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SUMMARY

Background: The aim of this study was to estimate the incidence, associated disease
burden and healthcare utilization due to Staphylococcus aureus prosthetic joint infections
(SA-PJI) after primary hip and knee arthroplasty in European centres.

Methods: This study was conducted in patients who underwent primary hip and knee
arthroplasty in 19 European hospitals between 2014 and 2016. The global incidence of PJI
and SA-PJI was calculated. The associated disease burden was measured indirectly as
infection-related mortality plus loss of function. For healthcare utilization, number and
duration of hospitalizations, number and type of surgical procedures, duration of anti-
biotic treatments, and number of outpatient visits were collected. Subgroup and regres-
sion analyses were used to evaluate the impact of SA-PJI on healthcare utilization,
controlling for confounding variables.

Results: The incidence of PJI caused by any micro-organism was 1.41%, and 0.40% for SA-
PJI. Among SA-PJI, 20.7% were due to MRSA with substantial regional differences, and
were more frequent in partial hip arthroplasty (PHA). Related deaths and loss of function
occurred in 7.0% and 10.2% of SA-PJI cases, respectively, and were higher in patients with
PHA. Compared with patients without PJI, patients with SA-PJI had a mean of 1.4 more
readmissions, 25.1 more days of hospitalization, underwent 1.8 more surgical procedures,
and had 5.4 more outpatient visits, controlling for confounding variables. Healthcare
utilization was higher in patients who failed surgical treatment of SA-PJI.

Conclusions: This study confirmed that the SA-PJI burden is high, especially in PHA, and

provided a solid basis for planning interventions to prevent SA-PJI.

© 2023 The Author(s). Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Increased life expectancy has led to an increase in the
indications for primary joint replacements with a correspond-
ing proportional increase in the number of patients affected by
prosthetic joint infections (PJIs) [1]. Staphylococcus aureus is
the most important micro-organism causing PJI and has been
associated with high rates of therapeutic failure, including loss
of joint function and infection-associated mortality [2,3].

Measures to prevent S. aureus surgical site infection (SSI)
have been based on antibiotic prophylaxis, hygiene measures,
and decolonization of carriers. Implementation of the latter
has been low level, due to the logistical barriers to universal,
pre-procedure screening for S. aureus. Interestingly, new
alternatives based on vaccines and monoclonal antibodies are
being developed that could reduce the incidence of S. aureus
SSI [4,5]. Patients undergoing primary arthroplasty have been
identified as a target population to benefit from the new pre-
ventive approaches [6]. Efficiency in the implementation of
any preventive intervention should be supported by robust
incidence data. In a review of the literature covering the
period 2003—2013 that included 81 studies, S. aureus SSI rates

in patients undergoing knee and hip arthroplasty ranged from
0.2 to 2.4% and 0.18—3.8%, respectively [7]. Given the varia-
bility of these estimates, probably due to differences in study
design, studies are needed that provide reliable incidence
estimates of S. aureus PJI (SA-PJI) in European countries.

PJI is costly, both in terms of its high healthcare con-
sumption and because it results in significant disability [8].
Studies assessing healthcare utilization found that the occur-
rence of postoperative S. aureus SSI following orthopaedic
procedures increased the length of hospital stay (LOS) by a
factor of two to three, increased the likelihood of readmission,
and tripled the costs compared with no SSI [7]. The results of
studies assessing the cost of SA-PJI are difficult to extrapolate
from one country to another due to different ways of measuring
and equating costs. Furthermore, these studies often do not
estimate factors that determine costs such as comorbidities
and age. Given the scarcity of estimations of costs and disability
associated with PJI in Europe, as well as the predominance of
S. aureus as the cause of PJI, better estimates of the costs and
health burden of SA-PJI in European centres are also needed.

The present study aimed to estimate the attributable bur-
den and outcomes of SA-PJI following primary hip and knee
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replacement. This included estimating the incidence of SA-PJI,
the disease burden in terms of death and loss of function, and
the associated healthcare utilization, providing parameters for
future estimations of cost savings associated with different
scenarios of reduction in SA-PJI rates.

Methods
Study design and sites

ARTHR-IS was a multi-centre case—control study carried out
in 19 hospitals in six European countries (Spain, Italy, France,
Germany, UK and the Netherlands) to investigate the inci-
dence, risk factors, predictors of treatment failure and
healthcare utilization associated with SA-PJI following primary
hip arthroplasty (HA) and knee arthroplasty (KA). The study
protocol was registered at clinicaltrials.gov (NCT03826108).
The results on risk factors and predictors of SA-PJI treatment
failure have been published elsewhere [3,9]. In the current
article, the results on incidence, associated disease burden and
healthcare utilization are presented.

Study population, period, and data sources

All patients undergoing primary HA or KA (partial or total) at
participating hospitals between 1% January 2014 and 31
December 2016 were identified through the arthroplasty reg-
ister at each hospital. Those who developed postoperative PJI
in the first year after primary arthroplasty were detected
through the discharge records of patients admitted for PJI or
any joint procedure; records from local SSI surveillance pro-
grammes in patients undergoing primary arthroplasty; or by
matching the list of patients undergoing arthroplasty with the
microbiological records for PJI. Patients with SA-PJI were ret-
rospectively followed up for 18 months after the first proce-
dure performed to treat the infection.

For each case of SA-PJI, three patients without PJI were
selected as controls and matched by hospital, arthroplasty
joint (knee/hip) and date of surgery (nearest to the date of
surgery of the corresponding case). For SA-PJI, the following
information was collected: (1) meticillin-resistant SA-PJI
(MRSA-PJI) and SA-PJI presenting with bacteraemia; (2) nhum-
ber of SA-PJI-related deaths and number of cases with total loss
of joint function as indicators of associated disease burden; (3)
number and days of hospital admission, days of antibiotic
treatment for SA-PJI (intravenous and oral); (4) number and
type of surgical procedures (debridement, partial prosthesis
removal, total prosthesis removal, re-implantation), and
number of outpatient consultations with orthopaedic surgeons
and infectious diseases specialists, as indicators of healthcare
resources used to treat SA-PJI. For patients without PJI, num-
ber and days of hospital admission, number and type of new
surgical procedures after primary arthroplasty, and number of
outpatient consultations were collected. Data on healthcare
utilization was compiled by reviewing patient medical charts.

Definitions
PJIs were defined according to standard criteria [10] and

were considered to be caused by S. aureus if this organism was
isolated from >1 joint aspirate sample, >2 periprosthetic

tissue samples, and/or blood cultures with no other obvious
source of infection.

Treatment failure was defined as a composite variable
including related mortality, clinical failure and functional
failure, as previously reported [3]. Related mortality was
defined as mortality resulting from SA-PJI. Clinical failure was
defined as persistence or recurrence of signs or symptoms of
infection, the need for long-term suppressive antibiotic ther-
apy, and removal of the prosthesis if not performed as the
initial surgical procedure due to prosthetic loosening. Func-
tional failure was defined as significantly impeded or impaired
ability to walk due to prosthetic loosening or the need for a
Girdlestone procedure or arthrodesis.

Healthcare utilization for patients with SA-PJI included the
use of healthcare resources during and after the first procedure
performed to treat the infection, additional procedures if the
patient had complications related to the procedure, or if the
initial treatment failed. For patients without PJI, healthcare
utilization included the standard resources used in the follow
up of patients undergoing arthroplasty or its non-infectious
complications.

Data were entered into an anonymized electronic case
report form and monitored for data coherence and complete-
ness. The study was approved by the ethics committees at each
site according to local regulations. Due to the retrospective
nature of the study, the need to obtain written informed con-
sent was waived (except in French hospitals where informed
consent was requested).

Statistical analysis

One-year cumulative incidence (referred from now on as
incidence, for the sake of brevity) data were calculated using a
cohort design. The number of primary arthroplasties for each
calendar year (2014—2016) constituted the annual aggregated
cohorts. For each calendar year, the cumulative incidence of
PJI, SA-PJI, MRSA-PJI and bacteraemic SA-PJI with their 95%
confidence intervals (Cls) were calculated. The disease burden
associated with SA-PJI was calculated as the proportion of SA-
PJI patients who died from SA-PJl-related infection and/or
experienced severe loss of function, overall and stratified by
type of prosthesis.

For healthcare resource utilization, qualitative variables
were presented as percentages, and quantitative variables as
median and interquartile ranges (IQRs). Resource utilization
was compared between patients with SA-PJI versus patients
without PJI, and in patients with SA-PJI, between those with
and without treatment failure, using the chi-squared and
Mann—Whitney U tests or the Kruskal—Wallis test for qual-
itative and quantitative variables, respectively. Stratified
analyses were performed for patients aged <65 years and >65
years, patients with Charlson index <3 and >3, by sex of
patient, and type of joint prosthesis. To determine the use of
healthcare utilization attributable to SA-PJI, controlling for
age, sex, Charlson index and type of prosthesis, multi-variable
linear regression analyses were performed; generalized linear
mixed models controlled for the effect of study site, consid-
ered as a random effect. Regression coefficients () and their
95% Cls were calculated to reflect the fixed-effects relationship
between each healthcare utilization variable and SA-PJI or its
absence. Statistical analyses were conducted using SPSS 26.0
(SPSS Inc.).
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Results

Cumulative incidence of SA-PJI after primary hip and
knee arthroplasty

During the three-year study period, 39,261 arthroplasties
were performed, of which 23,545 (60.0%) were of the hip
(50.6% total hip, 9.3% partial hip) and 15,716 (40.0%) of the
knee (Table I). Supplementary Table S1 shows the number of
procedures by country.

In total, 553 patients developed a PJI due to any type of
micro-organism (incidence, 1.41%; 95% Cl: 1.30—1.53), of
which 159 (28.8%) were due to S. aureus (SA-PJI incidence,
0.40%; 95% Cl: 0.35—0.47). Stratified by type of arthroplasty,
patients who underwent partial hip arthroplasty (PHA) had the
highest incidence: 2.55% (95% Cl: 2.10—3.13) for PJI caused by
any type of micro-organism, and 0.96% (95% Cl: 0.69—1.33) for
SA-PJI (Table I).

Supplementary Table S2 shows the incidence of MRSA-PJI
and cases of SA-PJI with associated bacteraemia. Of the total
number of SA-PJI cases, 33 (20.7%) were caused by MRSA, with
significant differences between countries, being highest in
Spain and Italy, and with no cases at centres in the Netherlands
(Supplementary Table S1). There were also significant differ-
ences according to the location of the prosthesis: the highest
proportions of MRSA-PJI among SA-PJI cases occurred in
patients who underwent HA (25.8% total HA and 37.1% PHA)
compared with 6.4% in patients with KA (Supplementary
Table S2). Bacteraemia occurred in 27 patients with SA-PJI
and was also more frequent in PHA (31.4%) than total HA
(16.1%) and KA (9.7%) (Supplementary Table S2).

Table |

Disease burden and healthcare utilization associated
with SA-PJI

Table Il shows the associated disease burden (including
infection-related mortality and functional loss in survivors) and
healthcare utilization for 128 patients with SA-PJI versus 380
patients without PJI, both overall and stratified by type of
prosthesis. Among patients with SA-PJI, related mortality and
functional loss were higher in those with PHA compared with
those with total hip and knee prostheses, after controlling for
confounding factors (Supplementary Table S3). Overall, the 128
patients with SA-PJI had 196 hospital admissions for a total of
4848 days (median per admission, 26 days), underwent 236
surgical procedures, had a median of eight consultations with
an orthopaedic surgeon or infectious diseases specialist, and
received 13,476 days of antibiotic treatment, including 4923
days of intravenous antibiotic treatment (median, 21 days) and
8553 days of oral antibiotic treatment (median, 56 days).
Patients with PHA had significantly fewer outpatient visits and
fewer days of antibiotic treatment than patients with total hip
or knee prostheses. These differences were maintained after
excluding patients who died due to SA-PJI or underwent pros-
thesis resection as the first procedure (data not shown).
Patients with SA-PJI had significantly more admissions, hospital
days, additional procedures, and outpatient visits compared
with those without PJI (Table Il). The differences remained
when patients were stratified by type of prosthesis (Table Ill),
age >65 years, sex, and Charlson index >3 (Supplementary
Table S4). After adjusting for all these variables and control-
ling for hospital site, mean resource consumption for patients
with SA-PJI was higher than for those without PJI: 1.4 more

Primary arthroplasty procedures, post-surgical prosthetic joint infection and cumulative incidence (total and Staphylococcus aureus)

during 2014—2016 by type of arthroplasty and year of procedure

Number of PJI
procedures

1-year cumulative
incidence of PJI (95% Cl)

SA-PJI 1 year cumulative
incidence of SA-PJI (95% Cl)

Proportion
SA-PJI/PJI (95% Cl)

Total hip arthroplasty

2014 6630 95 1.43 (1.17—1.75)
2015 6625 76 1.15 (0.92—1.43)
2016 6602 69 1.05 (0.83—1.32)
Total 19,857 240 1.21 (1.07-1.37)
Partial hip arthroplasty

2014 1234 33 2.67 (1.91-3.73)
2015 1269 35 2.76 (1.99-3.81)
2016 1185 26 2.19 (1.50—3.20)
Total 3688 94 2.55 (2.10-3.13)
Knee arthroplasty

2014 5107 74 1.45 (1.14—1.82)
2015 5089 68 1.34 (1.04—1.69)
2016 5520 77 1.39 (1.10—1.74)
Total 15,716 219 1.39 (1.21-1.59)
All arthroplasties

2014 12,971 202 1.56 (1.35—1.79)
2015 12,983 179 1.38 (1.19—1.59)
2016 13,307 172 1.29 (1.11—1.50)
Total 39,261 553 1.41 (1.30—1.53)

30 0.45 (0.32—0.65) 31.6 (23.1—41.5)
14 0.21 (0.13—0.35) 18.4 (11.3-28.6)
18 0.27 (0.17—0.43) 26.1 (17.2—37.5)
62 0.31 (0.24—0.40) 25.8 (20.7—31.7)
15 1.22 (0.74—2.00) 45.5 (29.8—62.0)
13 1.02 (0.60—1.74) 37.1 (23.2-53.7)
7 0.60 (0.29—1.24) 26.9 (13.7—46.1)
35 0.96 (0.69—1.33) 37.2 (28.1-47.3)
27 0.53 (0.35—0.77) 36.5 (25.6—48.5)

16 0.31 (0.18—0.51) 23.53 (14.1-35.4)
19 0.34 (0.21—0.54) 24.7 (15.6—35.8)
62 0.39 (0.31—0.51) 28.3 (22.4-34.8)
72 0.56 (0.43—0.70) 35.6 (29.1—42.7)
43 0.33 (0.24—0.45) 24.0 (18.0—31.0)
44 0.33 (0.24—0.44) 25.6 (19.2—32.8)
159 0.40 (0.35—0.47) 28.8 (25.1—32.7)

PJI, prosthetic joint infection caused by any micro-organism; SA-PJI, prosthetic joint infection caused by S. aureus. Procedures: number of primary
arthroplasties (hip/knee) during the years 2014—2016. PJI and SA-PJI are expressed as number of cases.



Table Il

Healthcare utilization and disease burden of prosthetic joint infection caused by Staphylococcus aureus (SA-PJI) at 18-month follow up, and healthcare utilization for patients

without prosthetic joint infection (PJI)

Cases of SA-PJI N=128 Controls (no PJI) N=380 P @ total
Partial hip Total hip Knee P Total Partial Total hip Knee P Total
N=27 N=50 N=51 hip N=42  N=190 N=148

Hospital admissions 37 68 91 0.106 196 2 11 9 0.949 22 <0.001
Median (IQR) 1(1-2) 1(1-1) 1(1-2) 1(1-2) 0(0—-0) 0(0-0) 0(0-0) 0 (0—-0)
Days of hospitalization 1051 1456 2341 0.284 4848 31 123 77 0.9711 231 <0.001
Median (IQR) 28 (23-50) 22.5 (16—37) 25 (15—62) 26 (16.2—41.5) 0(0—0) 0(0—0) 0(0-0) 0 (0—-0)
Total procedures 45 80 111 0.555 236 2 3 2 0.774 7 <0.001
Median (IQR) 1(1-2) 1(1-2) 1(1-3) 1(1-2) 0(0-0) 0(0©-0) 0(0-0) 0 (0—0)
Consultation with specialist 118 538 540 0.004 1196 118 804 669 0.001 1591 <0.001
Median (IQR) 3 (0-8) 10 (6—12) 8 (7—15) 8 (5—12) 2(1-3) 3(2-5) 4(2-6) 3(2-5)
Days of IV antibiotic treatment 963 1242 2718 <0.001 4923 - - — -
Median (IQR) 21 (12—48) 17.5 (12-28) 30 (14—62) 21 (13.0—43.5)
Days of oral antibiotic treatment 1068 3005 4480 <0.001 8553 - - - -
Median (IQR) 33 (6—61) 54 (42—78) 69 (40—142) 56 (33.5—84.0)
Total days of antibiotic treatment 2031 4247 7198 <0.001 13476
Median (IQR) 64 (48—85) 73.5 (56—107) 117 (73—188) 83.5 (56.5—120)
Death-related (%) 7 (25.9) 2 (4.0) 0 <0.001 9 (7.0)
Loss of functionality (%) 6 (22.2) 2 (4.0) 5(9.8) <0.001 13 (10.2)
Overall treatment failure (%) 13 (48.1) 4 (8.0) 5(9.8) <0.001 22 (17.2)

Data expressed as median and interquartile range (IQR).
@ Comparison of totals for cases and controls.
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<0.001
0.040
0.687
0.961

B [95% CI] ®

Consultations with specialist
5.432 [4.548; 6.316]

0.892 [0.042; 1.742]
-0.243 [-1.431; 0.944]
0.020 [0.768; 0.807]

p
<0.001
0.110
0.051

Total procedures

B [95% CI] °
1.781 [1.622; 1.941]
0.132 [-0,030; 0,293]
0.222 [-0.001; 0.445]
0.168 [0.018; 0.317]

0.001
0.575
0.042

Days of hospitalization

B [95% CI] *
25.081 [10.063; 40.099]
3.422 [-8,602; 15,446]
14.159 [0.499; 27.820]
4.721 [-6.225; 15.697]

<0.001
0.011
0.008
0.374

Hospital admissions

B [95% CI] °
1.442 [1.332; 1.553]
0.137 [0.031; 0.244]
0.200 [0.052; 0.349]

Variable

SA-PJI (vs no PJI)
Age <65 years
Charlson >3

Adjusted multi-variate generalized linear mixed models of patient healthcare utilization after primary hip or knee arthroplasty

Table Il
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0.028

0.387

0.045 [-0.540; 0.143]

Sex male
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et al. in a study conducted between 2010 and 2015 in US hos-
pitals [12]. This may be explained by the inclusion in the latter
study of all types of SSI (superficial, deep, and organ or space),
the overall decrease in the incidence of PJI, and the imple-
mentation of preventive measures, as discussed below.

MRSA caused about one in five cases of SA-PJI, and was more
frequent in total and PHAs. The frequency of MRSA-PJI was
heterogenous across countries, which is consistent with ECDC
data [13]. The higher percentages of both SA-PJI and MRSA-PJI
in PHA in our study suggest that this is a potential target pop-
ulation for additional preventive measures. PHA is generally an
urgent procedure, thus there may often be suboptimal com-
pliance with standard preventive measures. In addition,
screening and decolonization are not always possible and
patients undergoing PHA are older and have more comorbid-
ities [14]. This could therefore be a target population for
innovative preventive approaches.

Morbidity and healthcare utilization associated with
SA-PJI

The purpose of cost-of-illness (COI) studies is to assess the
economic burden of a particular disease on the population,
taking into account direct costs (use of healthcare-related and
other resources), indirect costs (productivity losses related to
morbidity and mortality), and intangible costs (losses in the
quality and length of life) [15]. In traditional COI studies, all
these impacts are conventionally referred to as ‘costs’, con-
verted into monetary values wherever possible. In the field of
PJI, many studies have tried to evaluate the economic cost of
different surgical strategies used to treat infection [16], or
have separately assessed hospital stay [17], antibiotic con-
sumption [18,19] or quality of life [20]. The great variety of
health and reimbursement systems, not only between coun-
tries but also in different regions of the same country, pre-
cludes extrapolation of the results of economic costs. With
information on the incidence, related morbidity and mortality,
and consumption of resources, each health system can calcu-
late avoidable costs in its own population.

To our knowledge, there have been no previous published
assessments of the burden of SA-PJI in Europe including
mortality (days of life lost), functional loss, and healthcare
resource utilization. Mponponsuo et al. [16] performed an
interesting analysis to evaluate the monetary costs, hospi-
talizations and LOS of different surgical strategies (DAIR,
DAIR with liner exchange, two-stage revision, one-stage
revision) for complex SSI following hip and knee arthro-
plasty in Canada, stratifying and controlling for age, sex and
comorbidities. They found that two-stage revision was the
most expensive procedure compared with DAIR and one-
stage revision. However, they studied all types of PJI, did
not include a control group without SSI, and only calculated
the cost of the first surgical procedure performed to treat
the SSI. A German study compared healthcare resource uti-
lization, direct costs, and mortality at 90 days and one year
between patients with and without orthopaedic SA-SSI (hip
and knee arthroplasties, and spine surgery) using multi-
variable analyses to control for confounding factors. Direct
all-cause healthcare costs in the SA-SSI group were nearly
two times higher and there was a 1.72 times increased risk of
death from all causes; however, the results cannot be

generalized to other healthcare systems due to differences in
insurance reimbursement. Furthermore the data was drawn
from a health insurance fund registry [21].

Although we provide data on healthcare resource utilization
in patients with SA-PJI, we did not consider estimation of
monetary cost per procedure because the healthcare and
insurance systems vary from country to country, and even from
centre to centre. This information is useful to estimate
avoidable expenses if infections are prevented. We also cal-
culated days of antibiotics used, which is relevant for drug-
related adverse effects and antimicrobial resistance. In this
context, it is noteworthy that duration of antibiotic therapy
was not as long as in North America [22] where reported
treatments usually exceed three to six months. We also cal-
culated other indirect costs, such as severe loss of function and
related mortality. Overall, the consumption of healthcare
resources and use of antibiotics was significantly higher in
patients who experienced treatment failure after the first
procedure than in those who did not. For this reason, in addi-
tion to the development of new preventive measures to reduce
the incidence of SA-PJI, another top priority should be to
identify the factors associated with treatment failure and the
best therapeutic strategy to deal with these infections, in
order to reduce the impact on the healthcare system and the
personal cost to patients.

This study has limitations that should be taken into account
when interpreting the results. The first concerns the general-
izability of the study outcomes; the SA-PJI cohort cannot be
considered representative of SA-PJI in Europe, as only six
countries were included, and the number of hospitals among
participating countries was not well balanced. Due to the
multi-centre, multi-national design of the study, case identi-
fication strategies were not uniform in all participating hospi-
tals, each of which had to adapt data extraction depending on
the databases available. It is possible therefore that the
number of cases of SA-PJI in some hospitals was under-
reported. The sample size, especially for procedures other
than DAIR for SA-PJI, was also limited. The number of MRSA-PJI
cases was also too low to be able to calculate associated
morbidity and healthcare utilization. The retrospective nature
of the study made it impossible to assess quality of life, pain,
non-severe functional deficits and adverse reactions related to
long-term antibiotic use. As all controls followed during
observation survived, it was not possible to compare the
overall mortality of cases and controls. Finally, we were unable
to calculate the monetary costs associated with SA-PJI,
although our aim was not to provide the economic burden of
SA-PJI, which has already been discussed in other publications
[16,17].

In conclusion, the incidence of SA-PJI in this multi-national
study was slightly lower than that previously published, except
in PHA, where the incidence, including that of MRSA, was
higher and was also associated with higher related mortality
and greater loss of function. Healthcare resource utilization
was significantly higher in patients with SA-PJI compared with
controls, even after adjusting for confounding factors, and was
especially higher in patients who failed treatment after the
first surgical procedure.

The incidence and healthcare resource utilization data
generated in this study will serve as benchmarks to measure
the impact of strategies to reduce the risk of post-surgical
infection due to S. aureus after primary HA or KA.
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Quantification of the impact of treatment failure on personal
cost and medical resources will be useful to evaluate the
implementation of strategies to reduce the rate of SA-PJI
failure.
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