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Abstract

Background Although testing and treatment for Staphy-
lococcus aureus colonization before total joint arthroplasty
(TJA) are well described and understood, the durability of
decolonization has not been studied extensively.
Questions/purposes The purpose of this pilot study is to
determine the percentage of arthroplasty patients with
S. aureus colonization despite previous decolonization at
the time of TJA.

Methods Over a 2-year period, all patients having TJA by
one surgeon were screened and treated for nasal S. aureus.
Of 634 patients, 139 had methicillin-sensitive S. aureus
(15%) or methicillin-resistant S. aureus (6.6%) coloniza-
tion before TJA. Fifty-eight of these 139 patients (42%)
were retested at 3 to 30 months for persistent colonization
by nasal culture. Data collection included age at time of
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TJA, type of TJA, and time from TJA to repeat testing. We
performed no clonal analysis for strains.

Results  Thirty-nine of the 58 patients (67%) decolonized
before surgery were negative on retesting and 19 (33%)
were again positive for S. aureus colonization. Of the 19
patients who retested positive for colonization, 17 (89%)
were colonized by bacteria with unchanged antibiotic
sensitivity.

Conclusions We demonstrate that 33% (19 of 58) of
postoperative arthroplasty patients test positive for
S. aureus colonization at 3 to 30 months after surgery
despite preoperative decolonization. Arthroplasty surgeons
must be aware that a decolonization treatment does not
guarantee that a patient will remain decolonized in the
future. Although unchanged antibiotic sensitivity in 89% of
these patients suggests a substantial role for persistence as
opposed to eradication and repeat colonization, we were
unable to retrospectively perform clonal analysis to con-
firm this conclusion. This group of patients demonstrating
continued colonization with S. aureus after arthroplasty
deserves further study, because it remains unclear whether
there is a higher risk of late infection in this population.
Level of Evidence Level 1V, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Despite attempts to improve care with the national imple-
mentation of the Surgical Care Improvement Project
antibiotic guidelines [7], infection continues to be a com-
mon and devastating complication in patients who have
undergone total joint arthroplasty (TJA). Staphylococcus
aureus s the most common organism (35%—65%) isolated
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from periprosthetic joint infections [2, 8, 17, 18] with its
methicillin-resistant forms demonstrating increased diffi-
culty of eradication [19]. Growing concern surrounds the
increasing prevalence of both community- and nosocomial-
acquired methicillin-resistant S. aureus (MRSA) infection,
because they carry both an increased burden on medical
resources as well as morbidity and mortality [3].

The anterior nares are reportedly the most reliable
location for isolation of S. aureus [24]. It is estimated that
S. aureus 1is colonized within the anterior nares in
approximately 31% (range, 6%—-56%) of the general pop-
ulation at any given time [4, 14, 15]. Twenty percent are
persistently colonized carriers, whereas approximately
60% may demonstrate intermittent colonization with
changing of strains with varying frequency [1, 14, 24]. The
remaining 20% of people are defined as noncarriers [14].

In 1999, the Centers for Disease Control and Prevention
listed preoperative nasal carriage of S. aureus as a risk for
surgical site infection (SSI) [12]. Two epidemiologic
studies have demonstrated an increased risk (two to nine-
fold) of SSIs in patients who are carriers of S. aureus
[3, 23]. In those with SSIs, up to 85% have S. aureus
isolates that are identical by pulse electrophoresis tech-
niques to those isolated from their nares [20].

Within the orthopaedic literature, recent focus has been
on the prevention of SSIs by using various decolonization
protocols in patients colonized preoperatively [12, 13, 21].
Multiple studies have demonstrated the ability to decolo-
nize patients using 2% mupirocin ointment with a
combination of chlorhexidine body wash and in some cases
systemic antibiotics [9, 10, 13, 20, 21]. In an effort to
decrease SSIs, decolonization protocols have been recently
implemented for orthopaedic patients undergoing elective
procedures [9, 13, 21]. Lee et al. have shown this method to
be a cost-effective strategy for both the third-party payer
and hospital systems. This was held true even with a low
MRSA prevalence (1%), lower decolonization rate (25%),
and a cost of USD 300 for decolonization per patient [16].
To date, most studies have focused on the end point of SSIs
when discussing the role of decolonization protocols.
These studies have all shown a major decline in SSIs with
the use of decolonization protocols, which has generated
much interest in their use [9, 13, 21]. However, to our
knowledge, there is only one article within the TJA liter-
ature detailing the persistence of nasal methicillin-sensitive
S. aureus (MSSA)/MRSA colonization after a decoloni-
zation protocol has been used: Immerman et al. [11]
showed that at an average interval of 213 days postopera-
tively, 30% of their patients were not decolonized after a
decolonization protocol of mupirocin and chlorhexidine.

The purpose of this pilot study is to determine the per-
centage of arthroplasty patients with S. aureus colonization
despite previous decolonization at the time of TJA.

Patients and Methods

Over a 2-year period from 2008 to 2010, all 634 patients
having hip or knee arthroplasty by one surgeon (CAD)
were preoperatively screened by culture for nasal MSSA/
MRSA and were decolonized as part of an infection
reduction protocol at the author’s institution. Of 634
patients screened, 139 were identified to have MSSA (97 of
634 [15%]) or MRSA (42 of 634 [7%]) colonization before
TJA, and 139 all had undergone the decolonization pro-
tocol. Fifty-eight of these positive patients were able to be
contacted and were available and agreed to be retested for
persistence of MSSA/MRSA colonization as part of this
pilot study. Of the 97 patients colonized with MSSA,
40 (41%) were available and agreed to be retested. The
average age of the patients within this cohort was 67 years
(range, 57-85 years). The cohort consisted of 19 primary
THAs, 18 primary TKAs, and three primary unicondylar
knee arthroplasties (UKAS).

The decolonization protocol consisted of 2% mupirocin
(Bactroban; GlaxoSmithKline, Middlesex, UK) nasal oint-
ment and a 2% chlorhexidine (Hibiclens; Molnlycke Health
Care, Norcross, GA, USA) body wash. The nasal ointment
was used twice a day for 5 days leading up to, but not
including, the day of surgery. To ensure patient compliance,
a nurse called each patient 6 days before surgery to discuss
and confirm that prescriptions for the decolonization proto-
col medications were obtained. On the day of surgery,
confirmation of decolonization protocol completion was
discussed with the patient in the preoperative holding area by
the senior surgeon (CAD) before the patient entered the
operating room. All patients testing positive for MRS A were
also placed on isolation precautions on admission to the
hospital for surgery. Additionally, patients who tested
positive for MRSA colonization preoperatively were given
vancomycin for infection prophylaxis at the time of surgery
rather than the standard use of cefazolin.

Seven of the 40 patients were discharged to a rehabili-
tation facility with the remaining 33 being discharged to
home after the index procedure. The average length of
hospitalization during the index procedure was 2.1 days.
Mean time from the index procedure to repeat nasal swab
testing was 492 days (range, 103-885 days). Eighteen
(42%) of the 42 MRSA-colonized patients were available
and agreed to be retested. The average age of the patients in
this cohort was 69 years (range, 56—80 years). This cohort
consisted of six primary THAs, six primary TKAs, two
primary UKAs, and four revision TKAs. Seven of these
patients were discharged to rehabilitation, whereas 11 were
discharged to home after the index procedure. The average
length of stay after the index procedure was 2.83 days. The
time from the index procedure to repeat nasal swab testing
was 608 days (range, 299-907 days).

@ Springer



3130  Economedes et al.

Clinical Orthopaedics and Related Research®

Two of the authors (DME, CAD) were responsible for
the retesting of all patients and were trained to use the
proper technique by the preadmission screening techni-
cians. Cultures were obtained by applying a single
culturette to bilateral nares. The culturettes were then taken
directly to the microbiology laboratory. There they were
plated on BBL CHROMagar MRSA II (BD, Franklin
Lakes, NJ, USA) plates and incubated for 48 hours by a
standard laboratory technique. Standard microbiologic
culture methods were used to determine the presence of
MSSA or MRSA.

Data retrospectively collected included age at the time
of arthroplasty, type of arthroplasty conducted, time
between procedure and retested cultures obtained (in days),
average length of hospitalization, and disposition of the
patient at discharge.

Results

On retesting of the MSSA cohort, 15 (38%) patients
were colonized with S. aureus (Fig. 1). The average age of
those colonized in this subgroup was 67 years (range,
57-81 years). Of these 15, four had undergone primary
THA, nine underwent primary TKA, and two underwent
primary UKA. The average time from the index procedure
until retesting was 549 days (range, 176-949 days). The
average length of stay during after the index procedure was
2.4 days. After the index procedure, 12 patients were dis-
charged home, whereas three were discharged to a
rehabilitation facility. Of the 25 who tested negative for
MSSA colonization on retesting, the average time from
the index procedure to retesting was 473 days (range,
103-885 days).

On retesting the MRSA cohort, four (22%) patients were
colonized with S. aureus. The average age of these patients
was 73 years (range, 68—81 years). This group consisted of
one primary THA, one primary TKA, one primary UKA,
and one revision TKA. The average time from the index
procedure to retesting was 831 days (range, 689-905 days).
The average length of stay after the index procedure was
3.5 days. Three of these patients were discharged to reha-
bilitation, whereas one was discharged home after their
index procedure. Of the 14 patients who tested negative
for MRSA colonization on retesting, the average time

from the index procedure to retest was 521 days (range,
299-907 days).

Two patients (10%) who retested positive for S. aureus
colonization demonstrated conversion in the antibiotic
resistance pattern of the colonized S. aureus. One patient,
who tested positive preoperatively for MSSA, converted to
MRSA colonization at the time of retesting. This patient
was 68 years old at the time of the index primary THA and
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Fig. 1 Results are shown of nasal swab cultures in the study
population before and after a decolonization protocol was used.

was discharged to home from our institution on postoper-
ative day 1 as part of a rapid recovery protocol. The time
from the index procedure until retesting was 191 days.
Another patient converted from MRSA to MSSA coloni-
zation at the time of retesting. This patient was 70 years
old at the time of the index primary THA and was dis-
charged to home on postoperative day 2. The time from the
index procedure until retesting was 894 days.

Discussion

Nasal screening for S. aureus, with subsequent decoloni-
zation before hip and knee arthroplasty, has been
demonstrated to decrease the perioperative infection rate.
Investigations in the nonarthroplasty literature suggest that
patients undergoing S. aureus decolonization may never-
theless demonstrate later evidence of persistent
colonization and may be at an increased risk of late-onset
infection. There is only one report in the arthroplasty
literature describing the longer-term S. aureus colonization
status among patients who were decolonized before
arthroplasty [11]. The purpose of this pilot study was to
determine the percentage of postoperative arthroplasty
patients with S. aureus colonization despite previous
decolonization at the time of TJA.

We recognize the limitations to this pilot study. First, we
were only able to retest 42% of our decolonized patients as
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a result of a combination of factors including death and
patient relocation, but mostly because of patient refusal to
return on a testing date for followup testing. It is possible
that this selection bias could have biased our data
to demonstrate a lower rate of S. aureus colonization at
followup considering that these patients have a higher
likelihood of having comorbidities limiting their ability to
followup. Second, the relatively low number of patients
included in this pilot study limited our ability to perform
multivariate analysis and identify risk factors for the
presence of S. aureus colonization after arthroplasty. Third,
given the retrospective nature of this study, we did not
define the bacterial strain present at the time of preopera-
tive nasal swab, thus making it impossible to definitively
differentiate between intermittent colonization and persis-
tent colonization. We do not believe these limitations
compromise our conclusions. The demonstration that a
large proportion of arthroplasty patients test positive
postoperatively for S. aureus colonization, despite treat-
ment to achieve decolonization, is important even without
the definitive classification of persistent versus recurrent
colonization. It is our intention that this pilot study will
spur larger, more rigorous studies that very accurately
define the population of arthroplasty patients with persis-
tent and intermittent colonization and define the relevant
infectious implications.

The conclusion of this study is that a large proportion
(33%) of arthroplasty patients, preoperatively treated for
decolonization of S. aureus, continues to test positive for
colonization at 3 to 30 months after arthroplasty. This rate
is consistent with the only other study in the arthroplasty
literature, which demonstrated that 30% of patients
decolonized before elective arthroplasty were colonized on
subsequent nasal swabbing at a mean of 213 days [11].
This rate is also in general accordance with previous
nonarthroplasty population studies revealing persistence
after decolonization protocols of approximately 20%—-30%
[6, 22]. Based on these combined data, it is clear that
surgeons should not place confidence in a patient’s prior
colonization status but should retest for colonization at
subsequent admissions for surgery as indicated.

In nonarthroplasty patients, newly acquired MRSA
colonization is associated with a 29% risk of subsequent
infection [10]. Furthermore, 23% of long-term carriers
(those with known MRSA colonization > 1 year) will
develop late-onset infections [5]. With the increasing
numbers of implanted TJAs, understanding the importance
and infectious consequences of the S. aureus carrier state is
of critical importance necessitating clinical outcome
studies.

Eighty-nine percent (17 of 19) of the S. aureus isolates
cultured from those patients retesting positive for coloni-
zation matched the methicillin sensitivity profile of the

S. aureus isolate that was presumed to be decolonized at
the time of index arthroplasty. The only other study con-
ducted on an arthroplasty population similarly found that
93% (37 of 40) of patients who retested positive for col-
onization demonstrated S. with methicillin
sensitivity consistent with the prior index cultures. This
high concordance could have several possible causes. First,
the strains of colonizing S. aureus may have never been
eradicated, demonstrating persistent colonization. Second,
the patients may be exposed to a consistent reservoir of
bacteria at their household, resulting in recolonization with
a bacterial strain of similar antibiotic sensitivities. Third,
the patient may be recolonized by bacteria with similar
antibiotic sensitivities by random chance. We cannot
definitively make a conclusion without appropriate
molecular characterization of the S. aureus strains.

It is hoped that a complete understanding of S. aureus
colonization patterns in the arthroplasty population of
patients can lead to more directed efforts at preventing both
postoperative and late periprosthetic infections. From this
pilot study, it appears that the patterns among arthroplasty
patients are in concordance with those found in non-
arthroplasty populations. Arthroplasty surgeons must be
aware that decolonization treatment does not guarantee that
a patient will remain decolonized in the future. Further
research must demonstrate whether continued late S. aur-
eus colonization has important infectious ramifications for
our patients long after arthroplasty.

aureus
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