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Staphylococcus lugdunensis Peritoneal Dialysis-Related
Peritonitis: A Matched Comparative Analysis
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Rationale & Objective: Staphylococcus Ilugdu-
nensis (S lugdunensis) is a coagulase-negative

staphylococcus  species that has been
increasingly  recognized to cause serious
infections with virulence resembling

Staphylococcus aureus (S aureus). No studies
have evaluated the characteristics and outcomes
of patients with S lugdunensis peritoneal dialysis-
related peritonitis compared with those with S
aureus peritonitis. We aim to evaluate the clinical
course of peritonitis as caused by these organisms.

Study Design: A retrospective matched compar-
ative analysis involving a single tertiary center from
July 2000 to July 2020.

Setting & Participants: Forty-eight episodes of S
aureus peritonitis were matched to 19 cases of S
lugdunensis peritonitis.

Analytical Approach: The cases were individually
matched for year of peritonitis, sex, age (10
years), and Charlson Comorbidity Index (£3). A
comparative analysis was performed between the
2 organisms. The outcome includes responses at
day 5 of peritonitis and the rate of complete
response.

Results: There is a higher predilection of diabetes
in those with S aureus peritonitis than in those with S
lugdunensis (64.6% vs 31.6%; P = 0.03). Patients
with S aureus peritonitis also have a much higher
total cell count at presentation (4,463.9 + 5,479.5 vs
1,807.9 + 3,322.7; P=0.05); a higher prevalence of
poor response at day 5 (50.0% vs 15.8%; P = 0.03);
a lower rate of complete response (64.6% vs 94.7%;
P =0.01) and are more prone to relapse with the
same organism (29.2% vs 0%, respectively;
P =0.01) as compared to those with S lugdunensis.

Limitations: The result of this small retrospective
study involving a single center may not be gener-
alizable to other centers. There is also no data for
comparative analysis on other coagulase-negative
staphylococci such as Staphylococcus epidermidis,
which belongs to the same family as S lugdunensis.

Conclusions: Although S aureus peritonitis is
more virulent with significant morbidity, S lugdu-
nensis can cause similarly serious peritonitis. This
largest case series of S lugdunensis peritonitis
enabled better characterization of clinical features
and outcomes of patients with S Jugdunensis
peritonitis.
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Peritoneal dialysis-related peritonitis remains a signifi-
cant complication and an important cause of technique
failure in peritoneal dialysis (PD).' * In particular, staph-
ylococcal species which is an important causative organ-
ism.”*® Although coagulase-negative Staphylococci (CoNS)
are the most common causative organism, Staphylococcus
aureus (S aureus) is the leading cause of more severe peri-
tonitis, often leading to hospitalization and peritoneal
catheter removal with significant morbidity.”” Neverthe-
less, other staphylococcal species are increasingly recog-
nized as significant causative organisms causing peritonitis.

Staphylococcus lugdunensis (S lugdunensis) is a CoNS that is
commonly isolated as a component of normal skin flora in
humans. It was first described by Freney et al'” in 1988.
Although most CoNS species are often considered com-
mon skin commensals causing less severe infections or as
contaminants, S lugdunensis can cause a severe disease
reminiscent of virulent infections frequently attributable to
S aureus.'' Indeed, multiple recent reports have implicated
that S lugdunensis can cause a variety of infections, such as
skin and soft tissue infection,'”'” infective endocarditis
(IE),H"5 bone and prosthetic joint infections, '® endoph-
thalmitis,'” and systemic infections.'®'” Furthermore, $§
lugdunensis is added as a typical causative organism to the
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recently revised 2023 Duke-International Society for Car-
diovascular Infectious Diseases (ISCVID) IE Criteria, given
its virulence and high risk of IE in patients with S lugdunensis
bacteremia.”’

However, there are limited reports on S. lugdunensis
peritonitisZI and there are no studies assessing the char-
acteristics and clinical outcomes of patients with
S. lugdunensis peritonitis compared those with S aureus peri-
tonitis. We aim to review and characterize the clinical
course of peritonitis as caused by these organisms through
a comparative analysis using our kidney disease registry
over a period of 20 years.

METHODS

We retrospectively reviewed all episodes of peritonitis in
our unit from July 2000 to July 2020. Peritonitis episode
was defined according to the International Society for
Peritoneal Dialysis (ISPD) guideline.”” A bacterial culture of
PD effluent (PDE) was performed at the onset of peritonitis
using BacTAlert bottles (Organon Teknika Corp). Isolation
and identification were performed by standard techniques.

We have isolated 2 groups of peritonitis for compara-
tive analysis: S aureus and S lugdunensis. Bacterial causes other
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PLAIN LANGUAGE SUMMARY
Staphylococcus lugdunensis is a coagulase-negative staphylo-
coccus species that has been increasingly recognized
to cause serious infections with virulence resembling
Staphylococcus aureus. No studies have evaluated the char-
acteristics and outcomes of patients with S lugdunensis
peritoneal dialysis-related peritonitis compared those
with S aureus peritonitis. This largest retrospective
matched comparative analysis of S lugdunensis peritonitis
enabled better characterization of clinical features and
outcomes of patients with S lugdunensis. Our result sug-
gested that although S. aureus peritonitis is more virulent
with significant morbidity, S lugdunensis can cause simi-
larly serious peritonitis. Regardless, S lugdunensis remains
susceptible to most antibiotics and penicillin group,
penicillin G in particular, can be considered as the first
line antibiotic.

than those 2 organisms were excluded from this analysis.
Polymicrobial peritonitis were also excluded. The cases
identified were then individually matched for year of
peritonitis, sex, age (£10 years) and Charlson Comorbidity
Index (£3) with an intended matching ratio of 1:2-3. The
case records of these episodes were reviewed, and the
demographic characteristics, underlying medical condi-
tions, and clinical outcome were examined. Poor response
(refractory peritonitis) was defined as failure of resolution
of peritonitis in terms of cell count at day 5 despite the
escalation of antibiotics.”” Complete response was defined
as complete resolution of the peritonitis together with
none of the following complications: relapse or recurrent
peritonitis, the need for PD catheter removal, or
peritonitis-related death for more than 30 days of an
episode of peritonitis.

Recent antibiotics or topical agents were defined as
antibiotic therapy or topical agents for any active infection
(but particularly exit site infection) 30 days before the
onset of peritonitis. Similarly, previous procedures were
defined as procedures or operations 30 days before the
onset of peritonitis.

Clinical and biochemical parameters at presentation
have been collected and analyzed. These include the
circulating or PDE white cell and its differential counts and
inflammatory markers such as C-reactive protein. Serial
PDE white cell counts and its differentials were also
collected at day 3 and analyzed. The blood or peritoneal
neutrophil-to-lymphocyte ratio is calculated by dividing
the neutrophil count over lymphocyte count from the
blood or peritoneal effluent sample, respectively.

Peritonitis episodes were treated with our center’s
standard antibiotic protocol, which was changed systemi-
cally over time. Initial antibiotics for peritonitis generally
consisted of intraperitoneal administration of 2 cephalo-
sporin, as recommended by ISPD guidelines.”” Vancomycin

and gentamicin may be substituted or added if the PDE
remains cloudy despite initial antibiotics and before any
culture results become available. Antibiotic regimens for
individual patients were then modified when culture results
became available, and the duration of treatment was set
according to the ISPD guidelines.”” Peritoneal dialysis
catheters were removed, and patients were treated with
temporary hemodialysis when peritonitis failed to resolve
with antibiotics. For the care of the exit site, we also fol-
lowed the ISPD guideline.”””* These preventive measures
include the cleaning of exit site with soap or chlorhexidine
at least twice weekly and every time after a shower; and
daily topical application of antibiotic creams (mupirocin
cream in our center) to the catheter exit site on top of the
twice weekly cleansing.

Statistical analysis was performed by SPSS software version
29.0 (SPSS Inc). Data are presented as mean * standard
deviation (SD) or median (interquartile range [IQR]) as
appropriate. Differences among different organism groups
were evaluated by the Fisher exact test, Mann—Whitney
test, or Kruskal-Wallis test, as appropriate. P val-
ues<0.05 were considered statistically significant. All
probabilities were 2-tailed. Peritonitis rate is calculated as
per ISPD guideline,ZZ which is the number of peritonitis
episodes divided by the number of patient-years at risk (ie,
number of years on PD starting from the time of PD
commencement). It is reported as episodes per patient-
year.

The study was performed in accordance with the ethics
standards of the institutional research committee at which
the studies were performed and with the Declaration of
Helsinki. The study was approved by the clinical research
ethics committee of the Chinese University of Hong Kong.

RESULTS

There were 258 episodes of S aureus peritonitis and 19
episodes of S lugdunensis peritonitis among 200 patients
from July 2000 to July 2020 in our center (Fig 1). The
overall peritonitis rate was 0.41 episodes per patient-year
during this period. The S aureus specific peritonitis rate
was 0.0331 episodes per patient-year, as compared with
the S lugdunensis specific peritonitis rate of 0.0024 episodes
per patient-year. There seems to be an increasing trend in
the total number of S aureus peritonitis over time per 5-year
period (Fig 2). However, there is actually a decreasing
trend in peritonitis rate over time, when all the peritonitis
episodes are taken into account (Fig 2). The trend for the S
lugdunensis peritonitis seems to be less apparent, both in
terms of the number of episodes and the peritonitis rate.

Forty-eight episodes of S aureus peritonitis were matched
to 19 cases of S lugdunensis peritonitis with a matching ratio
of 1:2.5 (Fig 1). The demographic and clinical data be-
tween the 2 organisms are summarized in Table 1. There is
a higher predilection of diabetes in those with S aureus
peritonitis than in those with S lugdunensis (52.1% vs 26.3%;
P =0.05 as the primary cause of kidney failure and 64.6%
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258 episodes of S aureus peritonitis and 19
episodes of S lugdunensis peritonitis among 200
patients identified from July 2000 to July 2020

210 episodes of S aureus peritonitis
and O cases of S lugdunensis peritonitis

were excluded

Available for analysis:
48 episodes of S aureus peritonitis and 19 cases
of S lugdunensis peritonitis matched

Figure 1. Flow diagram of the study population.

vs 31.6%; P=0.03 as comorbid condition, respectively).
There were no significant differences among the primary
cause of kidney failure and other comorbid conditions. As
for PD systems, there were also no significant differences
between the 2 organisms.

Although there are no significant differences in initial
clinical presentation between the 2 organisms (Table 1),
there are significant differences among the cell counts in
the peritoneal dialysate between the 2 organisms
(Table 2). Patients with S aureus peritonitis reported a
much higher total cell count at presentation as compared
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with those with S lugdunensis (4,463.9£5,479.5 vs
1,807.9£3,322.7; P=0.05). Similar findings are also
noted in the peritoneal dialysate sample taken at day 3
(1,181.8+2,651.2 vs 587.7 £ 1,515.4; P=10.03). How-
ever, there are no differences among the various white cell
types in the peritoneal dialysate between the 2 organisms.
There are also no significant differences among the white
cell counts and various cell differentials in the blood be-
tween the 2 organisms. Furthermore, there are no differ-
ences in the blood and peritoneal dialysate neutrophil-to-
lymphocyte ratio.
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Figure 2. Total number of episodes and peritonitis rate of S lugdunensis and S aureus peritonitis over 20 years in periods of 5 years.
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Table 1. Demographic and Clinical Data Between S aureus and S lugdunensis
Organism S aureus S lugdunensis P
Total 48 19
Male 37 (77.1%) 12 (63.2%) 0.4
Age (y)® 60.8 +8.5 64.1 £10.8 0.2
PD vintage (m)® 28.7 (10.4-49.3) 57.3 (26.5-85.8) 0.09
Episodes of previous peritonitis 1.3+1.6 19+18 0.2
Kidney diagnosis®
Diabetic kidney disease 25 (52.1%) 5 (26.3%) 0.05
Hypertension 7 (14.6%) 2 (10.5%) > 0.99
Glomerulonephritis 6 (12.5%) 4 (21.1%) 0.5
Obstructive nephropathy 1 (2.1%) 2 (10.5%) 0.2
Polycystic kidney disease 1 (2.1%) 2 (10.5%) 0.2
Unknown 8 (16.7%) 4 (21.1%) 0.7
Comorbidities®
Diabetes 31 (64.6%) 6 (31.6%) 0.03
Hypertension 44 (91.7%) 19 (100%) 0.6
Ischemic heart disease 13 (27.1%) 5 (26.3%) >0.99
Stroke 14 (29.2%) 8 (42.1%) 0.4
Peripheral vascular disease 6 (12.5%) 1 (5.3%) 0.7
Lung disease 2 (4.2%) 1 (5.3%) >0.99
Cancer 3 (6.3%) 1 (5.3%) >0.99
Charlson Comorbidity Index 76+24 71 +£3.1 0.5
System®
Machine assisted peritoneal dialysis 5 (10.4 %) 0 (0%) 0.3
CAPD with double-bag disconnect system 43 (89.6%) 19 (100%) 0.3
CAPD with low GDP solution 13 (27.1%) 6 (31.6%) 0.8
Symptoms®
Fever 26 (54.2%) 7 (36.8%) 0.3
Abdominal pain 38 (79.2%) 15 (78.9%) >0.99
Cloudy peritoneal dialysate 47 (97.9%) 18 (94.7%) 0.5
Vomiting 5 (10.4%) 4 (21.1%) 0.3
Diarrhea 10 (20.8%) 4 (21.1%) >0.99

Abbreviations: CAPD, continuous ambulatory peritoneal dialysis; GDP, glucose degradation product.

2Data expressed as mean * standard deviation.
PData expressed as median (interquartile range).
°N of patients (%).

Table 3 summarizes the comparison of predisposing
factors and clinical outcomes between the 2 organisms.
There is no difference in peritonitis risk during the wet
seasons in Hong Kong between the 2 organisms. There
were also no differences in previous use of antibiotics or
topical agents or previous procedures between the 2 or-
ganisms. Although there was no difference in the numbers
of cases with concurrent exit site infection (ESI) between
the 2 groups, patients with S aureus peritonitis tend to have
the same organisms as the culprit for ESI among those with
concurrent ESI as compared with those with S lugdunensis
(66.7% vs 6.3%; P<0.01).

As for clinical outcomes (Table 3), patients with S aureus
have a higher prevalence of poor response at day 5 (50.0%
vs 15.8%; P=0.03); and a worse complete response than
those with S lugdunensis (64.6% vs 94.7%; P =0.01). They
are also more prone to relapse with the same organism
than those with S lugdunensis (29.2% vs 0%, respectively;
P =0.01). There are no differences in the risk of peritoneal
catheter removal or death between the 2 organisms.

We also reviewed the antibiogram of these matched
cases of peritonitis against 5 commonly used anti-
staphylococcal antibiotics: clindamycin, cloxacillin, cotri-
moxazole, moxifloxacin, and rifampicin. Among the 19
cases of S lugdunensis peritonitis, 2 cases (10.5%) were
resistant to clindamycin, and 3 cases (15.8%) were resis-
tant to cloxacillin. Otherwise, all cases were sensitive to
cotrimoxazole, moxifloxacin, and rifampicin. Compara-
tively, S aureus had a higher rate of resistance: 11 cases
(22.9%) were resistant to clindamycin and 5 cases
(10.4%) were resistant to moxifloxacin, respectively. Only
1 case (2.1%) was resistant to cloxacillin, and none of the §
aureus were resistant to cotrimoxazole or rifampicin. There
was no resistance to topical mupirocin for both organisms.

DISCUSSION

To our knowledge, this study is the largest case series of §
lugdunensis peritonitis with a matched comparative analysis
to S aureus, an organism with well-known virulence. In this
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Table 2. Clinical Parameters of Serum and Peritoneal Dialysate of Peritonitis Episodes Between S aureus and S lugdunensis

Organism S aureus S lugdunensis P
Blood

White cell counts (x 10%/L)? 105+ 4.3 135+ 9.1 0.2
Neutrophil differentials (%)? 83.0+8.7 81.9+88 0.7
Lymphocyte differentials (%)? 74 £ 41 8.8+5.0 0.2
Monocyte differentials (%)? 6.5 + 3.1 6.7 +3.3 0.8
Blood NLR® 19.3+22.7 15.4+15.3 0.5
C-reactive protein (mg/L)® 46.4 (21.1-128.1) 69.8 (25.0-113.0) 0.5
Peritoneal dialysate at day O

Total cell counts (cells/uL)? 4,463.9 +5,479.5 1,807.9 + 3,322.7 0.05
Neutrophil differentials (%)* 78.3 £ 20.1 783.1 £ 18.0 0.4
Lymphocyte differentials (%)® 45+6.6 7.6+ 154 0.3
Monocyte differentials (%)? 15.7+15.4 8.6+ 79 0.09
PDE NLR 444 +35.0 473 + 38.1 0.8
Peritoneal dialysate at day 3

Total cell counts (cells/uL)? 1,181.8 +2,651.2 587.7 +1,515.4 0.03
Neutrophil differentials (%)? 61.1 £23.0 60.1 +31.3 0.9
Lymphocyte differentials (%) 9.3+10.8 16.6 £ 24.5 0.4
Monocyte differentials (%)? 26.1+173 225+19.3 0.6
PDE NLR? 20.4 +24.0 21.2 £ 20.1 0.9

Abbreviations: NLR, neutrophils lymphocytes ratio; PDE, peritoneal dialysate effluent.

“Data expressed as mean * standard deviation.
PData expressed as median (interquartile range).

study, we demonstrated that S lugdunensis peritonitis can
cause significant peritonitis, even though S aureus peritonitis
is still far more virulent as reflected by the peritoneal
dialysate cell counts and higher prevalence of poor
response and relapse.

Lin et al”* previously reported that hospital mortality
was as high as 20.8% in their study, consisting of 48 cases
of invasive S lugdunensis infection (41 cases of S lugdunensis
bacteremia and 7 cases of sterile site infection with S lug-
dunensis).”* Unlike their report, the mortality of our cohort
was 5.7%, with only 1 death. However, this difference is
likely because of the different sites of infection (bacteremia

vs localized peritonitis). Indeed, 8%-27% S lugdunensis
bacteremia has been shown to be associated with IE, a
condition often linked with high mortality.”* None of our
cases had a positive blood culture for S lugdunensis.

S lugdunensis remains remarkably susceptible to most an-
tibiotics,”® as reflected by the high complete response in
our cohort (94.7%). A previous study showed that most
strains (82%) in their cohort were penicillin-susceptible,
and none were oxacillin-resistant or multiresistant.”’
However, methicillin resistance has been increasingly re-
ported, particularly in the Far East. Ho et al’® reported
8.3% of 252 isolates in a Hong Kong hospital were found

Table 3. Predisposing Factors and Clinical Outcome Between S aureus and S lugdunensis

Organism S aureus S lugdunensis P

Predisposing factors®
Wet seasons (May—September) 21 (43.8%) 8 (42.1%) > 0.99
Previous use of antibiotics 11 (22.9%) 7 (36.8%) 0.4
Previous use of topical agents (for active exit site infection) 7 (14.6%) 2 (10.5%) > 0.99
Previous procedure or surgery 2 (4.2%) 2 (10.5%) 0.3
Concurrent exit site infection 45 (93.8%) 16 (84.2%) 0.3
Same organism in exit site infection to peritonitis® 30 (66.7%) 1 (6.3%) <0.01

Clinical outcome®
Poor response (refractory peritonitis) 24 (50.0%) 3 (15.8%) 0.03
Complete response 31 (64.6%) 18 (94.7%) 0.01
Peritoneal catheter removal 1 (2.1%) 0 (0.0%) >0.99
Transfer to hemodialysis 1 (2.1%) 0 (0.0%) >0.99
Relapsed 14 (29.2%) 0 (0.0%) 0.01
Death 2 (4.2%) 1 (5.3%) >0.99

2N of patients (%).
PAmong those with concurrent exit site infection.
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to be resistant to methicillin.”®
remains the antibiotic of choice for S lugdunensis infection.
In fact, recent study suggested using penicillin G because it
has been shown to reduce the risk of relapses and treat-
ment failure for § lugdunensis infections.”®

Despite its susceptibility to most antimicrobials, several
virulence factors have been identified in S lugdunensis,
rendering this species an important pathogen over other
CoNS.””*" These factors include S lugdunensis synergistic
hemolytic peptides (SLUSH),”” fibrinogen-binding pro-
tein,”” Lugdulysin (metalloprotease),”” von Willebrand
factor-binding protein,' and iron-regulated surface
determinant (Isd) proteins C (IsdC), which are associated
with biofilm formation.’° In particular, studies have
shown that S. lugdunensis is the only staphylococcal species
other than S. aureus that possesses the locus encoding Isd
proteins, which allow the utilization of host heme as a
source of nutrient iron to facilitate bacterial growth during
infection.””**® These virulence factors give S lugdunensis the
potential to cause aggressive infections, unlike most CoNS.
However, S lugdunensis lacks the additional virulence factors
that are characteristic of S aureus, such as coagulase, innate
immune evasion proteins, protein A, B—barrel pore form-
ing cytolytic toxins, and enterotoxins.””**” This may
explain why S lugdunensis is somewhat less virulent, as
shown in our study.

Interestingly, our study showed that there is a pre-
ponderance of S. aureus compared with S lugdunensis among
patients with diabetes. Indeed, a previous population-
based case-control study performed in Denmark showed
that diabetes is associated with a substantially increased
risk of S aureus bacteremia, particularly in patients with
diabetes of long duration, poor glycemic control, and
diabetes complications.”” The exact mechanism of such
associations remains unclear, but it is likely related to the
virulence of the organism and the reduced immune state
in patients with diabetes.”' Whether this preponderance
also occurs in § lugdunensis infection remains unclear. A
larger population-based study would be needed to assess
such an association in $ lugdunensis. Although not statisti-
cally significant, patients with S. lugdunensis peritonitis have
a much longer PD vintage than patients with S. aureus
peritonitis. It is speculated that patients with longer PD
vintage may acquire a clinically significant bacterial
colonization of the biofilm, predisposing them to an
infection with otherwise lower virulence bacteria. To
ascertain this, one would expect that the S lugdunensis
infection to have a higher peritonitis rate if the infection
reflected a biofilm colonization. However, this specula-
tion was not supported by the historical peritonitis rate,
as the rate of the S lugdunensis group is lower than that of
the S aureus group (0.37 vs 0.45 episodes per patient-year,
respectively). Further study would be required to inves-
tigate this speculation.

One of the strengths of this study is that it is a
matched cohort, thus reducing selection bias. As
mentioned, our study is also the largest case series of S

Nonetheless, penicillin
29

lugdunensis peritonitis in a single center with a long un-
interrupted period of 20 years. This allows a better es-
timate of the prevalence and characteristics of S lugdunensis
peritonitis in our locality.

However, our study has several limitations. First, this
is a retrospective cohort study involving a single center,
and the overall result may not be generalizable to other
centers. A population-based study involving multiple
centers may be needed to have a more accurate repre-
sentation. Second, we did not include data of other CoNS
such as Staphylococcus epidermidis, the same family S lugdunensis
belongs to, as part of the comparative analysis. We did
not include CoNS and have instead focused the analysis
on comparing S lugdunensis and S aureus because it is well
reported that S lugdunensis resembles more closely with S
aureus given the similarities in virulence despite being in
the CoNS group. We also do not have data on several
known predictors of peritonitis outcomes, such as serum
albumin, smoking status, and body mass index; which
may have confounded the comparative analysis of the
peritonitis outcome. Finally, our study had a relatively
small number of S lugdunensis peritonitis. This study was
thus underpowered to detect any small differences be-
tween the groups, and statistically significant differences
should be interpreted with caution.

Nonetheless, our study suggested that, although S aureus
peritonitis is still far more virulent with significant
morbidity, S lugdunensis can cause similarly serious in-
fections such as peritonitis. Regardless, S lugdunensis remains
susceptible to most antibiotics and the penicillin group,
penicillin G in particular, could be considered as the first
line of antibiotic.
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