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created to decrease its incidence. The objective of this study was to evaluate the impact
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the nares in patients previously identiﬁed by swab cultures, who were to be submitted to a

of the prophylaxis protocol for methicillin-resistant Staphylococcus aureus decolonization of
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total joint arthroplasty. A systematic review with meta-analysis was conducted, following
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the PRISMA-2015 protocol, using the descriptors: “arthroplasty” and “nasal decolonization,”
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or “joint arthroplasty” and “decolonization,” or “joint arthroplasty” and “nasal decoloniza-
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tion,” for ﬁnal selection of four observational studies from 79 references identiﬁed. This
study included a total sample of 10,179 patients, divided in two groups: the control group
(4788 patients) and intervention group (5391 patients). It was observed that the intervention
group, in which prophylaxis with nasal decolonization was used, 59 (1.09%) of the patients
developed a surgical site infection, while in the control group there were 86 cases of surgical site infection (1.79%). This trend repeated itself in all articles, showing no publication
biases, forming a homogeneous sample. The use of a prophylaxis protocol for decolonization of methicillin-resistant Staphylococcus aureus, reduced surgical site infection cases by
approximately 39%.
© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Proﬁlaxia com descolonização nasal em pacientes submetidos a
artroplastia total de joelho e quadril: revisão sistemática com metanálise
r e s u m o
Palavras-chave:

Apesar da evolução dos resultados após a artroplastia total de joelho e quadril, a infecção

Artroplastia

ainda é uma das causas mais desaﬁadoras para o cirurgião. Em virtude da gravidade e

Proﬁlaxia

diﬁculdade do tratamento da infecção articular periprotética, foram criados protocolos de

Infecção

proﬁlaxia para esse tipo de complicação. O objetivo deste estudo foi avaliar a proﬁlaxia infec-

Descontaminação

ciosa com a descolonização nasal prévia contra Staphylococcus aureus resistente à meticilina,
identiﬁcados por meio da coleta de material da nasofaringe por swabs em pacientes com
programação cirúrgica de artroplastia total de joelho e artroplastia total de quadril. Foi elaborado um estudo de revisão sistemática com metanálise que usou o protocolo PRISMA-2015,
no qual foram utilizados os descritores: arthroplasty e nasal decolonization ou joint arthroplasty
e decolonization ou joint arthroplasty e nasal decolonization na língua inglesa. Foram selecionados quatro estudos observacionais dentre as 79 referências identiﬁcadas. A amostra total
foi de 10.179 pacientes, divididos em dois grupos: controle (4.788 pacientes) e intervenção
(5.391 pacientes). Foi observado que, no grupo de intervenção, no qual a proﬁlaxia com
descolonização nasal foi aplicada, 59 (1,09%) dos pacientes desenvolveram infecção do sitio
cirúrgico, enquanto a infecção do sitio cirúrgico foi observada em 86 (1,79%) dos pacientes
no grupo controle. Essa tendência se repetiu em todos os artigos estudados, não sendo
observador viés de publicação, constituindo em uma amostra homogênea. A proﬁlaxia préoperatória com descolonização nasal para Staphylococcus aureus resistente àmeticilina, reduz
em 39% os casos de infecção pós-artroplastias do joelho, devendo ser considerada como um
protocolo complementar pelos cirurgiões.
© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Total knee (TKA) and hip (THA) arthroplasties are surgical procedures that aim to improve quality of life, promoting pain
relief, functional gain, and correction of deformities of the
affected joint.1,2
Each year 600,000 TKAs are performed in the United States;
by 2030, a 673% increase in demand is expected worldwide.
In Brazil, the number of TKAs is estimated to range between
60,000 and 70,000 per year.3,4
Despite the evolution of arthroplasty results, complications
in the postoperative period, both in short- and long-term, still
persist. Post arthroplasty infection is one of the most challenging causes of complication for the surgeon.5,6 The rate of
post-TKA surgical site infections (SSI) can vary between 0.5%
and 23%, and has an impact of roughly U$ 300 million in North
American countries.7 SSI is one of the main infection types
associated with health care, accounting for 17% of those in
the United States and 37% worldwide, according to the World
Health Organization (WHO).7–10
Due to the seriousness and difﬁculty of treatment of
periprosthetic infections (PI), the development of effective
measures to minimize these rates is necessary; prophylactic
measures in the preoperative period of TKA have been demonstrated in the literature.2,10
Parvizi et al.2 have developed a protocol that summarizes the most effective and proven prophylactic measures.
These measures include the assessment of nasal colonization by Staphylococcus aureus and its methicillin-resistant

strain (MRSA). However, there is still no consensus for recommending universal screening, despite the fact that the
decolonization of MRSA carriers decreases the SSI rate.10
Among the postoperative hospital infections, S. aureus has
been reported as the main pathogen isolated in culture exams.
High levels of nasal colonization by MRSA strains may be a
risk factor for SSI onset.11 The nasal epithelium stands out
as the site of greatest colonization; its prevalence reaches, on
average, 40% in the adult population. As part of the human
microbiota, said bacterium does not constitute a risk and can
be carried for a long period without damage to the health of
individuals.12
Collecting samples from the nostrils with the swab technique allows the identiﬁcation of MRSA by culture or by
polymerase chain reaction (PCR) test; both present high positive predictive value and speciﬁcity.13 This method is indicated
for MRSA screening from the nasal region of patients who are
candidates for TKA and THA.14
Topical antibiotics, which act on S. aureus strains, are indicated as a prophylactic method. Topical mupirocin is the most
frequently used antibiotic and recommended for preoperative
nasal decolonization (ND), and should be considered as one of
the pillars of anti-infection prophylaxis.15
Thus, prophylaxis with ND for MRSA may be indicated
as an important prophylactic method for periprosthetic joint
infection.16,17 However, studies that analyzed this subject did
not reach a consensus in the validation of prophylaxis through
universal MRSA assessment in TKA and THA candidates.2
This study is aimed at assessing whether infection prophylaxis through ND for MRSA in TKA and THA candidates,
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Table 1 – Inclusion criteria according to PICO strategy.
PICO inclusion criteria
Indicators
Project
Population
Intervention
Comparisons
Results

Results according to PICO
Cohort studies
Patients in surgical planning for hip and
knee arthroplasty
Prophylaxis: decolonization for S. aureus
MRSA in identiﬁed patients
No prophylaxis
Infection rates (incidence)

identiﬁed through nasopharyngeal swab collection, is a riskreducing factor for SSI.

79 references
retrieved in
the electronic search
68 references
excluded after
analysis by title,
abstract,
and language
11 references
selected for
evaluation

Methods
The systematic review study with meta-analysis was elaborated according to the PRISMA statement protocol (2015).18
The literature was searched to identify studies that evaluated prophylaxis as a risk-reducing factor for SSI through ND
for MRSA in colonized patients, identiﬁed through nasopharyngeal swab collection.
The inclusion criteria for the selection of studies evaluating
prophylactic treatment after MRSA colonization assessment
in the preoperative period of patients who would undergo TKA
and THA were cohort studies in Portuguese and English.
Studies with an inadequate description and those in which
the clinical outcome was not the one proposed by the authors
were excluded. Case reports, case series studies, or descriptive
reviews were not included. Incomplete articles or those that
did not provide data regarding MRSA colonization in patients
submitted to TKA and THA were also excluded. Articles with
a score lower than 7 in the Newcastle-Ottawa Quality Assessment Scale (NOS),19 which determines the quality of the study,
and those that did not ﬁt the required Level of Scientiﬁc Evidence by Type of Study (Oxford Center for Evidence-based
Medicine) to determine the study’s publication value were also
excluded.20
The inclusion criteria, presented in Table 1, and the exclusion criteria were determined in accordance with the objective
of this study, so that only articles that evaluated the efﬁcacy
of surgical prophylaxis with ND for MRSA were considered.
These criteria are shown in Table 1 and were stratiﬁed according to the PICO strategy (Patient, Intervention, Comparison,
Objectives),21 in order to provide internal validity to the study.
The databases used for the research were MEDLINE, SciELO,
Science Direct, PubMed, Scopus, and Google Scholar.
The search was performed with the following descriptors:
“arthroplasty” and “nasal decolonization,” or “joint arthroplasty” and “decolonization,” or “joint arthroplasty” and
“nasal decolonization” in English; “arthroplasty” and “nasal
decolonization,” or “arthroplasty” and “decolonization,” “joint
arthroplasty” and “nasal decolonization” in Portuguese.
The results were presented through an organization chart
for the selection of articles; the dispersion data was compiled into funnel charts and forest plots to better understand
the meta-analysis. The percentage of SSI in patients who
underwent arthroplasty was expressed as a relative risk (RR)
in 95% conﬁdence interval (CI). The results from different

4 studies selected,
including 10,179
individuals:
4,788 (47.03%)
control group, 5,391
(52.96%) intervention
group

7 references
excluded
(data not available
or inadequate
study design)

Fig. 1 – Organization chart of article selection. PRISMA
Protocol – 2015.

studies were combined into a random effect model, since
not all studies presented the same methodology. The heterogeneity was analyzed by the chi-squared, I2 , and tau2 tests
in order to identify differences that could cause bias in the
study. These analyzes were carried out with the appropriate
software: Review Manager, version 5.2 (The Cochrane Collaboration, 2012).

Results
Fig. 1 shows the organization chart of article selection, in
which 79 references were identiﬁed as potentially relevant
during the search. After analysis of the title, abstract, and language of publication, 68 studies did not meet the inclusion
criteria. Of the 11 remaining references, seven were discarded
according to the exclusion criteria, based on lack of data or
inadequate study design.
After the selection of four studies,22–25 the total sample of
10,179 patients was divided into two groups for statistical analysis: no prophylaxis, 4788 (47.03%) and use of prophylaxis, 5391
(52.96%; Fig. 1).
Table 2 shows the data collected that characterize the
four selected studies.22–25 All selected studies presented
cohort design, were considered suitable for systematic review
through meta-analysis based on the Level of Scientiﬁc Evidence by Type of Study (Oxford Centre for Evidence-based
Medicine),21 and presented a minimum value of 7 in the NOS.20
All studies identiﬁed patients with MRSA through nasal swab
collections. The use of topical mupirocin applied to the nostrils
as a prophylactic method was evaluated for ﬁve days in three
of the studies.22,23,25 The exception was the study by Baratz
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Table 2 – Characteristics of selected studies.

Allende et al. (2015)
Baratz et al. (2015)
Hacek et al. (2008)
Rao et al. (2008)

RR
M–H, Random, 95% CI

Type of study

Total patients

Follow-up time

Screening method

Prophylaxis method

Prophylaxis
time

Cohort study
Cohort study
Cohort study
Cohort study

793
6514
1495
1377

1 year
2 years
2 years
1 year

Nasal swab
Nasal swab
Nasal swab
Nasal swab

Mupirocin
Cephalosporin
Mupirocin
Mupirocin

5 days
2 weeks
5 days
5 days

RR
M–H, Random, 95% CI

0,59 [0,29, 1,21]
0,73 [0,44, 1,22]
0,50 [0,23, 1,10]
0,52 [0,24, 1,14]

0,62 [0,44, 0,86]
0,2

0,5
Experimental

1

2
Control

5

Fig. 2 – Forest Plot. RR, risk ratio; CI, conﬁdence interval.

et al.,24 who evaluated the use of cephalosporin for two weeks.
Patients were followed-up for the outcome for two years in
the studies of Baratz et al.24 and Hacek et al.25 ; in the studies by Barbero Allende et al.,23 and Rao et al.,22 patients were
followed-up for one year.
In the group where MRSA prophylaxis was performed, 59
(1.09%) of the patients developed SSI, whereas postoperative
infection was observed in 86 (1.79%) of the patients, which
reﬂects a reduction of 39% in the cases of this complication
(Table 3). The following reductions were observed: 40.7% in
the study by Barbero Allende et al.23 ; 27.2% in the study by
Baratz et al.24 ; 50% in the study by Hacek et al.25 ; and 47.6% in
the study by Rao et al.22
In the study by Baratz et al.,24 in which the lowest infection
rates were observed, the intervention group presented 0.78%
cases and the control group, 1.07% (Table 3).
The ﬁnal result of the weight attributed to each study,
reported in Table 3, was based on the algorithm of the random effect model, which takes into account the fact that there
are considerable methodological differences among the studies and therefore makes a differentiated calculation based on
variance, and not only on the number of patients.
Table 3 shows that the conﬁdence interval did not exceed 1,
which indicates that the intervention group, in which prophylaxis had been performed, presented a lower risk of infection.
This was conﬁrmed by the ﬁnal statistical test, which presented p = 0.004.
Regarding the heterogeneity tests, which seek to identify
variations among the studies that may suggest conﬂicting
data, whether due to differences in design, methodology,
sampling, and bias, among others, the ﬁrst parameter, tau2 ,
quantitatively evaluates the heterogeneity of the results
among the studies, and demonstrated that they overlapped in
a very orderly way (Fig. 2), converging in a low value. The chisquared test was then applied, with its p-value, again seeking
to identify evidence of heterogeneity. Finally, the I2 parameter was used to explain how much of the variability among
the results was associated with heterogeneity; the value of 0

(zero) indicated that inconsistency among the studies should
not be an important factor (Table 3).
Heterogeneity, represented by the funnel plot (Fig. 3), was
non-signiﬁcant (tau2 = 0.0; I2 = 0%) and the occasional estimate
of relative risk was 0.62 (95% CI = 0.44–0.86). Therefore, no statistically signiﬁcant differences were observed between the
studies (Fig. 2 and Table 3).
In Fig. 3, all studies presented data favorable to intervention, with a slight tendency toward a better result in the
smaller groups, as can be observed in the comparison with
the value obtained in the compilation of the results.

Discussion
Despite the progress in infection control after TKA or THA,
especially in the short term, the treatment of established
infections in prosthetic joints remains complex and costly in
terms of time and resources. Therefore, careful attention to
prevent infections is required.
In this context, this meta-analysis evaluated MRSA prophylaxis as an SSI risk-reducing factor in colonized patients,
identiﬁed by nasopharyngeal swabs in TKA and THA candidates in four cohort studies.
The study demonstrated that prophylaxis with ND is a protective factor. This model accounted for a 39% reduction in the
incidence of SSI; the rate decreased from 1.79% in the control
group to 1.09% in the group in which the intervention was performed. This trend was observed in all four studies, arranged
in an orderly manner, presenting statistically irrelevant differences, which suggest the absence of heterogeneity.
The results obtained are reﬂected in the relative risk (0.62)
and its conﬁdence interval (0.44–0.86), which indicate that
MRSA prophylaxis is a protective factor. This probably arises
from the prevalence of these pathogens and their strains, recognized as a major cause of SSI in the general and in-hospital
population.13,26 Infection in this group of patients may be
associated with colonization of the nostrils, which justiﬁes ND
with topical muporicin or an antibiotic drug that acts on this
pathogen.27,28
The importance of preoperative prophylaxis with investigation of MRSA colonization is observed in studies such as
those by Barbero Allende et al.,23 who performed preoperative
prophylaxis in TKA and THA patients with topical mupirocin,
applied in the nostrils, and chlorhexidine skin wash. When
comparing the groups in which prophylaxis was used or not
used, a signiﬁcant decrease in SSI rates was observed, with a
reduction of 40.7%; the incidence was 4.94% in the group in
which prophylaxis was not performed, vs. 2.93% in the intervention group.
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Table 3 – Characteristics and review of studies.
Study or subgroup

Prophylaxis used

Events

Prophylaxis not used

Total

Events

Weight

Relative risk
H-M, Random, 95% CI

Total

Allende et al. (2015)
Baratz et al. (2015)
Hacek et al. (2008)
Rao et al. (2008)

12
27
11
9

409
3434
912
636

19
33
14
20

384
3080
583
741

Total (95% CI)

59

5391

86

4788

21.7%
42.6%
17.8%
18%

0.59 (0.29; 1.21)
0.73 (0.44, 1.22)
0.50 (0.23; 1.10)
0.53 (0.24; 1.14)

100%

0.62 (0.44; 0.86)

Heterogeneity: tau2 = 0.0; chi2 = 0.9; df = 3 (p = 0.83); I2 = 0%.
Overall test effect: Z = 2.87 (p = 0.004).

0

SE(log[RR])

0.1

0.2

0.3

0.4

0.5
0.2

RR
0.5

1

2

5

Fig. 3 – Funnel plot of the four independent samples, examining the relationship between surgical site infection risk and
intervention.

Baratz et al.24 compared the incidence of SSI in patients
submitted to TKA and THA, considering patients who had
been treated with ND for MRSA and methicillin-sensitive S.
aureus (MSSA) and those who did not receive prophylaxis. It
was observed that the intervention group, treated prior to
surgery with ﬁrst generation cephalosporin, presented an incidence of 0.79%, a 27.3% reduction in comparison with the
control group, which presented an incidence of 1.07%.
In the same context, Hacek et al.25 demonstrated that 1.2%
of the patients treated with ND developed SSI vs. 2.4% of those
in the group that was not treated with ND, that resulted in a
50% reduction in SSI incidence.
Rao et al.22 compared the results of patients who had or not
undergone ND with nasal mupirocin and chlorhexidine body
wash in the preoperative period. The SSI rate was 1.41% in the
prophylaxis group and 2.69% in the control group. This data
suggests an SSI reduction of 47.6%.
To evaluate the percentage of patients submitted to TKA
who remained colonized by S. aureus despite prophylactic ND,
Economedes et al.,29 in a pilot study, evaluated 634 patients
who underwent the procedure by the same surgeon and who
completed an ND protocol before surgery. The authors demonstrated that 33% (19 of 58) of the patients who underwent ND
continued to present positive S. aureus culture despite preoperative decolonization, inferring that ND is not able to ensure

that patients will remain decolonized throughout the postoperative period. The effects of persistent S. aureus colonization
in the postoperative period require further studies in order to
assert that this group of patients is at greater risk of acquiring
late infection.29
In the same line of reasoning, the International Consensus
on Periprosthetic Joint Infections, conducted by Parvizi et al.,2
indicated that patients colonized by MRSA, especially in the
anterior portion of the nostrils, have a potential source of hospital and postoperative infections, and that ND with topical
mupirocin applied to the nostrils for ﬁve days prior to surgery
was an effective measure in reducing the incidence of SSI.
The reduction of SSI rate after MRSA screening and prophylaxis corroborates the clinical and pathological reasoning, in
which this pathogen stands out as one of the main causes of
infection due to its high presence in the in-hospital and general populations. The concern with the MRSA strain is higher
due to its difﬁcult treatment and control, since it does not
respond to beta-lactam antibiotics, including synthetics, as
in the case of methicillin, which implies the need for adequate preoperative prophylaxis.30 Topical mupirocin for ND
is the treatment of choice.31 Although some ﬁrst-generation
cephalosporins are efﬁcient against S. aureus, these are not
the ﬁrst-choice antimicrobial, either because they have little or no activity against MRSA, or because their routine
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indiscriminate use can contribute to the emergence of drugresistant bacteria.32
Failure to perform prophylaxis against SSI in the preoperative period offers evidence for the clinical and pathological
reasoning regarding this complication by demonstrating the
increase in the risk factor for its occurrence.33
In general, the following pathogens can also cause
periprosthetic infection: Coagulase-negative staphylococci,
Streptococcus, and Gram-negative and anaerobic bacilli.34
In the studies by Baratz et al.,24 Hacek et al.,25 and Rao
et al.,22 it was possible to infer that, in spite of the signiﬁcant
reduction in SSI due to the S. aureus screening and prophylaxis
protocol, infections were also caused by other pathogens, such
as Pseudomonas, Enterobacter, and Streptococcus, among others.
The variation in the incidence of S. aureus is related to the
existence of associated risk factors of infection, such as obesity, early age, and diabetes.35 Thus, populations with different
characteristics may present different SSI incidence rates.35
Due to its inherent characteristic of grouping several studies, combining the individual samples and results into a
synthesis, some factors could not be approached in the
present study, such as the quantitative and qualitative impact
of the proﬁle of different populations on the rate of SSI in
patients submitted the TKA and THA, the long-term efﬁcacy
of the systematic use of the suggested prophylactic method,
as well as the spectrum of action of the antibiotic used and
possible associations. Therefore, new studies are required to
perform a multivariate analysis of these factors.
This systematic review with meta-analysis, as others
retrieved in the literature, is based on secondary data
extracted from original cohort studies. However, this characteristic is a limitation for the model, since it does not allow the
assessment of all the data necessary for multivariate analyses
and is subject to possible biases.
The inherent characteristics of the study confer it a level
of evidence 2 according to the Level of Scientiﬁc Evidence by
Type of Study (Oxford Centre for Evidence-based Medicine):
systematic review of homogenous cohort studies.18
Although the diagnostic possibilities have improved with
the development of new immunological and imaging techniques, the devastating consequences of an infection, even
when early diagnosed, remain a major challenge for the
orthopedic surgeon. Thus, the development of additional
prophylaxis techniques should be investigated in order to
achieve an even greater reduction of this serious complication.
Nonetheless, ND screening for S. aureus and its MRSA strain
through nasopharyngeal swab collection can be presented as
an effective measure in the reduction of SSI in TKA and THA
that should be implemented.

Final considerations
The investigation of nasopharyngeal swab material to detect
colonization by Staphylococcus aureus and its methicillinresistant variant in patients with indication for TKA and THA,
followed by decolonization with topical antibiotic therapy
with muporicin, presents data that conﬁrm the effectiveness
of its use as a prophylactic method in order to reduce the rates
of postoperative infection.
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