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ABSTRACT 
Background: Peritonitis is a major cause of morbidity in peritoneal dialysis (PD) and an independent risk factor for ele-
vated all-cause mortality. The aims of this study were to report the incidence, trend, aetiology, and antimicrobial suscep-
tibility of PD-associated peritonitis and catheter-related infections in South Sweden between 2011–2020.

Methods: This population-based observational cohort study included all patients with PD between the years 2011–2020 
in the county of Skåne. Data was accessed through the Swedish Renal Registry and the Department of Clinical 
Microbiology in Lund. Definitions issued by the International Society for Peritoneal Dialysis were implemented to assess 
PD-associated infections.

Results: Medical records of 675 paediatric and adult PD patients were eligible for inclusion. Of those, 208 (31%) were 
female and the median age was 67 years (range 0-91). The overall rate of PD-peritonitis was 0.38 episodes per year at 
risk. Out of 484 episodes of peritonitis, 61% (n¼ 295) were caused by Gram-positive bacteria. There were 289 occur-
rences of exit site infections, of which most (n¼ 152, 53%) were Gram-positive. Tunnel infections occurred in 16 epi-
sodes and were caused by S. aureus or P. aeruginosa. Among all isolates, 37 were of MRSE, four of ESBL-producing E. 
coli, and one of MRSA.

Conclusion: The crude rate of PD-peritonitis was stable during the study period. Gram-positive bacteria dominated the 
microbial aetiology, and antibiotic resistance was limited. It is important to monitor the aetiology, incidence, and resist-
ance rates in PD-associated infections, to base empirical antibiotic regimens and facilitate prevention.
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Introduction

The Global Burden of Disease Study group recognises 
chronic kidney disorders (CKD) as one of the leading 
contributors to global mortality and morbidity [1–3]. 
Peritoneal dialysis (PD) has been adopted for clinical use 
since the 1950s, the first published trials dating back to 
as early as 1923 [4,5]. With proper implementation and 
management, PD entails multiple advantages over 
haemodialysis, such as fewer dietary restrictions and 
enhanced freedom and patient autonomy, since 
exchanges can be performed by the patient outside of 
health care facilities. One major drawback of PD is the 
risk of infectious complications, which can engage at 
three main sites: the peritoneum (peritonitis), the sub-
cutaneous catheter pathway (tunnel infections), and the 
dermis surrounding the implanted catheter (exit site 
infections, ESIs). Infections arising from the tunnel or 
exit site are referred to as catheter-related infections 
(CRIs).

Infectious complications were, historically, the main 
hurdle to overcome before PD could be deemed an 
appropriate treatment alternative in uraemia [4,6]. To 
this day, peritonitis is a major cause of mortality in PD, 
and is an independent risk factor for elevated all-cause 
mortality [7–9]. Adverse consequences include hospital-
isation and catheter loss. In turn, CRIs are known to 
occasionally propagate along the catheter pathway and 
engage the peritoneal lining, resulting in subsequent 
peritonitis and associated complications [10,11].

The diagnostic gold standards for both peritonitis and 
CRIs are issued by the International Society for 
Peritoneal Dialysis (ISPD). Additionally, the ISPD provides 
guidelines suggesting optimal units of epidemiological 
measures, reporting frequency, as well as quality of care 
and outcome targets. Moreover, the guidelines include 
recommendations on evidence-based management, pre-
vention, and mitigation [12–14]. Non-compliance with 
the definitions proposed by the ISPD in the scientific 
community is an acknowledged issue, leading to incon-
sistencies across studies in the manner peritonitis is 
defined – either by explicitly introducing modifications 
to the ISPD criteria, or by not establishing a clear defin-
ition at all [13,15].

Most episodes of PD-associated peritonitis are caused 
by Gram-positive organisms, known to form biofilm on 
foreign bodies, including catheters. Peritonitis due to 
S. epidermidis, Streptococci, S. aureus and Enterococci spp. 
are reported to have the highest incidence, followed 
by the Gram-negative E. coli, Klebsiella spp. and 

Pseudomonas spp. Fungal peritonitis is relatively rare in 
PD, but is also burdened with a high mortality and mor-
bidity compared to bacterial infections [16].

Since there is an association between CRIs and subse-
quent occurrence of peritonitis, prompt management of 
exit site infections (ESIs) is recommended to prevent 
peritoneal engagement [10,11]. S. aureus and P. aerugi-
nosa are two ESI pathogens associated with a greater 
incidence of subsequent involvement of the tunnel or 
peritoneum. It is especially important to ensure 
adequate ESI treatment and recovery in those instances, 
considering the risk of further complications [17]. 
Additionally, peritonitis with more occult organisms 
(whether atypical or resistant to the preferred antimicro-
bial therapy) may pose an elevated risk for complica-
tions, as sufficient treatment can be delayed [18].

To be able to monitor and timely promote preventive 
measures, it is important to report population-based 
incidences and trends of infectious complications of PD. 
Data from the past decades have indicated a steady 
decline in global peritonitis incidence, a trend assigned 
to evolving evidence-based management and thera-
peutic innovations, such as the introduction of techno-
logical solutions like the Y-set and twin bag systems 
[19–22]. However, there is a lack of well-designed, popu-
lation-based studies reporting the incidence and trend 
of peritonitis incidence in different settings, and the 
main risk factors of peritoneal peritonitis remain elusive. 
Consistency in monitoring and reporting of PD-periton-
itis incidence and aetiologies is of importance, to be 
able to implement swift and appropriate measures, and 
to facilitate the implementation of proper empirical anti-
microbial therapy.

To gain more knowledge of PD-peritonitis in our set-
ting, the aims of this study were to report the incidence, 
trend, aetiology, and antimicrobial susceptibilities in 
PD-associated infections in South Sweden between 
2011–2020.

Methods

Study design, setting and definitions

This population-based observational cohort study 
included all patients with peritoneal dialysis between 
the years 2011–2020 in the county of Skåne, south 
Sweden. There are ten hospitals in Skåne, of which five 
provide peritoneal dialysis. The county has a population 
of nearly 1.4 million people, and all PD patients in the 
region obtain a basic understanding of PD physiology 
and practical knowledge of proper exchange techniques 
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through a training programme upon PD commencement. 
There are also patients that receive various degrees of 
assistance with their PD, either from a qualified medical 
professional or from a relative that has completed the 
training programme along with the patient. All patients 
that had been registered in the Swedish Renal Registry 
and treated with PD during the study period in 
Skåne were screened for inclusion. Exclusion criteria were 
missing medical records, completion of PD prior to 2011, 
PD commencement following 2020, and PD treatment 
received at centres beyond the geographic scope. PD- 
associated infectious complications documented in the 
medical records were assessed in accordance with the 
ISPD definitions and diagnostic criteria, applying the 2022 
updated guidelines for peritonitis, and the 2017 updated 
guidelines for CRIs [12,13] (Table 1).

Data sources

Data (personal identification numbers) was accessed 
through the Swedish Renal Registry (SRR), a nationwide 
database and quality registry for nephrology in Sweden 
since 1991. The Department of Clinical Microbiology in 
Lund is responsible for all microbiological diagnostics in 
the region covering both public and private clinics, 
including hospitals, out-patient clinics, and primary care. 
Medical records were reviewed using the software 
Melior (Melior, Siemens Healthcare Services, Upplands 
V€asby, Sweden). Laboratory Registers at the Department 
of Clinical Microbiology, Region Skåne, were accessed 
through Laboratory Information Management System 
ww-lab (Autonik, Nyk€oping, Sweden).

Data variables

All medical records were reviewed according to a prede-
fined study protocol, including data on age, sex, symp-
toms, vital signs, biomarkers including c-reactive protein 

and white blood-cell count, comorbidities, immunosup-
pression, radiological imaging, microbiological aetiology, 
antimicrobial therapy. Comorbidities were assessed 
using the Charlson Comorbidity Index (CCI), the total 
score modified with no allocation of points for age or 
history of CKD [23].

Microbiology

During the period investigated in this study, blood cul-
turing was done using BacT/Alert 3D (Biomerieux) until 
December 2012, and BACTEC FX (Becton Dickinson) 
from that point onwards, using a 5-day incubation 
standard and both anaerobic and aerobic bottles used 
in pairs being the standard for blood cultures. Sterile 
biopsies and fluids other than blood were primarily cul-
tured with direct streaking on agar plates (blood agar in 
CO2, fastidious anaerobe agar under anaerobic condi-
tions), combined with tryptic soy broth, as well as other 
selective or non-selective media at the discretion of the 
clinical microbiologist responsible. Standard incubation 
time for sterile non-blood samples was seven days. 
Antibiotic susceptibility testing was performed with disc 
diffusion using the EUCAST breakpoints as the main 
method, with gradient tests as a backup and 
complement.

Statistical analysis

Numerical data is presented with medians, means and 
interquartile range (IQR), and qualitative data as propor-
tions (%). Incidence of peritonitis is presented as epi-
sodes per patient year. Time at risk refers to the interval 
between the first PD exchange performed with the 
intention of continuing long-term dialysis therapy, and 
the final day of PD. Episodes occurring with an idle cath-
eter, prior to the day of PD commencement, are 
reported as pre-PD peritonitis and do not contribute to 

Table 1. Description of implemented terminology, as adapted from the International Society for peritoneal dialy-
sis. [12,13].
Term Definition

Peritonitis Presence of at least two of the following:
1. Abdominal pain and/or cloudy dialysis effluent. 
2. WBC in dialysis effluent >0.1� 109/L. 
3. Positive effluent culture. 

Exit-site infection Presence of purulent discharge, irrespective of erythema of the skin.
Tunnel infection Presence of clinical inflammation, or collection along the catheter tunnel upon 

ultrasonographic examination.
Pre-PD peritonitis An episode occurring prior to commencement of PD treatment.
Catheter insertion-related peritonitis An episode occurring within 30 days of PD catheter placement.
Recurrent An episode occurring within 4 weeks of completion of therapy of a prior 

episode but with a different organism on culture.
Relapsing Peritonitis occurring within 4 weeks of completion of therapy of a prior episode 

with either the same organism or negative culture
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incidence measures, as these episodes are outside of the 
time at risk [13,24]. Incidences of CRIs are sex- and age- 
standardized according to the population of Skåne in 
2020 and reported as number of episodes per unit of 
time, without consideration of patient years [12]. All stat-
istical analyses were performed using Prism version 7 
(GraphPad).

Results

Patient characteristics and details of chronic kidney 
disease

A total of 709 patients were identified through the SRR, 
and 675 were finally included for analysis (Figure 1). Of the 
675 patients, 31% (n¼ 208) were female, and the median 
age was 67 years (range 0-91) (Table 2). The median modi-
fied CCI was 1 (range 0-9). Fourteen patients (2%) were 
<18 years of age at the time of PD commencement. The 
mean BMI was 26.9 (range 15.1-44.5), and 57% (n¼ 385) of 
patients were overweight or obese (BMI above 25) at time 
of PD commencement. One third of the patients (n¼ 225) 
had automated peritoneal dialysis (APD) as part of their 
dialysis regimen whereas 60% (n¼ 405) were reported to 
only use manual exchanges (CAPD). For 7% of patients 
(n¼ 45), no information regarding type of PD was found. 
The median duration from catheter insertion to dialysis 
commencement was 32 days (range 0–2000). Furthermore, 
54% of the patients (n¼ 366) had an idle catheter for more 
than four weeks, and 4% (n¼ 24) carried an idle catheter 
for one whole calendar year or longer. The primary causes 
of renal failure in the study population were diabetes melli-
tus (n¼ 193, 29%), glomerulonephritis (n¼ 130, 19%), 
hypertension (n¼ 119, 18%), and polycystic kidney disease 
(n¼ 56, 8%) (Table 3).

Peritonitis episodes and recurrences

During the study time, 40% (n¼ 273) of PD patients suf-
fered from a total of 484 episodes of PD-associated peri-
tonitis. Of the affected patients, 175 (64%) experienced 
one peritonitis episode, 46 patients (17%) experienced 
two episodes, 26 patients (10%) had three episodes and 
14 patients (5%) had four episodes. Twelve patients (4%) 
were affected by at least five episodes each during the 
study time.

Out of the 400 patients that commenced and com-
pleted their entire PD treatment within the decade-long 
surveillance window, 174 (44%) were affected by at least 
one episode of peritonitis, and remaining 56% of 
patients experienced no peritonitis complicating their 
time on PD. On average, 80% of patients remained peri-
tonitis-free each calendar year.

The median time to the first peritonitis episode was 
11.6 months (IQR 13.5). Only four occurrences of pre-PD 
peritonitis and seven episodes of catheter-insertion peri-
tonitis were found, affecting 1.3% of catheter insertions 
between 2011–2020. There were 21 episodes of 

Figure 1. Flowchart of steps of inclusion. 
aPatients that received PD at centres outside of the county of 
Skåne, Sweden. 
bPatients that received PD before 1 January 2011 or after 31 
December 2020.

Table 2. Baseline characteristics of study population at PD 
commencement.
Baseline characteristics n¼ 675

Age, median (range) 66.5 (0–91)
Female sex, n (%) 208 (30.8%)
BMI, mean (SD) 26.9 (4.7)
CCIa, median (range) 1 (0–9)

Diabetes, n (%) 267 (39.6%)
Tumour, n (%) 80 (11.9%)
CVA, n (%) 76 (11.3%)
MI, n (%) 71 (10.5%)
CHF, n (%) 59 (8.7%)
COPD, n (%) 40 (5.9%)

Hematologic malignancy, n (%) 12 (1.8%)
Tobacco habits

Smokers, n (%) 106 (15.7%)
Quit smoking �1 month, n (%) 254 (37.6%)
Never smoked, n (%) 231 (34.2%)

Immunosuppressive treatment, n (%) 24 (3.6%)
Corticosteroid treatment �3 months, n (%) 15 (2.2%)
Tacrolimus, n (%) 7 (1.0%)

APDa, n (%) 225 (34.6%)
CAPD, n (%) 425 (65.4%)
PD modality unknown, n (%) 25 (3.7%)
Assisted PD, n (%) 190 (28.1%)
Transfer set system
Fresenius, n (%) 250 (37.0%)

Baxter, n (%) 206 (30.5%)
Gambrob, n (%) 81 (12.0%)
Unknown, n (%) 138 (20.4%)

Months in PD, median (range) 18 (0-128)
Days with idle catheter, median (range) 41 (0–1776)

BMI: body mass index; CVA: cerebrovascular accident; MI: myocardial Infarction; 
CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease: CCI: 
charlson comorbidity index; APD: ambulatory peritoneal dialysis; CAPD: continu-
ous ambulatory peritoneal dialysis.
aAll patients utilising APD as part their regimen were assigned to this group, 
regardless of sporadic supplementary manual exchanges.

bSwedish-founded manufacturer of medical technology, acquired in 2013 by 
Baxter International Inc.
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peritonitis recurrences (4% of all reported episodes), and 
26 (5%) relapse peritonitis episodes.

Peritonitis incidence

The overall PD-peritonitis rate was 0.38 episodes per 
year at risk, with the incidence trend remaining stable 
across the decade (Figure 3). Incidence was highest for 
patients of age 0-10 years, at 0.66 episodes per year at 
risk for the five patients that were 10 years old or 
younger (Figure 2B). For adults, the incidence was high-
est between ages 71-80 years old, at 0.42 episodes per 
year at risk. Four patients received PD between the age 
of 91-100 years old and had the lowest age-specific peri-
tonitis incidence of 0.14 episodes per year at risk. The 
mean age- and sex- adjusted rate of PD-associated peri-
tonitis in the entire county was 3.83 episodes per 
100,000 person years (95% CI 2.75-4.91) (Table 4).

Occurrence and incidence of CRIs

In total, 289 exit-site infections were identified in 168 
(25%) of the included PD patients, an average crude 
rate of 28.9 ESI episodes per year. Of the affected 
patients, 99 (59%) had a single episode of ESI reported, 

39 patients (23%) had two episodes reported, 17 (10%) 
experienced three occurrences of ESI, and the remaining 
14 PD patients (8%) had at least four episodes of ESI 
each.

In total, 16 cases of PD-related tunnel infection were 
reported in 13 patients, i.e. an annual average of 1.6 
tunnel infections. For two patients, multiple episodes of 
tunnel involvement were reported (two and three, 
respectively), remaining 11 patients experienced one 
tunnel infection.

Guideline compliance

During the study period, a total of 577 episodes of diag-
nosed and managed peritonitis episodes were docu-
mented in the medical records, of which 484 (84%) 
fulfilled the diagnostic criteria of the ISPD guidelines; 93 
(16%) episodes did not meet the criteria. The main rea-
son of unfulfilled criteria was the presence of typical 
symptoms of PD-peritonitis (abdominal pain, cloudy 
effluent) combined with negative culture and either 
negative or no WBC count on effluent (52 episodes, 
56%). In 24 (26%) cases, peritonitis was diagnosed due 
to positive cultures in absence of a positive WBC count 
and typical symptoms. The remaining five (5%) episodes 
were diagnosed due to a positive WBC count, but lacked 
typical symptoms and were negative on culture.

Out of the 473 reported cases of ESI, 289 (61%) were 
congruent with the diagnostic recommendations, i.e. 
exhibited presence of purulent discharge. The main 
rationale for non-compliance with the ISPD diagnostic 
criteria was erythema of the exit site without discharge 
(applies to 96 episodes, 52%). In 25 cases (14%), the ESI 
diagnosis was set due to positive exit site culture during 
an ongoing peritonitis episode, without adequate symp-
toms from the exit site. For the remaining 63 episodes 
(34%), there was no, or insufficient, mention of clinical 
presentation provided in the medical records.

Microbiological aetiologies of PD-peritonitis

Out of 484 episodes of PD-associated peritonitis, 61% 
(n¼ 295) were caused by Gram-positive bacteria only, 
25% (n¼ 120) were Gram negative, and in 6% (n¼ 30) 
of cultures bacteria from both groups on the Gram stain 
were present. Culture-negative peritonitis constituted 
6% (n¼ 29) of all episodes during the study period.

The most frequently found genus was Staphylococcus 
(n¼ 199, 41%), of which S. epidermidis (n¼ 75, 16%) and 
S. aureus (n¼ 65, 13%) were most common (Figure 4). 

Table 3. Aetiology of end-stage renal disease necessitating renal 
replacement therapy.
Aetiology of ESRD n (%)

Diabetic nephropathy 193 (29)
Vascular disease 134 (20)

Hypertensive arteriolar nephrosclerosis 119
Renal atheroembolism 10

Glomerulonephritis 130 (19)
IgA nephropathy 42
Focal segmental glomerulosclerosis (FSGS) 17
Membranoproliferative GN (MPGN) 13
Lupus nephritis (SLE) 6
Microscopic nephritis (MPA) 5
Granulomatosis with polyangiitis (GPA) 5
Post-streptococcal GN 3
Goodpasture syndrome 2

Genetic disease or malformation 86 (13)
Polycystic kidney disease (PKD) 56
Congenital malformations 15
Vesicoureteral reflux 7
Nephronophthisis 2
Alport syndrome 2
Laurence-Moon-Biedl syndrome 1

Tubulointerstitial nephritis (TIN) 26 (4)
Toxic injury 9

Neoplastic disease 13 (2)
Amyloidosis 5
Renal cancer, nephrectomy 5

Myeloma kidney 3
Miscellaneous 31 (5)
Acute kidney injury (AKI) 15
Pyelonephritis 9
Obstructive uropathy 4
Haemolytic uraemic syndrome (HUS) 2

Unknown aetiology 62 (9)

GN: glomerulonephritis.

INFECTIOUS DISEASES 5



Streptococci were the second most common (n¼ 77, 
16%), of which S. mitis (n¼ 30, 6%) and S. salivarius 
(n¼ 20, 4%) were most frequent, while 2% (n¼ 10) con-
sisted of b-haemolytic Streptococci. Additionally, 
Escherichia coli (n¼ 50, 10%), Klebsiella spp. (n¼ 32, 7%) 
and Enterococcus faecalis (n¼ 28, 6%) were also often 
occurring on cultures. Candida spp. was found in 4% 
(n¼ 19) of peritonitis episodes, with C. albicans cultured 
in 2% (n¼ 12) of cases. A single episode of peritonitis 

caused by M. tuberculosis was identified (Supplementary 
Table 1).

E. coli, Enterococci, and Pseudomonas spp. were rela-
tively less common in early PD-associated peritonitis, i.e. 
within the first six months of PD commencement, than 
in later episodes. Similarly, Staphylococci were more fre-
quently found in late peritonitis (44% of episodes) than 
in early episodes (41%), especially Coagulase-negative 
Staphylococci (25% and 31% of cultures in early and late 

Figure 2. A. Distribution of peritonitis in relation to age groups.B. Peritonitis incidence among age groups.
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PD-associated peritonitis, respectively). S. aureus, how-
ever, was slightly more frequent in early PD-associated 
peritonitis (16%), compared to late episodes (13%). 
Bacteroides and Proteus spp. were only found in late PD- 
associated peritonitis in this study (3% and 2% respect-
ively). Culture-negative peritonitis was more frequent 
during the first six months of PD (14%) than later (4%). 
As were Klebsiella spp., which were found in 9% of early, 
and 6% of late episodes (Table 5).

Microbiological aetiologies of PD-associated ESI

Out of 289 episodes of PD-associated exit site infections, 
the aetiology was Gram-positive bacteria in 53% 
(n¼ 152) of the episodes, Gram negatives in 34% 
(n¼ 97), and in 5% (n¼ 13) both Gram-positive and 
Gram-negative bacteria were found. Further, 6% (n¼ 16) 
of all ESIs were culture negative.

The most common ESI pathogens were 
Staphylococcus spp. (n¼ 150, 52%), dominated by S. aur-
eus (n¼ 142, 49%), and coagulase-negative staphylococci 
(CoNS) found in 3% (n¼ 10). Other important pathogens 

were P. aeruginosa (n¼ 39, 13%) and Klebsiella spp. 
(n¼ 22, 8%), with species found K. pneumoniae (n¼ 9, 
3%), K. oxytoca (n¼ 5, 2%), and K. aerogenes (n¼ 3, 1%) 
(Supplementary Table 2). A single culture of C. parapsilo-
sis was identified. In contrast to peritonitis and tunnel 
infections, for some exit site cultures the isolates were 
not always reported at the species level, but as “skin 
flora” or “mixed flora” instead – those unspecified cul-
tures constituted 3% (n¼ 10) of ESIs. Associated periton-
itis occurred in 2% (n¼ 5) of ongoing ESI episodes.

Microbiological aetiologies of PD-associated tunnel 
infections

A total of 16 episodes of tunnel infections were found 
in the study, with S. aureus and P. aeruginosa identified 
in 63% (n¼ 10) and 38% (n¼ 6) of the cultures, respect-
ively. In two episodes of tunnel infections – one with S. 
aureus, and one with P. aeruginosa – associated periton-
itis occurred simultaneously.

Blood cultures

Blood cultures were collected in 243 episodes of 
ongoing peritonitis, and 8% (n¼ 20) were reported posi-
tive. Median time to detection (TTD) was 18.4 h for posi-
tive aerobic bottles and 10.6 h for positive anaerobic 
bottles. Out of the 20 positive blood cultures, CoNS 
were found in seven (35%). Ten peritonitis episodes 
exhibited concordant blood and dialysate pathogens on 
cultures, of which four consisted of E. coli (Table 6). 
Blood cultures were collected in eight episodes of CRI, 
all of which were negative.

Figure 3. Temporal trend of PD-peritonitis incidence during the study period.

Table 4. Annual sex- and age-standardised rates of PD-peritonitis.
EASRa 95% CI

2011 4.58 3.37–5.79
2012 3.49 2.41–4.57
2013 3.33 2.30–4.36
2014 4.24 3.07–5.42
2015 4.13 2.99–5.26
2016 3.11 2.15–4.08
2017 3.69 2.64–4.73
2018 4.21 3.11–5.31
2019 3.60 2.59–4.61
2020 3.96 2.91–5.00
Mean 3.83 2.75–4.91
aEpisodes per 100,000 population per year.
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Antimicrobial susceptibility testing

A single case of methicillin resistant Staphylococcus aur-
eus (MRSA) was reported in an episode of ESI, but no 
cases were found in patients with peritonitis. In total, 37 
strains of methicillin resistant Staphylococcus epidermidis 
(MRSE) were identified, one in ESI and the remaining in 
strains associated with peritonitis. Four cases of ESBL- 
producing E. coli were identified, of which three were 
identified in peritonitis and one in an ESI. One case of 
peritonitis was caused by an isolate of E. coli with 
AmpC-production.

None of the S. aureus (n¼ 62) and CoNS isolates 
(n¼ 100) tested for vancomycin susceptibility exhibited 
resistance (Tables 7 and 8).

Ceftazidime resistance was detected in 8% (n¼ 14) of 
the 52 tested E. coli, 14% of Enterobacter spp. (14 
tested), and 29% of Citrobacter spp. (14 tested). All 
examined Klebsiella, Pseudomonas, and Serratia spp. 
were ceftazidime susceptible.

For gentamycin, resistance was detected in 33% of 
102 tested CoNS, 2% of S. aureus (63 tested), 8% of E. 
coli (52 tested), and 7% of Citrobacter spp. (14 tested). 

Figure 4. Microbiological aetiologies to PD-associated peritonitis.

Table 5. Microbiology findings related to early PD-peritonitis 
(within the first six months after PD commencement) or late-onset 
peritonitis, i.e. six months after PD commencement.
Microbiological aetiology Early peritonitis, n (%) Late peritonitis, n (%)

Number of cultures 88 384
Culture negative 12 (13.6%) 14 (3.6%)
Acinetobacter spp. 3 (3.4%) 9 (2.3%)
Bacteroides spp. ——— 10 (2.6%)
Candida spp. 4 (4.5%) 15 (3.9%)

albicans 2 (2.3%) 9 (2.3%)
Citrobacter spp. 3 (3.4%) 11 (2.9%)
Corynebacterium spp. ——— 6 (1.6%)
E. cloacae 2 (2.3%) 11 (2.9%)
E. coli 3 (3.4%) 44 (11.5%)
Enterococcus spp. 4 (4.5%) 42 (10.9%)

faecalis 2 (2.3%) 26 (6.8%)
faecium 1 (1.1%) 10 (2.6%)

Klebsiella spp. 8 (9.1%) 23 (6.0%)
oxytoca 6 (6.8%) 12 (3.1%)
pneumoniae 2 (2.3%) 10 (2.6%)

Micrococcus spp. ——— 6 (1.6%)
Moraxella spp. 1 (1.1%) 5 (1.3%)
Proteus spp. ——— 6 (1.6%)
Pseudomonas spp. 2 (2.3%) 20 (5.2%)

aeruginosa 1 (1.1%) 14 (3.6%)
Serratia spp. 3 (3.4%) 4 (1.0%)
Staphylococcus spp. 36 (40.9%) 167 (43.5%)

aureus 14 (15.9%) 48 (12.5%)
Coagulase-negative 22 (25.0%) 117 (30.5%)
epidermidis 11 (12.5%) 63 (16.4%)

Streptococcus spp. 14 (15.9%) 66 (17.2%)
mitis 5 (5.7%) 24 (6.3%)
salivarius 3 (3.4%) 17 (4.4%)
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None of the tested Klebsiella, Proteus, Enterobacter, 
Serratia, nor Morganella spp. were gentamycin resistant.

For cefotaxime, 8% of E. coli (53 tested), 19% of 
Enterobacter spp. (16 tested), 2% of Klebsiella spp. (50 
tested), and 4% of Citrobacter spp. (14 tested) were 
resistant.

Discussion

This population-based observational cohort study aimed 
to report the incidence, trend and aetiology of PD-peri-
tonitis and catheter-associated infections in South 
Sweden between 2011–2020. We found a mean crude 
rate of 0.38 PD-peritonitis episodes per year at risk, and 
the mean time to the first peritonitis episode was close 
to fourteen months. The rate of PD-peritonitis was stable 
during the study period and Gram-positive bacteria 
dominated the microbiological aetiology of peritonitis 
and CRIs, Staphylococci in particular.

For adult patients, the age-specific incidence started 
low, with 0.28 episodes per year at risk between ages 
21-30 years, remained stable for patients aged 31– 
70 years at an average of 0.36 episodes per year at risk, 
and peaked to 0.42 episodes per year at risk in patients 
of ages 71–90. The age-specific incidence was highest 
and lowest at the far extremes. Those groups were, 
however, very small, with only five patients in the 0– 
10 years of age group, and four in the 91-100 years 
group.

Our results agree with previously published results, as 
the overall incidence of PD-peritonitis based on regis-
tries across the globe has been estimated to 0.3 epi-
sodes per patient year [25]. However, PD-incidence rates 

vary across the globe ranging from 0.75 episodes per 
year at risk in the African region, 0.38 in the United 
Kingdom, and 0.26 in the United States [26–29]. If these 
discrepancies are attributed to differences in risk factors, 
such as patient demographics or clinical characteristics, 
or infection prevention and control measures, or differ-
ences in definitions, monitoring, or reporting, is yet to 
be determined. Although the patients in our cohort 
were older (median age 67 years) compared to these 
studies, it is precarious to compare crude incidence rates 
between different populations as the populations are 
heterogeneous, with different comorbidities and aeti-
ology of chronic kidney disease. Also, different studies 
use different patient populations, definitions and out-
comes, and the lack of sex- and age-standardization also 
hampers such comparison.

Education of patients and staff on the diagnosis and 
prompt management of peritonitis and CRIs may be 
vital in the outcome, and symptom awareness influence 
the crude incidence of peritonitis. In our study, a minor-
ity of cases (16%) were managed as PD-peritonitis even 
though they failed to comply with the current ISPD defi-
nitions and diagnostic criteria. Although absence of clin-
ical information in medical journals does not 
automatically mean that clinical symptoms were absent, 
overestimating infectious complications to peritoneal 
dialysis leads to overuse of antimicrobial treatment and 
further resistance. Compared to other studies, the rate 
of antimicrobial resistant bacteria, such as MRSA and 
ESBL-producing bacteria, was however low in our study 
indicating that our setting is low-endemic for these 
bacteria.

Table 6. Peritonitis episodes with positive blood cultures.
Year Peritonitis pathogen (dialysate culture) Blood culture Concordant cultures TTDa aerobic TTD anaerobic

2011 C. albicans Yeast Yes
2011 Pseudomonas sp. CoNS
2013 S. pasteuri S. pasteuri, CoNS Yes
2013 P. aeruginosa CoNS
2014 S. aureus S. epidermidis, S. capitis
2014 E. coli E. coli Yes
2014 Negative K. oxytoca
2015 E. coli E. coli Yes 10.2 10.6
2016 C. koseri CoNS 28.7
2016 E. cloacae E. cloacae Yes 7.7 6.2
2017 S. salivarius CoNS 29.1
2017 E. coli E. coli Yes 11.4 10.5
2018 S. epidermidis, S. mitis S. mitis Yes 19.6
2019 K. pneumoniae, E. faecalis, S. haemolyticus CoNS Yes 21.0
2019 E. coli E. coli Yes 5.4 6.5
2020 S. marcescens, K. oxytoca K. oxytoca Yes 13.0
2020 K. pneumoniae Bacillus sp. 18.4
2020 S. salivarius CoNS 21.6
2020 S. vestibularis CoNS 23.6
2020 K. pneumoniae Kocuria sp. 93.7
aTTD: time to detection (hours).
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The overall microbiological aetiology in our study was 
dominated by Gram-positive bacteria, in agreement with 
previous studies. Over the past decade, inconsistent 
results of analyses have pointed to Gram-positive peri-
tonitis constituting between 37% and 62% of cases in 
the North America and Europe regions – with estimates 
from Spain and UK of 56% and 38%, respectively [28– 
31]. Similarly, the rate of Gram-negative peritonitis 
ranges between 13% to 31% across previous reports, 
in line with our results (24.8% Gram-negatives) 
[16,29,32,33].

The incidence rate of peritonitis was stable during the 
study period, which is consistent with previous studies 
[34–36]. However, to the best of our knowledge, recent 
estimates of PD-related infectious complications are rare 
in the literature, highlighting the need for continued 
monitoring and reports.

Our results show that, for PD-related peritonitis in our 
setting, the current empirical treatment of vancomycin 
and tobramycin is appropriate and provides coverage of 
nearly all pathogens cultured. This may be preferable to 
regimens that rely on ceftazidime. It is important to be 
vigilant of the results of both blood and peritoneal fluid 
cultures, narrowing down the antimicrobial treatment if 
possible.

The diagnostic yield of blood cultures was low, as 
only 8% (n¼ 20) of blood cultures collected in con-
firmed peritonitis cases were positive. Also, seven of 
these positive blood cultures identified CoNS, which 
could be attributed to true infection, or dermal contam-
ination at the time of sample collection. Considering 
that only one of those peritonitis episodes was caused 
by CoNS (considering the results of peritoneal fluid cul-
tures), and the remaining six episodes exhibited discord-
ant pathogens on cultures, the true positivity rate of 
blood cultures was close to 6%. Still, obtaining blood 
cultures should be maintained in the workup of sus-
pected cases of infectious complications to peritoneal 
dialysis, as this could give important information of aeti-
ology and antimicrobial resistance. Also, if the primary 
suspicion of PD peritonitis is mistaken, blood cultures 
could reveal important pathogens related to a different 
infection.

The majority of peritonitis episodes with concordant 
blood and peritoneal fluid cultures were caused by E. 
coli. Conversely, 8% of all E. coli peritonitis exhibited 
bacteraemia with the same species. Two additional con-
cordant cultures were positive for Gram-negative enteric 
organisms in blood (K. oxytoca and E. cloacae respect-
ively). A feasible explanation could be that those 

instances were caused by enteric peritonitis, which the 
ISPD defined as peritonitis arising from an intestinal pro-
cess as source, rather than the PD access itself. However, 
data on other co-occurring infections or diagnoses was 
not collected for this study, and as such it is not pos-
sible to confirm or further explore whether enteric peri-
tonitis is more likely to cause bacteraemia.

Strengths and limitations

This study benefits from its population-based design 
and large cohort of patients included in the analysis. 
Moreover, the coverage and reporting degree of the SRR 
is nearly complete. The ISPD-issued diagnostic criteria 
were applied to each reported episode of peritonitis or 
catheter-related infection to assess for clinical practice 
compliance with international standards. We present 
detailed data on pathogen distribution, antibiotic sus-
ceptibility, and incidence of PD-associated infections. 
Limitations of the study include the retrospective study 
design, with risk of selection bias, as well as reporting 
bias, relying on registry data and medical records. We 
intend to further evaluate the outcome and risk factors 
for PD-peritonitis in our cohort in a future study. 
Continued reports of the aetiology, resistance rates and 
incidence of infectious complications to peritoneal dialy-
sis are important, to base empirical antibiotic treatment 
and possible prevention of further episodes.

Conclusion

The crude rate of PD-peritonitis was stable during the 
study period and Gram-positive bacteria, in particular 
Staphylococcus species, dominated the microbiological 
aetiology of both peritonitis and catheter-related infec-
tions. Antimicrobial resistance was limited in this setting, 
although MRSE was found fairly frequently. It is impor-
tant to monitor the aetiology and incidence of infectious 
complications to peritoneal dialysis, along antimicrobial 
resistance rates and patterns, to provide evidence-based 
empirical antibiotic regimens and mitigate or prevent 
subsequent complications.

Ethical approval

This study was granted ethical approval from the Ethical 
Review Board (DNR-2020-06524) and was conducted in 
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Taipei.
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