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Background: Concerns are increasing about the emergence of pathogens with antibiotic resistance in peritoneal
dialysis (PD) peritonitis. We investigated the current pathogen trends and risk factors in PD peritonitis.

Methods: We conducted a retrospective study analyzing data from 643 patients who maintained PD over 3 months
between January 2001 and December 2015. The isolated pathogens from PD peritonitis were compared between
period A (2001—2008) and period B (2009—2015).

Results: Among 643 PD patients, 252 patients experienced one or more episodes of PD peritonitis (total 308
episodes) during the median follow-up of 66 months. In both periods, gram-positive bacteria were the dominant
pathogens (22.2% vs. 53.8%, P < 0.01). Gram-negative bacteria showed an increasing tendency in period B, but
without statistical significance (17.0% vs. 23.7%, P = 0.15). The culture-negative rate was improved from 57% in
period A to 18% in period B (P < 0.01). There was no increase in the prevalence of resistant pathogens such as
methicillin-resistant Staphylococcus epidermidis (MRSE), Staphylococcus aureus (MRSA) and extended-spectrum
beta-lactamase (ESBL)-producing Escherichia coli between periods A and B. Preserved residual renal function was
associated with a lower risk of PD peritonitis (odds ratio, 0.53; 95% confidence interval, 0.31—0.88; P= 0.01).
Conclusion: Over the past two decades, the pathogens of PD peritonitis have not significantly changed in Korea.
Gram-positive organisms remained dominant, with S. epidermidis being the most common pathogen. Resistant

bacteria such as MRSE, MRSA, ESBL-producing Gram-negative bacilli did not increase, but should be monitored.
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Introduction

Peritoneal dialysis (PD) is one of the options for renal
replacement therapy in end-stage renal disease patients.
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While it has many advantages over hemodialysis (HD),
there are several limitations. Infectious complications
such as peritonitis are still major causes of PD technical
failure [1—5] which reduces patient quality of life [2—4,6].
It is important to explore recent trends in microbiol-
ogy to select the appropriate empirical treatment for PD
peritonitis. Historically, Staphylococcus epidermidis
and Staphylococcus aureus have been the most common
causes of PD peritonitis [7]. Methicillin-resistant organ-
isms, however, are a growing concern. Current guidelines
for the management of Gram-positive peritonitis recom-
mend single agent, first generation cephalosporin or van-
comycin [5]. However, this regimen has been challenged;
some data showed that a high rate of methicillin-resistant
organisms and a glycopeptide-based regimen may be the
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ideal first choice for empirical Gram-positive coverage
[8,9]. In this context, the United States (US) Centers for
Disease Control and Prevention have been investigat-
ing peritonitis outbreak cases in PD patients caused by
specific pathogens or gram-negative pathogens, having
asked clinicians to report cases since January 1, 2019. We
investigated isolated pathogens, prevalence of resistant
organisms, and risk factors of PD peritonitis in a single
center longitudinally.

Methods
Study population

A total of 643 PD patients at the Korea University Anam
Hospital that were treated from January 1, 2001 to De-
cember 31, 2015 were included. The observation period
was divided into two parts (period A: 2001 to 2008 and
period B: 2009 to 2015) because the culture method of PD
effluent was changed in 2009. Three hundred eight epi-
sodes occurred in 252 patients. We analyzed the patients
demographic records including age, sex, comorbidities,
body mass index, residual renal function (RRF), and
laboratory findings. The US Renal Data System defines
loss of RRF as diuresis less than 200 mL per 24 hours, and
we defined preserved RRF as self-reported urination of
more than 200 mL per day regardless of diuretics [10].
This study was approved by the Korea University Institu-
tional Review Board (approval number: ED 15124) and
informed consent was waived.

Diagnosis of PD peritonitis

PD peritonitis was diagnosed using the International
Society for Peritoneal Dialysis (ISPD) diagnostic criteria:
1) clinical features consistent with peritonitis such as ab-
dominal pain and/or cloudy dialysis effluent; 2) a dialysis
effluent white cell count > 100/pL or > 0.1x10°/L (after a
dwell time of at least 2 hours), with > 50% polymorpho-
nuclear cells; and 3) a positive dialysis effluent culture. In
addition, we defined a culture-negative but symptomatic
peritonitis episode as a case of sterile peritonitis.

Microbiology testing

We used 8 to 10 mL of the PD effluent and inoculated it
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into blood enrichment aerobic and anaerobic bottles (BD
BACTEC™ Plus Aerobic/F Culture Vials). Each pair of
bottles was loaded into the BD BACTEC™ EX (BD Diag-
nostics, Bellport, NY, USA) and three-dimensional blood
culture systems and was incubated for five days. Growth
status was continuously monitored by two automated
blood culture systems. Gram staining and culturing with
blood agar and chocolate agar plates at 35°C in a 5% CO,
incubator were subsequently performed. The inoculated
palates were reviewed on the following day, and the pres-
ence of visible colonies was noted. Identification of the
grown organism was performed using the Vitek2 system
(bioMérieux, Marcy-I'Etoile, France) and/or API” identi-
fication kits (bioMérieux).

Statistical analysis

We performed statistical analyses using the IBM SPSS
version 22.0 software program (IBM Corp., Armonk, NY,
USA). The data were presented as the means + standard
deviation or the median (interquartile range) as appro-
priate. We compared baseline characteristics using the t
test for continuous variables and the chi-square test for
categorical variables. We assessed the odds ratio (OR)
for PD peritonitis using multivariable logistic regression
analysis, including baseline demographics and labora-
tory variables. Survival analysis was performed using
multivariable Cox proportional hazards model.

Results

Six hundred forty-three PD patients were followed be-
tween 2001 and 2015. The median follow-up duration
was 66 months (total 3,537 patient-years). We divided the
observation period into two parts at the year 2009, when
the method of effluent culture was changed (period A:
2001—2008 and period B: 2009—2015). Table 1 shows the
baseline characteristics at the first PD peritonitis episode.
Most patients were treated with continuous ambulatory
PD in period A (87.5%), but automated PD increased from
13.2% in period A to 33.0% in period B. Preserved RRF
was observed less frequently in period A than in period B
(30.3% vs. 48.0%, P < 0.01). The concentration of hemo-
globin was lower in period A than in period B (8.2 + 1.6 vs.
9.0 + 1.9 g/dL, P < 0.01). The concentration of C-reactive
protein was higher in period A than in period B (median
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Table 1. Comparisons of baseline characteristics between
period A and B

Table 2. Comparisons of isolated pathogens between period A
and B

Period A Period B

Period A Period B

Characteristic (2001-2008) (2009-2015) P value Pathogen Total (2001-2008) (2009—2015) P value

Total 152 (100.0) 100 (100.0) Episodes 308 (100.0) 135(100.0) 173(100.0)
Male 66 (43.4) 45 (45.0) 0.45  Gram positive 123(39.9) 30(22.2) 93(53.8) <0.01
Age (yr) 51(35-64) 59 (42-79) 0.08 bacteria
PD type <0.01 Staphylococcus 36 (11.7) 19 (14.1) 17 (9.8)

CAPD 133 (87.5) 67 (67.0) epidermidis

APD 0(13.2) 33(33.0) Staphylococcus 22 (7.1) 8(5.9) 14 (8.1)
HTN 126 (82.9) 84 (84.0) 0.48 aureus
DM 65 (42.8) 51 (51.0) 0.10 Others 65 (21.1) 3(2.2) 62 (35.8)
M 29 (19.1) 22 (22.0) 0.34 Gram negative 64 (20.8)  23(17.0) 41(23.7) 045
CHF 22 (14.5) 26 (26.0) 0.02 bacteria
OV history 41(27.0) 24 (24.0) 0.06 Escherichia coli 19 (6.2) 8(5.9) 11 (6.4)
PVD 74.6) 10(10.0) 0.08 Klebsiella (2.9 5(3.7) 4(2.3)
oD 11(72) 5(5.0) 033 pneumoniae
Preserved RRF° 46 (30.3) 48(480) <001 Pseudomonas 8 (2.6) 322 5(29)

aeruginosa
Hb (g/dL) 82+16 9.0+1.9 <0.01 Others 28 (9.1) 7(52) 21 (12.0)
CRP (mg/L) 3.6(0.5-26.5) 2.2(0.4-412) 0.04 Polymicrobial 6(19) 2(15) 423) 0.60
BUN (mg/dL) 80 + 38 79+34 0.85 Fungi 6(L9) 2 (15) 423) 0.60
Cr (mg/dL) 8.7£3.7 8141 043 \1ycobacterium 1(03) 1(0.7) 0000) 026
Total CO, (mmol/L) 1845 185 090 Clturenegative 108(354)  77(570)  31(179) <0.01
Albumin (g/dL) 3.3+£0.6 3.7+1.9 0.09
5 Data are presented as number (%).

BMI (kg/m”~) 241+34 24.7 + 3.6 0.17
Ca (mg/dL) 81+11 79+11 0.26
P (mg/dL) 57+18 53+ 1.7 0.15 308 PD peritonitis episodes for the entire period. The
Uric acid (mg/dL) 76+23 75124 0.82 culture-positive rate was 64.9%. Gram-positive bacteria
LDL-cholesterol (mg/dL) 95 + 42 83+32 0.12 were isolated in 123 cases, Gram-negative bacteria in 64
Initial KT/V 19403 25+ 17 0.02 cases, polymicrobials in 6 cases, fungi in 6 cases and my-

Data are presented as number (%), median (interquartile range), or mean +
standard deviation.

APD, automated peritoneal dialysis; BMI, body mass index; BUN, blood urea
nitrogen; CAPD, continuous ambulatory peritoneal dialysis; CHF, congestive
heart failure; CLD, chronic liver disease; Cr, creatinine; CRP, C-reactive protein;
CV, cardiovascular; DM, diabetes mellitus; Hb, hemoglobin; HTN, hypertension;
LDL, low density lipoprotein; MI, myocardial infarction; PD, peritoneal dialysis;
PVD, peripheral vascular disease; RRF, residual renal function

®Preserved RRF was defined as self-reported urination greater than 200 mL per
day with or without diuretics.

3.6 [interquartile range, 0.5—26.5] vs. 2.2 [0.4—41.2] mg/L,
P =0.04).

A total of 308 PD peritonitis episodes occurred in 252
patients. Thirty-six patients experienced PD peritonitis
more than once. The average peritonitis rate was sig-
nificantly decreased from 1.63 episode/person-year in
period A to 0.30 episode/person-year in period B (P <
0.01). Specific pathogens were isolated in 200 cases of

cobacteria in 1 case (Table 2). The most common patho-
gens were S. epidermidis, S. aureus, and Escherichia
coli. The culture-positive rate was significantly improved
from 43.0% in period A to 82.1% in period B (P < 0.01).
The trend of isolated organisms did not differ between
period A and period B. In period A, methicillin-resistant
S. aureus (MRSA) was isolated in 3 cases and extended-
spectrum beta-lactamase (ESBL)-producing E. coli in
1 case. In period B, methicillin-resistant S. epidermidis
(MRSE) and MRSA were noted in 2 cases, and ESBL (+)
E. coli was reported in 2 cases. Drug-resistant strains did
not increase over time.

Preserved RRF was associated with a lower risk of PD
peritonitis in multivariable logistic analysis including
sex, age at PD initiation, hypertension, diabetes, conges-
tive heart failure, and history of cardiovascular disease
(OR, 0.53; 95% confidence interval [CI], 0.31—0.88; P =
0.01) (Table 3). A total of 93 patients died during follow-
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Table 3. Risk factors for PD peritonitis by logistic regression analysis

Univariable Multivariable
OR 95% Cl P value OR 95% Cl P value
Male 1.00 0.72-1.38 0.99 1.01 0.69-1.49 0.94
Age (yr) (PD initiation) 1.00 0.99-1.01 0.43 1.00 0.99-1.01 0.97
HTN 2.40 1.65-3.49 <0.01 0.94 0.51-1.75 0.85
DM 0.87 0.63-1.21 0.41 0.81 0.55-1.19 0.27
CHF 1.40 0.93-2.15 0.12 1.18 0.73-1.90 0.51
CV history 1.63 0.97-2.73 0.07 1.35 0.72-2.53 0.28
Preserved RRF* 0.53 0.36-0.77 <0.01 0.53 0.31-0.88 0.01
BMI (kg/m?) 1.02 0.97-1.08 0.45
Hb (g/dL) 0.97 0.87-1.08 0.58
CRP (mg/L) 1.00 1.00-1.01 0.83
BUN (mg/dL) 0.99 0.99-1.00 0.66
Cr (mg/dL) 0.99 0.96-1.03 0.65
Total CO, (mmol/L) 0.98 0.95-1.03 0.57
Albumin (g/dL) 1.10 0.91-1.33 0.32
Ca (mg/dL) 0.98 0.83-1.14 0.75
P (mg/dL) 0.92 0.82-1.02 0.10
Uric acid (mg/dL) 0.91 0.84-0.98 0.02
LDL-cholesterol (mg/dL) 1.00 0.99-1.01 0.72
Initial KT/V 0.91 0.70-1.18 0.46

BMI, body mass index; BUN, blood urea nitrogen; CHF, congestive heart failure; Cl, confidence interval; Cr, creatinine; CRP, C-reactive protein; CV, cardiovascular; DM,
diabetes mellitus; Hb, hemoglobin; HTN, hypertension; LDL, low density lipoprotein; OR, odds ratio; PD, peritoneal dialysis; RRF, residual renal function.
®Preserved RRF was defined as self-reported urination greater than 200 mL per day with or without diuretics.

Table 4. Risk factors for mortality in PD patients by Cox proportional hazard model

Model 1 Model 2 Model 3

HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
Age (yr) (PD initiation) 1.07 (1.06—1.09) <0.01 1.78 (1.09—2.90) 0.02 1.01 (1.00—1.01) <0.01
Male 1.28 (0.94—1.75) 0.12 1.08 (0.96—1.09) 0.55 0.82 (0.52—1.29) 0.39
Peritonitis episode 1.28 (0.94—1.75) 0.12 1.25 (0.92—1.71) 0.15 1.20 (0.77—1.85) 0.42
HTN 1.25 (0.84—1.85) 0.28 1.02 (0.47—-2.22) 0.95
DM 1.34 (0.96—1.86) 0.08 1.63 (0.91-2.63) 0.05
CV history 1.47 (0.98-2.22) 0.06 1.35 (0.74—2.45) 0.33
CLD 1.27 (0.73-2.22) 0.40 1.97 (0.99-3.85) 0.05
PVD 1.78 (0.96—2.90) 0.06 1.68 (0.83—3.39) 0.15
BMI (kg/m?) 1.04 (0.98-1.10) 0.18
RRF 1.06 (0.76—1.48) 0.75
Hb (g/dL) 1.02 (0.89—1.16) 0.80
CRP (mg/L) 1.01 (1.00—1.10) 0.10

BMI, body mass index; Cl, confidence interval; CLD, chronic liver disease; CRP, C-reactive protein; CV, cardiovascular; DM, diabetes mellitus; Hb, hemoglobin; HR,
hazard ratio; HTN, hypertension; OR, odds ratio; PD, peritoneal dialysis; PVD, peripheral vascular disease; RRF, residual renal function.

Model 1, multivariate factors of age, sex, PD episode; Model 2, multivariate factors of Model 1 factors plus comorbidities (HTN, DM, CHF, CV history, CLD, PVD); Model 3,
multivariate factors of Model 2 plus BMI, RRF, and laboratory test results (HB, CRP).

up. In multivariable Cox analysis, the age at PD initiation  episode was not (HR, 1.20; 95% CI, 0.77—1.85; P = 0.42)
was associated with a higher mortality (hazard ratio [HR],  (Table 4).

1.01; 95% CI, 1.00—1.01; P < 0.01), but PD peritonitis

224 www.krcp-ksn.org



Hwang, et al. Pathogen trends of PD peritonitis

Discussion

Among the 643 patients on maintenance PD, 308 PD
peritonitis episodes were identified in 256 patients. The
average rate of PD peritonitis decreased over time. Gram-
positive organisms were dominant, in which the most
common pathogen was S. epidermidis. The trend of iso-
lates did not change over time. Drug-resistant strains,
such as MRSE, MRSA or ESBL (+) E. coli were still rare.
Preserved RRF was associated with a lower risk of PD
peritonitis.

PD has several advantages compared with HD, such
as home-based renal replacement therapy, cost-effec-
tiveness and hemodynamic stability [11,12]. The risk of
complications, however, remains an obstacle. Peritonitis
and exit-site infection are common adverse events. The
PD-associated infection rates were reported as 0.24 to
1.66 episodes/patient-year [13,14]. This rate has gradu-
ally decreased over time from 1.37 episodes/patient-year
in 1991 to 0.55 episodes/patient-year in 1998 [7]. In our
study, the average rate of PD peritonitis decreased from
1.63 episode/person-year in 2001—2008 to 0.30 episode/
person-year in 2009—2015. Based on international guide-
lines, the last rate, below 0.50 episode/patient-year, is ac-
ceptable [5]. This improvement may result from advances
in connecting systems, an increase in automated PD
proportions and active patient education. Patient educa-
tion can be applied to prevent and treat PD peritonitis as
quickly as possible, which improves the outcomes.

In our experience, using the BACTEC™ FX (BD Diag-
nostics, Bellport, NY, USA) culture system significantly
reduced the culture-negative rate. The culture-negative
rate was decreased from 57% in period A to 18% in period
B. In a United Kingdom study the culture-negative rate
was 19.4% in the post-millennium period (2000—2007)
[15]. Improvements in the culture yield can facilitate more
appropriate antibiotic selection and improve outcomes.
The analysis indicated that Gram-positive organisms were
dominant over time, but Gram-negative pathogens were
becoming more frequent in Period B. It is important to
determine recent trends of causative pathogens in PD
peritonitis for empirical antibiotic therapy. Studies have
reported that some pathogens are more severe, which ne-
cessitates additional caution, and requires careful consid-
eration for catheter removal [3,6,16—19]. South Korea has
been reported to use antibiotics widely, which is causing

concerns about drug-resistant infection [20,21]. Antibiotic
use and resistance may impact the hospital stay length,
complications, mortality and medical costs [22,23]. Ac-
cording to the Organization for Economic Cooperation
and Development (OECD) report, South Korea ranked as
the third highest country in terms of antibiotic prescrip-
tions in 2016 [23]. The growing concern about resistant
organisms including MRSA, ESBL (+) Gram-negative
pathogens, vancomycin-resistant enterococci (VRE), and
carbapenem-resistant enterobacteriaceae (CRE), can in-
dicate potential serious problems for PD peritonitis. For-
tunately in our study, there was no increase in resistant
strains despite the fact that PD patients were often hospi-
talized and treated with antibiotics more frequently than
the general population. Our observation did not support
that glycopeptide-based regimens would be superior to
first-generation cephalosporin-based regimens in regard
to concerns about resistant gram-positive pathogens. The
current PD peritonitis guidelines recommend that the
first treatment choice to cover MSSE or MSSA and gram-
negative bacilli, which is a double cephalosporin-strategy,
can be appropriate and effective. However, it is important
to monitor and contain the pathogen status under control
with local standard strategies.

Our study demonstrated that decreased RRF was a risk
factor for PD peritonitis. This result could be attributable
to the fact that patients with RRF need fewer dialysate
changes per day and tend to be treated with automated
peritoneal dialysis. South Korea is a rapidly ageing soci-
ety and the age for starting renal replacement therapy has
increased over time. Our observation showed that the
greater the patients’ age at the start of PD, the higher the
mortality. However, this result should be interpreted with
caution. Even after adjusting for comorbidities and other
factors, the association of age with mortality is at high
risk of confounding by uncaptured variables. In addi-
tion, lag time bias should be considered. Therefore, more
attention should be focused on modifiable risk factors
rather than age itself.

This study has several limitations. First, this study is a
retrospective study in a single center. It cannot represent
the whole epidemiology of Korea. Second, we might have
missed some patients’ information or laboratory findings,
including accurate ruling out of exit-site infection only
vs. combined PD peritonitis. This may result in unex-
pected bias. Third, we did not separate the analysis into
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patients per PD peritonitis episodes, except for when the
pathogen review was conducted. Patients were aligned to
the time when they first experienced the PD peritonitis
episode. Fourth, mortality was collected but we could not
analyze cause of death, so that impact of PD peritonitis
or pathogen on mortality was beyond the scope of the
study.

In conclusion, the pathogens associated with PD peri-
tonitis have not significantly changed in the past two
decades in Korea. Gram-positive organisms remained
dominant, with S. epidermidis being the most common
pathogen. Resistant strains such as MRSE, MRSA, and
ESBL (+) Gram-negative bacteroides are not currently
a major concern in PD peritonitis but should be moni-
tored.
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