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 Among the causes of stone formation in the urinary system, an important role belongs to the microbiome, which af-
fects the stability of the colloidal system of urine. Understanding the level of microbial tension in the urine allows to use 
pathogenetic approaches both for prevention and for the relapses of stone formation. The study included 162 patients 
with recurrent urolithiasis, 12 patients underwent complex anti-relapse therapy after surgical treatment (or spontaneous 
discharge of concretions after litokinetic therapy). It was determined that along with the known factors, there is a viola-
tion of quantitative indicators of urine microbiota. An increase of the microbial load of urine leads to a violation of the 
structure of uromodulin (Tamm – Horsfall protein), which in turn determines the high frequency of recurrence of urinary 
lithogenesis. Thus, a comprehensive assessment of the urine microbiota and its impact on the state of uromodulin, lead to 
an improvement in the quality of urolithiasis metaphylaxis. In the complex of metaphylaxis and prevention of urolithiasis, 
it is advisable to use antimicrobial agents (uroseptics) not only to reduce the risk of infectious and inflammatory compli-
cations, but also to increase the stability of the colloidal properties of urine.

 Keywords: urolithiasis; urine microbiota; metaphylaxis; antibacterial therapy.

Микробная нагрузка мочи при рецидивирующем уролитиазе 
и е Е коррекция

©© Е.Т. Голощапов 1, А.В. Четвериков 2

1 Федеральное государственное бюджетное образовательное учреждение высшего образования 
«Первый Санкт-Петербургский государственный медицинский университет им. академика И.П. Павлова» 
Министерства здравоохранения Российской Федерации, Санкт-Петербург; 
2 Санкт-Петербургское государственное бюджетное учреждение здравоохранения «Городская больница № 15», 
Санкт-Петербург
Для цитирования: Голощапов Е.Т., Четвериков А.В. Микробная нагрузка мочи при рецидивирующем уролитиазе и  ее 
коррекция // Урологические ведомости. – 2020. – Т. 10. – № 1. – С. 51–55. https://doi.org/10.17816/uroved10151-55

Поступила: 16.01.2020	 Одобрена: 20.02.2020	 Принята к печати: 19.03.2020

 Основная роль камнеобразования в моче принадлежит микробиому, влияющему на стабильность кол-
лоидной системы мочи. Понимание уровня микробной напряженности в моче позволяет использовать па-
тогенетические подходы как для профилактики, так и для предупреждения рецидивов камнеобразования. 
В исследование были включены 162 пациента с рецидивирующим уролитиазом, 12 пациентам после хирур-
гического лечения (или спонтанного отхождения конкрементов после литокинетической терапии) проведена 
комплексная противорецидивная терапия. Определено, что, наряду с известными факторами, имеется на-
рушение количественных показателей микробиоты мочи. Увеличение микробной нагрузки мочи приводит 
к нарушению структуры уромодулина (белок Тамма – Хорсфалла), что в свою очередь определяет высокую 
частоту рецидива мочевого литогенеза. Таким образом, комплексная оценка микробиоты мочи и ее влияния 
на состояние уромодулина ведут к улучшению качества проводимой метафилактики уролитиаза. В комплек-
се метафилактики и профилактики уролитиаза целесообразно применять противомикробные средства (уро-
септики) не только с целью снижения риска развития инфекционно-воспалительных осложнений, но и для 
повышения стабильности коллоидных свойств мочи.
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INTRODUCTION
Microorganisms can influence metabolism and 

the functioning of the urinary and endocrine sys-
tems, either directly or through the human metage-
nome. Therefore, the development of microbiology 
and the emergence of new data on microorganisms 
necessitates a clarification of the nature of microor-
ganisms’ influence. In recent years, the concept of 
microbiocenosis has undergone significant changes 
because of the introduction of new molecular and 
genetic research methods that have enabled the 
identification of several bacteria, which cannot be 
cultivated and have not been studied previously 
[1, 2].

One of the most widespread diseases is urolithia-
sis, with an incidence of 5%–10% in the European 
population and up to 20% in the Eastern Arabic 
countries [3]. The Russian Federation has observed a 
persistent tendency toward an increase of 0.5%–5.3% 
annually in the incidence of urolithiasis. Moreover, 
the number of patients with urolithiasis in Russia, 
regardless of sex and age, has increased by more than 
1.5 times over the past decade [4]. Besides an in-
crease in the incidence of urolithiasis, there is a high 
rate of recurrence of lithogenesis, 50%–75% within 
the period of 5 to 10 years [5, 6]. This situation has 
intensified the search for newer drug treatments and 
metaphylaxis of urolithiasis [7–9]. Recurrent kidney 
lithogenesis is accompanied by hypercoagulation, 
hypovolemia of various origins, decreased anticoag-
ulant and fibrinolytic activity of blood and urine – 
all of which need to be considered for metaphylaxis 
of urolithiasis [10, 11].

The current methods of detecting microbial 
agents in the urinary tract and studies on the role of 
metabolic syndrome offer new prospects in clarify-
ing the pathogenesis of urolithiasis [6, 12]. Never-
theless, despite a significant number of studies, the 
influence of the infectious factor on the mechanisms 
of urinary calculi formation have been insufficiently 
studied [13, 14]. Studies aimed at exploring litho-
genesis have emphasized the crucial role of the pri-
mary stabilizer of the urine colloidal system, namely 
uromodulin or the Tamm-Horsfall protein (THP), 
which exhibits protective properties against urinary 
pathogens [15–17]. However, the influence of the 
urine microbiome on the THP structure remains 
unclear.

Recent studies have indicated the need, especially 
in systemic, recurrent, and bilateral nephrolithiasis, 

for an in-depth analysis of the role of the urinary 
microbiota that represents a combination of micro-
organisms coexisting under normal and pathologi-
cal conditions in the urinary tract and participating 
in physiological and pathophysiological reactions 
[13,  18]. Notably, an imbalance in the microbiota 
could be one of the critical factors in the pathogen-
esis of urolithiasis [19], and influencing the micro-
biota could increase the effectiveness of treatment 
and metaphylaxis of the disease.

This work aimed to establish the relationship 
between the qualitative and quantitative indica-
tors of urine microbiota with changes in qualita-
tive deviations in the THP structure, to assess the 
possibility of their correction to optimize treatment 
and  metaphylaxis in patients with recurrent uroli-
thiasis.

PATIENTS AND METHODS
This study involved 162 patients with recur-

rent urolithiasis, including 93 (57.4%) men and 69 
(42.6%) women. The average age of patients was 
46.6 ± 15.7 years, and the disease duration was more 
than 2 years. In 99 (61.1%) patients, a unilateral pro-
cess was determined; in 30 (18.5%) patients, calculi 
were localized in the kidney; 6 (3.7%) patients had 
a coral calculus; and in 69 (42.6%) patients, calculi 
were localized in the ureter. In 63 (38.9%) patients, a 
bilateral process was registered.

As part of the study, 12 patients with recurrent 
urolithiasis (7 [58.3%] men and 5 [41.7%] women) 
aged 44.5 ± 1.5 years, with a disease duration of 
more than 3 years, received a complex of anti-relapse 
therapy, which combined urinary antiseptics, herbal 
diuretics, and fibrinolysis activators.

The control group consisted of 35 healthy people.
In addition to standard laboratory studies, the 

microbiota of urinary calculi and urine was deter-
mined using gas chromatography-mass spectrom-
etry (GC-MS) that determined microbial markers 
of bacteria (including anaerobic), viruses, and fungi 
in 104 samples. Moreover, the method of dynamic 
light scattering with programmed cooling was used 
for 162 samples to determine the size and structure 
of THP complexes.

RESULTS AND DISCUSSION
The results of GC-MS revealed that in all patients 

with recurrent urolithiasis, the disease proceeded 
with an extremely high level of total bacterial load 



 УРОЛОГИЧЕСКИЕ ВЕДОМОСТИ	 	 2020   Том 10   № 1	 ISSN 2225-9074 

Original Paper / Оригинальные статьи 53

Characteristics of urine obtained by gas chromatography – mass spectrometry and dynamic light scattering before 
and after a course of complex anti-relapse therapy
Характеристики мочи, полученные при помощи газовой хроматографии – масс-спектрометрии и динами-
ческого светорассеивания до и после курса комплексной противорецидивной терапии

Group of patients Total bacterial load, CFU Size of THP complexes, nm

Recurrent urolithiasis (n = 12)

before treatment 62715 ± 3054 1518.4 ± 12.3

after treatment 6317 ± 239 177.6 ± 6.4

Control group (n = 35) 2362 ± 112 111.4 ± 4.8

Af te r  5  days ,  the  t rea tment  was 
supp lemented  w i th

+

+

Af te r  10  days ,  the  t rea tment  was 
supp lemented  w i th

Af te r  10  days ,  the  t rea tment  was 
supp lemented  w i th

Nicotinamide 250 mg/day, 30 days

Blemaren with individual dosage (target pH 6.4–6.8)

Furazidin 100 mg × 3 per day, 10 days; then 50 

Combination herbal product 1/2 tbsp × 4 per day, 20 days

Sinusoidal modulated current therapy No. 10, 20 min session

Canephron N 2 pills × 3 per day, 30 days

Scheme of complex anti-relapse therapy
Схема комплексной противорецидивной терапии

of urine, which was determined to be in the range 
of 59,661–65,769 CFU (62,715 ± 3,054 CFU), with 
the results in the control group ranging as 2,250–
2,474 CFU (2,362 ± 112 CFU). Using the method of 
dynamic light diffusion, we obtained similar results 
and noted that in patients with recurrent urolithia-
sis, the molecular THP complexes had a significantly 
larger size (1518.4 ± 12.3 nm), whereas in the control 
group, this value was much lower (111.4 ± 4.8 nm) 
(see Table).

For anti-relapse therapy, patients were treated per 
the following scheme: nicotinamide 250 mg once a 
day (for 30 days) plus physiotherapy using sinusoi-
dal modulated currents No. 10 (a  20  min session); 
after 5 days, Canephron N two pills three times a 
day (for 30 days) was added to the treatment plus 

a combination of herbal products half tablespoon 
four times a day (for 20 days); after another 10 days, 
Blemaren was added (target pH 6.4–6.8); and after 
5 days, Furazidin 100 mg three times a day (10 days) 
was administered, followed by a decrease in the dos-
age by 50 mg three times a day for another 10 days 
(see Figure).

After the treatment course, the GC–MS revealed 
a statistically significant (p < 0.001) decrease in the 
total bacterial load to a level of 6078–6556 CFU 
(6317 ± 239 CFU), and the data of the dynamic light 
diffusion method revealed a significant (p < 0.001) 
decrease in the size of the THP complexes to 
177.6 ± 6.4 nm (see Table 1). Therefore, the findings 
indicate a direct relationship between the total bac-
terial load level and THP complex size.
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CONCLUSION
Structural failure of THP – the primary stabilizer 

of the colloidal properties of urine – in patients with 
recurrent urolithiasis is associated with an extreme-
ly high total bacterial load and an imbalance of the 
urine microbiota. Hence, in the context of metaphy-
laxis measures, it is necessary to employ means and 
methods aimed at regulating and restoring the bal-
ance of the urinary tract microbiota and reducing 
the total bacterial load, which would increase the 
uromodulin stability and improve the quality of the 
metaphylactic measures undertaken.
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