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Peritoneal dialysis (PD) cathetereassociated infections remain a challenging cause of technique failure. Pa-
tient trainingandpreventivemeasures are keyelements in themanagementof infection rates. Twenty-seven
of the 167 PD catheter transfer sets analyzed (19%) yielded a positive microbial culture (58% gram-negative
bacteria). These results show that subclinical contamination, particularly fromenvironmental gram-negative
bacteria, is a potential hazard, indicating the need for a protocol for regular transfer set changes.
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Peritoneal dialysis (PD) is gaining increasing acceptance as a every 6 months, based on the assumption that the longer the usage

renal replacement therapy owing to its economic and social
benefits. Despite the technical advances in PD, peritonitis remains a
major cause of technique failure.1,2 Microorganisms causing PD-
related infections can originate from several sources.3 Skin and
environmental microorganism contamination associated with
transfer set manipulation are considered the major causes of
infection.2 Thus, the success of PD therapy relies on patient skills
and compliance with the personalized education programs to
minimize contamination.4 However, patients often disregard care
protocols, including hand hygiene.5 Furthermore, infection pre-
vention measures empirically include a routine transfer set change
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time, the more likely the segment will be colonized by environ-
mental microorganisms.

In a single study of 17 PD transfer sets, culturablemicroorganisms
were not identified6; however, our group has reported the presence
of biofilm on PD transfer sets and identified their chemical constit-
uents.3 Thus, the present study aimed to evaluate themicrobiological
spectrum and density ofmicroorganisms on the intraluminal surface
of transfer sets, to elucidate the relevance of this catheter segment as
a port of entry for microorganisms causing infections.

MATERIALS AND METHODS

Between September 2011 and June 2013, transfer sets were
obtained from adults undergoing PD at the Division of Nephrology,
Hospital Geral de Santo António. All of the transfer sets were
removed within the routine clinical time frame (after 6 months
of use). Exclusion criteria included removal owing to suspected
fault/crack, malfunction, touch contamination, and dropout. The
International Society for Peritoneal Dialysis 2010 PD-related in-
fections criteria were applied.7 This study was approved by the
Ethics Committee of Centro Hospitalar do Porto [PI-243/11
(153-DEFI/229-CES)], and all patients provided signed consent.

The transfer set outer surface was first disinfected by immersion
in 70% ethanol for 10minutes, followed by a rinse and immersion in
sterile water for 5 minutes, and wiping with sterile gauze. The ends
of the transfer set were cut, and the segment was split longitudi-
nally. The biofilm3 was scrapped and suspended in 400 mL of saline,
then sonicated at 50-60 Hz (Sonicor, NY) for 5 minutes and
Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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Fig 1. Population characteristics according to the microbial recovery outcome. Cate-
gorical variables were compared using the c2 test, with Yates correction applied when
required. APD, automated PD; ESI, exit site infection; HD, hemodialysis; KT, kidney
transplant; RRT, renal replacement therapy.

Table 1
Microbial growth in transfer sets with a positive culture

Species n (%)* Score, mediany

Gram-positive 13 (39) 1
Staphylococcus epidermidis 5 (15) 1
Micrococcus luteus 4 (12) 1
Staphylococcus capitis 2 (6) 2
Staphylococcus aureus 1 (3) 2
Staphylococcus warneri 1 (3) 3

Gram-negative 19 (58) 2
Sphingomonas spp 9 (27) 2
Delftia acidovorans 3 (9) 1
Herbaspirillum huttiense 3 (9) 2
Burkholderia spp. 2 (6) 1.5
Pseudomonas aeruginosa 1 (3) 2
Serratia marcescens 1 (3) 3

Fungi 1 (3) 2
Pichia guilliermondii 1 (3) 2

The median score values for each main group are shown in bold.
*Six of 27 samples had more than 1 bacterial species, resulting in a total of 33
cultured microorganisms.
yThe combined results from the qualitative and semiquantitative analyses were
classified into 3 categories: 1, growth in the qualitative analysis and �8 CFU/
transfer set in the semiquantitative analysis; 2, 9 � CFU/transfer set <9 � 102; 3,
9 � 102 � CFU/transfer set < 9 � 104. The detection limit of the semiquantitative
method was 8 CFU/transfer set.
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vortexed for 30 seconds. This protocol preserves microbial
culturability.8

For semiquantitative analysis, 100 mL of the sonicated
suspension was plated onto Oxoid Tryptose Blood Agar Base
(Thermo Scientific, Waltham, MA) supplemented with 7% defi-
brinated sheep’s blood (Probiologica, Lisboa, Portugal) (TBA) and
then incubated at 37�C for up to 72 hours. For qualitative analysis,
the residual suspension was inoculated in 5 mL of Tryptic Soy
Broth (Liofilchem, Teramo, Italy) supplemented with 7% defi-
brinated sheep’s blood and incubated at 37�C under 120 rpm
spinning for 24 hours, followed by subculturing on TBA at 37�C for
up to 72 hours. All plates were examined for microbial growth,
and the number of colony-forming units (CFU) was recorded. The
microbial isolates were identified by matrix-assisted laser
desorption/ionization time-of-flight intact cell mass spectrometry
(Axima LNR system; Shimadzu Biotech, Kyoto, Japan).9
RESULTS

A total of 167 transfer sets were removed from 82 patients. The
samples were divided in 2 groups according to the presence (n¼ 27
[19%]; mean age, 49.5 � 13 years) or absence (n ¼ 140 [81%]; mean
age, 51.9 � 15.2 years) of microorganisms by semiquantitative and
qualitative culture. The population characteristics were similar in
the 2 study groups (Fig 1); in particular, rates of peritonitis and exit
site infection before removal were 4% and 15%, respectively, in
those with a positive microbial culture and 10% and 7% in those
with a negative microbial culture (P ¼ .28).

In the 27 samples with a positive culture, 41% had �8 CFU/
transfer set, 44% had 9 � CFU/transfer set < 9 � 102, and only 15%
yielded 9� 102� CFU/transfer set< 9� 104. Gram-negative bacteria
were more commonly isolated than gram-positive bacteria (58% vs
39%). Sphingomonas spp were the most common microorganisms
(27%), followed by coagulase-negative Staphylococcus (24%). No
association was observed between microbial density and microbial
gram positivity or negativity (P ¼ .58).

The consecutive recovery of microorganisms from transfer sets
belonging to the same patient was rare (n ¼ 2), and different mi-
croorganisms were recovered at the different time points (case 1:
Delftia acidovorans and Burkholderia spp; case 2: Herbaspirillum
huttiense and Pichia guilliermondii).

In addition, microorganisms were not recovered from the
transfer set in the majority of situations when an infection episode
occurred before segment removal (Fig 1). In the 5 samples in which
growthwas observed, themicroorganism isolated from the transfer
set was not that causing the infection (Sphingomonas spp vs Prov-
idencia rettgeri, H huttiense vs Staphylococcus aureus, Staphylococcus
capitis vs S aureus, Sphingomonas spp and D acidovorans vs Strep-
tococcus spp, and Micrococcus luteus vs Kocuria kristinae).
DISCUSSION

This study involved a single center running a PD program
representative of the modality in Portugal. The rate of peritonitis in
this center between 2006-2010 was 0.47 episodes/patient-year (ep/
p-y), including 0.13 gram-negative ep/p-y and 0.22 gram-positive
ep/p-y peritonitis (0.05 Staphylococcus epidermidis ep/p-y).1 The
low incidence of microbial recovery in the transfer sets (Fig 1) is
undoubtedly related to patient training and infection prevention
protocols; nonetheless, our findings show that contamination of
transfer sets by gram-negative species represents a potential hazard.

Environmental contaminationof segments is suggestedby the low
microbial burden (Table 1). It should be noted that the present study
did not assess the intraluminal migration of microorganisms; how-
ever, touch contaminations have been associated with low burden of
microorganisms entering the peritoneal cavity10 and low peritonitis
rates,11 possibly related to the effect of the flush-before-fill procedure
that helps “wash” the lumen. Furthermore, the microbial spectrum
(Table 1), alongwith the general lack of consistentmicrobial recovery
and/or species identity at different sampling time points, also
differing from previously identified infectious agents, point to an
environmental source. In fact, skin or mouth colonizers such as
Staphylococcus spp and Micrococcus spp, were observed (Table 1).
Importantly, a high rate of gram-negative bacteria associated with
water and moist environments, including Sphingomonas spp and
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Burkholderia spp,was detected (Table 1). Thesemicroorganisms have
been associated with serious infectious episodes in the literature,
although the outcome of an infection depends not only on the
microorganism, but also on patient morbidity and dialysis factors.
This isparticularly relevantgiven the increasing rateof gram-negative
infections, which are associatedwith poor outcomes.2,7 Furthermore,
whereas touch contamination is usually associated with gram-
positive bacteria, this study suggests that potentially hazardous
gram-negative microorganisms present, for example, on work sur-
faces, onhands, and inwateryenvironments can gainaccess to the PD
catheter through touch during transfer set manipulation.

Overall, this study demonstrates that the PD catheter transfer
set can serve as a port of entry for infectious microorganisms, and
reinforces the relevance of transfer set removal as an infection
preventive measure. Although the rate of coagulase-negative
Staphylococcus peritonitis has been suggested as an indication of
adequate training,4 our results point to the need for improvements
in patient training measures to limit environmental gram-negative
bacteria contamination.
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