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Susceptible and -Resistant Staphylococcus spp. and Potential Impact
on Molecular Methicillin-Resistant Staphylococcus aureus Screening

Tests

Sophie Trouillet-Assant,>® Jean-Philippe Rasigade,®® Sebastien Lustig,® Yannick Lhoste,? Florent Valour,” Claude Guerin,?

Frederic Aubrun,® Sylvestre Tigaud,® Frederic Laurent®®

Department of Clinical Microbiology, Northern Hospital Group, Hospices Civils de Lyon, Lyon, France®; INSERM U1111, National Reference Center for Staphylococci,
University of Lyon, Lyon, France®; Department of Orthopaedic Surgery, Northern Hospital Group, Hospices Civils de Lyon, Lyon, France®; Department of Critical Care
Medicine, Northern Hospital Group, Hospices Civils de Lyon, Lyon, France®; Department of Surgery Care Medicine, Northern Hospital Group, Hospices Civils de Lyon,

Lyon, France®

We report that the rates of nasal cocolonization with methicillin-susceptible Staphylococcus aureus and methicillin-resistant
coagulase-negative staphylococci can vary widely between patients admitted to different wards within a single hospital. Such
cocolonization can greatly influence the performance of molecular methicillin-resistant S. aureus (MRSA) screening tests de-

pending on the methods used and targets selected.

Staphylococci, especially methicillin-resistant Staphylococcus
aureus (MRSA) strains, are major pathogens implicated in
nosocomial infections, and the link between S. aureus nasal colo-
nization and staphylococcal disease has been well established (1),
with nosocomial S. aureus bacteremia being three times more fre-
quent in S. aureus carriers than in noncarriers (2). Moreover, Saf-
dar and Bradley underlined the importance of MRSA carrier de-
tection by showing that patients colonized with MRSA were four
times more likely to develop invasive infections than patients col-
onized with methicillin-sensitive S. aureus (MSSA) (3). Finally,
MRSA infections are associated with a high financial burden. For
example, the cost of management for patients with an orthopedic
device infection due to MRSA is estimated at $100,000 per case,
representing a 50% additional cost compared to that of MSSA
infections (4).

In this context, several manufacturers have developed rapid
molecular MRSA screening tests as an alternative to conventional
culture methods (5-8). Staphylococcal methicillin resistance is
encoded by the mecA gene, located on a mobile genetic element
designated the staphylococcal cassette chromosome mec (SCCrnec)
acquired by horizontal transfer and chromosomic insertion. Dif-
ferent generations of MRSA molecular tests have been successively
developed using different combinations of genetic targets. The
first-generation tests rely on the combined amplification of the
mecA gene and of an S. aureus-specific gene such as spa (Fig. 1) (9).
As the mecA gene is present in both MRSA and methicillin-resis-
tant coagulase-negative staphylococci (MRCoNS) (10), specificity
of this first generation of MRSA screening tests in clinical speci-
mens can be altered by MSSA and MRCoNS cocolonization (11).
To cope with this issue, the second-generation MRSA screening
tests used a set of primers targeting the junction sequence between
SCCmecand the S. aureus chromosome. Specifically, one primer tar-
gets an S. aureus-specific sequence near the SCCrmiec insertion site
located in the orfX gene, and another primer targets an SCCrec-
specific sequence. Hence, the amplification detects the presence of the
SCCmec element only when it is inserted in the S. aureus genome,
thus eliminating interference due to MRCoNS. Nevertheless, it had
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been demonstrated that this detection method can still give a false-
positive result in the presence of S. aureus isolates harboring an SCC
element lacking the mecA gene; such isolates are designated mecA
dropoutisolates (12, 13). These SCC-positive, methicillin-susceptible
S. aureus (MSSA) isolates are misidentified as MRSA by commercial
screening tests.

The rates of false-positive MRSA results caused by mecA drop-
out MSSA can be as high as 12.9%, leading to unneeded expendi-
tures linked to patient management (14, 15). To avoid obtaining
these false-positive results, the detection of the mecA gene has
been included along with S. aureus- and SCCmec-specific se-
quences in more recent MRSA screening tests. In these third-gen-
eration tests, only the simultaneous detection of mecA and the S.
aureus- and SCCmec-specific sequences is interpreted as a positive
result for MRSA. However, these tests can still yield false-positive
MRSA results if patients are cocolonized with MRCoNS and mecA
dropout MSSA. In such patients, the mecA gene is detected from
the genome of MRCoNS, and the S. aureus- and SCCrmec-specific
sequences are detected in the MSSA genome. Therefore, the
MRCOoNS-MSSA cocolonization rate in a given population must
be taken into account because it can negatively impact the speci-
ficity of third-generation MRSA screening tests. Becker et al. have
addressed this question and reported a 3.4% rate of MRCoNS-
MSSA nasal cocolonization in German cardiothoracic surgery pa-
tients upon admission (11). However, we raised the hypothesis
that this rate could be higher in patients hospitalized in wards with
high antibiotic pressure, such as intensive care units (ICUs), the
population of which represents, in most countries, the population
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FIG 1 Genomic targets used by different generations of MRSA screening tests and expected cases of false-positive MRSA detections. Three generations of MRSA
screening tests have been successively developed to improve the specificity of MRSA detection by including new combinations of genomic targets (circled).
However, each generation of MRSA screening tests still suffers from specificity issues with false detection of MRSA in the case of MSSA and MRCoNS
cocolonization (first generation), presence of mecA dropout MSSA (second generation), and mecA dropout MSSA and MRCoNS cocolonization (third gener-

ation). MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S.

primarily targeted for MRSA screening. We therefore prospec-
tively investigated the rates of nasal colonization with methicillin-
resistant and methicillin-susceptible Staphylococcus spp. in pa-
tients hospitalized in ICUs and compared these rates with those
observed in orthopedic surgery (OS) patients at admission; these
OS patients were considered to be representative of the general
inpatient population.

Double nasal swabs from both nostrils (one sample per pa-
tient) were routinely collected from June to December 2010 from
ICU and OS patients at the Northern Hospital Group of the Hos-
pices Civils de Lyon, Lyon, France. The first swab was used for
routine MRSA screening, and the second swab was used to seed
chromogenic ChromID S. aureus medium allowing the growth of
all staphylococcal species (plate 1) (bioMérieux, Marcy I'Etoile,
France) using the quadrant technique (16). Direct identification
of S. aureus is based on the green appearance of colonies. After 24
h of incubation, plate 1 was replicated using Lederberg velvet onto
two agar plates: one ChromlID S. aureus plate (plate 2) and one
ChromID MRSA plate selective for methicillin-resistant staphylo-
cocci (plate 3) (bioMérieux, France) (17). Comparison of colony
positions on plates 1 and 2 allowed for the validation of accurate
replication. Comparison of the replicated plates 2 and 3 allowed
for the determination of the methicillin resistance status of S. au-
reus and CoNS colonies. All bacterial colonies were confirmed as
Staphylococcus spp. using Gram staining and catalase testing. To
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confirm the results of replication-based methicillin resistance test-
ing, a subset of 80 randomly selected isolates was tested for the
presence of the mecA gene using PCR, as described elsewhere (18).
The results of both methods were fully concordant. The differ-
ences in the colonization rates between ICU and OS patients were
tested for statistical significance using Fisher’s exact test with a
significance threshold of 0.05. Statistical analysis was performed
using R software, version 2.14.2 (The R Foundation for Statistical
Computing, Vienna, Austria).

The nasal swabs of 353 patients were investigated, including
those from 202 ICU patients and 151 OS patients. A total of 336
patients (95.2%) were colonized with Staphylococcus spp. (Table
1). Eighty-nine patients (25.2%) were colonized with S. aureus,
and 321 patients (90.9%) were colonized with CoNS. Overall, 21%
of patients were cocolonized with S. aureus and CoNS (22.5% of
OS patients and 19.8% of ICU patients). Although MRSA coloni-
zation rates were comparably low in both patient groups, ICU
patients were 2.2 times more likely to be colonized with MRCoNS
than OS patients (P < 0.001) and 2.2 times more likely to be
cocolonized with MRCoNS and MSSA (P < 0.05). Considering
only patients colonized with MSSA, the cocolonization rate
with MRCoNS was as high as 24.3% (9/37) in OS patients and
61.3% (27/44) in ICU patients (P < 0.01). These results indicate
the following: (i) that the prevalence rates of MRSA, MSSA,
MRCoNS, methicillin-sensitive coagulase-negative staphylococci
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TABLE 1 Comparison of the Staphylococcus species nasal colonization
rates of ICU and OS patient populations

No. (%) of colonized patients

OS patients ICU patients Total

Strain(s)? (n=151) (n=1202) (n = 353)
Staphylococcus spp. 148 (98.0)¢ 188 (93.1) 336 (95.2)
S. aureus 39 (25.8) 50 (24.8) 89 (25.2)
MSSA 37 (24.5) 44 (21.8) 81(22.9)
MRSA 2(1.3) 6 (3.0) 8(2.3)
CoNS 143 (94.7)°¢ 178 (88.1) 321(90.9)
MSCoNS 128 (84.8)° 60 (29.7) 188 (53.3)
MRCoNS 51 (33.8)" 154 (76.2) 205 (58.1)
MRCoNS and MSSA 9 (6.0)" 27 (13.4) 36 (10.2)

“ P < 0.05 for orthopedic surgery (OS) versus ICU patients, calculated using Fisher’s
exact test.

¥ MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus; CoNS,
coagulase-negative staphylococci.

(MSCoNS), and cocolonization differ markedly across different
units in the same hospital; (ii) that the prevalence of MRCoNS
colonization is high, even in patients representative of the com-
munity; and (iii) that cocolonization with MSSA and MRCoNS is
highly prevalent, especially in ICU patients.

These findings question the relevance of mecA detection com-
bined with the detection of S. aureus-specific and SCCmec-orfX
junction sequences in third-generation MRSA tests. The detection
of these three targets was designed to avoid the misidentification
of mecA dropout MSSA as MRSA; only the simultaneous detec-
tion of mecA and S. aureus- and SCCmec-specific sequences is
interpreted as a positive result for MRSA. Indeed, our results in-
dicate that nearly two-thirds of ICU patients colonized with MSSA
were also colonized with MRCoNS. Assuming that this propor-
tion is similar in patients colonized with mecA dropout MSSA, this
rate of cocolonization potentially leads to a substantial rate of
false-positive MRSA identifications using third-generation
screening tests. Although mecA detection using such tests likely
improves the tests’ specificity and their positive predictive values,
the actual benefit of this improvement is clearly limited in settings
with high MRCoNS prevalence, such as ICUs.

To conclude, we demonstrate that the rates of MRCoNS nasal
carriage can vary widely between different wards of the same hos-
pital. Local epidemiologic surveys should determine the preva-
lence of factors that negatively impact the accuracy of MRSA
screening, such as MSSA and MRCoNS cocolonization, and the
choice of MRSA screening tests should account for the results of
these surveys.
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