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Abstract
Nosocomial sequence types of Staphylococcus epidermidis dominate in prosthetic joint infections. We
examined caspase-1 activation in human neutrophils after incubation with Staphylococcus epidermidis
isolated from prosthetic joint infections and normal skin flora. Active caspase-1 was lower after
incubation with isolates from prosthetic joint infections than after incubation with commensal
isolates. Both host and isolate dependent differences in active caspase-1 were noted. Our results
indicate that there might be a host-dependent incapacity to elicit a strong caspase-1 response
towards certain strains of S. epidermidis. Further experiments with a larger number of individuals are
warranted.
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Introduction
Prosthetic joint infection (PJI) after arthroplasty
surgery is an unwelcome complication, debilitating
for the patient and associated with great costs for the
healthcare system [1]. Staphylococcus epidermidis is a
common causative microorganism of PJIs [2], but also
a ubiquitous skin commensal beneficial to the host [3].
The majority of PJIs are thought to result from
contamination of the implant during surgery or
immediately post-operatively [2]. In the presence of
foreign material, the inoculum needed to establish an
S. epidermidis infection is believed to be small (104
colony-forming units) [4]. Many implants and/or
joints (39-54%) are contaminated during prosthetic
joint surgery [5], primarily by coagulase-negative
staphylococci [5]. However, the incidence of PJIs is
low: approximately 1-2% [2]. PJIs caused by S.

epidermidis
are
predominantly
due
to
healthcare-associated multidrug-resistant sequence
types (STs), such as ST2 and ST215, and not by STs
commonly found in the normal skin flora [6]. The
reason for this predominance of healthcare-associated
strains is still unknown.
In an animal model of arthroplasty surgery,
higher bacterial burden and markedly less
neutrophilic response were demonstrated in
IL-1β-deficient mice compared to TLR2-deficient mice
or wild-type mice [7]. IL-1β is produced as an inactive
precursor protein, pro-IL-1β, that is cleaved by
proteases to its active form. Cleavage of pro-IL-1β in
neutrophils is accomplished both by active caspase-1,
formed after autoproteolysis of pro-caspase-1
following oligomerization of inflammasome proteins,
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and by, for example, serine proteases. In human
whole blood, treatment with caspase-1 inhibitor
(YVAD) ex vivo reduced the production of IL-1β after
stimulation with S. epidermidis in a dose-dependent
manner [8], suggesting that caspase-1 is important for
IL-1β production after stimulation with S. epidermidis.
Experiments with knock-out mice have demonstrated
that caspase-1 is essential for neutrophil secretion of
IL-1β after stimulation with inflammasome activators
[9], and that reduced production of active caspase-1
and IL-1β is associated with higher bacterial burden in
a mouse model of corneal infection [10].
An immune evasion mechanism involving
capase-1 dependent IL-1β production has been
proposed as a possible explanation for the
predominance of certain S. pneumoniae serotypes in
invasive disease [11]. In line with this, a previous
study by our group demonstrated less caspase-1
activity in human neutrophils stimulated with
Propionibacterium acnes isolates from orthopedic
implant infections, compared to neutrophils
stimulated with P. acnes isolates from normal skin
flora [12]. Our hypothesis is that a similar difference
between clinical and commensal strains of S.
epidermidis might explain the predominance of ST2 in
PJIs. The aim of this study was thus to compare levels
of active caspase-1 elicited in human neutrophils after
stimulation with S. epidermidis isolates obtained from
PJIs and S. epidermidis isolates from normal skin flora.

Methods
Human whole blood from healthy controls
Peripheral whole blood was obtained from three
healthy controls (denoted A, B, and C). The neutrophil
concentration was determined by automated
hematology analyzer (X-E-5000; Sysmex Corporation,
Kobe, Japan) after washing, as previously described
[12]. Experiments were performed in blocks of five
commensal isolates, five PJI isolates, four positive
controls, and one negative control, respectively. For
each block, caspase-1 was determined in neutrophils
from one individual/day, after 0.5h and 2h of
incubation.

Bacterial strains
Ten commensal isolates of S. epidermidis (various
STs), isolated from nares and wrists of healthy
volunteers, and ten S. epidermidis isolates (ST2) from
hip and knee PJIs were used in this study. The isolates
were characterized in a previous study [6], and the
origin of the isolates, sequence types, prevalence of
virulence factors, multidrug resistance, and blocks are
presented in table 1. Isolates were subcultured on
blood agar plates overnight, after which two to five
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colonies were added to trypticase soy broth (BBL
Trypticase Soy Broth, Beckton, Dickinson and Co.,
Sparks, MD, USA) and incubated for 24h. On the day
of the experiment, 50 μL of the bacterial suspension
was added to 950 μL PBS and the bacterial
concentration of the suspension was then calculated
using a Bürker chamber.

Detection of active caspase-1 in neutrophils
Active caspase-1 in neutrophils was quantified
by flow cytometry using FAM-FLICA® Caspase-1
assay
kit
(ImmunoChemistry
Technologies,
Bloomington, MN, USA) in parallel with leukocyte
labeling, as previously described [12]. Human washed
whole blood (270 µl) was incubated with 20 μL of
bacterial suspension and 10 μL of x30 FLICA for
30min and 2h, respectively. The concentrations of the
bacterial suspensions were corrected to MOI of 1:2.
Unstimulated cells and four positive controls (ATP,
LPS + ATP, nigericin, and LPS + nigericin) were
included in all experiments. LPS was added from the
start, and ATP and nigericin were added 30 min
before end of incubation. Flow cytometry was
performed with an EPICS® ALTRA (Beckman
Coulter, Fullerton, CA, USA) equipped with an Argon
laser (488nm) and EXPO 32 software. FLICA
fluorescence was measured with a 525 ± 30 nm band
pass filter. For each sample, the fluorescence intensity
was determined for 50,000 events. The flow cytometry
data were analyzed with Kaluza Analysis software
(Beckman Coulter). Leukocytes were distinguished as
previously described [12]. Neutrophils were gated
manually (population identified via high SS, presence
of CD45, and lack of CD14). Median fluorescence
intensity (MFI) was determined for each sample, and
the data were then analyzed by comparing median
MFI values in neutrophils incubated with isolates
from PJIs, and neutrophils incubated with isolates
from normal skin flora. The mean discrepancy in MFI
for unstimulated controls between experimental days
(the intra-individual variability) was 8.0% (SD ±4.6%).

Ethical considerations
Approval from ethics committee was not
applicable by the Swedish Act concerning the Ethical
Review of Research Involving Humans (2003:460).
The blood samples were anonymized. Limited clinical
data from the original microbiology request form
were provided with the subcultured bacterial isolates
from prosthetic joint infections, but identification of
patients was not possible, and no human tissue
material was stored.

Statistical analyses
The Shapiro-Wilk test was used to test data sets
for normality. Non-parametric data are presented as
http://www.jbji.net
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median and interquartile range. A two-tailed
Mann-Whitney U-test was used to test for differences
between median MFI values between isolate groups
(IBM SPSS Statistics for Macintosh, version 23.0). A
p-value ≤ 0.05 was considered significant.

Results
The production of active caspase-1 in human
neutrophils was compared under resting conditions
and after incubation with S. epidermidis isolates from
normal skin flora (n=10) and PJIs (n=10). Under
resting conditions, the expression of active caspase-1
in neutrophils was similar for two of the control
individuals (A and C), but lower for individual B
(demonstrated after 2h in Figure 1, unstimulated
neutrophils, white bars).
After incubation with S. epidermidis isolates, the
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expression of active caspase-1 in neutrophils was
increased compared to unstimulated cells. Median
MFI after 0.5h was 37.3 (35.1-47.5) for neutrophils
incubated with commensal isolates and 34.5
(30.2-38.5) for neutrophils incubated with PJI isolates
(p=0.029) (Figure 2). After 2h of incubation, median
MFI was 74.9 (64.5-87.8) for neutrophils incubated
with commensal isolates and 59.1 (50.5-73.3) for
neutrophils incubated with PJI isolates (p=0.003)
(Figure 2.). Active caspase-1 in neutrophils after 2h of
stimulation is presented by healthy control and isolate
in Figure 1.

Discussion

In this study, we determined active caspase-1 in
human neutrophils after incubation with S. epidermidis
isolates from PJIs and normal skin flora, in order to
investigate if there was a difference in
host immune response towards isolates of
different origin that could contribute to
the predominance of nosocomial S.
epidermidis genotypes in PJIs. S. epidermidis
isolates from PJIs as well as from normal
skin flora induced caspase-1 activity in
neutrophils, but commensal bacteria
generally produced a stronger response
than PJI isolates.
Two PJI isolates, numbers 115 and
128, consistently produced low levels of
caspase-1 activity (Fig 1B), indicating
isolate-specific differences in virulence
responsible
for
affecting
host
inflammatory response. Neutrophils from
one individual (C) demonstrated even
lower caspase-1 activity after incubation
with these isolates compared to the
unstimulated setting. It remains to be
clarified whether such a low level of active
caspase-1 can influence bacterial clearance
by inducing insufficient levels of IL-1β or
other caspase-1 mediated inflammatory
responses; the potential underlying
mechanism for this phenomenon of
host-pathogen interaction is also still
unclear.
Active caspase-1 was particularly
high after incubation with some of the S.
epidermidis isolates from normal skin flora.
However, isolate number H6, for
example, which evoked by far the highest
caspase-1 activity of individual A,
Figure 1. Active caspase-1 in neutrophils after 2h of stimulation, per healthy control (HC A-C)
resulted in a more average active
and isolate number. White bars = unstimulated neutrophils, light grey bars = neutrophils
caspase-1 response in neutrophils from
stimulated with S. epidermidis isolates from prosthetic joint infections, dark grey bars = neutrophils
stimulated with S. epidermidis isolates from normal skin flora. Dotted lines show values for
individual C, suggesting inter-individual
unstimulated controls. MFI = median fluorescence intensity.
variations of host-microbe interaction.
http://www.jbji.net
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Table 1. Isolate ID, type, origin, ST (sequence types), prevalence of virulence genes (icaADB, aap), biofilm production (phenotypic),
SCCmec types, and multidrug resistance of S. epidermidis isolates (n=20).
Isolate ID
H2
H3
H4
N4
N11
H6
N7
N12
N14
N17
115
117
118
126
128
108
122
139
152
157

Type
commensal
commensal
commensal
commensal
commensal
commensal
commensal
commensal
commensal
commensal
PJI
PJI
PJI
PJI
PJI
PJI
PJI
PJI
PJI
PJI

Origin
wrist
wrist
wrist
nostril
nostril
wrist
nostril
nostril
nostril
nostril
THR
THR
THR
THR
THR
THR
TKR
THR
THR
THR

ST
190
291
283
2
38
315
307
190
278
297
2
2
2
2
2
2
2
2
2
2

icaADB
n/a
n/a
+
+
n/a
n/a
+
n/a
+
+
+
+
+
+
+
+
+
+
+
+

aap
+
+
+
+
+
+
+
n/a
n/a
+
+
+
+
+
+
+
+
+
+
+

Biofilm
+
+
+
+
+
+
+
+
+
+
+
+
+
+

SCCmec type
NT
NT
NT
NT
IV
NT
NT
NT
NT
NT
NT
Ivc
Ivc
III
III?
NT
Ivc
NT
III?
III

Multidrug resistant
no
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
no
yes
yes
yes
yes
yes

Block
1
1
1
1
1
2
2
2
2
2
1
1
1
1
1
2
2
2
2
2

Block refers to isolates included in the same experiment. THR = total hip replacement, TKR = total knee replacement.

Figure 2. Active caspase-1 in neutrophils from three healthy controls after 0.5h and 2h of stimulation. White bars = unstimulated neutrophils, light grey bars =
neutrophils stimulated with S. epidermidis isolates from prosthetic joint infections (PJIs), dark grey bars = neutrophils stimulated with S. epidermidis isolates from
normal skin flora (commensal isolates).

Single nucleotide polymorphism (SNP) in
NLRP3
and
CARD8
genes
(involved
in
inflammasome-dependent activation of caspase-1) has
been associated with elevated levels of IL-1β in
healthy blood donors [13] and a number of
inflammatory diseases characterized by elevated
levels of IL-1β [14]. Inter-donor variation in IL-1β
production in human monocytes after stimulation
with canonical inflammasome activators has been
described [15], as have variable expression and
function of the P2X7 receptor (which mediates

ATP-driven NLRP3 inflammasome-dependent IL-1β
secretion) on human neutrophils [16]. Polymorphism
in the human P2X7 receptor gene has been associated
with increased susceptibility to Mycobacteria, and in
vitro data imply that the P2X7 receptor is important
also in modulating immune response towards other
intracellular bacteria, parasites and extracellular
bacteria such as Staphylococcus aureus and Escherichia
coli [17]. However, most work on inflammasome
activation by bacteria has been performed with inbred
mice and a limited number of strains [18], and hence
http://www.jbji.net
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little is known about inter-individual variation in
human innate immune response towards different
strains of a specific bacterial species. A study by
Fatykhova et al. found serotypic differences in NLRP3
inflammasome-dependent responses to pneumococci
in human tissue [11], but not inter-individual
differences.
A strength of the present study is the large
number of isolates from both PJIs and normal skin
flora, as the variable response to different isolates
implies that it is difficult to draw conclusions on a
species level from results based on experiments with
just one or two strains. Unstimulated cells were
similar between experimental days, indicating a stable
assay, but repeated experiments were not performed
with the same isolate and healthy control. A major
limitation of this study is the small number of healthy
controls; further studies of inflammasome activation
by S. epidermidis would benefit from including a larger
number of individuals. To clarify if there are
functional
differences
between
clinical
and
commensal strains with regard to induction of
downstream inflammatory response, measurements
of IL-1β in future experiments would also be
important. Neutrophil supernatants from this
experimental setting could not be used for IL-1β
analyses as the fluorescent inhibitor probe
FAM-YVAD-FMK forms a covalent interaction with
the active site of the enzyme and thus inhibits
caspase-1 activity. Another limitation of the present
study is that the addition of FLICA at the beginning of
incubation meant that no positive or negative
feedback by active caspase-1 could take place. On the
other hand, the addition of FLICA at the beginning
also meant that there was less risk of inadvertently
missing the caspase-1 peak, and so time-sensitivity
was less of a problem.
To conclude, lower activation of caspase-1 was
demonstrated in human neutrophils after incubation
with S. epidermidis isolates from PJIs, compared to S.
epidermidis isolates from normal skin flora. Differences
in active caspase-1 were found to be host and isolate
dependent. Further studies are needed in order to
clarify if there are individual patients at increased risk
for PJI due to sub-optimal activation of caspase-1 in
neutrophils when challenged with S. epidermidis; and
if so, whether the increased risk is isolate-specific due
to specific virulence determinants.
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