
ble at ScienceDirect

Acta Orthopaedica et Traumatologica Turcica 53 (2019) 426e431
Contents lists availa
Acta Orthopaedica et Traumatologica Turcica

journal homepage: https: / /www.elsevier .com/locate/aott
Reduction of periprosthetic Staphylococcus aureus infection by
preoperative screening and decolonization of nasal carriers
undergoing total knee arthroplasty

Xavier Pelfort a, b, *, Alba Romero a, Montserrat Brugu�es c, Amparo García d, Sergi Gil a,
Anna Marr�on e

a Department of Orthopaedics and Trauma, Consorci Sanitari de l'Anoia - Hospital d'Igualada, Barcelona, Spain
b Hospital Universitari Quiron-Dexeus, ICATME - EQUILAE, Barcelona, Spain
c Department Nosocomial Infection, Consorci Sanitari de l'Anoia - Hospital d’Igualada, Barcelona, Spain
d Department of Microbiology, Consorci Sanitari de l'Anoia - Hospital d’Igualada, Barcelona, Spain
e Department of Internal Medicine, Consorci Sanitari de l'Anoia - Hospital d’Igualada, Barcelona, Spain
a r t i c l e i n f o

Article history:
Received 9 August 2018
Received in revised form
12 April 2019
Accepted 26 August 2019
Available online 16 September 2019

Keywords:
S. aureus
TKA infection
Screening protocol
Decolonization protocol
TKR infection
́

* Corresponding author. Department of Orthopa
Sanitari de l’Anoia - Hospital d’Igualada, Barcelona,
fax: þ34 938075537.

E-mail addresses: xavierpelfortlopez@gmail.com
gmail.com (A. Romero), mbrugues@csa.cat (M.
(A. García), sgilgo@csa.cat (S. Gil), annamarronpuigdu

Peer review under responsibility of Turkish Asso
Traumatology.

https://doi.org/10.1016/j.aott.2019.08.014
1017-995X/© 2019 Turkish Association of Orthopaedic
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Objective: The aim of this study was to evaluate whether the establishment of a preoperative screening
and decolonization protocol for Staphylococcus aureus carriers undergoing total knee arthroplasty (TKA)
could decrease the incidence of periprosthetic joint infection (PJI) caused by this microorganism.
Methods: We conducted a retrospective study comparing a control group comprising 400 patients (134
men, and 266 women; mean age: 72.2 ± 6.8 years) who went through surgery between January 2009
and December 2013, with a second intervention group of 403 patients (125 men, and 278 women; mean
age: 72.4 ± 6.9 years) in which the protocol of screening and decolonization of S. aureus nasal carriers
was applied between January 2014 and December 2016. During this latter period patients were preop-
eratively screened and, if positive, treated with mupirocin nasal ointment and chlorhexidine soap, for 5
days prior to surgery.
Results: In the control group, 17 of 400 patients (4.2%) had a SSI, 8 (2%) of them caused by S. aureus and 9
(2.2%) by other microorganisms. In the intervention group 20.6% of patients had a positive S. aureus nasal
swab and were treated according to the protocol. 5 of 403 patients (1.2%) in this group had a SSI, 1 (0.2%)
due to S. aureus and 4 (1%) to other microorganisms. When comparing surgical-site infection (SSI) rates
between the two groups, we found a statistically significant reduction in both global SSI (p ¼ 0.009) and
specifically S. aureus SSI (p ¼ 0.02), in the intervention group. No decolonized S. aureus nasal carrier
presented a SSI.
Discussion: In patients undergoing TKA a preoperative screening and decolonization protocol for
S. aureus nasal carriers, using mupirocin nasal ointment and chlorhexidine soap, is an effective measure
to reduce the rate of SSI caused by this microorganism.
Level of Evidence: Level III; Therapeutic Study.
© 2019 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Introduction

Periprosthetic joint infection is one of the most challenging
complications after total knee arthroplasty (TKA).1,2 S. aureus is
considered to be a major pathogen implicated in surgical site
infection (SSI) generally and in prosthetic joint infection
specifically.3

It is well known that up to one third of the population is colo-
nized with S. aureus, the anterior nares being the most common
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location for isolation of this organism, but which also resides on
skin surfaces as extranasal colonization.4,5 The incidence of SSI by
S. aureus after TKA has been estimated to be 63% of all cases and this
is the most commonly identified organism in such infections.5 It
has been shown that being a nasal carrier of S. aureus is a significant
risk factor for developing a SSI. The association between S. aureus
nasal colonization and infection was first reported in 1931.5 Since
then, it has beenwell established that development of SSI involving
S. aureus is associatedwith preoperative nasal colonizationwith the
microorganism.5 Furthermore, some studies have proven an
endogenous origin of these infections in more than 80% of cases.3e5

A molecular DNA analysis of S. aureus isolates causing SSI reveals
that a majority of the infecting strains are part of the patient's
resident normal nasal flora.4e6

Major morbidity and the enormous healthcare costs of total
knee arthroplasty infections make preventive measures to reduce
infection rates of huge importance.7e9 Thus, a reasonable approach
to decrease postoperative S. aureus SSI could be elimination of
S. aureus nasal carriage from patients prior to surgery. Currently,
there is good bibliographic evidence showing that preoperative
decolonization of S. aureus carriers decreases post-operative risk of
infection, although there is little consensus between screening and
decolonization protocols among studies.3,5,10e18 Thus, when eval-
uating the literature, we can find different detection and decolo-
nization protocols, most of them using topical nasal mupirocin, but
not all of which include decolonization of extranasal sites. The
possibility of universal decolonization for patients undergoing TKA
is also reported, although this is still a subject of much debate due
to the potential development of mupirocin resistance.18e21

Furthermore, not all of these screening and decolonization pro-
tocols are universally applied, frequently because of logistical dif-
ficulties in their implementation. Even though the beneficial effects
of eradicating S. aureus carriage before surgery are well established,
survey results show that only between 37% and 60% of hospitals in
the United States have implemented decolonization strategies.22,23

The purpose of our study was to evaluate whether in our hos-
pital, the establishment of a screening and decolonization protocol
of intranasal carriers of S. aureus among patients who underwent
total knee replacement, using mupirocin nasal ointment and
chlorhexidine soap, could reduce the incidence of post-surgical
infection by this microorganism.

Materials and methods

A retrospective study was conducted including a total of 818
consecutive patients who had undergone primary TKA in our hos-
pital during the reviewed period. One group of patients (n ¼ 400)
operated on between January 1, 2009 and December 31, 2013 served
as historical controls. The second group of 418 patients comprised
the intervention group, whose surgery was performed between
January 1, 2014 and December 31, 2016. In this group a protocol of
nasal S. aureus carrier detection and decolonization was applied.
However, 15 patients in this cohort did not undergo screening for a
variety of reasons, and were therefore excluded from our analysis.
The intervention group therefore comprised n ¼ 403 patients.

To assess comparability of the groups, data recorded for every
patient was: age, gender, co-morbidities such as diabetes mellitus
or rheumatoid arthritis, National Nosocomial Infection Surveillance
System (NISS) risk score, which includes the scale of the American
Society of Anesthesiologists (ASA), status and surgical time, and if
there was a SSI or not (by S. aureus or any other microorganism).

Medical records of all study patients were examined for 1 year
after surgery to determine if any developed an infection.
Periprosthetic joint infection (PJI) was defined in accordance with
the criteria of the Musculoskeletal Infection Society.24
The type of infectionwas recorded as superficial incisional, deep
incisional, or organ space/joint, according to definitions established
by the Centers for Disease Control and Prevention.25 The superficial
infections were confirmed by a positive culture of the drainage of
the surgical incision together with the local symptoms and a
negative intra-articular culture.

The control group did not undergo preoperative screening
before the implantation of the TKA. In the intervention group, pa-
tients were screened for nasal S. aureus 3e4 weeks before surgery.
Nasal swab samples were collected by a trained nurse during the
pre-anaesthesia visit or during scheduled preoperative tests or
educational programs. Each swab was cultured on an enriched
broth medium (thioglycollate, bioMerieux) which was incubated
for 24 h at 37 �C. Afterwards each brothwas subcultured aerobically
on selective mannitol salt agar medium. Biochemical identification
and sensitivity analysis was performed on MicroScan (Pos Combo
Panel 38, Beckman). The result of the culture was reviewed by the
nosocomial infection nurse and, in all positive cases, she arranged a
new appointment with the patient before surgery to provide and
familiarise him/her with the decolonization kit consisting of 2%
mupirocin nasal ointment (Bactroban Nasal) and 4% chlorhexidine-
gluconate soap. Intranasal mupirocin had to be applied three times
a day, with the last dose taken the night before surgery, and
chlorhexidine soap used as a daily shower, both for 5 days prior to
surgery.

Preoperative antibiotic prophylaxis protocol was the same in
both groups: 2 g of cefazolin or 1 g of vancomycin in patients
allergic to betalactamic antibiotics or known to be methicillin-
resistant S. aureus (MRSA) carriers. In the intervention group, we
implemented other additional measures such as a modification of
the surgical site skin antiseptic from povidone-iodine to alcoholic
chlorhexidine.

Statistical analysis

Statistical analysis to estimate the cumulative incidence of
infection and its confidence interval was performed using the
asymptotic approximation of the Binomial distribution to Normal
distribution.

Statistical significance was defined as p < 0.05. All statistical
analysis was performed using the statistical package R 3.3.3 version
for Windows.

Results

In total, 803 patients were analysed, 400 included in the his-
torical control group and 403 in the intervention (screening and
decolonization) group (Fig. 1). There was a loss of 15 patients (3.6%)
in the intervention group due to some administrative problems. In
the intervention group 18.7% were positive for MSSA and 1.9% were
positive for MRSA. Both groups were comparable regarding gender,
age, NNIS score and co-morbidities. Only the ASA score in the
intervention group was changed, but the difference was only
marginally significant (Table 1).

The number of patients in the control group with a surgical site
infectionwas 17, representing a cumulative incidence of infection of
4.25% (95% confidence interval [CI] 2.27%e6.23%) (Fig. 2). Of these
infections, 7 were classified as superficial infection and 10 as organ
space/joint, according to definitions established by the Centers for
Disease Control and Prevention.25

The number of infections decreased to 5 in the intervention
group, corresponding to a significant reduction in the cumulative
incidence of infection to 1.24% (95% CI 0.16%e2.32%) (Fig. 2). Of
these, 2 infections were superficial and 3 were classified as organ
space/joint.



Fig. 1. Participants flow chart.

Table 1
Baseline Demographics of TKA patients in control (2009/13) and intervention (2014/16) groups.

Variables 2009/13 n ¼ 400 2014/16 n ¼ 403 p value

Age Mean (SD) 72.2 (6.8) 72.4 (6.9) p ¼ 0.48
Median (Q1eQ3) 73.0 (68.0e77.0) 73.0 (68.8e77.2)

Sex Man 134 (33.5%) 125 (31%) p ¼ 0.32
Female 266 (66.5%) 278 (69%)

NNIS 0 257 (64.2%) 251 (62.3%) p ¼ 0.69
1 118 (29.5%) 128 (31.7%)
2 24 (6.0%) 24 (6%)
Missing 1 (0.2%) 0 (0.0%)

ASA I 32 (8.0%) 19 (4.7%) p ¼ 0.05
II 305 (76.2%) 265 (65.8%)
III 62 (15.5%) 117 (29%)
Missing 1 (0.2%) 2 (0.5%)

R. Arthritis No 387 (96.8%) 390 (96.8%) p ¼ 1.00
Yes 13 (3.2%) 13 (3.2%)

D. Mellitus No 306 (76.5%) 334 (77.7%) p ¼ 0.6
Yes 94 (23.5%) 90 (22.3%)

Surgery time Mean (SD) 91.2 (38.5) 92.9 (29.6) p ¼ 0.44
Median (Q1eQ3) 81.0 (58.0e119.0) 84.0 (74.0e105.0)
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The cumulative incidence of infection by S. aureus specifically
(all of them MSSA) was also significantly lower in the intervention
group (with only 1 infection by S. aureus in a non-carrier patient)
compared to 8 in the control group. These figures represent a rate of
2% in the control group (95%CI 0.63%e3.37%) compared to 0.24% in
the intervention group (95%CI 0.00%e0.73%) (Fig. 3).

These values represented a reduction in global SSIs of 71% and a
reduction in specific S. aureus SSIs of 88%. Furthermore, no
decolonized nasal carrier of S. aureus presented a surgical site
infection by this microorganism.
Discussion

Surgical site infections involving S. aureus are a major adverse
event in TKA. Any program to reduce its incidence would be
important. Implementing a screening and targeted decolonization
strategy in daily practice is complicated. But the logistical chal-
lenges of applying such protocols can be overcome within a pop-
ulation undergoing elective surgery in a medium size hospital like
ours, with a low daily number of surgeries.
Microbiological identification of S. aureus carriers susceptible to
decolonization can be achieved by different laboratory methods. In
our study, we used conventional culture of nasal swabs, which is a
commonly used and accepted method to identify nasal carriers of
S. aureus and valid for our study population of patients undergoing
elective surgery.3,4,6,11,15,16,26,27 Nevertheless, other authors have
used the real-time PCR diagnostic test to identify nasal carriers
because of its rapidity, which can be an advantage when rapid
detection is a priority.28

In our study we detected an incidence of 20.6% of S. aureus nasal
carriers, with an incidence of only 1.9% for MRSA. Surveillance
studies suggest similar colonization rates in the general population,
with variations worldwide, and with a rate of 20% for persistent
nasal carriage and 30% for intermittent carriage.29 Chen et al in a
literature review found a prevalence for MSSA nasal carriage of
between 21% and 30% and between 1% and 19% for MRSA in
different studies, including patients undergoing a TKA or Total Hip
Arthroplasty (THA).14

In our work, we evaluated the reduction in SSI rates after
applying a protocol to detect S. aureus nasal carriers before surgery
and subsequent preoperative decolonization using a combination



Fig. 2. Cumulative incidence of all infections in control patients and in patients who underwent preoperative screening and decolonization. Comparison of proportions test:
Chi2 ¼ 6.82, df ¼ 1, p-value ¼ 0.009.

Fig. 3. Cumulative incidence of S. aureus infection in control patients and in patients who underwent preoperative screening and decolonization. Comparison of proportions test:
Chi2 ¼ 5.56, df ¼ 1, p-value ¼ 0.01838/Fisher test p-valor ¼ 0.02043.
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of nasal mupirocin ointment and chlorhexidine body wash for 5
days prior to surgery. Using this protocol, no nasal carrier of
S. aureus who was decolonized subsequently presented a surgical
site infection by this microorganism, with an overall incidence of
S. aureus SSI of 0.2% (1 case in a patient who was a not a nasal
carrier). Hacek et al found a fourfold decrease of S. aureus SSI in a
group of 223 patients identified as colonized with S. aureus and
treated preoperatively with mupirocin alone.27 In the current
literature, the reduction in incidence of S. aureus SSI when using
mupirocin alone was only 29%e57%, compared to 13%e81% using
both mupirocin and chlorhexidine, or up to 200% with mupirocin
and triclosan.6,28e33 When analysing the effectiveness of
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decolonization protocols, some studies have reported a persistent
incidence of nasal colonization after decolonization using mupir-
ocin alone of as high as 20%.10,34 Moroski et al also found a signif-
icant decrease in S. aureus colonization using only nasal
decolonization in a population of Total Arthroplasties, although
5.2% of the patients remained MSSA positive and 0.35% MRSA
positive postoperatively.16 Treatment failure risks when using
mupirocin alone have been associatedwith colonization atmultiple
anatomical sites, longer hospitals stays and bacterial resistance to
the antibiotic.35 Therefore, it seems reasonable to avoid using
mupirocin alone for these protocols. Chlorhexidine body wash is
recommended by the CDC for preoperative skin preparation and it
is frequently used as an adjunct to mupirocin ointment in decolo-
nization protocols to reduce bacterial density at extra-anatomical
sites. Alternatives for mupirocin ointment include neomycin and
fusidic acid, but clinical trials comparing the effectiveness of these
agents to mupirocin are lacking. Anderson et al, in a study of MSSA
and MRSA decolonization in total joint arthroplasties, also recom-
mended the use of effective iodine or chlorhexidine-based agents
for nasal application, which would avoid the potential for the
emergence of antibiotic resistance.18 This method was also rec-
ommended in a recent study by Parvizi et al.21 In fact, nasal
povidone-iodinewas shown to be equally effectivewhen compared
to mupirocin in preventing deep S. aureus SSI.35 Nevertheless, the
World Health Organization (WHO) strongly recommends using
mupirocin 2% for treating known nasal carriers, while they give no
recommendation for or against the use of a chlorhexidine body
wash for the purpose of decolonization.36 For our study, we finally
decided to follow the recommendations of the WHO.

In our study the global SSI incidence was decreased by 71% after
applying the decolonization protocol. Regarding specific S. aureus
SSI, almost half of the SSIs in the control group were caused by
S. aureus while only 20% were caused by this microorganism after
implementing the screening and decolonizing protocol. Thus, the
reduction in S. aureus infection rate was 88% and was statistically
significant. On this issue, our findings were similar to previous
studies. For example, Stambough et al in a large series including
more than 4000 patients (THA and TKA), observed a significant
decrease in incidence of S. aureus SSI from 0.5% to 0.09% after
applying the protocol.8 Chen et al in a systematic review analysed
19 studies which examined the ability of the decolonization pro-
tocol to reduce SSIs in elective orthopaedic (total joints, spine, and
sports) and trauma patients.13 Furthermore, they observed a
reduction in total SSIs of between 13% and 200% and a decrease in
specific S. aureus SSI of between 40% and 200% for MSSA and 29%e
149% for MRSA.13 However, their review found that there was a
wide range of study designs from retrospective to prospective, and
while all of the studies included in the meta-analysis suggested a
decrease in the rates of SSI with decolonization, five of them were
underpowered and the changes found did not reach statistical
significance. Furthermore, in these studies the protocol also saved
costs when comparing the costs of screening and decolonization
with the reduction of SSI.13 However, other authors using the same
screening and decolonization protocol have observed a decrease in
S. aureus SSI which was not statistically significant, and they
concluded that no clear benefit could be demonstrated using the
protocol, and recommended performing a mega-trial investigating
the efficiency and cost-effectiveness of a decolonization strategy in
nasal S. aureus carriers.3,11,35,36

However, our study has certain limitations. First of all it is a
retrospective non-aleatorized study, although both groups had
similar characteristics regarding risk factors for infection. The SSI
rate in the control group was 4.2%, which is above the universally
accepted prevalence for SSI in TKR of less than 2%.7,37,38 In the
intervention group, in order to improve this abnormal average, we
implemented other additional measures such as a modification of
the surgical site skin antiseptic from povidone-iodine to alcoholic
chlorhexidine. Furthermore, we started a fast-track recovery pro-
tocol in our centre. Using this protocol, we achieved among other
advantages, a shorter hospital stay and a preoperative optimization
of our patients for different medical conditions such as anemia.
These measures may have had an impact on the reduction in the
global rate of prosthetic infection in the intervention group.
Nevertheless, the incidence of specific S. aureus SSI was decreased
in to a greater degree compared to global SSI after implementing
the screening and decolonization protocol. In our opinion, this
reduction in the specific S. aureus SSI was fundamentally related to
the implemented protocol.

Another limitation of our study is that we did not determine
preoperatively the proportion of patients successfully decolonized.
This would have added implementation difficulties and costs. The
effectiveness of mupirocin in the decolonization of S. aureus nasal
carriage was demonstrated in a meta-analysis which found a suc-
cess rate of up to 90% after one week of follow-up, which decreased
to 60% after at least two weeks.39 Even higher rates (98%) of
decolonization have been achieved, when using mupirocin
together with chlorhexidine soap in a joint elective and urgent
arthroplasty population.40 Moreover, in our protocol decoloniza-
tion was carried out only in the 5 days before surgery, minimizing
possibilities of recolonization. In fact, we found no SSI in any
decolonized nasal carrier of S. aureus.

In conclusion, our findings show that a screening and nasal and
extranasal decolonization program for S. aureus prior to TKA
resulted in a significant decrease in S. aureus surgical site infections.
Our results provide further evidence to support the use of such
protocols as a routine in patients undergoing TKA.
Conflicts of interest

None.
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