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Abstract
Background: To investigate the clinical factors associated with susceptibility to infection stone formation
and to analyze the variations in the clinical characteristics of stones with different compositions. 

Methods: A total of 1213 patients were included in the study. The patients were grouped based on stone
composition; 581 cases of infection stones (ammonium magnesium phosphate calculi or apatite
carbonate content more than 50%), 418 stones were composed of pure calcium oxalate, and 214 uric
acid stone. The associations of infection stones with age, sex, body mass index, habits, working
environment, recurrent stones, diabetes, hypertension, urinary tract infection, urine culture, urine pH, and
triglycerides were determined using logistic regression analysis. The variations in the clinical
characteristics of the 3 groups were analyzed using analysis of variance or the chi-square test. 

Results: The occurrence of infection stones was signi�cantly associated with the patient’s age (odds ratio
[OR]: 1.031, 95% con�dence interval [CI]: 1.020–1.041, P<0.001), high urine pH (OR: 1.974, 95% CI: 1.357–
2.872, P<0.001), urinary tract infection (OR: 1.438, 95% CI: 1.072–1.928, P=0.015), positive urine cultures
(OR: 1.541, 95%CI: 1.143–2.078, P=0.005), and recurrent stones (OR: 1.346, 95% CI: 1.045–1.734,
P=0.022), other clinical factors have no correlation. The clinical characteristics of the three groups were
signi�cantly different. The occurrence of infection stones is signi�cantly associated with age, urinary
tract infection, positive urine cultures, urine pH, and stone recurrence. 

Conclusions: Compared with previous studies, this study found that infection stones tend to occur in
younger patients and stones resulting from non-urease-producing bacteria have signi�cantly increased. 

Background
Infection stone, otherwise known as struvite calculus, refers to a stone resulting from infection by urease-
producing microorganisms. Infection stones are primarily composed of magnesium ammonium
phosphate and carbon apatite, and account for approximately 15% of all cases of urinary stones[1].
Infection stones grow rapidly and have a high recurrence rate. If left untreated, they are prone to result in
the development of chronic pyelonephritis, and even renal failure and urinary sepsis[2]. Various surgical
approaches may be utilized to the treatment of infection stones. The common postoperative
complication is infection. In severe cases, patients may even experience septic shock in response to the
infection. This study retrospectively analyzed the clinical factors in�uencing the susceptibility to the
formation of infection stones, with the aim of providing advice on the treatment and prevention of
infection stones, as well as preventing serious postoperative complications and stone recurrence.

Materials And Methods
Study population: Patients with upper urinary tract stones that were removed through percutaneous
nephrolithotomy or ureteroscopy at our hospital between June 2015 and April 2019 were included. All
patients come from the local area and have a long-term follow-up in our hospital. A total of 1213 patients
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were enrolled in the study. The compositions of stones in all patients were analyzed using an automated
infrared spectrometer (second generation). 581 cases of infection stones were screened out according to
the composition of calculi (ammonium magnesium phosphate calculi or apatite carbonate content more
than 50%), 418 cases of calcium oxalate stones (calcium oxalate monohydrate, calcium oxalate
dihydrate), and 214 cases of uric acid stones. Without family history of genetic diseases and neurological
damage. The renal tubular acidosis was eliminated by preoperative examination of blood electrolyte,
blood gas analysis, urine pH, bicarbonate, titratable acid and ammonia. The hyperparathyroidism was
eliminated by the examination of blood calcium, parathyroid hormone and parathyroid ultrasound.
Elimination of cystine calculus and ceftriaxone calculus.

Study methods: The clinical data of patients were collected and retrospectively analyzed. The collected
baseline characteristics included general data: gender, age, body mass index; habits: smoking (more than
5 cigarettes a day, smoking age > 1 year), drinking (at least twice a month, each liquor > 100 ml or beer >
1000 ml, drinking history is more than 1 year), working environment (indoor or outdoor); medical history
including duration of the stones (the time from stone discovery to stone treatment), recurrent stones (the
patient had at least one stone recurrence, and the original stone was not completely removed before the
recurrence was excluded), menopause, diabetes, hypertension; Test indicators: urine routine, urine
bacterial culture (urine bacterial culture positive is bacteria were detected by collecting clean-voided
midstream urine or puncture urine through renal pelvis for 48 hours), serum creatinine, serum uric acid,
triglyceride. The associations between infection stones and each clinical factor were analyzed, and the
clinical characteristics of infection stones, calcium oxalate stones, and uric acid stones were examined.

Statistical analysis: All data were analyzed and processed using the SPSS19.0 statistical software.
Kolmogorov Smirnov method is used to test whether the measurement data conform to the normal
distribution. Levene test is used to test the homogeneity of variance. All experimental data were showed
as . Binary logistic regression analysis was used to evaluate the associations between each clinical
variable and the occurrence of infection stones. Differences with a value of P<0.05 were considered
statistically signi�cant. Intergroup comparisons were analyzed using the analysis of variance (ANOVA).
Comparisons of categorical data among groups were analyzed using the chi-square test.

Results
Analysis of baseline characteristics.

A total of 1213 patients with upper urinary tract stones were included in the study, comprising 758 men
and 455 women. The age ranged from (20–84) years, with mean age was 51.47±12.86 years, and the
mean body mass index (BMI) was 24.02±3.12 kg/m2. There were 112 patients with diabetes, 296
patients with hypertension, 924 patients with urinary tract infection, and 293 patients with positive urine
cultures.

Age distribution and bacterial spectrum of infectious stones.
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The age distribution of infectious stones mostly concentrated in 40–59 years old. (Figure1). In the
infection stone group, there were 169 cases with positive urine cultures, and the most common bacteria
were Escherichia coli (68 cases), Proteus mirabilis (29 cases), and Streptococcus agalactiae (11 cases).
(Figure 2).

Analysis of clinical factors and infection stones.

The stone composition analysis in this study revealed a total of 581 patients with infection stones.
Logistic regression analysis was performed to examine the associations of infection stones with age, sex,
BMI, recurrent stones, duration of stones, diabetes, hypertension, triglyceride, urinary tract infection, urine
culture, urine pH, and living habits (smoking, drinking), working environment (indoor or outdoor). The
results showed that the occurrence of infection stones was signi�cantly associated with the patient’s age
(odds ratio [OR]: 1.031, 95% con�dence interval [CI]: 1.020–1.041, P<0.001), urine pH (OR: 1.974, 95% CI:
1.357–2.872, P<0.001), urinary tract infection (OR: 1.438, 95% CI: 1.072–1.928, P = 0.015), positive urine
cultures (OR: 1.541, 95%CI: 1.143–2.078, P = 0.005), and recurrent stones (OR: 1.346, 95% CI: 1.045–
1.734, P = 0.022). There were no signi�cant associations with sex, BMI, duration of stones, diabetes,
hypertension, triglycerides, living habits and working environment. (Table 1).

Comparisons of clinical characteristics in patients with the 3 types of stone compositions.

The patients were divided into 3 groups based on stone composition. The results of the chi-square test
showed that the 3 groups had signi�cant differences with respect to sex, �rst-time/recurrent stones,
diabetes, hypertension, urinary tract infection, and urine bacterial culture positivity. ANOVA revealed
signi�cant differences in age, BMI, serum uric acid, creatinine, triglycerides and urine pH among the 3
groups. The age of infective stone group was the youngest and that of uric acid stone group was the
oldest. The number of males in the three groups was higher than that of females, but the proportion of
females (42.2%) in the infection stone group was higher than that in the other two groups. BMI of uric
acid stone group was signi�cantly higher than that of the other two groups. The proportion of recurrent
stones (61.1%) was the highest in the infection stone group. The number of patients with diabetes and
hypertension in the uric acid stone group was higher than that in the other two groups. The number of
cases of urinary tract infection in the infection stone group was signi�cantly higher than that in the other
two groups. Urinary culture was positive in 169 cases (29.1%) of infection stone group, which was
signi�cantly higher than the other two groups. The average urinary pH value in the infectious stone group
was signi�cantly higher than that in the other two groups. The average levels of serum uric acid,
creatinine and triglyceride were the highest in the uric acid stone group (Table 2).

Discussion And Conclusion
The formation of infection stones mainly occurs owing to the continuous production of ammonia and
carbon dioxide during urea decomposition by the urease enzyme produced by urea-splitting
microorganisms in urine. The produced ammonia is removed in water and becomes ammonium, leading
to an alkaline urine. Under this alkaline environment, ammonium, together with magnesium, phosphate,
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and water, can form magnesium ammonium phosphate hexahydrate crystals. Meanwhile, the carbonate
produced by carbon dioxide and calcium and phosphate ions in urine form carbonate apatite crystals,
which lead to the formation of infection stones[3]. Conventional research and analyses have shown that
the common urease-producing bacteria include Proteus, Klebsiella, Pseudomonas, and Staphylococcus.
In particular, Proteus mirabilis is the most common urease-producing bacteria. Meanwhile, 55% of
Staphylococcus and only 1.4% of Escherichia coli produce urease[3, 4]. Previous studies found that
bacterial cultures could be used to predict stone compositions, as stones with >80% struvite content
always contained urea-splitting bacteria, whereas unconventional urease-producing bacteria were mostly
isolated from stones with <20% struvite content[5]. Recent studies on the morphology of bacteria in
infection stones have shown that the prevalence of stones resulting from non-urease-producing bacteria
have been increasing[6]. The study of Paonessa showed that the urine and stone cultures of patients
treated with percutaneous nephrolithotomy and reported that non-urease-producing bacteria were
isolated in 23% of urine samples from patients with struvite stones[7]. Parkhomenko et al. also examined
the bacterial pro�le of struvite stones using a stringent de�nition (> 50% Struvite composition) and found
that the traditional urease-producing bacteria were detected in only half of the positive stone cultures,
whereas the isolation rates of Escherichia coli and Enterococcus were 18% and 12%, respectively[8]. The
increased incidence of Escherichia coli in patients with infection stones is caused by multiple infections,
as Escherichia coli is a relatively common pathogen owing to its short replication time. In addition,
studies have indicated that plasmid-mediated transfer of the urease gene may also be a possible
mechanism of this observation[5]. In the present study, the detection rate of Escherichia coli was also the
highest in the infection stone group. The occurrence of infection stones was signi�cantly associated with
positive urine cultures and urinary tract infection. The incidence of urinary tract infection and positive
bacterial cultures was signi�cantly higher in the infection stone group than in the other 2 groups,
indicating that patients with infection stones had both prior and ongoing urinary tract infection.

In all 3 groups of this study, the number of male patients was higher than that of female patients. Men
were more susceptible to stone diseases than women; however, the proportion of women was highest in
the infection stone group (42.2%) than in the calcium oxalate stone group (33.0%) and the uric acid stone
group (33.6%). Daudon et al. have shown that the stone composition in male patients is predominantly
calcium oxalate and uric acid, whereas female patients mainly harbor infection stones[9]. With
improvements in medical quality, the current incidence of infection stones has signi�cantly decreased.
Marickar and Vijay have demonstrated that although the incidence of stone diseases has signi�cantly
increased in recent years, the incidence of infection stones in female patients has signi�cantly
decreased[10]. Similarly, the reduction in the incidence of staghorn calculi in Europe supports the notion
that infection stones constitute the majority of large stones[2]. Previous studies have shown that the
incidence of infection stones is higher in older patients; however, a recent study suggested that infection
stones tend to occur more frequently in younger patients, whereas the incidence of uric acid stones
signi�cantly increases with age[9]. The present study found that age was signi�cantly associated with
the occurrence of infection stones, with patients in the infection stone group being signi�cantly younger
than those in the other 2 groups. Krambeck et al. have also indicated that infection stones are more
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common in younger patients and uric acid stones are more common in older patients. As uric acid stones
are related to increased age, decreased urine pH, kidney aging, and environmental changes[11]. The
present study found that the uric acid stone group had signi�cantly older age, higher serum creatinine,
and higher serum uric acid than the other 2 groups, whereas urine pH was signi�cantly lower in the uric
acid stone group than in the other groups. These results fully support the above viewpoints.

This study also found that the proportion of recurrent stones in the infection stone group (61.1%) was
signi�cantly greater than that in the calcium oxalate stone group (54.3%) and the uric acid stone group
(49.1%). Stone recurrence was signi�cantly associated with infection stones. Infection stones are prone
to recur. Infection stones grow extremely fast and can be formed in only 4–6 weeks, with a recurrence
rate of up to 50%[3]. Furthermore, some studies have shown that calcium oxalate stones have a strong
tendency to be converted into calcium phosphate stones, and kidney stone phosphorylation is a key
factor in stone recurrence[12, 13]. Zeng et al. also demonstrated that the stone compositions changed
over time in patients with recurrent stones[14]. A survey showed that 32.9% of patients had alterations in
stone compositions, with no sex differences. A change of the major component between calcium oxalate
and infection stones was found in 15.7% of calcium oxalate stones and 51.7% of infection stones, and
infection stones could change into uric acid or calcium oxalate stones.

Although diabetes may easily cause or aggravate urinary tract infection that leads to urinary stones and
infections, the disease itself is not signi�cantly associated with the occurrence of infection stones.
Studies have shown that the proportion of uric acid stones is signi�cantly higher in diabetic patients than
in non-diabetic patients[15–17]. Patients with diabetes have been demonstrated to have lower urine pH,
as the glucose in their urine competitively inhibits uric acid reabsorption. The excretion and saturation of
urate and oxalate are higher in patients with diabetes than in the those without. In addition, insulin
resistance promotes changes in hydrolase in the 24-h urine, leading to more acidic urine and lower urinary
citrate levels, which are important risk factors for stone formation. Patients with diabetes commonly
harbor uric acid and calcium oxalate stones. The present study also con�rmed these observations. There
was no association between diabetes and infection stones, and the proportion of patients with diabetes
in the uric acid stone group (20.9%) was signi�cantly higher than that in the calcium oxalate stone group
(7.9%) and the infection stone group (6.2%). In addition, this study found no associations between the
occurrence of infection stones and hypertension, BMI, and triglycerides. There were no differences in BMI
and triglycerides among the 3 groups studied. The number of patients with hypertension in the uric acid
group (38.8%) was signi�cantly higher than that in the calcium oxalate stone group (23.7%) and the
infection stone group (19.6%). This could be related to the low urinary citrate and high uric acid excretion
in patients with primary hypertension, which favor the formation of uric acid stones[18, 19].

Infectious Urinary Stones can lead to end stage renal disease either from obstructive nephropathy with
staghorn calculi or from recurrent pyelonephritis, the urease enzyme and resultant high urine pH caused
by microorganisms in struvite stone formers may also contribute to kidney injury, large staghorn calculi
may also cause papillary necrosis19. However, even if the obstruction is relieved and the stone is
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removed, the renal damage caused by infectious stones is still persistent. Early detection and treatment
of renal injury is very important.

The de�ciency of this study is a single center retrospective study, with a small sample size and limited in
the region. There is limited information on bacteriology because of the differences between the results of
calculus and urine bacterial culture[20]. We hope to strengthen multicenter cooperation and increase
sample size and regional differences in future research.

Collectively, the occurrence of infection stones is signi�cantly associated with age, urinary tract infection,
positive urine cultures, urine pH, and stone recurrence. Compared with previous studies, this study found
that infection stones tend to occur in younger patients and stones resulting from non-urease-producing
bacteria have signi�cantly increased. In addition, infection stones are not associated with sex, diabetes,
hypertension, BMI, or hyperlipidemia. This study revealed the factors associated with the susceptibility to
infection stone formation and the variations in clinical characteristics of infection stones compared with
other types of stones. These results can provide better guidance on the screening, treatment, and
prevention of postoperative complications.
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Figure 1

Age Distribution Characteristics of Infectious Stones. The age distribution of infectious stones mostly
concentrated in 40-59 years old.
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Figure 2

Bacterial spectrum of infectious calculi. In the infection stone group, there were 169 cases with positive
urine cultures, and the most common bacteria were Escherichia coli (68 cases), Proteus mirabilis (29
cases), and Streptococcus agalactiae (11 cases).
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