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ORIGINAL STUDY

Selective Methicillin-Resistant Staphylococcus Aureus (MRSA) screening
of a high risk population does not adequately detect MRSA carriers within
a country with low MRSA prevalence

Solange pE WouTers*, Jérémy DaxHeLET*, Ludovic Kaminski, Emmanuel THIENPONT,
Olivier Cornu, Jean Cyr YOMBI

From Department of Orthopedic and Trauma Surgery, Saint-Luc University Hospital, Université catholique de Louvain,
Brussels, Belgium

Background : Methicillin-Resistant Staphylococcus
Aureus (MRSA) has been widely recognized as a
serious problem in hospital settings. The purpose of
this study is to evaluate the predictive value of MRSA
colonization factors in the detection of MRSA carriers
in an orthopedic ward.

Materials and Methods : A systematic MRSA detec-
tion strategy was set up to assess the predictive value
of MRSA colonization factors among 554 patients
undergoing elective knee arthroplasty.

Results : In total 116 patients were found positive for
Staphylococcus Aureus ; among those 110/116 patients
were found positive for Methicillin-Sensitive Staphy-
lococcus Aureus (MSSA) and 6/116 for MRSA. Only
one patient out of six presented two risk factors
according to MRSA risk factors. In this study, no
correlation was found between the remaining conven-
tional risk factors, according to Belgian guidelines,
defined to target high-risk populations and to identify
MRSA carriers.

Conclusions : Established criteria for selective MRSA
screening do not allow detecting MRSA carriers. The
objective of detecting MRSA carriers is not correctly
met by the actual applied criteria (Belgian consensus)
for a selective screening policy. Future studies should
aim at identifying the right risk factors, depending of
the country’s prevalence of MRSA, to improve the
ability to predict the risk of MRSA carriage at hospi-
tal admission.

Keywords : Methicillin-Resistant  Staphylococcus
Aureus ; infection ; systematic screening ; total knee
arthroplasty.

INTRODUCTION

Methicillin-Resistant ~ Staphylococcus Aureus
(MRSA) has been widely recognized as a serious
problem for the hospital environment for many
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reasons. MRSA infections are associated with a
higher mortality rate, longer length of stay and
higher hospitalization costs (12,13,16,23,33,37). Dur-
ing the past decade the prevalence of MRSA has
been increasing (5).

In a large series of Staphylococcus related peri-
prosthetic joint infections (PJI), Methicillin-Sensi-
tive Staphylococcus Aureus (MSSA) accounted for
88% and MRSA for 12% of the infections with a
substantially high risk of treatment failure in the
MRSA group (34). An analysis by Engemann et al of
479 patients with deep surgical-site infections (SSI)
with Staphylococcus Aureus showed that MRS A pa-
tients had a longer hospital stay and a much higher
hospitalization cost than those infected with
MSSA (16). Methicillin resistance is also associated
with increased mortality (76). Roche et al reported
that the length of hospital stay was almost tripled in
a series of 318 patients with MRSA undergoing or-
thopedic procedures (52).

The importance of MRSA screening programs is
not yet clear because published studies have yielded
conflicting results. Some studies found that MRSA
screening on admission did not reduce the incidence
of SSI(2,3,25,57), whereas other studies observed
that MRSA screening significantly reduced SSI
rates (4,9,22,30-32,38,44,50,51,53). A commonly used
method to reduce hospital transmission of MRSA is
universal screening on admission to identify MRSA
carriers. Early identification of patients colonized
with MRSA will lead to a faster implementation of
enhanced control procedures with isolation mea-
sures (24) and the appropriate selection of antibiotic
agents for preoperative prophylaxis (60), reducing
hopefully the transmission of MRSA. Cost-benefit
analyses have concluded that control policies are
cost effective in situations where MRSA carriage
rates vary on admission between 0.5 to 20%, effi-
cacy of control measures score between 14 and 80%
and finally the rate of infection among colonized
patients is between 20 and 60% (8,29,3542). Al-
though the benefits of universal MRSA screening
programs remain unclear, the absolute cost is not
insignificant. Universal screening is advocated in
countries with high MRSA prevalence rates at ad-
mission and in all clinical units with high risk of
MRSA infections (Intensive Care Units (ICU), he-
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matology- and oncology unit, burn unit, hemodialy-
sis unit).

One option to decrease the cost of MRSA control
measures would be the use of selective MRSA
screening, targeting only high-risk populations. Se-
lective screening can be applied in countries were
the prevalence at admission of MRSA is less than
5% (ie. all European countries). This strategy has
been confirmed by the Belgian guidelines for
Screening of MRSA (7). However the existing lit-
erature cannot be used to identify risk factors for
MRSA colonization at the time of hospitaliza-
tion (18). The prevalence of MRSA in our university
hospital and at our orthopedic ward is 0.8% and
1.05% respectively. Given this very low prevalence,
selective screening with targeting the high-risk pop-
ulation in our orthopedic ward was adopted as rec-
ommended by the Belgian guidelines (7).

The purpose of the present study is to evaluate
the predictive value of MRSA colonization factors,
according to Belgian guidelines (1), for the detec-
tion of MRSA carriers in an orthopedic ward for
patients undergoing elective surgery.

MATERIALS AND METHODS

At our institution, a selective MRSA screening pro-
gram targeting only the high-risk population is per-
formed, according to Belgian guidelines (17) (Table I).
For the purpose of this study, MRSA screening was car-
ried out on all patients undergoing primary knee arthro-
plasty between August 2011 and August 2013, that were
admitted to one of our orthopedic ward by systematic
sampling of the anterior nares with use of a polymerase
chain reaction-based diagnostic enabling a rapid diagno-
sis, within one day, of MRSA carriage (19,26).

MRSA control measures

Upon positive MRSA testing the MRSA control mea-
sures were in accordance with national and institutional
guidelines (10,45). The identified MRSA carriers were
isolated in single rooms and contact precautions were ap-
plied, including hand hygiene and the use of dedicated
material (gowns, gloves, masks). MRSA carriers started
topical decolonization treatment with 4% chlorexidine
body washes once daily and 2% Mupirocin nasal oint-
ment three times daily for a period of five days.
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Table I. — Risk factors for MRSA carriage on admission
according to Belgian guidelines

Age greater than eighty years

Inpatient in the previous 6 months

Previous colonization with MRSA

Living in a nursing or residential home

Exposure to invasive devices (tracheotomy, urinary catheter)
Chronic wounds or skin lesions

Healthcare personnel

Patients in contact with farm animals

Surgical Procedure

All patients had a shower with Iso-betadine soap the
day before surgery and another on the day of surgery. All
patients received antibiotic prophylaxis with cefazolin
2 g administered 30 minutes before skin incision. Alter-
natively, clindamycin was administered to patients with a
history of IgE-mediated penicillin allergy. MRSA carri-
ers did not receive antibiotic prophylaxis covering the
MRSA spectrum because the nasal test results were only
available after the surgery.

Data collection

Results of nasal screening were registered as either
negative or positive for MSSA or for MRSA. Data col-
lection for all patients included the risk factors for MRSA
carriage on admission, type of preoperative antibiotic
prophylaxis and its timing before the surgical incision.
Baseline characteristics of the study population were also
collected. The study protocol was approved by the ethical
committee from the Saint-Luc University Hospital (Brus-
sels, Belgium) and by the institutional review board as a
continuous quality improvement project (2014/14AVR/
178).

Statistical analysis

Continuous variables were compared using Student’s ¢
test. Categorical variables were studied with y? analysis.
Potential correlations were studied using Pearson’s
correlation. Analyses were performed with Statistical
Package for the Social Sciences (SPSS) software version
20.0.
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RESULTS

A total of 554 patients aged between 32 and
92 years old were enrolled in this study because
they underwent systematic preoperative MRSA
screening on admission before elective knee arthro-
plasty. Demographics and clinical characteristics of
the patient group are summarized in Table II.

During the study period, systematic preoperative
MRSA screening yielded in positive nasal cultures
in 116 (21%) of 554 patients. One hundred and ten
patients (20%) were identified as MSSA carriers,
and six patients (1%) were identified as MRSA
carriers. Only one patient out of six presented two
risk factors (chronic wound and contact with farm
animals). No correlation was found between the
remaining conventional risk factors, according to
Belgian guidelines (77), defined to target high-risk
populations and the identification of MRSA carriers
in this study (Table III).

DISCUSSION

MRSA infections are associated with consider-
ably more morbidity and often with associated mor-
tality (72,13,16,23,33,37). Reducing MRSA infection
is therefore a major priority and the early detection
of MRSA carriers seems a logical addition to cur-
rent control measures. In the last decades the preva-
lence of MRSA is increasing over time (5), however,
in the last years, there have been very marked de-
clines in morbidity and mortality related to MRSA
infection. In England, annual MRSA bacteraemia
rates fell from 17.7 (April 2005-March 2006) to
3.2 cases per 100 000 bed days (April 2011-March
2012) (46). Significant declines have also been ob-
served in SSI where MRSA was reported as the
causative micro-organism (from 27% in 2004-2006
to only 4% in 2011-2012) (47,48). The number of
death certificates in England and Wales mentioning
MRSA infection has decreased each year since
2006, when the figure peaked at 1652 ; in 2012,
MRSA accounted for 292 mentions of MRSA on
death certificates (20% decrease on the previous
year) (39). In England this decline of MRSA related
morbidity and mortality, which was partially attrib-
uted to the introduction and implementation of
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Table II. — Demographics and clinical characteristics

Characteristics Total Percentage (%)
(N =554)
Median age 675y
MSSA 110 19.5
MRSA 6 1.1
Risk factors :
- Age > 80 at admission 87 15.5
- Hospitalization during last 6 months 69 12.5
- Previous colonization with MRSA positive 5 1
- Living in a nursing or residential home positive 7 1
- Exposure to invasive devices positive 0 0
- Chronic wounds or skin lesions positive 2 0.3
- Healthcare personnel positive 15 2.7
- In contact with farm animals positive 5 1
Antibioprophylaxis :
- Cefazolin as prophylactic antibiotic 506 91.5
- Clindamycin as prophylactic antibiotic 20 35
- Others prophylactic antibiotic 4 0.7
- Unknown prophylactic antibiotic 24 45
Knee arthroplasty :
- Left Knee 280 50.5
- Right Knee 272 49
- Bilateral Knee 2 0.5
Female 374 67.5
BMI 299

mandatory surveillance of these infections and the
promotion of alcohol-based hand rubs as part of
multimodal and system change interventions, was
observed before the implementation of the policy
for screening all elective and emergency admissions
between April 2009 and December 2010.

The most important finding of this study was that
there is no correlation between conventional risk
factors defined to target high-risk populations and
MRSA positive testing. This study furthermore con-
firms a low rate of MRSA carriers as published for
our country (Belgium) as well as a 20% positive
MSSA rate.

The prevalence rate of 1% MRSA colonized pa-
tients admitted to an orthopedic ward for elective
knee arthroplasty is equivalent to the earlier pub-
lished Belgian rate (46) as well as for others centers
in Europe (28,38,57). Barkatali et al reported in over
8868 patients in 2010 an MRSA prevalence of
0.47% in a Trauma and Orthopaedic surgery depart-
ment (2). In 2004, Nixon et al screened 1795 of 1796
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elective admissions and MRSA was found in 23 pa-
tients (1.3%) (38). They also screened 1122 of 1447
trauma admissions and 43 patients (3.8%) were car-
rying MRSA (38). In their study Nixon et al found
that MRSA patients were older and more likely to
come from a nursing home, but they did not observe
a correlation with ASA-grading (38).In general, the
most frequent trauma patients at the orthopaedic
ward are predominantly hip fracture patients, which
are older and live in nursing homes. This can par-
tially explain why the prevalence of MRSA is high-
er for trauma than for elective surgery. In our hospi-
tal the prevalence of MRSA in 2014 was 0.8% and
for the orthopedic ward 1.05%. Our MRSA preva-
lence is lower than other centers around the globe
(North America), which have reported rates of
MRSA colonization in elective patients between 3.5
and 27% (14,58).

The main purpose of this study was to determine
whether risk factors used at our institution for selec-
tive MRSA screening (Table I) had the expected
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Table III. — Analysis of impact of each risk factors

Risk Factor 1 p-value
Age greater than eighty years 1.130 0.288
Inpatient in the previous 6 months 0.863 0.353
Previous colonization with MRSA 0.055 0.814
Living in a nursing or residential home |0.078 0.781
Exposure to invasive devices / /
(tracheotomy, urinary catheter)

Chronic wounds or skin lesions 44.834 10.000
Healthcare personnel 0.169 0.681
Patients in contact with farm animals 16.854 ]0.000

result of adequately predicting MRSA colonization
upon admission. In the current study, no correlation
was found between these predetermined factors and
the risk of carrying MRSA. Utilizing the applied na-
tional criteria, 5 of the 6 patients were missed (83%).
Recently Dave et al found that approximately 50%
of the MRSA-positive cases were missed using
purely this selective screening policy (74). This is
coherent with the findings of Thyagarajan et al who
noted that more than 50% of the colonized patients
came from their own home (56). These findings indi-
cate that selective screening is inaccurate. One of
the possible explanations for this inaccuracy is that
the identification of all risk factors is very difficult
and that the existing literature cannot be used to
identify risk factors for MRSA carriage at the time
of hospitalization (18). For example McKinnell et al
found in their systematic review that a history of
MRSA (infection or having been MRSA carrier),
recent healthcare exposure (infection less than three
months ago), past utilization of antibiotics, past ad-
mission (less than one year) and stay in a nursing
home were the most predictive for MRSA coloniza-
tion on hospital screening (36). Wounds (pressure
ulcers or skin lesions) and certain comorbidities
(heart failure, chronic obstructive pulmonary
disease, renal failure) were also significantly associ-
ated with MRSA, while others were not (human
immunodeficiency virus, liver cirrhosis and malig-
nancy) (36). ICU admission was not associated with
an increased risk for MRSA colonization (36). In
contrary, recently HIV-infected patients and men
who have sex with men have been identified as
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patients at risk for MRSA carriage by Peters et
al (43).HIV is not cited as a risk factor in several
guidelines (/7). These criteria vary among guide-
lines, among countries or centers within the same
country because data collection by medical and
nursing teams can be suboptimal on admission. In
our study only one patient presented with two risk
factors (chronic wound and contact with farm ani-
mals). The low number of MRSA positive patients
can allow a predictive value for theses two risk
factors in our study.

Another explanation is that the actual applied
criteria are not accurate for Community Acquired
MRSA (CA-MRSA). CA-MRSA strains that have
emerged worldwide over the past decade can affect
healthy individuals of all ages in community set-
tings (41,61). CA-MRSA has begun to transmit in
hospitals, confounding epidemiological definitions
and making a case for the definition and identifica-
tion of CA-MRSA by their distinct genotypes (40).
However CA-MRSA prevalence remains low in
Belgium and Europe compare to United States (6,55).

Whatever the moment the elective MRS A screen-
ing program targeting high-risk populations is
performed, it remains impossible to identify with
certainty MRSA carriers and to organize a decon-
tamination program. Such a program has proven its
interest when MRSA SSI is highly prevalent (59).
Universal screening has been advocated too. Uni-
versal screening of patients will increased the labo-
ratory workload but will also simplify admission
criteria for screening, with a substantial reduction of
incorrect sampling (74). The Department of Health
(DH) in England introduced mandatory screening
of all elective and emergency admissions from April
2009 and December 2010, respectively. This deci-
sion was based on a DH impact assessment that
modeled the cost-effectiveness of different screen-
ing and decolonization strategies in preventing
MRSA bacteraemias, wound infections and deaths.
They note that in other settings (e.g. Wales), where
mandatory screening has not been implemented,
MRSA infection rates have fallen markedly (49).
The DH impact assessment committed to a review
of this policy with additional data ; thus, the NOW
study (20) was commissioned in 2011. The study
showed that compliance with the current mandatory
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screening policy was poor (e.g. only 61% were
screened ; about half of new positives were isolated
when their result became known ; and about a quar-
ter did not receive decolonization therapy). The
prevalence of MRSA in new admissions was low
(1.5% overall), although this varied according to
type of admission (2.1% in emergency admissions,
0.9% elective admissions and 0.7% in day cases
admissions). These observations mean that the
numbers of patients needed to be screened in order
to identify one new positive were high in all admis-
sion types (emergency n = 102 ; elective n =180 ;
and day case n = 186) (20). Based on cost effective-
ness analysis the study showed also that of the
active screening strategies, screening high risk
specialities and performing check list activated
screening of others is optimal. They concluded that
the screening for MRSA is recommended for those
admitted to high-risk specialty units (defined in the
guidance as vascular, renal, dialysis, neurosurgery,
cardiothoracic surgery, haematology, bone marrow
transplant, orthopaedics and trauma departments, as
well as all intensive care units). Those previously
identified as having been colonised or infected with
MRSA (20).

Recently, Huang et al have shown that in routine
ICU practice universal decolonization was more
effective than targeted decolonization or screening
followed by isolation, in reducing rates of MRSA
clinical isolates and bloodstream infection from any
pathogen (27). All theses data showed that prior to
adopting any screening programme, accurate epide-
miological data should be obtained from the target
population to guide the decision-making process.

We can also wonder if the results of the MRSA
screening should be made available before surgery,
and if that would influence the choice of prophylac-
tic antibiotics. In our study design, the result of
MRSA screening was obtained after surgery and did
not influence antibiotics prophylaxis policy.

MSSA was much more prevalent in our series
than MRSA. Denis et al reported in 2011 in Belgium
that the majority of patients with MRS A infection or
colonization were elderly with a median age of
79 years old and the median age of patients with
MSSA infection or colonization was 69 years
old (15). In our series the overall median age was
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67.5 years old. The median age for patients with
MSSA was 62.5 years old and for MRSA was
64.5 years old with no significant difference. The
high prevalence of MSSA and the low prevalence of
MRSA justified our actual policy of antibiotics
prophylaxis using cephalosporin (cefazolin). The
American Academy of Orthopaedic Surgeons rec-
ommendations for the use of intravenous antibiotic
prophylaxis in primary joint arthroplasty states that
“vancomycin may be used in patients with known
colonization with MRSA or in facilities with recent
MRSA outbreaks” (27). Several studies provide con-
vincing data on the clinical effectiveness of vanco-
mycin in preventing SSIs when MRSA prevalence
is high (1,29,51). Nevertheless, there is ample
evidence that vancomycin is inferior against methi-
cillin-sensitive strains of Staphylococcal species
when compared to cephalosporin and penicillinase-
resistant penicillin (54). In a low MRSA prevalence
situation, prevention of MSSA infection must be
insured and cephalosporin shall be preferred. Some
authors argue that cephalosporin can be combined
with vancomycin but this association is harmful in
terms of renal toxicity (7).

The limitation of this study is of course that not
all consecutive patients undergoing arthroplasty
during the study period underwent MRSA screen-
ing. Patients entering the day of surgery were not
included. Another limitation is that only primary ar-
thritis patients scheduled for primary knee arthro-
plasty were included. Potentially patients planned
for revision knee arthroplasty might present other
risk factors than the primary arthroplasty group. A
final limitation would be that patients were only
screened for MRSA by nasal swapping and that no
perineal or other anatomic site cultures were taken.
Nasal screening gives the highest yield for detection
of MRSA carriage but screening only the nares may
fail to identify those patients who are colonised at
body sites outside of the nares and who can still
transmit the organism to others (/7). In a survey of
MRSA carriage using culture-based methods,
1250 patients were screened at multiple body sites
on admission to hospital (77). The proportion of pa-
tients identified by nasal screening alone was 73%,
whereas an additional 27% of the MRSA-colonized
patients were detected when three anatomical sites
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(nares, skin and rectum) were combined. These data
suggest that screening of multiple body sites may
provide better diagnostic accuracy data and improve
rates of detection (3,17).

CONCLUSION

In conclusion, the actual recommended selective
MRSA screening policy does not allow detecting
MRSA carriers in an elective arthroplasty popula-
tion. Larger studies are needed to draw definitive
conclusions due to the low number of MRSA posi-
tives in our study. A systematic MRSA screening
appears questionable, as screening policy did not
influence the standard of care. Local epidemiology
plays a critical role. Surgical wards should carefully
assess local MRS A prevalence before introducing a
universal screening policy. Future studies should
aim to develop standardized risk factors to improve
the ability to predict the risk of MRSA carriage at
hospital admission.
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