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Abstract

Background: Peritonitis remains a significant complication of peritoneal dialysis (PD) in children.
Objectives: The current study aimed to evaluate the causative agents of PD-related peritonitis in pediatric patients treated by con-
tinuous ambulatory peritoneal dialysis (CAPD) in order to provide evidence for improving the empirical treatment of PD-related
peritonitis and avoid antimicrobial resistance.
Methods: The medical records of children diagnosed with PD-related peritonitis hospitalized at Mofid and Ali-Asghar Children’s
Hospitals from January 2018 to December 2019 were retrospectively reviewed. Cases of relapsing peritonitis and fungal peritonitis
were excluded. Data on demographics, clinical manifestations, para-clinical evaluations, peritoneal fluid culture and antibiogram,
and antibiotic regimen were analyzed.
Results: A total of 23 CAPD children aged 1 - 17 years were hospitalized with a confirmed diagnosis of PD-related peritonitis, ac-
counting for a total of 27 peritonitis cases. The most frequent manifestation of peritonitis was cloudy dialysate (85.2%), followed by
abdominal pain (59.3%). Gram-negative organisms were isolated in 48.1% of cases, and 4 cases had negative cultures. The frequency
of antibiotic prescription within 14 days of admission was significantly higher in culture-negative cases (P = 0.002), and abdomi-
nal pain was more prevalent in Gram-negative peritonitis (P = 0.004). All Gram-negative organisms were sensitive to ceftazidime
and imipenem; while 61.6% of them were sensitive to gentamycin. All Gram-positive organisms were sensitive to cefazolin, and
vancomycin was effective against all Staphylococcus strains. Oxacillin resistance was reported in 50% of Staphylococcus strains.
Conclusions: PD-related peritonitis should be suspected even in cases with clear dialysis effluent who present with other manifes-
tations of peritonitis such as fever or abdominal pain. Moreover, intraperitoneal administration of a first-generation cephalosporin
(cefazolin) combined with ceftazidime was an appropriate therapeutic option for empiric therapy.
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1. Background

Peritoneal dialysis (PD) has emerged as a major
treatment strategy in patients with end-stage renal
disease (ESRD) (1). Pediatric PD has several advantages
over hemodialysis, including being home-based, cost-
effectiveness, compatibility with lifestyle, improved
quality of life, and easier application in infants (2-4).
Therefore, it is considering the best dialysis modality
in pediatrics, especially for infants and young children
living in developing countries (5). Although due to recent
advancements in catheter placement techniques, the

outcomes of PD children have significantly improved,
peritonitis still is the most significant complication in this
population, leading to hospitalization, procedure failure,
transfer to other forms of renal replacement therapy, and
even death (6, 7). PD-related infection is an important
patient-centered outcome in the multi-stakeholder SONG
(Standardized Outcomes in Nephrology) PD initiative (8).

According to the international society for peritoneal
dialysis (ISPD) guideline, empirical antibiotic treatment
should be started as soon as PD-related peritonitis is sus-
pected (9). A multicenter study in Australia has shown that
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contact-to-treatment time (the period between patient’s
admission and initiation of antibiotic therapy) was inde-
pendently associated with an increased risk of PD failure
(10).

Traditionally, Staphylococcus species have been known
as the main etiological agent of PD-related peritonitis;
however, the prevalence of gram-negative bacteria is on
the rise in many countries (11-13). Accordingly, the lat-
est ISPD guideline has recommended that empirical treat-
ment of PD-related peritonitis should be center-specific,
i.e., based on bacteriologic dominance and antimicrobial
susceptibility of each center (9).

2. Objectives

Considering the importance of center-specific data re-
garding the etiological agents of PD-related peritonitis, the
current study aimed to determine the frequency and an-
timicrobial susceptibility of bacterial agents of PD-related
peritonitis in pediatric patients treated by continuous am-
bulatory peritoneal dialysis (CAPD) admitted to Nephrol-
ogy wards of Mofid and Ali Asghar Children’s Hospitals.
Moreover, the association between the causative agents of
PD-related peritonitis and baseline, clinical, and paraclini-
cal characteristics was evaluated.

3. Methods

This study has evaluated the causative agents of PD-
related peritonitis recovered from peritoneal fluid of chil-
dren admitted to the Nephrology wards of Mofid and Ali-
Asghar Children’s Hospital, Tehran, Iran, over a 2-year pe-
riod. Patients aged 18 years or younger with a definitive
diagnosis of PD-related peritonitis by the attending pedi-
atric infectious diseases specialist who were hospitalized
from January 2018 to December 2019 were studies. Peri-
tonitis was diagnosed based on the presence of at least
two of the following criteria: cloudy peritoneal effluent,
abdominal pain, a dialysate white-cell count higher than
100/µL with at least 50% polymorphonuclear cells, or pos-
itive culture of peritoneal effluent (7). Cases of relaps-
ing peritonitis (i.e. peritonitis with the same causative
agent occurring < 30 days following a previous case of peri-
tonitis) and fungal peritonitis were excluded. The study
was approved by the Ethics Committee of the Faculty of
Medicine of Iran University of Medical Sciences (approval
code: IR.SBMU.REC.1396.20).

The medical records of children diagnosed with PD-
related peritonitis and hospitalized at the aforementioned
hospitals during the study period were retrospectively re-
viewed. Data regarding patients’ demographic charac-
teristics, underlying renal disease (type and duration),

peritoneal dialysis (duration, frequency, and catheter
type), past medical history of dialysis-associated peritoni-
tis (times and duration of hospitalization), and antibiotics
used before the current hospitalization were collected. De-
tailed data on the current case of peritonitis (including
clinical manifestations, para-clinical evaluations, results
of peritoneal fluid culture and antibiogram, and antibiotic
regimen) were also recorded.

Data were analyzed with SPSS version 21.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive data were reported using
mean and standard deviation or medians (interquartile
ranges (IQRs)) for continuous and frequencies (percent-
ages) for categorical variables. Patients with positive cul-
tures and those with culture-negative peritonitis were
compared using the Chi-square/Fisher’s exact test for cate-
gorical variables, and the Wilcoxon rank-sum test was used
for continuous variables. A P-value of < 0.05 was consid-
ered statistically significant.

4. Results

4.1. Patients’ Characteristics

From January 2018 to December 2019, PD 23 children
(aged 1 - 17 years) were hospitalized with a confirmed di-
agnosis of PD-related peritonitis, accounting for a total of
27 bacterial peritonitis cases (63% boys and 37% girls, mean
age 8.1± 6.1 years). Children aged 3 - 10 years were the most
commonly affected age group (40.7%), followed by those
aged 10 years or older (37%). The most common underly-
ing condition leading to ESRD was nephrotic syndrome, ac-
counting for 44.4% of cases.

CAPD was the dialysis modality in all cases, and Tenck-
hoff catheter was used for dialysis in all patients. In 50%
of patients, the current case of PD-related peritonitis oc-
curred within 18 months after starting PD. In 40.7% of cases,
there was at least one previous case of PD-related peritoni-
tis. In seven (25.9%) of the peritonitis cases, the patient had
a history of receiving antibiotic therapy within 14 days be-
fore hospitalization, with cephalosporins reported as the
most commonly prescribed antibiotics. Patients’ baseline
characteristics are described in Table 1.

4.2. Clinical and Laboratory Findings

The most common clinical manifestation of peritoni-
tis was cloudy dialysate, followed by abdominal pain. In
12 (44.4%) cases, the patient was afebrile at presentation.
Erythema or induration of catheter exit-site was reported
in five cases, three of which showed purulent discharge.
The results of clinical and laboratory findings are summa-
rized in Table 2. Blood and urine cultures revealed neg-
ative results in all cases. Cultures from peritoneal fluid
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Table 1. Baseline Characteristics Of PD-Related Peritonitis Cases

Variables Valuesa

Sex

Boys 17 (63)

Girls 10 (37)

Age group

≤ 2 years 6 (22.2)

3 - 10 years 11 (40.7)

> 10 years 10 (37)

Underlying kidney disease

Nephrotic syndrome 12 (44.4)

PKD 4 (14.8)

Renal dysplasia/hypoplasia 4 (14.8)

Nephronophtosis 3 (11.1)

PUV 1 (3.7)

CAKUT 1 (3.7)

Unknown 2 (7.4)

PD duration, months 22.5 ± 18.1

History of previous PD-related peritonitis

Yes 11 (40.7)

No 15 (55.6)

Prescribed antibiotics within 14 days of admission

Yes 7 (25.9)

No 20 (74.1)

Abbreviations: PKD, polycystic kidney disease; PUV, posterior urethral valve;
CAKUT, congenital anomalies of the kidney and urinary tract.
aValues are expressed as No. (%) and mean ± SD.

samples were performed by BacT/alert or BACTEC blood sys-
tem. In four (1.4%) cases, the culture of dialysate fluids cul-
ture was negative. Microbiological evaluation of purulent
discharge at the catheter exit site revealed infection with
Staphylococcus species (two Staphylococcus Aureus and one
Staphylococcus Epidermidis).

4.3. Causative Agents Of PD-Related Peritonitis

There was a slight predominance of Gram-negative or-
ganisms (13 cases, 48.1%), including six Pseudomona Aerogi-
nosa, one Enterococcus, one Citrobacter, and five Escherichia
Coli. Gram-positive organisms (10 cases, 37.1%) comprised
two S.aureus, six S.epidermis, one Streptococcus pneumonea,
and one Streptococcus Viridans. In four peritonitis cases
(14.8%), there was no documented positive culture of
dialysate fluids for either bacteria or fungi.

The association between the causative agents of PD-
related peritonitis and baseline, clinical, and paraclini-

Table 2. Clinical and Laboratory Findings of PD-Related Peritonitis Cases

Variables Valuesa

Abdominal pain

Yes 16 (59.3)

No 11 (40.7)

Temperature > 38°C

Yes 12 (44.4)

No 15 (55.6)

Effluent cloudiness

Yes 23 (85.2)

No 4 (14.8)

Erythema or induration of catheter exit-site

Yes 5 (18.5)

No 21 (81.5)

Serum WBC count 11318.51 ± 5335.44

Serum PMN cells, percent 57.1 ± 20.65

ESR 67.4 ± 37.68

CRP 40.36 ± 37.25

Effluent cell count 904.29 ± 751.48

Effluent PMN cells, percent 63.83 ± 25.72

Abbreviations: WBC, white blood cell; PMN, polymorphonuclear; ESR, erythro-
cyte sedimentation rate; CRP, C-reactive protein.
aValues are expressed as No. (%) and mean ± SD.

cal characteristics were evaluated. The frequency of an-
tibiotic prescription within 14 days of admission was sig-
nificantly higher in patients with culture-negative (100%)
than Gram-positive (10%) or Gram-negative cultures (15.4%,
P = 0.002). Moreover, abdominal pain was more preva-
lent in Gram-negative peritonitis (68.8%) compared to
Gram-positive (12.5%) or culture-negative peritonitis (18.8%,
P = 0.004). There was no significant association be-
tween causative agents (Gram-positive, Gram-negative, or
culture-negative) and other baseline, clinical, and para-
clinical characteristics.

4.4. Antimicrobial Susceptibility

According to In vitro evaluation, all Gram-negative
organisms were sensitive to ceftazidime and imipenem
and 61.6% to gentamycin. All Gram-positive organisms
were sensitive to cefazolin, and vancomycin was effec-
tive against all Staphylococcus spp. Moreover, one Gram-
positive organism and one Gram-negative organism were
sensitive to ciprofloxacin. Oxacillin resistance was re-
ported in 50% of Staphylococcus spp. (three coagulase-
negative Staphylococcus (CoNS) and one S. aureus).
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4.5. Treatment

All patients were treated according to the ISPD guide-
lines. All patients received empiric antibiotic therapy
which mainly consisted of intraperitoneal administration
of a first-generation cephalosporin (cefazolin) combined
with ceftazidime or, less commonly, a combination of cef-
tazidime and vancomycin. Post-empiric antibiotic selec-
tion was made based on antibiogram results.

5. Discussion

In this two-center, retrospective study, the causative
agents and susceptibility patterns of 27 cases of PD-related
peritonitis were evaluated. The findings revealed the slight
predominance of Gram-negative over Gram-positive bac-
teria (48.1% vs. 37.1%), with Pseudomona Aeroginosa and
S.epidermis as the most common Gram-negative and Gram-
positive organisms, respectively.

Most cases of PD-related peritonitis are caused by
bacteria, and fungal peritonitis comprises < 5% of all
cases (4). Gram-positive bacteria, particularly coagulase-
negative staphylococcal species, have been pronounced
as the main causative organisms of PD-related peritonitis
by most series (14). On the other hand, advances in the
catheter insertion technique and exit site care and antibi-
otic prophylaxis for S.aureusnasal carriage have led to a de-
creasing incidence of Gram-positive peritonitis and, there-
fore, a relative increase in Gram-negative peritonitis (11-13).

The results of the present were different from some
studies performed in Iran or other countries, which re-
ported Staphylococcus (coagulase-negative and S. aureus) as
the most prevalent causative organism in PD-related peri-
tonitis (11-13, 15). The observed difference can be attributed
to factors such as study population, catheter insertion and
exit site care protocols, and prophylactic antibiotic regi-
mens. In our series, Gram-positive organisms accounted
for almost 37% of cases, while Staphylococcus spp. account-
ing for 80% of the Gram-positive isolates. Moreover, CoNS
accounted for 75% of Staphylococcus spp. as a cause of peri-
tonitis. Conversely, Warady et al. reported a similar preva-
lence of S. aureus and CoNS (7).

PD-related peritonitis usually manifests with cloudy
effluent, fever, and abdominal pain (16). To increase the
possibility of early diagnosis, the ISPD guideline recom-
mended that the peritonitis diagnosis should be consid-
ered if the patient presents with cloudy peritoneal fluid
(9). According to the findings, a clear dialysis effluent was
detected in four (14.8%) cases. Warrady et al. reported
that clear dialysis effluent was found in 3.8% of cases (7).
These findings indicate that PD-related peritonitis should
be suspected even in cases with clear dialysis effluent who

present with other manifestations of peritonitis such as
fever or abdominal pain.

It has been shown that the likelihood of Gram-negative
peritonitis is positively associated with the disease’s sever-
ity; however, the older the patient, the lower would be
this possibility (7). We found no significant association be-
tween Gram-negative causative agents and baseline, clini-
cal, and paraclinical characteristics, except for abdominal
pain at presentation. The authors recommended studies
with larger sample sizes to determine risk factors associ-
ated with causative organisms.

In the present study, culture-negative peritonitis ac-
counted for 14.8% of cases. Based on the literature, the
frequency of culture-negative peritonitis varies greatly
among centers and different age groups; from 13.4% in Aus-
tralian adult PD patients to 31% in Warady et al.’s report
which investigated pediatric PD patients from 14 countries
(7, 17). Culture-negative peritonitis poses a serious diag-
nostic problem and might be explained by the consump-
tion of antibiotics before microbiologic evaluation. We
found a statistically significant association between antibi-
otic prescription within 14 days of admission and culture-
negative peritonitis (P = 0.002). Moreover, the implemen-
tation of standard protocols for the acquisition of sam-
ples and isolation techniques are mandatory. According
to the ISPD guideline, intraperitoneal cefepime monother-
apy can be used for the empiric treatment of PD-related
peritonitis. When cefepime is not available, intraperi-
toneal first-generation cephalosporin combined with cef-
tazidime or an aminoglycoside is recommended (9). The
findings showed that 38.5% of Gram-negative organisms
were resistant to gentamycin.

It can be argued that the intraperitoneal administra-
tion of a first-generation cephalosporin (cefazolin) com-
bined with ceftazidime is a good regimen for empiric ther-
apy. We also found that vancomycin was effective against
all Staphylococcus strains. However, it is recommended to
choose a first-generation cephalosporin over a glycopep-
tide in order to avoid antimicrobial resistance (17).

The present study was limited by the relatively small
number of CAPD-related cases. This might be because,
compared to hemodialysis, fewer children are treated by
PD at our centers, a fact that is reported by other studies
conducted in Iran (18-20). Accordingly, multi-center stud-
ies on the bacteriologic profile of PD-related peritonitis
in children are recommended. To the best of our knowl-
edge, this is the first study to describe the frequency of
bacterial agents causing CAPD-related peritonitis, the most
important complication of PD, and we also investigated
their antimicrobial susceptibility in ESRD children. The re-
sults showed that Gram-negative bacteria are the primary
causative agent of CAPD-related peritonitis, which is not
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consistent with the results of other studies. This signifies
the importance of reviewing retrospective data on bacteri-
ologic dominance and antimicrobial susceptibility in each
center to determine the empiric antimicrobial regimen for
CAPD-related peritonitis.
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