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Abstract

Background. The topic of whether preoperative Th1/Th2 cells and their related factors have a predictive value
for postoperative febrile urinary tract infection (UTI) in patients with ureteral calculi has not been explored.

Objectives. The objective of this study was to investigate the role of preoperative Th1/Th2 cells and related
cytokines in the prediction of postoperative febrile UTI after ureteroscopy in patients with ureteral calculi.

Material and methods. One hundred sixty patients who underwent ureteroscopic pneumatic lithotripsy
in the Affiliated Hospital of Hangzhou Normal University (China) were recruited and divided into febrile UTI
group (n=78) and non-UTI group (n = 82). Flow cytometry was used to detect the proportions of Th1 and
Th2 cells (Th1% and Th2%). Detection of Th1/Th2 cell-related cytokines was conducted using enzyme-linked
immunosorbent assay (ELISA). Quantitative real-time polymerase chain reaction (qRT-PCR) was applied
to measure the expression of T-bet and GATA3.

Results. Compared with patients in non-UTI group, those in febrile UTI group had significantly increased
proportions of Th2 cells, levels of Th2 cytokines (interleukin (IL)-4, IL-10 and IL-5), and mRNA expression
of Th2-associated transcription factor GATA3 (all p < 0.05). In addition, the Th1/Th2 ratio of febrile UTI group
was significantly lower than that of non-UTI group (p < 0.001). Receiver operating characteristic (ROC) curve
analysis showed that the accuracy rate of Th2%, Th1/Th2 ratio, and IL-4, IL-10 and IL-5 levels for the diagnosis
of postoperative febrile UTI in patients with ureteral calculi was 90.63%, 85.00%, 72.50%, 87.50%, and
91.88%, respectively, and their combined diagnostic sensitivity was 974% with specificity as high as 100%.

Conclusions. Perioperative Th2 dominance was correlated with the risk of postoperative febrile UTI after
ureterscopy in patients with ureteral calculi, which can provide clinical quidance for the development of in-
dividualized treatment.

Key words: Th1/Th2, ureteral calculi, febrile urinary tract infection



126

Introduction

Urinary calculus is the most common acute disease
in urology surgery, seen in approx. 15% of the population,
and is responsible for 20% of cases of urolithiasis.'> Pa-
tients with ureteral calculi often develop renal or ureteral
colic, leading to severe pain in the waist or midsection
accompanied by other symptoms such as nausea, vomiting
and hematuria, seriously affecting the quality of life.> With
the advancement of ureteroscopic technologies, treatments
for the removal of ureteral calculi have shown decreased
procedural invasiveness with high success rates and lim-
ited morbidity.* In their paper, de la Rosette et al. analyzed
11,885 ureteral calculi patients treated with ureteroscopy
and revealed that the stone-free rate and postoperative
complication rate were 85.6% and 3.5%, respectively,”® sug-
gesting that ureteroscopy can be used in patients with larg-
er and more complicated stones, as well as elderly patients
with significant comorbidities.* However, the incidence
of severe complications is still high after ureteroscopy
treatment, including febrile urinary tract infection (UTI).
Therefore, it is urgent to explore factors that may affect the
postoperative occurrence of febrile UTT to provide a new
therapeutic target for the treatment of ureteral calculi.

CD4+ T cells can be classified into Th1 and Th2 subsets
based on the cytokines secreted in long-term cultured mu-
rine cells that mediate immune functions.® Recently, many
studies have found that Thl and Th2 cells have different
effects on immune responses.”® Specifically, Th1 cells can
produce interferon-y (IFN-y) and interleukin-2 (IL-2), as
well as tumor necrosis factor-a (TNF-a) to regulate cellular
immunity; additionally, Th2 cells can promote the dif-
ferentiation and response of Th1 cells, secrete IL-4, IL-10,
and IL-5, and regulate humoral immunity.>!° Furthermore,
Th1 and Th2 cells cross-inhibit each other and produce
different cytokines to maintain the balance of the immune
response.!'2 The occurrence and progression of infec-
tious diseases are closely associated with Th1/Th2 cells
and related cytokines. For instance, Kang et al. found that
the concentration ratio of Th1/Th2 cytokines in patients
co-infected with HIV/HCV was apparently higher than
in patients infected only with HCV or without infection,
but significantly lower than in patients infected only with
HIV.3 Tang et al. revealed that children with fevers had
higher levels of IL-4, IL-6, IL-10, TNF-a, and IFN-y than
healthy controls, and their cytokine levels were also differ-
ent from those with hemophagocytic lymphohistiocytosis
(HLH) or viral infection.* Additionally, they demonstrated
that the patients with microbiologically documented infec-
tion (MDI) had much higher IL-6 levels than HLH patients,
and the IFN-y levels were only slightly increased in MDI
patients. In the intestinal mucosa of patients with post-
infectious irritable bowel syndrome, the IFN-y levels were
upregulated, while IL-10 levels were downregulated, sug-
gesting that infection may break the balance between Th1
and Th2 cells.'> Meanwhile, it was reported that serum
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Th1/Th2 cytokines may be conducive to the prediction
of prognosis and selection of target therapies for patients
with Kawasaki disease.l® These studies indicated that
a Th1/Th2 imbalance exists in many infectious diseases
and affects the outcome and prognosis of diseases. Howev-
er, it has not been explored whether preoperative Th1/Th2
cells and their related factors have predictive value for
postoperative febrile UTT in patients with ureteral calculi.

Therefore, 160 cases were recruited in this study before
receiving ureteroscopic pneumatic lithotripsy; after treat-
ment, the patients were divided into 2 groups depending
on the presence of postoperative febrile UTI: UTI group
(n = 78) and non-UTI group (n = 82). Flow cytometry was
used to measure the proportions of Th1 and Th2 cells. En-
zyme-linked immunosorbent assay (ELISA) was utilized
to detect the levels of Th1/Th2-related cytokines. The ex-
pression levels of Th1/Th2-related transcription factors
T-bet and GATA3 were determined using quantitative real-
time polymerase chain reaction (QRT-PCR). This data was
used to analyze the value of preoperative Th1/Th2 cells and
related cytokines in the prediction of postoperative febrile
UTI in patients with ureteral calculi.

Material and methods
Ethics statement

This study was approved by the Ethics Committee of the
Affiliated Hospital of Hangzhou Normal University (Chi-
na) and was conducted in strict accordance with the Dec-
laration of Helsinki.'” Additionally, informed consent was
obtained from each participant prior to the study.

Subjects

From December 2009 to December 2016, 160 patients
with ureteral stones diagnosed by kidney-ureter-bladder
(KUB) X-ray, intravenous urography (IVP), color Dop-
pler ultrasound, computed tomography (CT), and mag-
netic resonance (MR) urography at the Affiliated Hospital
of Hangzhou Normal University were recruited as sub-
jects of this study. After receiving ureteroscopic pneumatic
lithotripsy, 160 patients were divided into 2 groups based
on the presence of postoperative febrile UTI at any point
postoperatively during the follow-up. Among them, 78 pa-
tients had postoperative febrile UTI (UTI group), including
49 men and 29 women, whose age range was 16—90 years
(mean age 55.14 +21.90 years); the other 82 patients who
did not have postoperative febrile UTI (non-UTI group)
comprised of 55 men and 27 women with an age range
of 17-88 years (mean age 52.51 +20.97 years). Postoperative
febrile UTT was defined as a body temperature higher than
38°C.18 The inclusion criteria were as follows: all patients
had undergone ureteroscopic pneumatic lithotripsy; all
patients had received prophylactic antibiotics according
to physicians’ discretion, consisting of second generation
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cephalosporin (7 days) and metronidazole (5 days) intra-
venously; all patients had no chills, shivers, fever, or any
acute infection history such as urinary irritation symptoms
approx. 2 weeks before the operation; each case was con-
firmed with sufficient clinical examinations. The exclusion
criteria were as follows: patients with a history of immune
system diseases such as diabetes, Crohn’s disease, systemic
lupus erythematosus, rheumatoid arthritis, and rheumatoid
disease; patients with other immune diseases, including
severe liver and kidney diseases, cardiovascular and cere-
brovascular diseases and severe infections; patients with
a malignant tumor; patients with a recent history of using
immune agent use; and pregnant and lactating women.
Blood samples from patients were drawn in the morning
before ureteroscopic pneumatic lithotripsy.

Ureteroscopic pneumatic lithotripsy

Patients were placed in the lithotomy position for epi-
dural block anesthesia. The ureteroscope (DUR-D Gyrus
ACM]I, Southborough, USA) was inserted into the ureter
from the external ureteral orifice of the patients. During
the process, an F4 safety guide wire was slowly inserted
from the diseased ureter, and a hydraulic pump was used
to expand the ureteral orifice. The ureteroscope was grad-
ually pushed to reach the stones. The size, movement and
incarceration of the stones were observed to confirm the
feasibility of the operation. Next, the ureteroscope was
removed, and the probe for ureteroscopic pneumatic litho-
tripsy was inserted from the ureteral passage to smash
the stones. Stones with a small diameter were discharged
with urine, and those with a larger diameter (>3 mm) were
removed with a stone basket or stone forceps. It was very
important to avoid injury of the ureteral mucosa during
the stone removal procedure. The large stones from pa-
tients with inflammatory polyps were sent to the pathol-
ogy department for further examination. In all cases, the
procedures were carried out by 2 experienced urologists.
All the patients were followed up utilizing outpatient as-
sessments and telephone contact within a 1-month period.

Measurement of indexes

In the cases of multiple stones, the stone size was calcu-
lated by the total diameter of the stone cluster. The criteri-
on of being stone-free was no obvious stones or stones less
than 2 mm in diameter detected using X-ray or ultrasound
examination at 1 month after ureteroscopy. Additionally,
pyuria indicated 10 or more white blood cells per high-
power field (HPF).

Flow cytometry
Approximately 200 uL of peripheral blood was added

into RPMI 1640 medium (200 pL). Next, 19 pL of 1 pg/mL
phorbol 12-myristate 13-acetate (PMA) solution, 6 pL
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of 50 pg/mL lincomycin solution and 6 pL of monensin so-
lution were added subsequently to a uniform level to culture
for 5 h at 37°C. Later, 100 pL of the incubated cell suspen-
sion was added into a flow cytometer, and CD4-FITC and
CD8-APC monoclonal antibodies were added for 15 min
under dark-light reaction at room temperature. Next, the
cells were washed twice with phosphate-buffered saline
(PBS), and then, 100 pL of membrane breaking agent was
added for 15 min at room temperature. The cells were then
washed twice again with PBS before adding IFN-y-PE-CY5
and IL-4-PE monoclonal antibodies for 20 min at room
temperature under dark-light reaction. The cells were re-
suspended with 300 puL of PBS after washing twice with PBS.
Next, FACS CANTO II flow cytometry was used to detect
the proportions of Th1 and Th2 cells and the levels of CD4*
and CD8* T cells.

ELISA

Serum separated from 2 mL of venous blood was exam-
ined using ELISA. The contents of IL-2, IL-4, IL-5, IL-10,
IEN-y, and TNF-a were determined in strict accordance
with the instructions for each ELISA kit (Shanghai Wes-
tang Biotechnology Co., Ltd., Shanghai, China).

qRT-PCR

Total RNA from PBMCs was extracted strictly following
the manufacturer’s instructions (RNeasy mini kit; Qiagen,
Tokyo, Japan). cDNA synthesis was conducted using the
T-Primed First-Strand Kit for qRT-PCR (Amersham Bio-
sciences United Kingdom, Little Chalfont, UK). Addition-
ally, the expression levels were determined with qRT-PCR
using the Light Cycler-Fast Start DNA Master SYBR Green
I kit (Roche Diagnostics, Mannheim, Germany). Based
on the gene sequences published in the GenBank database,
the primers were designed using the Primer v. 5.0 software
and were synthesized by Shanghai Sangon Biotechnology
Co. Ltd. (Shanghai, China; Table 1). The qRT-PCR condi-
tions were as follows: denaturation at 95°C for 10 min, then
45 cycles of denaturation at 95°C for 10s, annealing for 10 s
(at 58°C for T-bet and 60°C for GATA3), and extension
at 72°C for 7 s. The internal reference gene GAPDH was
also treated under the aforementioned conditions, except
that its extension was at 72°C for 8 s. The ratio of the gene
expression levels was calculated using the 2724t method.

Table 1. Primer sequences for gRT-PCR

Gene | Primer | Sequences
caTA3 forward 5-CTGGCCACAGTTGTTTCATG-3'
reverse 5-GCAACTGGTGAACGGTAACA-3'
b forward 5-GTCAATTCCTTGGGGGAGAT-3'
-bet
reverse 5-TCATGCTGACTGCTCGAAAGS
forward 5-ACCCAGAAGACTGTGGATGG-3'
GAPDH
reverse 5-TTCTAGACGGCAGGTCAGGT-3'
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Statistical methods

All statistical data was analyzed using SPSS v. 22.0
software (IBM Corp., Armonk, USA). The measurement
data was presented as means + standard deviation (+SD).
The Kolmogorov—Smirnov test was used to analyze the
normal distribution, and the measurement data consis-
tent with a normal distribution was analyzed using a Stu-
dent's t-test. Enumeration data was analyzed using a x? test.
The results of clinical experiments were plotted on a re-
ceiver operating characteristic (ROC) curve, and the area
under the curve and 95% confidence intervals (95% Cls)
were calculated to predict febrile UTI after ureteroscopic
pneumatic lithotripsy. The value of p < 0.05 was regarded
as significantly different.

Z.Li, etal. Th1/Th2 in UTI with ureteral calculi

Results

Comparison of the characteristics
and surgical outcomes between
the 2 groups

As shown in Table 2, no differences were found in the
age, sex, BMI index, pyuria, preoperative ureteral stent,
and levels of C-reactive protein (CRP) and procalcitonin
(PCT), mean time from the first visit to surgery and opera-
tion time (all p > 0.05). In addition, the 2 groups of patients
showed no obvious differences in the number of stones,
stone size, operative time, and number of residual stones
(all p > 0.05).

Table 2. The characteristics and surgical outcomes in non-UTI group and UTI group

Parameters Number of patients
Age [years]
<65 103
>65 57
Gender
male 104
female 56

Body mass index

<30 142

>30 18
Mean time from diagnosis to treatment [days] 160
CRP [mg/L]

<6 74

6~18 29

>18 57
PCT [ng/mL]

>0.1 46

<0.1 14
Stone history

no 92

yes 68
Pyuria

no 76

yes 83
Preoperative ureteral stent

no 98

yes 62
Number of stones

single 93

multiple 67
Stone size [mm]

<20 98

>20 62
Operative time [min]

<15 91

>15 69
Residual stones

no 137

yes 23

non-UTI (n = 82) UTl (n=78)

56 47 0.324
26 31
55 49 0.621
27 29
75 67 0.321
7 1

20.00 £5.02 21.05 +2.98 0.131
40 34
15 14 0.749
27 30
26 20 0.485
56 58
45 47 0.525
37 31
41 35 0.039
41 42
53 45 0418
29 33
51 42 0.337
31 36
56 42 0.075
26 36
49 42 0.524
33 36
73 64 0.262
9 14

UTI - urinary tract infection.
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Comparison of the peripheral blood T-cell
subsets and Th1/Th2 ratio between
the 2 groups

As shown in Table 3, no significant difference was found
between the 2 groups of patients in terms of the white
blood cell and lymphocyte distribution (both p > 0.05).
Compared with patients in the non-UTI group, those
in the febrile UTI group showed increased proportions
of Th2 cells (Th2%) in peripheral blood (3.43 +1.02 vs
1.63 £0.44, t = 14.620; p < 0.001) and a decreased Th1/Th2
ratio (7.21 +2.98 vs 14.94 +6.91, t = 9.106; p < 0.001), but
their proportions of Th1 cells (Th1%) showed no signifi-
cant difference (22.01 +5.75 vs 22.35 +4.87; p = 0.224)
(Fig. 1).
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Expression of Th1/Th2-related cytokines
and associated transcription factors
in the 2 groups

As shown in Fig. 2, compared with patients in the non-
UTI group, patients in the febrile UTI group showed no
difference in the levels of Th1 cytokines (IL-2, IFN-y and
TNF-a) in the peripheral blood (all p > 0.05), but their Th2
cytokines were remarkably upregulated (IL-4: 4.37 £0.92
vs 3.61 £0.47; IL-10: 3.53 +0.75 vs 2.43 £0.35; IL-5: 4.76
+0.41 vs 3.04 +£0.19 (all p < 0.05). Additionally, the mRNA
expression of T-bet, as a Thl-associated transcription fac-
tor, in febrile UTI patients was not different from that
in the non-UTI group (p > 0.05), but the mRNA expression
of GATAS3, namely, a Th2-associated transcription factor,
was markedly upregulated in patients in the febrile UTI
group (p < 0.05; Fig. 3).
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Fig. 1. Proportions of Th1 cells (A) and Th2 cells (B), as well as the Th1/Th2 ratio (C), in the non-UTI group and UTI group

*p < 0.05 compared with patients in the non-UTI group
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Fig. 2. Levels of Th1/Th2-related cytokines in each group detected using ELISA
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A - Thi-related cytokines; B — Th2-related cytokines; * p < 0.05 compared with patients in the non-UTI group.

Table 3. White blood cell and lymphocyte distribution in non-UTI group and UTI group

Subpopulations

non-UTI (n = 82)

Leukocytes [count/L] 5,626 +1,378
Lymphocytes [count/L] 1,683 +601

CD4* T-lymphocytes [%] 46.92 +3.05
CD8* T-lymphocytes [%] 24.15 +£2.99
CD4/CD8 ratio 197 £0.26

UTl (n=78) Student's t-test

5401 £879 1.224 0.223

1,481 452 1.801 0.074

4707 £3.59 0.285 0.776

25.04 £3.04 1.867 0.064
191 £0.31 1.329 0.186

UTI - urinary tract infection.
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S 4 The predictive value of Th1/Th2 cells

g " el and related cytokines for the diagnosis

g = uT . . . .

£ 3 of postoperative febrile UTI in patients

g with ureteral calculi

2

nE: Receiver operating characteristic curve analysis was

S " conducted for indexes that were significantly different

z between the 2 groups, and the results are shown in Fig. 4

a " and Table 4. The sensitivity values of Th2%, the Th1/Th2
T-bet GATA3 ratio, IL-4, IL-10 and IL-5 for the diagnosis of postop-

Fig. 3. mRNA expression of Th1/Th2-associated transcription factor T-bet
and GATA3 in the non-UTI group and UTI group, as detected using gRT-PCR

*p < 0.05 compared with patients in the non-UTI group.

erative febrile UTI in patients with ureteral calculi were
87.18%, 82.05%, 71.79%, 76.92%, and 87.18%, respectively.
The specificity values were 93.90%, 87.80%, 73.17%, 97.56%,

Table 4. ROC curve analysis of the value of Th2%, Th1/Th2 ratio, IL-4, IL-10, and IL-5 in predicting postoperative febrile UTl in patients with ureteral calculi

Th1/Th2 cells and
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reed grines Cut-off ‘ 95% Cl Sensitivity [%] | Specificity [%] PPV [%] NPV [%] Accuracy [%]
Th2% 2.275 0956 0.926~0.986 8718 93.90 93.15 88.51 90.63
Th1/Th2 ratio 8.742 0.897 0.849~0.944 82.05 87.80 86.49 83.72 85.00
-4 3.868 0.773 0.698~0.848 71.79 7317 71.79 73.17 72.50
I-10 3.024 0915 0.869~0.961 76.92 97.56 96.77 81.63 8750
IL-5 3.381 0.943 0.904~0.982 8718 96.34 95.77 88.76 91.88
AUC - area under the ROC curve; CI - confidence interval; PPV — positive predictive value; NPV — negative predictive value.
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Fig. 4. ROC curve analysis of the value of Th2% (A), Th1/Th2 ratio (B), IL-4 (C), IL-10 (D), I-5 (E), and combined indexes (F) for the diagnosis of postoperative

febrile UTl in patients with ureteral calculi
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and 96.34%, respectively. The accuracy values were 90.63%,
85.00%, 72.50%, 87.50%, and 91.88%, respectively. In addi-
tion, the sensitivity of the combined diagnosis was 97.4%
with specificity as high as 100%.

Discussion

The most important finding of this study is that pa-
tients with postoperative febrile UTI showed a significantly
elevated proportion of Th2 cells without an obvious change
in the number of Th1 cells, thus resulting in the reduction
of their Th1/Th2 ratio. Under normal circumstances, Thl
and Th2 cells interact and restrict each other to maintain
the balance of the immune responses.!” When infection
occurs, the imbalanced differentiation of Thl and Th2
cells leads to an abnormal Th1/Th2 ratio.?° It has also been
reported that infected and non-infected patients showed
no notable difference in the proportion of Th1 cells, but the
former showed an appreciably higher proportion of Th2
cells, and, thus, a remarkably lower Th1/Th2 ratio than
the latter®!; these previous findings are consistent with
our findings and can be explained as postoperative infec-
tious complications being associated with the imbalance
of Th1/Th2, particularly inadequate Th2 responses. Ad-
ditionally, several studies have shown that the Th2 dom-
inance in the Th1/Th2 balance in the human immune
system renders patients more susceptible to infections
by viruses, protozoa, and intracellular bacteria.?223 How-
ever, interestingly, Tatsumi et al. revealed that preopera-
tive Th2 cells are suppressed in infected patients but not
in non-infected patients.?* On the other hand, Ishikawa
et al. reported that no significant difference was observed
in the preoperative Th1/Th2 ratio between patients with
postoperative complications and those without postopera-
tive complications.?®> One explanation for the discrepancy
in our results may be the difference in background disease.

Cytokines have been recognized as key factors in deter-
mining host resistance to infectious pathogens. Specifi-
cally, the balance of Th1/Th2 cytokines in hosts is closely
related to the prognosis and outcome of infections induced
by intracellular microbes.?®?” Additionally, the hallmark
cytokines of Th1 cells, including IFN-y and lymphotoxin,
can activate microbicidal activity, as well as cytokine pro-
duction in macrophages.?® IFN-y signals can also activate
a downstream transcription factor, T-bet, to upregulate
the expression of genes specific to Thl cells.?” By con-
trast, IL-4 can enhance the expression level of GATA3,
a transcription factor critical for both IL-4 production
and Th2 cell differentiation.® To further explore the sig-
nificance of the Th1/Th2 balance, we used ELISA to de-
termine the expression levels of Th1/Th2 cytokines and
applied qRT-PCR to detect the mRNA expression of T-bet
and GATA3. We found that patients with postoperative
febrile UTT had significantly higher levels of Th2-related
cytokines (IL-4, IL-10 and IL-5) and GATAS3 than those
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without postoperative febrile UTI, but no difference was
found in the level of Th1-related cytokines (IFN-y, IL-2 and
TNF-a) and T-bet. These results further confirmed that
the preoperative dominance of Th2 cells in the Th1/Th2
balance may exert a large impact on the occurrence and
development of postoperative infection. These findings
suggest that the failure of Th2 cells to regulate the Thl
responses or promote the production of antibodies can
profoundly affect the host immunity against postopera-
tive infection.

Another important finding of our study was that the
preoperative Th2%, Th1/Th2 ratio, and IL-4, IL-10 and
IL-5 values were predictive in postoperative febrile UTI
in patients with ureteral calculi with accuracies of 90.63%,
85.00%, 72.50%, 87.50%, and 91.88%, respectively; the sen-
sitivity of the combined diagnosis was 97.4% with a speci-
ficity as high as 100%. In addition, Tang et al. revealed that
the sensitivity and specificity of severe infection prediction
were 62.0% and 85.0%, respectively, when the cut-off value
of IL-10 was set at 42.0 pg/mL."* Additionally, the IL-5 lev-
els were higher than the calculated cut-off value (11 pg/mL)
in 22/37 of patients with perennial allergic rhinitis and
4/20 in the non-atopic healthy controls.?! Given the above-
mentioned results, we may conclude that the preoperative
Th2%, Th1/Th2 ratio and cytokine levels can be used as
effective reference indicators for the diagnosis of postop-
erative febrile UTI in patients with ureteral calculi.

Nevertheless, this study had also some limitations. For
instance, the stones in the UTI group were larger than
those in the non-UTI group because no statistical dif-
ference was revealed between them. Moreover, the stone
size could be the risk factor of febrile UTI after ureteros-
copy in patients with ureteral calculi.?? Additionally, we
included patients with pyuria and/or those who used a pre-
operative ureteral stent, which could be a sign of active
inflammation. Thus, to eliminate the effects of other risk
factors in the future, we should further expand the sample
size, consider more clinical indexes and exclude patients
with possible inflammation.

Overall, preoperative Th2 dominance was correlated
with postoperative febrile UTT in patients with ureteral
calculi. In addition, the preoperative values of the Th2%,
Th1/Th2 ratio, IL-4, IL-10 and IL-5 were good predictive
indexes in postoperative febrile UTT in patients with ure-
teral calculi. These results provide further information
that may direct future treatments based on the Th1/Th2
concept focusing on decreasing the risk of postoperative
infection.
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