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Abstract

Background Staphylococcus aureus is the most common

organism responsible for orthopaedic surgical site infections

(SSIs). Patients who are carriers for methicillin-sensitive

S. aureus or methicillin-resistant S. aureus (MRSA) have a

higher likelihood of having invasive S. aureus infections.

Although some have advocated screening for S. aureus and

decolonizing it is unclear whether these efforts reduce SSIs.

Questions/purposes The purposes of this study were to

determine (1) whether S. aureus screening and decolo-

nization reduce SSIs in orthopaedic patients and (2) if

implementing this protocol is cost-effective.

Methods Studies for this systematic review were identi-

fied by searching PubMed, which includes MEDLINE

(1946–present), EMBASE.com (1974–present), and the

Cochrane Library’s (John Wiley & Sons) Cochrane Data-

base of Systematic Reviews (CDSR), Cochrane Central

Register of Controlled Trials (CENTRAL), Database of

Abstracts of Reviews of Effects (DARE), Health Technol-

ogy Assessment Database (HTAD), and the NHS Economic

Evaluation Database (NHSEED). Comprehensive literature

searches were developed using EMTREE, MeSH, and key-

words for each of the search concepts of decolonization,

MRSA, and orthopedics/orthopedic surgery. Studies pub-

lished before 1968 were excluded. We analyzed 19 studies

examining the ability of the decolonization protocol to

reduce SSIs and 10 studies detailing the cost-effectiveness of

S. aureus screening and decolonization.

Results All 19 studies showed a reduction in SSIs or

wound complications by instituting a S. aureus screening

and decolonization protocol in elective orthopaedic (total

joints, spine, and sports) and trauma patients. The S. aureus

screening and decolonization protocol also saved costs in

orthopaedic patients when comparing the costs of screen-

ing and decolonization with the reduction of SSIs.

Conclusions Preoperative screening and decolonization

of S. aureus in orthopaedic patients is a cost-effective

means to reduce SSIs.

Level of Evidence Level IV, systematic review of Level

I–IV studies. See the Guidelines for Authors for a complete

description of levels of evidence.

Introduction

Staphylococcus aureus accounts for the majority of surgi-

cal site infections (SSIs) in orthopaedic patients [3]. It is

also one of the most common causes of infections in

patients in intensive care [44, 53], with nosocomial

bloodstream infections [37], and with healthcare-associated
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pneumonia [35, 50]. S. aureus is a Gram-positive aerobic

bacteria often found in normal skin flora [31]. SSIs with

S. aureus in orthopaedic patients are difficult to treat

because this organism can form a biofilm on orthopaedic

implants that is resistant to antibiotic treatment and can

thereby compromise eradication of infection [32].

S. aureus resides on skin surfaces and up to 1
.
3 of

the population is asymptomatically colonized with this

organism [56]. The nares are the most common site of

methicillin-sensitive S. aureus (MSSA) and methicillin-

resistant S. aureus (MRSA) colonization [56]. In general,

patients who are carriers of S. aureus have a higher likelihood

of having invasive S. aureus infections [31, 56] and S. aureus

isolates from the surgical site reportedly match those from

the nares 85% of the time, because presence in the nares

correlates with the skin carrier state [54]. Kalmeijer et al.

[27] found nasal carriage of S. aureus was the only inde-

pendent risk factor for S. aureus SSI after orthopaedic

implant surgery. Because patients with MRSA SSIs have a

higher risk of death [13] and greater median hospital costs [2]

when compared with patients with MSSA or uninfected

surgical site wounds, it seems prudent to decolonize surgical

patients who are positive for MSSA/MRSA colonization

with the hopes of reducing the incidence of SSIs.

Factors associated with surgery, including the use of

antiseptic agents, handwashing, and sterile technique, all

play a role in reducing infection rates [21]. Patient factors

such as malnutrition [18], diabetes [59], and obesity [39]

have been associated with increased rates of infection

secondary to poor wound healing, and interventions such as

diet and lifestyle modification may reduce infections.

Multiple methods have been instituted to reduce the inci-

dence of SSIs in orthopaedic patients, including instituting

laminar air flow in the operating room [14], administering

perioperative antibiotic prophylaxis [8], and using anti-

septic surgical skin preparation scrubs and solutions [38].

Another method for reducing MSSA/MRSA infections is

the preoperative detection of S. aureus colonization and

subsequent decolonization with intranasal mupirocin and

chlorhexidine body scrubs [42].

The purposes of this article were to determine (1)

whether S. aureus screening and decolonization reduce

SSIs in orthopaedic patients and (2) if implementing this

protocol is cost-effective.

Search Strategy and Criteria

Studies for this systematic review were identified

by searching PubMed, which includes MEDLINE (1946–

present), EMBASE.com (1974–present), and Cochrane

Library’s (John Wiley & Sons) Cochrane Database of

Systematic Reviews (CDSR), Cochrane Central Register of

Controlled Trials (CENTRAL), Database of Abstracts of

Reviews of Effects (DARE), Health Technology Assess-

ment Database (HTAD), and the NHS Economic Evaluation

Database (NHSEED). Search strategies were developed by a

health sciences librarian (CBW). The librarian translated the

search strategies using each database platform’s command

language and appropriate search fields. EMTREE, MeSH,

and keywords were used for the search concepts of decolo-

nization, MRSA, and orthopedics/orthopedic surgery. The

three concepts were combined with a Boolean ‘‘AND.’’ No

database search limits were applied and non-English lan-

guage articles were included. Appendix 1 contains the

search strategies in detail. To identify studies on the cost-

effectiveness of S. aureus screening and decolonization,

PubMed’s Health Services Research (HSR) Queries filter

was used [58]. Initial searches were run from April to July

2012. Final searches were completed and updated in

December 2012. Studies published before 1968 were

excluded. We found a total of 2957 citations in PubMed and

MEDLINE, 4581 references in EMBASE, and 402 citations

in CENTRAL, bringing the total number of articles initially

identified to 7940.

Two of the authors (AFC, NR) reviewed all 7940 titles and

abstracts. Of these titles and abstracts, there were 1056

duplicated entries. We included articles meeting these cri-

teria: (1) studies that evaluated S. aureus (MRSA and/or

MSSA) screening in orthopaedic procedures; (2) studies that

evaluated the ability of a decolonization protocol to reduce

SSIs; (3) comparative studies between patients who did and

did not receive S. aureus screening; and (4) studies that

evaluated the economic use of implementing a S. aureus

decolonization protocol. Articles were excluded if they (1)

did not address S. aureus screening and only addressed

orthopaedic infections with S. aureus, including osteomy-

elitis, abscess, spondylodiscitis, septic arthritis; (2) only

studied nonorthopaedic patients (eg, general, vascular, uro-

logic surgery); (3) analyzed antibiotic use as prophylaxis,

treatment, resistance, and implant coating instead of for

decolonization purposes; (4) studied surgical treatment

of SSI; (5) evaluated other methods of SSI prevention

(eg, chlorhexidine cloths, negative pressure wound therapy,

antibiotic cement, pulse lavage, handwashing, normother-

mia, ring fencing only); and (6) did not include a

decolonization protocol such as the evaluation of MRSA

screening as a predictor of S. aureus infections.

When these inclusion and exclusion criteria were

applied, 6826 articles were excluded, leaving 58 articles.

None of the articles were excluded after a full text screen.

An additional, 33 articles were excluded during data

extraction for the following reasons: (1) there was no

comparison group for S. aureus decolonization; (2) there

was no implementation of a decolonization protocol; (3)

studies evaluated the colonization of S. aureus but not SSI
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rates; (4) articles were review articles that reported other

studies that were already included; (5) S. aureus coloni-

zation was evaluated in orthopaedic surgical team members

and not patients; (6) authors did not respond to requests for

additional information about S. aureus decolonization

protocols; and (7) an article was a duplicate of another

article but in a different language [25, 26]. This left 25

articles that met the inclusion criteria (Fig. 1).

Two independent reviewers (AFC, NR) evaluated the

full texts of the 25 relevant papers, and the following

information was extracted: study design, aim of the study,

patient population and sample size, controls, year of pub-

lication, country of publication, S. aureus (MRSA and/or

MSSA) method of detection and colonization, decoloni-

zation protocol and patients who received it, definition of

SSI, infection reduction of decolonization, and costs.

The methodologic quality of each article was assessed by

the type of study (prospective studies were preferred), the

year the study was conducted (there was a greater focus on

more recent studies performed within the last 5 years), and

the sample size (larger sample sizes greater than 1000 were

considered more favorably to adequately power a detection

in SSI reduction). Studies were categorized into good

(highest level), fair, and low. These items were taken into

consideration for assessing validity. The current evidence

evaluating the use of S. aureus screening and decolonization

in orthopaedic patients is mostly fair, because most studies

were retrospective, had smaller samples, or were published

before 2007. However, there were three studies that were

prospective, randomized controlled trials that showed that

this screening and decolonization protocol was effective in

all orthopaedic patients [5, 51] and in patients undergoing

total joint arthroplasty and spine surgery [26].

Of the 19 studies that evaluated the ability of S. aureus

screening and decolonization to reduce SSI in orthopaedic

patients, there were nine prospective studies [5, 26, 30, 42,

43, 47, 49, 51, 57] and 10 retrospective studies [7, 9, 11,

16, 19, 20, 24, 29, 36, 40] (Table 1). Most studies evalu-

ating S. aureus screening and decolonization in orthopaedic

patients were conducted on patients undergoing elective

total joint arthroplasty [11, 16, 19, 20, 25, 30, 42, 43, 47, 49],

although many studies did evaluate all elective orthopaedic

patients [5, 9, 24, 29, 36, 40, 51, 57], spine patients [7, 30],

and trauma patients [36]. The majority of studies detected

S. aureus colonization using cultures, most SSIs were defined

by CDC criteria, the majority of studies did not differentiate

between superficial versus deep infections, and most of the

patients who underwent decolonization were positive for

S. aureus on nasal screens (Table 2). The most commonly

used decolonization protocol was 2% intranasal mupirocin

and chlorhexidine gluconate for 3 to 5 days, which was

instituted either on the day of admission or before admission.

Nine of the 19 studies changed the antibiotic prophylaxis to

vancomycin or teicoplanin before surgery if patients were

MRSA-colonized (Table 2). Five studies reswabbed patients

after decolonization to ensure they were negative, often

before proceeding to surgery (Table 2).

Ten studies (Table 3) examined the cost of implementing

a S. aureus screening and decolonization protocol [10, 19,

22, 34, 36, 42, 43, 48, 52, 55]. The method of evaluating

costs differed among studies, because four of the studies

were based on economic models [10, 34, 48, 55], whereas

Fig. 1 A PRISMA flow diagram

shows the selection criteria for

S. aureus screening and

decolonization studies

in orthopaedic surgery.
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the remainder of the studies was based on actual patient data.

The economic models were based on decision trees that

separated groups on the following variables: (1) treatment

options in which unscreened and untreated patients were

compared with decolonizing all patients or only decoloniz-

ing S. aureus-positive patients; and (2) patient populations in

which patients undergoing total joint arthroplasty and spine

fusion were separately analyzed.

For the studies based on patient data, cost savings was

determined in one of the following methods: (1) the cost of

implementing a S. aureus screening and decolonization

protocol compared with the cost of treating SSI in patients

who did not undergo screening or decolonization; (2) the

cost of treating SSIs from the screening and decolonization

group compared with the cost of treating SSIs in the

unscreened group; or (3) the comparison of hospital

costs between the preintervention and interventions group

(Table 3).

Results

For the studies included in this systematic review, all

19 showed a reduction in SSIs (all SSIs, S. aureus SSIs,

and/or MRSA SSIs) when a S. aureus screening and

decolonization protocol was used (Table 1). The reduction

of overall SSIs ranged from 13% to 200% (Fig. 2A) [9, 11,

16, 20, 24, 26, 30, 43, 47], the reduction of S. aureus SSIs

ranged from 40% to 200% (Fig. 2B) [5, 9, 16, 19, 42, 51],

the reduction of MRSA SSIs ranged from 29% to 149%

(Fig. 2C) [9, 29, 36, 40, 49, 57], and the reduction of

wound complications was reported at 4% in one study [7].

Although all studies that were included showed reductions

in SSIs with use of a decolonization protocol, not all

reductions were statistically significant [20, 26, 29, 36, 49].

When evaluating the location of different SSIs, four studies

showed that there was no statistically significant difference

between the intervention group and the nonintervention

group regarding deep or superficial SSIs [26, 42, 43, 49].

However, one study [5] that decolonized only screen

positive patients showed that the rate of deep SSIs

decreased with use of a S. aureus decolonization protocol,

and another study [29] that also decolonized only screen

positive patients showed there was a significant decrease in

deep SSIs with decolonization and moderate decrease in

organ space or joint SSIs.

S. aureus detection was performed by PCR in four studies

[5, 19, 30, 40], culture in 13 studies [7, 9, 11, 16, 20, 24, 26,

29, 36, 42, 43, 49, 57], mixed methods of detection in one

aggregate study [51], and unknown in one study [47]. Fifteen

of the studies reported SSI reductions when only S. aureus-

positive screened patients were decolonized, and eight

studies [9, 11, 16, 20, 26, 36, 51, 57] reported decreases inT
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SSIs when all patients were decolonized. Regarding the

method of decolonization, six studies exclusively used

mupirocin [9, 11, 16, 24, 26, 51], 10 used mupirocin

and chlorhexidine [5, 7, 19, 20, 29, 30, 40, 42, 43, 49],

and three used mupirocin and triclosan [36, 47, 57]

(Table 2). The range of SSI reduction varied among

groups; studies that used mupirocin showed only 29% to

57% reductions in total SSIs; studies that used mupirocin

and chlorhexidine showed 13% to 81% reductions in

total SSIs, 56% to 200% reductions in S. aureus SSIs,

and 29% to 100% reductions in MRSA SSIs; and stud-

ies that used mupirocin and triclosan showed a 200%

Fig. 2A–C The percentages are shown

for (A) total SSI reduction, (B) S. aureus

SSI reduction, and (C) MRSA SSI

reduction after instituting a S. aureus

decolonization protocol in orthopaedics.
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reduction in total SSIs and 56% to 149% reductions in

MRSA SSIs.

The timing of administering the decolonization protocol

also differed among studies. Most studies instituted the

decolonization protocol at least 3 to 5 days before surgery

[7, 9, 19, 20, 24, 29, 30, 36, 40, 42, 43, 47, 49], whereas

some instituted decolonization the day before surgery

[11, 16, 26, 57]. In only three studies [5, 29, 36] were

patients decolonized on the day of admission, and in two of

those studies [29, 36] orthopaedic trauma patients were

exclusively decolonized in this manner, whereas the other

study contained multiple surgical and surgical subspecialty

patients [5]. In five studies [29, 30, 36, 47, 49] patients

were reswabbed, and in four studies [29, 30, 47, 49] full

decolonization of patients was done before the patients

underwent surgery. Nixon et al. [36] found that nine of the

23 elective patients who were MRSA-colonized did not

have eradication of infection. In all studies, contact pre-

cautions were instituted for patients who were MRSA-

colonized. Additionally, antibiotic prophylaxis was

changed for patients who were MRSA-positive in nine

studies [7, 11, 20, 30, 36, 42, 43, 49, 57] with six studies

changing to vancomycin [7, 20, 30, 42, 43, 57] and

three changing to teicoplanin [11, 36, 49]. Three studies

[5, 24, 29] did not mention the antibiotic prophylaxis that

was used, one [40] allowed the surgeon to choose the

antibiotic prophylaxis, one [19] differentiated the antibiotic

prophylaxis by the procedure being performed (THA ver-

sus TKA), and the remaining five used first- or second-

generation cephalosporins as antibiotic prophylaxis for all

patients regardless of S. aureus colonization status.

For the costs of implementing a S. aureus screening and

decolonization protocol, all the economic models showed

that implementing a S. aureus decolonization protocol was

the economically preferred strategy. Two studies showed

that decolonizing all patients instead of only colonized

patients was the most cost-beneficial, in which USD 9969

was saved per life year gained when all patients were

treated [10], and there was USD 330 saved per quality-

adjusted life year (QALY) for THA and USD 438 saved

per QALY for TKA when all patients were decolonized

[55]. Slover et al. [48] determined cost savings by calcu-

lating the reduction in revision rate that was needed to

make up for the cost of implementing a S. aureus screening

and decolonization protocol; there needed to be a 35%

reduction in the revision rate for patients having TKA and

Fig. 2A–C continued
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THA, and there needed to be a 10% reduction in revision

rate for patients having spine surgery to make screening

and decolonization cost-effective [48]. Lee et al. [34]

showed that screening and decolonization was still the

most cost-effective choice even when the following

parameters were changed to make the protocol less desir-

able: a second body site was screened, there was a low

prevalence of MRSA, and the decolonization success rates

were low. Studies in orthopaedic patients [22, 36, 52] and

those having total joint arthroplasty [19, 42, 43] also

showed that implementing a S. aureus screening and

decolonization protocol resulted in cost savings, because

the cost of treating patients with SSIs with readmission was

greater than the costs of instituting the screening and

treatment protocol. Hassan et al. [22] evaluated the cost-

effectiveness of instituting PCR as the method of detection

for S. aureus colonization. Their economic analysis sepa-

rated the cost of setting up PCR detection for the first year

and performing S. aureus screening and decolonization in

subsequent years. Although the cost of setting up the PCR

was higher than subsequent years, all times were less costly

than treating the extra SSIs that occurred without a

screening and decolonization protocol. None of the studies

or models analyzed different decolonization protocols.

Discussion

The causes of SSIs in orthopaedics are multifactorial, includ-

ing surgical- and patient-related factors. Approximately 30%

of the general population is colonized with S. aureus, and

because S. aureus colonization is a risk factor for having an

S. aureus (MSSA/MRSA) infection develop [31], it is

important to find ways to reduce S. aureus (MSSA/MRSA)

colonization before orthopaedic surgical procedures to

decrease the risk of SSIs. One method is preoperative

screening and decolonization of S. aureus-positive carriers.

The purposes of our study were to determine (1) whether

S. aureus screening and decolonization reduce SSIs in ortho-

paedic patients and (2) if implementing this protocol is cost-

saving.

There were some limitations to our study regarding the

literature and to our study approach. First, there was a lack

of uniformity between studies (retrospective versus pro-

spective), because each institution had different methods of

detecting S. aureus and instituting decolonization protocols

in specific patients (decolonization for patients colonized

with S. aureus versus all patients). This made it unfeasible

to calculate an aggregate statistical calculation. Second, by

conducting the systematic review on only orthopaedic

patients, we limited our literature search and may have

excluded articles that are pertinent to S. aureus screening

and decolonization but did not have MeSH terms specific

to orthopaedics. Third, this systematic review was limited

in that the results could not be stratified by type of surgery.

Most studies combined elective orthopaedic patient popu-

lations (arthroplasty, spine, sports) together in the analysis,

which made subgroup analyses for different cases impossi-

ble. Fourth, our systematic review was unable to elucidate if

the infecting S. aureus strain was the same or different from

the colonizing strain. Only one study in our systematic

review [40] evaluated the strains of MRSA and found that of

the seven patients who got MRSA SSIs, three were negative

on screening and only two had the same USA 100 strain at

screening and as a SSI. This finding is similar to that in the

study by Berthelot et al. [4] who reported that of 77 patients

who had S. aureus SSIs, only nine were positive for S. aureus

at screening and six of the nine had the same strain at

screening and as a SSI. Fifth, the studies included in this

systematic review were unable to determine if different

swab sites were more sensitive for detecting S. aureus col-

onization, because only three studies [29, 47, 49] reported

swabbing at multiple sites and none of them correlated the

swab site to the sensitivity of detection. Other studies con-

ducted on nonorthopaedic patients have shown that

swabbing multiple sites can increase the sensitivity of

S. aureus detection [15, 33, 46]. Sixth, the rates of infection

are generally low in orthopaedics; thus, there are few studies

in the orthopaedic literature that have enough power to

elucidate a statistically significant difference in interven-

tions designed to decrease SSIs. The studies that were

selected in this systematic review did show a decrease in SSI

rate when comparing patients who did and did not undergo

decolonization, but the differences were not always statis-

tically significant. Finally, this study was limited to S. aureus

screening and decolonization in orthopaedic patients and did

not factor in other methods of decreasing SSI risk such as

decolonizing orthopaedic staff members [12, 28, 41, 60] or

ring fencing, which is creating a dedicated orthopaedic ward

that segregates MRSA-positive patients to decrease the

incidence of new MRSA infections [23].

Despite these limitations, our systematic review sug-

gests that various S. aureus screening and decolonization

protocols may reduce the risk of SSIs in select orthopaedic

patients. This is the first systematic review specifically

dedicated to orthopaedic patients, because other reviews

have covered other surgical and medical patient popula-

tions [24, 45, 51]. Orthopaedic patients have two main

adult patient populations: (1) emergency trauma patients

and (2) elective orthopaedic patients who can undergo

screening and decolonization before surgery. Nixon et al.

[36] and Kelly et al. [29] performed the only two studies in

our systematic review that screened emergency trauma

patients on the day of admission; given the small number,

there were not enough studies in this systematic review to

compare the decolonization outcomes in elective versus
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emergency surgeries. When evaluating the different decolo-

nization protocols, it was noted that there was a similar

reduction in total SSIs when mupirocin alone or mupirocin

and chlorhexidine were used in combination. Similarly,

MRSA SSI reduction was similar for patients who used

mupirocin and chlorhexidine for decolonization compared

with using mupirocin and triclosan. However, given the het-

erogeneity of the studies in this review, it was not possible to

reach a meaningful statistical conclusion about the SSI rate

given the decolonization protocol used. The same was true for

the antibiotic prophylaxis used. All nine studies [7, 11, 20, 30,

36, 42, 43, 49, 57] that changed antibiotic prophylaxis in

MRSA-colonized patients reported SSI reductions, but the

findings were similar for studies that did not institute a change

in antibiotic prophylaxis based on colonization results. All

these variations in a screening and decolonization protocol

highlight that there is no uniform decolonization protocol and

that implementing such a protocol can be difficult logistically.

Following up on colonization results is time-consuming,

regularly collecting data on SSI takes additional personnel

[11], having dedicated personnel for screening patients may

not be feasible [30], and separating colonized patients from

other patients may not be possible [36]. Because of this, some

studies have instituted universal decolonization [9, 11, 16, 20,

36, 57]. Universal decolonization may be an effective method

for reducing SSIs in orthopaedic trauma patients, because

there are no issues with ensuring compliance [6] and decol-

onization is performed immediately before surgery [1].

However, based on the results of our study, we cannot

advocate for or against implementation of a universal decol-

onization protocol in orthopaedic patients because of the

potential of having mupirocin resistance develop. Hacek et al.

[19] screened for high-level mupirocin resistance by detecting

the ileS-2 gene but did not comment about the level of

mupirocin resistance. Wilcox et al. [57] performed the only

other study included in this systematic review that evaluated

mupirocin resistance and they found that there were low

levels of mupirocin resistance (minimum inhibitory concen-

tration [MIC] between 8 mg/L and 128 mg/L) that increased

with the duration of the study, but there was no high-level

mupirocin resistance (MIC [ 128 mg/L). Another study,

other than this systematic review, by Graber and Schwartz

[17] evaluated mupirocin resistance and stated that failure of

decolonization may indicate that current treatment regimens

are becoming less effective for reducing SSIs and may be the

result of increased mupirocin resistance. The study by Graber

and Schwartz [17] also highlights the finding that decoloni-

zation may fail or recolonization with a different organism

can occur in patients who undergo S. aureus screening

and decolonization. Additionally, patients may have a SSI

with a different strain of S. aureus (including MRSA)develop

than what was treated at colonization [40]. Nixon et al. [36]

reported that 39% of elective patients who screened positive

for S. aureus experienced failure of eradication. Thus, other

studies [29, 30, 47, 49] repeated testing throughout treatment

to confirm patients were negative for S. aureus before pro-

ceeding with surgery. Although it is ideal to decolonize

patients until S. aureus colonization has been eradicated, this

protocol may be difficult to implement and may not be cost-

effective, although this was not evaluated in any of the

included studies.

In addition to the efficacy of S. aureus screening and

decolonization to reduce SSI, economic model and patient

studies showed that there is cost savings when this protocol is

implemented in orthopaedic patients. However, similar to the

conclusions stated previously, it was difficult to aggregate the

studies in this systematic review to make overall conclusions

about screening and decolonization protocols that should be

implemented. We could not determine if a superficial, deep,

or organ space/joint infection was associated with increased

cost of treatment, because the three studies [19, 42, 43] that

evaluated economic outcomes of the screening and decolo-

nization protocol did not differentiate the types of SSI

regarding costs. It also is difficult to determine the most

efficacious way to detect S. aureus colonization, although

Hassan et al. [22] reported that implementing PCR over cul-

ture can still save money when comparing the cost of treating

SSIs in nonscreened patients with the cost of implementing

the decolonization protocol. Additionally, PCR can provide

results quicker than routine culture, but this was not studied

from a cost-savings perspective.

The controversies highlighted here indicate there is

additional room for research. Prospective randomized con-

trolled studies examining different decolonization protocols

on orthopaedic patients should be conducted to determine if

specific S. aureus screening and decolonization protocols

reduce SSIs. Standardization of decolonization protocols

should be established to reduce SSIs. It is valuable to study

other methods for preventing SSIs, especially because SSI

reduction is one of the core measures in the Surgical Care

Improvement Project. For now, our systematic review sug-

gests that there is evidence in the literature to support

preoperative screening and decolonization of S. aureus in

orthopaedic patients to reduce SSIs.
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Appendix 1. Search strategies

PubMed

(((((((((((‘‘Staphylococcus aureus’’[Mesh] OR ‘‘Methicillin-

Resistant Staphylococcus aureus’’[Mesh])) OR (‘‘Staphy-

lococcal Infections’’[Mesh])) OR (‘‘Surgical Wound
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Infection’’[Mesh])) OR (‘‘Methicillin Resistance’’[Mesh]))

OR ((‘‘Methicillin’’[Mesh]) AND ‘‘Drug Resistance, Micro-

bial’’[Mesh]))) OR ((((((((((MRSA[tiab])) OR (MSSA[tiab]))

OR (((resistant[tiab] OR resistance[tiab] OR sensitive[tiab]

OR susceptible[tiab])) AND (Methicillin[tiab]))) OR (Staph-

ylococcal[tiab])) OR (Staphylococcus aureus[tiab])) OR (‘‘S

aureus’’[tiab])) OR (‘‘SSI’’[tiab])) OR (‘‘SSIs’’[tiab])) OR

(surgical site infect*[tiab])))) AND ((((((((((((((orthope-

dic[tiab] OR orthopedics[tiab])) OR (orthopaedic[tiab] OR

orthopaedics[tiab])) OR (((joint[tiab] OR hip[tiab] OR

knee[tiab])) AND (replacement[tiab] OR replacements

[tiab]))) OR (tja[tiab])) OR (((((spine[tiab] OR spinal[tiab]))

AND (surgery[tiab]))) OR (((spine[tiab] OR spinal[tiab]))

AND (surgeries[tiab])))) OR (arthrodesis[tiab])) OR (arthro-

plasty[tiab] OR arthoplasties[tiab])) OR (spinal fusion*[tiab]))

OR (fixation[tiab])) OR (prostheses[tiab])) OR (((frac-

ture[tiab] OR fractures[tiab])) AND (((surgery[tiab])) OR

(surgeries[tiab]))))) OR (((((((((((‘‘Arthroplasty’’[Mesh:noe-

xp]) OR ‘‘Arthroplasty, Replacement’’[Mesh])) OR ((‘‘Frac-

ture Fixation’’[Mesh:noexp]) OR ‘‘Fracture Fixation, Internal’’

[Mesh])) OR (‘‘Fractures, Bone/surgery’’[Mesh])) OR

(‘‘Joints/surgery’’[Mesh])) OR (‘‘Musculoskeletal Diseases/

surgery’’[Mesh])) OR ((‘‘Orthopedic Procedures’’[Mesh:noe-

xp]) OR ‘‘Arthrodesis’’[Mesh])) OR (((((((‘‘Wounds and

Injuries/surgery’’[Mesh:noexp]) OR ‘‘Spinal Injuries/sur-

gery’’[Mesh]) OR ‘‘Spinal Cord Injuries/surgery’’[Mesh]) OR

‘‘Wound Infection/surgery’’[Mesh]) OR ‘‘Dislocations/sur-

gery’’[Mesh:noexp]) OR ‘‘Hip Injuries/surgery’’[Mesh]) OR

‘‘Leg Injuries/surgery’’[Mesh:noexp]))) OR (‘‘Orthope-

dics’’[Mesh]))))) AND (((((((((((((((((‘‘Administration, Intranasal’’

[Mesh])) OR (‘‘Antibiotic Prophylaxis’’[Mesh])) OR

(‘‘Carrier State’’[Mesh])) OR (‘‘Cefazolin’’[Mesh])) OR

(‘‘Chlorhexidine’’[Mesh])) OR (‘‘Cross Infection/epidemiol-

ogy’’[Mesh] OR ‘‘Cross Infection/prevention and control’’

[Mesh])) OR (‘‘Mass Screening’’[Mesh])) OR (‘‘Mupirocin’’

[Mesh])) OR (‘‘Nose’’[Mesh])) OR (‘‘Vancomycin’’[Mesh]))

OR (‘‘Triclosan’’[Mesh])) OR (‘‘Perioperative Care’’[Mesh]))

OR (‘‘Preoperative Care’’[Mesh])) OR (‘‘Prevalence’’[Mesh])))

OR ((((((((((((((((((((((((((((nares[tiab])) OR (carriage[tiab])) OR

(carriers[tiab])) OR (colonization[tiab] OR colonisation[tiab]))

OR (colonized[tiab] OR colonised[tiab])) OR (decolonized[tiab]

OR decolonised[tiab])) OR (decolonization[tiab] OR decoloni-

sation[tiab])) OR (eradication[tiab])) OR (‘‘infection

control’’[tiab])) OR (intranasal[tiab] OR ‘‘intra nasal’’

[tiab])) OR (isolates[tiab])) OR (microbiology[tiab])) OR

(nasal[tiab])) OR (noncarrier[tiab] OR noncarriers[tiab] OR

‘‘non carrier’’[tiab] OR ‘‘non Carriers’’[tiab])) OR (periop-

erative[tiab] OR ‘‘peri operative’’[tiab])) OR (‘‘post

intervention’’[tiab] OR postintervention[tiab])) OR (‘‘pre

intervention’’[tiab] OR preintervention[tiab])) OR (preop-

erative[tiab] OR ‘‘pre operative’’[tiab] OR preoperatively

[tiab])) OR (prescreen*[tiab])) OR (rate decrease*[tiab]))

OR (reduction[tiab] OR reductions[tiab])) OR

(screened[tiab] OR screening[tiab])) OR (screen*[tiab]))

OR (swab[tiab] OR swabs[tiab])) OR (uncolonized[tiab] OR

uncolonised[tiab] OR ‘‘un colonized’’[tiab] OR ‘‘un colon-

ised’’[tiab]))) OR (Vancomycin[tiab] OR cefazolin[tiab] OR

Chlorhexidine[tiab] OR Mupirocin[tiab] OR Triclosan

[tiab])))

The Cochrane Library (John Wiley & Sons)

[mh administration,intranasal] or [mh ‘‘Antibiotic Pro-

phylaxis’’] or [mh ‘‘Carrier State’’] or [mh Cefazolin] or

[mh Chlorhexidine] or [mh ‘‘Cross Infection’’/EP,PC]

or [mh ‘‘mass screening’’] or [mh nose] or [mh Mupirocin]

or [mh Vancomycin] or [mh Triclosan] or [mh ‘‘Periop-

erative Care’’] or [mh ‘‘Preoperative Care’’] or [mh

Prevalence] OR ‘‘carriage’’:ti,ab,kw or ‘‘carriers’’:ti,ab,kw

or ‘‘carrier’’:ti,ab,kw or ‘‘colonization’’:ti,ab,kw or ‘‘colo-

nisation’’:ti,ab,kw or ‘‘colonized’’:ti,ab,kw or ‘‘colonised’’:

ti,ab,kw or ‘‘decolonized’’:ti,ab,kw or ‘‘decolonised’’:ti,

ab,kw or ‘‘decolonization’’:ti,ab,kw or ‘‘decolonisation’’:ti,

ab,kw or ‘‘eradication’’:ti,ab,kw or edadicat*:ti,ab,kw or

‘‘infection control’’:ti,ab,kw or ‘‘intranasal’’:ti,ab,kw or

‘‘intra nasal’’:ti,ab,kw or ‘‘isolates’’:ti,ab,kw or ‘‘microbi-

ology’’:ti,ab,kw or ‘‘nasal’’:ti,ab,kw or ‘‘noncarrier’’:ti,ab,

kw or ‘‘noncarriers’’:ti,ab,kw or ‘‘non carrier’’:ti,ab,kw or

‘‘non carriers’’:ti,ab,kw or ‘‘perioperative’’:ti,ab,kw or

‘‘peri operative’’:ti,ab,kw or ‘‘post intervention’’:ti,ab,kw

or ‘‘postintervention’’:ti,ab,kw or ‘‘pre intervention’’:

ti,ab,kw or ‘‘preintervention’’:ti,ab,kw or ‘‘preoperative’’:

ti,ab,kw or ‘‘pre operative’’:ti,ab,kw or ‘‘preoperatively’’:

ti,ab,kw or prescreen*:ti,ab,kw or rate decrease*:ti,ab,kw

or ‘‘reduction’’:ti,ab,kw or ‘‘reductions’’:ti,ab,kw or ‘‘screen-

ed’’:ti,ab,kw or ‘‘screening’’:ti,ab,kw or screen*ti,ab,kw or

‘‘swab’’:ti,ab,kw or ‘‘swabs’’:ti,ab,kw or ‘‘uncolonized’’:

ti,ab,kw or ‘‘uncolonised’’:ti,ab,kw or ‘‘un colonized’’:ti,

ab,kw or ‘‘un colonised’’:ti,ab,kw or ‘‘Vancomycin’’:ti,ab,kw

or ‘‘cefazolin’’:ti,ab,kw or ‘‘Chlorhexidine’’:ti,ab,kw or

‘‘Mupirocin’’:ti,ab,kw or ‘‘Triclosan’’:ti,ab,kw

AND

‘‘orthopedic*’’ or ‘‘orthopaedic*’’ or [mh ^’’orthopedic

procedures’’] or [mh ^arthroplasty] or [mh arthroplasty,

replacement] or [mh ^’’fracture fixation’’] or [mh ‘‘fracture

fixation,internal’’] or [mh fractures,bone/SU] or [mh joints/

SU] or [mh orthopedics] or [mh ‘‘musculoskeletal dis-

eases’’/SU] or [mh arthrodesis] or ‘‘TJA’’ or (‘‘joint’’ or

‘‘hip’’ or ‘‘knee’’) and (replacement*) or (‘‘arthroplasty’’ or

‘‘arthroplasties’’ or ‘‘arthrodesis’’ or spinal fusion*) or

(‘‘spine’’ or ‘‘spinal’’) and (‘‘surgery’’ or ‘‘surgeries’’)

AND

[mh methicillin] and [mh ‘‘drug resistance,microbial’’] or

[mh ^’’Staphylococcal Infections’’] or [mh staphylococcus]

or [mh ‘‘Methicillin-Resistant Staphylococcus aureus’’] or
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[mh ‘‘Staphylococcus aureus’’] or [mh ‘‘surgical wound

infection’’] or ‘‘mrsa’’ or ‘‘mssa’’ or [mh ‘‘methicillin

resistance’’] or ‘‘s aureus’’ or ‘‘Staphylococcal’’ or ‘‘Staph-

ylococcus aureus’’ or Surgical site infection* or ‘‘ssi’’ or

‘‘ssis’’

EMBASE.com

‘coloni?ation’:ab,ti OR ‘coloni?ed’:ab,ti OR ‘decolo-

ni?ation’:ab,ti OR ‘decoloni?ed’:ab,ti OR ‘uncoloni?ed’:ab,ti

OR ‘carriage’:ab,ti OR ‘carriers’:ab,ti OR ‘noncarriers’:ab,ti

OR ‘carrier’:ab,ti OR ‘noncarrier’:ab,ti OR edadicat*:ab,ti

OR ‘infection control’:ab,ti OR ‘intranasal’:ab,ti OR ‘intra

nasal’:ab,ti OR ‘microbiology’:ab,ti OR ‘nares’:ab,ti OR

‘nasal’:ab,ti OR ‘swab’:ab,ti OR ‘swabs’:ab,ti OR screen*:-

ab,ti OR prescreen*:ab,ti OR perioperativ*:ab,ti OR

preoperativ*:ti OR ‘prophylaxis’:ab,ti OR ‘prophylac-

tic’:ab,ti OR ‘rate decreased’:ab,ti OR intervent*:ti OR

preintervent*:ab,ti OR ‘pre intervention’:ab,ti OR ‘bacterial

colonization’/exp OR ‘bacterial strain’/de OR ‘bacterium

carrier’/de OR ‘bacterium culture’/de OR ‘bacterium detec-

tion’/de OR ‘bacterium examination’/de OR ‘bacterium

identification’/de OR ‘bacterium isolate’/de OR ‘practice

guidelines’/exp OR ‘clinical protocols’/de OR ‘eradication

therapy’/de OR ‘infection control’/de OR ‘infection preven-

tion’/de OR ‘infection rate’/de OR ‘infection risk’/de OR

‘microbiological examination’/de OR ‘microbiology’/exp

OR ‘nose’/exp OR ‘nose smear’/de OR ‘perioperative per-

iod’/de OR ‘preoperative care’/de OR ‘preoperative

treatment’/de OR ‘prophylaxis’/de OR ‘antibiotic prophy-

laxis’/de OR ‘risk assessment’/de OR ‘screening’/de OR

‘mass screening’/de OR ‘screening test’/de OR ‘cefazolin’/

exp OR ‘25953-19-9’:rn OR ‘cefazolin’:ab,ti OR ‘chlorhex-

idine’/exp OR ‘chlorhexidine’:ab,ti OR ‘3697-42-5’:rn OR

‘chlorhexidine gluconate’/exp OR ‘chlorhexidine gluco-

nate’:ab,ti OR ‘18472-51-0’:rn OR ‘clindamycin’/exp OR

‘clindamycin’:ab,ti OR ‘fusidic acid’/exp OR ‘fusidic

acid’:ab,ti OR ‘6990-06-3’:rn OR ‘clinisan’ OR ‘glycopep-

tide’/exp OR ‘glycopeptide’:ab,ti OR ‘polymyxin’/exp OR

‘polymyxin’:ab,ti OR ‘11081-39-3’:rn OR ‘triclosan’/exp OR

‘triclosan’:ab,ti OR ‘3380-34-5’:rn OR ‘vancomycin’/exp

OR ‘vancomycin’:ab,ti OR ‘1404-90-6’:rn OR ‘aquasept’:tn

OR ‘aquasept’:ab,ti OR ‘ancef’:tn OR ‘ancef’:ab,ti OR

‘bactroban’:tn OR ‘bactroban’:ab,ti OR ‘hibiclens’:tn OR

‘hibiclens’:ab,ti OR ‘mupirocin’:tn OR ‘mupirocin’:ab,ti

AND

‘fracture’/exp/dm_su OR ‘musculoskeletal disease’/exp/

dm_su OR ‘bone graft’/de OR ‘foot surgery’/de OR

‘fractures fixation’ OR ‘hip arthroplasty’/de OR ‘joint

prosthesis’/exp OR ‘joint surgery’/exp OR ‘orthopedic

surgery’/de OR ‘orthopedics’/de OR ‘laminectomy’/de OR

‘spinal fusion’/exp OR ‘spine surgery’/de OR ‘prosthesis

fixation’/de OR ‘femur fracture’/de OR ‘orthopedic’:ab,ti

OR ‘orthopaedic’:ab,ti OR ‘orthopedics’:ab,ti OR ‘ortho-

paedics’:ab,ti OR ‘tja’:ab,ti OR ‘arthrodesis’:ab,ti OR

‘arthroplasty’:ab,ti OR ‘arthroplasties’:ab,ti OR ‘spinal

fusion’:ab,ti OR ‘spinal fusions’:ab,ti OR ‘implant’/de OR

‘implantation’:de

OR

(‘fracture’:ab,ti OR ‘fractures’:ab,ti OR ‘spine’:ab,ti OR

‘spinal’:ab,ti) AND (‘surgery’:ab,ti OR ‘surgeries’:ab,ti)

AND

‘staphylococcus infection’/de OR ‘methicillin resistant

staphylococcus aureus infection’/de OR ‘methicillin resis-

tant staphylococcus aureus’/de OR ‘methicillin susceptible

staphylococcus aureus’/de OR ‘penicillin resistance’/de

OR ‘staphylococcus aureus’/de OR ‘antibiotic resistance’/

de OR ‘antibiotic sensitivity’/de OR (‘meticillin’/de AND

‘drug resistance’/de) OR ‘mrsa’:ab,ti OR ‘mssa’:ab,ti OR

‘staphylococcal’:ab,ti OR ‘staphylococcus aureus’:ab,ti OR

‘s aureus’:ab,ti OR ‘surgical site infection’:ab,ti OR ‘sur-

gical site infections’:ab,ti OR ‘ssi’:ab,ti OR ‘ssis’:ab,ti

OR

(‘resistant’:ab,ti OR ‘resistance’:ab,ti OR ‘sensi-

tive’:ab,ti OR ‘susceptible’:ab,ti) AND (‘methicillin’:ab,ti

OR ‘meticillin’:ab,ti)
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