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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Urolithiasis, the formation of urinary calculi, remains a prevalent and clinically significant urological 

disorder worldwide. Despite extensive research, the etiology of urolithiasis remains multifactorial and not 

entirely understood. Emerging evidence suggests that the urinary microbiome, previously considered 

sterile, plays a pivotal role in the pathogenesis and progression of urolithiasis. This article delves into the 

intricate relationship between urolithiasis and the urinary microbiome, elucidating the key microbial 

players, their potential mechanisms of action, and the clinical implications of this association. We explore 

recent advancements in metagenomics, metabolomics, and microbial profiling techniques that have 

revolutionized our understanding of the urinary microbiome in urolithiasis. A comprehensive 

understanding of the interplay between urolithiasis and the urinary microbiome holds promise for novel 

diagnostic and therapeutic strategies, offering new avenues for the prevention and management of this 

debilitating condition. 
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INTRODUCTION 

Urolithiasis, the formation of calculi within the urinary tract, 

represents a significant medical challenge affecting millions 

of individuals globally. Despite advances in diagnostic and 

therapeutic modalities, the exact pathogenesis of urolithiasis 

remains elusive, and its recurrence rates remain high. 

Conventionally, urolithiasis has been attributed primarily to 

physicochemical factors, including urinary supersaturation 

with stone-forming salts and inadequate urine volume. 

However, emerging research has unveiled a previously 

underappreciated player in the intricate urolithiasis puzzle—

the urinary microbiome.1 

Historically, the urinary tract was considered a sterile 

environment. Still, recent investigations utilizing advanced 

molecular techniques, such as high-throughput sequencing 

and metagenomics, have revealed a diverse microbial 

community residing within the urinary system. This 

revelation has ignited a paradigm shift, underscoring the 

potential influence of the urinary microbiome on urolithiasis 

formation and recurrence.1,2 

This article embarks on an in-depth exploration of the 

intriguing relationship between urolithiasis and the urinary 

microbiome. We will delve into the microbial composition of 

the urinary tract, their dynamic interactions, and their 

potential role in stone formation. Furthermore, we will 

examine how dysbiosis of the urinary microbiome may 

contribute to stone recurrence and investigate the 

mechanisms underlying these phenomena. By shedding light 

on these intricate connections, we aim to pave the way for 

innovative diagnostic and therapeutic strategies that harness 

the power of the urinary microbiome to mitigate the burden 

of urolithiasis.2,3 

 

EPIDEMIOLOGY 

Urolithiasis, a common urological condition characterized by 

the formation of urinary stones, has a significant global 

epidemiological footprint. The elucidation of its 

epidemiological intricacies, coupled with the burgeoning 

understanding of the urinary microbiome, promises to shed 

light on potential risk factors, patterns of occurrence, and 

novel preventive strategies.3 

Prevalence: Urolithiasis represents a widespread medical 

concern, with prevalence rates varying geographically. 

Studies have shown that the prevalence is highest in regions 

with hot climates and elevated temperatures, potentially due 
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to increased dehydration and a greater propensity for urinary 

supersaturation.3,4 

Gender Disparities: Epidemiological data consistently reveal 

a higher prevalence of urolithiasis in males compared to 

females, with a male-to-female ratio typically ranging from 

2:1 to 3:1. This gender disparity is partially attributed to 

hormonal and anatomical differences affecting urinary 

calcium excretion and urinary pH.4 

Age Distribution: Urolithiasis exhibits a bimodal age 

distribution. The first peak occurs in the third and fourth 

decades of life, predominantly affecting men. The second 

peak occurs in the sixth to seventh decades, with a more even 

distribution between genders. Pediatric stone disease is also 

an emerging concern.4 

Recurrence Rates: Urolithiasis is often characterized by a 

recurrent nature. Approximately 50% of individuals who 

experience an initial stone episode will develop additional 

stones within five years. This high recurrence rate 

underscores the importance of preventative measures.4 

Geographic Variation: Urolithiasis exhibits notable 

geographic variation, with a higher prevalence in certain 

regions. Factors contributing to these disparities include 

dietary habits, climate, genetics, and socioeconomic factors. 

Ethnic and Racial Factors: Epidemiological studies have 

identified variations in urolithiasis rates among different 

ethnic and racial groups. For instance, individuals of South 

Asian descent appear to have a higher risk of developing 

kidney stones.4 

Obesity and Metabolic Syndrome: The global rise in obesity 

and metabolic syndrome has coincided with an increased 

prevalence of urolithiasis. These conditions are often 

associated with metabolic abnormalities, including 

hypercalciuria and insulin resistance, which predispose 

individuals to stone formation.4 

The Urinary Microbiome Connection: Recent advancements 

in microbiome research have unveiled the urinary 

microbiome as a novel player in urolithiasis epidemiology. 

Shifts in microbial composition, often referred to as 

dysbiosis, have been associated with stone formation. 

Dysbiosis may result from factors such as antibiotic use, 

recurrent urinary tract infections, and dietary habits, all of 

which can influence stone risk.4 

Immunocompromised Individuals: Certain populations, such 

as those with immunosuppression due to conditions like HIV 

or organ transplantation, are at an increased risk of 

urolithiasis, possibly due to altered urinary microbiome 

profiles and immune responses.4 

 

PATHOPHYSIOLOGY 

Urolithiasis, a multifaceted disorder characterized by the 

formation of urinary calculi, involves a complex interplay of 

physiological, biochemical, and microbial factors within the 

urinary tract. Understanding the intricate pathophysiological 

mechanisms behind urolithiasis and its association with the 

urinary microbiome is paramount to advancing our 

comprehension of this condition.4,5 

1. Urinary Supersaturation: The cornerstone of urolithiasis 

pathogenesis is the urinary supersaturation of stone-forming 

salts, including calcium oxalate, calcium phosphate, uric acid, 

and struvite. Supersaturation occurs when the concentration 

of these solutes exceeds their saturation point, triggering 

crystallization.5 

2. Nucleation: Nucleation, the initial formation of 

microscopic crystals within the urinary system, is a pivotal 

step in stone development. Factors such as urinary stasis, high 

concentrations of stone-forming ions, and the presence of 

heterogeneous nucleating sites can facilitate crystal 

nucleation.5 

3. Crystal Growth and Aggregation: Once crystals form, they 

can grow and aggregate to form macroscopic stones. Growth 

is influenced by urinary pH, ionic strength, and the presence 

of inhibitors and promoters. Crystals can adhere to renal 

papillary surfaces, leading to stone growth over time.5 

4. Stone Adhesion: Adherence of crystals to renal tubular 

cells and organic matrix components in the urinary tract is 

facilitated by various adhesive molecules. This adherence 

promotes crystal retention and further contributes to stone 

growth.5 

5. Anatomical Factors: Anatomical anomalies, such as 

ureteral strictures, kidney malformations, and renal cysts, can 

lead to urinary stasis and create ideal conditions for stone 

formation. Obstructions can also hinder stone passage.5 

6. Metabolic Factors: Metabolic abnormalities, such as 

hypercalciuria, hyperuricosuria, and hyperoxaluria, can result 

from genetic predisposition or dietary factors. These 

metabolic disturbances contribute to an increased 

concentration of stone-forming substances in the urine.5 

7. Infections and Inflammation: Infection-related urolithiasis 

is primarily associated with struvite stones. Urease-producing 

bacteria, such as Proteus and Klebsiella, hydrolyze urea to 

ammonia, leading to an increase in urinary pH and struvite 

crystal formation. Chronic inflammation in the urinary tract 

can also promote stone development.5 

8. Dietary Factors: High dietary intake of oxalate-rich foods, 

purines, sodium, and inadequate fluid consumption can 

exacerbate stone formation by altering urinary composition 

and increasing the risk of supersaturation.5 

9. Genetic Predisposition: Genetic mutations affecting 

various transporters and enzymes involved in calcium and 

oxalate metabolism can heighten the susceptibility to 

urolithiasis. These genetic factors can disrupt normal urinary 

homeostasis.5 

10. Urinary Microbiome Dysbiosis: Recent research has 

uncovered that shifts in the composition and function of the 

urinary microbiome can influence the pathophysiology of 

urolithiasis. Dysbiosis may contribute to alterations in urinary 

pH, the production of biofilms on stone surfaces, and the 

modulation of immune responses, all of which can affect 

stone formation, retention, and recurrence.5 
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Understanding the complex pathophysiology of urolithiasis 

and its intricate relationship with the urinary microbiome is 

pivotal for developing targeted therapeutic interventions and 

preventive strategies. Further research into the urinary 

microbiome's role in stone formation holds promise for 

innovative approaches to managing this recurrent and 

debilitating condition.5 

 

ETIOLOGIES  

1. Struvite-Forming Bacteria: Struvite stones, composed of 

magnesium ammonium phosphate, are often linked to urinary 

tract infections (UTIs) caused by urease-producing bacteria. 

These bacteria, which include Proteus mirabilis, Klebsiella 

pneumoniae, and some strains of Escherichia coli, hydrolyze 

urea to ammonia, leading to an increase in urinary pH and the 

precipitation of struvite crystals. 6 

2. Corynebacterium: Corynebacterium species have been 

identified in the urinary microbiome and are known to 

influence stone formation by modulating urinary pH. Some 

Corynebacterium strains can elevate urinary pH, contributing 

to the formation of alkaline stones like struvite or calcium 

phosphate. 6 

3. Lactobacillus: Lactobacillus is a common member of the 

urinary microbiome. Certain species of Lactobacillus are 

acid-producing bacteria that can lower urinary pH, potentially 

mitigating the risk of stone formation, particularly in 

individuals prone to calcium oxalate stones. 6,7 

 

4. Staphylococcus: Staphylococcus species, typically 

associated with skin and mucosal surfaces, have also been 

detected in the urinary microbiome. Their role in urolithiasis 

is not entirely clear, but they may contribute to biofilm 

formation on stone surfaces. 6,7 

5. Enterococcus: Enterococcus species are found in the 

urinary microbiome and can influence urinary pH. Their 

presence may have implications for stone formation, although 

the specific mechanisms are still being elucidated. 8 

6. Bacterial Biofilms: Biofilm formation by various bacteria, 

including Proteus mirabilis and Escherichia coli, on the 

surface of urinary stones is a key mechanism in urolithiasis. 

Biofilms provide a protective environment for bacteria, 

allowing them to adhere to stone surfaces, multiply, and 

promote stone growth. 8 

7. Microbial Dysbiosis: Shifts in the composition and 

diversity of the urinary microbiome, often referred to as 

dysbiosis, can disrupt the delicate balance of urinary tract 

ecology. Dysbiosis may result from factors such as antibiotic 

use, recurrent UTIs, or metabolic disorders, potentially 

predisposing individuals to stone formation. 9 

 

DISCUSSION 

The exploration of the intricate interplay between urolithiasis 

and the urinary microbiome has unveiled a complex and 

evolving landscape within the realm of urology. Our in-depth 

investigation into this relationship has led to several critical 

discussions and insights that shape our understanding of 

urolithiasis pathogenesis and potential avenues for future 

research and clinical application. 

1. The Paradigm Shift: Sterile No More: One of the pivotal 

revelations arising from this study is the transformation of the 

traditional view of the urinary tract as a sterile environment. 

The recognition of a dynamic urinary microbiome, 

characterized by diverse bacterial communities, challenges 

the conventional understanding of urolithiasis 

pathophysiology. 

2. Microbial Influence on Urolithiasis: The discussion has 

illuminated how specific bacteria, such as urease-producing 

organisms like Proteus mirabilis and Klebsiella pneumoniae, 

can directly impact stone formation through the hydrolysis of 

urea, leading to an increase in urinary pH and the subsequent 

precipitation of struvite crystals. Furthermore, the presence of 

bacteria within urinary stone biofilms has been linked to stone 

growth and recurrences. 

3. Microbiome Dysbiosis: The concept of dysbiosis, 

involving shifts in microbial composition and function, 

emerged as a central theme in our discussion. Dysbiosis 

within the urinary microbiome has been associated with 

various factors, including antibiotic use, recurrent urinary 

tract infections (UTIs), and metabolic disorders. These shifts 

in microbial equilibrium may be predisposing factors for 

stone formation. 

4. Clinical Implications and Diagnostic Potential: Our 

examination of the clinical implications highlighted the 

potential for microbiome-based diagnostic tools in 

urolithiasis. The urinary microbiome may offer valuable 

information for risk stratification, guiding preventive 

measures, and predicting stone recurrence. Developing these 

diagnostic modalities could revolutionize urological practice. 

5. Therapeutic Prospects: The discussion delved into the 

promising therapeutic prospects that emerge from 

acknowledging the microbial dimension in urolithiasis. 

Targeting microbial dysbiosis may offer a novel therapeutic 

approach to stone management. Modulation of the urinary 

microbiome through probiotics, prebiotics, or other 

interventions could become an integral part of stone 

prevention and treatment strategies. 

6. Research Directions: Our discussion also pointed towards 

key avenues for future research. Further investigations are 

needed to elucidate the intricate mechanisms by which 

bacteria contribute to stone formation and to better 

understand the dynamics of microbial dysbiosis. Prospective 

studies examining the effectiveness of microbiome-targeted 

interventions in stone prevention and management are 

warranted. 

7. Holistic Stone Management: Finally, our findings 

underscore the importance of a holistic approach to stone 

management. Combining traditional physicochemical 

strategies with microbiome-focused interventions may 

provide the most effective means of preventing stone 
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formation, reducing recurrence rates, and improving patient 

outcomes. 

 

CONCLUSIONS 

In this comprehensive exploration of the intricate relationship 

between urolithiasis and the urinary microbiome, we have 

unveiled a fascinating interplay between microbial dynamics 

and stone formation within the urinary tract. Our findings 

contribute valuable insights to the evolving understanding of 

urolithiasis pathogenesis and open promising avenues for 

novel diagnostic and therapeutic strategies. 

The Urinary Microbiome's Emerging Significance: The once-

held notion of the urinary tract as a sterile environment has 

given way to the recognition of a complex and dynamic 

urinary microbiome. This microbial community, composed 

of various bacterial species, plays a role in the urolithiasis 

landscape that cannot be ignored. 

Bacterial Diversity and Stone Formation: We have explored 

the specific bacteria implicated in urolithiasis, including 

urease-producing organisms such as Proteus mirabilis and 

Klebsiella pneumoniae, as well as other members of the 

urinary microbiome like Corynebacterium, Lactobacillus, 

Staphylococcus, and Enterococcus. These bacteria influence 

urinary pH, crystal nucleation, and the formation of stone-

promoting biofilms. 

Dysbiosis as a Precursor to Stone Formation: Dysbiosis 

within the urinary microbiome, characterized by shifts in 

microbial composition and function, appears to be a key 

factor in stone pathogenesis. Factors such as antibiotic use, 

recurrent urinary tract infections, and metabolic disorders can 

disrupt the balance of the urinary microbiota, potentially 

predisposing individuals to stone development. 

Clinical Implications: Understanding the urinary 

microbiome's role in urolithiasis has significant clinical 

implications. It opens doors for the development of 

microbiome-based diagnostic tools that may aid in risk 

stratification and personalized prevention strategies. 

Furthermore, targeting microbial dysbiosis may represent a 

novel therapeutic approach in stone management. 

Preventive Strategies: Acknowledging the microbial 

component in urolithiasis pathophysiology underscores the 

importance of comprehensive preventive strategies. These 

strategies should encompass not only traditional measures to 

address physicochemical risk factors but also interventions 

that promote urinary microbiome health and diversity. 

Future Directions: The dynamic nature of the urinary 

microbiome and its influence on urolithiasis demand 

continued research efforts. Future investigations should focus 

on elucidating the precise mechanisms by which bacteria 

contribute to stone formation, refining our understanding of 

microbial dysbiosis, and developing microbiome-targeted 

interventions. 

In conclusion, our exploration of urolithiasis and its intricate 

association with the urinary microbiome has illuminated new 

facets of this age-old condition. The integration of 

microbiological insights into urolithiasis research offers 

exciting prospects for enhanced patient care, personalized 

medicine, and the potential to alleviate the burden of stone 

disease. As we venture further into this realm, we embark on 

a path toward transformative advancements in urological 

practice. 
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