aromatic hydrocarbons or aromatic amines. Chronic inflammation is now considered as an

additional risk factor. Chronic inflammation, which is related with BC, can be attributed to host defense

mechanisms for microbial infection or cellular injury in reaction to stressors. Schistosomiasis, in particular, is a well-

known parasitic infection that can lead to BC . Another player involved in the pathogenesis of BC is the urinary

microbiome . The bladder, which was previously thought to be sterile, is now known to harbor its own set of

commensal microorganisms . Not only does the composition of the urinary microbiome differ between sexes, it

also varies between healthy individuals and BC patients . Commensal microorganisms in the urinary bladder

may be required for maintaining homeostasis and preventing an unwanted inflammatory response. However,
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disruption in the urinary microbiome can also initiate proinflammatory responses by triggering immune cell

infiltration , thereby establishing a chronic inflammatory milieu and eventually leading to the development of BC

.

The fact that the urinary microbiome can play a unique carcinogenic role makes it a potential candidate for use as

biomarkers in BC . In addition, modifying the urinary microbiome could potentially be used as a therapeutic

option in conjunction with conventional treatments .

2. Differences in Urinary Microbiome Sample Collection
Methods

Collecting specimens from voided urine is noninvasive and convenient for both clinicians and patients when

analyzing the urinary microbiome. However, since the urethra and genital tract are inhabited by a variety of

microorganisms, analysis of voided urine samples misrepresents the actual composition of the urinary microbiome.

Therefore, additional methods are routinely employed to gather urine samples for analysis. The aforementioned

voided urine (sometimes referred to as “midstream urine”) approach is the only non-invasive method and the

easiest to perform, making it a popular choice in many clinical studies; however, its disadvantages include

contamination and consequent inaccuracy. Placing a catheter transurethrally to collect urine is a more invasive

alternative, but it considerably reduces the risk of contamination . Suprapubic aspiration, in which a syringe is

injected into the bladder to acquire a urine sample, permits the most precise characterization of the urinary

microbiome. This prevents the urine from coming in contact with other tissue areas, minimizing the risk of

contamination . The primary drawbacks of this method are its high degrees of invasiveness and pain . For

accurate characterization of the composition of the urinary microbiome, suprapubic aspiration continues to be the

preferred method. Because multiple different factors such as pain and required level of sterility must be taken into

consideration, individual patients benefit from a collection method that is appropriate for their unique medical

situation. In addition to collecting urine, bladder mucosal tissue samples should also be analyzed to identify the

bladder mucosa-associated microbiome .

As will be presented later, some bacterial genera are much more abundant in the microbiota isolated from the urine

of patients with BC compared to that of healthy patients. Recently, “five suspect genera”, namely Akkermansia,

Bacteroides, Clostridium sensu stricto, Enterobacter, and Klebsiella were found to be over-represented in BC

tissue samples when compared to urine samples from the same group of BC patients . This difference implies

that these genera directly interact with the bladder mucosal tissue, which suggests that they are potentially

associated with the oncogenic transformation process occurring at the bladder mucosa . The bladder-mucosa-

related microbiota is distinct from the urinary microbiota and provides the optimal test sample for characterizing the

relationship between bacteria and cancer . A more precise characterization of the changes in microbiota

composition throughout the progression of BC could offer new potential for developing screening or monitoring

tools for BC diagnosis.
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3. Urinary Microbiome in Healthy Individuals

To comprehend the association between the urinary microbiome and the progression or treatment of BC, the

characteristics of a non-diseased, healthy human bladder microbiome must be identified. Compared to other

microbiomes found throughout the body, the urinary microbiome has not yet been adequately defined . The few

clinical trials that have been conducted typically suffer from constraints such as small sample size, imprecise

method of urine collection, and high heterogeneity in characteristics such as race and age . Defining a single

general set of bacteria that constitutes a healthy bladder is thus challenging, but comparative studies have shed

some light on overlapping and diverging urinary microbiome compositions. In terms of microbiomes of other

organs, the gut shows different microbiome compositions depending on the sex of the individual .

Considering the substantial anatomical and physiological disparities between the lower urinary tract of men and

women, the urinary microbiome of the bladder unsurprisingly shows differential stratification as well (Table 1) .

One study found that the most prevalent phyla shared among men and women were Firmicutes, followed by

Actinobacteria, Bacteroidetes, and Proteobacteria. In terms of genera, however, the two diverge; healthy females

show an abundance of Streptococcus, Lactobacillus, and Prevotella, while males have greater numbers of

Lactobacillus, Corynebacterium, and Gardnerella . Yet another study characterized healthy male bladders by an

abundance of Enterococcus, Proteus, and Klebsiella, and healthy female bladders show dominance of

Lactobacillus . An independent study also confirmed the abundance of Lactobacillus, Prevotella, and

Gardnerella in the female microbiome . Even though Lactobacillus seems to be associated with a healthy

urinary microbiome in women in particular, not all strains of the genus seem to be entirely favorable; Pearce et al.,

reported that the strain L. gasseri was more often found in women with urinary urge incontinence, while L. crispatus

was more frequently cultured in healthy control subjects . Acid-producing Lactobacillus species can contribute to

keeping pathogenic bacteria unable to survive in a more acidic environment at bay, and thus assume a protective

role in the bladder . Indeed, a recent study found that Lactobacillus in the bladder can protect the host from

uropathogenic E. coli infection by triggering type I IFN production . Price et al. found that Lactobacillus in women

showed no correlation with various factors such as age but discovered that other genera do differ among age

groups; Gardnerella and Escherichia were more commonly found in younger and older women, respectively .

Both studies noted that genera composition is highly variable between individuals, once again substantiating the

fact that a single, clear definition of what comprises a healthy urinary microbiome is difficult to provide .

Table 1. Urinary microbiome in a healthy human bladder.
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Type of BC Enriched Genera Sex Urine Collection Reference

Healthy subjects only
Staphylococcus, Streptococcus,

Lactobacillus F Midstream urine
Curtiss et al.

Healthy subjects only
Genera of the phyla Firmicutes,
Actinobacteria, Bacteroidetes

F,
M

Midstream urine Lewis et al. 

Healthy subjects only
Lactobacillus, Streptococcus,

Gardnerella, Escherichia F
Transurethral

catheter
Price et al. 
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Table 1 provides an overview of selected studies that have attempted to characterize the urinary microbiome of

healthy males and females. Notice the inconsistent methods of urine collection, in addition to the variability in

subject gender, race, and age. Overall, it can be seen a dominance of Lactobacillus, Prevotella, and

Streptococcus. Further studies, ideally separately for different age groups, races, and genders, should be

performed to more closely discern which members of the urinary microbiome are consistently found in the bladders

of healthy individuals.

4. Urinary Microbiome in Bladder Cancer Patients

Urinary dysbiosis can be defined as the loss of beneficial bacteria from a healthy urinary bacterial community .

As was previously described, determining commensal microbes as “beneficial” is challenging; additionally, several

studies have reported interpersonal variation even among healthy patients . Recently, dysbiosis of the

urinary microbiome has been linked to pathological conditions such as urinary urge incontinence, interstitial cystitis,

and overactive bladder . Although a similar speculation was made for BC patients, it is still unknown

whether dysbiosis of the urinary microbiome at baseline precedes and is a risk factor for BC, or whether BC is

responsible for the alteration of the microbiome. To date, few studies analyzing the urinary microbiome in bladder

cancer have been performed, limiting our ability to draw definitive conclusions. A summary of the results from the

available studies is given in Table 2.

Table 2. Urinary microbiome in bladder cancer patients.

Type of BC Enriched Genera Sex Urine Collection Reference

Healthy subjects only
M: Enterococcus, Proteus,

Klebsiella
F: Lactobacillus

F,
M

Midstream urine,
transurethral catheter

Fouts et al.

Healthy subjects only
Lactobacillus, Prevotella,

Garnderella F Midstream urine
Siddiqui et al.

Healthy subjects only Lactobacillus, Staphylococcus F
Transurethral

catheter
Pearce et al.

Healthy subjects only
Lactobacillus, Gardnerella,

Gardnerella/Prevotella F
Transurethral

catheter
Pearce et al.

Healthy subjects only
Lactobacillus, Gardnerella,

Corynebacterium F
Midstream urine,

transurethral catheter

Thomas-
White et al.

Study on microbiome in
men with kidney stones

Prevotella, Lactobacillus M
Transurethral

catheter
Xie et al. 
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Type of BC Enriched Genera Sex Description Urine Collection Reference
Mixed Fusobacterium,

Actinobaculum,
M No difference in alpha diversity Midstream urine Bucevic

Popovic et
al. [8]
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Streptococcus, Veillonella, and Corynebacterium were found to be abundant in patients with BC, but no differences

were observed in alpha diversity compared to healthy individuals . A subsequent study confirmed that only beta

diversity is elevated in cancerous bladder samples . Other independent studies reported that the genera

Brucella, Acinetobacter, and E.Shigella were commonly present in BC patients; however, bacterial richness and

diversity were significantly reduced in their urinary microbiome .

In contrast to the relationship between the urinary microbiome and BC, the bacterial diversity in BC increases with

an increase in the genera Acinetobacter, Anaerococcus, Rubrobacter, Staphylococcus, Streptococcus, and

Prevotella . The genus Acinetobacter, the incidence of which was found to be elevated in BC specimens, has

also been reported to contribute to the development of multidrug resistance and cause a variety of diseases,

including pneumonia and bloodstream infections . Multiple studies demonstrate an increase in the phylum

Type of BC Enriched Genera Sex Description Urine Collection Reference
Facklamia,

Campylobacter

Mixed
Acinetobacter,
Anaerococcus,

Rubrobacter
M

Increased bacterial richness in
cancer, significant beta

diversity
Midstream urine

Wu et al.

Recurrent
NMIBC

Staphylococcus,
Streptococcus,

Prevotella
M

Increased bacterial richness in
cancer, no differences in

Shannon and Simpson indices,
species diversity higher in

recurrence group, more OTUs
in cancer

Midstream urine
Zeng et al.

MIBC,
NMIBC

Bacteroides,
Akkermansia,

Klebsiella

M,
F

No relationship found between
microbiota in NMIBC and MIBC

Transurethral
resection (tissue)

Mansour
et al. 

MIBC,
NMIBC

Lactobacillus,
Corynebacterium,

Streptococcus

M,
F

No relationship found between
microbiota in NMIBC and MIBC

Transurethral
resectoscopy

(urine)

Mansour
et al. 

MIBC
Bacteroides,

Faecalibacterium
M,
F

Decreased bacterial richness
in cancer

Midstream urine
Chipollini
et al. 

Mixed

Brucellaceae,
Acinetobacter,

E.Shigella,
Proteobacteria

M,
F

Study on noncancerous vs.
cancerous tissue;lower

Shannon diversity in cancerous
tissue, lower degrees of

species richness and diversity
in cancer

Tissue collected
intraoperatively

Liu et al.

Mixed

Actinomyces,
Achromobacter,
Brevibacterium

phyla:
Actinobacteria,
Proteobacteria

M,
F

No difference in alpha diversity
but higher beta diversity

Midstream urine,
Transurethral

catheter

Hussein et
al. 

Mixed
Veillonella,

Corynebacterium M
Significantly higher

evenness parameter in BC
group

Transurethral
catheter

Oresta et
al. 
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Proteobacteria in BC tissues. Other studies examining gut pathogenesis also found that dysbiosis of genera within

this phylum are correlated with Crohn’s disease and colitis-associated colorectal cancer . Therefore, an

increase of Acinetobacter, and more broadly Proteobacteria, could be employed as dysbiosis markers to diagnose

BC. Oresta et al. noted that Ruminococcus and Bifidobacterium, which were reduced in BC patients, are genera

known to be anti-inflammatory and important in mucosal homeostasis . A decrease in beneficial bacteria

such as these may provide “bad” bacteria with a permissive environment to stimulate inflammation and oxidative

stress. They also suggest that tumor and microbiome may interact, where tumor formation breaks down the normal

urothelium and favors attachment and proliferation of certain taxa . As mentioned before, the development and

progression of BC is thought to be influenced by many factors, which seems to result in a differential incidence and

mortality rate between men and women. Even though the incidence is higher in men, poorer outcomes and higher

death rates are associated with BC in women . Studies have implicated hormones as playing an important

role in BC, and more recently, sex-associated differences in the urinary microbiome have been emphasized .

Just as in healthy subjects, the urinary microbiome thus also shows variation between male and female bladder

cancer patients: while the genera Pelomonas, Corynebacterium, and Finegoldia are more abundant in men with

BC, women with BC show higher levels of Lactobacillus, Actinotignum, and Prevotella . Oresta et al. found male

BC patients to show an abundance of Veillonella and Corynebacterium, while Wu et al. reported an abundance of

Acinetobacter, Anaerococcus, and Rubrobacter . Although sex differences in the urinary microbiome were

observed in recent studies, a more extensive mechanistic investigation is required to establish a link between these

differences, the higher incidence of BC in men and worse disease progression in women.

Mechanically, urinary microbiota, which can attach to bladder mucosal surfaces, can undertake continuous

translocations or transient tissue invasions . Furthermore, bacteria present in the bladder can create biofilms

that allow for continuous and extended direct contact with the urothelium, although it is unclear whether urinary

microbiota can form biofilms in the bladder . Due to the fact that a variety of bacteria create proteases that can

act intracellularly and/or extracellularly, perturbing the natural process of extracellular matrix (ECM) renewal in the

bladder can result in an altered and potentially cancer-promoting extracellular milieu . It has been found that

Pseudomonas aeruginosa secretes alkaline proteases predominately when cultivated in anaerobic conditions

(probably within bladder tumor masses) . These alkaline proteases degrade components of the ECM and inhibit

lymphocyte proliferation by degrading and inactivating IFN-γ . Additionally, proteases can cleave the IL-6

receptor, the FAS ligand, TNF, and its receptors . Therefore, urinary microbiota and their released

proteases may influence the integrity of the urothelial barrier, ECM development, and immunological repertoire in

the bladder. This altered bladder tissue can thus potentially facilitate the development of the bladder tumor

microenvironment.

The studies cited in this research show only a small number of overlapping genera and high variability even within

a single study. Moreover, there is a substantial degree of interindividual variability in the microbial composition of

both cancer patients and healthy individuals . As was described in the previous section, the method of sample

collection is a major factor determining the disparate results of urinary microbiome investigations. Some of the

studies were conducted with people of a single sex, while others included participants of both sexes. Additional
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characteristics, such as geographic location, age, and race, play a significant influence in the difficulty of identifying

bacterial genera that are related to BC globally.
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