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SUMMARY

The carriage of Staphylococcus aureus was studied in a group of 28 men living
in a totally isolated environment for a year. Initially, nasal, axillary and perineal
swabs were taken at weekly intervals, but from week 24 throat swabs were taken
from known nasal carriers. Several attempts were made during the study to
eradicate S. aureus. Eight subjects consistently carried their own phage type
throughout the study, despite the application of antibacterial agents. In three
subjects strains were isolated late in the study of a phage type which had either
not been isolated before in this study, or had not been found for a prolonged period.
Nine of the 12 nasal carriers also yielded S. aureus from the throat. It is apparent
that following attempted eradication, S. aureus may seem to disappear, only to
reappear some time later; 'eradication' in this case would be an erroneous
appellation.

INTRODUCTION

This study was conducted at Halley Base, Antarctica during 1983. The aims of
study were to observe the carriage of Staphylococcus aureus in an isolated

community, and to monitor the effects on this of topical antibacterial therapy.
J-here have been many previous attempts to eradicate nasal carriage of S. aureus
(Wheat, Kohler & White, 1981), but whatever method used, and however
successful it seems to have been initially, when the subjects have been followed
Up a significant proportion of them have been recolonized by 5. aureus. Unless
specimens are taken from all the contacts of every subject, it is very difficult to
Postulate the origin of the apparent re-acquisition. In a small group it is practical

0 swab all the members, and if the group is totally isolated for a long enough
Period, all potential contacts are swabbed. An Antarctic base provides just such
a group; small enough to make it practical to swab everyone, large enough to give
Useful data and totally isolated for approximately 9 months. In addition, as the
nvestigator is living in close contact with the other subjects, compliance can be

°nc°uraged and monitored more easily than in more conventional studies.
A he first bacteriological studies in Antarctica were performed by Ekelof in 1908

(quoted by McLean, 1918) and Atkinson (Scott, 1913) on Scott's second expedition,
ut this work was purely concerned with bacteria in the environment. The first
Udy to take advantage of the unique circumstances of an Antarctic base to study
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human flora was by McLean (1919). Only four subjects were studied and his
laboratory conditions were very primitive. No useful data was produced until
Sladen (1953) studied staphylococcal carriage in two groups of winterers. Since
then studies on staphylococcal carriage have been performed by other British
workers (Williams, 1969; Hadley, 1981), Australians (Cameron, 1970), and Rus-
sians (Tashpulatov & Petrosov, 1973).

Other studies have been performed on isolated men in space flights and space
flight simulators for relatively short periods (Carmichael & Taylor, 1977; Taylor
& Zaloguev, 1976) and in submarines (Morris & Fallon, 1973) for longer periods.
In none of these studies has the effect of interfering with the bacterial flora been
studied.

The group in the present study consisted of 28 men who were in total physical
isolation from all other human contact from the beginning of March to the end of
December 1983; there were no human visitors or new supplies during this period.
There were two bases approximately ten miles apart; subjects 1-15 wintered on
the old base, subjects 16-28 wintered on the new base. The two groups were for
the most part separate, but there was some contact throughout the year; the
investigator visited the new base each week to take specimens, and one or two
members of the new base visited the old base for mechanical parts on average less
often than once a week. It was very unusual for anyone to stay overnight. Two
courses of antibacterial therapy were given to all subjects, whether or not S. aureus
had been isolated from them previously. Two further courses were given to known
carriers.

MATERIALS AND METHODS

General

Laboratory work was carried out in the old base surgery, which was not normally
visited by any other base members. The worktop temperature varied from 9 °C
to 18 °C, averaging approx. 13 °C. There was no still for water, so tap water (from
melted snow) was filtered and passed through an Elgastat ion-exchange column.
All plates, slopes and broth were incubated before use, and the few unsterile items
discarded.

Specimens
Specimens were collected with sterile, disposable cotton-tipped swabs at weekly

intervals from the first week of isolation. Initially swabs were taken from three
sites (nose, axilla and perineum), but from week 24 onwards throat swabs were
taken from known nasal carriers. For nasal and throat specimens the swab was
used dry, but for the axilla and perineum it was first moistened with sterile nutrient
broth.

Subjects on the new base were swabbed on the same day as the old base subjects
whenever the weather allowed travel between the bases; this was possible on most
occasions, and only on weeks 22-24 were swabs not taken due to the weather. One
person was on night/fire watch each week on each base, so some subjects
occasionally escaped being swabbed. In addition, some people went out on field
trips and were not then available.
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Nasal, throat and axillary specimens were inoculated on to plain agar, perineal
specimens were inoculated on to MacConkey agar. Cultures were incubated at
37 °C. After 24 h they were removed and allowed to stand at room temperature
overnight.

Some subjects were found to be persistent nasal carriers of Proteus species; their
nasal swabs were applied to two Petri dishes, one containing plain agar, the other
containing MacConkey agar. Where Proteus spp. had swarmed over plates which
did not already have parallel cultures on MacConkey agar, staphylococcal colonies
which could be seen under the engulfing layer of Proteus spp. were subcultured on
to MacConkey agar and grown for 24 h at 37 °C.

Organisms were identified by colonial appearance, Gram's stain and coagulase
production. Strains of S. aureus were tested for antibiotic sensitivity using
Multodiscs (Oxoid) and stored on plain agar slopes in sterile plastic bijou containers
at 4 °C.

At the end of the year the storage cultures were returned to the UK at 4 °C and
taken to the stapylococcal reference laboratory at Colindale for phage typing.

Eradication attempts
(1) In weeks 4 and 5 all subjects were asked to apply Naseptin ointment (ICI)

to the nasal vestibule four times daily. The course lasted for 10 days; subjects were
next swabbed on week 6.

(2) The course was repeated in weeks 18 and 19, but with the addition of washing
with Hibiscrub (ICI), and subjects were also asked to dust themselves and their
towels and bedding with Savlon talc (ICI).

(3) In weeks 31 and 32 all subjects who had yielded a positive swab on any of
the preceding 4 weeks were asked to apply polynoxylin (Anaflex, Geistlich) cream
to the nasal vestibule four times daily. Swabs were not taken during this course.

(4) In week 34 or week 37, each nasal carrier was asked to apply Naseptin again.
Throat and nose swabs were taken during this course.

Phage typing
Cultures were typed at the Central Public Health Laboratory at Colindale using

the procedure based on that of Blair & Williams (1961). Phages were applied at
routine test dilution (RTD) and lOOxRTD. The 23 phages of the 1974 Inter-
national Basic Set (Report 1975) were used, and in addition four experimental
phages were applied to each plate. The RTD plate received phages D16, 47A, 27
and 33. The 100 x RTD plate received phages 88A, 90, 83C and 932.

Once all the strains which had revived had been typed the results were reviewed.
Strains which had been typed on different days and whose relationship was
uncertain were retyped together.

RESULTS AND DISCUSSION

General

A total of 26C7 swabs was cultured, and 304 of the 340 cultures which yielded
S. aureus were successfully revived. Tables 1 and 2 show details of carriage in four
carriers. S. aureus was never grown from any of the swabs taken from subjects 1,

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


4 00 O

Su
bj

ec
t

4 6

Si
te

N
os

e
A

xi
lla

Pe
rin

eu
m

N
os

e
A

xi
lla

Pe
ri

ne
um

zn 1? o. 3°S (8 S C
"

P 7? n

1

— — — ?3 — 21

4 6

N
os

e
T

hr
oa

t
A

xi
lla

Pe
ri

ne
um

N
os

e
A

xi
lla

Pe
ri

ne
um

CO a 9r P 3 a

T
ab

le
 1

. S
ub

je
ct

s 
4 

an
d 

6

W
ee

k

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20

—
 

N
as

ep
tin

 
—

 
N

l 
—

 
N

l 
N

l 
?1

 
?1

 
N

l 
N

l 
N

l 
?1

 
—

 
N

as
ep

tin
 

—
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
an

d 
—

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

H
ib

is
cr

ub
 

—
?3

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
an

d 
Sa

vl
on

 
—

W
ee

k

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41

—
 

N
l 

N
l 

N
l 

N
l 

N
l 

N
l 

N
l 

N
l 

Po
ly

- 
N

l 
N

l 
—

 
N

l 
N

l 
Fi

el
d 

N
l 

N
ig

ht
 

N
l

X
I 

X
 +

 N
l 

—
 

—
 

—
 

N
l 

N
l 

no
xy

lin
 

—
 

—
 

N
l 

—
 

N
l 

N
l 

N
l

N
as

ep
tin

_
_

_ 
—

 
_ 

—
 

—
 

—
 

—
 

—
 

Fi
el

d 
—

 
—

 
—

 
—

 
N

ig
ht

 
—

 
H

3 
(H

3)

L
et

te
r 

re
fe

rs
 t

o 
ph

ag
e 

ty
pe

. N
um

be
r 

re
fe

rs
 t

o 
an

tib
io

tic
 s

en
si

tiv
ity

.
(1

) 
N

as
al

, 
ax

ill
ar

y 
an

d 
pe

ri
ne

al
 s

w
ab

s 
w

er
e 

ta
ke

n 
fro

m
 a

ll 
su

bj
ec

ts
 a

t 
w

ee
kl

y 
in

te
rv

al
s 

fro
m

 t
he

 f
ir

st
 w

ee
k 

of
 is

ol
at

io
n.

(2
) 

T
hr

oa
t 

sw
ab

s 
w

er
e 

ta
ke

n 
fr

om
 k

no
w

n 
na

sa
l 

ca
rr

ie
rs

 fr
om

 w
ee

k 
24

 o
nw

ar
ds

.
(3

) 
Su

bj
ec

ts
 1

-1
5 

w
in

te
re

d 
on

 t
he

 o
ld

 b
as

e.
 S

ub
je

ct
s 

16
-2

8 
w

in
te

re
d 

on
 t

he
 n

ew
 b

as
e.

(4
) 

O
ne

 p
er

so
n 

w
as

 o
n 

ni
gh

t/f
ir

e 
w

at
ch

 o
n 

ea
ch

 w
ee

k 
on

 e
ac

h 
ba

se
, a

nd
 s

o 
oc

ca
si

on
al

ly
 m

is
se

d 
be

in
g 

sw
ab

be
d.

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


(5
) 

T
ow

ar
ds

 t
h

e 
en

d 
of

 t
h

e 
st

u
d

y
, 

so
m

e 
su

bj
ec

ts
 w

er
e 

on
 f

ie
ld

 tr
ip

s,
 a

nd
 w

er
e 

th
en

 n
ot

 a
va

il
ab

le
 t

o 
be

 s
w

ab
be

d.
(6

) 
A

ll
 s

ub
je

ct
s 

ap
pl

ie
d 

N
as

ep
ti

n 
(I

C
I)

 o
in

tm
en

t 
to

 t
he

 a
nt

er
io

r 
na

re
s 

fo
r 

10
 d

ay
s 

in
 w

ee
ks

 4
 a

nd
 5

. 
A

ll 
su

bj
ec

ts
 o

n 
th

e 
ne

w
 b

as
e 

re
pe

at
ed

 t
hi

s 
co

ur
se

 i
n 

w
ee

ks
7 

an
d 

8.
(7

) 
In

 w
ee

ks
 1

8 
an

d 
19

, a
ll

 s
ub

je
ct

s 
w

er
e 

as
ke

d 
to

 r
ep

ea
t 

th
is

 c
ou

rs
e,

 b
u

t 
w

it
h 

th
e 

ad
di

ti
on

 o
f 

w
ho

le
-b

od
y 

sh
ow

er
 b

at
hi

ng
 w

it
h 

H
ib

is
cr

ub
 (

IC
I)

 a
nd

 d
us

ti
ng

 o
f

fo
m

it
es

 w
it

h 
S

av
lo

n 
(I

C
I)

 t
al

c.
(8

) 
A

ll
 k

no
w

n 
ca

rr
ie

rs
 w

er
e 

as
ke

d 
to

 a
pp

ly
 a

 s
im

il
ar

 c
ou

rs
e 

of
 P

ol
yn

ox
yl

in
 (

A
na

fl
ex

, 
G

ei
st

li
ch

) 
to

 t
h

e 
an

te
ri

or
 n

ar
es

 i
n 

w
ee

ks
 3

1 
an

d 
32

.
(9

) 
S

ta
rt

in
g 

in
 w

ee
k 

34
 o

r 
37

, 
al

l 
kn

ow
n 

ca
rr

ie
rs

 w
er

e 
as

ke
d 

to
 a

pp
ly

 a
n

o
th

er
 c

ou
rs

e 
of

 N
as

ep
ti

n.
 S

w
ab

s 
co

nt
in

ue
d 

to
 b

e 
ta

ke
n 

du
ri

ng
 t

hi
s 

co
ur

se
. T

hi
s 

w
as

 t
he

fi
rs

t 
ti

m
e 

th
at

 s
w

ab
s 

w
er

e 
ta

ke
n 

d
u

ri
n

g 
tr

ea
tm

en
t.

U
I

•§ XT

P
ha

ge
 t

y
p

es
 (

ex
pe

ri
m

en
ta

l 
ph

ag
es

 i
n 

br
ac

ke
ts

)
A

nt
ib

io
ti

c 
se

ns
it

iv
it

ie
s

S
tr

ai
n

A B C D E F G •G H X X

L
ys

is
 a

t 
R

T
D

9
4

/9
6

/(
4

7
A

/2
7

/3
3

)
9

4
/9

6
2

9
/5

2 
+

N
T

29 6
/4

7
/5

3
/5

4
N

T
N

T
2

9
/5

2
/8

1
+

N
T

N
T

L
ys

is
 a

t 
R

T
D

 x
 1

00

2
9

/5
2

/8
0

/8
1 

+
83

A
/8

5/
(9

0/
93

2)
29 2

9
/4

7
/5

4
/7

5
/7

7
/8

5
/8

1
7

5
/7

7
/8

5
/8

1
2

9
/5

2
/8

0
/4

2
E

/8
1

/(
9

3
2

)
N

T
6

/4
7

/5
4

/7
5

/7
7

/8
4

/(
8

8
A

/9
0

/9
3

2
)

i

P
en

ic
il

li
n 

C
ot

ri
m

ox
az

ol
e

1 
R

 
R

2 
R

 
S

3 
S

 
R

4 
S

 
S

X
.B

. 
A

ll 
st

ra
in

s 
se

ns
it

iv
e 

to
 c

lo
xa

ci
ll

in
,

er
yt

hr
om

yc
in

, 
fu

si
di

c 
ac

id
, 

li
nc

om
yc

in
an

d 
ne

om
yc

in
?,

 S
. 

au
re

us
 is

ol
at

ed
 b

ut
 c

ul
tu

re
co

nt
am

in
at

ed
 o

r 
fa

ile
d 

to
 r

ev
iv

e
—

, 
S.

 a
ur

eu
s 

n
o

t 
is

ol
at

ed

CO

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


C
O to

S
ub

je
ct

 
S

it
e

16
 

N
os

e
A

xi
ll

a
P

er
in

eu
m

N
os

e
A

xi
ll

a
P

er
in

eu
m

23 16 23

N
os

e
T

h
ro

at
A

xi
ll

a
P

er
in

eu
m

N
os

e
T

hr
oa

t
A

xi
ll

a
P

er
in

eu
m

T
ab

le
 2

. S
ub

je
ct

s 
16

 a
nd

 2
3

W
ee

k

1 
2 

3 
4 

5 
6 

7 
8

F
al

le
n 

C
2 

?2
 

N
as

ep
ti

n 
C

2 
N

as
ep

ti
n

ag
ar

 
—

 
—

 
—

21 C
2

X
2

9 ?2

10 C
2

— —

11 ?2 — —

12 C
2

— —

13 ?2 — —

14 ?2 — —

15 ?2 — —

16 ?2 —

17 ?2 — —

18
 

19

N
as

ep
ti

n
an

d
H

ib
is

cr
ub

an
d 

S
av

lo
n

ta
lc

20 C
2

— —

W
e
e
k

2
2
 

2
3
 

2
4
 

2
5
 

2
6
 

2
7
 

2
8
 

29
 

3
0
 

31
 

3
2
 

33
 

34
 

3
5
 

3
6
 

37
 

3
8
 

3
9
 

4
0
 

41

B
a
d

we
at
he
r

C
2
 

C
2
 

C
2
 

C
2

C
2
 

C
2
 

C
2
 

C
2

C2
 

—
 

—
 

—

F
l

F
l 

F
l 

—
F

l

C
2 

?2
 

C
2 

P
ol

y-
 

C
2 

F
ie

ld
 

—
 

F
ie

ld
 

C
2

C
2 

?2
 

C
2 

no
xy

li
n 

C
2 

—
 

C
2

N
as

ep
ti

n
—

 
G

l 
G

l 
F

ie
ld

 
G

l

C
2 

C
2 

C
2 

C
2

C
2 

C
2 

C
2 

C
2

—
 

G
l 

—
 

—

N
as

ep
ti

n

L
et

te
r 

re
fe

rs
 t

o 
ph

ag
e 

ty
pe

. N
um

be
r 

re
fe

rs
 t

o 
an

ti
bi

ot
ic

 s
en

si
tiv

ity
. 

Fo
r 

no
te

s 
se

e 
T

ab
le

 1
.

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


Staphylococcus aureus in Antarctica 433
2, 3, 5, 8, 11, 14, 18 or 19. It was only isolated from one swab from subjects 7,
15, 20 and 27.

All the specimens taken from the new base in week 1 were lost for technical
reasons, as were the specimens from the old base in week 3. The weather interfered
with collection of specimens in weeks 21, 22 and 23.

Nasal carriage
The simple classification by Gould & McKillop (1954) of carriers into persistent,

intermittent and occasional is, of course, complicated in this study by the
administration of antibacterial agents. Gould & McKillop defined a persistent
carrier as one in whom the same phage type was isolated in more than 90 % of
swabbings. Only subjects 13 and 16 fall into this category, but six other subjects
consistently carried the same phage type throughout the year, although it was
isolated in fewer than 90% of swabbings (Table 4). Furthermore, no other subject
regularly carried the same phage type as any of these six until weeks 21 and
24 - when the type carried by subject 16 was acquired by subjects 25 and 26
respectively, - and week 34 - when the type carried by subject 28 was acquired
by subject 23. This implies that, certainly up until week 20, these subjects were
harbouring their own strain even when it was not isolated from any of the swabs
taken. The term 'consistent carrier' has been used for these subjects. Their lower
carriage coefficients must, at least in part, be due to the effects of the various
eradication attempts, and the consistent carriers clearly fall into the same group
as persistent carriers in terms of their carrying behaviour.

Seven subjects carried S. aureus on more than one occasion, and are classified
as intermittent rather than consistent carriers. Subject 6 will be discussed in the
section on eradication attempts. The remaining subjects, 10, 17, 23, 24, 25 and 26,
fall into two categories, those in whom a change in carrier status was clearly related
temporally to antibacterial treatment and those in whom the change seems more
likely to have been spontaneous.

Apart from subject 23, the other five intermittent carriers only carried a phage
type which was also carried by one of the consistent carriers.

Subjects 17,25 and 26 fall into the first category. Both subjects 17 and 26 carried
on several occasions before the second eradication attempt in weeks 18 and 19,
but two different phage types were isolated from each of them during this period.
Following this eradication attempt, subject 17 ceased carrying for the remainder
of the study, while both subjects 25 and 26 acquired the phage type which had
consistently been carried by subject 16. Up until this time, subject 25 had never
been a carrier, and one must wonder if he had been protected by another species
which had been removed or significantly suppressed by the treatment, as suggested
by Martin & White (1968).

Subjects 10, 23 and 24 seem to fit better with Gould & McKillop's intermittent
carrier, i.e. periods of carriage spontaneously alternating with periods of non-
carriage, usually of the same phage type. No positive swab was obtained from
subject 10 from week 2 until week 25, and thereafter only 9 out of 14 nasal swabs
were positive. All but one of the cultures were successfully revived, and they were
all indistinguishable.

In week 24 subject 23 was found to be carrying a phage type which had not been
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Table 4. Frequency of positive nasal swabs in the 'consistent carriers'

Subject Frequency (%)

4 23/31 (74%)
9 20/32 (62-5%)

12 26/31 (84%)
13 30/33 (91%)
1G 27/28 (96%)
21 22/28 (79%)
22 23/29 (79%)
28 22/27 (81 %)

For notes see Table 1.

seen before. His nasal swabs again yielded this type in the following 2 weeks, but
it then spontaneously disappeared. In week 34 he was carrying the type
consistently carried by subject 28, and this type was found on 3 of the 6 swabs
that were taken in the remainder of the study.

Subject 24 only yielded positive swabs in 6 successive weeks. In each of these
weeks he had a positive nasal swab; although none of these cultures revived, the
original cultures showed two different antibiotic sensitivities. During this time, 3
of the 12 skin swabs taken were also positive, and each one grew an &. aureus with
a different antibiotic sensitivity. Throughout the rest of the study, both before and
after this period, he did not yield a single positive swab. The reason for this short
period of carriage is not obvious. It may have been due to a temporary change
in his innate immunity, although over such a short period this seems unlikely,
particularly as he remained physically well throughout. Alternatively, it may have
been due to a temporary change in the balance of his endogenous microflora. It
may be of relevance that the first positive swab was taken 3 weeks after he finished
a course of Naseptin.

S. aureus was not grown from 9 of the remaining 13 subjects on any occasion,
and 4 had only one positive swab, only one of which was a nasal swab. These single
positives may represent contamination, although the fact that in three of them,
including the nasal swab, the isolate was obtained before the first eradication
attempt may also be an indication of successful eradication.

The finding that between 9 and 13 out of 28 subjects never carried (12 out of
28 if one considers only nasal swabs) is in marked contrast to that of Hadley
(1981), all of whose subjects were nasal carriers at some time. That this is a genuine
difference between the two groups may be evidenced by the different frequencies
of infection in the two groups. Seven out of his 13 subjects suffered from
staphylococcal septic lesions compared with no case of sepsis in the present study.
Whether this reflects a lower resistance in his subjects, or a more virulent group
of organisms that happened to be sharing that base during that winter, is not
possible to state. However, 5 of the septic lesions in Hadley's study were caused
by the same strain, which was also carried by one subject throughout and acquired
by 8 others, at least 2 of whom were persistent carriers of this strain by the end
of the study.

Sladen (1953) failed to isolate S. aureus from 2 out of his 7 subjects on any
occasion, and only isolated it once from 2 of the others in his first year. In the
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second year he again failed to isolate S. aureus from 2 of his 7 subjects. The findings
of the present study are consistent with these findings, although it must be said
that Sladen's materials and facilities were somewhat more primitive.

In the present study, 8 out of 28 subjects (c. 29 %) were consistent nasal carriers,
6 (c. 21 %) were intermittent nasal carriers, 1 (c. 4 %) was an occasional carrier and
12 (c. 42%) were non-carriers. One subject (no. G) does not fit any of these
categories, as will be discussed below.

Skin carriage
It was intended from the outset to study not only the patterns of nasal carriage,

but also the patterns of skin carriage. The only studies of skin carriage during
prolonged periods of isolation are two of the previous Antarctic studies (Williams,
1969; Cameron, 1970). In both these studies, samples were taken only at monthly
intervals, and neither found any significant degree of skin carriage.

Seventeen (1 %) of the 1700 skin swabs in the present study were positive. Seven
subjects only had 1 positive skin swab, 2 subjects had 3 positive swabs each and
1 had 4. Subject 24 had G positive nose swabs on 6 weeks in succession; on 3 of
those weeks he also had a positive skin swab. He had no positive skin or nose swab
throughout the rest of the study.

Noble (1969) found that in a non-hospital population of adults, 3-5% were
perineal carriers, and only 1*5% were axillary carriers. In a group of 28 subjects,
3*5 % represents less than one subject and it is not therefore surprising that none
of the subjects in this study was a regular skin carrier. The most frequent skin
carrier was subject 26, in whom 4 out of 46 skin swabs yielded S. aureus, always
of a different type from that present in his nose. Isolates from 4 skin swabs obtained
from other nasal carriers were also distinct from the type carried in the nose, and
in 3 subjects, a single positive skin swab was the only positive swab throughout
the study. It seems likely, therefore, that most of the S. aureus on the skin were
transient organisms and there was no resident carrier.

Throat carriage
The original design of the study did not include throat swabs, but after the

failure of the attempts at eradication, speculation as to the possible sites at which
organisms might be persisting led to a wider search for S. aureus. It was reasoned
that, as the skin and fomites had been treated, organisms were more likely to
persist a t ' internal' rather than' external' sites. Samples were being collected from
the anterior nares; perhaps organisms were present more posteriorly, on the
turbinates, in the nasopharynx, or in the oropharynx. It was felt that weekly swabs
from the nasopharynx might be more than some subjects would tolerate, so throat
swabs seemed a safer source of samples. These were taken from week 24 until the
end of the study on week 41, and only from known nasal carriers (Table 3).

Relatively little work has been done on throat carriage of S. aureus, and reported
carriage rates vary considerably; S. aureus is isolated more frequently from the
throat in pathological conditions such as tonsillitis (McAuliffe & Leask, 1941),
glandular fever and streptococcal pharyngitis (Campbell, 1948), and in association
with throat symptoms in industrial workers (Christensen el al. 1977), but this
probably represents infection or superinfcction rather than true carriage.

Rates found in normal adult populations have varied from 2 % (Masters el al.
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1958) to as high as 45% (Vogelsang, 1958), but the consensus appears to put it
at around or a little under 10 % except in the Scandinavian studies, where much
higher rates seem to have been found. The variation in frequency of throat carriage
with age seems to be similar to that with nasal carriage (Vogelsang, 1951; Masters
et al. 1958; Noble, Valkenburg & Wolters, 1967; Armstrong-Esther & Smith,
1976).

There is a positive correlation between nasal carriage and throat carriage
(Campbell, 1948; Solberg, 1965; Armstrong-Esther & Smith, 1976), i.e. S. aureus
is more frequently isolated from the throats of nasal carriers and vice versa, but
this does not explain the differences found in the various studies, as their rates
of nasal carriage were comparable. Several of the studies show that S. aureus can
be isolated from the throats of people who are not nasal carriers, and when both
sites in the same subject are colonized it may not always be by the same phage
type; Solberg (1965) found different phage types in 16 of 100 nasal carriers.
Henning et al. (1979) found different strains in 50% of the pairs (i.e. positive nose
and throat swabs from the same subject) of swabs from the surgical staff, and
in 15 % of the pairs from other subjects. Several authors suggest that there is a
tendency for organisms from the nose to infect the throat.

The only studies in which throat swabs have been taken over a prolonged period
are three previous studies conducted in the Antarctic. McLean (1919) swabbed four
subjects at approximately monthly intervals over a 9 month period; he did not
isolate S. aureus from any of them after the first two swabbings, and only one
throat swab yielded S. aureus.

Sladen (1953) studied two separate groups of men over two winters. Swabs were
taken irregularly at intervals averaging less frequent than monthly, and he had
problems in reviving several cultures. Nevertheless, at least one of his subjects
consistently carried phage type 3C in his nose, and type 52 + in his throat.

Cameron (1970) studied carriage of S. aureus in a group of 27 men during an
Antarctic winter. Like Sladen, he only took nose swabs irregularly at approxi-
mately monthly intervals, and throat swabs were only taken on four occasions.
Fifteen of 27 subjects were nasal carriers at some time. S. aureus was isolated at
least once from the throat of 11 of these men, and in 4 of them a strain was found
in the throat which differed from that found in the nose. There were 3 men from
whom S. aureus was only isolated from the throat.

That the throat might be a site of carriage independent from the nose seems
likely in view of the findings of Sladen (1953), Cameron (1970) and Henning et al.
(1979) that some people appear to be throat carriers but not nasal carriers, and
that in some people who carry S. aureus at both sites the strains from the two sites
are different (Solberg, 1965; Henning et al. 1967). The present study tends to
confirm this view, both by the finding in subject 4 of different phage types and
also by the persistence in the throat despite apparent eradication or at least
suppression in the nose of several subjects.

There was a marked individual variability in the frequency of carriage in the
throat: S. atireus was isolated from the throat of subject 9 on 15 out of 16 occasions,
and from the throats of subjects 4, 13, 16, 21 and 25 on 50% of occasions or more.
In contrast, S. aureus was never isolated from the throats of subjects 10, 12 and
23.

In one subject (no. 9), the fact that the nose remained clear for 2 weeks after
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the organisms were isolated from the throat might indicate that the failure of
eradication was due to the nose being recolonized from the throat. In 14 studies
in which eradication of nasal carriage was attempted with a variety of topical
treatments, the percentage of subjects yielding positive nasal swabs during the
study was 17-5%, and it was much higher during the follow-up period (Wheat,
Kohler & White, 1981). Throat carriage has not previously been postulated as a
possible reason for the failure of eradication from the nose.

It was unfortunate in this study that throat swabs were only taken from known
nasal carriers, but in the circumstances it was felt wiser to keep the investigations
which some people might find unpleasant down to a minimum. As it was, from
week 35 onwards subject 26 refused to cooperate any further.

No reference has been found in the literature to the effect on throat carriage of
interfering with the nasal flora.

Clearly, the relationship between nose and throat carriage is poorly understood,
and further longitudinal studies are required. A study of this size can only raise
questions and provide a basis for future investigations.

Eradication attempts
It had been hoped that total eradication of S. aureus might be achieved. This

has proved extremely difficult in other studies (Wheat, Kohler & White, 1981).
In some studies the phage type found at follow-up has been different from the
subject's original type; it is then not unreasonable to suggest that the eradication
was successful, but the subject has since been colonized by a new strain. However,
when the phage type is the same as in the original type it is not possible to say
whether the organism was truly eradicated, and subsequently re-acquired, or
whether it never was eradicated, merely suppressed. In the present study the
reappearance of the same phage type some time after its apparent eradication
would, if no other subject were carrying that type, imply that the therapy had
only suppressed and not eradicated.

Naseptin has been shown to be effective in the reduction of nasal carriage of S.
aureus (Henderson & Williams, 1961; Rountree et al. 1962), so it was thought
possible that some, or even most, nasal carriers would no longer carry after the
application of this ointment. If the skin was a site of resident carriage in any
subject, it was hoped that washing with chlorhexidine and dusting with medicated
talc might remove the organisms from the skin. In case these treatments failed,
an alternative agent was available. Polynoxylin has been used less widely as a
topical nasal cream than Naseptin, but it has been shown to have a high in vitro
activity against S. aureus (Blenkharn, 1985).

The first attempt at eradication was made in weeks 4 and 5; all subjects on both
bases were asked to apply Naseptin (ICI) ointment. The following week (week 6)
none of the subjects on the old base had a positive swab. On the new base, subjects
16, 17 and 22 all had positive nasal swabs. It was thought possible that the
ointment had frozen in transit which had in some way affected its efficacy, although
no such effect could be demonstrated on base by in vitro testing. The course was
repeated on the new base in weeks 7 and 8 with Naseptin which had been prevented
from freezing in transit. Subject 16 had a positive nasal swab in week 9, but there
was no other positive nasal swab on the new base in that week.
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By week 16 there were 11 positive nasal swabs, so in weeks 18 and 19 a second

attempt at eradication was made; all subjects were asked to apply Naseptin again,
but in addition to wash and shower with Hibiscrub (ICI), and to dust bedding and
towels with Savlon talc (ICI). In week 20 subjects 9, 16, 21, 22 and 28 all had
positive nasal swabs.

In week 29, 11 subjects were still carrying S. aureus, so in weeks 31 and 32 a
course of polynoxylin (Anaflex, Geistlich) cream was given to all carriers. No effect
on carriage could be seen. During all the attempts at eradication so far, no swab
had been taken during the treatment. In week 34 or week 37 each carrier was asked
to apply Naseptin ointment to the nose again, but during this course swabs were
taken. In every carrier the nasal swab became negative either during or on the
first occasion after the course, but in nine carriers it was again positive on the
following week. Subject 21 remained negative until 2 weeks after the course was
stopped.

Subject 9 lost the organism from his nose and throat following the treatment.
It returned to his throat the next week, but it was not isolated from his nose again
until 2 weeks after that.

In subject 10, eradication may have occurred following the first course of
treatment. The strain which was found in week 25 was indistinguishable from that
which he carried initially, but it was also indistinguishable from the strains carried
consistently by subjects 4 and 13, so he may have been reinfected.

Subject 6 (Table 1) was a nasal carrier on the two occasions that swabs were
taken before the first eradication attempt. Following the course of topical Naseptin
he appeared to have been cleared, and for the next 35 weeks S. aureus was not
grown from any of his swabs. On week 41, the last week of isolation, a S. aureus
was grown from his nasal swab of a phage type not previously seen. The cultures
from his first two swabs failed to revive, but they were of an unusual antibiotic
sensitivity, and the same as the final culture. On the following week, although the
isolation had ended, a swab was taken from this subject and the same strain was
obtained. It appears therefore that this strain had been present throughout the
study and had somehow escaped detection. No throat swab was taken from this
subject, so it is not possible to state that the organism did not persist there, or
indeed at any other site not swabbed in this subject. One cannot exclude the even
less likely possibility that this strain was resident for 35 weeks in another subject
at some protected site. A similar phenomenon occurred with subject 23 when in
weeks 24-26 he was found to be carrying a strain which had not been seen before
during the study.

As there was no significant skin carriage in these two subjects, or indeed in any
other subject, it is unlikely that failure of eradication was due to persistence of
organisms on the skin, but in addition the chlorhexidine washes would have
significantly reduced the number of organisms of &. aureus on the skin (Seeberg,
Lindberg & Bergman, 1981), although it has been estimated that as many as 20%
of skin bacteria are protected by follicles, crevices and lipids (Selwyn & Ellis,
1972).

Intraleukocytic sequestration of S. aureus has been put forward as a possible
explanation for persistent peritonitis in continuous ambulatory peritoneal dialysis
(Buggy, Schaberg & Swartz, 1984). Although this applies to patients in whom the
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immune response may not be normal, perhaps a similar process could have
occurred in these cases. Whatever the cause, these findings show that it is never
possible to claim with confidence that eradication has been achieved when S.
aureus has not been isolated from a nasal swab even for several months ater a
course of therapy. It is therefore suggested with caution that successful eradication
seemed to have been achieved in weeks 18 and 19 in subject 17, and possibly also
in subject 24, as for the remainder of the study neither of these subjects yielded
8. aureus from any swab.

Lindbrom & Laurell (1967) found that administration of Naseptin cream and
Soframycin (framycetin, gramicidin and metaoxidrine) spray 'did not materially
reduce the proportion of persistent carriers', and their reduction in overall carriage
rates was therefore due to eradication (or suppression) in intermittent carriers. In
the present study the consistent carriers were remarkably unaffected by the
various agents used, except for subject 6, who may have been a 'dormant'
persistent carrier (Table 1). Of the 6 intermittent carriers, whilst 8. aureus may
have been eradicated from 2 by the treatment, in 2 subjects (25 and 26) consistent
carriage of a particular phage type followed application of treatment.

Inhibition of S. aureus by other strains of the same species is well recognized
(Aly, Shinefield & Maibach, 1982), but it also occurs with other species (Martin
& White, 1968) and it may be'that in the case of subject 25 the treatment given
in weeks 18 and 19 allowed the strain of S. aureus carried by subject 16 to colonize
an ecological niche vacated by a protective organism.

It seems, then, that topical application of antibacterial agents is not only an
uncertain way to eradicate S. aureus, but may have a counterproductive effect.
All the isolates in this study were shown to be sensitive to neomycin by the disk
method, so drug resistance is not the explanation.

It would have been interesting to have attempted to eradicate 8. aureus using
other agents, either systemic antibiotics or an agent such as rifampicin, which has
been shown to be effective in eradicating this species for longer periods than many
other agents (Wheat et al. 1983; McAnally, Lewis & Brown, 1984).

Transfer of organisms
One advantage of the circumstances of this study is that samples can be collected

from all the contacts of every subject. This allows an assessment of the degree to
which organisms may be transferred between individuals, and might be able to
demonstrate the presence of a disseminator and the tendency of his fellow winterers
to acquire his strain. In a study of this size one would be lucky to obtain clear
evidence as to the relative importance in the transfer of strains of factors in the
organism (Kay, 1963) and factors in the host (Hoeksma & Winkler, 1963; Noble,
Valkenberg & Wolters, 1967; Noble, 1974; Kinsman, McKenna & Noble, 1983),
but the evidence might be produced by several such studies.

Each of the consistent carriers continued to carry the same type throughout the
study, although subject 12 was found to be carrying a different phage type on two
occasions. Subjects 17, 23, 25 and 26 did acquire strains of the same phage types
as those carried by consistent carriers, although only in the latter two subjects did
the new strain persist up to the end of the study. Dispersal of S. aureus is
proportional to the degree of skin contamination (Noble & Davies, 1965), and as
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Fig. 1. Sleeping arrangements. All but three subjects on the old base shared two-bunk
rooms. Subjects on the new base (under construction) slept in the unfinished office block
until week 37 of isolation when the dormitory block was completed.

none of the subjects in this study was a heavy skin carrier it is not surprising that
there was so little transfer.

Figure 1 shows the sleeping arrangements on both bases. As it happened, on the
old base each consistent or intermittent carrier shared a room with a subject from
whom S. aureus was never isolated, with the exception of subject 9 who shared
with subject 15, from whom a positive nasal swab was obtained in week 1. This
isolate had a different antibiotic sensitivity from the strain consistently carried
by subject 9.

There is some relationship between the sleeping arrangements and some of the
cases of transfer which occurred on the new base. Subject 17 slept in the same room
as subject 22, whose strain he carried in weeks 13, 15 and 16, and possibly on other
occasions during that period, and subject 23 slept in the same room as subject 28,
whose strain he carried from week 34 onwards.

The fact that all the cases of transfer occurred on the new base may be a reflection
of the primitive conditions in which the men lived for most of the period of the
study.

Rountree & Beard (1962) felt that fomites were a possible source of infection,
but this was disputed by Howe (1963) and Gonzaga et al. (1964). Finch, Price &
Hawksworth (1978) showed that, in a domestic environment, S. aureus was only
present on fomites in low amounts. As S. aureus has to be present in high amounts
for it to be acquired from bedding (Gonzaga et al. 1964), and as there was no skin
carrier in this study, fomites seem an unlikely reservoir of organisms.
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Of the Antarctic studies, Sladen (1953) considered that fomites were an
unimportant reservoir of organisms, but Hadley (1981) suggested that fomites
might be significant. As skin swabs were not taken in either of these two studies,
it is possible that both were correct; if Hadley's subjects included a heavy skin
carrier, his bedding may have been a source of disseminated organisms. The
unimportance of fomites is suggested in this study by the fact that on the old base
each of the men who shared a room with a consistent or intermittent carrier never
once yielded a positive swab except subject 15, who had a positive nasal swab in
week 1 of a different antibiotic sensitivity from that of his room-mate, subject 9.

It might be argued that even though fomites were not capable of transmitting
organisms to others, they might be a source of reinfection following antibacterial
treatment. The likelihood of this was reduced by the dusting of towels and bedding
with Savlon talc during the second eradication attempt in weeks 18 and 19.

Typing of strains
Phage typing proved adequate to identify most of the strains isolated; 6 of the

10 distinct types obtained during the study were typable at RTD. Three were
phage group I, one was phage group III, and two were phage group V. The two
in group V gave different patterns of lysis with the experimental phages which were
applied to the RTD plate. Three of the four types which were not lysed by any
of the phages at RTD were typable at 100 x RTD, and they all belonged to phage
group III. Although the patterns of lysis of all the group III types were distinct,
the experimental phages applied to the 100 x RTD plates were useful in further
distinguishing them. The strains from subjects 4, 10 and 13 were not lysed with
any of the phages used at RTD or 100 x RTD. Non-typable strains were also
isolated from the axillary swabs of subject 26 in weeks 9 and 12, and from the
perineal swab of subject 20 in week 21. The non-typable strains found on the skin
were of a different antibiotic sensitivity to the strains isolated from the nasal
swabs.

Factors determining carrier status
It is a perennial feature of studies of staphylococcal carriage that some subjects

are persistent carriers while others are non-carriers. Since the carriage rate in the
newborn is high (Cunliffe, 1949) the subsequent loss of a resident population in
some individuals is likely to be due to the acquisition of a relative immunity to
S. aureus. The design of the present study did not include the investigation of the
relationship between carrier status and the presence of anti-staphylococcal
antibodies; work is currently being undertaken in similar populations to determine
the presence and nature of this relationship.

I would like to thank the British Antarctic Survey, and associated staff at the
Centre for Offshore Health, Aberdeen, for their support in this work, both financial
and moral. ICI and Geistlich kindly provided the antibacterial agents used gratis.
I would also like to thank the Staphylococcal Reference Laboratory, Colindale,
for their help with the phage typing, and the staff of the Bacteriology Department,
University of Aberdeen for their help with the writing of this paper. Finally, I
would like to thank my subjects, without whose patience, co-operation and
bacteria this study would not have been possible.

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


Staphylococcus aureus in Antarctica 443

REFERENCES

ALY, R., SHINEFIELD, H. & MAIBACII, H. (1982). Bacterial interference among S. aureus strains.
In Bacterial Interference (ed. R. Aly and H. Shinefield), chapter 2. Boca Raton: CRC Press.

ARMSTRONG-ESTHER, C. A. & SMITH, J. E. (1976). Carriage patterns of S. aureus in a healthy
non-hospital population of adults and children. Annals of Human Biology 3, 221-227.

BLAIR, J. E. & WILLIAMS, R. E. O. (1961). Phage typing of staphylococci. Bulletin of the World
Health Organisation 24, 771-784.

BLENKHARN, J. I. (1985). Biological activity of polynoxylin - an insoluble urea-formaldehyde
condensation product. Journal of Clinical Hospital Pharmacy 10, 367-372.

BUGGY, B. P., SCHABERG, D. R. & SVVARTZ, R. D. (1984). Intraleukocytic sequestration as a
cause of persistent S. aureus peritonitis in continuous ambulatory peritoneal dialysis.
American Journal of Medicine 76, 1035-1040.

CAMERON, A. S. (1970). Staphylococcal epidemiology in Antarctica. Journal of Hygiene 68,
43-52. ,

CAMPBELL, A. C. P. (1948). The incidence of pathogenic staphylococci in the throat with special
reference to glandular fever. Journal of Pathology and Bacteriology 60, 157-169.

CARMICHAEL, C. & TAYLOR, G. R. (1977). Evaluation of crew skin flora under conditions of a
full quarantine lunar-expedition mission. British Journal of Dermatology 97, 187-196.

CHRISTENSEN, P., HAEGER-ARONSEN, B., KAMME, C, NILSSON, N. J. & WELINDER, H. (1977).
Staphylococcus aureus in the throat: a saprophyte or a pathogen? Sca7idinavian Journal of
Infectious Diseases 9, 27-30.

CUNLIFFE, A. C. (1949). Incidence of S. aureus in the anterior nares of healthy children. Lancet
ii, 411-414.

FINCH, J. E., PRINCE, J. & HAWKSWORTH, M. (1978). A bacteriological survey of the domestic
environment. Journal of Applied Bacteriology 45, 357-364.

GONZAGA, A. J., MORTIMER, E. A., WOLINSKY, E. & RAMMELKAMP, C. H. (1964). Transmission
of staphylococci by fomites. Journal of the American Medical Association 189, 711-715.

GOULD, J. C. & MCKILLOP, E. J. (1954). The carriage of Staphylococcus pyogenes var. aureus in
the human nose. Journal of Hygiene 52, 304-310.

HADLEY, M. D. M. (1981). Nasal carriage of staphylococci in an Antarctic community. In The
Staphylococci (ed. A. Macdonald and G. Smith), pp. 239-254. Aberdeen University Press.

HENDERSON, R. J. & WILLIAMS, R. E. 0. (1961). Nasal disinfection of post-operative staphy-
lococcal infections of wounds. British Medical Journal 2, 330-333.

HENNING, C, HILLBORGH, U., LINDVALL, K., MARQVARDSEN, 0., SELLERS, J., WAHLIN, S. &
RANSJO, U. (1979). Comparison of Staphylococcus aureus carriage and skin infection rates in
hospital and office employees. Journal of Hygiene 83, 437—444.

HOEKSMA, A. & WINKLER, K. C. (1963). The normal flora of the nose in twins. Ada Leidensia
32, 123-133.

HOWE, C. W. (1963). Sources of postoperative staphylococcal infection. Antimicrobial Agents
and Chemotherapy, 671-678.

KAY, C. R. (1963). Staphylococcal nasal carriage in the family. Journal of the Royal College of
General Practitioners 6, 47-65.

KINSMAN, O. S., MCKENNA, R. & NOBLE, W. C. (1983). Association between histocompatibility
antigens (HLA) and nasal carriage of S. axireus. Journal of Medical Microbiology 16, 215-220.

LINDBROM, G. & LAURELL, G. (1967). Studies on the epidemiology of staphylococeal infections.
4. Effect of nasal chemotherapy on carrier state in patients and on postoperative sepsis. Ada
Pathologica et Microbiologica Scandinavica 69, 237-245.

MCANALLY, T. P., LEWIS, M. R. & BROWN, D. R. (1984). Effects of rifampicin and bacitracin
on nasal carriers of S. aureus. Antimicrobial Agents and Chemotherapy 25, 422-426.

MCAULIFFE, G. W. & LEASK, M. (1941). Laboratory analysis of the content of tonsil crypts as
obtained by the wet suction technic. Archives of Otolaryngology 34, 758-770.

MCLEAN, A. L. (1918). Bacteria of ice and snow in Antarctica. Nature 102, 35-39.
MARTIN, R. R. & WHITE, A. (1968). The reacquisition of staphylococci by treated carriers: a

demonstration of bacterial interference. Journal of Laboratory and Clinical Medicine 71,
791-797.

MASTERS, P. L., BRUMFITT, W., MENDES, R. L. & LIKAR, M. (1958). Bacterial flora of the upper
respiratory tract in Paddington families. British Medical Journal i, 1200-1205.

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610


444 S. J. RRIKLBR

MORRIS, J. E. W. & FALLON, R. J. (1973). Studies on the microbial flora in the air of submarines
and the nasopharyngeal flora of the crew. Journal of Hygiene 71, 761-770.

NOBLE, W. C. (1969). Skin carriage of the Micrococcaceae. Journal of Clinical Pathology 22,
249-253.

NOBLE, W. C. (1974). Carriage of S. aureus and beta haemolytic streptococci in relation to race.
Ada Dermatologica et Venereologica 54, 403-405.

NOBLE, W. C. & DAVIES, R. R. (1965). Studies on the dispersal of staphylococci. Journal of
Clinical Pathology 18, 16-19.

NOBLE, W. C, VALKENBURO, H. A. & WOLTERS, H. L. (1967). Carriage of Staphylococcus aureus
in random samples of a normal population. Journal of Hygiene 65, 567-573.

REPORT (1975). Report (1970-1974) of the Subcommittee on Phage-Typing of Staphylococci to
the International Committee on Systemic Bacteriology. International Journal on Systemic
Bacteriology 25, 241-242.

ROUNTREE, P. M. & BEARD, M. A. (1962). Observations on the distribution of S. aureus in the
atmosphere of a surgical ward. Journal of Hygiene 60, 387-400.

ROUNTREE, P. M., LOEWENTHAL, J., TEDDER, E. & GYE, R. (1962). Staphylococcal wound
infection: the use of neomycin and chlorhexidine ('Naseptin') nasal cream in its control.
Medical Journal of Australia 2, 367-370.

SCOTT, R. F. (1913). Scott's Last Expedition, vol. 1, p. 269. London: Smith Elder.
SEEBERO, SM LINDBERO, A. & BERGMAN, B. R. (1981). Preoperative shower bath with 4%

chlorhexidine detergent solution: reduction of S. aureus in skin carriers and practical
application. In Skin Microbiology, Relevance to Clinical Infection (ed. H. Maibach and R. Aly),
chapter 11. New York: Springer-Verlag.

SELWYN, S. & ELLIS, H. (1972). Skin bacteria and skin disinfection reconsidered. British Medical
Journal 1, 136-140.

SLADEN, W. J. L. (1953). Bacteriological work in the Antarctic. MD Thesis, University of
London.

SOLBERO, C. A. (1965). A study of carriers of Staphylococcus aureus. Ada Medica Scandinavica,
suppl. 436.

TASHPULATOV, R. I. U. & PETROSOV, V. V. (1973). Medical research on Arctic and Antarctic
expeditions. Published by the Israel Programme for Scientific Translation, Jerusalem.

TAYLOR, G. R. & ZALOOUEV, S. N. (1976). Medical Microbiological Analysis of Apollo-Soyuz Test
Project Creumembers. National Aeronautic and Space Administration report no. TMX-58180.

VOGELSANG, T. M. (1951). The incidence of penicillin-resistant pathogenic staphylococci isolated
from the upper respiratory tract of young healthy persons. Ada Pathologica et Microbiologica
Scandinavica 29, 363-367.

VOGELSANG, T. M. (1958). Carriage of phage patterns of pathogenic staphylococci in medical
students. Ada Pathologica et Microbiologica Scandinavica 43, 196-210.

WHEAT, L. J., KOHLER, R. B. & WHITE, A. (1981). Treatment of nasal carriers of coagulase-
positive staphylococci. In Skin Microbiology, Relevance to Clinical Infection (Ed. H. I. Maibach
and R. Aly), pp. 50-57. New York: Springer-Verlag.

WHEAT, L. J., KOHLER, R. B., LUFT, F. C. & WHITE, A. (1983). Long term studies of the effect
of rifampicin on nasal carriage of coagulase-positive staphylococci. Reviews of Infectious
Diseases 5, (suppl. 3), 459-462.

WILLIAMS, R. A. (1969). Bacteriological survey in Antarctica. British Antarctic Survey Bulletin
19, 97-98.

https://doi.org/10.1017/S0022172400063610 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063610

