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Abstract | This Review focuses on the changing epidemiology of infections among patients with end-stage 
renal disease who are undergoing dialysis. In particular, bloodstream infections related to vascular access in 
patients undergoing hemodialysis, and peritonitis in patients undergoing peritoneal dialysis, are highlighted. 
Gram-positive (staphylococcal and enterococcal) bloodstream infections and Gram-negative peritonitis 
(especially extended-spectrum β-lactamase-producing organisms) contribute substantially to excess health-
care use owing to infection caused by dialysis access. Although the management of peritoneal-dialysis-related 
peritonitis has been hampered by a dearth of randomized, controlled studies, epidemiological data have 
provided useful information. To overcome the problem of differing methods used to monitor infections within 
various dialysis centers, uniform reporting systems for vascular-access-related infection and peritoneal-dialysis-
related peritonitis, as recommended by the Centers for Disease Control and Prevention and the International 
Society for Peritoneal Dialysis, respectively, are discussed. Infections unrelated to the port of entry for dialysis 
are also examined, namely hepatitis and respiratory infection. To address the disease burden, we examine the 
infection-related mortality as well as the implications for subsequent cardiovascular mortality.
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Introduction
Infection remains one of the most common causes of 
morbidity and mortality, as well as hospitalization, in 
patients receiving dialysis. According to the results of a 
study conducted in a sample of 332,442 incident patients 
on dialysis in the USA with end-stage renal disease 
(ESRD), the cumulative annual incidence of infection-
related hospitalization was 26% for children and 31% for 
adults.1 The burden of infection-related mortality among 
patients with ESRD is best illustrated by a comparative 
analysis of data from the United States Renal Data System 
(USRDS), in which the annual mortality rate secondary 
to sepsis was 100–300-fold higher in patients on dialysis 
treatment than in the general population.2

Accumulating evidence points to a growing burden of 
infection among patients on dialysis. The risk of infec-
tion varies with the characteristics of the patients who are 
selected for dialysis. Increased access to dialysis has led 
to less-stringent selection of patients, as characterized by 
an increasing proportion of elderly patients, those with 
diabetes, and frail individuals with complex coexisting 
conditions. In addition, the trend towards advancing age 
among patients receiving dialysis is expected to confer an 
increased susceptibility to infection; older age has repeat-
edly proven to be an independent risk factor for infection 
in dialysis populations.3,4 In a USRDS study involving an 
incident dialysis cohort of 119,858 patients, one-half of 

those aged 65 years or older had at least one infection-
related hospitalization during a median follow-up of 
nearly 2 years.4 Of interest, while hospitalization rates in 
dialysis populations have stabilized since 1993, the rela-
tive contribution of infection-related hospitalization has 
increased by nearly 26% from 1993 to 2007.5,6 The high 
burden of infectious complications in this population 
clearly merits special attention. Although no random-
ized, controlled trials have focused on mitigating infec-
tious complications in dialysis populations, compelling 
reasons exist to examine the data on epidemiology in 
this setting. Results from observational studies can 
provide insights for managing and preventing infection 
in patients on dialysis.

This Review describes the epidemiology and clinical 
characteristics of infection in patients receiving hemo-
dialysis and peritoneal dialysis. The source of infection 
in patients treated with dialysis is also highlighted, and 
can be broadly categorized as either access-related or 
access-unrelated.

Access-related infections
Hemodialysis
Access remains the Achilles heel of dialysis treatment, 
especially with regard to vascular access for hemo-
dialysis. Despite an apparent decline in the overall rate 
of vascular-access-related hospitalization owing to 
infection, as observed in the USRDS data, the rate is still 
approximately twice as high as it was a decade ago.5

The clinical significance of bloodstream infection 
in patients receiving hemodialysis is well recognized. 
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According to a population-based study on the epidemi-
ology of severe bloodstream infection, patients on main-
tenance hemodialysis had the highest risk of developing 
a severe bloodstream infection resulting in admission 
to the intensive care unit (relative risk 208.7, 95% CI 
142.9–296.3).7 The incidence of vascular-access-related 
bloodstream infection varies between medical facili-
ties and can be influenced by the percentage of patients 
who receive dialysis via a central venous catheter 
(CVC).8 Several types of vascular access used in hemo-
dialysis, listed in order of increasing risk of infection, 
are as follows: arteriovenous fistulas created from the 
patient’s own blood vessels; arteriovenous grafts con-
structed from synthetic materials; tunneled CVCs; and  
non tunneled CVCs.8

Since the tracking of access-related infection is now 
recommended as a clinical performance indicator and 
parameter for continuous monitoring, a clear and uni-
versally agreed parameter for reporting infection is 
needed. For surveillance and benchmarking purposes, 
current guidelines from the Centers for Disease Control 
and Prevention (CDC) suggest that dialysis units should 
report their vascular-access-related infection rates as 
the number of such events per 100 patient-months on 
dialysis.9,10 This dialysis event rate should preferably 
be calculated for the different types of vascular access, 
in addition to the overall event rate. This parameter 
(events per 100 patient-months on dialysis) is gaining 
acceptance for monitoring infections, although the 
more traditional parameter reporting infection rates 
per 1,000 catheter-days has been in place for many 
years. The two parameters differ in terms of deriving 
the denominator data. Reporting the infection rate per 
1,000 catheter-days mandates the number of patients 
with catheters to be counted each day and is there-
fore more commonly used in hospital-based studies 
of bloodstream infection. In the case of outpatient 
dialysis centers, the patient population is much more 
stable in terms of numbers, hence the denominator is 
derived from the dialysis population in the first week 
of each month. For example, a center treating 56, 52, 
and 59 patients with hemodialysis during the first 

Key points

 ■ Gram-positive (staphylococcal and enterococcal) bloodstream infections and 
Gram-negative peritonitis (especially extended-spectrum β-lactamase-producing 
organisms) contribute substantially to excess health-care use owing to infection 
caused by dialysis access

 ■ Standard empiric protocols for the treatment of infection in dialysis settings 
should be replaced by a regime tailored to the local circumstances, the 
individual organism and its antibiotic resistance pattern

 ■ The prevalence of hepatitis C remains significantly higher in patients on 
hemodialysis than in those undergoing peritoneal dialysis; increased duration 
of dialysis therapy is associated with increased risk of seroconversion

 ■ Inadequate antibody titers after vaccination against hepatitis B virus are a 
consistent and strong predictor of hepatitis B seroconversion

 ■ Patients undergoing hemodialysis seem to be more susceptible to infections, 
such as pneumonia, than those on peritoneal dialysis; vaccination against 
influenza mitigates the increased mortality in patients on hemodialysis

 ■ Infection seems to contribute to the cardiovascular disease burden in patients 
on dialysis

week of three successive months would have a total of 
167 patient-months for the 3-month period. The rate of 
vascular-access-related bloodstream infections is then 
calculated by dividing the total number of events by the 
total number of patient-months, and multiplying the 
result by 100. This method allows calculation of rela-
tively accurate rates while greatly reducing the burden 
of collecting denominator data.11 Depending on local 
practices and the diagnostic criteria used, the incidence 
of vascular-access-related bloodstream infections in 
patients on dialysis ranges from 0.6 to 3.5 episodes per 
100 patient-months (Table 1).12–17

Staphylococcus aureus is the most common micro-
organism implicated in vascular-access-related 
bloodstream infections (27.7–50.0%), followed by 
coagulase-negative staphylococci. As the leading patho-
gen causing bloodstream infection among patients on 
hemodialysis, S. aureus has remained dominant in the 
epidemiology literature.18 S. aureus infection has also 
been associated with high mortality, morbidity and use 
of health-care resources; for example, if a patient receiv-
ing hemodialysis develops an S. aureus bloodstream 
infection, the average length of hospitalization is over 
50 days.19 Furthermore, a high incidence of secondary 
complications, including infective endocarditis, osteo-
myelitis, septic arthritis, epidural abscess, and infec-
tion of intravascular devices, has been associated with 
S. aureus bloodstream infection (Table 2).19–23

A pressing need remains for both nephrologists and 
the infection control community to examine the pro-
gressive spread of meticillin-resistant S. aureus (MRSA). 
Given the likelihood of repeated hospitalization and 
surgery, the requirement for vascular access and frequent 
puncture of the vascular access site, patients receiving 
hemodialysis are particularly vulnerable to the develop-
ment of MRSA carrier status and infection. Overall, the 
incidence of invasive MRSA infection among patients 
on hemodialysis is 100-fold higher than for the general 
popula tion (45.2 events per 1,000 patients on dialysis 
versus 0.2–0.4 events per 1,000 patients in the general 
population).24 Of note, the adverse consequences of 
MRSA infection seem to be exaggerated in the dialysis 
population. A study of 143 patients undergoing hemo-
dialysis reported that MRSA bloodstream infection, 
when compared to infection with meticillin-susceptible 
strains of S. aureus, was associated with higher infec-
tion-related mortality (OR 5.4), increased length of 
hospital stay and increased hospital costs.25 However, 
in a population- based study, mortality rates associ-
ated with MRSA bacteremia and meticillin-sensitive 
S. aureus bacteremia were similar after adjustment for 
major confounding variables.26 In another study of 504 
hospitalized patients with S. aureus bacteremia (188 of 
whom had MRSA bloodstream infections), the mortal-
ity risk ratio associated with MRSA bacteremia, versus 
meticillin- sensitive strains, was only 1.68 (however, the 
study popula tion under investigation was not exclu-
sively comprised of patients on dialysis, and this factor 
could underlie the disparity in mortality data observed 
between this and other studies).27
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An analysis published in 2011 concluded that MRSA 
nasal carriage in patients receiving hemodialysis is 
associ ated with an increased risk of both all-cause 
mortal ity (2.46-fold increased risk) and infection-
related mortality (4.99-fold increased risk).28 However, 
studies evaluating the relationship between MRSA nasal 
carriage or infection, and adverse outcomes among 
patients undergoing hemodialysis, have not established 
a causal relationship.28 Thus, we cannot exclude the pos-
sibility that MRSA carrier status is a surrogate marker 
for increased morbidity in patients on hemodialysis, 
as the sickest patients are most prone to frequent hos-
pitalization and contact with MRSA (80% of MRSA 
infections in patients on dialysis are acquired within the  
health-care setting).24

At the same time, patterns in the epidemiology of 
S. aureus infection and in the susceptibility of this 
organism to treatment with vancomycin have been 
changing. In essence, a steady increase has been evident 
in the minimum inhibitory concentration (MIC) for 
vanco mycin (a phenomenon sometimes referred to 
as the MIC creep),18,29,30 owing to the emergence of 
vancomycin- intermediate S. aureus (MIC 4–8 μg/ml) 
and vancomycin- resistant S. aureus (MIC ≥16 μg/ml). 

Even among the vancomycin-susceptible staphylococci, 
subpopulation strains with a MIC of 1–2 μg/ml can be 
present. This change in antibiotic susceptibility has prac-
tical implications for the clinical care of patients who 
require dialysis because S. aureus infections are now 
more resistant to treatment and require increasingly 
aggressive empirical vancomycin dosing.30,31 To address 
the growing number of reports of vancomycin treat-
ment failure and heteroresistance (that is, the presence of 
mixed populations of drug-sensitive and drug- resistant 
organisms in a single clinical isolate, in proportions 
higher than expected from background mutation alone) 
in S. aureus isolates, the MIC considered to represent 
vancomycin susceptibility has decreased from ≤4 μg/ml 
to ≤2 μg/ml since 2006. At the same time, a new target 
trough vancomycin level of 15–20 μg/ml was proposed.31

The changing epidemiology of enterococcal infec-
tions in patients on hemodialysis deserves attention. 
Enterococci are currently the second to third most 
common organisms responsible for bacteremia in 
these patients (Table 1). The two major organisms are 
Enterococcus fecalis and Enterococcus faecium. Previously, 
clinicians had little interest in identifying enterococci 
to the species level, but this situation changed after 

Table 1 | Incidence of vascular-access-related bloodstream infections in patients undergoing hemodialysis

Study Centers 
and country

Patients n (%  
with central  
venous catheters*)

Incidence rate‡ 
(episodes per 
100 patient-
months)

Distribution of causative organisms§

Staphylococcus 
aureus

Coagulase-
negative 
staphylococci

Enterococcus 
species

Hoen et al. 
(1998)12

19, France 988 (5.8) 0.93 50.0 (0.47) 30.0 (0.28) NR

Tokars et al. 
(2001)13

7, USA 796 (19.7) 3.50 27.7 (0.97) 9.2 (0.32) 10.8 (0.38)

Taylor et al. 
(2002)14

11, Canada NR (31.3) 1.74 36.8 (0.64) 35.8 (0.62) 9.8 (0.17)

Dopirak et al. 
(2002)15

10, USA 951 (NR) 1.38 29.1 (0.40) 32.3 (0.45) 13.3 (0.18)

Gilad et al. 
(2005)16

1, Israel 224 (15.4) 0.60 38.1 (0.23) 14.2 (0.09) 4.8 (0.03)

Lafrance et al. 
(2010)17

7, Canada 621 (76.7) 0.63 42.5 (0.27) NR NR

The data in this Table are from published surveillance studies. *The National Kidney Foundation’s Kidney Disease: Outcome Quality Initiative (KDOQI) guidelines 
recommend that a central venous catheter should be used in <10% of patients on hemodialysis. ‡Calculated by dividing the number of events by the number of 
patient-months, and multiplying the result by 100. §Expressed as a percentage, followed by the number of incidents per 100 patient-months in parentheses. 
Abbreviation: NR, not reported.

Table 2 | Complications of Staphylococcus aureus infection in patients undergoing hemodialysis

Study Patients n  
(% with MRSA)

Complication rate (%)

Infective 
endocarditis

Epidural abscess Osteomyelitis Septic arthritis Death

Marr et al. (1998)20* 62 (25) 12.9 3.2 11.3 3.2 14.5

Engemann et al. (2005)21 210 (33) 17.1 NR 5.7 4.8 9.5

Inrig et al. (2006)22 106 (33)‡ 15.3 0.9 5.4 4.5 9.4

Greiner et al. (2007)19 109 (26) 0.9 NR 4.6 0.9 27.8

Troidle et al. (2007)23 72 (50) 5.6 NR NR NR 8

*In this study, the incidence of infection was 1.2 episodes per 100 patient-months, calculated by dividing the number of events by the patient-months at risk 
and multiplying the result by 100. ‡Patients with an arteriovenous fistula were excluded. Abbreviations: MRSA, meticillin-resistant Staphylococcus aureus; NR, 
not reported.
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the detection of an increase in enterococci other than 
E. fecalis (primarily E. faecium) that had unusually high 
levels of ampicillin resistance, high levels of gentamicin 
resistance, and increasing levels of vancomycin resis-
tance. According to the results of an analysis of surveil-
lance data on 24,179 nosocomial bloodstream infections 
occurring in 49 US hospitals between 1995 and 2002, 
the estimated incidence of vancomycin resistance in 
E. faecium isolates was 60%, versus 2% in E. fecalis iso-
lates.32 A study from 2008 showed a worsening trend 
of anti biotic resistance; 80% of E. faecium isolates and 
6.9% of E. fecalis isolates collected between 2006 and 
2007 were vancomycin- resistant.33 Selective pressure 
for entero coccal vancomycin resistance in hemodialysis 
units arises from antimicrobial use (in particular, vanco-
mycin and cephalosporin agents) as well as frequent and 
prolonged hospitalization. Development of vancomycin 
resistance is problematic and leads to limited treatment 
options because it often occurs in enterococcal strains 
that are already resistant to ampicillin. Curbing the 
spread of vancomycin resistance among enterococci in 
hospital outbreaks has now become a primary concern 
for hemodialysis units.34 Patients receiving hemodialysis 
who are infected with vancomycin-resistant enterococci 
should be isolated during hospitalization and treatment, 
as mandated by the CDC guidelines, although data 
from high-quality studies are not available to support  
this recommendation.

Preventive strategies to reduce CVC-related blood-
stream infection have been comprehensively reviewed 
previously in this journal.35 Mupirocin ointment seems 
to be effective in reducing the risk of CVC-related 
bacter emia, according to a Cochrane database system-
atic review, and povidone ointment, polysporin oint-
ment and topical honey have shown promising results 
that warrant further investigation in randomized, con-
trolled trials.36 Of interest, a new approach to prevent 
CVC-related bacteremia involves the use of antibiotic 
lock solutions (also referred to as antimicrobial catheter 
lock solutions) containing an antimicrobial agent, such 
as gentamicin, in conjunction with an anticoagulant.35,37 
These solutions are instilled into the CVC lumen at the 
end of each dialysis session to prevent biofilm forma-
tion.35,37 Although the prophylactic use of antibiotic 
lock solutions for the purpose of preventing infection 
has not been recommended in the Kidney Disease: 
Outcomes Quality Initiative8 or CDC38 guidelines, the 
preponderance of available data from randomized, con-
trolled studies suggest a reduction in CVC-related bac-
teremia with this technique. Four meta-analyses have 

demonstrated that use of intraluminal antibiotic lock 
solutions reduces the rate of CVC-related bacteremia by 
56–87% (Table 3).39–42 However, the risk of developing 
bacterial resistance remains a subject of ongoing debate, 
because of the relatively short follow-up period of most 
published studies. An observational study published in 
2010 investigating the use of prophylactic gentamicin 
as the antibiotic component in catheter lock solutions 
found an emerging risk of gentamicin-resistant, Gram-
positive infections (primarily owing to Staphylococcus 
and Enterococcus species).43 One trend of concern is that 
major complications, including four deaths and four 
cases of endocarditis, were associated with the 24 epi-
sodes of gentamicin-resistant CVC-related bacteremia 
reported in this study.43

Thus, the use of catheter lock solutions that do not 
include an antibiotic component should probably be 
explored as they would reduce the likelihood of anti-
biotic resistance. To date, the results from trials investi-
gating trisodium citrate catheter lock solutions have been 
mixed.44,45 In addition, promising results from a multi-
center, randomized, controlled trial published in 2011 
showed a significant decrease in the rate of CVC-related 
bacteremia (from 4.1 to 1.2 episodes per 100 patient-
months) after once-weekly use of recombinant tissue 
plasminogen activator as a catheter lock solution.46 The 
cost of such approaches is, however, a key issue, because 
health-care providers might not be willing to pay for 
expensive preventive tools.

Peritoneal dialysis
Large-scale observational studies have enabled valid 
conclusions to be drawn regarding the epidemiology of 
access-related infection in patients undergoing perito-
neal dialysis. Most of these data are from single-center 
studies,47,48 but multicenter studies are emerging, espe-
cially from the Australian and New Zealand Dialysis and 
Transplant (ANZDATA) registry.49,50 Rapid changes in 
the epidemiology and outcomes of peritonitis in patients 
on peritoneal dialysis have been reflected by the large 
number of revisions or updates of the International 
Society for Peritoneal Dialysis (ISPD) guidelines over 
the past two decades.51–55

Continuous monitoring of the peritoneal-dialysis-
related infection rate, as with CVC-related bloodstream 
infection among patients receiving hemodialysis, is rec-
ommended and should be undertaken at least annually 
for every peritoneal dialysis program.55 In addition, the 
infection rate associated with specific organisms should 
be calculated and compared to that in the literature. The 

Table 3 | Published meta-analyses on the use of antibiotic lock solutions in patients on hemodialysis

Study Randomized, controlled trials (n) Patients (n) Risk ratio of bacteremia (95% CI)*

James et al. (2008)39 11 765 0.32 (0.22–0.47)

Yahav et al. (2008)40 11 924 0.44 (0.38–0.50)

Jaffer et al. (2008)41 7 624 0.13 (0.10–0.20)

Labriola et al. (2008)42 8 829 0.32 (0.10–0.42)

*The presence of catheter-related bloodstream infection, as a dichotomous outcome.
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usual way of reporting the peritonitis rate is to calculate 
the duration of peritoneal dialysis in months, divided 
by the number of episodes of peritonitis, which is 
expressed as the interval in months between episodes.55 
Alternatively, the peritonitis rate can be determined by 
calculating the number of infections caused by an organ-
ism in a given time period, divided by the duration of 
dialysis in years (time at risk), which is expressed as epi-
sodes per year.54,55 To date, there is no consensus on when 
calculations for the time at risk should begin; the first 
day of patient training in the dialysis procedure seems 
to be preferable to the date of catheter insertion, because 
the latter might lead to falsely low values in calcula tions 
of the peritonitis rate (largely in centers that place the 
catheter many weeks or even months before the start of 
training).56 Benchmarking of peritonitis rates in perito-
neal dialysis populations has been more widely practiced 
than that of CVC-related bloodstream infection rates in 
hemodialysis populations; the maximum acceptable 
peritonitis infection rate is now recognized to be no 
more than one episode every 18 months (or 0.67 episodes 
per year at risk). According to the latest ISPD guide-
lines, relapsing peritonitis should be counted as a single 
episode. Moreover, a peritonitis rate of 0.67 per year at 
risk should be considered acceptable, but not the target 
rate, as most programs can now achieve a peritonitis  
rate of 0.36 episodes per year at risk.56

In contradistinction to hemodialysis-related infec-
tions, coagulase-negative staphylococci are, in general, 
more common than S. aureus as the cause of peritoneal- 
dialysis-related peritonitis. A major reason for this 
pheno menon is that touch contamination has a key 
role in causing coagulase-negative staphylococcal peri-
tonitis in patients on peritoneal dialysis. In the two 
largest studies of coagulase-negative staphylococcal 
peritonitis, this organism accounted for 11.4–26.0% 
of all such infections, which were estimated to occur 
at a rate of 0.064–0.160 episodes per patient-year 
(Table 4).47,49 Despite an initial decrease in the rates of 
coagulase-negative staphylo coccal peritonitis during 
the late 1990s (presumably related to introduction of 
the flush-before-fill technique and disconnect system), 
the incidence of infection by these microorganisms has 
since remained static in most dialysis programs. The 

published data, in general, seem to suggest a relatively 
favorable outcome in mild cases of coagulase-negative 
staphylo coccal peritonitis, with the reported complete 
cure rate (defined as complete resolution of peritonitis 
by antibiotics alone, without relapse or recurrence within 
4 weeks of completing therapy55,56) of over 70%.47,49 One 
study suggested a high prevalence of meticillin-resistant 
coagulase-negative strains of staphylococci in patients 
with peritoneal-dialysis-related peritonitis (49.5%), 
although the treatment outcome remains favorable with 
the routine use of cefazolin as the first-line antibiotic.47 
Infection with meticillin- resistant coagulase-negative 
strains of staphylococci can sometimes be associated 
with an increased risk of relapse (ranging from 14.2% 
to 16.9%),47,49 defined as an episode that occurs within 
4 weeks of completing therapy for a prior peritonitis 
episode with the same organism.55,56 In patients who 
experience relapse of coagulase-negative staphylococci 
peritonitis, clinicians should consider the possibility of 
colonization of the intra-abdominal portion of the cath-
eter with a biofilm, which is best treated by replacing 
the catheter.

S. aureus is another important Gram-positive bacte-
rial cause of peritonitis. This organism is reported to 
cause 11.9–14.0% of all peritonitis episodes,48,50 which 
represents an absolute rate of 0.072–0.080 episodes per 
patient-year (Table 4). Although S. aureus is a slightly less 
frequent cause of bacterial peritonitis than is coagulase-
negative staphylococci in patients on peritoneal dialysis, 
S. aureus produces a more severe form of peritonitis. A 
single-center analysis showed that only 51% of patients 
with meticillin-sensitive S. aureus peritonitis and 46% 
with MRSA peritonitis achieved complete resolution 
of infection without relapse, recurrence of peritoni-
tis, or the need for catheter removal.48 The differences 
in etiology underlie the varied treatment outcomes 
between coagulase- negative staphylococcal peritoni-
tis and S. aureus peritonitis. The latter is more often a 
result of catheter infection than touch contamination, 
which explains its association with a high rate of relapse 
(up to 20%).50 In the presence of concomitant catheter-
tunnel or exit-site S. aureus infection, catheter removal 
is, therefore, often advised.55 Although exit-site infection 
is considered to contribute to recurrence of S. aureus 

Table 4 | Microorganisms involved in peritoneal-dialysis-related peritonitis

Microorganism Proportion of 
all peritonitis 
cases (%)

Incidence 
(episodes per 
patient-year)

Outcome and complication rates (%)

Complete cure* Relapse‡ Catheter loss Death

Coagulase-negative 
staphylococci47,49

11.4–26.0 0.064–0.160 71.1–76.5 14.2–16.9 2.2–9.7 0.4–1.0

Staphylococcus aureus48,50 11.9–14.0 0.072–0.080 74.3 8.6–20.0 5.7–31.5% 2.0–2.2

Pseudomonas species63–65§ 3.4–13.2 0.032–0.200 22.1–32.3 9.0–14.4 39.4–44.0 3.1–6.5

Enterobacteriaceae species66|| 12.0 0.198 58.1 14.3 8.1 5.2

Fungus70,71 4.5–5.5 0.030 NR NR 82.9–87.7 8.6–40.6

*Defined as complete resolution of peritonitis by antibiotics alone, without relapse, recurrence, or the need for catheter removal within 4 weeks of completion of 
therapy.55 ‡Defined as recurrence of peritonitis caused by the same organism, occurring within 4 weeks of completion of therapy.55,56 §Before the widely adopted 
treatment strategy of administering two antipseudomonal antibiotics for Pseudomonas peritonitis,50,51 the catheter loss rate was 61.3%.63 ||The most common 
Enterobacteriaceae species to cause peritoneal-dialysis-related peritonitis in this study was Escherichia coli.66 Abbreviation: NR, not reported.
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peritonitis, an analysis of data on 245 consecutive 
patients with this infection demonstrated that an elective 
change of catheter seemed to be ineffective in preventing 
subsequent episodes of peritonitis.50 Furthermore, the 
presence of an exit-site infection was not associated with 
the response to anti biotic treatment in that study. This 
finding suggests that factors other than an infected cath-
eter (such as persistent nasal carriage) might influence 
the likelihood of repeat episodes of S. aureus peritonitis.

An important point to note is that the proportion of 
peritonitis episodes caused by Gram-negative bacteria 
has been increasing relative to all peritoneal-dialysis-
associated infections, and that the severity of such infec-
tions and the strength of their association with poor 
outcomes are also increasing.57 Although the overall rate 
of peritonitis has been improving, the most substantial 
degree of improvement has been observed in rates of 
Gram-positive peritonitis. Conversely, the incidence 
of Gram-negative peritonitis has remained constant. 
This evolution in the epidemiology of infection has 
been observed over the past two decades. In a review 
of 546 episodes of peritonitis that occurred from 1991 
to 1998, the rate of Gram-positive peritonitis declined 
significantly from 0.75 to 0.28 episodes per patient-year, 
whereas the occurrence of Gram-negative peritonitis 
remained constant at approximately 0.16 episodes per 
patient-year.58 A similar phenomenon has been observed 
by the authors of this Review. During the period from 
1994 to 2003, data on 1,787 peritonitis episodes demon-
strated a decline in coagulase-negative staphylococcal 
peritonitis from 0.21 to 0.06 episodes per patient-year; 
this drop occurred in parallel with a reduction in the use 
of spike sets for peritoneal dialysis.59 A better connection 
technique, the disconnect system, offers a more effective 
means than do spike systems of preventing peritonitis 
owing to contamination. The incidence of Escherichia 
coli and Klebsiella peritonitis, however, remained static.59

From an epidemiological point of view, Gram-positive 
and Gram-negative peritonitis should be examined 
separately because their clinical outcomes are markedly 
differ ent. Peritonitis episodes caused by Gram-negative 
organisms are more likely to require hospital admission,60 
and to result in catheter loss61,62 and failure of peritoneal 
dialysis.61 Among all the Gram-negative organisms, the 
Pseudomonas species is probably the most important 
cause of severe peritonitis in patients under going peri-
toneal dialysis. Three large retrospective studies have, 
for instance, confirmed high rates of catheter loss after 
Pseudomonas peritonitis (Table 4).63–65 Before a uni-
versal policy of using two antipseudomonal antibiotics 
was instigated, catheter loss occurred in 61.3% of patients 
with Pseudomonas peritonitis;63 furthermore, analyses 
of two large cohorts from 2001 and 2009 (treated after 
implementation of this policy) still showed a catheter 
removal rate of around 40%.64,65

A major risk factor for Pseudomonas peritonitis is the 
presence of a concomitant Pseudomonas exit-site infec-
tion.63,64 The presence of exit-site infection, as a surro-
gate marker of biofilm formation, is strongly predictive 
of a high relapse rate and antibiotic resistance; use of 

aggressive therapy, such as early removal of the catheter, 
is still justified in these patients. According to the find-
ings of another report on 104 episodes of Pseudomonas 
peritonitis, a higher frequency of antibiotic use was 
evident within 30 days of infection with Pseudomonas 
than with nonpseudomonal peritonitis.64 A recent course 
of antibiotic therapy (within 30 days of the onset of peri-
tonitis) also predicted a significantly lower complete cure 
rate of Pseudomonas peritonitis (11.6% versus 42.9%, 
P <0.001); this finding could be explained by the develop-
ment of resistant bacterial strains.64 Alternatively, this 
association could represent a surrogate marker of recent 
peritonitis or exit-site infection. Either way, these find-
ings are in keeping with the current ISPD recommenda-
tions for prompt catheter removal if catheter infection is 
present at or precedes development of peritonitis.55

Another large, heterogenous group of non-Pseudo
monas Gram-negative organisms, the Enterobacteriaceae, 
have become an increasingly recognized cause of serious 
peritoneal infectious complications; the two most 
common species, as observed in two large case series, 
are E. coli (accounting for 32.9–52.9% of episodes), 
and Klebsiella species (accounting for 20.4–27.1% of 
episodes).66,67 Although infection with these micro-
organisms is associated with a better complete cure rate 
than is Pseudomonas peritonitis (58.1% versus 22.1–
32.3%), approximately 40% of the episodes of peritoni-
tis observed did not respond to treatment with a single 
antibiotic, despite bacterial isolates demon strating sensi-
tivity to the agent in vitro.66 A further analysis showed 
a gradual increase in the prevalence of antibiotic resis-
tance to several commonly used antibiotics, including 
cephalothin and cefuroxime, in E. coli and Klebsiella 
infections. A slight increase in the prevalence of resis-
tance to netilmicin and gentamicin was also evident.66 
The observation that antibiotic use by patients on peri-
toneal dialysis was associated with the development of 
enterobacterial resistance to cefotaxime, ceftazidime, 
and the combination drugs cefoperazone–sulbactam and 
piperacillin– tazobactam,66 provides strong evidence for 
the propensity of these Gram-negative bacteria to adapt 
to antibiotics, mainly by modifying the substrate spec-
trum of common plasmid-mediated and chromosomal 
β-lactamases. 

With the rising proportion of Gram-negative bacteria 
that demonstrate resistance to broad-spectrum cephalo-
sporins—a surrogate marker for extended-spectrum 
β-lactamase (ESBL) production—one would expect 
a worsening severity of Gram-negative peritonitis. A 
retrospective study conducted in Spain assessed the 
medical records of patients who developed E. coli perito-
nitis before and after 1996 (when the first case of ESBL-
producing E. coli was identified). The researchers found 
that the duration of peritoneal inflammation increased 
significantly, from 3.1 days to 5.2 days, and that cath-
eter removal rates increased significantly, from 19% to 
39%, respectively.68 These results mirror data collected 
over a period of 10 years from another series of patients 
who developed E. coli peritonitis, in which treatment 
failure (temporary or permanent cessation of peritoneal 
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dialysis, or death during peritonitis) and infection-
related mortal ity were significantly higher after 1996, 
when ESBL-producing E. coli became prevalent.69

Taken together, the findings of these studies indicate 
an increasing severity of Gram-negative peritonitis. 
However, most of the data accrued from observational 
studies support, but do not prove, the efficacy of more 
aggressive antibiotic treatment, such as extending the 
duration of antibiotic therapy to 21 days.51 Nevertheless, 
the emergence of severe forms of Gram-negative peri-
tonitis warrants further investigation to address how 
we should change the treatment paradigm for this  
disease entity.

Although the incidence of peritoneal-dialysis-related 
fungal infection is low numerically, such infections 
carry the greatest morbidity and mortality of all access-
related infections in patients on peritoneal dialysis.51,70 
According to two large case series of patients with fungal 
peritonitis, the most commonly isolated organisms were 
Candida albicans and other Candida species, which 
accounted for approximately 70% of all infections.70,71 
Catheter removal (together with antifungal therapy) was 
associated with improved survival in both studies.70,71 An 
important concern with fungal peritonitis is its associa-
tion with exceptionally high infection-related mortal-
ity (up to 40%).71 In a large, incident dialysis cohort 
of 21,935 patients included in the ANZDATA registry, 
peritoneal dialysis was consistently associated with an 
increased hazard ratio of death from infection compared 
to hemodialysis, after 6 months of treatment.72 Notably, 
this association was largely driven by increased rates of 
death from fungal infections (primarily peritonitis) in 
patients on peritoneal dialysis.72 The results of this analy-
sis suggest that further attention to preventing fungal 
peritonitis is much needed. As with Gram-negative peri-
tonitis, the precise risk factors for fungal infection have 
yet to be established, but recent antibiotic treatment for 
peritonitis (or any other infection) is strongly suspected 
to have an important role.70

Infections unrelated to dialysis access
Viral hepatitis
Infectious complications that are associated with the 
dialysis procedure (but not the dialysis access per se) 
affect a substantial number of patients. For example, 
hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infections have remained a major health issue in dialysis 
units since the early recognition of patient-to-patient and 
patient-to-staff transmission of hepatotropic viruses in 
the 1960s. According to a systematic review of 33 noso-
comial HBV outbreaks between 1992 and 2007, hemo-
dialysis units accounted for the highest proportion of 
outbreaks (30.3%).73

Some patient-specific risk factors for HBV infection 
coexist in hemodialysis and peritoneal dialysis; patients 
have an impaired host defense system against viral 
infections, and they frequently require blood product 
transfusions. The risk of exposure to viral hepatitis can 
be further increased in patients on hemodialysis owing 
to the nature of the dialysis procedure itself. Examples 

of potential transmission routes include blood contact 
with contaminated equipment, injection of liquids har-
boring the hepatitis virus, and exposure of broken skin 
or mucous membranes to the virus.74 The treatment 
process in hemodialysis not only creates the opportu-
nity for viral exposure via sharing vials of drugs con-
taining multiple treatment doses but also via shared 
patient care: for example, blood-contaminated hands or 
gloves; failure to clean and disinfect dialysis machines, 
equipment, supplies and environmental surfaces; and 
preparing and distributing parenteral medications via 
common mobile medication carts at dialysis stations. 
Added to these concerns is the failure to identify and 
segregate patients who are positive for HBV. Nosocomial 
transmission can also occur when a patient’s care is 
shared between a number of staff, and where hemo-
dialysis machines, equipment and other supplies are 
shared between HBV-positive and unaffected patients. 
According to a prospective analysis of data from 1987 
to 1990 on 185 patients receiving hemodialysis and 124 
patients having continuous ambulatory peritoneal dialy-
sis, the hepatitis B surface antigen seroconversion rate 
was 0.19 events per patient-year with hemodialysis and 
0.01 events per patient-year with continuous ambulatory 
peritoneal dialysis. Hemodialysis treatment was the only 
significant risk factor associated with HBV infection.75

By contrast, an observational study conducted from 
1997 to 2001, involving 308 hemodialysis facilities world-
wide, confirmed that the majority of facilities (78.1%) 
had a zero hepatitis B seroconversion rate.76 Overall, 
the seroconversion rate was markedly lower than pre-
viously reported, at 0.0078 events per patient-year.76 
In fact, the results of further studies suggest a greatly 
reduced risk of HBV infection in hemodialysis units 
worldwide (Figure 1).76–78 Of note, in an analysis of data 
from eight national registries in the Asia–Pacific region 
(where a high prevalence of HBV infection exists), the 
prevalence of hepatitis B surface antigen sero positivity 
was generally comparable between peritoneal dialysis 
and hemo dialysis populations.77 These findings, indi-
cating a reduced HBV infection risk in patients under-
going hemo dialysis, are likely to be a result of improved 
infection control measures, as well as screening and  
vaccination programs.

In addition to this inferential evidence, surveillance 
data from an observational study show a significantly 
decreased risk of hepatitis B seroconversion (risk ratio 
0.44, P = 0.01) in hemodialysis facilities that report the 
use of a protocol for managing patients infected with 
HBV and the routine administration of hepatitis B 
vaccine.76 These approaches have now been incorpo-
rated into practice guidelines from the CDC, which rec-
ommend segregation of patients (and their equipment) 
who are seropositive for hepatitis B surface antigen, and 
routine HBV screening and vaccination.79 Despite the 
accumulating evidence describing a substantial decrease 
in the incidence of HBV infection in patients on dialy-
sis, the protection conferred by hepatitis B vaccination 
remains suboptimal among patients with chronic kidney 
disease. The seroconversion rate after intramuscular 
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administration of recombinant hepatitis B vaccine, in 
general, is in the range of 44–76% among patients on 
dialysis.80 A particularly important direction for future 
research might be to explore the best HBV vaccination 
strategy, with the aim of improving the immune response 
in patients with chronic kidney disease and further 
reducing the transmission of this virus in dialysis units. 
Potential options include the use of hepatitis B vaccina-
tion earlier in the course of kidney disease, intradermal 
administration of the vaccine, use of augmented doses of 
vaccine, and develop ment of adjuvant vaccines that have 
the potential for increased immunogenicity.80,81

HCV infection continues to be the most common 
hepatotropic viral infection in patients on hemodialysis. 
The hepatitis C seroconversion rate in hemodialysis units 
ranges from 0.011 to 0.036 per patient-year on hemo-
dialysis,78 and the prevalence of HCV infection in hemo-
dialysis units varies from 2.7% in the UK78 to over 20% 
in southern areas of Europe (Figure 1). The prevalence 
of HCV is also consistently higher in patients on hemo-
dialysis than in the corresponding general populations. 
The varying prevalence of HCV infection between these 
regions could in part reflect the type of laboratory assay 
used to identify it,82 but is more likely to be derived from 
differences in the implementation of infection control 
measures between both dialysis units and countries.

Several risk factors for HCV infection have been identi-
fied in patients on dialysis that provide strong evidence 
for an association with dialysis center practices and deliv-
ery of care. The Dialysis Outcomes and Practice Patterns 
Study, a prospective observational study involving 308 
representative dialysis facilities in France, Germany, 
Italy, Japan, Spain, the UK and the USA, found that an 

increase in the proportion of highly trained staff (defined 
as at least 2 years of formal nursing training) was associ-
ated with a significantly decreased prevalence of HCV 
(OR 0.93 per 10% increase) as well as a trend towards a 
reduced likelihood of seroconversion (risk ratio 0.92) in 
a combined model.78 Good evidence suggests that HCV 
prevalence in the dialysis facility was strongly associated 
with the risk of seroconversion; for every 10% increase in 
the prevalence of this infection, the adjusted risk ratio for 
hepatitis C seroconversion increased by 1.36.78

In contrast to HBV infection, the risk of HCV infec-
tion remains significantly higher in patients treated with 
hemodialysis than in those on peritoneal dialysis (7.9% 
versus 3.0% in an Asia–Pacific survey).77 To further 
adjust for the confounding effect of differences in the 
number of years at risk between the two modalities of 
dialysis treatment, an analysis of the rate of hepatitis C 
seroconversion per patient-year on dialysis was per-
formed for patients in Australia and New Zealand over a 
10-year period from 1995 to 2005; the incidence of HCV 
infection was significantly lower in the peritoneal dialy-
sis group than in the hemodialysis group (0.0003 versus 
0.001 events per patient-year).77 Consistent with this 
observation are the findings from a Brazilian study, in 
which patients on peritoneal dialysis also had a reduced 
rate of hepatitis C seroconversion compared with those 
on hemodialysis.75

An important epidemiological difference between 
HBV and HCV infection is that an increased duration 
of dialysis therapy is associated only with an increased 
risk of hepatitis C seroconversion.78,83 However, the lack 
of effective vaccina tion (that is, inadequate antibody 
titers) against HBV is a consistent and strong predictor 
of hepatitis B seroconversion.76,83 No vaccine for HCV 
is currently available. Since 2001, therefore, the CDC 
has recommended initial serological screening for anti-
HCV antibodies in patients on long-term hemo dialysis 
upon admission to any unit. Thereafter, anti-HCV anti-
body screening should be conducted semi-annually, 
or earlier if an unexplained elevation in alanine trans-
aminase levels occurs, to facilitate the early detection of 
virus transmission and the implementation of control 
measures.79 Poor adherence to these CDC recommenda-
tions has been repeatedly linked to HCV transmission 
within hemodialysis units.84,85 A prospective observa-
tional study evaluated the trans mission of HCV within a 
hemo dialysis unit by means of genetic and phylogenetic 
analy ses.86 Blood-contaminated surfaces (sometimes 
with detectable levels of HCV RNA) were identified as 
the source of HCV cross-transmission. More impor-
tantly, the study showed that a low ratio of nurses to 
patients and poor hand hygiene were independent 
predictors for the presence of hemoglobin on environ-
mental surfaces.86 Systematic investigations of outbreaks 
of HCV infection found that the most common areas 
where lapses in infection control practices occurred were 
the improper handling and preparation of parenteral 
medication, and inadequate cleaning and disinfection 
of environmental surfaces between treatment of suc-
cessive patients.84,85,87 International travel by patients 
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Figure 1 | Variation in hepatitis B and hepatitis C virus prevalence rates in 
hemodialysis units by country and region. These prevalence data were derived from 
previous publications (including the Dialysis Outcomes and Practice Patterns 
Study), which involved cross-sectional cohorts of patients treated in adult 
hemodialysis facilities.76–78 The prevalence of hepatitis B infection in the UK is 0%.76
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and receiving hemo dialysis treatment in developing 
countries have also been implicated as risk factors for  
HCV infection.88

With the increasing emphasis on universal infection 
control measures, the incidence and prevalence of HCV 
infection among patients on dialysis, in general, seems to 
be declining, at least in Europe and the USA.89–91 In the 
absence of a vaccine and treatment capable of eradicating 
the infection, transmission of HCV to patients receiv-
ing dialysis can be prevented by adherence to recom-
mended infection control practices. Peritoneal dialysis 
could potentially offer a more isolated, home-based 
therapy and lower parenteral exposure risk to HCV than 
hemodialysis. Home-based hemodialysis therapy might 
also reduce the risk of cross-transmission of the virus  
compared to center-based therapy.92

Respiratory infection
Pneumonia is another common cause of hospitalization 
in patients with ESRD, and rates of this infection are 
substantially higher in this patient population than in 
the general population.93 Overall, the mortality rate from 
pneumonia is 14–16-fold higher in patients on dialysis 
than in the general population.94 Nonetheless, important 
gaps exist in our knowledge of the epidemiology of respi-
ratory infection in patients undergoing dialysis, which 
has received relatively little attention to date.

The risk of pneumonia varies between subgroups of 
patients on dialysis, according to the limited number of 
studies available. Rates of hospitalization for pneumonia, 
on Cox regression analysis, were significantly higher in 
patients on dialysis who were more than 65 years of age, 
those with a low BMI (BMI <18.5 kg/m2) and individuals 
with low serum albumin concentra tions (characteristics 
suggestive of the malnutrition-inflammation complex 
syndrome), according to administrative data from the 
USRDS.93 Patients on peritoneal dialysis, however, were 
excluded from this study. Very few published studies 
have examined the epidemiology of pneumonia in both 
the peritoneal dialysis and hemodialysis settings.95,96 
Interestingly, in a USRDS study that included an inci-
dent dialysis cohort of nearly 300,000 patients, one in 
five (21%) developed pneumonia within 1 year of starting 
dialysis, and 42% of these individuals required hospital-
ization.95 Rates of pneumonia were significantly higher 
in patients on hemodialysis than in those on peritoneal 
dialysis (29.0 versus 18.2 events per 100 patient-years, 
an increase of 59%), implying that individuals on hemo-
dialysis might be more susceptible to this infection.95 
After adjustment for differences in measured comorbidity 
and confounding factors, hemodialysis remained strongly 
associated with pneumonia, with an adjusted HR of 1.41 
versus peritoneal dialysis.95 In contrast to the USRDS 
data, however, the ANZDATA cohort study found that 
the risk of fatal pneumonia was not signifi cantly differ-
ent between patients receiving peritoneal dialysis and 
those on hemodialysis.72 Reasons for these differing  
observations between countries remain uncertain.

Several plausible reasons could underlie why patients 
undergoing hemodialysis might be particularly 

susceptible to pulmonary infections. Therapy-related 
factors for this increased risk include transient hypox-
emia occurring during the dialysis procedure, as a result 
of margination of leukocytes in the pulmonary vascula-
ture and carbon dioxide losses. A further risk factor is the 
practice of hemodialysis in institutional sessions, which 
is inherently associated with exposure to other patients 
on hemo dialysis and health-care personnel. Another 
line of reasoning maintains that an increased burden of 
unmeasured comorbidity in patients receiving hemo-
dialysis might explain their elevated risk of pneumonia.95 
Irrespective of the modality of dialysis, patients with ESRD 
clearly belong to a high-risk group for developing pneu-
monia (of both bacterial and viral causes). Viral causes 
of pneumonia deserve particular attention in patients 
on dialysis. An analysis of data on the influenza A H1N1 
virus (swine influenza) pandemic, for instance, confirmed 
a 10-fold higher mortality rate as well as a higher hospi-
talization rate in patients on dialysis versus the general 
population (34% versus 6–7%, respectively).97 Likewise, 
severe acute respiratory syndrome is also associated 
with a longer duration in hospital and a more aggressive  
clinical course in patients treated with dialysis.98,99

An obvious implication of the increased viral- 
pneumonia-related mortality in dialysis populations is 
the improved benefit of influenza vaccination. Analysis 
of the USRDS data has confirmed that influenza 
vaccina tion in patients on dialysis is associated with a 
statistically significant decrease in the risk of death and 
hospitalization for any cause; this finding was most  
consistent among patients treated with hemodialysis.100

Cardiovascular disease
Cardiovascular morbidity and mortality have always 
been major concerns for nephrologists managing patients 
on dialysis, and it has been shown that reduced residual 
renal function, inflammation, valvular calcifica tion and 
left ventricular hypertrophy are predictors of cardio-
vascular mortality in patients on peritoneal dialysis.101 
The interaction between infection and cardio vascular  
disease, however, seems to be a new concern.

An interesting finding from the USRDS analysis was 
a significant decrease in cardiovascular-event-related 
mortal ity associated with influenza vaccination, in addi-
tion to reductions in all-cause mortality, influenza and/
or pneumonia-related mortality.100 These findings mirror 
observations made in another USRDS study, in which 
pneumonia in patients on dialysis was strongly associ-
ated with subsequent cardiovascular events (adjusted 
HR 3.02, 95% CI 2.89–3.16), within 6 months of pneu-
monia.95 Although the mechanisms linking infection, 
chronic inflammation and cardiovascular disease have 
been elusive, this phenomenon of infection being a har-
binger of future cardiovascular events and death has been 
repeatedly investigated and confirmed in observational 
and epidemiological studies.102,103 In a historical cohort 
study of 393,451 patients on hemodialysis or peritoneal 
dialysis, septicemia was identified as a precursor to the 
development of cardiovascular events and death.102 
Septicemia was associated with the development of 
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myocardial infarction, congestive heart failure, stroke 
and peripheral vascular disease, and the adjusted risk 
ratio of these events remained approximately double that 
expected for up to 5 years after the initial infection.102 
These observations have been confirmed in another 
prospective study—the Dialysis Morbidity and Mortality 
Wave 2 study—in which septicemia or bacteremia were 
associated with a nearly twofold increase in the risk of 
myocardial infarction or stroke.103 Whether infection can 
be considered a risk factor for atherogenesis and cardio-
vascular disease, however, remains unclear. Interest in 
the role of endotoxemia is growing; even low-grade 
endotoxemia was a strong risk factor for the develop ment 
of atherosclerosis in an epidemiological study,104 presum-
ably owing to activation of innate and adaptive immune 
mechanisms. Of note is the potential impact of circu-
lating endotoxins on survival in patients under going  
peritoneal dialysis or hemodialysis.105,106

Conclusions
Existing epidemiological data suggest that infection in 
dialysis populations is associated with a marked increase 
in the use of health-care resources, as well as excess 
morbidity and mortality.107 Despite the potential limita-
tions of observational and epidemiological studies, they 
have provided important information about the chang-
ing nature of infections in patients on dialysis, and 
on the implications for clinical management of these 

individuals. For instance, patients undergoing perito-
neal dialysis or hemodialysis have a notably increased 
risk of infection, particularly peritonitis in the former 
group and catheter-related bloodstream infection in the 
latter group. Moreover, infection in patients on either 
form of dialysis is also associated with an increased risk 
of subsequent cardiovascular events; this increase in risk 
is only partially explained by underlying conditions, such 
as frailty. Thus, the presence of infection in a patient on 
dialysis has a substantial effect on cardiovascular mortal-
ity and morbidity, and should influence decisions regard-
ing the use of therapies intended to minimize that risk. 
Further research is needed to translate these findings on 
the epidemiology of infection in patients on dialysis into 
effective preventive strategies.
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