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Investigations performed 30 to 350 years ago urin.
demonstrated that shortly after hospitalization  fections in
many patients became colonized with S. aureus, '
and carrier rates of from 40% to around 90%
were reported (11, 18). The colonizing strains
were often “hospital staphylococci”, differing in
phage type pattern and antibiotic resistance
from the strains found outside the hospital (15).
Present investigations in Denmark have shown
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identify optimal methods for the identification
of nasal carriage of S. aureus.

MATERIALS AND METHODS

The healthy normal subjects who consented to take
part in this study comprised 77 female and 14 male
staff members. Median age was 43 years (range 21-
67 years). Nasal samples were collected by the same
person over a 2 month period; a maximum of 16
samples were obtained from most of the staff mem-
bers.

Swabs and swabbing technique

Samples were obtained from the right or left an-
terior nares using sterile dry cotton wool swabs (Dan-
su A/S. Ganlese, Denmark) or sterile dry cotton wool
swabs impregnated with charcoal (prepared from dry
cotton wool swabs by boiling for 10 min in NaCl
buffer, pH 7.38, and containing 5.2 mg active coal
per swab (Sigma, St. Louis, USA)). The entire an-
terior nares was swabbed by twice rubbing around
the inside of the nostril while applying an even press-
ure and rotating the swab without interruption.

Media

Stuart’s transport medium was prepared according
to Stuart et al. except that the agar concentration
was higher than the 0.3% Bacto agar used in their
study (10). Broth enrichment culture medium with
6.5% NaCl: beef extract 400 g, glucose 0.3 g, NaCl
65 g, Na,HPO, 2.0 g, peptone 10.0 g, distilled water
1.0 1, final pH 7.4. Mannitol salt agar was prepared
as described by Chapman (5). 5% horse blood agar:
MgSO0, 0.1 g, MnCL, 0.0067 g, Na,HPO, 8.0 g, casein
hydrolysate 5.0 g, yeast extract 3.0 g, peptone 5.0 g,
KCL 6.67 g, detergent 0.01 g, agar 10 g, horse blood
50 ml, cysteine HCL 0.05 g, sodium pyruvate 2.0 g,
distilled water 1 1, final pH 7.4, dissolved and auto-
claved at 121°C for 10 min. Agar plates: distilled
water 1 1, beef extract 400 g, peptone 10 g, NaCl 3 g,
Na,HPO, 2 g, fatty acid 0.01 g, glucose 0.3 g, agar
10 g, final pH 7.4, dissolved and autoclaved at 121°C
for 15 min.

Culture method

Swabs were either directly inoculated onto 5%
blood agar or mannitol salt agar, or placed in broth
enrichment medium with 6.5% NaCl or Stuart’s
transport medium. Broth enrichment medium was

incubated at 37°C for 18 h, and Stuart’s transport
medium was stored at 4°C for 7 days Before nocu-

Thcubated at 37°C overnight, and then at room
temperature (to stimulate pigment formation) for up
to 6 days.
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This was also the case if the data from the

two experiment were pooled (4 vs 4; p=0.72).

The increased isolation rates when taking

swabs from both nostrils were only 3 of 70
(4.3%) with cotton swabs, and 5 of 76 (6.6%)
using charcoal. The order of swabbing did not
‘nfluence the results (data not shown).

Comparison of isolation rates using cotton or
charcoal swabs

In the right nostril S. aureus was isolated from
both cotton and charcoal swabs in 10/59 sub-
jects (16.9%), with only cotton in 2/59 (3.4%),
and with only charcoal in 9/59 (15.3%) (P=
0.07). In the left nostril S. aureus was 1solated
from both cotton and charcoal swabs in 11/59
subjects (18.6%), with only cotton in. 159
(1.7%), and with only charcoal in 8/359 (13.6%)
(P=0.11). Charcoal swabs gave a non-signifi-
cantly increased isolation rate both from the
right and left nostril as compared with cotton
swabs (9 vs 2 and 8 vs 1, respectively). However,
if data from the two experiments were pooled,
charcoal was significantly better than cotton (17
vs 3; p<0.01). Thus, the isolation rates were
19/59 (32.2%) and 19/59 (32.2%) for charcoal
swabs as compared to 12759 (20.3%) and 12/59
(20.3%) for cotton swabs. The order of swab-
bing did not influence the results (data not
shown).

Comparison of direct plating with storage in Stu-
art's transport medium

Using cotton swabs S. aureus was isolated
on 5% blood agar both by direct plating and
after storage in Stuart’s transport medium in
15/70 subjects (21.4%), by direct plating in
0/70. and only from Stuart’s medium in 5/70
(7.1%) (P=0.07). Using charcoal swabs S. au-
reus was isolated on 5% blood agar both by
direct plating and after storage in Stuart’s
transport medium for 7 days in 24/76 subjects
(31.6%), by direct plating in 0/76, and only
from Stuart’s medium in 5/76 (6.6%) (P=
0.07). Storage in Stuart’s transport medium

for 7 days in both experiments gave a non-

significant increase in the isolation rate as
compared to direct plating (5 vs 0 with both
swabs). If the results from the two experiments
were pooled, an increased isolation rate was

obtained using Stuart's transport medium (10

vs 0, p=0.01). For charcoal swabs the iso-




TABLE 2. Number of samples with (+ ) or without
(—) growth of S. aureus using charcoal and
cultivation on mannitol salt agar plates at different
days of incubation. Day 2 vs day 4 (n=83). Day 2 or
day 4 vs day 7 (n=96). | '

4 days 7 days
+ — - -
2 days - 16 0 16 0
- 5 64 16° 64
4 days + 21 0
— LIS 64
* p=0.07; mannitol salt agar day 2 vs mannitol salt
agar day 4

® p<0.001; mannitol salt agar day 2 vs mannitol salt
agar day 7

° p<0.001; mannitol salt agar day 4 vs mannitol salt
agar day 7. ;

Comparison of incubation on mannitol salt agar
plates for 2, 4, and 7 days

In Table 2 two experiments are shown where
the isolation rate is compared 2 and 4 days after
incubation on mannitol salt agar, and incuba-
tion after both 2 and 4 days is compared with
7 days of incubation. Incubation for 4 days
showed an increased isolation rate (5 vs 0; Table
2) as compared to for 2 days. Thus the increase
in isolation rate was 5.9% (5/83) when incuba-
tion from 2 to 4 days was performed. When 2
or 4 days was compared to 7 days of incubation,
there was in both cases a significantly increased
isolation rate for 7 days of incubation (16 vs 0
or 11 vs 0; Table 2). The isolation rate increased
by 16.7% (16/96) between 2 and 7 days of in-
cubation, and 11.5% (11/96) between 4 and 7
days of incubation (Table 2, 3).

TABLE 3. Summary of differences in S. aureus isolat

Procedure 1 Vs Procedure 2

Right nostril Left nostril

One nostril Both nostrils -
Cotton swabs Charcoal swabstitil S8
Direct plating Stuart’s medium (7 days)
Direct plating Broth enrichmen m
Blood agar (2 days) Mannitol agar (2

Mannitol agar (2 days) Manﬁi'tbl agar (4 da;
Mannitol agar (2 days) Mannitol agar (7 «
Mannitol agar (4 days) Mannitol agar (7 d
“ cotton swabs | e,
® charcoal swabs.
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especially the gonococcus (10). The higher iso-
lation rates using charcoal swabs can be ex-
plained by the toxic effect of the swabs that can
then be counteracted by boiling in buffer and
impregnating in charcoal (10). Another reason
could be the larger active surface of charcoal as
compared to cotton swabs. '
For both swabs the higher isolation rate using
Stuart’s transport medium may not be surpris-
ing as this medium contains glycerophosphate,
which is a well-known nutrient factor for most
bacteria. One explanation could be that some
transfer of glycerophosphate from Stuart’s
transport medium to the solid media occurs with
the charcoal swab, or that there is limited
growth of S. aureus in Stuart’s transport me-
dium but not of the other bacteria normally
found in the nostrils. Another explanation could  trils only gave a min
be that other bacteria died while S. aureus sur-  3). v AR
vived, as it is more resistant to physical and The method tha
chemical stress than are most other non-sporula- ' >CE
ting bacteria due to its solid cell wall.
Broth enrichment medium with NaCl almost
completely inhibited the growth of Gram-nega-
tive rods, and also gave a significantly higher
isolation rate with cotton swabs, but only a
small non-significant increase with charcoal
swabs. This method also possesses the advan-
tage that the colonies are more clearly coloured
and the production of coagulase is larger (4).
Most laboratories do not use broth enrich-
ment medium for epidemiological surveillance
(2). However, when surveying for methicillin-
resistant S. aureus Cookson et al. (7) found that
62% of positive individuals and Sautter et al.
(16) that 50% of positive individuals would not
have been detected without the use of broth
enrichment ,medium. Cookson used peptone
water-moistened swabs.
The mannitol salt agar plates have been used
and incubated for 5 days (11), but the further
increase in the carrier rate with an increasing
incubation time has not been described before.
Using mannitol salt agar plates luxuriant S. au-
reus growth is seen, whereas coagulase-negative
staphylococci exhibit poor growth. When there
is a small inoculum of S. aureus in a mixed
culture, this may have a pronounced effect on
the detection rate. Further increased incubation
at room temperature seems to have an effect on
the chromogenesis, as differences between the
porcelain-white staphylococci and the pig-
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