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Abstract: Objective: To identify potential markers for detecting and monitoring inflammation in patients with peri-
toneal dialysis (PD)-related peritonitis, several inflammation markers, including procalcitonin (PCT), endotoxin and
C-reactive protein (CRP), were evaluated in patients with PD-related peritonitis. Methods and Results: In this study,
50 cases of patients with PD-related peritonitis were recruited during 2011-2014, and 50 patients who had continu-
ous ambulatory peritoneal dialysis but did not develop any infection were included as the control group. Serum sam-
ples were first collected to compare basal levels of PCT, endotoxin and CRP between PD-related peritonitis patients
and control group. Then a prospective study was developed in PD-related peritonitis patients to compare the levels
of PCT, endotoxin and CRP before and 2 weeks after antibiotic treatments. Meanwhile, PD fluid samples were col-
lected for dialysate nucleated cell counts and the culture of effluent. Our results showed that levels of hemoglobin
and serum albumin were significantly decreased while PCT, endotoxin, CRP and dialysate nucleated cell counts were
elevated in patients with PD-related peritonitis, compared to the control group. After antibiotic treatment, levels of
serum PCT, endotoxin and CRP were significantly decreased compared to basal levels in patients with PD-related
peritonitis. Thirty-five cases (70%) of patients with PD-related peritonitis yielded positive results of bacterial culture,
among which 21 cases (60% of 35 cases) were identified to be Gram-positive bacteria, 12 cases (34.26% of 35
cases) were Gram-negative bacteria and 2 cases (5.71%) were fungi. Importantly, in PD-related peritonitis patients,
patients with positive bacterial culture showed greater levels of PCT and endotoxin, compared to patients with nega-
tive bacterial culture. Conclusions: Our results supported that serum PCT and endotoxins may be useful markers for
monitoring inflammatory status and predicting responses to antibiotic treatment in PD-related peritonitis.
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Introduction

Peritoneal dialysis (PD)-related peritonitis is the
leading complication of peritoneal dialysis, and
isassociated with a significant risk of mortality.
Monitoring of systemic inflammation provides
valuable insights for clinical management of
PD-related peritonitis [1], it is thus of impor-
tance to identify novel inflammatory markers in
PD-related peritonitis patients.Previous studies
showed that C-reactive protein (CRP) is corre-
lated with the disease progression and out-
comes of PD-related peritonitis, however, the
increase of CRP could be secondary to the
acute infection [2-4]. Several studies implied
the importance of endotoxin in PD-related peri-
tonitis [5, 6], but how endotoxin is changed and
predicts the clinical outcomes of PD-related
peritonitis remain unclear.

Meanwhile, recent studies showed that level of
serum procalcitonin (PCT), the precursor of cal-
citonin, is correlated with infection and showed
good sensitivity and specificity for the early
diagnosis of systemic bacterial infection in PD
patients [7-10], however, other studies reported
that PCT is not changed in patients with long-
term PD related peritonitis [11, 12] and may
only serve as an adjunct to traditional inflam-
mation markers in PD-related peritonitis pati-
ents [13]. These controversies indicated that
more studies are needed to confirm the role of
PCT in PD-related peritonitis patients. In this
study, we analyzed levels of PCT, CRP and endo-
toxin in 50 patients with PD-related peritonitis
before and after clinical management. Our
results will provide valuable insights for identifi-
cation of diagnostic and prognostic markers for
PD-related peritonitis patients.
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Table 1. Clinicopathologic characteristics of control and

peritonitis patients

Peritoneal Dialysis: 1) Presences of
cloudy effluent and/or abdomen pain

Control Peritonitis

and/or fever; 2) Effluent cell count

ltems group group Vafue white bloqd cells (WBCs) more than

(N=50) (N=50) 100/uL with at least 50% polymor-
Age (y) 61.8+24.5 65.8418.3 >0.05 phonuclear neutrophilic cells; 3)
Serum creatinine levels (umol/L) 818+248 8794198 >0.05 Effluent culture is positive. Patients
Hemoglobin (g/L) 87.318.4 63.1+17.9° <0.05  Were diagnosed as peritonitis if two
Plasma albumin (g/L) 35.1+192 26.6+186° <005  Of the above three presentations
KTV 1884034 1764051 >0.05 were observed [1]. Combination

a, P<0.05, compared to control group.

Table 2. Micro-organisms identified in
samples from the peritonitis patients (%)

Number Ratio

Micro-organisms ofisolates (%)

Gram-positive 21 60.00
Staphylococcus epidermidis 5 14.29
Staphylococcus aureus 13 37.14
Staphylococcus haemolyticus 2 5.71
Enterococcus faecalis 1 2.86
Gram-negative 12 34.26
Acinetobacter Baumannii 1 2.86
Klebsiella 2 5.71
Escherichia coli 9 25.71
Fungi 2 5.71
Candida albicans 1 2.86
Aspergillus 1 2.86
Total 35 100.00

Materials and methods
Patients’ characteristics

This prospective study was approved by the
ethics committee of First People’s Hospital of
Hangzhou. All patients gave written informed
consent. The patients’ information was collect-
ed during June 2011-June 2014. Double-cuffed
Tenckhoff catheter and dialysis fluid (Baxter,
Shanghai, China) were used in PD for all the
patients. The primary diseases which cause
the patients to receive PD were: chronic glo-
merulonephritis (N=32), diabetic nephropathy
(N=27), benign nephrosclerosis (N=28), lupus
nephritis (N=2), systematic sclerosis (N=1),
obstructive nephropathy (N=5) and gouty ne-
phropathy (N=5).

Definition of peritonitis and antibiotic treat-
ments

Diagnosis of peritonitis was made according to
the guidelines of International Society for
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treatments of 1%t and 3™ generation
cephalosporin were immediately initi-
ated after diagnosis of peritonitis,
and further optimized according to the antibiot-
ics sensitivity of effluents.

Blood samples

Blood samples were collected before adminis-
tration of antibiotics and two weeks after anti-
biotic treatment. Levels of WBC, PCT, CRP,
endotoxin and albumin were measured. Efflu-
ents of PD-related peritonitis patients were col-
lected for routine testes and cultured in aerobic
and anaerobic environments respectively
before the antibiotics treatment. In certain
cases, effluents were collected one more time
2 weeks after the antibiotics treatment to con-
firm the results. CRP was quantified with turbi-
dimetric inhibition immunoassay (OLYMPUS-
2700, automatic clinical chemistry analyzer).
Endotoxin was analyzed with Kinetic turbidi-
metric assay. PCT was measured with Immune
chemiluminescence (Lumitest kit, BRAHMS
Diagnostic, Berlin, Germany).

Statistical analysis

All the data were analyzed with SPSS17.0 and
expressed as mean + SEM. Unpaired t test was
used for comparison between two groups.
P<0.05 was considered statistically signi-
ficant.

Results

Anemia and hypoproteinemia in patients with
PD-related peritonitis

Fifty patients with PD-related peritonitis, includ-
ing 26 male patients and 24 female patients,
were recruited for this study. Patients were
61.8+24.5 years old and had an average dialy-
sis term of 58.23+28.19 months. Meanwhile,
50 age and sex-matched patients who were
receiving PD but did not have any history of
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Table 3. Levels of serum PCT and endotoxin in control and peritonitis
patients

Levels of PCT, endotoxin
and CRP and clinical out-

Control Patients with PD-related peritonitis comes of the patients
ltems Group Before treatment 2-week after .

(N=50) (N=50) treatment (N=50) ComparePdD Vlwfthd ConF{OI
Serum PCT (ng/mL) 0.28+0.12 9.78+5.58" 0.29+0.11° group, F-related  perito-
Endotoxin (ng/L) 456+3.81  23.45+14.66 5.16+2.97° nitis patients showed sig-
n . P00E3 BTN EOEE nificantly elevated serum
Effluent WBCs (x10%/L) 12.23+8.20 1921.32+456.71°  18.12+7.42 PCT (9.7845.58 ng/mL vs.
Serum CRP (mg/L) 5.27+2.78  141.1+60.18° 7.72+3.86° 0.28+0.12 ng/mL), endo-
Blood WBC (x10°/L) 6.08+2.59 17.44+7.81° 6.27+3.38° toxin, CRP, levels of blood

b, compared with control group, P<0.01; ¢, compared with levels before treatment,

P<0.01.

Table 4. Levels of serum PCT, endotoxin in peritonitis patients with

different bacterial culture results

and effluent WBCs (Table
3). After 2-week antibiotics
treatment, levels of serum
PCT CRP, and blood WBCs
were significantly decrea-
sed, compared to levels

Positive bacterial

ltems cultures (N=35)

Negative bacterial
cultures (N=15)

before treatment in PD-
related peritonitis patients.

Serum PCT (ng/mL) 12.24+6.12¢
Endotoxin (ng/1) 31.45+12.52¢
Effluent WBCs (x10°/L) 2313.00+636.34
Serum CRP (mg/L) 155.00+40.82
Serum WBC (x10°/L) 18.76+8.41

1.98+0.58 Antibiotic treatments were
10.41+4.57 efficient to relive clinical
2289.00+£598.27 symptoms in 49 patients
151.004£54.63 who showed normal levels
17.71+9.28 of serum PCT, endotoxin,

d, compared with PD-related peritonitis patients without infection P<0.01.

peritonitis were recruited as the control group
(average age: 65.8+18.3 years old, 25 male
and 25 female patients). Both PD-related peri-
tonitis patients and control group patients
showed equal adequacy of dialysis (KT/V, dia-
lyzer clearance/min) and serum creatinine lev-
els; however, the patients with PD-related peri-
tonitis showed significantly decreased levels of
blood hemoglobin and plasma albumin (Table
1).

Types of Micro-Organism infection in patients
with PD-related peritonitis

PD effluents yielded positive results in 35
patients (70% of 50 patients) (Table 2). Twenty-
one (60% of 35 patients) cases were Gram-
positive strains which showed resistance to
penicillin and ampicillin but showed 100% sen-
sitivity to vancomycin and imipenem-cilastatin
sodium. Twelve (34.26%) were identified to be
Gram-negative strains, which showed high sen-
sitivity to ampicillin/sulbactam and 100% sen-
sitivity to meropenem and imipenem-cilastatin
sodium. Two cases (5.71%) were fungi infection
and showed sensitivity to fluconazole and
itraconagole.

5986

CRP and blood WBCs after
treatment. Two patients
with fungi infection discon-
tinued PD and switched to hemodialysis, one of
whom died of hypotension combined with
multi-organ failure. One patient with acineto-
bacter baumannii infection showed resistance
to several antibiotics initially, but showed
improved symptoms after administration of
antibiotics treatment and hemodialysis.

Levels of PCT and endotoxin in patients with
PD-related peritonitis and positive/negative
bacterial cultures

Compared to patients withPD-related peritoni-
tis and negative bacterial cultures, levels of
PCT and endotoxin were significantly elevated
in patients with PD-related peritonitis and posi-
tive bacterial cultures, while CRP, blood and
effluent WBCs did not show differences be-
tween two groups. Importantly, levels of PCT in
all the patient with PD-related peritonitis and
positive bacterial cultures (N=35) were greater
than 2 ng/mL (Table 4).

Discussion
As the most common complication of PD and

the major reason of PD discontinuation, PD-
related peritonitis leads to severe septic shock
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and death. Etiological diagnosis is time con-
suming and could not provide any information
for severity of infection, it is thus of importance
to identify an early inflammatory marker for
patients with PD-related peritonitis. PCT has
been widely used in sepsis patients to predict
the presences of bacterial infection and evalu-
ate the progression of treatment. Because
serum PCT is not elevated in the presence of
virus, parasites or mycoplasma infection, it has
been considered as an ideal marker to distin-
guish bacterial infection and virus infection[14].
Elevation of PCT has been observed in diffuse
general peritonitis and is related with increased
risk of septicshock and death [15]. Furthermore,
PCT have shown both high specify and sensitiv-
ity in evaluating severity and prognosis of bac-
terial infection [16]. Yang SK et.al. reported that
PCT showed better diagnostic property than
CRP in patients with bacterial peritonitis (sensi-
tivity: 0.83, 95% CI: 0.76-0.89; Specify: 0.92,
95% CI: 0.87-0.96) [17]. However, another
study reported that basal level of PCT is
changed in patients with chronic kidney diseas-
es due to individual heterogeneity and limita-
tion of quantification methods, suggesting that
clinical performances need to be combined
with PCT quantification in diagnosis [18].

We observed that serum albumin and hemog|o-
bin were significantly decreased in patients
with PD-related peritonitis, suggesting the pre-
sence of hypoalbuminemia and anemia, this
may be caused by theincreasedperitoneal pro-
tein leakage in peritonitis [19]. Meanwhile, we
identified that 35 cases (70% of 50 patients)
yielded positive results of bacterial cultures,
among which 21 cases were identified to be
Gram-positive strains, including Staphylococcus
epidermidis and Staphylococcus aureu etc.
This result indicates that it is of great impor-
tance to educate the PD patients regarding
knowledge of personal hygiene, house cleanli-
ness as well as the basic but necessary preven-
tion to nasal cavity-carried Staphylococcus.

Our results showed that serum PCT, endotoxin,
CRP, blood WBCs and effluent WBCs were sig-
nificantly elevated in patients with PD-related
peritonitis compared to control group. En-
dotoxins are normally released by the outer
membrane of gram-negative bacteria, and are
capable of causing proinflammatory response
and endotoxemia. Importantly, we noticed that
endotoxin levels were significantly increased in
patients with Gram-positive bacterial infection,
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which may cause increased gastrointestinal
permeability and gastrointestinal symptoms
patients which we observed in these patients
(data not shown).

Our study demonstrated that serum PCT and
endotoxin levels were significantly elevated in
patients with PD-related peritonitis and posi-
tive effluent culture results, importantly, after
antibiotic treatments, both PCT and endotoxin
were significantly decreased to levels which is
close to the control group, suggesting that
serum PCT level can potentially act as a clinical
marker to evaluate the infection severity and
effects of anti-biotics in peritonitis patient. Our
results showed that 35 patients had a PCT level
at more than 2 ng/mL, which is at the equal
level in sepsis patients, indicating that these
patients had an increased risk in developing
sepsis and effective antibiotics should be
administrated as early as possible. Serum PCT
was suggested to distinguish Gram-negative,
Gram-positive and Fungi infection, which is
supported by greater levels of serum PCT in
Gram-negative bacteria infection patients com-
pared to gram-positive bacterial infection [20].
Meanwhile, our results suggested that PCT and
endotoxin may serve as better predictors of
positive dialysate fluid cultures than serum CRP
or peripheral WBC counts. One limitation of this
study is that this study has a small patient size
and was performed in a single center,so future
studies will need to confirm the role of PCT and
endotoxins in large patient population in multi-
ple centers.
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