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Abstract

Background Staphylococcus aureus is the most com-
monly isolated organism in periprosthetic joint infection
(PJI). Resistant strains such as methicillin-resistant S
aureus (MRSA) are on the rise, and many programs have
instituted decolonization protocols. There are limited data
on the success of S aureus nasal decolonization programs
and their impact on PJI.

Questions/purposes The purposes of this study were to
(1) determine the proportion of patients successfully de-
colonized using a 2-week protocol; (2) compare infection
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risks between our surveillance and decolonization protocol
group against a historical control cohort to evaluate
changes in proportions of S aureus infections; and (3)
assess infection risk based on carrier type, comparing S
aureus carriers with noncarrier controls.

Methods We retrospectively evaluated a group of 3434
patients who underwent elective primary and revision hip
and knee arthroplasty over a 2-year period; each patient in
the treatment group underwent a surveillance protocol, and
a therapeutic regimen of mupurocin and chlorhexidine was
instituted when colonization criteria were met. A 2009 to
2010 comparative historical cohort was chosen as the
control group. We compared risks of infection between our
treatment group and the historical control cohort. Further-
more, in patients who developed surgical site infections
(SSIs), we compared the proportions of each S aureus type
between the two cohorts. Finally, we compared infection
rates based on carrier status. Surveillance for infection was
carried out by the hospital infection control coordinator
using the Centers for Disease Control and Prevention
(CDC) criteria. During the time period of this study, the
CDC defined hospital-acquired infection related to a sur-
gical procedure as any infection diagnosed within 1 year of
the procedure. With the numbers available, we had 41%
power to detect a difference of 0.3% in infection rate be-
tween the treatment and control groups. To achieve 80%
power, a total of 72,033 patients would be needed.
Results  Despite the protocol, 22% (26 of 121) of patients
remained colonized with MRSA. With the numbers avail-
able, there were no differences in infection risk between
the protocoled group (27 of 3434 [0.8%]) and the historical
control group (33 of 3080 [1.1%]; relative risk [RR], 0.74;
95% confidence interval [CI], 0.44-1.22; p = 0.28). In
terms of infecting organism in those who developed SSI, S
aureus risk decreased slightly (treatment: 13 of 3434
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patients [0.38%]; control: 21 of 3080 patients [0.68%]; RR,
0.56; CI, 0.28-1.11; p = 0.11). Within the protocoled
group, carriers had a slightly higher risk of developing SSI
(carrier: seven of 644 [1.1%]; noncarrier: 18 of 2763
[0.65%]; RR, 1.77; CI, 0.74-4.24; p = 0.20).

Conclusions The screening and decolonization protocol
enabled a substantial reduction in nasal carriage of MRSA,
but some patients remained colonized. However, our nasal
decolonization protocol before elective total joint arthro-
plasty did not demonstrate a decrease in the proportion of
patients developing SSI. Future meta-analyses and sys-
tematic reviews will be needed to pool the results of studies
like these to ascertain whether small improvements in in-
fection risk are achieved by protocols like ours and to
determine whether any such improvements warrant the
costs and potential risks of surveillance and intervention.
Level of Evidence Level 111, therapeutic study.

Introduction

Periprosthetic joint infection (PJI) after total joint arthro-
plasty (TJA) is reported in 1% to 2% of patients who have
undergone primary TJA and 4% to 6% of patients who
have undergone revision TJA, and PJI increases both
morbidity and economic costs [2, 11, 32]. The most com-
monly isolated microorganism in PJI after TJA is
Staphylococcus aureus [22, 29]. Resistant strains such as
methicillin-resistant S aureus (MRSA) are on the rise [21]
and are associated with higher rates of treatment failure [3,
23]. The ecologic niche of S aureus is the nasal passages
[30], and the association between nasal carriage of S aureus
and surgical site infection (SSI) was established in 1959
[33]. Carriers of S aureus are two to nine times more likely
to develop an SSI, and it has been shown that 85% of SSIs
can be traced to endogenous colonization of the patients [6,
18, 25, 31, 34]. In 1999, the Centers for Disease Control
and Prevention (CDC) recognized nasal colonization of S
aureus as a risk factor for SSI [20]. As a result, there has

been much focus on S aureus decolonization as a means to
reduce the rate of SSI.

Intranasal mupirocin ointment and chlorhexidine soap
are established treatments for the decolonization of §
aureus [4, 7, 13, 15, 25, 26]. Several studies have been
conducted to assess the effectiveness of a decolonization
program using intranasal mupirocin ointment, chlorhex-
idine body washes, or both [1, 9, 10, 16, 19, 27]. Although
many studies have assessed the impact of a decolonization
protocol on SSI, very few have evaluated the effectiveness
and outcomes of the decolonization process itself.

The purposes of our study were to (1) determine the
proportion of patients successfully decolonized using a 2-
week protocol; (2) compare infection risks between our
surveillance and decolonization protocol groups against a
historical control cohort to evaluate changes in proportions
of S aureus infections; and (3) assess infection risk based
on carrier type, comparing S aureus carriers with noncar-
rier controls.

Patients and Methods

Our retrospective clinical study received approval from our
institutional review board. Our cohort included a series of
all patients undergoing primary or revision THA or TKA
over a 2-year period (January 2012 through December
2013) at a single institution. Patients were excluded if they
had a history of infection at the operative site. Our treat-
ment group included 3434 patients who underwent primary
or aseptic revision TKA or THA performed by 18 surgeons
(Table 1).

S aureus Screening Protocol
At the time of the routine preoperative assessment (typically

2 weeks before the intended surgical date), all patients were
screened for nasal colonization with methicillin-sensitive

Table 1. Distribution of patient cohort with percentage of patients screening positive for MSSA and MRSA

Procedure Number of patients MSSA colonized MRSA colonized
TKA 1824 (53%) 268 (15%) 63 (4%)
Bilateral TKA 31 (1%) 6 (19%) 2 (6%)
UKA 19 (1%) 3 (16%) 0 (0%)
Revision TKA 245 (7%) 36 (15%) 22 (9%)
THA 1018 (30%) 159 (16%) 53 (5%)
Bilateral THA 11 (0.3%) 3 (27%) 0 (0%)
Revision THA 286 (8%) 33 (12%) 18 (6%)
Total 3434 (100%) 508 (15%) 158 (5%)

MSSA = methicillin-sensitive Staphylococcus aureus; MRSA = methicillin-resistant S aureus; UKA = unilateral knee arthroplasty.
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Staphylococcus aureus (MSSA) and MRSA. Microbiologic
samples were obtained by trained nurses in the preoperative
area using a nasal swab on the inside of the nares for 5
seconds in each naris. Samples were sent for rapid poly-
merase chain reaction (PCR) using GeneXpert®™ XVI
(Cepheid, Sunnyvale, CA, USA) for the detection of MRSA.
Standard culture was used for the detection of MSSA. Pa-
tients determined to be carriers of either MSSA or MRSA
were provided treatment with intranasal 2% mupirocin
ointment (Bactroban; GlaxoSmithKline, Middlesex, UK)
twice daily for 5 days and daily skin cleansing with 4%
chlorhexidine soap (Dyna-Hex 4; Xttrium Laboratories,
Chicago, IL, USA) for 5 days, including the day of surgery.
Patients who were colonized received a phone call from a
preoperative nurse and were provided with instructions on
the treatment protocol and literature supporting the use of
both products. Patients colonized with MRSA at the initial
preoperative visit were rescreened on the day of surgery
using the identical screening protocol for MRSA. The re-
sults of the day-of-surgery rapid PCR were made available
before the start of the procedure.

Antibiotic Prophylaxis

Standard perioperative antibiotic prophylaxis at our insti-
tution is achieved with an intraoperative dose of a first-
generation cephalosporin (cefazolin) followed by two ad-
ditional doses postoperatively at 8-hour intervals. In the
presence of a well-documented B-lactam allergy, patients
are treated with an intraoperative dose of vancomycin and
one additional dose 12 hours postoperatively. Patients
colonized with MRSA at either the 2-week preoperative
screening visit or on the day-of-surgery screening received
a single intraoperative dose of vancomycin in addition to
the standard protocol of cefazolin. Patients who remained
colonized with MRSA on the day of surgery were placed
on isolation precautions during their hospitalization.
Patients were monitored prospectively for SSI by a hos-
pital-employed nurse responsible for quality control and
infection prevention. We defined SSI in accordance with the
CDC/National Healthcare Safety Network guidelines [12].

Our study treatment protocol went into effect in November
2011. Data analysis for the treatment group began in January
2012, because we felt that the first 2 months would be part of
a “learning curve.” We elected to use a patient group from a
2-year period before implementation of our screening and
decolonization protocol (January 2009 through December
2010) as a historical control group.

Statistical Analysis

Standard descriptive statistics were reported, including
frequencies and proportions. We compared risks of infec-
tion between our treatment group and the historical control
cohort, stratifying the results in terms of primary and re-
vision cases. Furthermore, in patients who developed SSI,
we compared the proportions of each S aureus type (MSSA
and MRSA) between the two cohorts. The differences in
proportions were assessed using a chi-square test or Fish-
er’s exact test. Finally, we compared infection rates based
on carrier status, calculating relative risk (RR) and 95%
confidence intervals (CIs) of infection based on patient
status of being a noncarrier, an MRSA carrier, or an MSSA
carrier. An a priori significance level of 0.05 was used for
statistical tests.

Results

Our study population consisted of 2903 primary cases and
531 revision cases for a total of 3434 patients. Overall,
15% (486 of 3434) and 5% (158 of 3434) of our patient
population screened positive for MSSA and MRSA, re-
spectively. The control cohort consisted of 3080 patients
from 2009 to 2010, which included 2515 primary cases and
567 revision cases (Table 2).

Of the 158 patients who initially tested positive for
MRSA, 37 patients were unintentionally not rescreened on
the date of surgery and thus were not included in the
MRSA eradication analysis.

Of the 121 patients who screened positive for MRSA, 95
(79%) were MRSA-negative after the decolonization

Table 2. Comparison of infection rate between treatment group and historical controls

Procedure 2009-2010 2012-2013 Relative risk (95% confidence interval) p value
Primary cases 2513 2903 0.77 (0.40-1.49) 0.51
Primary infections 19 (1%) 17 (1%)

Revision cases 567 531 0.76 (0.34-1.7) 0.65
Revision infections 14 (3%) 10 2%)

All cases 3080 3434 0.74 (0.44-1.22) 0.28
All infections 33 (1%) 27 (1%)
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158 of 3434 Patients
Screened Positive for MRSA

(5%)
37 Patients Not
Rescreened
) i
95 Rescreened Negative 26 Remained Positive
(78%) (22%)

Fig. 1 Of the 121 patients who screened positive for MRSA, 95
(78%) were MRSA-negative after the decolonization protocol and 26
remained MRSA-positive (failed to decolonize; 22%) when re-
screened on the day of surgery.

Table 3. Comparison of infections by organism

protocol and 26 remained MRSA-positive (failed to de-
colonize; 22%) when rescreened on the day of surgery
(Fig. 1).

With the numbers available, we found no statistically
significant differences between the rate of SSI between our
2012 to 2013 treatment group (including all noncolonized
patients and colonized patients undergoing the protocol)
and the 2009 to 2010 control group; this nondifferent
finding persisted with stratification of patients based on
primary and revision cases. The rate of SSI in our treatment
group (2012-2013) was 1% (27 of 3434 patients) for all
patients; 1% (17 of 2903 patients) for primary TJA; and 2%
(10 of 531 patients) for revision TJA. In comparison, the
rate of SSI in our historical control group (2009-2010) was
1% (33 of 3080 patients) overall, 1% (19 of 2513 patients)
for primary TJA, and 3% (14 of 567 patients) for revision

Organism 2009-2010 2012-2013 Relative risk p value
(n = 3080) (n = 3434)
MSSA 6 (0.20%) 5 (0.15%) 0.75 (0.23-2.45) 0.66
MRSA 15 (0.49%) 8 (0.23%) 0.48 (0.20-1.13) 0.10
Total S aureus 21 (0.68%) 13 (0.38%) 0.56 (0.28-1.11) 0.11
Coagulase-negative Staphylococcus 2 (0.06%) 5 (0.15%) 2.24 (0.44-11.55) 0.46
Streptococcus species 3 (0.10%) 1 (0.03%) 0.30 (0.03-2.87) 0.35
Polymicrobial 2 (0.06%) 4 (0.12%) 1.79 (0.33-9.79) 0.69
Pseudomonas 1 (0.03%) 1 (0.03%) 0.90 (0.06-14.33) NAT
Enterobacter 2 (0.06%) 0 (0.00%) NAT NAT
Other* 1 (0.03%) 4 (0.12%) 3.59 (0.40-32.14) 0.38

* One each of Citrobacter, Klebsiella, Proteus, Serratia, Staphylococcus lugdunesis; NA = frequency of events too small; MSSA = methicillin-

sensitive Staphylococcus aureus; MRSA = methicillin-resistant S aureus.

Table 4. Comparison of infection rate by carrier type (stratified)

Group Number of patients Infections Relative risk p value®
(95% CI)

Noncarriers 2763 17 (0.6%) - -

All carriers 644 7 (1%) 1.77 (0.74-4.24)* 0.20°
MRSA carriers 158 4 (2.5%) 4.11 (1.40-12.08)" 0.00027
MSSA carriers 486 2 (0.4%) 0.62 (0.13-2.97)** 0.63""

MRSA carriers versus MSSA carriers - (2.5% versus 0.4%) 6.15 (1.14—33.65)“ 0.03%

* Chi-square; "Fisher’s exact; "RR of infection of all carriers compared with noncarriers; “chi-square comparing infection rate of all carriers with
noncarriers; "RR of infection of MRSA carriers compared with noncarriers; “Fisher’s exact comparing infection rate of MRSA carriers with
noncarriers; **RR of infection of MSSA carriers compared with noncarriers; "'Fisher’s exact comparing infection rate of MSSA carriers with
noncarriers; HRR of infection of MRSA carriers with MSSA carriers; *SFisher’s exact comparing infection rate of MRSA carriers with MSSA
carriers; CI = confidence interval; MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-sensitive S aureus; RR =

relative risk.

@ Springer



Volume 473, Number 7, July 2015

MRSA Screening 2287

TJA. Compared with our historical controls, the RR of SSI
was 0.47 (95% CI, 0.44-1.22] overall and 0.77 (0.40-1.49)
and 0.76 (0.34-1.70) for primary and revision TJA, re-
spectively (Table 2).

After instituting a decolonization protocol, the relative
proportions of S aureus infection (MSSA and MRSA)
likewise were not statistically different between our treat-
ment group and the historical control cohort (Table 3).
Overall, the proportion of S aureus infection in the his-
torical control group was 0.68% (21 of 3080 patients)
compared with 0.38% in the study group (13 of 3434 pa-
tients; RR, 0.56; 95% CI, 0.28-1.11; p = 0.11). When
subgroup analysis was performed, the proportion of MSSA
infection was 0.2% in the historical control group (six of
3080 patients), compared with 0.15% in the study group
(five of 3434 patients; RR, 0.75; 95% CI, 0.23-2.45;
p = 0.66), and the proportion of MRSA infection was
0.49% in the historical control group (15 of 3080 patients)
compared with 0.23% in the study group (eight of 3434
patients; RR, 0.48; 95% CI, 0.20-1.13; p = 0.10).

Differences in infection risk were not detected with the
numbers available comparing carriers of S aureus with
noncarriers (carriers = seven of 644 patients [1.1%]; non-
carriers = 18 of 2763 patients [0.65%]; RR, 1.77; 95% CI,
0.74—4.24; p = 0.36; Table 4). However, when subgroup
analysis was performed, stratifying for carrier type, MRSA
carriers were more likely to develop SSI than MSSA carriers
(four of 158 patients (2.5%) versus two of 486 patients
(0.4%), respectively; RR, 6.15; 95% CI, 1.14-33.65;
p = 0.03). MRSA carriers were also more likely to develop
SSI than noncarriers (four of 158 patients [2.5%] versus 17 of
2763 patients [0.6%], respectively; RR, 4.11; 95% CI,
1.40-12.08; p = 0.002). All identified infections (27 of 3434
study cohort patients and 33 of 3080 historical cohort pa-
tients) required surgical intervention (Table 5). Of the 33
infected cases in the historical control, there were three su-
perficial infections treated with limited irrigation and
débridement. The remaining infections were deep infections
treated with deep irrigation and débridement without

Table 5. Breakdown of treatments for infection cases*

modular component exchange (six cases), deep irrigation
and débridement with modular component exchange (17
cases), and removal of the prosthesis and placement of an
antibiotic spacer (six cases). One infected case during the
historical control period was treated at an outside institution,
the details of which were unavailable. Of the 27 infected
cases in the study cohort, there was one superficial infection
treated with limited irrigation and débridement. The re-
maining infections were deep infections treated with deep
irrigation and débridement without modular component ex-
change (four cases), deep irrigation and débridement with
modular component exchange (12 cases), resection arthro-
plasty (one case), and removal of the prosthesis and
placement of an antibiotic spacer (eight cases). One infected
case during the study period was treated at an outside insti-
tution, the details of which were unavailable.

Discussion

PJI after THA and TKA is associated with substantial pa-
tient morbidity and economic burden to the healthcare
system. Many resources have been devoted to infection
reduction methods. One such strategy is identifying pa-
tients who are colonized with S aureus and attempting to
decolonize them, because S aureus colonization has been
identified as a risk factor for PJI. There are limited data on
the success of decolonization protocols and their subse-
quent effect on PJI. Thus, controversy exists on the use of
such screening and treatment programs. The objectives of
this study were to (1) assess the rate of successful de-
colonization using a 5-day protocol for MRSA-colonized
patients; (2) to assess the effect of a decolonization pro-
tocol on the rate of PJI compared with a historical control
group; and (3) to assess infection risk based on carrier type,
comparing S aureus carriers with noncarrier controls.
Within the present study, 22% of patients failed to de-
colonize from MRSA despite the treatment protocol.
Additionally, we were unable to show a statistically

Procedure Primary THA Revision THA Primary TKA Revision TKA
Control Cohort Control Cohort Control Cohort Control Cohort
Superficial 1&D 1 1 0 0 2 0 0 0
Deep 1&D 4 2 1 1 0 1 1 0
Deep 1&D with liner exchange 3 6 1 1 7 3 6 2
Resection arthroplasty 0 1 0 0 0 0 0 0
Antibiotic spacer 2 4 1 2 2 1 1 1

* Fifty-eight of 60 infections in both the historical control and study cohort groups are demonstrated. Two cases were reported as infections at
outside institutions but details of the treatment were unavailable; I&D = irrigation and débridement.

@ Springer



2288  Baratz et al.

Clinical Orthopaedics and Related Research®

significant reduction in surgical site infection between the
treatment group and a historical control group with the
numbers provided in the study. Finally, patients colonized
with MRSA were shown to be more likely to develop PJI
than noncarriers of MRSA.

Our study had several limitations. First, we were under-
powered to detect a statistically significant difference in SSI
among any of our comparison groups. Given the very low
infection rate, we would have needed more than 72,000
patients in both the treatment and historical control groups
to achieve 80% power, which would be very challenging at a
single institution. Second, the use of a historical control
group has been associated with false outcomes as a result of
potential confounding variables [16]. Several confounding
variables may have influenced our findings. Most impor-
tantly, over time, institutions nationwide (including ours)
have adopted infection prevention strategies to reduce the
incidence of SSI. The protocols include a perioperative
checklist to ensure appropriate dose and timing of antibi-
otics as well as appropriate discontinuation of antibiotics
within 24 hours of surgery (Surgical Care Improvement
Project measures). In addition, the inclusion of SSI as a
“never event” by the Centers for Medicare & Medicaid
Services has brought significant attention toward the pre-
vention of SSI. In addition to antibiotics, these measures
include hand washing protocols, isolations protocols, and
identification of modifiable risk factors for infection. Many
of these protocols were likely implemented over the course
of the study. We are unable to ensure the uniformity of these
protocols among both groups and therefore the sole treat-
ment effect of the screening and decolonization program
could be limited. One could assume that the addition of these
infection prevention protocols would have more of an effect
on the study group than the historical control groups. As
such, the institution of these protocols could account for a
proportion of the reduction in SSI among the study group.
Third, we were unable to measure patient compliance with
the treatment protocol to determine which patients followed
the decolonization protocol; however, compliance with a
similar protocol has been previously reported to be nearly
95% and 99% with the use of mupirocin ointment and a
single chlorhexidine shower, respectively [10]. Finally,
monitoring for postoperative infections was performed by
an individual nurse employed by a single institution, and it is
possible some patients were treated for infection at other
institutions; however, we believe this to have been very
unlikely given that our institution is a referral center for
complex TJAs, including PJIs.

Decolonization with mupirocin nasal ointment and
chlorhexidine soap was ineffective at MRSA decoloniza-
tion in approximately 22% of patients in this study and is
similar to the decolonization failures found in a similar
study by Kim et al. [17].We believe the two most likely

@ Springer

factors associated with decolonization failure are patient
noncompliance and the presence of resistant organisms.
Although we did not measure patient compliance in our
study, there is supporting evidence that compliance is high
in this setting and a less likely cause of decolonization
failure [10, 17]. The emergence of resistant organisms to
intranasal mupirocin has been evaluated [5, 14, 28]. In one
study, 19% of swab isolates demonstrated resistance to
mupirocin [8]. Although it was not evaluated in this study,
we believe that mupirocin resistance may in part explain
the decolonization failures in this study.

With the numbers available in this study, we were un-
able to detect statistically significant differences in SSI
between the group receiving our surveillance and treatment
protocol and the historical control cohort. Hacek et al.
evaluated the use of rapid PCR screening followed by
decolonization with intranasal mupirocin and showed a
decreased infection rate in their treatment cohort compared
with both concurrent and historical controls [9]. Although
their study did not subclassify S aureus into MSSA and
MRSA, they estimated that their protocol prevented eight
infections in their cohort of 1495 patients. Kim et al. [17]
were able to demonstrate the effectiveness of their insti-
tution’s screening and decolonization program in a cohort
of more than 7000 patients undergoing elective spine sur-
gery and TJA. To our knowledge, the study by Kim et al.
included the single largest cohort of patients undergoing
orthopaedic procedures. They found a decrease in SSI in
their treatment group compared with historical controls and
also among noncarrier patients compared with patients
colonized with MRSA. Hadley et al. were able to show a
reduction in SSI compared with a concurrent control group
[10]. However, unlike our study, where decolonization
treatment was provided only to patients who proved colo-
nized on testing, patients in the study by Hadley et al. were
empirically treated, regardless of screening results.

The results of the present study suggest that nasal car-
riers of S aureus may have an increased risk of PJI when
compared with noncarriers. This risk is further elevated for
carriers of MRSA. Kim et al. found a statistically sig-
nificant correlation between MRSA carrier status and PJI
when compared with noncarriers. However, this correlation
was not statistically significant when comparing MSSA
carrier status with noncarriers. Based on these data from
Kim et al.’s study and our own, it is our belief that de-
colonization treatment should be reserved for patients
colonized with S aureus as opposed to empiric treatment of
all patients. In our study, 19.3% of patients were shown to
be carriers of S aureus. Thus, empiric treatment would
have resulted in unnecessarily treating 2771 of the 3434
patients in our cohort, which would have added unneces-
sary costs, possible side effects of the medications, and,
potentially, the development of antibiotic resistance.
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At our institution, vancomycin is reserved for patients
who screen positive for MRSA or have a documented B-
lactam allergy. Because only 5% of the patients in our
study screened positive for MRSA, it is our belief that
empiric prophylaxis against MRSA would add unnecessary
risks and costs to patient care. Thus, we are in agreement
with a recent consensus statement that recommended
against routine perioperative antibiotic prophylaxis for
MRSA in patients undergoing TJA [24].

Although an institution-wide screening and de-
colonization protocol enables a substantial reduction in
nasal carriage of MRSA, 22% of patients in our study re-
mained colonized. Based on the numbers available in our
study, nasal decolonization protocols before elective TJA
did not demonstrate a statistically significant reduction in
the rate of SSIs. Future meta-analyses and systematic re-
views may be needed to pool the results of studies like
these to ascertain whether small improvements in infection
risk are achieved by protocols like ours and to determine
whether any such improvements warrant the costs and
potential risks of surveillance and intervention. Addition-
ally, novel methods of decolonization may provide further
benefit in reduction of SSI and may warrant clinical
investigation.
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