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Methicillin-resistant Staphylococcus
aureus from dental school clinic surfaces
and students
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Background: Methicillin-resistant Staphylococcus aureus (MRSA) isolated from frequently touched dental school clinic surfaces
were compared with MRSA isolated nasal cultures of dental students.
Method: Sixty-one dental students and 95 environmental surfaces from 7 clinics were sampled using SANICULT (Starplex Scientific
Inc, Etobicoke, Ontario, Canada) swabs. Antimicrobial susceptibility testing was performed, and pulsed-field gel electrophoresis
analysis, the mecA gene, multilocus sequence type, and SCCmec type were determined by polymerase chain reaction and
sequencing.
Results: Thirteen (21%) dental students and 8 (8.4%) surfaces were MRSA positive. Three MRSA strains were SCCmec type IV,
whereas 3 were nontypeable isolates and Panton-Valentine leukocidin positive (PVL1), and none were USA300. One surface
and 1 student isolate shared the same multilocus sequence type ST 8 and were 75% related. Two groups of students carried
the same MRSA strains.
Conclusion: The MRSA-positive samples were from 4 of 7 dental clinics. In addition, 21% of the dental students carried MRSA,
which is . 10 times higher than the general public and twice as frequent as in other university students. This is the first study
to characterize MRSA from dental clinic surfaces and dental students and suggests that both may be reservoirs for MRSA. Further
studies are needed to verify this premise.
Key Words: MRSA; environmental; dental clinic surfaces; dental students.
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Staphylococcus aureus is a normal inhabitant of
the nose, throat, and oral cavity. Methicillin-resistant
S aureus (MRSA) infections have become a significant
cause of morbidity and mortality in the hospital and
community settings.1 MRSA in health care settings
are normally resistant to multiple classes of antibiotics,
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whereas community-acquired MRSA isolates are sus-
ceptible to erythromycin, azithromycin, and tetracy-
clines, although the distinctions have been changing.1

Studies have shown that rates of staphylococcal in-
fection are higher in S aureus carriers than noncar-
riers, and data support the hypothesis that nasal
carriage is a risk factor for development of staphylo-
coccal disease.2,3

Community-acquired MRSA infections are on the
rise, with many patients previously healthy individuals
with no health care exposure or apparent risk factors.1,4

A recently published surveillance study of ;10,000
noninstitutionalized United States residents determined
that nasal colonization of MRSA had increased from
0.8% (2001-2002) to 1.5% (2003-2004).5 Another study
found MRSA carriage of 7.4% among university stu-
dents, whereas a third study found. 9%MRSA carriage
among children attending clinics, suggesting that rates
of MRSA carriage differs by populations.3,6 Similarly,
MRSA colonization among health care professionals
has varied (0%-30%] by specialty unit, hospital, type
of patients in the unit, year the surveillance was done
(MRSA carriage levels appear to be rising), and where
the study was done.4,7
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Carriage levels of MRSA among health care stu-
dents have also varied. A recent study identified 26
MRSA-positive (32.5%) nasal cultures, from 80 people
associated with one US dental school. The people
cultured included dental assistants, students, staff,
faculty, and patients,8 but the isolates from this study
were not characterized. Previously, MRSA has been
isolated from dental plaque of elderly patients,9 and
a variety of coagulase-negative Staphylococcus spp
have been isolated from the air in a UK dental
clinic.10 These studies suggest that dental clinic sur-
faces and dental personnel could be potential reser-
voirs for MRSA.

The current study was undertaken to determine
whether MRSA could be isolated from frequently
touched dental operator surfaces and clinic floors in
different dental clinics within the School of Dentistry.
In addition, nasal cultures from dental students that
used the clinics were taken, and all MRSA isolates
were characterized.
MATERIALS AND METHODS

Clinic and students sample collection

Ninety-five frequently touched dental operator
surfaces and the clinic floors were sampled using the
SANICULT swab (Starplex Scientific Inc, Etobicoke,
Ontario, Canada) from 7 dental clinics at the University
of Washington as previously described.11 One set of
samples from each of the 7 clinics included 5 areas:
(1) the uncovered areas of dental chair seat and arm
rest, (2) the floor beneath the chair, (3) the sink next
to the chair, (4) the towel dispenser next to the chair,
and (5) the counter next to the chair. These surfaces
were chosen as those most likely to accumulate bacte-
ria. In clinics with 2 to 12 chairs, 2 chairs were ran-
domly chosen, and the samples taken for each chair.
In the clinic with 2 dental chairs, both were cultured.
For the clinics with . 45 dental chairs, 4 or 5 chairs
were randomly selected for culture. All clinic surface
samples were taken in 1 afternoon after patients had
left the clinics but before general cleaning and stocking
for the next day was done.

Anterior nasal cultureswere collected from61 dental
student volunteers (15first year [6males, 9 females] and
46 fourth year [28 males, 18 females]) from the Univer-
sity of Washington Dental School using sterile culture
SANICULTswab as previously described.11 The samples
were taken over a 4-week period. Sex of the volunteers
was the only demographic collected. The subjects’
rights were protected, and the project had University
of Washington Institutional Review Board approval. In-
formedconsentwasgrantedbyeachdental student, and
they did not receive compensation.
Sample processing

Bacto m Staphylococcus broth (1.53) (Difco Labora-
tories, Sparks, MD) supplemented with a final concen-
tration of 75 mg/L polymyxin B and 0.01% potassium
tellurite (Sigma Co, St. Louis, MO) were added to each
swab and incubated in 5% CO2 at 36.58C until turbid
(24-96 hours). The MRSA-positive samples were veri-
fied and further characterized as previously de-
scribed.11,12 Multiple isolates from a sample were
characterized (Table 1).

The enriched nasal samples were plated directly
onto MRSA Select Screening Agar (Bio-Rad Laborato-
ries, Hercules, CA). Isolates were screened, and verified
as MRSA as previously described.11 A single MRSA iso-
late from each student was characterized (Table 1). All
students were confidentially informed of their results,
and the MRSA-positive students were advised to see
their own clinicians for more information and discus-
sion of possible decolonization.

Detection of mecA, Panton-Valentine
leukocidin gene, SCCmec typing, and
multilocus sequence typing

S aureus and presumptive MRSA nasal isolates were
tested for the presence of themecA gene by a polymer-
ase chain reaction (PCR) assay, and the presence of
the Panton-Valentine leukocidin (PVL) gene and the
SCCmec types I to V were determined using PCR assays
as previously described.13,14 Those isolates that were
not types I to V were labeled nontypeable (NT) for
the current study. Positive and negative controls were
used as previously described in all assays.11,12

The multilocus sequence typing (MLST) PCR assays
were performed using previously published primers
and conditions.15 MLST sequence types were deter-
mined by the Web site (www.mlst.net). A USA300 iso-
late was used as the positive control.

Pulsed-field gel electrophoresis

MRSA isolates with the same MLST types were
pulsed-field gel electrophoresis (PFGE) typed.12 The
different PFGE patterns were labeled A through G
(Table 1) and the genetic relatedness of the isolates
with the same ST type analyzed by Dice coefficient, un-
weighted pair group method with arithmetic mean
(UPGMA) using the GelCompar II software according
to the manufactures instructions (Applied Maths, Inc,
Austin, TX). Strains that were$ 70% similar were clas-
sified as related.16

Detection of antibiotic resistance genes

Previously described PCR assays were used to detect
the presence of kanamycin resistance gene aadD;

http://www.mlst.net
http://www.ajicjournal.org


Table 1. MRSA isolates from dental school clinic sites and dental students

Isolate No. PFGE SCCmec type PVL ST

tet erm

msr(A) aadDM K A C

Dental students, sex*

1-19 Female IV 2 ST1159 1 2 2 1 1 2
4-91 Female A NTy 2 ST8 1 2 2 2 2 2
4-73 Male B NT 2 ST30 1 2 1 2 2 2
4-105 Male B NT 1 ST30 1 2 2 2 2 2
4-84 Female Bz NT 1 ST30 1 2 2 2 2 2
4-95 Male NT 2 ST39 1 2 2 2 1 2
4-50 Male NT 2 ST45 1 2 2 1 2 2
4-63 Female NT 2 ST101 1 2 2 1 1 2
4-71 Male NT 2 ST109 1 2 1 2 2 2
4-94 Male C NT 2 ST256 1 2 2 2 2 2
4-96 Female C NT 2 ST256 1 2 2 2 1 2
4-64 Female NT 2 ST1474x 1 2 2 2 2 2
4-90 Female NT 2 ST1475x 1 1 2 1 2 1

Dental clinic surfaces location

317-81 Chair Ajj NT 1 ST8 1 2 2 2 2 2
O5-22-1 floor E NT 2 ST97 1 2 2 2 2 2
O5-22-2 floor E NT 2 ST97 1 2 2 2 2 2
O5-22-5 floor E NT 2 ST97 1 2 2 2 2 2
D2-6-1 chair F IV 2 ST1461x 2 1 2 2 1 1
D2-6-2 chair F IV 2 ST1461x 2 1 2 2 1 1
D2-6E chair G IV 2 ST1461x 1 1 2 1 1 1
D2-6G chair G NT 2 ST1461x 1 2 2 2 2 2

NOTE. PVL1 5 carried the PVL gene; PVL2 5 no gene; ST 5 MLST type.

MLST, multilocus sequence typing; PFGE, pulsed-field gel electrophoresis; PVL, Panton-Valentine leukocidin.

*1-19 is from a first-year student; the others are fourth-year students.
yNT 5 not SCCmec types I-V.
zGreater than 70% related to isolates 4-73 and 4-105, which are 100% related.
xRepresent new ST types.
jjEnvironmental 317-81 was 75% related by PFGE to student 4-91 isolate.
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macrolide resistance genes erm(A), erm(C), and msr(A),
and tetracycline resistance genes tet(M) and tet(K).12

The PCR products were verified as described previ-
ously.12 Plasmids with cloned erm, msr(A), and tet
genes were used as positive controls.12 The MRSA clin-
ical strain MS361 was used as the positive control for
the aadD PCR assay. Enterococcus faecalis JH2-2 was
used as a negative control.12
RESULTS

Detection of MRSA from dental clinic surfaces
and students

Four (57%) of the 7 clinics had a positive MRSA sur-
face sample. The MRSA positive samples included 2
(10.5%) of the 19 dental chairs and 2 (10.5%) of 19
floor samples from 2 different small clinics and both
large clinics. In contrast, no sink, counter, or towel cul-
tured surface was MRSA positive. The MRSA isolate
from 1 of the 4 samples was lost on subculture. Eight
MRSA isolates from 3 of the 4 clinics were further char-
acterized (Table 1).
Of the 61 students, 13 (21%) of the nasal cul-
tures were MRSA positive and included 1 first-year
and 6 fourth-year female and 6 fourth-year male
students (Table 1). Two other nasal cultures were
presumptively identified as MRSA positive based
on the dark red colony color on the chromogenic
agar; however, biochemical tests identified these
isolates as methicillin-resistant coagulase-negative
Staphylococcus spp and not MRSA.

Genotypic characterization of clinic and
student MRSA isolates

Student isolate 4-84 (ST30) and 4-105 (ST30) and
surface isolate 317-81 (ST8) were PVL positive (PVL1),
whereas the remaining MRSA isolates were PVL nega-
tive (PVL2).One student isolate, 1-19 ST1159, and 3
surface isolates, D2-6-1 (ST1461), D2-6-1 (ST1461),
and D2-6-1 (ST1461), were SCCmec type IV. The re-
maining isolates were not SCCmec types I to V [NT].
None of the isolates were USA300. All MRSA isolates
were multidrug resistant. Seventeen carried the tet(M)
gene (12 students, 5 surfaces), 2 carried both the
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tet(M) and tet(K) genes (1 student, 1 surface), and 2
surface isolates carried the tet(K) gene. Eleven MRSA
isolates carried 1 (n 5 8) or 2 (n 5 3) macrolide resis-
tance gene(s), with the msr(A) gene the most common
(2 students, 2 surfaces), followed by erm(C) plus msr(A)
genes (2 students, 1 surface) and then erm(A) gene (2
students) and erm(C) gene (2 students) (Table 1). The
aadD gene was found in a single student and 3 surface
MRSA isolates (Table 1).

One student 4-91 and 1 surface isolate 317-81 were
ST8 type and, by PFGE patterns, were. 75% related to
each other. Two student isolates 4-94 and 4-96 were
ST256 and by PFGE 100% related. Two student isolates
4-73 and 4-105 had the same ST30 and were. 95% re-
lated, whereas a third student isolate 4-84 had the
same ST30 and was 70% related to these isolates.
Three isolates from clinic O5-22 were ST97 SCCmec
type NT and had indistinguishable PFGE patterns
(100% related), suggesting they represented a single
MRSA strain (Table 1). The remaining 4 isolates from
dental clinic D2 all had a novel ST1461 type—3 were
SCCmec type IV and 1 NT—but represented 2 distinct
strains (Table 1). The remaining 7 students’ MRSA iso-
lates had 7 different ST types, including 2 new ST types,
ST1474 and ST1475, and by PFGE patterns represented
distinct strains (Table 1).

DISCUSSION

This is the first isolation and characterization of
MRSA strains from dental clinic surfaces not associated
with hospital setting, although a 1995 study found
methicillin-resistant, coagulase-negative Staphylococ-
cus spp from some of the same dental clinic surfaces
as the current study.17 A more recent study indicates
that dental operatories within the hospital may also be-
come contaminated and be a potential reservoir for
a nosocomial multidrug-resistant MRSA outbreak in
hospitalized patients.18

In the current study, 1 clinic had SCCmec type IV iso-
lates with novel ST types, and a second clinic had type
NT ST97, which is commonly found in animals. The
third clinic had type NT PVL1 ST8, which is most com-
monly associated with human isolates. This isolate
shared . 75% homology with the student isolated 4-
91 MRSA isolate, suggesting that there may have been
a common source for the 2 isolates.16,17,19 All surface
MRSA isolates were resistant to multiple classes of an-
tibiotics suggestive of hospital-like strains. More re-
cently, we cultured the same high-touch surfaces in a
large community/migrant dental health center in the
Pacific Northwest and found that 2 (12.5%) of the 16
samples were MRSA positive. These isolates did not
carry SCCmec types I to V, suggesting that the results
from the dental school study were not unique.
Thirteen dental students—1 (6.6%) of the 15first-year
and 12 (26%) of the 46 fourth-year dental students—
were MRSA positive. The difference in student groups
could be due to the small number of first-year students
sampled as compared with fourth-year students, or it
could suggest that, as dental students have more expo-
sure to patients, they are more likely to become MRSA
carriers. The dental student MRSA carriage rate was
.10 times higher than the MRSA carriage rate found
in the general US population5 and higher than a 2004
study that found MRSA carriage in 1% to 5% of the
medical fellows, medical students, and the nursing stu-
dents.20 In contrast, the 21% carriage rate in dental stu-
dents from the current study was lower than the 32%
carriage rate found in 22 dental students from a Buffalo
study.8 The student MRSA isolates were multidrug resis-
tant, suggestive of hospital-like MRSA, and 1 isolate was
SCCmec type IV. Two student isolates, 4-94 and 4-96,
were 100% related, whereas student isolates 4-73 and
4-105 were . 95% related to each other. This suggests
theremay have been common sources for these isolates,
butwe donot know the potential sources of the students’
MRSA strains.

Two other students’ nasal cultures had colonies con-
sistent with presumptive MRSA on the chromogenic
agar but were biochemically confirmed as methicillin-
resistant, coagulase-negative Staphylococcus spp and
notMRSAor S aureus. FalseMRSA positive nasal cultures
as well as environmental cultures using chromogenic
media have been previously been identified suggesting
that presumptive MRSA-positive isolates from chromo-
genic media must be confirmed as S aureus and
MRSA.21,22

This study suggests that MRSA contaminated dental
surfaces and MRSA colonized dental students may be
reservoirs for transmission to other students, person-
nel, patients, and/or clinic surfaces, although the level
of risk is unknown.20,23 These results are unlikely to
be unique to the Pacific Northwest, and further studies
are needed from more dental clinic surfaces, dental
patients, dental personnel, and students from diverse
geographic locations.
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