(,DJ’HW ) - Qs

5. MED. MICROBIOL.—VOL. 14 (1981) 233-241 002?.-26[5/81;0374 0233 $02.00
~ 1981 The Pathological Socicty of Great Britain and Ireland

The Journal of

_ Medical Microbiology
3

QUANTITATIVE STUDIES OF THE FLORA OF THE NASAL
VESTIBULE IN RELATION TO NASAL CARRIAGE
OF STAPHYLOCOCCUS AUREUS

P. B. Heczko, U. HOFFLER*, A. KASPROWICZ AND G. PULVERER*

Institute of Microbiology, Medical Academy, 31-121 Krakow, 18 Czysta Street, Poland,
and *Institute of Hygiene, University of Cologne, 5000 Cologne 41, Furst-Pickler-Str.
56, Federal Republic of Germany

SUMMARY. Aerobicand anaerobic bacterial flora and yeast flora of'the
nasal vestibule were studied quantitatively in eight persons who were
persistent, transient or non-carriers of Staphylococcus aureus. The
nasal flora of all the subjects consisted of lipophilic and non-lipophilic
aerobic diphtheroids, propionibacteria and different staphylococcal
species. Other micro-organisms, such as Pityrosporum and Candida,
micrococci, streptococci and coliforms were found only occasionally.
The presence of S. aureus was related to diminished numbers of other

staphylococcal strains and of propionibacteria.

[NTRODUCTION

Nasal carriage of Staphylococcus aureus was extensively studied in the
years 1940-1960 (see Williams, 1963) in relation to its significance as a source
of the staphylococci that caused hospital-acquired infection, which was
common during these two decades (Miller et al., 1962: Williams et al., 1966;
Henderson, 1967). Insome of these studies the flora of the nasal vestibule was
investigated with particular reference to a possible antagonistic action of S.
aureus against other bacteria (O’Grady and Wittstadt, 1963; Martin and
White, 1968; Aly et al., 1970), which, it was suspected, might help this organism
to establish itself in the nasal vestibule. Indeed, a direct in-vitro antagonism
between S. aureus and other members of the nasal flora (Pryjma er al., 1971),

. and an inverse relationship between the occurrence of S. aureus and other
: organisms (Smith, 1969; Aly et al., 1970; Heczko et al., 1973), were
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demonstrated. However, no quantitative studies of the complex bacterial
ecology of this specific region of the human skin have yet been reported.

The aim of the present investigation was to examine the quantitative
occurrence of various constituents of the microbial flora of the skin of the nasal
vestibule in persistent carriers and non-carriers of S. aureus. Because of the
reports of Watson et al. (1962) and Aly et al. (1970) on the presence of
anaerobes and yeasts in the nasal vestibule, we extended our study to include
these groups of micro-organisms.

MATERIALS AND METHODS
Subjects

The nasal flora of eight members of the laboratory staff in Cologne (aged 20-40 years, four
male and four female) was studied. Ina preliminary experiment, swabs of their nasal vestibules
had been examined for the presence of S. aureus on six occasions at weekly intervals.

Cotton swabs moistened with physiological saline were used for sampling, and these
were seeded on to plates of Mannitol Salt Agar (Difco), which were incubated for 48 h.
Representative colonies thought to be of S. aureus were subcultured, tested for coagulase
activity, and typed by means of the phages of the International Typing Set (Blair and Williams,
1961).

The subjects were divided, according to the criteria of Leedom et al. (1965) into three classes
of nasal carriers: persistent carriers (PC; four persons); transient carriers (TC; one person); and
non-carriers (NC; three persons).

Quantitative estimation of the flora of the nasal vestibule

Collection of specimens. Each subject was examined on three occasions at weekly intervals.
The area to be sampled was demarcated by means of an Ayer’s chalazion forceps with a round
window 8 mm in diameter. The device was fixed by a screw to the interior surface of the lateral
side of the ala nasi in a horizontal position, so that the window exposed a 50-mm? area of skin,
leaving a margirt from the onfice of width 2 mm. The area was then sampled with a small stenle
cotton swab by gentle scrubbing for | min. The swab had previously been moistened in 0-075m
phosphate buffer, pH 7-9, containing Triton X100 0-1% (v/v) (Williamson and Kligman, 1965;
Evans. 1975). The procedure was repeated with another swab in the opposite nostril.

Method of culture. The swabs were placed in tubes containing | ml of the buffer and shaken
for | min at room temperature. Ten consecutive tenfold dilutions were made in the buffer
diluted 1 in 2 with sterile distilled water. Then a 0-02-ml drop of each dilution was placed on a
plate of the following media: Mannitol Salt Agar (Difco), Tryptic Soy Agar (Difco) with 5%
(v/v) of defibrinated sheep blood (TSAB), selective Furoxone-Tween 80-Oil Red O (FTO)
medium (Smith, 1969), A-agar for the cultivation of propionibactena (Pulverer and Ko, 1973),
Endo Agar (Difco), and maltose-extract agar (ME) for Pityrosporum (Randjandiche, 1975).

The samples were spread on the plates with glass rods. All plates except for those of A-agar
and ME agar were incubated aerobically at 37°C for 48 h. Plates of A-agar were incubated for 5
days at 37°C in an anaerobic incubator (type VT/N2, Heraeus) in an atmosphere of 95% N, and
59, CO, at normal pressure. Plates with ME agar were incubated at 35°C for 7 days in a moist
atmosphere.

Bacterial and yeast colonies with the same morphological appearances were counted on

several plates containing different dilutions of the samples and their mean numbers per | cm? of

skin were calculated. Ten representative colonies of each morphological type on one plate of a
given medium were picked and transferred on to appropriate media for further characterisation.
Single colonies occurring on the same plate, which did not represent populations over 107
organisms, were omitted. Staphylococcal strains were classified into species according to Kloos
and Schleifer (1975), micrococci were identified as described by Baird-Parker (1963)and aerobic
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diphtheroids were distinguished according to Somerville (1972) by means of lipid-free and
Tween 80-supplemented Tryptic Soy Broth (Difco). Bactena of the genus Propionibacterium
were examined by the Minitec Anaerobic System (BBL) and classified according to the key given
by Moore and Holdeman (1974). Results were confirmed by serological typing as described by
Hoffler, Ko and Pulverer (1977). Streptococci and gram-negative rods were identified by
standard methods (Lenette, Spaulding and Truant, 1974). All S. aureus isolates were
phage-typed as described above.

Presentation of quantitative results. Geometric means of six counts per subject (left and
right; on three occasions) for different organisms per | cm? of vestibular skin were calculated,
together with the appropriate log;o standard deviation values (Kligman, Leyden and McGinley,
1976). Mean values for all persons of the same carriage class, with standard error values, were
also determined.

RESULTS

Representatives of eight of the ten coagulase-negative staphylococcal
species recognised by Kloos and Schleifer (1975) were found (table I).
Staphylococci belonging to the species S. epidermidis, S. xylosus, and S.
hominis occurred most frequently while the others were found only occa-
sionally; some isolates remained unclassified. Also, two micrococcal strains
were isolated from one person (not included in table ). S. aureus strains
isolated from three persons differed in their phage-typing patterns while two
persons harboured S. aureus strains with identical phage patterns. No
changes in phage pattern were seen in S. aureus strains consecutively isolated
from the same subject. Several other bacterial strains were found in two of the
subjects; most of these were identified as Escherichia coli or streptococci of
serological group G. Pityrosporum spp. were 1solated from four persons, two
of whom also yielded Candida albicans.

A

TaBLE [

Classification of staphylococci isolated from nasal vestibules

Species of Number of
Staphviococcus* strainst Percentage
aureust 18 11-6
capitis 2 1-3
cohnii 4 2:6
epidermidis 48 30-9
haemolyvticus 0 0
hominis 19 12-3
saprophyticus 0 0
stmulans 2 1-3
warner! 0 0
xylosus 45 29-0
Unclassified 17 11-0
Total 155 100-0

* According to Kloos and Schleifer (1975).
t All isolates of the same species obtained from one nostnl of a given person at the same ime were
regarded as one strain.
t S. aureus =coagulase positive: other species =coagulase negative.
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Numbers of S. aureus ranged from 10* to 10*/cm? in the nostrils of PC and
TC., but three species of coagulase-negative staphylococci, S. epidermidis, S.
xylosus and S. hominis, formed populations of a more variable density (10? to
10°/cm?; table II). Other staphylococci and Micrococcus spp. were each found
in only one person. Aerobic diphtheroids formed the most dense populations
[ (10°-> 107/cm?). Lipophilic and non-lipophilic aerobic diphtheroids were
present in all persons studied, but the numbers of non-lipophilic organisms
always exceeded considerably those of the lipophilic. An inverse effect of
sample dilution was observed in all aerobic cultures from PC and TC on TSAB
medium: the numbers of the non-lipophilic diphtheroids calculated from
higher dilutions exceeded those for lower dilutions of the same samples,
probably because of some antagonistic action of S. aureus present in these

; cultures. However, zones of inhibition of the diphtheroids around staphylo-
coccal colonies were not observed. Therefore, the data given in table II refer
to calculations based on counting of the diphtheroids growing on FTO
medium. Yeasts occurred in four subjects regardless of their carrier class and
in numbers that never exceeded 10°/cm?. Coliform bacilli and streptococci
were found together in the nostrils of two persons.

Propionibacteria were present on the nostril skin of seven subjects (table
[II); P. acnes was identified in all of them, either alone (1 person) or together
with P. granulosum (2 persons), P. avidum (2 persons), or both of these species
(2 persons). Numbers of P. acnes ranged from 10? to 10° organisms/cm?, and

IR —

TasLE 1]

Anaerobic flora of the skin of the anterior nares in relation to nasal carriage of S. aureus

Geometric mean count/cm* (and log
: : SD), for the stated subject, of
Subject  Carrier Propionibacterium :
no. class* | E
| acnes granulosum avidum !Z A
E
! PC 3-2x 10* 3-9 % 107 39 x 10?2 ¥
(1-27) {1-62) (1-03) 3.
2 PC 33 x 108 30 x 104 1-9 x 10° B
| (2:12) (2:94) (0-95) K
3 PC | 1-9x10? - -
| (1-43) :
PC i - - - '3
5 TC ‘| 171x%10° 1-1x 10* -
| (0-85) (2-94)
6 NC | 37x10° - 8-6x 107
- (072) (0-92)
7 NC 8:3x 103 - 1-9 x 10*
(0-88) (1-68)
8 NC 6:2 x 10° 7-9 x 10* -

(1-08) (2-52)

* See footnotes to table 1.
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Fi6.—Numbers of staphylococct and propionibacteria per cm? of the skin of the anterior nares of persistent
carriers & and non-carriers O of S. aureus. N.P. = not present.

were always higher than those of members of the remaining propionibacterial
species.

A comparison of cumulative mean numbers of selected species of
Staphylococcus and Propionibacterium calculated from results of testing of
four PC pe"rsons versus three NC persons (the figure) showed significant
differences in the quantitative composition of the bacterial flora of the nasal
vestibule depending on carrier class. These were related to the presence of
decreased numbers of three staphylococcal species: S. epidermidis, S. xylosus
and S. hominis in the PC group in comparison with their numbers in the NC
group. There were even more evident differences in the numbers of each of the
species of Propionibacterium: the densities of these bacteria in the NC group
exceeded those found in the PC group by about 100 times for P. acnes and P.
granulosum and about 10 times for P. avidum.

No significant differences were found between the PC and the NC groups in
the numbers of other micro-organisms: the remaining staphylococcal species,
lipophilic and non-lipophilic aerobic diphtheroids, micrococci, yeasts and

others.

DISCUSSION

Subsequent biochemical examination of morphologically distinct colonies
confirmed our ability to recognise different species of staphylococct and
propionibacteria visually. This observation is in keeping with the findings of
Kloos, Musselwhite and Zimmerman (1976) for staphylococcal and of

:
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viarples and McGinley (1974) for propionibacterial species. Differentiation
yy colonial morphology enabled us to carry outa detailed quantitative analysis
f relationships between various bacterial species. Because no commonly
ecognised classification of aerobic skin diphtheroids into species exists, this
sacterial group was divided into only two subgroups related to their
jependence on fatty substances as suggested by Somerville (1972), although
ybviously these bacteria form more biologically distinct clusters.

We have previously reported, in semiquantitative studies of the nasal flora

of some hundreds of human volunteers (Pryjma et al., 1971; Heczko et al.,
lated to a sparse occurrence of

1973), that the presence of S. aureus was 1e
coagulase-negative staphylococei and aerobic diphtheroids. The same had
been found by other workers (O’Grady and Wittstadt, 1963; Martin and
White. 1968: Smith, 1969; Aly et al., 1970). In the present study, however, we

re unable to find any relationship between S. aureus and either group of
aer~hic diphtheroids when these were counted on different selective media.
Th &fore, the effect reported previously (Smith, 1969; Aly et al., 1970; Pryjma
et al.. 1971) may be present only in vitro during simultaneous cultivation of S.
aureus and aerobic diphtheroids on non-selective media. However, it cannot
be excluded that the scanty numbers of S. aureus found in this study were
unable to suppress the growth of the more numerous aerobic diphtheroids.
Bibel. Greenberg and Cook (1977) recently reported that S. aureus in densities
lower than 10¢ cells/cm? on the skin of patients with atopic dermatitis did not
alter the quantitative composition of the aerobic flora while S. aureus in higher
densities, up to 107 cells/cm?, eliminated other aerobic bacteria.

The quantitative composition of the bacterial flora of the skin of the nasal
vestibule differs from that of the normal human skin of dry regions, such as the
extremities and the lower trunk (Kligman et al., 1976). It resembles, however,
that of skin regions with increaded humidity, such as the axilla or interdigital
spaces, where the numbers of aerobic diphtheroids are much higher than those
of coagulase-negative staphylococci (Kligman ef al., 1976). On the other
hand. densities of propionibacteria found in the nasal vestibule were nearly as
high as those of these bacteria in sebum-rich areas of the skin (Leyden et al.,

)75). The mean numbers of propionibacteria in the nasal vestibules of our
P group were comparable with those reported by McGinley, Webster and
. }den (1978), but the numbers in our NC group were greater than these.
However, we made observations only on eight persons who lived in a different
geographical region from the subjects studied by McGinley et al. (1978).
These authors classified the inner surface of the anterior nares as a mucosa. In

e had demonstrated, however, that the microbial flora

our previous studies w
he nasal vestibule

multiplies only on a narrow margin of true skin covering t

(Heczko et al., 1973).
Thus, the human nasal vestibule forms a specialised ecological niche rather

similar to the other wet areas of the skin, but it supports the growth of S. aureus
only in some persons. In spite of extensive studies (O’Grady and Wittstadt,
1963: Martin and White, 1968; Aly er al.. 1970), the factors responsible for the
multiplication of this organism in these persons, or for preventing it in others,

SEATNCR S 1 i o e b )
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remain unknown. In the present study, S. aureus never formed such a dense
population as did the other stable constituents of the nasal flora. Thissuggests
that, despite its ability to spread from the nose over other skin surfaces, S.
aureus may be regarded as a minor and transient member of this community.

The authors are deeply indebted to Professor H_ Brandis for the phage-typing of S. aureus
strains.
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