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Historically, exit-site infections (ESIs) have been
problematic for patients on peritoneal dialysis (PD).

Continuous ambulatory peritoneal dialysis (CAPD) pa-
tients with a history of ESI were much more likely to also
have a history of peritonitis than those patients with-
out a history of ESIs (64% vs 45%, p < 0.05), as shown
in an observational study from the early days of PD,
1979 – 1984 (1). In that study, 83% of the catheters
removed were in the group of patients with a history of
at least one ESI, compared to 17% in those without an
ESI (p < 0.001). Only 10% of catheter loss was due to a
mechanical problem, 25% due to peritonitis alone, and
the rest due to ESI and tunnel infection with or without
peritonitis. Peritonitis that is related temporally and by
organism to ESI and tunnel infection is most often
caused by Staphylococcus aureus and Pseudomonas aeru-
ginosa (2).

THE IMPORTANCE OF STAPHYLOCOCCUS AUREUS CARRIAGE

Staphylococcus aureus carriage is a risk for both
S. aureus ESI and peritonitis in PD patients (3,4). In a
multicenter observational study of 140 CAPD patients fol-
lowed for a median of 10.4 months, 45% of the patients
had a positive nose culture for S. aureus at the time of
catheter placement (3). The patients with the positive
nose culture were the only ones to develop S. aureus peri-
tonitis in the relatively brief follow-up period, and were
much more likely to develop S. aureus ESI: 22 episodes
(85% of the total) were caused by S. aureus in the car-
rier group compared to 2 episodes (25% of the total) in
the noncarriers. Colonization at either the nares or skin
leads to colonization of the exit site and, in some but
not all patients, ESI and peritonitis (5). Considerable

attention has been focused on preventing ESIs using pro-
phylactic antibiotics or special cleansing solutions for
the exit site. This paper analyzes the literature on this
subject.

EARLY TRIAL USING PROPHYLACTIC TRIMETHOPRIM–
SULFAMETHOXAZOLE

Swartz et al. performed a randomized controlled trial
(RCT) of prophylaxis with trimethoprim–sulfameth-
oxazole (single strength, on Mondays, Wednesdays, and
Fridays) (n = 29) compared to no prophylaxis (n = 30) in
PD patients to evaluate the impact on ESIs and perito-
nitis (5). A weakness of this study is that patients were
not stratified by carriage status. The rates of overall tun-
nel–ESI were 0.3 versus 0.4, respectively, per year at risk
in the two arms of the study, and were not significantly
different. Coagulase-positive staphylococcus tunnel–
ESI rates were 0.23 versus 0.27 per dialysis-year at risk
and accounted for the majority of the infections. The
rates of gram-negative rod tunnel–ESIs were not given
but can be calculated as 0.07 in the intervention arm
and 0.13 per dialysis-year in the control arm, a seem-
ingly impressive difference but tempered by the small
sample size.

This study is of considerable interest because the RCT
portion was preceded by a prospective evaluation of exit-
site colonization during which swabs were taken of the
exit site, either normal or abnormal, when the patients
presented with peritonitis. Peritonitis with coagulase-
positive staphylococcus was associated with an exit-site
culture for the same organism in 85% of the cases, and
in 60% of these cases there was clinical evidence of an
ESI, again with the same organism. This evidence is very
suggestive that most peritonitis due to coagulase-posi-
tive staphylococcus derives from the colonization of the
catheter itself. Peritonitis due to gram-negative bacilli
was also often associated with exit-site colonization or
infection. Pseudomonas aeruginosa was not separated
out in this study.
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patients in Europe (8). To qualify to enter the trial, a pa-
tient had to have at least two positive nasal swabs for
S. aureus taken at different times (separated in time by
2 days to 10 weeks). This may have led to bias, as those
patients that developed an early S. aureus PD-related in-
fection (from the delay in establishing nasal carriage sta-
tus) were excluded from the trial. The intervention arm
received mupirocin applied intranasally twice daily for
5 days, repeated monthly for the course of the study,
while the control arm received a placebo intranasal oint-
ment; 267 patients were entered into the study. The over-
all rates of ESIs were 0.29 and 0.50 per dialysis-year at
risk in the mupirocin and placebo arms respectively, and
for S. aureus ESIs these rates were 0.12 and 0.43 per year
at risk.

These S. aureus ESI rates are very similar to those
found in the Bernardini et al. paper [historical control
0.46/year at risk, intervention 0.13 (exit-site mupiro-
cin) and 0.15 (cyclical oral rifampin)] (7). However, the
exit-site mupirocin and cyclical rifampin protocols were
considerably more effective in lowering S. aureus peri-
tonitis rates: 0.04 episodes per year at risk in the exit-
site mupirocin arm and 0.02 episodes per year at risk with
cyclical oral rifampin, compared to 0.16 episodes per year
at risk using cyclical intranasal mupirocin. No RCT com-
paring intranasal mupirocin to exit-site mupirocin in
preventing ESIs has been done, nor has the combina-
tion approach been examined in a RCT.

A follow-up analysis of the cost associated with the
use of intranasal mupirocin and the outcomes in the two
arms of the trial concluded that, even though the proto-
col significantly reduced S. aureus ESIs, leading to lower
antibiotic costs, the total cost was not lower due in part
to the cost of the nasal cultures (9). In the United States,
one needs a diagnosis for billing purposes, and there-
fore doing screening nasal cultures for S. aureus can be
problematic. The intranasal mupirocin protocol of the
European multicenter RCT is not practical as it involves
at least two nose cultures and the high cost associated
with them, a delay in implementing the prophylaxis at
the critical early period on PD, and, although not stud-
ied, the potential for non-adherence of patients with the
intranasal application. Perhaps for these reasons this
approach has not been widely adopted, despite its proven
efficacy in reducing S. aureus ESIs.

Staphylococcus aureus strains can be identified using
pulse field gel electrophoresis. In a study including
14 patients with S. aureus peritonitis, the same strain
was present at the exit site in 10, the nose in 5, the nails
in 4, and in 2 of the partners that participated in the
exchanges (10). It is not clear that intranasal mupirocin
would prevent colonization at these other sites or in the

TRIAL OF RIFAMPIN PROPHYLAXIS IN PD PATIENTS

Zimmerman et al. randomly assigned 64 PD patients
to either oral rifampin 300 mg twice daily for 5 days every
3 months, or no prophylaxis (6). The group receiving the
cyclical rifampin prophylaxis had a longer time to first
catheter-related infection (p < 0.001) and a lower cath-
eter infection rate (0.26 vs 0.93/patient-year at risk, p <
0.001) than the group receiving no prophylaxis. The
multivariate analysis showed that baseline S. aureus
nasal colonization, exit-site S. aureus colonization, and
prior renal transplant were the risk factors for catheter-
related infections. Despite the impressive efficacy of this
approach, use of rifampin as prophylaxis has not been
widely adopted, perhaps due to reluctance to use a drug
having side effects and concern for the development of
resistance to rifampin, a useful drug in the treatment of
infections.

RCTs OF MUPIROCIN PROPHYLAXIS

Because of the success of the Zimmerman protocol,
in the early 1990s, we designed a RCT to compare cycli-
cal rifampin (n = 41) to daily application of mupirocin to
the exit site (n = 41) as prophylaxis to prevent ESIs (7).
We did not feel it was ethical to use a placebo arm in the
trial given the striking difference in outcomes in the
Zimmerman study (6). Our hypothesis was that the two
approaches would be equally efficacious. We were able
to compare our rates of ESIs during the study period to
prior rates prospectively collected as part of the PD Reg-
istry in place at our center since 1983. Staphylococcus
aureus ESIs were strikingly reduced in both arms during
the trial (0.13 and 0.15/dialysis-year at risk, mupirocin
vs rifampin, p = NS). These rates were statistically lower
than the prospectively collected prior rates (0.46/dialy-
sis-year at risk), and this difference was clinically im-
portant. Staphylococcus aureus peritonitis also declined
to very low rates in both arms (0.04 and 0.02/dialysis-
year at risk), contrasted to the rate of 0.16/dialysis-year
at risk during the prior period without prophylaxis. We
concluded that both approaches were equally efficacious
in reducing S. aureus PD-related infections, but that
mupirocin applied daily to the exit site had fewer side
effects and was easy to implement. By treating all PD
patients, we avoided the need to perform repetitive nose
cultures for S. aureus carriage. We also avoided the prob-
lems of intermittent carriage and patients acquiring
S. aureus carriage (and the risk of ESI) between visits.

Prior to and while we were doing our single-center
study, a multicenter double-blinded RCT of intranasal
mupirocin versus placebo was being carried out in PD
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partner. Applying the antibiotic cream to the exit site is
an approach that targets the site at risk for infection,
and may be the reason that exit-site mupirocin appears
to be more effective than intranasal mupirocin in pre-
venting S. aureus peritonitis.

After completion of our center’s RCT comparing daily
exit-site mupirocin to cyclical rifampin, we implemented
at the time of training the use of daily exit-site mupiro-
cin, first only in S. aureus nasal carriers (defined based
on one culture being positive at the time of catheter in-
sertion), but then quickly moved to a protocol in which
all patients were instructed to use daily exit-site mupir-
ocin as part of daily care. The rationale for placing all
patients on prophylaxis includes both the large propor-
tion of PD patients that are at risk for S. aureus infec-
tions and the possibility of patients acquiring S. aureus
carriage between visits.

Vychytil et al. examined time to first S. aureus cath-
eter infection in groups of patients (immunosuppressed,
diabetic, and all other patients) (11). The investigators
found that the immunosuppressed patients, diabetic
patients, and those that were S. aureus carriers in all
groups were at increased risk for early S. aureus infec-
tion. Hence, only the nondiabetic, non-immunosup-
pressed noncarrier patients were at low risk for S. aureus
ESIs. These patients had S. aureus peritonitis rates of
0.03 episodes per year at risk, in contrast to the diabetic
patients (0.19/year at risk) and the immunosuppressed
patients (0.16/year at risk). The rates in the non-immu-
nosuppressed nondiabetics (the low-risk group) are simi-
lar to the rates of those patients that were given either
rifampin or mupirocin prophylaxis in the Bernardini et al.
trial. These results indicate that the use of either proto-
col converts the group of patients (many at high risk)
into low risk for S. aureus infection.

Patients that are at one point in time noncarriers may
become carriers. Herwaldt et al. examined potential
sources of S. aureus carriages or infections (12). Fifty-
eight percent of the PD patients studied had a positive
nares culture at some point. Nineteen percent of those
with initial negative nose cultures turned positive from
1 to 14 months later. The same strain was found on a
physician (n = 1), family members (n = 5), and other pa-
tients (n = 8), while 2 nurses appeared to have acquired
strains from the patients. Therefore, it would seem that
virtually all patients on PD either have a risk factor for
S. aureus infection (carriage, diabetes, immunosuppres-
sion) or are at risk for developing a risk factor (acquir-
ing carriage status), in some cases from the PD center
personnel.

By placing all our patients on prophylaxis using exit-
site mupirocin in the early 1990s, our center found a dra-

matic and sustained reduction in both S. aureus ESIs and
peritonitis (Figure 1) (13). However, we found no im-
pact at all on P. aeruginosa ESIs (Figure 2). With the near
disappearance of S. aureus from our program, P. aeru-
ginosa became the most common organism causing cath-
eter infections, even though the rates were no higher
than before implementation of daily exit-site mupirocin.

RCT COMPARING GENTAMICIN TO MUPIROCIN EXIT-SITE
PROPHYLAXIS

We carried out a double-blinded RCT comparing gen-
tamicin cream to mupirocin cream, applied daily to the
exit site as part of daily care, at three centers (14). The
two creams looked identical, were prepared into jars by
the central pharmacy, and labeled cream A and cream B.
Staphylococcus aureus carriage was controlled for in the
randomization process. The hypothesis was that
P. aeruginosa ESIs would be decreased by 50% in the gen-
tamicin cream arm; the sample size analysis was per-
formed using the Registry database, which provided a

Figure 2 — Pseudomonas aeruginosa catheter infections in
episodes per year at risk, from the University of Pittsburgh
Peritoneal Dialysis Registry. Gentamicin exit-site prophylaxis
was implemented in all patients after completion of the ran-
domized controlled trial at the end of 2003 (14).

Figure 1 — Staphylococcus aureus catheter infections and peri-
tonitis in episodes per dialysis-year at risk, from the Univer-
sity of Pittsburgh Peritoneal Dialysis Registry. The 1980s were
without prophylaxis, the 1990s with mupirocin prophylaxis,
and the 2000s the time of the second randomized controlled
trial (14) and subsequent implementation of gentamicin pro-
phylaxis in all patients.
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historical P. aeruginosa ESI rate of 0.11 per patient-
dialysis-year from 1982 to 2001. Furthermore, we hy-
pothesized that the gentamicin arm would be as effective
as the mupirocin arm in preventing S. aureus ESIs. The
study was not powered to study peritonitis rates but peri-
tonitis data were collected as part of the safety analysis;
133 patients were included. Staphylococcus aureus ESIs
were low in both arms (0.06 and 0.08/dialysis-year at
risk in the mupirocin and gentamicin arms, p = 0.44) and
were similar to our previous experience with mupirocin.
As expected, the mupirocin cream had no impact on
P. aeruginosa ESI rates (0.11/dialysis-year at risk, same
as our historical data), while in the gentamicin cream
arm there were no P. aeruginosa ESIs (p = 0.0025 com-
pared to mupirocin). Somewhat surprisingly, the total
peritonitis rate was lower in the gentamicin arm (0.34
episodes/year at risk compared to 0.52, p = 0.03), due
in large part to a lower rate of gram-negative peritonitis
other than P. aeruginosa. These results remain unex-
plained and require evaluation with another study.

Since the completion of this study in December 2003,
we have implemented daily application of gentamicin
cream to the exit site in all patients (Table 1). This has
proven to be very effective, with the result of very low
PD-related infections in our program: 0.16 peritonitis per
year and 0.05 catheter infections per year in 2007. The
protocol is easy to implement, well accepted by patients,
and very cost-effective and because all patients are asked
to participate, there is no need to obtain repetitive nasal
swabs for S. aureus cultures.

CONCERNS WITH USE OF ANTIBIOTIC PROPHYLAXIS

The ISPD 2005 infection guidelines recommended the
use of antibiotic prophylaxis in PD patients: daily exit-
site mupirocin, intranasal mupirocin cyclically, or daily
gentamicin exit-site cream (15). However, there are sev-

eral concerns frequently expressed with this approach
that we will address here.

First, there was a widespread perception that use of
mupirocin at the exit site would lead to an increase in
gram-negative ESIs. There are no credible data to sup-
port this. In our carefully and prospectively collected
Registry data, the rate of gram-negative ESIs over two
decades, including the time of prophylaxis, fluctuated
but there was no increase with mupirocin prophylaxis
when expressed as a rate (13). Naturally, once S. aureus
is sharply reduced, the proportion of ESIs from gram-
negative infections will increase. This is why it is impor-
tant to look at the results of trials as a rate (number of
infections by a specific organism divided by time at risk)
instead of as percentages.

Second, there is a belief and some evidence that the
use of exit-site mupirocin will lead to S. aureus infections
that are mupirocin resistant (16,17). However, the data
suggest that this is more likely to occur with intermit-
tent (i.e., less than daily) application of exit-site mupir-
ocin (17). Since use of exit-site antibiotic prophylaxis
markedly reduces the risk of ESIs and possibly peritoni-
tis, fewer systemic antibiotics are used (9). Indeed, in
some cases, refractory ESIs and tunnel infections may
be treated with prolonged courses of antibiotics, lead-
ing to a risk of not only resistance but also of fungal peri-
tonitis. It would seem wiser to prevent the infection
through the use of prophylactic exit-site antibiotic
cream.

Third, there is concern that the use of a broad-spec-
trum antibiotic such as gentamicin will lead to fungal
infections. We did find a small increase in fungal ESIs in
the gentamicin arm (0.05 vs none/year at risk, p = 0.05)
compared to the mupirocin arm. These infections were,
however, readily treated with a short course of flucon-
azole. There were similar numbers of fungal peritonitis
in both arms (2 episodes in each arm, 0.04 and 0.03/
year at risk) and none were related to a fungal ESI. Sub-
sequently, we have seen no trend toward higher fungal
infections with the use of gentamicin at the exit site over
the past 4 years since the completion of the RCT.

In contrast to in-center hemodialysis patients, PD
patients are not in close contact with each other. There-
fore, the risk of a resistant strain transferring from
patient to patient is low but not negligible (12). Trans-
fer of organism from patient to patient via healthcare
providers has also been shown (12) and therefore trans-
mission from patient to patient may be through the
healthcare provider. For this reason, during clinic vis-
its, healthcare providers must wash their hands thor-
oughly between patients to prevent the transmission of
organisms.

TABLE 1
University of Pittsburgh Protocol to Prevent Peritoneal

Dialysis (PD) Catheter Exit-Site Infection

• Nares culture for Staphylococcus aureus at the time of PD
catheter placementa

• Sterile dressing changes by PD nurse until training begins
• Chronic care of daily cleansing of exit site with antibacte-

rial soap and water
• Application of exit-site gentamicin daily as part of routine

care
• Loose dressing kept over the exit site

a Only initial culture is done to identify high-risk patients, but
all patients are treated.
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LESS FREQUENT APPLICATION OF MUPIROCIN AND
ALTERNATIVE REGIMENS

Mupirocin applied once weekly to the exit site has
been examined in two RCTs (18,19). In one study, 100
new CAPD patients free of ESI were recruited for a study
in a center in the Philippines (18). Most patients came
to the center for their exit-site care, generally weekly.
Patients were randomized to either mupirocin applied
to the exit site weekly or to sodium fusidate ointment to
the exit site. Total ESI rates were 0.23 versus 0.25 per
year at risk respectively (not different). Pseudomonas
aeruginosa was the most common organism causing ESIs.
The second study examined the first 6 months of CAPD
and compared once weekly to three times weekly appli-
cation of mupirocin (19). Each arm had one S. aureus ESI
during the first 6 months.

Yet another small RCT compared cyclical (monthly)
course of ofloxacin 200 mg on days 1, 3, and 5 of each
month (n = 9), 2% sodium fusidate ointment applied to
the anterior nares and the catheter exit site twice daily
for 5 days each month (n = 9), and a third control group
that received a placebo pill (n = 13) (20). The partici-
pants were all S. aureus carriers. Staphylococcus aureus
ESIs were 0.55, 0.97, and 0.5 episodes per year at risk in
the three groups. These are extraordinarily high rates,
perhaps because all patients were known carriers. Be-
cause of their small sample size, all of these studies must
be considered exploratory, but sodium fusidate applied
to the exit site appears to be an option that deserves
further study.

CLEANSING OF THE EXIT SITE

Careful attention to cleaning the exit site must not
be neglected. Luzar et al. performed a multicenter RCT
involving the use of povidone iodine to clean the exit
site two to three times weekly (as this was the frequency
of bathing in this European study), carefully wiped off
using sterile gauze, and covered by a nonocclusive ster-
ile gauze dressing secured by tape (21). This was com-
pared to daily cleaning using a non-disinfectant soap
(regardless of frequency of bathing) and without a dress-
ing. It is important to note that neither group used dis-
infectant soap (antibacterial soap). The study enrolled
127 patients (74 used the povidone iodine cleansing pro-
tocol and 53 the non-disinfectant soap and water only
protocol) that were followed for an average of 9 months.
The group using the povidone iodine cleansing and dress-
ing had an ESI rate of 0.27 per year at risk, while the
other group had a rate of 0.71 episodes per year at risk
(p = 0.018). The rate of ESI in the povidone iodine arm

was not much different than that in the Zimmerman cy-
clical rifampin protocol (0.26/year at risk), or with use
of intranasal mupirocin (0.28/year at risk), or the use of
exit-site gentamicin (0.23/year at risk). Indeed, this rate
is considerably lower than that found for ESIs using exit-
site mupirocin [0.54 episodes/year at risk (7) and
0.42 episodes/year at risk (14)]. It is important to note
that the povidone iodine was not left on the skin around
the catheter but was wiped off after the cleaning was
completed. One cannot separate the effect of the dress-
ing from the effect of the povidone iodine on the results.
The very high rate of ESIs in the control arm (0.71 epi-
sodes/year at risk) may be due to the use of non-disin-
fectant soap and does not compare favorably to our
historical rate of 0.46 episodes per year at risk during
the 1980s, when exit-site care was washing with anti-
bacterial soap, without antibiotic prophylaxis.

Waite et al. also performed a RCT comparing povidone
iodine ointment spread on a sterile gauze and wrapped
around the peritoneal catheter at the exit site to sterile
gauze alone (22). Most of the patients were on intermit-
tent PD and the dressing changes were done two or three
times per week. All patients (intervention and control)
had the exit site cleaned with povidone iodine solution.
The ESI rates were 0.75 per year at risk in the povidone
iodine ointment wrap group and 1.05 per year in the con-
trol group. These very high infection rates do not com-
pare favorably to the rates reported by Luzar et al., or to
the other studies using antibiotic prophylaxis, and may
reflect the cytotoxicity of povidone iodine left on the
skin.

SUMMARY AND CONCLUSIONS

A meta-analysis of 10 studies of mupirocin prophy-
laxis to prevent S. aureus infection in both hemodialysis
and PD patients included RCTs and cohort studies com-
paring mupirocin to placebo or no therapy. Peritoneal
dialysis patients had a 63% reduction in S. aureus infec-
tion risk with the prophylaxis, peritonitis being reduced
by 66% and ESI by 62% (23). The systematic review by
Strippoli et al. examined the effect of antimicrobial
agents on outcomes in PD patients and included 19 tri-
als in 1949 patients (24). These authors commented that
antimicrobial prophylaxis in PD patients has not been
well studied because there are limited numbers of stud-
ies and many were with an inadequate number of pa-
tients. Clearly, further studies are needed on the care of
the peritoneal catheter exit site. Such studies must have
sufficient power to look at individual organisms such as
P. aeruginosa and S. aureus. Ideally, such studies should
have enough patients to examine peritonitis rates as well
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as ESIs. Even more patients would be required to exam-
ine the effect of antimicrobial prophylaxis on catheter
loss. These studies should be done as RCTs. Studies that
might be considered are outlined in Table 2.

A common mistake made in trials of infectious com-
plications is to not provide or analyze the infection rates
for individual organisms for both catheter infections and
peritonitis, but to give the organisms as percentages of
the total. If the total rates of the two groups are differ-
ent, then the percentages can be very misleading. For
example, in the Luzar paper (3), the S. aureus ESI and
peritonitis episodes are given as numbers rather than
rates, making this difficult to compare to other papers.
However, when one calculates the rates, the S. aureus
ESI rates are 0.34 versus 0.02 per year at risk in carriers
and noncarriers respectively (impressively different). The
S. aureus peritonitis rates are 0.17 per year at risk in the
carriers versus zero in the non-carriers. If we compare
this to the rates seen in the University of Pittsburgh PD
Registry over the past 5 years, we see that, with the use
of gentamicin exit-site cream, our entire population (car-
riers and noncarriers) has S. aureus rates similar to those
of the noncarriers (0.04/year at risk for both exit-site
and peritonitis rates) (Table 3).

At the present time, we feel there are sufficient data
to support the use of PD catheter exit-site antibiotic
cream in all patients. This approach is simple, easy to
implement, and cost-effective and avoids the need to
do burdensome and costly nose cultures. We use gen-
tamicin cream, which is very inexpensive, and have had
excellent results with very infrequent exit-site infec-
tions, concomitant low peritonitis rates, and low fun-
gal infection rates. However, we realize that each center
must examine the sensitivities of the organism causing
infections and make a decision regarding antibiotic pro-
phylaxis. Some centers may find mupirocin as effective
as or more effective than gentamicin (25). We await fur-
ther studies with interest.
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