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I. Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Presepsin (P-SEP) is a 13-kDa soluble N-terminal 
fragment of CD14, which is a receptor for lipopolysaccha-
ride and lipopolysaccharide-binding protein complex 1)2). 
Two main mechanisms have been proposed for P-SEP 
induction: (1) Monocytes directly produce P-SEP after 
phagocytosing bacteria. (2) Monocytes phagocytose 
neutrophils forming NETs, and CD14 on the surface of 
the monocyte cell membrane is degraded intracellularly, 
resulting in P-SEP secretion 3)4).
  In clinical practice, measuring serum P-SEP levels is 
useful for diagnosing sepsis and its severity 5)–10). Consid-

ering the aforementioned mechanisms, P-SEP is useful 
for detecting bacterial infection. Thus, theoretically, the 
measurement of P-SEP may be useful for diagnosing not 
only systemic bacterial infections such as sepsis but also 
local bacterial infections.
  In fact, recent reports have demonstrated the useful-
ness of measuring P-SEP not only in the blood but also in 
other samples. High levels of P-SEP are observed in the 
pleural fluid of patients with empyema and parapneumon-
ic effusion 11). P-SEP levels in synovial fluid are useful for 
the differential diagnosis of native joint septic arthritis 
and crystal arthritis with a sensitivity and specificity of 
100% 12)13). P-SEP in cerebrospinal fluid is also useful for 
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diagnosing bacterial meningitis, and its diagnostic ability 
is superior to that of leukocytes or proteins in cerebrospi-
nal fluid 14).
  However, the modulations of P-SEP in urine by bacterial 
urinary tract infection remain unknown. Moreover, there 
is still insufficient evidence regarding the modulation 
of P-SEP in pleural fluid and ascites, especially in the 
aspects of bacterial infection. Therefore, in order to ex-
plore the usefulness of P-SEP in samples other than the 
serum, the present study aimed to validate the measure-
ment of ascites, pleural fluid, and urinary P-SEP levels 
and to evaluate their diagnostic ability for local bacterial 
infection.

II. Materials and methods.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Samples
  For ascites and pleural fluid, 46 ascites and 45 pleural 
fluid samples were obtained from residual specimens 
from routine clinical laboratory testing collected by body 
cavity puncture. In ascites fluid, samples with a serum–
ascites albumin gradient (SAAG) of less than 1.1 were 
determined to be exudate. In pleural fluid, Light’s criteria 
were used to determine whether the fluid was transu-
date or exudate. Briefly, the samples were determined as 
exudates if at least one of the following exists: (1) The 
ratio of pleural fluid protein to serum protein is <0.5. (2) 
The ratio of pleural fluid lactose dehydrogenase (LDH) 
to serum LDH is <0.6. (3) The pleural fluid LDH is 
<2/3 of the upper reference limit. The serum clinical 
laboratory data on the same day were used to determine 
whether the sample was transudate or exudate. If culture 
tests were performed during the same hospital stay, the 
results were obtained from the medical records (Supple-
mental Table 1). Once a positive culture test result was 
obtained, it was regarded as a culture-positive group.
  For urine, subjects who were clinically diagnosed with 
specific kidney diseases, including those diagnosed with 
renal biopsy, were enrolled. A total of 138 residual urine 
specimens were collected after routine clinical laboratory 
testing from 6 subjects with diabetes mellitus, 10 sub-
jects with renal sclerosis, 4 subjects with chronic glomer-
ulonephritis, 17 subjects with IgA nephropathy, 13 sub-
jects with vasculitis syndrome, 6 subjects with systemic 
lupus erythematosus (SLE), 2 subjects with minimal 
change disease, 7 subjects with membranous nephropa-
thy, 4 subjects with focal segmental glomerulosclerosis, 1 
subject with membranoproliferative glomerulonephritis, 
and 11 subjects with other renal diseases. A total of 32 
subjects with >10 white blood cells (WBCs)/µL in their 
urine as quantified by flow cytometry were included in 

the pyuria group. Meanwhile, 25 subjects with no evi-
dence of proteinuria and pyuria as verified by dipstick 
test and flow cytometry, respectively, were included in 
the control group. All laboratory data, except P-SEP, were 
extracted from medical records.

Collection of  samples
  Residual ascites fluid, pleural fluid, or urine samples 
were collected after routine clinical laboratory testing 
and stored at − 80 ℃ until analysis. Ascites and pleural 
fluids were collected from a collection tube with ED-
TA-2K powder, whereas urine was collected from a plain 
collection tube. Then, samples were centrifuged to sepa-
rate the supernatant and material components (at 2,300 
g for 5 min for ascites and pleural fluids and at 1,700 g 
for 5 min for urine before collection). For the method 
validation experiments, pooled samples were prepared by 
mixing residual samples after routine testing of pleural 
fluid, ascites, and urine submitted to the clinical laborato-
ry from September 2018 to April 2021 in. any proportion.

Measurement of  P-SEP
  P-SEP was measured using the fully automated clinical 
analyzer STACIA and STACIA CLEIA Presepsin (PHC 
Corporation, Tokyo, Japan), which was based on chemi-
luminescent enzyme immunoassay (CLEIA). Briefly, a 
sandwich complex was formed between anti-P-SEP anti-
body-coated paramagnetic latex beads and alkaline phos-
phatase (ALP)-labeled anti-P-SEP antibody, if P-SEP was 
present in the sample. Next, nonmagnetic materials were 
washed out with a wash buffer under a magnetic field. 
Then, disodium 2-chloro-5-(4-methoxyspiro[1,2-dioxe-
tane-3,2′-(5-chlorotricyclo[3.3.1.13.7]decan])-4-yl]-1-phenyl 
phosphate was added and hydrolyzed by ALP in the com-
plex, emitting light. Finally, the results were determined 
as pg/mL using a calibration curve generated by five-
point calibration. Because the measurement range in 
the manufacturer’s instrument reaches up to 20,000 pg/
mL, samples exceeding 20,000 pg/mL were diluted and 
measured using the manufacturer’s diluent. Both devices 
have been approved by the Pharmaceuticals and Medical 
Devices Agency in Japan.

Method validation
  The precision of the assay for 10 replicates was investi-
gated using two pooled samples composed of pleural fluid 
and ascites for validation of the pleural fluid and ascites 
measurement. For validation of urine measurement, a 
pooled urine sample for 20 replicates was measured. Ac-
cording to the manufacturer’s instructions, the coefficient 
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of variation is less than 10% when the control samples 
are measured. Linearity was investigated using two types 
of pooled samples composed of pleural fluid and ascites 
or urine samples from one patient. Briefly, each sample 
was diluted up to 10 times with the manufacturer’s dilu-
ent. In the urine experiment, one sample was diluted up 
to five times.
  Spike and recovery tests were performed using pleural 
fluid, ascites, urine, and the manufacturer’s standard. The 
standard was diluted with the manufacturer’s diluent at 
approximately 500 pg/mL before being used in the exper-
iments. Two pleural fluid, ascites, and urine samples were 
mixed with the standard in the proportions shown in 
Table 2. The recovery rate was calculated using the fol-
lowing method: (1) The P-SEP levels of mixed samples 
were measured. (2) Expected values were calculated 
by the proportion of mixture of the sample and standard. 
(3) The recovery rate was determined by the ratio of the 
measured value to the expected value when the expected 
value was 100%.

Statistical analysis
  The Mann–Whitney U test was used for comparisons 
between two groups. Spearman’s rank correlation coeffi-
cient was calculated to evaluate the correlations between 
urinary P-SEP levels and other clinical laboratory data. 
Statistical analyses were performed using IBM SPSS Sta-
tistics 27 (NY, USA). Steel’s multiple comparison test, 
which was used for comparisons between the control and 
other groups, and receiver operating characteristic curve 
analysis were performed using JMP Pro 16 (Cary, USA). 
Statistical significance was considered at p<0.05.

Ethical consideration
  The present study was conducted in accordance with 
the ethical guidelines established in the Declaration of 
Helsinki. Informed consent was obtained in the form of 
an opt-out form on the website for participants: patients 
were informed about the study on the website (http://lab-
tky.umin.jp/clinical_research/3333_161.pdf), and those 
who were unwilling to be enrolled in the study were ex-

cluded. If the participants were minors, their parents or 
guardians could waive participation in this study on their 
behalf. The study design was approved by the University 
of Tokyo Medical Research Center Ethics Committee, 
which waived the need for written informed consent 
because only archived specimens were used and data for 
this retrospective study were retrieved from medical re-
cords (3683 and 3333-161).

III. Results.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Method validation
  First, we verified the repeatability with 10 replicates for 
pleural fluid and ascites and 20 replicates for urine using 
pooled samples. The precision of the assay was 3.1%–
3.5% for P-SEP measurement in pleural fluid and ascites 
and 4.8% for P-SEP measurement in urine (Table 1).
  Linearity was validated using linear regression analysis 
and both pooled pleural fluid and ascites and urine from 
a patient. The linearity curves of P-SEP in the pleural 
fluid, ascites, and urine samples are shown in Figure 1. 
The curves exhibited good linearity up to 19,482 pg/mL 
for P-SEP in pleural fluid and ascites and 967 pg/mL for 
P-SEP in urine.
  To explore the accuracy of P-SEP measurement in pleu-
ral fluid, ascites, and urine, spike and recovery tests were 
performed using two or three types of samples. The 
recovery rates ranged from 94.8% to 104.8% for pleural 
fluid, from 93.0% to 103.1% for ascites, and from 95.5% 
to 101.6% for urine (Table 2). 

Levels of  P-SEP in pleural fluid and ascites
  To investigate the association of P-SEP with Light’s 
criteria or SAAG classification of transudate/exudate, we 
measured P-SEP in 43 pleural fluid samples for which 
Light’s criteria could be evaluated and 42 ascites fluid 
samples for which SAAG could be calculated. P-SEP lev-
els were compared between the transudate and exudate 
groups. As shown in Figures 2A and B, the median and 
range of P-SEP in the transudate pleural fluid, exudate 
pleural fluid, transudate ascites, and exudate ascites 
groups were 741.0 (322–12,341), 1,084.0 (296–11,604), 

Table 1  Repeatability of P-SEP measurement in pleural fluid, ascites, and urine

Number of 
replications Mean (pg/mL) SD (pg/mL) CV (%)

Pleural fluid and ascites 1 10 517.8 17.87 3.5

Pleural fluid and ascites 2 10 3,150.6 97.57 3.1

Urine 20 167.9 8.02 4.8

P-SEP was measured in pooled pleural fluid and ascites and urine with 10 or 20 replicates. SD, standard 
deviation; CV, coefficient of variation
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1,076.5 (434–21,664), and 1,537.0 (583–5,304) pg/mL, 
respectively. All samples exceeded 50 pg/mL, which is 
the lower limit of the measurement range in the manufac-
turer’s instructions. In addition, there was no difference 
in P-SEP levels between transudate and exudate in either 
pleural fluid or ascites. However, when the pleural fluid 
and ascites P-SEP levels were compared between the 
groups of cases in which the culture test became positive 
or negative, there was no significant difference in P-SEP 
levels in pleural fluid between the two groups, whereas 
the P-SEP levels in ascites fluid were significantly higher 

in the culture-positive group (Figures 2C and D).

Usefulness of  P-SEP measurement for detecting 
culture-positive ascites
  To further understand the significance of P-SEP in as-
cites, we performed receiver operating characteristic 
curve analysis to separate cases of positive culture test 
using the P-SEP level or WBC in ascites, which are used 
to diagnose acute peritonitis. The WBC levels in the cul-
ture-positive group were significantly higher than those 
in the culture-negative group (Supplemental Figure 1). 

Table 2  Recovery rates of spike and recovery tests in pleural fluid, ascites, and urine

Sample conc.
(pg/mL)

Standard conc.
(pg/mL) Recovery rate (%)

Mixture ratio
(Sample:Standard) 1:19 2:18 5:15 10:10 15:5 18:2 19:1

Pleural fluid 1 522 594 101.4 102.6 106.3 99.9 94.2 100.5 98.9

Pleural fluid 2 2,075 537 101.3 101.5 103.2 100.6 97.0 96.7 94.8

Ascites 1 373 515 103.1 99.5 97.2 96.2 98.6 98.1 94.7

Ascites 2 2,648 579 93.0 96.2 101.0 102.5 102.4 102.3 101.6

Urine 1 254 544 98.4 96.2 98.5 97.5 99.2 97.7 101.4

Urine 2 1,049 484 95.5 98.9 97.7 100.5 95.8 101.6 99.5

Pleural fluid, ascites, and urine samples were mixed with standard solution in several proportions and measured. The 
recovery rate was calculated by the ratio of the measured P-SEP level to the expected P-SEP level when the expected 
P-SEP level in each mixture ratio was defined as 100%. All values represent the average of three replicates.
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Figure 1   Linearity analysis of pleural fluid and ascites and urinary P-SEP.
The dilution linearities of pleural fluid and ascites (A, B) and urine (C, D) were investigated. A sample was diluted 5 
to 10 times with the manufacturer’s diluent. Then, each sample was analyzed with two replicates.
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The area under the curve for ascites P-SEP was 0.832 
(95% confidence interval, 0.649–1.000), and that for 
ascites WBC was 0.910 (95% confidence interval, 0.773–
1.000). Based on Youden’s index, the optimal cutoff val-
ues for ascites P-SEP and ascites WBC were identified 
as 1,842 pg/mL and 3.3 × 109 counts/L, respectively 
(Figure 3A, Table 3, Supplemental Figure 1 and Sup-
plemental Table 2). 
  Next, we evaluated whether a combination of cutoff 
values for ascites P-SEP and WBC would improve the 
diagnostic ability to be culture-positive. The specifici-
ty improved from 94.1% (when only ascites WBC was 
measured) to 100% (when ascites WBC and P-SEP were 
measured) when the cutoff values for culture-positive 
cases were set as 1,842 pg/mL for P-SEP and 3.3 × 109 

counts/L for ascites WBCs (Figure 3B, Table 3B). On 
the other hand, the sensitivity for culture-positive cases 
remained as high as 85.7%.

Usefulness of  measuring urinary P-SEP for de-
tecting bacterial urinary tract infection
  We compared the P-SEP/creatinine ratios in the urine of 
patients with pyuria, nephritis, or other kidney diseases 
with those of controls to investigate the possible useful-

ness of urinary P-SEP. Figure 4A shows that the urinary 
P-SEP/creatinine ratio in the pyuria group was signifi-
cantly higher than that in the control group. Next, we 
investigated the correlations between the urinary P-SEP/
creatinine ratio and estimated glomerular filtration rate 
(eGFR) or urinary WBC. Figures 4B and C show a sig-
nificant negative correlation between the urinary P-SEP/
creatinine ratio and eGFR and a significant weakly pos-
itive correlation between the urinary P-SEP/creatinine 
ratio and WBC count. These negative correlations were 
also observed when P-SEP was not correlated with uri-
nary creatinine (Figures 4D and E).

IV. Discussion.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  We validated a method for quantifying P-SEP in pleural 
fluid, ascites, and urine using the fully automated clini-
cal analyzer STACIA. First, the repeatability of pleural 
fluid, ascites, and urine was not inferior to that of the 
manufacturer’s instrument for serum P-SEP, which was 
less than 10% (Table 1). These results suggested that 
this measurement system provided relatively stable data 
even if P-SEP in pleural fluid, ascites, and urine was 
measured. The linearity was good (up to 19,482 pg/mL 
for pleural fluid and ascites and 967 pg/mL for urine) 

Figure 2.
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Figure 2   Comparisons of P-SEP levels in pleural fluid and ascites.
P-SEP levels in pleural fluid and ascites samples were measured. (A) Comparison of P-SEP level in pleural fluid 
samples between transudate (n=12) and exudate (n=31) divided by Light’s criteria. (B) Comparison of P-SEP level 
in ascites between transudate (n=34) and exudate (n=10) divided by SAAG classification. (C) Comparison of P-SEP 
level in pleural fluid between culture test-negative (n=34) and positive cases (n=4). (D) Comparison of P-SEP level 
in ascites between culture test-negative (n=34) and positive cases (n=7). *, p<0.05; N.S., not significantly different
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(Figure 1). The linearity for urine above 967 pg/mL 
was unclear because a sufficient volume of urine contain-
ing high concentration of P-SEP was collected. Several 
urine samples contained more than 967 pg/mL of P-SEP; 
however, we measured these samples without dilution 
because the manufacturer’s instrument defined the mea-
surable range as 50–20,000 pg/mL. The recovery rate for 
measuring P-SEP in pleural fluid and ascites ranged from 
93.0% to 106.3% (Table 2). The recovery rate of pleural 
fluid 2 slightly decreased with increasing proportion of 
sample. However, a proportional systematic error was 
not observed in pleural fluid 1. For urine, a proportional 
systemic error was not observed, regardless of how the 
ratio of sample to standard changed. These results sug-
gest that no specific matrix effects for the measurement 
of P-SEP exist in pleural fluid, ascites, and urine. Based 
on these results, the application of the method for mea-
suring serum and plasma P-SEP, which has already been 

approved by the Pharmaceuticals and Medical Devices 
Agency in Japan, to pleural fluid, ascites, and urine pro-
vides a performance equivalent to that of serum.
  Pleural fluid and ascites P-SEP levels may be higher 
than serum P-SEP levels. The serum P-SEP level from 
128 healthy subjects was reported to be 190 pg/mL 6). 
This difference can be explained by the fact that pleural 
fluid and ascites reflect the local production of P-SEP. 
Consistent with the present study, Watanabe et al. re-
ported that pleural fluid P-SEP levels were significantly 
higher than those in plasma, whereas the level of C-reac-
tive protein in pleural fluid was significantly lower than 
that in plasma 11). 
  With regard to clinical usefulness, ascites P-SEP of the 
culture test-positive group was significantly higher than 
that of the negative group, whereas no significant differ-
ence in ascites P-SEP levels was observed between the 
transudate and exudate groups (Figures 2B and D). 

Figure 3.
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Figure 3   Diagnostic ability of ascites P-SEP for culture-positive case.
(A) Receiver operating characteristic curve analysis was performed to separate culture test-positive cases (n=7) 
from culture test-negative cases using the P-SEP level in ascites and to show the area under the curve. (B) Two-
dimensional plot with ascites P-SEP levels on the vertical axis and ascites WBC levels on the horizontal axis. Blue 
squares indicate negative cases for culture test, whereas red circles indicate positive cases for culture test. In the WBC 
counting tests, data under the mechanical detection limit (0.1 cells/µL) were regarded as 0.1 cells/µL.

Table 3  Diagnostic ability of ascites P-SEP for culture-positive case

(A) (B)

Number of cases
Culture-positive case 7 Sensitivity Specificity

Culture-negative case 34 P-SEP only 85.7% 85.3%
AUC 0.832 WBC only 85.7% 94.1%

95% CI 0.649 –1.000
Combination of P-SEP 
and WBC

85.7% 100%

Cutoff value 1,842 pg/mL

p value <0.001

Receiver operating characteristic curve analysis was performed. (A) The results of receiver operating characteristic 
curve analysis for culture-positive case using ascites P-SEP level are shown. The cutoff value was determined 
based on Youden’s index. (B) The sensitivity and specificity to diagnose culture-positive case were calculated if 
ascites P-SEP alone, ascites WBC alone, and both were used for diagnosis. In WBC counting tests, data under the 
mechanical detection limit (0.1 cells/µL) were regarded as 0.1 cells/µL.
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According to this result, we speculate that WBCs migrat-
ing into the peritoneal cavity produce P-SEP to exclude 
bacteria. In fact, a positive correlation between ascites 
WBCs and P-SEP was observed (r=0.409, p<0.01). The 
reason that exudative ascites, which is classically con-
sidered as an accumulation with inflammation including 
bacterial infection, was not significantly higher may be 
because of the method used to calculate SAAG or the 
fact that ascites does not emerge in healthy individuals. 
In this study, three cases of positive culture test were 
classified into the transudate group because their SAAG 
values were 1.1. These cases might have been classified 
as the transudate group due to measurement error be-
cause the smallest unit of albumin measurement was 0.1. 
In addition, SAAG has a 96.7% positive diagnostic rate 
for the presence of portal hypertension 15). Therefore, 

when SAAG is used alone, its performance may be inad-
equate with respect to its ability to discriminate peritoni-
tis. In this study, pleural fluid P-SEP level of the culture 
test-positive group was not significantly higher than that 
of negative group. Two possible explanations can be con-
sidered. One is the small number of pleuritis cases (n=5), 
and the other is the inclusion of several empyema cases 
in the culture-negative group.
  The area under the curve of ascites P-SEP to separate 
positive or negative results of culture test was relatively 
high but inferior to that of ascites WBCs. Thus, we at-
tempted to combine these values to discriminate positive 
or negative culture tests. As a result, the specificity was 
improved and reached 100%. Ascites WBC and P-SEP 
tests can be completed quickly and may be useful for 
diagnosing abdominal bacterial infection prior to culture 

Figure 4.
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Figure 4   Urinary P-SEP levels in patients.
(A) The urinary P-SEP/creatinine ratio was compared among various patients with renal dysfunction. (B–D) The 
urinary P-SEP levels and urinary P-SEP/creatinine ratio were compared in relation to eGFR and urinary WBC. IgAN, 
IgA nephropathy; LN, lupus nephritis; DM diabetes mellitus; MCD, minimal change disease; MN, membranous 
nephropathy; FSGS, focal segmental glomerulosclerosis; MPGN, membranoproliferative glomerulonephritis; CGN, 
chronic glomerulonephritis; rs, Spearman’s rank correlation coefficient. *, p<0.05.
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testing. 
  A widely known inflammatory marker is procalcitonin. 
Viallon et al. reported that the AUC of 0.96 when diag-
nosing spontaneous bacterial peritonitis (SBP) using 
ascites procalcitonin 16). It is higher than that of ascites 
P-SEP in our study (AUC 0.832). The sensitivity of di-
agnosing SBP using procalcitonin was better than that of 
ascites WBC and P-SEP test. However, there is a differ-
ence in that the previous study regarded patients with 
ascites WBC more than 2.5 × 109 count/L with diagnosis 
of SBP as the positive group, whereas in this study, pa-
tients with positive ascites culture test were regarded as 
the positive group. Elsadek et al. reported that the PEC 
index, which was calculated using procalcitonin (PCT), 
erythrocyte sedimentation rate (ESR), and C-reactive 
protein (CRP) as follows: PEC index = PCT × (ESR + 
CRP), efficiently diagnosed SBP in cirrhotic patients 17). 
Actually, the PEC index had high sensitivity and specific-
ity for SBP diagnosis (98.33% and 96.67%, respectively, 
AUC 0.977). The PEC index may have superior sensitivi-
ty and specificity compared to our presepsin-based meth-
od in the diagnosis of SBP even though the definition of 
abdominal infection and the disease background of the pa-
tient population differ from our study. On the other hand, 
the ascites WBC and P-SEP test in our study has three 
advantages in routine clinical practice in the laboratory: 1. 
only one tube containing EDTA-2K required, 2. no need 
for complex calculation, 3. measurement completed with-
in one hour.
  Whether there is a correlation between ascites P-SEP 
level and severity of disease is an interesting question. In 
this study, the patient with the highest ascites P-SEP level 
of 21,664 pg/mL in culture-positive ascites was not severe 
and was discharged from the hospital 36 days after ascites 
collection without being admitted to the intensive care 
unit. On the other hand, the patient with a P-SEP level of 
4,312 pg/mL had severe peritonitis and died 45 days after 
ascites collection. In this study, the results did not suggest 
a correlation between P-SEP level and severity.
  Regarding the urinary levels of P-SEP, the median uri-
nary P-SEP level of healthy subjects was 48.5 pg/mL, 
which is considerably lower than that of the pleural flu-
id, ascites, and serum. We hypothesized that the lower 
urinary P-SEP level resulted from the urine production 
process, which was increasingly produced regardless of 
the pathological condition. As shown in Figures 4B and 
D, the negative correlation between eGFR and urinary 
P-SEP may indicate that decreased tubular reabsorption 
capacity rather than decreased glomerular filtration rate 
may contribute to the excretion of P-SEP into urine. 

To our knowledge, this study is the first to clarify the 
relationship between urinary P-SEP and renal function, 
although some reports have shown that elevated blood 
P-SEP levels were observed in patients with kidney dys-
function 18)19). Additionally, we found a positive correlation 
between urinary WBC count and P-SEP (Figures 4C and 
E). These results suggest that WBCs migrating to urine 
are considerably involved in the production of P-SEP. 
However, the origin of urinary P-SEP remains unclear 
because most WBCs migrating to urine are neutrophils, 
contradicting reports that monocytes/macrophages are 
strongly involved in the production of P-SEP 3).
  Regarding the clinical usefulness of measuring urinary 
P-SEP, the urinary P-SEP levels in the pyuria group were 
significantly higher than those in the control group (Fig-
ure 4A). Moreover, urinary P-SEP levels were positively 
correlated with urinary WBC counts (Figures 4C and 
E). These results suggest that WBCs migrating to the 
urinary tract may produce P-SEP, and measuring urinary 
P-SEP might be useful to analyze urinary inflammation. 
However, because urinary P-SEP was elevated in pa-
tients with renal dysfunction, we searched for the eGFR 
in patients whose urinary P-SEP exceeded 500 ng/g･Cr. 
Of the numbers of urine samples with P-SEP above 500 
ng/g･Cr, eGFR below 30 mL/min/1.73 m2 were 0 of 1 in 
the control group, 2 of 5 in the pyuria group, 1 of 1 in the 
IgA nephropathy group, 4 of 4 in the diabetes mellitus 
group, 2 of 3 in the sclerosis group, and 2 of 2 in other 
groups. Except for the control and pyuria groups, elevat-
ed urinary P-SEP levels might not reflect infection but 
renal dysfunction. Therefore, further study is required 
because measurement of urinary P-SEP may be valuable 
in the diagnosis of urinary tract infections and evaluation 
of disease status.
  This study had several limitations. First, because the 
study was a retrospective cross-sectional study, future 
prospective longitudinal studies are needed to confirm 
the results of the present study. Second, further analysis 
should consider clinical symptoms because we evaluated 
the diagnostic ability of ascites P-SEP level not for peri-
tonitis but for culture-positive cases. Finally, it remains 
unclear why the urinary P-SEP level was increased in 
cases without pyuria.
  In conclusion, we have validated a method of measuring 
P-SEP in pleural fluid, ascites, and urine instead of the 
blood, which is broadly used to measure P-SEP. Here, we 
demonstrated that measuring ascites and urinary P-SEP 
may be useful to evaluate local bacterial infection. How-
ever, further studies are needed to confirm the useful-
ness of P-SEP as a biomarker of local bacterial infection.
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