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Abstract

In peritoneal dialysis (PD) the dialysate is introduced into the peritoneal cavity, and the
peritoneal membrane is used as the dialysis membrane. In PD, patients exchange the dialysate
by themselves through the connection tube attached to the indwelling catheter that is inserted
into the peritoneal cavity. Microbes may enter the peritoneal cavity during dialysate exchange,
and, therefore, peritonitis is a potential complication of PD. To prevent microbial
contamination, the connection tube tip is generally sealed with a protection cap containing
povidone-iodine (PVP-I) during the dwelling time. This cap is designed to make direct contact
with the tube tip so that microbes attached during dialysate exchange are killed by the next
dialysate exchange. However, if excess PVP-I flows into the peritoneal cavity and is absorbed
into the body, the complications, including thyroid dysfunction, peritoneal inflammation, and
fibrous thickening, can develop.

Therefore, in this study, a new manual connection system (Zero System, JMS Co., Ltd.,
Hiroshima, Japan) for continuous ambulatory peritoneal dialysis was investigated to confirm
that the PVP-I solution within the protection cap of the new system would not flow into the
fluid passing through the tube. An experiment was also performed to confirm that the
microbes on the connector tip become completely nonviable after attachment of the cap for 3
hours. The cap is fitted with a sponge containing a 10% PVP-I solution, the same as for the
conventional cap system. However, the system is designed to achieve disinfection without
contact, unlike with the conventional system, in which disinfection is achieved by direct
contact of the PVP-I-containing sponge with the open end of the attached connector. The test
results demonstrated that adequate disinfection with this system can be achieved by the next
exchange, while avoiding entry of PVP-I into the peritoneal cavity from the cap.

The results suggest that the use of this connection system can avoid adverse reactions
arising from the absorption of PVP-I and prevent the onset of peritonitis caused by microbial
invasion of the peritoneal cavity.
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Examination of a New CAPD Protection Cap

Introduction

In peritoneal dialysis (PD) the dialysate is
introduced into the peritoneal cavity, and the
peritoneal membrane is used as the dialysis
membrane. At the end of 2008, 9,157 patients were
receiving PD in Japan'. Because the dialysate often
contains glucose, if microbes enter the peritoneal
cavity, they can propagate easily and cause
peritonitis. In continuous ambulatory peritoneal
dialysis (CAPD), for which the general dialysate
dwelling time is 4 to 6 hours, the frequency of
dialysate exchange is higher (4 times a day) than for
other types of PD, and the risk of contamination is
higher. The dialysate exchange is performed by the
patients themselves through the connection tube
attached to the indwelling catheter that is inserted
into the peritoneal cavity. Therefore, contamination
by the patient touching the connector connected to
the dialysate bag directly affects the risk of
peritonitis.

With system modifications, progress in patient
education, and the increased skill of hospital staff
over the past 2 decades, the frequency of peritonitis
caused by contamination during dialysate exchange
has decreased by at least two-thirds; therefore,
CAPD has become a more reliable therapy™.
However, peritonitis due to touch contamination at
the time of dialysate exchange remains a significant
risk in CAPD. In fact, peritonitis is the most
frequent cause of PD discontinuation (approximately
30%) in Japan, followed by death (17%), ultrafiltration
failure (15%), and inadequate dialysis (11.7%)".

In currently available connecting systems for
CAPD, disinfection is achieved with a mechanical
system involving the exposure to heat or ultraviolet
radiation for aseptic connection or with a manual
system in which a protection cap fitted with a
sponge immersed in a povidone-iodine (PVP-I)
solution is attached to the connector, allowing
constant contact between the connector and the
solution during dialysate accumulation in the
peritoneal cavity. If PVP-I flows into the body,
thyroid dysfunction can occur, especially in neonates
and patients with burns'”, there is also a risk of
peritoneal inflammation and fibrous thickening,
which can trigger encapsulating peritoneal sclerosis,
the most serious complication in patients undergoing
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CAPD® These complications can also cause
ultrafiltration failure and inadequate dialysis and
result in PD discontinuation. Therefore, to ensure
the safety of CAPD, a system that can prevent flow
of PVP-I into the peritoneal cavity is needed. The
necessity of such products has been supported by
cases in which hypothyroidism was induced by the
PVP-I contained in the sponge fitted in the
protection cap’.

The present study was performed to examine
whether the flow of PVP-I into the peritoneal cavity
can be prevented with the use of a new manual
connection system (Zero System, JMS Co., Ltd,
Hiroshima, Japan) designed to avoid direct contact of
the connector with the PVP-I-containing sponge. An
additional aim of this study was to examine whether
microbes placed on the connector tip are inactivated
during the 3-hour period (until the next exchange of
dialysate) by the use of the new protection (Cap Kit
S, JMS Co.,, Ltd, Hiroshima, Japan) in an in wvitro
simulation study.

Materials and Methods

PVP-I Contamination Test

A new manual connection system composed of a
CAPD connection-tube connector, a dialysate-side
connector, and a protection cap was used in the test
group (Fig. 1A), and the conventional connection
system manufactured by the same company was
used in the control group (Fig. 1B). The cap in each
group was fitted with a built-in sponge containing a
10% PVP-I solution. When joined to the connection-
tube connector, the sponge in the cap of the new
system did not come in contact with the connector,
whereas in the conventional system, the sponge in
the cap comes in contact with the connector.

After both caps were applied to their respective
connectors, both systems were left standing for 4
hours. Then, the caps were removed, and the
respective dialysate-side connectors were joined to
the system, followed by the passage of 20 mL of
ultrapure water through the tube. The passage
through the tube of each sample of ultrapure water
was investigated to quantify the effective iodine
content by redox titration", with 0.002 N sodium
thiosulfate used as a reducing agent for iodine, to
evaluate PVP-I contamination (n=5; Fig. 2).

As reference information, the amount of PVP-I
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Fig. 2 PVP-I contamination test

contained in the sponge was measured by
quantification of the effective iodine content in the
cap before passage of the ultrapure water (n=5).

Then, the systems were compared by means of
the Dunnett method for parametric variables
(EXSAS ver. 400, Arm Systex Co. Ltd, Osaka,
Japan).
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The mean values and standard deviations of the
quantitative results of the 5 samples were
calculated.

Disinfection Test
For the test group, a new manual connection

system composed of the CAPD connection-tube
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Fig. 3 Disinfection test

connector and the protection cap was used.
Microbes often detected as the causative pathogens
of peritonitis in patients receiving PD" were selected
for this test: 2 Gram-positive bacteria (Staphylococcus
aureus [NBRC 13276] and Staphylococcus epidermidis
[INBRC10091]), 2 Gram-negative bacteria (Escherichia
coli [NBRC3806] and Pseudomonas aeruginosa [NBRC
13275]), and 1 fungus that is often known to cause
intractable infection (Candida albicans [NBRC1594)).
The microbes were suspended (10° CFU/mL) in
0.01% Tween 80-supplemented physiological saline
(Gram-positive bacteria) or plain physiological saline
(Gram-negative bacteria and the fungus).

Each microbial suspension (10 uL, containing 10°
CFU) was mixed with the CAPD solution (10uL,
Perisate 360N, JMS Co., Ltd) and placed on the
connector tip. The cap was placed over the
connector tip, which was then left standing for 3
hours at 30C to 35C or 10C (n=5; to achieve severe
conditions the duration of cap application was
shorter than the usual cap application time for
CAPD of 4-6 hours). In the control group, the
sponge of the cap was preimmersed in physiological
saline instead of in PVP-I solution (n=1) and tested in
the same way as the cap with PVP-L

After being left standing, each cap of the test
group was removed from the connector and the
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connector was immersed in 10mL rinsing fluid
(Fluid D-ST, bioMérieux, Marcy IEtoile, France),
followed by vortexing with a laboratory mixer (for
30 seconds), and subsequent collection through a
0.45-um-diameter cellulose membrane filter (100 mL
Milliflex Filter Funnel Unit, Millipore, Bedford, MA,
USA). After passage of the rinsing fluid the filter
was incubated on Tryptic soy agar (TSA) medium
(Milliflex Cassette Tryptic Soy Agar, Millipore) at
30T to 35C for 7 days, after which the colonies
grown on the filter were counted. In the control
group, it was anticipated that counting 10* CFU of
microbes on a filter after the culture would be
impossible. Therefore, the connector was immersed
in 10 mL of rinsing solution after the standing period
and subjected to vortexing with a laboratory mixer
(for 30 seconds). Then, 500 uL. of the fluid was
smeared onto 3 plates of TSA medium (bioMérieux)
and incubated at 30C to 35T, followed by colony
counting and calculation of the microbial count by
multiplying the mean colony number on the 3 plates
of TSA medium by 20 (Fig. 3).

For a quantitative evaluation of which microbial
counts dispensed into the connector was 10*° CFU/
10 uL, CFUs were enumerated by plating 100 uL of
the serially diluted solution onto TSA medium and
incubating at 30C to 35C for 1 day for S. aureus, E.
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Table 1 Results of disinfection test

(CFU)
Temperature 30T to 35C 10T
Test No. 1 2 3 4 5 1 2 3 4 5
Sample 0 0 0 0 0 0 0 0 0 0
S. aureus
Control 27 %103 25x103
Sample 0 0 0 0 0 0 0 0 0 0
] S. epidermidis
g Control 1.1x103 31x103
& Sampe 0 0 0 0 0 0 0 0 0 0
] E. coli
2 Control 42x103 33x103
—
= Sample 0 0 0 0 0 0 0 0 0 0
= P. aeruginosa
Control 15x103 22x103
Sample 0 0 0 0 0 0 0 0 0 0
C. albicans
Control 51x103 53x103
*Microbial suspension placed on connector: 2.3-54 x 103 CFU
=5 =5
0.05 (n=5) A (n=35)
ERE, 5
2 2 00 2 % [ p <0.001
8 ‘g 8 g/ 3 |
25 o T 2
2 7 222t
E g 0.02 g o
Q o 2 —
%’ = o0l S 81 ¢
- ND* -
0.00 0
New system Conventional system

* ND: Not detectable

Fig. 4 Measurements of effective iodine content in
passing fluid

coli, P. aeruginosa, and for 2 days for S. epidermidis, C.
albicans before colonies were counted. Then, the
colony counts were multiplied by the dilution ratio
to estimate the total microbial load.

Results

PVP-I Contamination Test

The effective iodine content contaminating the
0.008 ug with the
conventional cap but was less than the detection

passing fluid was 0025 =

limit with the new cap (Fig. 4). The effective iodine
content detected in the PVP-I solution contained in
the cap sponge was about 3 times greater with the
new cap (2.65 = 0.04 mg) than with the conventional
cap (0.89 = 0.03 mg; Fig. 5).
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New system Conventional system

Fig. 5 Measurements of effective iodine content in
sponge

Disinfection Test

In the control group, in which the sponge was
preimmersed in physiological saline instead of a
PVP-I solution, all of the test microbes grew to a
density of about 10*° CFU in an atmosphere of 30C
to 35C and 10C. In the test group in which the new
protection cap was used, all the test microbes lost
viability within 3 hours in an atmosphere of 30C to
35T and 10C (Table 1).

In addition, the microbial counts placed on the
connector were between 2.3 x 10° to 54 x 10° CFU

for each species.

Discussion

The present study, using a new manual

connection system designed to avoid contact

J Nippon Med Sch 2010; 77 (2)
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1. Generation of HOI"
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il o

ROO- +H,0F — > R

4. Reaction with Histidine

I

O H' + H,0

N
R/[;» + BOI —>R/£;1§\1 + B +H,0

Fig. 6 Presumed disinfection mechanism of PVP-I

between the connector and the PVP-I-containing
sponge, investigated whether a PVP-I solution
contained in the sponge of the new protection cap
contaminates the fluid passing through the tube and
whether microbes adhering to the connector are
inactivated (assuming touch contamination of the
connector).

In this study, the results of the PVP-I
contamination test confirmed the absence of
contamination of the passing fluid with the new
protection cap, despite the content of iodine
contained in it being approximately 3-fold higher
than in the conventional protection cap, in which
PVP-I contamination of the passing fluid was noted.
In the disinfection test, the new system was found to
be capable of inactivating 10* CFU microbes, a much
higher density than that seen following connector-
touch contamination within 3 hours, which is a
shorter period than that needed for dialysate
exchange. Generally, less than 10> CFU microbes are
on a human palm. With the assumption that all
microbes on a palm become attached to the
connector tip, 10° CFU was chosen as the number of
microbes for this study®

Excess iodine intake can cause adverse effects on
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thyroid function such as hypothyroidism and
goiter™, Furthermore, iodine excretion abnormality
develops because of renal dysfunction in patients
with end stage renal failure. Although patients
treated with PD are usually euthyroid®", elevated
serum iodine levels are found in about 90% of
patients receiving CAPD". Takeda, et al. have
reported that 3 of 93 patients receiving dialysis who
had no history of thyroid diseases were found to
have hypothyroidism after dialysis was started®.
Because hypothyroidism in these 3 patients could be
reversed by restriction of iodine-rich foods, an iodine
organification defect might develop in patients
receiving dialysis long term'. Moreover, in another
study of the same group, PVP-I was found to have
leaked from a protection cap and flowed into the
peritoneal cavity to Increase serum levels of
inorganic iodine and thyroid stimulating hormone.
Hence, entry of iodine into the peritoneal cavity is
considered unfavorable even if its concentration is
low.

The new manual connection system evaluated in
the present study did not show contamination of the
passing fluid, because contact of the connector with
the protection cap sponge containing the PVP-I
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solution is avoided. Furthermore, the new system
could inactivate 10* CFU microbes within 3 hours.

According to the prevailing view of the
mechanism underlying the disinfecting activity of
PVP-], the iodine (I.) freed from the solution oxidizes
water to yield H.OI", which then reacts with
membranous protein (-SH group, tyrosine, histidine)
on the microbial surface, leading to the loss of
microbial viability” (Fig. 6).

Disinfection in this contact-free new system occurs
via free iodine undergoing sublimation and oxidizing
the water in the air or microbes, leading to the loss
of microbial viability, or via exposure of microbes to
the steam of oxidized water, resulting in the loss of
viability.

Conclusion

The results of the test confirmed that
contamination of the passing fluid with PVP-I was
avoided with the use of the new manual connection
system, because the system is designed to allow no
contact between the PVP-I solution (contained in the
sponge of the new protection cap of Cap Kit S) and
the connector. The results also confirmed that this
system can inactivate 10> CFU microbes adhering to
the connector within 3 hours of application of the
new protection cap. These results suggest that
various risks arising from contamination of the
peritoneal cavity with PVP-I can be avoided with
the use of the new system in patients undergoing
CAPD, most significantly that of peritonitis caused
by connector-touch contamination at the time of
dialysate exchange.
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