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♦  Introduction:  Escherichia coli (E. coli) peritonitis is a 
frequent, serious complication of peritoneal dialysis (PD). 
The extended-spectrum β-lactamase (ESBL)-producing E. 
coli peritonitis is associated with poorer prognosis and its 
incidence has been on continuous increase during the last 
decades. However, the clinical course and outcomes of E. coli 
peritonitis remain largely unclear. 
♦  Methods:  All of the E. coli peritonitis episodes that 
occurred in our dialysis unit from 2006 to 2011 were 
reviewed. The polymicrobial episodes were excluded.
♦  Results:  In total, ninety episodes of monomicrobial 
E. coli peritonitis occurred in 68 individuals, corresponding 
to a rate of 0.027 episodes per patient-year. E. coli was the 
leading cause (59.2%) of monomicrobial gram-negative 
peritonitis. ESBL-producing strains accounted for 35.5% 
of E. coli peritonitis. The complete cure rate and treatment 
failure rate of E. coli peritonitis were 77.8% and 10.0% 
respectively. Patients with preceding peritonitis had a 
higher risk of ESBL production as compared to those without 
peritonitis history [odds ratio (OR): 5.286; 95% confidence 
interval (CI): 2.018 – 13.843; p = 0.001]. The risk of treat-
ment failure was significantly increased when the patient 
had a baseline score of Charlson Comorbidity Index (CCI) 
above 3 (OR: 6.155; 95% CI: 1.198 – 31.612; p = 0.03), or 
had diabetes mellitus (OR: 8.457; 95% CI: 1.838 – 38.91; p = 
0.006), or hypoalbuminemia (≤ 30g/l) on admission (OR: 
13.714; 95% CI: 1.602 – 117.428; p = 0.01). Prolonging the 
treatment course from 2 to 3 weeks or more reduced the risk 
of relapse and repeat significantly (p < 0.05).
♦  Conclusions:  E. coli peritonitis remains a common com-
plication of PD. The clinical outcomes of E. coli peritonitis 
are relatively favorable despite the high ESBL rate. A history 
of peritonitis is associated with increased risk for ESBL 
development. The severity of baseline comorbidities, the 
presence of diabetes mellitus and hypoalbuminemia at 
admission are associated with poor outcomes. 
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Peritoneal dialysis (PD) possesses advantages, such 
as being more hemodynamically stable and having 

fewer life style limitations, as compared to hemodialy-
sis in treating end-stage renal disease (ESRD) patients, 
without compromise in the long-term survival. However, 
peritonitis remains a major threat to a successful and 
sustainable PD program (1,2). It results in about 18% 
of infection-related mortality and is probably the most 
common cause of technique failure in PD (3). Mainly due 
to the improvements in connectology of PD made during 
the last decades and the application of topical antibiot-
ics as prophylaxis against exit-site infection, peritonitis 
caused by gram-positive pathogens in PD has decreased 
markedly (4). However, the incidence of gram-negative 
peritonitis has not decreased to the same extent, and its 
proportion increased consequently (5-7).

Escherichia coli (E. coli) is one of the most common 
organisms that cause gram-negative peritonitis in PD 
patients (5,8,9), and is associated with a high probability 
of mortality and technique failure (10). Moreover, the 
virulence of E. coli was reported to get more severe than 
previously found, which had led to even worse outcomes 
in PD patients with E. coli peritonitis (11). In addition, 
the extended-spectrum β-lactamase (ESBL)-producing 
strain has made the prognosis of E. coli peritonitis 
poorer since its emergence in the 1980s and the inci-
dence of ESBL-producing E. coli peritonitis has been 
on continuous increase (12). However, studies focused 
on E. coli peritonitis in PD were limited. In the present 
study, we retrospectively investigated the prevalence, 
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patients’ demography, antibiotic sensitivity pattern and 
clinical features of E. coli peritonitis in our PD patients 
over a 6-year period. In particular, factors associated 
with the ESBL’s development and clinical outcomes 
were analyzed.

METHODS

STUDY POPULATION

This study was conducted at the First Affiliated Hospital 
of Sun Yat-sen University, performed in compliance with 
the ethical principles of the Helsinki Declaration and 
approved by the Institutional Review Board for human 
research at Sun Yat-sen University (Guangzhou, China). 
Written informed consent was obtained from all partici-
pating patients. Patients on stable continuous ambulatory 
PD (CAPD) between 1 January 2006 and 31 December 2011 
were enrolled and followed up until the cessation of PD 
(transfer to hemodialysis, transplantation or death) or the 
end of the study. Polymicrobial and relapsing episodes of 
peritonitis were excluded from this study. Data analyzed 
included demographic information such as age, gender; 
baseline features such as the severity of comorbidities 
(indicated by the Charlson Comorbidity Index, CCI), body 
mass index (BMI) and estimated glomerular filtration rate 
(eGFR); clinical data for each peritonitis episode, includ-
ing the PD vintage, serum albumin concentration, white 
blood cell (WBC) count in peripheral blood and PD efflu-
ent (PDE) on admission, and antibiotic sensitivity pattern 
of isolates and antibiotic regimens used. The history of 
using antibiotics within three months before the episode 
of E. coli peritonitis was also investigated.

DEFINITIONS

Diagnosis of PD-associated peritonitis was made based 
on at least two of the following criteria: (1) abdominal 
pain or cloudiness of PDE; (2) WBC count in PDE > 100/μL  
with > 50% polymorphonuclear leukocytes; and (3) a 
positive culture from PDE (13,14). Exit-site infection was 
defined as the presence of purulent drainage, with or 
without erythema of the skin at the catheter-epidermal 
interface. Relapse referred to an episode that occurs 
within 4 weeks of completion of therapy of a prior episode 
with the same organism or 1 sterile episode. Repeat was 
defined as an episode that occurs more than 4 weeks after 
completion of therapy of a prior episode with the same 
organism. Recurrence referred to an episode that occurs 
within 4 weeks of completion of therapy of a prior episode 
but with a different organism (3). Complete cure was 
defined as the resolution of peritonitis without relapse or 

recurrence by antibiotics alone (15). A primary response 
was termed as resolution of abdominal pain, clarification 
of the dialysate and WBC count of PDE < 100/μL within 
5 days of antibiotic treatment. Failure of the effluent to 
clear after 5 days of appropriate antibiotic treatment 
was termed as refractory peritonitis. Peritonitis-related 
death referred to death of a patient with active perito-
nitis, or admitted with peritonitis, or within 2 weeks 
of a peritonitis episode (3). Treatment failure included 
discontinuation of PD, whether temporary or permanent, 
and death during peritonitis (12).

CLINICAL MANAGEMENT

Patients were treated with CAPD with standard 
solutions (Dianeal (Baxter Healthcare Corporation, 
Guangzhou, China)) using a twin-bag system during 
the study period. After a sample of PDE was collected, 
patients suspected of peritonitis were empirically treated 
with first-generation cephalosporin (cefazolin or cefra-
dine) and third-generation cephalosporin (ceftazidime) 
as soon as possible. This first-line regimen, which was 
recommended by ISPD guidelines (3,16,17), has been 
continuously practised in our center from 2000 up to the 
present. The initial antibiotic regimen was evaluated and 
modified when antibiotic sensitivity results were avail-
able. In general, patients were given antibiotic treatment 
for at least 2 weeks. In severe cases, antibiotic treatment 
was prolonged appropriately. If antibiotics alone failed 
to resolve the peritonitis or any fungus was isolated, the 
catheter would be removed and the patient  transferred 
to hemodialysis temporarily (if reinsertion succeeded) 
or permanently (if reinsertion failed).

MICROBIOLOGY TESTING

For microbiology tests, 50 mL PDE was centrifuged at 
3000 g for 15 min, then the pellet was inoculated in the 
BacT/Alert anaerobic and aerobic bottles (bioMérieux, 
Durham, NC, USA). The identities of all isolates and their 
susceptibilities to certain antibiotics were determined 
using the Vitek-2 AutoMicrobic system (bioMérieux, St 
Louis, MO, USA). ESBL production was confirmed by the 
double disk synergy test before 2007, and by a method 
using AST-GN13 cards (bioMérieux, St Louis, MO, USA) after 
2007. Results were interpreted according to the criteria of 
the Clinical and Laboratory Standards Institute (18).

STATISTICAL ANALYSIS

Data are expressed as mean ± standard deviation for 
continuous variables, median and interquartile range for 
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non-parametric data, and frequencies and percentages 
for categorical variables. Comparison of data between 
groups was performed using the χ2 test for categorical 
data, the Student t-test for continuous parametric data 
and the rank-sum test for continuous non-parametric 
data. The incidence of peritonitis was analyzed longi-
tudinally using a Poisson regression model. Logistic 
regression was used to analyze the risk factors for the 
treatment outcomes. All probabilities were two-tailed. 
Statistical analysis was performed by SPSS 16.0 for 
Windows (SPSS Inc., Chicago, IL, USA). P values < 0.05 
were considered statistically significant.

RESULTS

Between January 2006 and December 2011, 1,575 
patients received CAPD in our center. They were followed 
up for 3,289 patient-years. Among them, 498 episodes 
of peritonitis with results of microbiological culturing 
were recorded. 

E. coli was involved in 95 episodes of peritonitis dur-
ing this period. After the 5 episodes of polymicrobial 
peritonitis were excluded, a total of 90 episodes of 
monomicrobial E. coli peritonitis were identified in 68 
individuals. E. coli was the most common cause of the 
monomicrobial gram-negative peritonitis (90/152, 
59.2%). The rate of monomicrobial E. coli peritonitis 
was 0.027 episodes per patient-year. Between 2006 and 
2011, the incidence of overall peritonitis, monomicrobial 
gram-positive peritonitis and gram-negative peritonitis 
all decreased, while the monomicrobial E. coli peritonitis 
rate increased from 0.020 to 0.026 episodes per patient-
year (p < 0.05) (Figure 1). As a result, both the proportion 
of E. coli peritonitis among the total peritonitis and E. coli 
peritonitis among gram-negative peritonitis increased 
(details not shown). 

The demographic and clinical characteristics of 
patients who underwent E. coli peritonitis are shown in 
Table 1. The median age was 51.5 years [inter-quartile 
range (IQR): 37.5 – 64.0 years], 14.7% of patients had 
diabetes and 60.3% were male. The presenting symp-
toms included fever (64.8%), abdominal pain (94.9%), 
diarrhea (56.6%), vomiting (36.7%), cloudiness of PDE 
(100%) and abdominal tenderness (56.3%), which were 
similar to those caused by non-E. coli peritonitis (details 
not shown).

Of these 68 patients who experienced E .coli peritoni-
tis, 53 experienced 1 episode, 10 experienced 2 episodes, 
3 experienced 3 episodes and 2 experienced 4 episodes. 
There was only one case with concomitant exit-site 
infection (1.1%) and none had tunnel infection. In 52 
(57.8%) episodes, the patients had received antibiotic 

treatment during a 3-month period preceding the onset  
of E. coli peritonitis.

MICROBIOLOGICAL INVESTIGATION

The overall antibiotic resistance in E. coli isolates 
between 2006 and 2011 is summarized in Table 2. Over 

Figure 1 — Evolution of PD-related peritonitis incidence over 
the 6-year study period. A trend of decrease was demonstrated 
in overall peritonitis (p<0.001), monomicrobial gram-positive 
peritonitis (p<0.001) and monomicrobial gram-negative peri-
tonitis (p<0.05). By contrast, monomicrobial E. coli peritonitis 
incidence showed an increasing trend (p<0.05) (analyzed by 
Poisson regression).

TABLE 1 
Demographic and Clinical Characteristics of Patients 

who Underwent E. coli Peritonitis (n=68)

	 Characteristics	 Value 

Age (years)	 51.5 (37.5–64.0)
Gender (male/female)	 41/27
Diabetes [n, (%)]	 10 (14.7%)
Etiology of ESRD [n, (%)]	
	 Glomerulonephritis	 48 (70.6%)
	 Diabetic nephrology	 8 (11.8%)
	R enovascular disease	 7 (10.3%)
	 Polycystic kidney	 2 (2.9%)
	O thers / Unknown	 3 (4.4%)
Baseline eGFR (ml/min/1.73 m2) 	 7.9±2.5
Baseline BMI (kg/m2)	 21.0±2.8
Baseline CCI score  	 3.0 (2.0–4.5)
PD vintage (months)	 13.9 (4.2–24.7)

Results are expressed as n (%), median (interquartile range) 
or mean ± SD as appropriate. ESRD = end-stage renal disease; 
eGFR = estimated glomerular filtration rate; BMI = body mass 
index; CCI = Charlson Comorbidity Index; PD = peritoneal 
dialysis.
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episodes with or without a history of peritonitis is shown 
in Figure 3. Twenty-four (53.3%) of 45 episodes with a 
history of peritonitis developed ESBL as compared to only 
8 (17.8%) episodes of those without previous peritonitis 
(OR: 5.286; 95% CI: 2.018 – 13.843; p = 0.001). Recent 
antibiotic use had no influence on the ESBL incidence 
(p = 0.39).

CLINICAL OUTCOMES 

The clinical outcomes of all E. coli episodes are sum-
marized in Figure 4. The subsequent antibiotic regimens 
and their relation to the clinical outcomes are sum-
marized in Table 3. The primary response, complete 
cure and treatment failure rate of E. coli peritonitis was 
76.7%, 77.8% and 10.0%, respectively. We observed a sig-
nificantly higher risk of treatment failure when patients 
had a baseline CCI score above 3.0 (OR: 6.155; 95% CI: 
1.198 – 31.612; p = 0.03), or had hypoalbuminemia 
(≤ 30g/L) on admission (OR: 13.714; 95% CI: 1.602 – 
117.428; p = 0.01), or diabetes mellitus (OR: 8.457; 95% 

this period, E. coli strains remained highly sensitive 
to carbapenems (including imipenem, meropenem and 
ertapenem), furadantin, amikacin, cefmetazole and 
cefoperazone/sulbactam. By contrast, a high proportion 
of these isolates were resistant to ampicillin, cefazolin 
and ceftazidime. Moreover, the prevalence of resistance 
to ampicillin, cefazolin, ceftazidime, as well as cefepime, 
increased markedly between 2006 and 2011 (p < 0.05) 
(Figure 2). 

Recent antibiotic use was associated with higher 
prevalence of resistance to ciprofloxacin and chemitrim 
but not other antibiotics (Table 2). However, a history 
of peritonitis was associated with significantly higher 
prevalence of resistance to ampicillin, ampicillin/sul-
bactam, cefazolin, ceftazidime, cefepime and aztreonam 
(Table 2). 

ESBL-producing strains accounted for 32 (35.6%) of all 
E. coli peritonitis episodes. The ESBL rate fluctuated from 
20% in 2006 to 37.5%, 37.5%, 23.5%, 47.8% and 30%, 
respectively, in the years 2007 to 2011 (p < 0.05). The 
frequency of ESBL-producing cases in E. coli peritonitis 

TABLE 2
Prevalence of Antibiotic Resistance in Isolated E. coli Strains (n=90)

	 No. of	 No. of cases with 	 No. of cases with
	 Antibiotics	 resistant cases (%)a	 recent antibiotic therapy (%)b	 preceding peritonitis (%)c

Ampicillin	 57 (63.3%)	 33 (57.9%)	 36 (63.2%)*
Ampicillin/Sulbactam	 40 (44.4%)	 22 (55%)	 25 (62.5%)* 
Cefazolin 	 43 (47.8%)	 25 (58.1%)	 29 (67.4%)*
Cefotetan	 8 (9.1%)	 6 (75.0%)	 3 (37.5%)
Ceftazidime	 32 (35.6%)	 19 (59.4%)	 24 (75.0%)**
Ceftriaxone	 32 (35.6%)	 18(56.3%)	 23 (71.9%)
Cefoperazone/Sulbactam 	 2 (3.6%)	 1 (50%)	 1 (50.0%)
Cefepime	 35 (38.9%)	 19 (54.3%)	 24 (68.6%)* 
Cefmetazole	 1 (2.6%)	 1 (100%)	 0
Meropenem	 1 (1.8%)	 0	 1 (100%)
Ertapenem	 1 (1.6%)	 1 (100%)	 0
Imipenem	 2 ( 2.3%)	 1 (50%)	 1 (50%)
Aztreonam	 28 (31.1%)	 17 (60.7%)	 21 (75.0%)* 
Gentamicin	 30 (33.3%)	 18 (60%)	 16 (53.3%)
Amikacin	 0	 0	 0
Levofloxacin	 27 (30.0%)	 19 (70.4%)	 16 (59.3%)
Ciprofloxacin	 30 (33.3%)	 22 (73.3%)*  	 15 (50.0%)
Chemitrim	 48 (53.3%)	 34(70.8%)* 	 24 (50%)
Furadantin	 1 (1.2%)	 1 (100%)	 0

Results are expressed as n (%).
a	 Percentage of resistant strains among all E. coli isolates tested.
b	 Percentage of resistant cases with recent antibiotic therapy.
c	 Percentage of resistant cases with a history of peritonitis.
*	p<0.05.
** p<0.001.
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CI: 1.838 – 38.91; p = 0.006). The hypoalbuminemia 
on admission was also associated with significantly 
lower probability of complete cure (OR: 0.109; 95% CI: 
0.027 – 0.436; p = 0.002). The treatment failure rate and 
complete cure rate were not associated with age, gender, 
the cause of ESRD, baseline eGFR and BMI, vintage of PD, 
the presence of ESBL, WBC count in peripheral blood or 
PDE on admission, recent antibiotic use and the history 
of peritonitis (p > 0.05). The relation between exit-site 
infection and clinical outcomes was not analyzed due to 
the small sample size (one case).

A total of 24 (26.7%) episodes developed repeat 
and 10 (11.1%) episodes developed relapse. The risk of 
repeat increased markedly in cases due to ESBL-producing 
E. coli (OR: 2.923; 95% CI: 1.115 – 7.663; p = 0.029) or 
in cases with a history of peritonitis (OR: 3.077; 95% 
CI: 1.153 – 8.214; p = 0.02), but neither had influence 

on the relapse rate (p > 0.05). Of these 90 episodes, 
thirty-five episodes received antibiotic treatment for 3 
weeks or more (median 25 days, IQR 21 – 36 days) due 
to a serious presentation of inflammation. For the 55 
episodes that received treatment for 2 weeks , nineteen 
(34.5%) developed repeat and 9 (16.4%) developed 
relapse. By contrast, only 5 (14.3%) episodes developed 
repeat and 1 (2.9%) developed relapse in cases that 
received treatment for 3 weeks or more (p = 0.034 and 
p = 0.047, respectively).

 
DISCUSSION

Despite improvements in the connectology and 
prophylaxis against exit-site infection during the past 
decades, peritonitis remains a common and serious 
complication that threatens ESRD patients on PD. E. coli 
was reported to account for 21% to 43% of all gram-
negative peritonitis in PD (7,8). In accordance with, or 
even surpassing findings in other centers, E. coli was 
the leading cause (59.2%) of gram-negative peritonitis 
in our study.   

While it has been widely recognized that gram-
negative peritonitis, as a whole, is associated with poor 
outcomes (3), E. coli peritonitis carries an interesting 
variability in its severity, from relatively favorable out-
comes (19,20) to a high incidence of treatment failure 
despite apparently appropriate antibiotic treatment (11). 
This notion is further supported by the present study, 
since the clinical outcomes of E. coli peritonitis in our 
study were generally better than those reported by Yip 
et al. (21), who examined 153 episodes of monomicro-
bial E. coli peritonitis that occurred between 1995 and 
2009 in a single center in Hong Kong. Compared with 
their findings, the primary response rate in our patients 
was higher (76.7% vs 69.9%) while both the catheter 
removal rate and peritonitis-related mortality rate in 

Figure 3 — Frequency of ESBL-producing cases in E. coli peri-
tonitis episodes with or without peritonitis history. *p=0.001; 
odds ratio: 5.286; 95% confidence interval: 2.018–13.843.

Figure 4 — Summary of clinical outcomes of E. coli peritonitis.

Figure 2 — Prevalence of antibiotic resistance among E. coli 
isolates between 2006 and 2011. An ascending trend was 
clear in the prevalence of resistance to ampicillin, cefazolin, 
ceftazidime as well as cefepime (p<0.05) (analyzed by Poisson 
regression).
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our study were much lower (8.9% vs 19.6% and 1.1% vs 
10.5%, respectively). 

Generally, the clinical course of infection is deter-
mined by the interaction between the host’s defense, the 
virulence of pathogens and the therapeutic intervention. 
A variety of host characteristics of affected patients 
such as age, gender, PD duration, nutritional status and 
comorbidities were reported to influence the outcomes of 
peritonitis in PD (22–25), maybe by their effects on the 
immune system. The presence of exit-site infection was 
also found to increase the risk of catheter loss and mor-
tality of peritonitis (20,26). In our study, the incidence 
of exit-site infection was remarkably lower (1.1%) than 
that reported by other centers (2,15,24), which may be 
a contributing factor to the relatively better outcomes 
in our cohort. 

Another important factor that may influence outcomes 
of E. coli peritonitis concerns an intriguing variability in 
the pathogenicity of this organism (10). As one of the 
most versatile microorganisms, E. coli can frequently 
create novel pathotypes or serotypes with different 
combinations of virulence factors through mobilization 
of genetic elements between different strains (27). As a 
result, it comprises a broad population of bacteria that 
exhibit an extremely high degree of genetic and pheno-
typic diversity, with only 20% of the genome  common 
to all strains (28). However, to what extent this highly 
diverse pathotype contributes to the different outcomes 
of E. coli peritonitis in PD remains mainly unexplored in 
published literatures (11,12,21,24).

A continuously rising trend in the prevalence of ESBL 
has been a serious clinical problem worldwide since its 

emergence in the mid-1980s (12,29,30). ESBLs belong 
to β-lactamase enzymes, with the ability to hydro-
lyze β-lactam rings, and are thus capable of resisting 
β-lactam antibiotics like penicillins, cephalosporins, and 
monobactams (29). Plasmids encoding ESBLs frequently 
carry genes responsible for resistance to other antibiotic 
classes such as aminoglycosides. So, antibiotic options 
in treating ESBL-producing organisms are extremely lim-
ited. E. coli is one of the main ESBL-producing organisms 
isolated, with the incidence of ESBL-producing E. coli 
reported varying worldwide from 0 – 1% in Australia 
(31) to 63.9% in Germany (32). There was a high ESBL 
prevalence background, from 23.8% to 61.5%, in E. coli 
strains within our locality according to the reports in 
Chinese Journals (33–35), which is much higher than 
those reported from Hong Kong (12.5%) (12) and 
Thailand (17%) (36).    

Previous studies have found an association between 
recent antibiotic use and the emergence of ESBL (37,38). 
Furthermore, it was reported that recent use of first- and 
second-generation cephalosporins was associated with 
the development of ESBL-producing strains in E. coli 
peritonitis among CAPD patients (12). Inconsistent with 
previous reports, the present study did not find an influ-
ence of recent antibiotic use on the ESBL development in 
E. coli peritonitis, even though recent antibiotic use was 
associated with higher resistance to ciprofloxacin and 
chemitrim. On the other hand, the history of peritonitis 
was found to be associated with a significantly higher 
ESBL proportion. 

Generally speaking, the outcomes of infections by 
ESBL-producing pathogens tend to be severe. Yip et al. 

TABLE 3 
Subsequent Antibiotic Regimen and its Relation to the Clinical Outcomes

		  Treatment	 Complete
	 Subsequent antibiotic regimen	 Cases	 failure	 cure	R elapse	R epeat

Without antibiotic change	 59	 2	 49	 7	 16
β-lactamase inhibitors/β-Lactam antibiotics	 11	 1	 10	 0	 5
Quinolones	 6	 4	 2	 0	 0
Aminoglycosides	 2	 0	 1	 1	 0
Other β-Lactam antibiotics	 2	 0	 2	 0	 0
β-lactamase inhibitors/β-Lactam antibiotics + quinolones	 3	 0	 2	 1	 1
β-lactamase inhibitors/β-Lactam antibiotics + aminoglycosides	 3	 1	 2	 0	 1
Aminoglycosides + Other β-Lactam antibiotics	 1	 0	 1	 0	 1
Aminoglycosides + quinolones	 1	 0	 1	 0	 0
Quinolones + Other β-Lactam antibiotics	 2	 1	 0	 1	 0

One recurrent case occurred in the group without antibiotic change. β-lactamase inhibitors/β-Lactam antibiotics included 
Sulbactam/Cefoperazone and piperacillin/tazobactam; Quinolones included moxifloxacin, Levofloxacin and ciprofloxacin; Amino-
glycosides included amikacin; other β-Lactam antibiotics included mezlocillin, cefamandole, cefmenoxime and ceftriaxone.
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found that peritonitis caused by ESBL-producing E. coli 
resulted in significantly higher treatment failure rates 
and mortality rates as compared with ESBL-negative 
E. coli peritonitis (12). Inconsistent with previous 
findings, there was no significant difference between 
ESBL-producing cases and ESBL-negative cases in 
our study with regard to the complete cure (81.3% vs 
75.9%, p = 0.56) and treatment failure rates (6.3% vs 
12.1%, p = 0.31). This result is not surprising because 
the antibiotic-resistant capability of pathogens is not 
always consistent with their virulence (39,40). On the 
other hand, the cases with ESBL-producing peritonitis 
in the present study tended to be younger (42.0 vs 54.0, 
p = 0.15), with a shorter PD duration (7.9 vs 18.0, p = 
0.01), less serious comorbidities at baseline (CCI score: 
2.0 vs 3.0, p = 0.19) and a smaller proportion of diabetes 
(6.3% vs 15.5%, p = 0.19) as compared to patients with 
ESBL-negative peritonitis, which indicates a superiority 
of immune function in the ESBL-producing cases over 
ESBL-negative cases in our study.  

To our limited knowledge, studies identifying risk 
factors associated with the clinical outcomes of E. coli 
peritonitis in PD patients are scarce. Serum albumin is a 
marker of nutritional status which is tightly associated 
with the immune function of the patients. It is known 
from previous studies that a low serum albumin level 
was significantly associated with catheter removal after 
peritonitis episodes (41). Our study confirmed that 
hypoalbuminemia on admission could increase the risk 
of treatment failure in E. coli peritonitis. Comorbidities 
are common in the PD population and have been shown 
to adversely influence the survival of PD patients (42). 
Moreover, patients with diabetes mellitus are at high 
risk for non-resolution of peritonitis episodes (4). 
The present study strongly supports these observa-
tions, since the baseline CCI >3.0 and the presence of 
diabetes mellitus both were significantly associated 
with treatment failure. These findings highlight the 
importance of improving comorbidities and nutritional 
status of PD patients to ameliorate the outcomes of  
a PD program. 

This study has some limitations. As a retrospective 
study, correct evaluation of the effects of different 
antibiotic regimens on clinical outcomes was difficult. 
However, we believe it is a meaningful observation that 
patients who received antibiotic treatment for 3 weeks 
or more had a lower risk of relapse and repeat than those 
treated for 2 weeks, considering the fact that patients 
treated with the longer course were those who should 
have been more severe and had worse outcomes. Another 
limitation is the small sample of treatment failure, which 
made the multivariate analysis of its predicting factors 

inappropriate. Finally, the culture-negative peritonitis 
accounted for 21% of all episodes, which marginally 
exceeded the upper limit of 20% recommended by ISPD 
(3,16). The large percentage of culture-negative cases 
may reflect common antibiotic use prior to microorgan-
ism culture. Therefore timely specimen collection should 
be strengthened in the future to lower the percentage 
of negative culture.  

In conclusion, E. coli accounted for the leading 
proportion of gram-negative peritonitis in our center. 
Both its absolute incidence and its percentage among 
overall peritonitis increased while the incidence of 
overall peritonitis decreased. Although the ESBL rate 
was high, clinical outcomes of E. coli peritonitis were 
relatively favorable when a combination of first- and 
third-generation cephalosporins was empirically used 
as standard first-line therapy for PD-related peritonitis. 
Prolonging the treatment course from 2 weeks to 3 weeks 
or more can decrease the risk of relapse and repeat of 
E. coli peritonitis significantly. The severity of comor-
bidities at baseline, the presence of diabetes mellitus, as 
well as hypoalbuminemia at admission was significantly 
associated with treatment failure. These findings sug-
gest that nephrologists should pay more attention to 
ameliorate the patients’ comorbidities and nutritional 
status to improve the outcome of CAPD. 
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