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Introduction

Staphylococcus aureus is a non-motile Gram-positive coccus
closely associated with the human body2 and an important
cause of human disease.1 Although S. aureus is an important
pathogen,2,3 many healthy people carry it as part of the
normal flora of the nose, throat, perineum or skin.3 Carrier
rate varies among different populations but nasal passages
are reported to harbour S. aureus in 10–50% of the healthy
population.1,4

Staphylococccal infection occurs most frequently among
persons in hospitals and healthcare facilities who have
weakened immune systems and/or prolonged antibiotic
exposure, especially to β-lactam antibiotics.3,5–7 S. aureus was
always a challenge to chemotherapy, and prior to antibiotics
the mortality rate exceeded 80%.1,8 The introduction of
penicillin (β-lactam antibiotics) significantly improved this
prognosis but bacterial resistance quickly developed as 
S. aureus acquired the plasmid-borne β-lactamase.8 Second-
generation penicillins (i.e., methicillin) were developed to
reverse this problem but the acquisition of a penicillin-
binding protein (PBP) with reduced affinity for β-lactam
antibiotics8 increased the number of methicillin-resistant 
S. aureus (MRSA) isolated.9

In the early 1960s, the first MRSA strains were described in
a hospital environment.10–12 However, the spread of multi-
drug-resistant strains, especially MRSA, in the healthcare
setting allowed the isolation of MRSA from community-
acquired infections.1,6,10,12

Due to the increase of MRSA strains isolated, vancomycin
became the main therapy used to treat infected patients. The
emergence of MRSA clinical infection with decreased
susceptibility to vancomycin is a recent and worrying
phenomenon. Since 1996, vancomycin-intermediate 
S. aureus (VISA) strains have been identified increasingly in
Europe, Asia and USA.13 These strains tend to be resistant to
a large number of currently available antibiotics, limiting
treatment options and increasing morbidity and mortality
associated with serious infections such as bacteraemia,
endocarditis or osteomyelitis.1 Hence, establishment of
staphylococcal nasal carrier status and characterisation of

isolates by antibiotic susceptibility testing is crucial to avoid
the spread of multidrug-resistant bacteria in the
community.5,9,14

The aim of this study is to compare S. aureus nasal and
fingerprint carrier frequency among students (i.e., nursing,
clinical analysis and pharmacy) from a Portuguese higher
health school during practical training. Additionally,
antimicrobial susceptibility testing is used to detect MRSA
strains among the isolates.

Materials and methods

This study was conducted at Escola Superior de Saúde Jean
Piaget, a higher health school in Vila Nova de Gaia, Portugal,
between March and May 2008. The nasal swabs and
fingerprints (n=120 samples) were collected from 60 students
on two health degree courses (pharmacy [n=30] and nursing
[n=30]). Students were divide into group A (30 students from
the second year of both the nursing and pharmacy courses;
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15 from each degree) and group B (30 students from the
third year who already had undertaken hospital training in
the hospital pharmacy department [n=15] and in medical
services [n=15]). Mean age of participants was 23 years
(range: 19–47; 75% female, 25% male).

Nasal swabs for each student were rubbed over the
anterior nares of both nostrils and streaked on mannitol salt
agar (MSA). At the same time, the participants placed their
fingerprints, from the right hand, on another MSA plate. 
All plates were incubated at 37˚C for 24 h. 

All suspected S. aureus isolates were identified by routine
laboratory procedures. Identification was performed on the
basis of colonial morphology (yellow, large and concave
colonies), cultural characteristics on MSA media (reduced
pH turned medium colour from red to yellow), catalase
(release of O2 after mixture of suspected colonies with H2O2)
and coagulase (Staphytec plus, Oxoid Diagnostic Reagents)
tests. 

Susceptibility of all S. aureus isolates to antimicrobial
agents was determined by a disc-diffusion method on
Mueller-Hinton agar (MHA), performed according to CLSI
recommendations.15 Isolates were tested against tetracycline
(TE, 30 µg), gentamicin (CN, 30 µg), chloramphenicol 
(C, 30 µg), amoxicillin/clavulanic acid (AMC, 30 µg),
trimethoprim/sulphamethoxazole (SXT, 30 µg), oxacillin 
(OX, 1 µg) and vancomycin (V, 30 µg) discs with an inoculum
yielding confluent growth (107 colony forming units
[cfu]/mL).

Statistical analysis was based on descriptive statistics
procedures and differences between the two groups were
evaluated using the Binomial Test for Two Proportions.

Results

The study showed that 25 (41.7%) of the 60 participants were
colonised with S. aureus. The isolates were cultured from
specimens obtained from groups A and B. Sixteen (26.7%) of
the participants were positive for S. aureus in their anterior
nares and two (3.3%) presented with S. aureus on their
fingertips. In seven (11.7%) participants, S. aureus was
cultured from nasal and fingerprint samples. Results are
presented in Table 1.

Antibiotic susceptibility testing demonstrated that S. aureus
isolates were sensitive mostly to gentamicin (100%),
followed by chloramphenicol (84.4%), amoxicillin/clavulanic
acid (81.3%), trimethoprim/sulphamethoxazole (68.7%) and

tetracycline (37.5%). Also, 18/25 (72%) S. aureus isolates
showed resistance to oxacillin.

Isolates resistant to oxacillin (1 µg disc-diffusion test,
confluent growth and interpretation of zone diameter as 
≤10 mm resistant [R], 11–12 mm intermediate [I] and ≤13 mm
susceptible [S]), according to CLSI (2005) guidelines and
classified as MRSA, were submitted to the disc-diffusion
susceptibility test to vancomycin (30 µg disc, confluent
growth and interpretation of zone diameter as R <11 mm, 
S ≥11 mm). Fourteen (77.8%) of the 18 MRSA showed
resistance to vancomycin. Six (75%) MRSA isolates from
students on the second year of the nursing degree and three
(60%) isolates from students on the third year were resistant
to vancomycin. All MRSA isolates from students on the
second year of the pharmacy degree presented as sensitive
to vancomycin, but all MRSA samples from students on the
third year of the pharmacy degree showed resistance to
vancomycin.

Discussion

Methicillin-resistant S. aureus has become an important issue
in public health, mostly because of community-associated
MRSA (CO-MRSA) isolates. Strains that are oxacillin- 
and methicillin-resistant are also resistant to all β-lactam
agents, including cephalosporins and carbapenems.
Hospital-associated MRSA isolates often show multiple
resistance to other commonly used antimicrobial agents,
including erythromycin, clindamycin and tetracycline, while
CO-MRSA isolates are often resistant only to β-lactam
agents and erythromycin. 

In this study, 41.7% of the students presented with 
S. aureus nasal colonisation, which is within the range
reported in other cross-sectional surveys.16–18 This high level
of colonisation could be explained by the fact that the
anterior nares are the major reservoir of this
microorganism.1,3,14 Statistically significant differences 
(Table 1) were found between the nursing and pharmacy
students in group A (P=0.008) but not in group B (P=0.123).
These results could be explained by previous exposure of the
second-year nursing students to a hospital environment, as
some of them already worked as volunteers or nursing
auxiliaries in hospitals and other healthcare facilities, which
could also explain the difference between the second- and
third-year nursing students. 

Koziol-Montewka and colleagues14 have demonstrated
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Group A Group B 

Nursing Pharmacy Total Nursing Pharmacy Total

S. aureus carriers 10 (66.7%) 4 (26.7%) 14 (46%) 4 (26.7%) 7 (46.7%) 11 (36%)

Binomial test for two proportions (Groups A and B) P value

Nursing A versus Pharmacy A 0.008

Nursing B versus Pharmacy B 0.123

Nursing A versus Nursing B 0.008

Pharmacy A versus Pharmacy B 0.123

Table 1. Colonisation results for Staphylococcus aureus isolates obtained from groups A (second year) and B (third year)
on the nursing and pharmacy degrees. Binomial test for two proportions of colonisation results are presented.



that an important factor contributing to S. aureus acquisition
is contact with the hospital environment. During the
hospital training course, in the third year, most of the
students begin to work as nurses with distinct types of
patient contact.

Many S. aureus strains, while resistant to penicillin, remain
susceptible to penicillinase-stable penicillins (e.g., oxacillin
and methicillin). This study found higher sensitivity to
amoxicillin/clavulanic acid so some of those strains might
have been sensitive to penicillin, too. All isolates were
sensitive to gentamicin, and highly susceptible to
chloramphenicol (84.4%) and trimethoprim/sulphamethoxazole
(68.7%) (Table 2), as previously documented.19,20 This very
high gentamicin susceptibility may be explained by the need
to administer this drug intravenously, and thus a less-
commonly used antibiotic that is more difficult to abuse.
Studies performed with S. aureus community strains and
tetracycline found a higher prevalence of isolates with
tetracycline resistance – conferring a penicillinase plasmid
and a drug resistance gene cluster.21

Oxacillin disc diffusion has been the traditional method
for routine methicillin resistance screening. In this study
very high resistance to oxacillin (75%) was observed,
compared to other studies.14,22 However, this could be due to
the fact that a lower antibiotic concentration (1 µg) was used
in the present study, in line with CLSI guidelines from 2005,
as the students did not report previous S. aureus infections.22

Only in the 2006 CLSI guidelines is the cefoxitin (a potent
inducer of the mecA regulatory system) disc screening test
recommend, or a plate containing 6 µg/mL oxacillin in
Mueller-Hinton agar supplemented with NaCl (4% [w/v],
0.68 mol/L) as an alternative methods for the detection and
differentiation of CA-MRSA from HA-MRSA strains. 

In the past few years, MRSA strains with decreased
susceptibility to vancomycin (minimum inhibitory
concentration [MIC]: 8–16 µg/mL) and strains fully resistant
to vancomycin (MIC: ≥32 µg/mL) have been reported. Now,
VISA strains represent an important public health threat and
have been implicated in nosocomial infections and
outbreaks of infection and colonisation in the healthcare

environment. In this study, 56% of S. aureus isolates showed
resistance to vancomycin, and were also MRSA. S. aureus
clinical isolates with reduced susceptibility to vancomycin
have also been reported using various testing methods.
However, only a few cases of VRSA or VISA infections have
been documented to date.23 Thus, accuracy and promptness
in the detection of methicillin resistance is of key importance
to ensure the correct use of antibiotic treatment, as well as
the control of MRSA in the hospital environment.

The present study had several limitations. First, the
students were screened only once for staphylococcal
colonisation of the nasal mucosa and fingers; thus, it was not
possible to comment on the possibility of intermittent or
persistent carriage. Second, antimicrobial testing did not
include the cefoxitin disc screening test and MIC
determination for oxacillin and vancomycin. Third, it was
not possible to perform molecular studies on resistant strains
to complement the bacterial screening.

These findings indicate the usefulness of investigating
staphylococcal colonisation of the nasal mucosa in order 
to understand the epidemiology of S. aureus infection and
thus to develop prevention measures and treatment
strategies. 5
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Group A Group B n (%)

Nursing Pharmacy Nursing Pharmacy

AMC R 2 0 1 3 6 18.7

S 10 5 4 7 26 81.3

SXT R 2 4 0 4 10 31.3

S 10 1 5 6 22 68.7

TE R 6 3 3 8 20 62.5

S 6 2 2 2 12 37.5

C R 0 5 0 0 5 15.6

S 12 0 5 10 27 84.4

CN R 0 0 0 0 0 0

S 12 5 5 10 32 100

OX R 8 5 0 5 18 56.3

S 4 0 5 5 14 43.7

OX; oxacillin, TE: tetracycline, CN: gentamicin C: chloramphenicol, AMC: amoxicillin/clavulanic acid, SXT: trimethoprim/sulphamethoxazole.

R: resistant, S: sensitive.

Table 2. Antibiotic susceptibility results for all Staphylococcus aureus isolates from nasal swabs and fingerprints using the disc-diffusion method.
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