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I. Introduction and plan of study

Before aseptic methods were brought into
use, the frequency of infections among pa-
tients in hospitals was extremely high.
Today, hospital infections are far less
common, but in relation to the great
progress in medical research in the last de-
cades they still represent a major problem.

‘A substantial number of hospital infec-
tions are caused by yellow, coagulase po-
sitive staphylococci — Staphylococcus
aureus (here abbreviated to Staph. aureus)
(149). These organisms are extremely
widespread both inside and outside hos-
pitals. Fifty to seventy per cent of hospital
personnel and thirty to fifty per cent of the
external population carry these organisms
in the vestibule of the nose (87, 117).
Staphylococci are also frequently isolated
from the throat, faeces, vagina, axillae,
perineum and other skin sites (14, 17, 19,
56, 87, 133), as well as from the air, bed-
clothes, furniture and floors of the wards
(56, 87, 99, 125).

Certain staphylococcal strains seem to
be more virulent than others and individ-
uals harbouring such strains are assumed
to be “‘dangerous carriers”. However, it is
reasonable to assume that there is also a
quantitative aspect in the development of
staphylococcal infections.

Some staphylococcal carriers — the so-
called “heavy dispersers” — are able to
shed far larger numbers of these organisms
than other carriers (55, 99). The mode of

transmission of staphylococci is well known
(57), but it is not clear why carriers differ
in their ability to disperse the organisms
into the air (149).

The aim of the present study has prim-
arily been to investigate this quantitative
aspect; to study the question of why some
staphylococcal carriers disperse much lar-
ger numbers of organisms into the air
than others.

Measures for the prevention of staphy-
lococcal dispersal in hospitals have fre-
quently been investigated (40, 42, 43, 63,
101, 110, 117). Both personnel and pa-
tients have been treated with antibiotics
and skin disinfectants. The reduction of
bacterial air contamination has been at-
tempted by means of ultraviolet irradia-
tion, glycol vapour, improved ventilation,
oiling of floors and bedclothes etc.

The majority of investigations have been
undertaken on groups of individuals, e.g.
patients in one or more hospital wards.
The reduction of bacterial air contamina-
tion, frequency of staphylococcal nasal
carriers and septic lesions have been in-
dicators of the effectiveness of the treat-
ment (42, 43, 63, 110, 117).

In only a few investigations has atten-
tion been focussed on the individual car-
rier (98, 132). Little is therefore known
about the ability of the various remedies to
reduce the dispersal from carriage sites
and septic lesions, the only true sources of




hospital staphylococci. In the presentstudy,
the effect of antibiotic nasal spray and
hexachlorophane skin disinfection have
been investigated with a view to reducing
staphylococcal dispersal from individual

necessary to develop suitable methods for
quantitative estimations of Staph. aureus
on different sites of the body and for assess-
ment of the ability of individuals to dis-

perse the organisms into the air,

To study these problems, it has been

II. Methods

A. Methods of quantitative estima-
tion of Staph. aureus on different
skin areas.

Price (103, 104) and Lovell (81, 82) divi-
ded skin bacteria into two groups,
“transient” and “resident” flora.

The first group comprises all bacteria
which are conveyed to the skin from the
surroundings. These organisms are usually
loosely attached to the surface of the skin.
They are relatively easily removed by
ordinary washing with soap and water,
scraping the skin with a knife or rubbing
with a moistened swab, They are present
in greatest numbers on the uncovered
parts of the body and particularly under
the nails (1), while far fewer organisms can
be isolated from covered skin areas. The
group includes both saprophytes and vari-
ous pathogenic bacteria such as gram-
positive cocci and enterobacteria. Trans-
ient organisms may become resident; this
sometimes occurs when the skin is exposed
to the prolonged action of infected material.

The resident organisms multiply on the
skin. They lie in the outer layer of the
epidermis, in the pilonidal follicles and
sebaceous glands, but have not been de-
monstrated in the sweat glands (81). The
number of resident organisms seems to be
fairly constant for the same individual
from time to time (103). They cannot be
completely removed by mechanical and
chemical means. Generally, they comprise
three groups of saprophytes: micrococci,
corynebacteria and Propionobacterium
acnes (85).

1, Previous methods.

The total number of bacteria on a skin
area cannot be measured. By the methods
available only part of the skin flora can be
examined.

In order to assess the effect of skin dis-
infectants, Price (103) developed a stand-
ardized form of hand washing. The hands
were washed with soap and brush in a
series of bowls of water, and the bacterial
count for each bowl was determined.
Nearly all the transient bacteria were
washed off in two minutes and the total
skin flora was reduced by about a half
every six minutes. Price (103) maintained
that theoretically it would take about two
hours of continuous washing to sterilize
the skin. His method is probably the most
exact for quantitative estimation of the
bacterial flora of the hands, but it is very
time consuming. Other investigators (20,
37, 106) have used the same method in
principle but with fewer washing steps.
In still other investigations (83, 84) a
standardized form of hand washing with-
out scrubbing has been employed.

Skin contamination has also been as-
sessed by pressing the culture medium
against the skin and counting the resultant
number of colonies (49, 58, 79, 118). This
method lends itself best to the investiga-
tion of the bacterial flora of the hands.

Rubbing the skin with moistened swabs
subsequently plated on solid media is a
method which has often been employed
(30, 39, 54, 55, 87). Alginated swabs have
been dissolved, for example, in Ringer
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solution from which counts of viable organ-
isms have been made (3).

Abrahmson and Smorodinzeff (1) rub-
bed the skin with sterile gauze and Hagler
(70) used a hemp or silk thread. Colebrook
(24) swabbed the fingers with sterile broth,
making cultivations in poured agar and
on the surface of solid media. Burtenshaw
(16) applied a rectangular glass chamber
to the skin, added saline, and scraped
the skin with a glass slide to make a sus-
pension of organisms from which he made
viable counts. In principle the same me-
thod has been used later (69, 84, 122).
Several authors (13, 83) have counted the
number of organisms in surgical gloves
after use for a given period.

The accuracy of these methods has
seldom been investigated. Price (103)
examined the results of rubbing the skin
with sterile swabs and scraping with a
sterile scalpel. He found that “transient
bacteria, whether involuntary contamina-
tion or test-bacteria, could be pretty
effectively recovered by these means,
although the results from a quantitative
standpoint were not dependable. In testing
the resident flora, however, scraping and
rubbing (particularly the former) proved
unreliable, even from a qualitative stand-
point”. In these investigations Price did
not, however, describe how the quanti-
tative determinations were performed.

The results probably vary considerably
from method to method, the variations for
each individual method being smaller.

2. Personal methods.

In the present study, two methods of
quantitative estimation of Staph. aureus
on the skin have been employed. In one
method, different skin areas were ex-
amined by means of moistened cotton
wool swabs. The other method was a
standardized form of hand washing.

a. Equipment. it -
Swabs : The swabs were made of steel wire
and cotton wool. The steel wire was 20 cm
long. The cotton wool, which was wound
tightly round one end of the wire, had a
diameter of 0.5 cm, the length varying
frem 2 to 10 cm depending on the size of
the skin area to be examined.

Test tubes: 16 cm long test tubes with
an internal diameter of 14 mm.

Pipettes : Calibrated pipettes, capacity
0.1, 1 and 10 ml.

Fluids : 0.9 per cent saline was used for
all dilutions and for moistening the swabs.
Ordinary tap-water was used for washing
the hands.

Washing bowls : These were about 15 cm
deep and held 4 litres.

Measuring cylinder: A 500 ml cylinder
was used to measure the washing water.

Brushes : Ordinary nail brushes were
employed.

All equipment was sterile.

b. Description.

Method of investigating different skin areas.
The skin areas were firmly rubbed six
times with swabs moistened in 0.9 per cent
saline. Every second time the swabs were
rotated about 120°. Two swabs were
used for the same skin area, one after the
other.

After obtaining the sample the swabs
were put into a test tube containing 10 ml
of 0.9 per cent saline and treated in the
following manner: the steel wire was held
between the first and second fingers and
rotated 20 to 30 times each way, as fast
as possible, until the cotton wool was freed
from the wire. The cotton wool was then
gathered round the steel wire and squeezed
against the wall of the tube to express the
fluid. These operations were performed 5
times with each swab, The swabs were then
transferred to a second test tube with 10 ml

of 0.9 per cent saline and treated in the
same way.

The contents of the tubes were mixed
and several of the following volumes of the
original suspension incubated on manni-
tol salt agar plates: 1/20, 1/40, 1/80,
1/1,000, 1/4,000, 1/40,000. Each plate was
incubated with 0.25 ml suspension. For
each sample 1/20, 1/40 or 1/1,000 of the
original suspension was always incubated,
together with one or two of the other
volumes, depending on the presumed de-
gree of skin contamination.

Clean pipettes were used for each dilu-
tion tube. The incubates were distributed
over the medium by shaking the plates
horizontally. After 10—20 minutes the
fluids had dried into the media and the
plates were put in the incubator with the
lid downwards. After incubation for 48
hours at 37°C, the Staph. aureus colonies
were counted and the number of organisms
in the original suspension calculated. If a
plate yielded more than 200—300 Staph.
aureus colonies, one which was incubated
with a smaller volume of the original sus-
pension was counted.

Sample from the upper lip. The sample was
obtained from a 4 sq. cm area in the middle
of the upper lip just below the nose.

Sample from the fingers. The sample was
obtained from under the nails and proxim-
ally from an areca 3 cm wide and 2 cm
long on the palmar surface of the fingers.
Four swabs were used for each hand, 2
swabs for the 1st and 2nd fingers and 2
swabs for the other fingers.

Sample from the perineum and extra-perineal
area. As far as possible, the precise perineal
area examined in women was that be-
tween the anal orifice and the vaginal
introitus and 3—4 cm to each side of the
mid-line, and in men the area between
the anal orifice and the posterior fold of
the scrotum and 3—4 cm to each side.

Rl
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The extra-perineal area constituted here a
5 em broad field outside the perineum on
both sides.

Sample from the axillary regions. The
sample was obtained from a 50 sq. cm
arca in the central part of each axilla.

Sample from the skin of the abdomen. The
sample was obtained from 200 sq. cm of
the skin in the umbilical region.

Sample from staphylococcal infected skin
lesions. The whole infected area was samp-
led, but on 3 occasions these areas were
so large that samples were only taken from
a smaller part.

Sample from the auditory meatus. The swabs
were rubbed around the walls of the
auditory meatus.

Method of investigating the hands.

This method is the same as that described
by Lowbury et al. (84), except for minor
modifications.

After obtaining the finger samples, the
subjects washed their hands in half a litre
of water at 40°C. Both hands were
thoroughly moistened up to the wrist and
then rubbed firmly 3 times palm to palm,
3 times with the right palm over the
left dorsum, 3 times with the left palm
over the right dorsum and 3 times with
the fingers interlacing. The hands were
thoroughly rinsed between each of these
manoeuvres. The whole procedure was
repeated 5 times in the same water.
The subjects were supervised throughout
the washing, which lasted about four mi-
nutes. The following volumes of the water
were incubated: 1/500, 1/2,000, 1/10,000
and occasionally 1/100,000. Each plate was
incubated with 0.25 ml suspension.

c. Reproducibility.
In patients who were non-carriers of sta-
phylococei (samples obtained from the
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Table 1. Per cent of test bacteria recovered from
upper lip of 15 individuals.

com; with the results of the later in-
vestigations (chapters IV, V, VI and VII),
these variations were of minor importance.

In the later examination of staphy-
lococcal carriers the distribution of the
counts from the skin, air and nasal samples
was skewed, as commonly occurs in such
data (51, 86, 147). The frequency distri-
bution of the counts was found to approxi-
mate the log.-normal form. For statistical
analysis, the counts were therefore trans-
formed to a logarithmic scale and all
computations made on the transformed
figures. This was accordingly also done
in testing the reproducibility of the
technique.

The reproducibility of the technique was
calculated for each skin area in 3 groups
of 5 subjects. Tested by an analysis of

Table 2. Per cent of test bacteria recovered from

Table 3. Per cent of test bacteria recovered from

The number of staphylococci lost during
treatment of the swabs was investigated
in the following manner. Five swabs were
infected with 0.1 ml of a suspension of
staphylococci and treated in physiological
saline as previously described. Three such
experiments were performed and the num-
ber of viable organisms was calculated for
each experiment in five 0.1 ml samples of
the suspension used. The results are given
in table 7. From 50 to almost 100 per cent
of the infecting organisms were recovered
from the swabs.

From patients who were staphylococcal
skin carriers, three consecutive samples
were obtained from the same skin site,
using swabs in the manner previously de-
scribed. The results are given in table 8.
The first sample always yielded the ma-

Table 4. Per cent of test bacteria recovered from skin
of abdomen of 15 individuals,

No.of infecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from Mean of 5 indi- | Mean

3 suspensions viduals
11.9 46.3
14.1 . 29.3
12.2 12.4 63.7 49.3
11.9 50.5
12.1 56.6
4.6 24.0
4.4 58.7
48 4.5 42.7 40.6
4.2 21.4
4.5 56.0
9.4 57.3
8.3 : 60.8
8.6 9.1 18.1 44.3
9.4 56.8
9.6 28.2

nose, throat, upper lip, axillae, skin of
abdomen and perincum) the described
areas of upper lip, Ist and 2nd fingers of
one hand, skin of abdomen, axillae and
perineum were infected with 0.04 ml and
the hands with 1 ml of a suspension of
Staph. aureus in physiological saline. For
each skin area 3 groups of 5 subjects were
infected, and for each group the numbers
of infecting organisms were calculated in
five samples of the suspension used.
After the skin had dried for 5 minutes,
samples were obtained by the methods de-
scribed. The results are given in tables
1—=6. Within each group the variations in
the numbers of organisms used for infec-
tion were small, but the numbers of orga-
nisms isolated from the different subjects
varied to a much greater extent. However,

fingers of 15 individuals.

No. ofinfecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from | Mean | of 5indi- | Mean

3 suspensions viduals
11.9 19.7
14.1 39.5
12.2 12.4 34.1 39.0
11.9 56.3
12.1 45.2
4.6 66.7
4.4 32.7
4.8 4.5 40.0 40.5
4.2 37.4
4.5 25.8
9.4 50.7
8.3 60.8
8.6 9.1 18.1 40.3
9.4 23.4
9.6 48.5

axillae of 15 individuals.

No. of infecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from Mean | of 5 indi- | Mean

3 suspensions viduals
9.4 28.7
8.3 11.5
8.6 9.1 9.7 19.0
9.4 28.7
9.6 16.3
16.7 30.3
15.9 40.0
15.9 16.9 9.2 21.9
17.1 19.4
19.0 10.8
1.6 52.2
1.7 34.1
2.0 1.8 11.4 26.4
1.5 9.1
2.0 25.0

homogeneity of variance according to
M. S. Bartletts formula (119) for approxi-
mate y*-distribution, the group variances
did not prove to be significantly different
(P>5 per cent). The mean values for
each group were then tested by an ordinary
one-way analysis of variance. The calcu-
lated F-values with f;, =2 and f,=12 de-
grees of freedom were 0.7121 for upper lip,
0.2238 for fingers, 0.2612 for axillae, 1.8126
for skin of abdomen, 0.2727 for perineum
and 0.1195 for hands. The corresponding
P-values were 20 per cent for the skin of
abdomen and more than 50 per cent for
the other skin areas. Consequently, there
was no significant difference between the
groups. Thus, the reproducibility of the
methods was considered to be satisfactory.

No. of infecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from Mean of 5 indi- Mean

3 suspensions viduals
11.9 66.6
14.1 59.2
12.2 12.4 4.4 57.9
LL.9 65.6
12.1 53.7
4.6 525
4.4 40.9
4.8 4.5 49.8 54.4
4.2 56.9
4.5 72:)
11.7 36.4
13.2 73.6
13.4 13.0 42.0 515
12.0 71.4
14.9 64.1
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Table 5. Per cent of test bacteria recovered from
: of 15 individuals.

No.of infecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from | Mean | of 5 indi- | Mean

3 suspensions viduals
145.0 58.5
131.0 30.9
1500 | 1454 44.7 42.6
144.0 50.2
157.0 28.9
154 30.1
15.5 22.3
15.0 15.9 57.7 42.8
16.3 48.4
14.6 35.3
12.9 25.3
14.5 54.9
13.7 13.9 74.7 48.7
15.4 30.5
13.1 56.9

jority of the staphylococci, only small
numbers being isolated in the last sample.

To investigate whether the results ob-
tained by the hand washing technique
were representative of the actual number
of staphylococci on the hands, 10 patients
who were staphylococcal skin carriers per-
formed the following experiment. After
the standardized hand washing, they
scrubbed their hands for two minutes in
a second bowl of water, rinsed them
thoroughly in this water and scrubbed
their hands again for two minutes in a
third bowl. Counts of the viable staphy-
lococei in each bowl were made. The re-
sults are given in table 9. The ratio be-
tween the numbers of staphylococci in the
first bowl, and in the three bowls together,
varied between 19 and 66 per cent. There

was a significant decrease in the number

of organisms from the 2nd to the 3rd hand
washing.

d. Discussion.

In consecutive samples obtained from the
same skin site, using moistened swabs,
the majority of Staph. aureus were de-
monstrated in the first sample and rela-
tively small quantities or nothing at all
in the last test. Compared with the results
obtained in experiments using test orga-
nisms, these investigations show that the
numbers of staphylococci demonstrated
by the method described, were represen-
tative of the quantities of these organisms
in the transient flora where they usually
appear (81, 82, 103, 104).

Table 6. Per cent of test bacleria recovered jfrom

hands of 15 individuals.

No. of infecting organ- | Per cent of organisms
isms (in thousands) recovered
Replicate 3 groups of

counts from | Mean of 5indi- | Mean

3 suspensions viduals
188 23.4
150 24,7
160 162 49.4 42.0
168 55.6
146 56.8
608 43.4
618 26.2
606 649 21.0 33.0
692 30.2
720 44.1
646 37.8
722 41.1
654 661 33.6 32.2
628 46.9
656 16.0

Table 7. Per cent of test bacteria recovered from

15 swabs.

No. of infecting organ- Per cent of organ-
isms (in thousands) 1sms recovered
chlicat'c 3 L

countsfrom 3 [ Mean | grswi Mean
suspensions
1.8 60.3
i 69.0
1.8 1.9 81.9 73.7
2.1 . 94.8
1.8 62.5
1.3 99.5
1.8 89.0
1.3 1.5 89.0 79.6
1.6 49.7
1.6 70.7
10.6 81.5
9.7 72.5
98 9.8 78.6 81.2
9.0 90.9
10.4 82.3
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Scrubbing the hands for two minutes re-
moves the transient flora (103). In the
present investigation (table 9) the transient
flora of the hands (as well as some of the
resident flora) should consequently have
been removed by the three hand washings.
Since 19 to 66 per cent of the total number
of Staph. aureus in the 3 hand washings
was demonstrated in the first bowl, the
results obtained by the standardized hand
washing should be representative of the
number of staphylococci in the transient
flora of the hands.

The considerable drop in the number of
staphylococci from the 2nd to the 3rd hand
washing, supports the theory that most
of these organisms belong to the transient
skin flora. Accordingly, the results ob-
tained by this method should also be re-
presentative of the total number of Staph.
aureus on the hands of most of the skin
carriers.

Table 9. Number of staphylococci in 3 consecutive samples from the hands of 10 skin carriers.
No. of colonies X dil. (in thousands).

Pat. Sample no. | Ist sample as
= Zale: Total per cent
1 2 3 of total
1 182.0 82.0 14.0 278.0 65.5
2 145.0 75.0 3.5 223.5 64.9
3 36.0 48.0 7.0 91.0 39.6
4 25.0 36.0 2.5 63.5 39.4
5 39.0 41.5 32 84.0 46.4
6 90.0 100.0 10.0 200.0 45.0
7 305.0 285.0 61.0 651.0 46.9
8 90.0 80.0 9.5 179.5 50.1
9 110.0 370.0 100.0 580.0 19.1
10 840.0 1,360.0 46.0 2,246.0 37.4
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Table 8. Number of staphylococci in 3 consecutive samples from the same shin area.
No. of colonies X dil. (in thousands).

Pat. Skin Sample no. Total) ‘;‘cr”;“;:"o:’
e o 1 2 3 (FRHaE total (mean)
1 0.34 0.02 <0.02 | 0.38—0.36 91.9
2 0.70 0.16 <0.02 | 0.88-—-0.86 80.5
3 1.92 <0.02 <0.02 | 1.96—1.92 99.0
4 0.08 <0.02 <0.02 | 0.12—-0.08 80.0
5 ; 0.04 < 0.02 <0.02 | 0.08—0.04 66.7
6 Fingers 105.00 20.00 1.00 126.00 83.3
7 0.88 0.18 0.06 1.12 78.6
8 20.00 3.00 0.28 23.28 85.9
9 0.40 0.10 0.02 0.52 76.9
10 85.00 13.00 0.20 100.00 85.0
11 52.00 9.00 1.00 62.00 83.9
12 Upper 0.08 0.02 <0.02 | 0.12—-0.08 80.0
13 lip 1.08 0.12 <0.02 | 1.22—1.20 89.3
14 2 168.00 120.00 11.00 299.00 56.2
15 Axiliag 680.00 284.00 32.00 996.00 68.3
16 1.60 0.44 0.16 2.20 72.7
17 244.00 96.00 4.00 344.00 70.9
18 Perineum 32.00 7.60 2.00 41.60 76.9
19 56.00 2.80 0.80 59.60 94.0
20 2.08 0.44 0.08 2.60 80.0
21 27,480.00 6,780.00 200.00 34,460.00 79.8
22 38,700.00 18,300.00 6,360.00 63,360.00 61.1
23 Dermal 4,960.00 3,980.00 1,750.00 10,690.00 46.4
24 lesion 91,00 27.00 4.00 122.00 74.6
25 44 800.00 13,600.00 6,000.00 64,400.00 69.6

e. Summary and conclusions.

1. A method of quantitative estimation
of Staph. aureus on different skin areas and
a method of determining staphylococcal
contamination of the hands are described.

2. By infecting different skin areas with
a suspension of Staph. aureus it was de-

monstrated that the reproducibility of the
methods was satisfactory.

3. The results obtained by the methods
were representative of the number of
Staph. aureus in the transient skin flora
of staphylococcal carriers.

et e e

B. Method of quantitative estima-
tion of Staph. aureus in the vesti-
bule of the nose.

1. Previous methods.

Nasal cultures have usually been obtained
from the vestibule with cotton wool swabs
and spread on various solid media or put
into broth. Some authors (123) claimed
that they achieved a higher frequency of
positive samples by so-called “deep swab-
bing”, i.e. obtaining samples from the vesti-
bule and backwards to below the middle
concha. On this point, however, opinions
are divided. Williams et al. (149) main-
tained that nothing would be gained by
swabbing the higher reaches of the nose,
and in fact, that mistakenly swabbing be-
yond the vestibule might produce artifici-
ally low carrier rates. The investigations
of Moss et al. (98) support this view.

The quantitative assessment of these
organisms in the nasal vestibule has gen-
crally been based on a rather crude dis-
tribution into three groups (scanty, mo-
derate and abundant) of staphylococcal
colonies which grew on solid media stroked
by the culture stick. Siboni (117) used a
more differentiated distribution into 6
groups. Others (55, 56, 107) have counted
those plates which contained less than
1,000 colonies, while those yielding more
were grouped as co.

White et al. (142) obtained nasal cul-
tures by means of cotton wool swabs
moistened in broth. The swabs were put
into small tubes containing 3 ml broth
and shaken for 5 minutes in a Khan shaker.
Serial ten-fold dilutions of the broth were
then plated on agar media. After incuba-
tion, the pigmented colonies were counted
and multiplied by the dilution factor.

Presumably the last method gave the
best expression of the number of Staph.
aureus in the nasal vestibule.

Y e,
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2. Personal method.

a. Description.

Nasal samples were obtained from the en-
tire anterior nares, both lateral and medial
walls. First a cotton wool swab (the cotton
wool covered 2—3 cm of the end of the
swab) moistened in 0.9 per cent saline was
rubbed with even pressure and constant
rotation five times round the inside of each
nostril parallel to the skin. Immediately
afterwards the anterior nares were exa-
mined in the same way, but this time using
a dry swab. The swabs were treated in
saline as described for skin samples, and
the number of staphylococci calculated.

b. Reproducibility.

It was difficult to implant a known quan-
tity of Staph. aureus in the nasal vestibule.
The reproducibility of the technique was
therefore tested by obtaining 10 conse-
cutive daily nasal cultures from 4 individ-
uals, who had been shown by 6 samples
taken at 3-day intervals to be persistent

Table 10. Number of staphylococci in daily nasal
samples from 4 persistent nasal carriers.
No. of colonies > dil. (in thousands).

Individ. no.
Day no. — Mean
1 2 3 $

S

Crirais 168 112 212| 3,920{ 1,103
S L 856 124 172 924 518
o e 160 40 801 6,1204 1,600
e 252 104 408| 1,960| 681
3 TR 160 284 3641 4,320 1,282
s s 296 324 524 8801 506
7 g el 100 76 196] 2,240] 653
gopie 1,040 136] 280| 760| 554
.2 [ o 440 48 764| 6,040 1,823
10 teaiin 960{ 40| 728| 4,600{ 1,582
Mean ... | 443 129] 373 3,176{(1,030)
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nasal carriers (the method of selection was
the same as for nasal carriers in chapter
IV). The results are given in table 10.
The reproducibility of the technique was
tested by an analysis of homogeneity of
variance according to M. S. Bartlett’s
formula (119) for approximate yx*-distri-
bution. The calculated value for y* was
0.433 with three degrees of freedom, and
the corresponding P-value was 93 per cent.
Consequently, the reproducibility of the
technique was considered to be satis-
factory,

Five consecutive (immediately after each
other) nasal cultures were obtained from
10 patients who were persistent nasal
carriers on 6 examinations at 3-day inter-
vals. The numbers of staphylococci in the
nasal samples are given in table 11 and the
logarithms of the cumulative values in fig.
1. The first two samples yielded consider-
ably larger numbers of organisms than

No. of colonies

30 mill, —

Table 11. Number of staphylococci in 5 consecutive
nasal samples from 10 persistent nasal carriers.
No. of colonies X dil. (in thousands).

Pat. Sample no.

oo B (Rt D A BT e B e

640 960 480 4801 120
1200 40| 48 8 4
2,880| 2,000 840 520 440
2,480| 1,760| 1,320| 480 360
1,040 680 160| 200| 120
1,040 1,040 480| 360| 280
12,080, 7,920| 4,200 320' 200
1,560| 1,920, 280 160| 120
5,680 4,440 560[ 600 760
524| 244] 124] 84| 40

2,804 2,100] 840 321] 244

SO WU e N -

—

Mean

the last two, and the numbers for the 10
nasal carriers decreased approximately in
parallel from the first to the last sample.

20 mill, .—//

10 mill. _-/
|

JI - ——

Cymulative nasal <ounts.

Fig. 1. Cumulative staphylococcal counts in 5 consecutive nasal cultures from 10 nasal carriers.

c. Discussion.

The variations demonstrated in the nasal
counts from the 4 individuals (table 10)
comprised both variation in the actual
number of nasal organisms from day to day
and variation in the technique. If a
constant number of staphylococci in the
nose had been maintained from day to day
the changes demonstrated would have
expressed only variation in the technique.
However, the probability that some of the
variations were due to changes in the
number of organisms in the nasal vestibule,
would indicate that the technique was
better than demonstrated in this investi-
gation.

Obtaining several consecutive nasal
cultures from the same individual should
have eliminated the natural variations in
the quantity of nasal staphylococci. If the
results given by the method described
were representative of the number of
staphylococci in the nose, the quantitative
variations for nasal carriers from the first
to the last sample should be approximately
parallel. This was demonstrated by means
of 5 consecutive nasal cultures from 10
nasal carriers,

d. Summary and conclusion.

1. A method of evaluating the number of
Staph. aureus in the nasal vestibule is
described.

2. Experiments with persistent nasal
carriers of staphylococci showed that,
within wide limits, the results obtained by
this method were representative of the
number of these organisms in the nasal
vestibule.

C. Method of quantitative evalua-
tion of Staph. aureus in the throat.

Throat samples were obtained by dry
cotton wool swabs which were rubbed

twice over both tonsils and the soft palate
and treated in physiological saline as
previously described. The number of
staphylococci was calculated as described
for skin samples.

D. Method of quantitative evalua-
tion of Staph. aureus in the vagina.

Vaginal samples were obtained by dry
cotton wool swabs which were rubbed once
over the mucous membrane of the vagina.
After treatment in physiological saline,
1/1,000 and 1‘,;4{},000 of the suspcnsir)n
were incubated on mannitol salt agar and
the number of staphylococci calculated.

E. Method of quantitative evalua-
tion of Staph. aureus in the faeces.

1 g of faeces (taken just after defaecation)
was collected with a dry swab. The faeces
were stirred into physiological saline,
1/1,000 and 1/40,000 of the suspension in-
cubated on mannitol salt agar and the
number of staphylococci calculated.

F. Assessment of the ability of in-
dividuals to disperse Staph. aureus
into the air.

1. Previous methods.

Itis generally accepted that staphylococcal
carriers disperse their organisms into the
air mainly on desquamated skin scales (29)
from their skin and clothes (31, 54).
Direct investigation of the staphylococcal
contamination of the patients’ clothes
would therefore give an indication of their
ability to contaminate the air with these

organisms. However, a more accurate
picture would be obtained by direct
measurement of the air contamination
caused by bed making, dressing and un-
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dressing etc. — activities which are known
to cause a major part of the bacterial air
contamination in hospitals (10, 57, 73,
87, 99).

Several methods have been employed
for quantitative estimation of the bacterial
contamination of textiles. Loosli et al. (80)
used a slit-sampler as a vacuum-cleaning
device and measured the number of or-
ganisms removed. Williams® “sweep-plate”
method (12) has frequently been used.
In the percussion method (96), a weight is
dropped onto a piece of cloth stretched
over a culture plate. The “contact plate”
method (112), rinsing (50), and macera-
tion (115) of a piece of cloth in a suitable
fluid are also well known methods.

Air contamination caused directly by
staphylococcal carriers in the performance
of everyday activities e.g. dressing, un-
dressing, walking, standing still, talking,
coughing etc., has been measured only
in a few investigations. Duguid and Wal-
lace (31) investigated air contamination
from clothing by letting 4 individuals per-
form certain gymnastic exercises, dress and
undress, and brush their clothes in a small
room of 100 c. ft. The air contamination
was measured by a slit-sampler.

Hare and Thomas (54) used a rather
smaller “cubicle’. In this room, the
clothes of test subjects were hung up and
shaken by means of cords attached to the
elbows of the jacket and knees of the
trousers. In other experiments the subjects
were allowed to mark time and swing their
arms for 15 minutes. Air contamination
was measured by three sedimentation
plates at different heights in each corner
of the room.

Hare and Ridley (55) used a tubular,
plastic “cubicle hanging from a hoop".
It reached to the shoulders of the subjects
so that the head protruded through an
opening in the “roof”. Air contamination

was measured by 4 sedimentation plates.
Dressed in their everyday clothes, the in-
dividuals performed the same gymnastic
exercises as in the experiments of Hare and
Thomas (54).

White (144) investigated the air conta-
mination in the neighbourhood of the pa-
tients’ beds, using slit-samplers. He tried
to observe the conditions generally pre-
sent in the ward and no attempts were
made to increase or diminish activity
during the investigation period.

2. Personal method.

In the present study, the staphylococcal air
contamination caused by a standardized
form of bed making in a test room has been
investigated.

a. Description.

Fig. 2 shows a drawing of the test room.
A plastic' wall was put up in front of the
door. This and the door together formed
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Fig. 2. Test room topography.

a small room (the air-lock) 1.90 m high,
1.05 m long and 0.28 m wide. The plastic
wall could be opened by means of a zip.
A slit-sampler was connected with the test
room by a 40 cm long tube through the
wall. The floor was covered with linoleum
and the walls and ceiling were lacquered.

After examining 120 c. ft. of the air of
the test room with the slit-sampler to en-
sure that it was not contaminated by
staphylococci, the bed was moved into the
room and placed as shown in fig. 2. The
air-holes and the air-lock were closed and
10 sedimentation plates were disposed on
the floor and the bed as shown in fig. 2.
The slit-sampler was set in action and,
at the same time, a nurse began to make
the bed. The eiderdown was folded up
and placed over the foot of the bed. The
pillows were laid on top of the eiderdown.
The sheets were brushed with the hand
from the middle of the bed to both sides.
The draw-sheet, which lay across the bed,
was loosened on one side and shaken twice.
Both sheets were secured under the matt-
ress. The pillow and the eiderdown were
shaken 3 times, half a metre above the
top of the bed, and put back on the bed.

All the beds were made by the same
nurse. On repeated examinations of her
skin and clothes before she went into the
test room, no staphylococci were isolated.
The complete bed making lasted 3!/, mi-
nutes. The slit-sampler collected 24 c. ft.
of air per minute for 5 minutes. When it
was finished, the nurse let herself out
through the air-lock. After the bed had
been in the test room for an hour, the air-
lock and the air-holes were opened, the
sedimentation plates were closed and the
bed removed.

After incubation of the plates for 48
hours at 37°C the staphylococcal colonies
were counted. The 10 sedimentation plates
covered 1/100 of the floor of the test room
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(the surface area of 10 plates was 0.058
sq.m, the floor area being 5.8 sq.m). The
total air contamination was calculated by
multiplying the number of staphylococcal
colonies on the sedimentation plates by
100.

In preliminary experiments (see table
15), it was shown that the number of
staphylococcal colonies on the slit-sampler
plate was, on average, four times as great
as the number on the 10 sedimentation
plates. If no staphylococcal colonies were
demonstrated on the sedimentation plates,
the air contamination was calculated by
multiplying the number of colonies on the
slit-sampler plate by 25. When there was
no growth of Staph. aureus on any of the
plates the number of colonies was reported
as less than 25 in the tables. However, in
statistical calculations, two alternative
values were used, namely 24 and 1, the
maximum and the minimum number less
than 25 (1 is used instead of 0 as the calcu-
lations ‘were based on the logarithms of the
numbers. Log.,o | =0, log.,, 0= + ).

Before the next examination the test
room was aired for half an hour and the
floor washed twice with a quarter of an
hour’s interval. The walls and the ceiling
were washed every third day with ordinary
soap and water.

b. Reproducibility.

Exposure time and number of sedimentation
plates. The sedimentation plates were ex-
posed to air contamination for one hour.
The question of whether this was adequate
time for the greater part of the bacteria-
carrying particles to sediment, was in-
vestigated in the following experiment.
The bed of a heavy staphylococcal dis-
perser was made as previously described.
Continuous samples were obtained with
the slit-sampler (1 c.ft. per minute) for
36 minutes. Twenty-five minutes later, a
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second sample was obtained for five mi-
nutes. One hour after the bed making had
commenced, the sedimentation plates were
removed and new ones put out for 10 hours.
Four such experiments were performed.
As parallel results were obtained, the re-
sults of only one experiment are given in
fig. 3. Staphylococcal air contamination
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Fig. 3. Air contamination in test room caused
by making the bed of a heavy staphylococcal
disperser.

was far greater during and just after bed
making than 1 hour later. On 10 sedi-
mentation plates exposed for one hour
from the commencement of bed making,

1,328 staphylococcal colonies were coun-
ted, while only 23 colonies were counted
on the 10 new plates put out for the next
ten hours. Similar results have been ob-
tained in earlier investigations in the same
room (18). Thus, one hour’s exposure of
the sedimentation plates was sufficient to
demonstrate the greater part of the air
contamination due to bed making.

To ensure that 10 sedimentation plates
were sufficient to give an approximately
correct picture of the air contamination,
the following experiment was undertaken,
A few beds were made as previously de-
scribed. The staphylococcal air contamin-
ation was measured by 50 sedimentation
plates evenly distributed over the bed and
floor as shown in fig. 2. The plates on the
bed were disposed on stands in order not to
impede the bed making. Ten of the 50
distributed plates were placed at the same
sites as those in the later investigations.
Eight such experiments were performed.
Table 12 shows the number of staphylo-
coccal colonies on 10 versus 50 plates,
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Table 12. Degree of air contamination in test room
judged from the number of colonies (in hundreds) on
10 versus 50 sedimentation plates.

Total air
No. of cols. on: | contamination
Exp. no. determined from:
10 50 10 50
plates | plates | plates | plates
SRR 0.21 0.96 21.0 19.2
D s 0.18 1.25 18.0 25.0
 fl e 0.58 3.23 58.0 64.6
L R 1.42 7.07 | 142.0 | 1414
g ravs e s 0.86 3.89 86.0 77.8
B 0.40 2.17 40.0 43.4
Tivaniiavs 1.04 549 | 104.0 | 109.8
i S 1.34 6.27 | 1340 | 1254
Mean ... 0.75 3.79 75.4 75.8

together with the total air contamination
calculated on the basis of 10 and 50 plates.
The difference in the air contamination
calculated from 10 and 50 plates was small
and did not justify the use of more than
10 plates.

The reproducibility of the nurse’s bed making
technique. Air contamination was investi-
gated in a series of preliminary experi-
ments in the test room where six nurses
made beds which were artificially conta-
minated with equal quantities of staphy-
lococcal particles. The mean value for
each experiment was calculated and one
of the nurses was given the task of prac-
tising bed making, with and without pa-
tients, so that air contamination was ap-
proximately that of the mean values de-
monstrated. She subsequently made all
the beds in the present investigation.

The following test of the reproducibility
of her technique was performed. The same
areas of the sheets, eiderdown and pillows
in six clean beds were contaminated with
equal quantities of staphylococcal particles
one hour before the beds were made.
There was a patient in only one bed
(No. 2). Five such experiments were un-
dertaken. The quantity of organisms and
the size of the areas of sheets, eiderdowns
and pillows which were contaminated,
varied from experiment to experiment.
The air contamination was measured by
10 sedimentation plates. The results are
given in table 13. The variations in air
contamination within each experiment
were small. The reproducibility of the
technique was tested by an analysis of
homogeneity of variance based on the
logarithms of the observations. It was as-
sumed that the technique was reproducible
if there were no difference on the 5 per cent
level of significance for each experiment,
tested according to M. S. Bartlett’s for-
mula for approximate y*-distribution. The

Table 13. Degree of air contamination in test room
caused by making artificially contaminated beds.
No. of bacterial particles (in thousands).

Exp. no.
Bed no. Mean
1 2 3 4 5
| 79| 1.4] 22| 19| 66| 4.0
et 491 07| 18] 1.7| 84| 3.5
L AR SOl E9) 151 6.1 3.1
B wavdy v 471 091 23] L.1| 68} 3.2
D rlsonn 7o) 061 2.7} 151 54 3.6
ORnaveeafIlS | 1.2] 1.1 | 12] 43| 3.9

Mean...| 71| 10| 20| 15| 63| 36

calculated value for y* was 2.5385 with
four degrees of freedom and the correspond-
ing P-value was 80 per cent. Consequently,
the reproducibility of the technique was
considered to be satisfactory.

The relationship between the number of Staph.
aureus particles demonsirated on 10 sedimentation
plates in the test room and a large room in the
department. Two patients had to be exa-
mined in a large room (No. 19) in the de-
partment because the number of staphy-
lococcal colonies on the sedimentation
plates put out in the test room was too
large to be counted with accuracy. Room
19 was 4.5 x 4.5 m. In this room, the plates
could be placed further from the beds
than in the test room.

The relationship between the degree of
air contamination demonstrated in the
two rooms was investigated by contamin-
ating four beds with equal quantities of
staphylococcal particles. Two beds were
made in the test room and two in room 19.
The results of four such experiments are
shown in table 14. Calculated according
to the mean values for all experiments, the
ratio between the number of colonies de-
monstrated in the test room and in room
19 was 4.2 : 1. The air contamination by
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Table 14. Degree of air contamination caused by
making artificially contamined beds in the test room
versus a patient room.

No. of colonies on 10 sedimentation plates :

Test room Patient room

Exp.
no. 1 e 3 Mean Bed Mean

i 66| 54| 60 20| 11} 155
68| 54| 6l 13 10| 1L.5
i 83| 86| 345 7 R s 9.5
49/ 87| 68 21 131 17:0

Total. | 216] 231 223,5 61| 46|/ 53.5

N I

the two patients who were examined in
room 19 was calculated by multiplying
the number of staphylococcal colonies on
the plates by 4.2 x 100.

The relationship between the number of
Staph. aureus particles demonstrated by the sht-
sampler and by the sedimentation plates. Esti-
mation of the number of staphylococcal
colonies on the slit-sampler plate was diffi-
cult when the air contamination was heavy.
The number of colonies on the sedimenta-
tion plates was therefore used as a basis for
the calculation of the air contamination.
However, when no colonies were de-
monstrated on the sedimentation plates,
the number on the slit-sampler plate formed
the basis of the calculation. The relation-
ship between the number of colonies de-
monstrated by the slit-sampler and by the
sedimentation plates was calculated in 10
experiments. The results are shown in
table 15. On the average, four times
(precisely 3.95) as many staphylococcal
colonies were demonstrated by the slit-
sampler (24 c.ft. per minute for 5 minutes)
as by the 10 sedimentation plates.

¢. Discussion.
The air contamination produced by mak-
ing equally contaminated beds wvaried

little. This is in agreement with investiga-
tions undertaken by the percussion method
(114). In principle, the technique used in
the present study was similar to the per-
cussion method. Hare and Ridley (55)
found it difficult to make the test subjects
use a uniform degree of activity while
exercising in the cubicle. In the present
study this difficulty was avoided by letting
the same nurse make all the beds.

The number of organisms demonstrated
in air samples decreases with the square
of the distance from the bacterial spreading
process. The plates and beds were therefore
placed in fixed positions, so that the dis-
tance should be constant in all experi-
ments.

d. Summary and conclusion.

1. To assess the ability of individuals to
disperse staphylococci into the air, a
standardized form of bed making in a
test room is described. The air contamina-
tion was measured by sedimentation plates
and a slit-sampler.

Table 15. Degree of air contamination in lest room.
Slit-sampler (24 c. ft./min. for 5 min.) versus 10
sedimentation plates (exposed for I hour).
No. of colonies,

Exp. no. Slit-sampler| Sed.plates [ p_ .. f_

A B B
R s 19 5 3.8
e 60 1oo! 4.6
LR 49 12 4.1
C QNP 87 24 36
0 s 66 20 3.3
D earitey 9 2 4.5
o iateitie s 11 3 3.7
L RS 13 3 4.3
9. 23 4 5.8
st 26 6 43
Mean ... 36.3 9.2 4.0

9. By making artificially contaminated
beds it was demonstrated that the re-
producibility of the technique was good.

G. Bacteriological technique.

The samples were plated on mannitol salt
a; medium. After incubation for 48
hours at 37°C, the staphylococcal colonies
were counted. Five to ten colonies from
the air samples, and 1—3, generally 2,
colonies from the other samples, were
plated on blood agar. After incubation of
the blood agar plates for 18 hours at 37°C
the subcultures were examined for coa-
gulase production. All coagulase positive
colonies were transferred to broth and
antibiogram determinations and phage
typing were carried out. If antibiograms
and phage patterns left any doubt as to
whether two strains from the same indi-
vidual were identical, serological typing
was performed.

1. Culture media.

The mannitol salt agar medium was de-
scribed by Chapman (22). This medium
inhibits the growth of gram-negative rods
and B. subtilis (21, 22, 38) and the staphy-
lococcal colonies are well coloured (21).

The degree of accuracy by which the
Staph. aureus colonies were distinguished
from other bacterial colonies on this me-
dium was investigated in the following
manner. The staphylococcal colonies and
other bacterial colonies were counted on
10 mannitol salt agar plates which con-
tained samples of skin and air contamina-
tion from 5 patients. Fifty-seven definite
and 3 uncertain Staph. aureus colonies
were counted, and 334 colonies of other
bacteria. All colonies were submitted to
further examinations (acid and coagulase
production, microscopic examinations
etc.). The first group of 57 colonies were
all coagulase positive staphylococci and
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the other 337 colonies were found to be
other bacteria.

In the later experiments, the same clas-
sification of the colonies was undertaken.
All uncertain colonies were examined for
coagulase production. In consequence,
the number of wrongly diagnosed colonies
should be small and of minor importance
in the results of the present investigation.
The blood agar medium was composed of :

1.8 per cent agar, Kobe.

1.0 per cent peptone, Witte.

0.5 per cent sodium chloride (May and
Baker).

7.0 per cent human blood.

Meat extract (0.5 kg beef in 1,000 ml
water) ad 1,000 ml. ph adjusted to 7.5.

This was used as a subculture medium
to avoid mannitol fermentation products
which might impede the coagulase test
(15 181),

2. The coagulase test.

To rabbit serum stabilized with sodium
citrate and diluted 1 :5 with broth, a
loop of blood agar culture was added,
shaken and incubated at 37°C. Each tube
contained 1 ml fluid. After 3, 4 and 24
hours the results were recorded. Negative
tests were examined twice. The capacity
to coagulate plasma has been used as the
only criterion for the selection of patho-
genic staphylococct.
3. Antibiogram determinations.

The disc method (36, 128) was employed
to determine the sensitivity to sulpha-
thiazole, penicillin, streptomycin, tetra-
cycline, erythromycin and chlorampheni-
col, using sensitivity discs manufactured
by Klinisk-bakteriologiska Laboratoriet,
Karolinska sjukhuset, Stockholm.

Three to five ml of a broth suspension
of Staph. aureus suitable for producing
discrete colonies was transferred to pep-
tone-free blood agar plates containing 1
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Table 16. Ratio between inhibition zone diameter and sensitivity to antimicrobial agents.

Inhibition zone (range; mm)
Degree of sensitivity | Sulpha- | Penicil- | Erythro- | Strepto- | Chloram- | Tetra-
thiazole lin mycin mycin phenicol cycline
Highly sensitive ..... 2935 31—44 26 —46 2035 2244 21-38
Fairly sensitive ...... 23--28 21-30 20—25 16—19 16—21 17—20
Relative resistant ....| 17-22 12—-20 12—19 12—15 11—-15 9—-16
Resistant ....o00000 5—16 5-—11 5—11 5—11 5—10 5— 8

per cent glucose. The plates were first de-
canted and the excess fluid pipetted off and
then dried horizontally for 30 minutes at
37°C. The discs were placed aseptically on
the substrate at least 4 cm apart. The
plates were incubated for 18—20 hours at
37°C and the diameter of the inhibition
zone was measured. The sensitivity was
divided into (1) highly and (2) fairly sensi-
tive groups, and in (3) relatively resistant,
and (4) resistant groups. The ratio between
the diameter of the inhibition zone in milli-
metres and the sensitivity to the anti-
microbial agents is given in table 16.

Two staphylococcal colonies from the
same individual were assumed to be dif-
ferent strains if their antibiograms differed
by 2 or more groups.

4. Phage typing.
The phages used were the basic set (21
phages) obtained from the Staphylococcus

Table 17. Group distribution of phages.

Phage Phages
groups
I 29, 52, 52A, 79, 80, 81, 82, KS6
11 3A, 3B, 3C, 55, 71
IIT | 6,7, 42E, 47, 53, 54, 75, 77, 83A,
838
IV 42D
v 187

Reference Laboratory, Colindale, except
phage 73 which was excluded at a meeting
of The International Committee on Phage
Typing of Staphylococci in Stockholm in
1959. In addition to these, phages 81 (25),
82 (25), KS6 (139), 83A (136) and 83B
(136) were used. The series therefore in-
cluded 25 phages which were divided into
the 5 groups listed in table 17. While most
of the staphylococcal strains were lysed
by more than one phage, several strains
were lysed only by phage 42D or 187. They
were placed in two separate groups, IV and
V. Strains lysed by phages belonging to
different groups have been placed in the
“miscellaneous’ group.

The notations for recording the degrees
of lysis given by the phages are shown in
table 18. All lytic reactions from over 50
plaques to confluent lysis were regarded as
“strong’’ reactions.

Table 18. Phage typing notations.

L+ 4 “Complete lysis”.
+ 4 “Strong lysis”. More than 50 plaques.
4+ “Moderate lysis”, 20—50 plaques.
4 “Weak lysis"”. Less than 20 plaques.

Strains which were not lysed by phages
in the Routine Test Dilution (RTD) were
retyped using phages 1,000 times more
concentrated (RTD x 1,000). Non-typable
strains were recorded as NT (non-typable).

Two cultures were considered to be dif-
ferent when one was lysed strongly by at
Jeast two phages which produced no de-
gree of lysis of the other (2, 11, 146).
gometimes (about 1 per cent), subcultures
from the same colony differ by more than
one “strong”’ reaction (146). In the present
study, strains which were presumed to be
identical, e.g. demonstrated in the nose
and skin samples from the same individual,
occasionally differed by two “strong” re-
actions, while the antibiograms were iden-
tical. In such cases, several colonies (5—15)
from the samples were phage typed. If
there were still doubt whether the original
strains were identical, serological typing
was performed.

29

The phage typing was performed at The
Gade Institute, Department of Micro-
biology.

5. Serological typing.
Serological typing was performed accord-
ing to the technique described by Oeding
(100). Factor sera m (59), n (59), t (59),
ag (60), hy (62), ¢; (61), 263—1 (67) and
263—2 (67) were employed. Two strains
were considered to be different if they
differed in one or more antigens.

The serological typing was performed at
The Gade Institute, Department of Micro-

biology.
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II1. Experimental design

The present investigation deals with
examinations of staphylococcal carriers
among the patients admitted to Medical
Department B, Haukeland Hospital, Ber-
gen. The subjects were examined once
daily, usually for three consecutive days.
Further details concerning the selection of
patients and number of examinations are
given in chapters IV, V, VI and VIIL
Two days before the first examination
the patients were bathed, or, if bedridden,
washed on a stretcher. They were given
clean bed and washing equipment, clean

clothing and handkerchiefs. Qualitatively

and quantitatively all subjects received
the same bed equipment (1 mattress, 1
eiderdown, 2 pillows and 2 sheets) and

clothing (2 shirts, 2 pairs of trousers and a
bathrobe).

To prevent contamination of the patients
by staphylococci from their surroundings,
they were isolated from other staphylo-
coccal carriers and the bed equipment and
clothing were thoroughly examined for
bacterial contamination before use.

The subjects were examined between
7.30 and 11.30-A. M. From the time they
had gone to bed in the evening (8—9P. M.)
until they were examined the next morning
they were not permitted to wash them-
selves or to leave their beds. When the
examination was completed they were
permitted to conduct themselves as usual
in their rooms.

AR e s e

IV. Self-contamination and dispersal of

Staph. aureus by nasal carriers

A. Previous investigations.

The frequency of staphylococcal nasal
carriers has been thoroughly examined and
most investigations dealing with this
problem have been reviewed by Lund (87)
and Siboni (117). The carrier rate for
adults lies between 30 and 50 per cent,
higher nasal carrier rates being demon-
strated in hospitals. The number of sta-
phylococci in the nasal vestibule varies
considerably from individual to individual,
but reports on the quantitative aspects
of the problem are few (55, 132, 133, 142,
143, 144).

Only a few staphylococci are expelled
directly into the air from the nose and
mouth (31, 54, 87, 117). It scems that dis-
persal of Staph. aureus by nasal carriers
depends primarily upon the transfer of
organisms from the site of multiplication
in the nose to the skin, clothing and bed-
ding by means of fingers and handker-
chiefs (54, 57). The pathway can be de-
monstrated by painting the anterior nares
with a fluorescent substance (54).

Accordingly, nasal carriers are frequent-
ly also staphylococcal skin carriers in con-
trast to individuals not carrying the orga-
nisms in the nose (39, 54, 87, 89, 97), and
the nasal and skin strains are usually
identical (55, 87, 93, 97, 132, 144, 145).

Staphylococci have been isolated from
the fingers (55, 68) and nail walls (87) of
70 to 90 per cent of nasal carriers; less

frequently from the face and back of the
wrists (30, 55, 97), and rather seldom and
in smaller numbers from the axillae, chest,
abdomen, inguinal folds and legs (54, 55,
145).

In dispersal tests on 300 children, Lau-
rell and Wallmark (77) demonstrated that
Staph. aureus could be isolated more fre-
quently from the upper lip, hands and
clothes of individuals with large quantities
of these organisms in nasal cultures than
from those with small quantities. Similar
results have been reported more recently
(132, 144). The number of staphylococci
isolated from different skin areas of the
same nasal carrier, and from identical skin
areas of different nasal carriers, varies con-
siderably. Little is known of the reason for
this but reports on the quantitative as-
pects of the problems are few (55, 57).

Staphylococci are mainly liberated into
the air by agitation of clothing and friction
of the skin (31, 54). Hare and Ridley (55)
reported that nasal carriers who exercised
in a cubicle, wearing their ordinary every-
day clothing, usually dispersed much lar-
ger numbers of staphylococci into the air
than non-nasal carriers. However, the
ability of nasal carriers to disperse varied
greatly, and there was very little correla-
tion between nasal counts and aerial dis-
semination. In 14 of 16 cases, identical
strains were isolated from the nose and
air samples. Besides being a nasal carrier,
one of the two remaining individuals was
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a perineal carrier of a strain different from
that isolated from his nose, and the peri-
neal strain was dispersed,

White (143) isolated staphylococei more
frequently from the clothing of patients
with high nasal counts than from those
with low counts. Later he reported that
more than 20 staphylococcal colonies per
c.ft. of air could be recovered from 35 per
cent of air samples obtained after shaking
the bed sheets of nasal carriers of large
numbers of Staph. aureus, but from only
8 per cent of air samples taken around
non-carriers or carriers of smaller numbers
(144).

Nasal carriers are frequently throat car-
riers (76, 133, 134), faecal carriers (14, 17,
66, 91, 92, 138), and sometimes also peri-
neal carriers (19). Dispersal of staphylo-
cocci most probably also takes place from
these sites. Sufficient attention has not
been paid to this factor in earlier investiga-
tions of staphylococcal dispersal by nasal
carriers.

In the present study, the difference in
the ability of nasal carriers to disperse sta-
phylococci was investigated. Possible cor-
relations between the numbers of sta-
phylococei in the nose and on different skin
sites and the dispersal into the air were
studied.

B. Personal investigations.
1. Material and methods.

The material, consisting of 52 women and
48 men between the ages of 14 and 75
years, was selected in the following way.
All patients (2,014 in all) admitted to The
Medical Department B from August 1962
to October 1963 were examined for sta-
phylococci in the nose and throat and on
the perineum. Thirty-six per cent of the
patients were nasal carriers at the time of
admission. From these patients 4—6 nasal

cultures were obtained at two- to three-
day intervals. On the last examination,
the numbers of staphylococei in the axillae,
vagina, perincum and faeces were estim-
ated.

Patients who yielded staphylococci in
the nose on all examinations were re-
garded as predominantly nasal carriers,
provided they did not have staphylococcal
lesions or too many organisms (1,000 or
more Staph. aureus) in samples from the
axillae, vagina, perineum or facces. These
criteria will be evident from the investiga-
tions reported in chapters VI and VII.

One hundred and eleven patients ful-
filled the criteria mentioned. However, 9
patients were unco-operative or too ill to
be examined, and in two patients the nasal
staphylococci  disappeared during the
course of the subsequent investigations.

The remaining 100 patients were exa-
mined once daily for three consecutive
days. In order to keep experimental con-
ditions approximately equal for all the
patients, they were bathed, or washed on
a stretcher, and received clean clothing
and bedclothes two days before the first
examination.

The methods of investigation are de-
scribed in chapter II.

2. Results.
a. Nasal samples.
Quantitative estimations.

The numbers of staphylococci in the nasal
cultures of the 100 patients are given in the
appendix table. The counts varied greatly
from individual to individual, the lowest
and highest counts being 960 and 32.08
mill. respectively. However, the variations
on repeated examinations of the same in-
dividual were relatively moderate.

The mean counts for the first, second and
third examinations of the 100 patients
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Table 19. Nasal count by age, sex and confinement to bed.
100 nasal carriers,

32 No. of patients
Nasal (iéc:n ase) Sex distribution In bed
count .1 years Total Per cent
F (52) M (48) No. (58) D;’t;::l
<l10t....| 430 1 2 3 T N
108—108.... 45.4 D 8 13 7 r 50
100—10°%.... 46.3 16 18 34 20 59
108—107. ... 46.1 27 16 43 24 56
=107%.... 47.1 3 4 7 6 86

varied little and were 2.805 mill., 2.484
mill. and 2.686 mill. staphylococci re-
spectively, the mean count for all 300
examinations being 2,659 mill.

The material was divided into 5 groups
on the basis of the mean nasal counts.
Group 1 included counts less than 104
bacteria, group 2 counts between 10* and
10%, group 3 counts between 10% and 108,
group 4 counts between 10¢ and 107 and
group 5 counts larger than 107 bacteria.
Table 19 gives the distribution of sex,
average age and number of bedridden
patients (out of bed for less than 2 hours
daily) for each group. The majority of
patients belonged to groups 3 and 4.
Group 4 had an excess of women. The
average age varied little from group to
group, but the frequency of bedridden pa-
tients was greatest in the group with the
highest nasal counts.

Nasal cultures yielding more than 107
staphylococci (group 5) were almost pure
cultures, while those with less than 10° sta-
phylococei (groups 1 and 2) always con-
sisted of a mixture with other organisms
(Staphylococcus albus, Micrococcus ca-
tarrhalis and others), these usually consti-
tuting the greater part of the organisms.
Groups 3 and 4 included the transition
cases.

The individuals in group 5, who had the
highest nasal counts, were more debilitated
by their disease than the remaining pa-
tients. Two of the seven patients in this
group died during their stay in hospital,
one from uraemia and the other from
haemolytic anaemia. Only two of the 93
patients in the other groups died while in
hospital.

Antibiogram and phage patterns.

On the average, antibiogram determina-
tions and phage typing were performed on
7—28 colonies (ranging from 5 to 23) from
the nasal cultures of each patient. In all,
112 strains were demonstrated. Eighty-
nine patients had 1 strain, 10 patients had

Table 20. Drug sensitivily of nasal strains in rela-
tion to nasal count,

Nasal No. of strains Resistant as
count per cent
Total |Resistant of total
<10 3 0 0.0] .,
104 — 108 14 1 7.1 2.
108 —10% 37 11 29.7
108—107 50 20 4(}.0[“ 8
>107 8 6 75.0f
Eotal L. 112 38 33.9




1
|
|
{
|
{
{
{
1
|

Table 21. Phage grouping of nasal strains in relation to nasal count. (No. of strains).

Typable (phage groups)
Nasal count 1 T L O e
coun - :
I | viyi v typable
80/81 | Others laneous
&908% 44 0 0 1 0 0 1 1 0 3
10¢—10°. ... 0 6 0 3 0 0 1 4 14
108—10¢. ... 3 10 1 9 0 2 7 5 37
106—107.. .. 4 18 5 12 ] 5 3 2 50
~107.... 2 1 1 2 0 1 1 0 8
TOtAl s < es 9 35 8 | 26 1 9 13 11 112

2 strains and 1 patient had 3 different
strains.

Seventy-four strains were sensitive to all
antimicrobial agents used. Seventeen
strains were resistant to penicillin alone.
Twenty-one strains were resistant to sul-
phathiazole, 20 to penicillin, 13 to strepto-
mycin, 9 to tetracycline, 3 to erythromycin
and 2 to chloramphenicol. Table 20 gives
the results of antibiogram determinations
in relation to nasal count. The frequency
of strains resistant to one or more anti-
microbial agents increased with rising
numbers of staphylococei in nasal cultures.

On phage typing, 65 strains were lysed
by RTD, 36 strains by RTD x 1,000 and
11 strains were non-typable. Table 21
gives the results of phage typing in relation
to staphylococcal nasal count. Patients
with the highest nasal counts (groups 4
and 5) yielded less non-typable but more
80/81-strains than those with the lowest
counts (groups 1, 2 and 3). The majority
of strains belonged to phage groups I and
JL1:

b. Throat samples.

Staphylococei were also isolated from the
throat of 51 of the 100 nasal carriers. The
numbers of bacteria in throat cultures are
given in the appendix table. The counts
varied considerably from patient to pa-

e ___

tient, and also on repeated examinations
of the same patient.

Antibiogram determinations and phage
typing were performed on 1—2 colonies
from each positive sample. In all, 104 col-
onies were examined and 53 strains de-
monstrated. Forty-nine patients had 1
strain and 2 patients had 2 strains.

Eighteen strains were resistant to one
or more antimicrobial agents. As seen in
table 22, the frequency of resistant strains
in throat samples was slightly greater for
patients with the highest nasal counts
(groups 4 and 5) than for those with the
lowest counts (groups 1, 2 and 3).

On phage typing, 31 strains were lysed
by RTD, 15 by RTD x 1,000 and 7 strains
were non-typable. Table 23 gives the phage

Table 22. Drug sensitivity of throat strains in
relation to nasal count.

Nraet No. of strains Resistant as
count r s per cent
I'otal |Resistant of total
< 10* 1 0
104 — 108 t 2 28.5
105 — 108 6 4
108 —107 26 & Il
> 107 6 5 |f 344
Total ... 53 17 32.1

Table 23. Phage grouping of throat strains in relation to nasal count. (No. of strains).

R Typable (phage groups)

Nasal Non- p

4 Miscel- | wvnable T'otal
count I 11 111 v V ] s
aneous

<10* 0 0 0 0 0 0 1 1
104—108 2 0 1 0 0 0 1 4
105—10¢ 7 1 4 0 0 2 2 16
106—107 12 4 2 1 3 2 2 26

>107 1 1 2 0 1 0 1 6
Total voe | 22 6 9 1 4 4 7 53

grouping of staphylococci in throat cul-
tures in relation to nasal count. No de-
finite correlation was observed. The ma-
jority of strains belonged to phage group I.

Thirty-five patients had identical strains
in the nose and throat while 16 had dif-
ferent strains,

c. Faecal samples.

In selecting the material, patients with
staphylococci in the faeces were excluded
from further investigation. Nevertheless,
6 of the 100 patients (Nos. 9, 34, 42, 79,
84 and 97) yielded from 2,000 to 22,000
staphylococci per g of faeces. Antibiogram
determinations and phage typing were
performed on 2 colonies from each sample.
Four patients had identical strains in the
nose and faeces, one patient yielded iden-

tical strains in the throat and faeces and
one patient had a different strain in the
faeces from that in the nose and throat.

d. Skin samples.
Quantitative estimations.

The numbers of staphylococci demonstra-
ted on the upper lip, fingers and hands of
the 100 nasal carriers are given in the
appendix table. The highest counts for
single observations were 41,000 for the
upper lip, 457,000 for the fingers and
1.358 mill. for the hands.

Table 24 gives the frequency of positive
skin samples in the 3 examinations. In
cach examination, the frequency was
approximately equal for identical skin
arcas and was highest for the fingers.

Table 24. Frequency of positive skin samples from 100 nasal carriers.

Examination no. At least
Area 1 | 5 l 3 one positive
Upperim s ot 70 75 74 89
Left fingers. .cccoiveinias 83 81 87 96
Right fingers ........... 54 56 47 77
By v v S e 77 76 78 90
Totalaven s Smarir. 90 91 90 56




Table 25. Mean numbers of staphylococci isolated from various skin areas of 100 nasal carriers.

Method Examination no.

Area of cal- Mean

culation 1 2 3
Upper lip 1 1,084 1,934 1,304 1,440
11 1,089 1,939 1,308 1,445
Left fingers 1 6,505 9,199 6,225 7,310
11 6,508 9,202 6,228 7,313
Right fingers I 1,363 1,747 1,018 1,376
11 1,371 1,755 1,027 1,384
Sum fingers I 7,867 10,946 7,242 8,685
11 7,879 10,958 7,254 8,697
Hands 1 40,225 36,640 46,715 41,193
II 40,340 36,760 46,825 41,308

The frequency increased with the number
of examinations, but only to a negligible
degree with the number of skin areas
examined.

Table 25 gives the arithmetic mean
counts for each skin area in the first,
second and third examinations of the 100
patients, and for the 300 individual ob-
servations. For counts below 20 for the
fingers and upper lip, and below 500 for

the hands, the calculations are based on
two alternative values, 1 and 19, and 1 and
499 respectively. In calculation method I,
the values are taken as 1, and in method II,
as 19 and 499. The difference in the results
based on methods I and II was small. The
greatest number of staphylococci was de-
monstrated on the hands and the smallest
on the upper lip. The mean counts for
identical skin areas varied little on the 3

Table 26. Correlation between staphylococcal counts from nose and upper lip.
Three examinations of 100 nasal carriers.

No. of Upper lip
Nasal count examin- < 20 bact./sample } = 1,000 bact./sample
ations No. | Percent | No. | Per cent
=Sa] L ralies 13 12 92.3 0 0.0
104—108,... 34 30 88.2 0 0.0
108—108.... 117 81 26.5 13 ey
106—107.... 115 8 7.0 37 32.2
107, oives 21 0 0.0 16 76.2
Total' o sokd 300 81 27.0 66 22.0

Table 27. Correlation between staphylococcal counts from nose and fingers.
Three examinations of 100 nasal carriers.

No. of Fingers
Nasal count | examina- < 20 bact./sample = 1,000 bact./sample
tions No. | Per cent No. | Per cent
<104.. 13 10 77.0 0 0.0
108 —105.. 34 14 41.2 I 2.9
105 —106.. 117 8 6.8 22 18.8
108 —107 115 3 2.6 82 7.3
>107.. 21 0 0.0 19 90.5
d Tfats 3 B AEE 300 35 11.7 124 41.3

Table 28. Correlation between staphylococcal counts from nose and hands.
Three examinations of 100 nasal carriers.

No. of Hands
Nasal count examina- < 500 bact./sample = 5,000 bact./sample
tions No. | Per cent No. | Per cent
<21 0% 13 13 100.0 0 0.0
108—105.... 34 5 73.5 0 0.0
105—108.... 117 28 23.9 33 28.2
106—107.... 115 3 2.6 98 85.2
S 0r 21 0 0.0 2] 100.0
ol o) 300 69 23.0 152 50.7

Table 29. Correlation between staphylococcal nasal and skin counts.

Correlation coefficients based on logarithms of observations. (100 nasal carriers).

\.
Calculation based on X icthod. & N:U N:F 1y i 5 |
calculation
3 replicate observations (at 1 0.6907 0.7500 0.7659
one-day intervals) 11 0.6455 0.7431 0.7761
Mean 0.7807 0.8502 0.8496
11 0.7381 0.8218 0.8223

N = nose, U = upper lip, F = fingers and H = hands.
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Fig. 4. Correlation between staphylococcal counts from nose and fingers (single counts,
100 nasal carriers),

examinations. More staphylococci were
isolated from the fingers of the left hand
than from the right.

Tables 26—28 show the correlation be-
tween the nasal counts and the counts from
upper lip, fingers and hands respectively
on 3 examinations of the nasal carriers.
Within wide limits, the skin counts in-
creased with rising nasal counts.

The frequency distribution of the skin
and nasal counts was found to approximate
the log.-normal form. For statistical anal-
ysis, the counts were therefore transformed

to a logarithmic scale and all computa-
tions made on the transformed figures.
For counts below 20 for the fingers and
upper lip, and below 500 for the hands, the
calculations were based on two alterna-
tive values as mentioned above.

Table 29 gives the correlation coefficients
between logarithms of nasal and skin
counts. The correlations were good, being
best between the nose and hands and least
good between the nose and upper lip.

Fig. 4 illustrates the correlation between
logarithms of single counts from nose and

No.af colonies
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Fig. 5. Correlation between staphylococcal counts from nose and upper lip (mean counts,
100 nasal carriers).

fingers, and figs. 5—7 of mean counts from
nose and upper lip, fingers and hands
respectively. The mean counts and re-
gression lines marked are calculated on
the basis of method I. Values for single
counts below 20 and mean counts below
10 are plotted on the abcissa. Within
wide limits, the numbers of staphylococci
in skin samples increased with rising nasal
counts. It is evident from figs. 4 and 6 that
the mean counts were much less scattered
than the single counts.

Abdominal skin samples were also ob-
tained from the first 50 patients. Three

patients each had 1 positive sample which
yielded 40, 120 and 40 staphylococci
respectively.

In selecting the material, patients with
1,000 or more staphylococci in the axillae
and perineum were excluded from further
examinations. Nevertheless, two patients
(Nos. 12 and 25) yielded from 2,000 to
6,000 staphylococci in samples from the
axillae on the second and third examina-
tions, and 3 patients (Nos. 9, 28 and 69)
from 1,000 to 4,000 staphylococci from the
perineum in one or two of the three
examinations.
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Fig. 6. Correlation between staphylococeal counts from nose and fingers (mean counts,
100 nasal carriers).

Antibiogram and phage patterns.

Antibiogram determinations and phage
typing were performed on 278 colonies
from the upper lip, 587 colonies from the
fingers and 456 colonies from the hands.
Altogether, 1,321 colonies were examined.
The reactions of 1,311 colonies to the anti-
microbial agents and phages were either
identical with those of the respective nasal
strains, or showed such slight variations
that the strains were not assumed to be
different. The remaining 10 colonies gave
sensitivity patterns identical with the nasal

strains but phage typing results were in-
decisive, Serological typing revealed that
these strains were most probably identical,

In the 7 positive samples from the
axillae and abdomen, the reactions of 8
colonies to antimicrobial agents and
phages were examined. The reactions were
identical with the respective nasal strains,

Antibiogram determinations and phage
typing were performed on one colony from
cach of the positive perineal samples.
One patient yielded identical strains on
the perineumn and in the nose, a second
patient had identical strains on the per-
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ineum and in the throat and a third had
a perineal strain different from that in the
nose and throat.

e. Staphylococcal aerial dissemi-

nation on bed making.
Quantitative estimations.

The appendix table shows, for the 100
nasal carriers, the degree of staphylococcal
air contamination on bed making. When
staphylococci were not demonstrated in the
dispersal experiments (counts less than 25),
the calculation of the mean counts for the
3 examinations was based on two alterna-

100000

1 mill

10 mill 30 miil.

Nose MNo. of colenies

Fig. 7. Correlation between staphylococcal counts from nose and hands (mean counts,
100 nasal carriers).

tive values, 1 (method I) and 24 (method
IT) respectively, as mentioned in chapter
I1. Dispersal of staphylococci was demon-
strated from 93 patients on the first ex-
amination and from 91 patients on the
other examinations. The air counts varied
considerably from patient to patient —
from less than 25 to 43,400 Staph. aureus
particles — but the day to day variations
for the same patient were moderate.

The mean counts for the first, second
and third examinations of the 100 patients
were 2,463 (2,465), 2,446 (2,448) and
2,086 (2,088) staphylococcal particles
respectively and for the 300 examinations
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Table 30. Correlation between staphylococcal nasal counts and degree of aerial dissemination on bed making.
Three examinations of 100 nasal carriers.

No. of Degree of air contamination

Nasal count examina- < 100 bact.* sample = 1,000 bact.*/sample

tions No. Per cent No. Per cent
e s 13 13 100.0 0 0.0
£ e 1 ¢ U R 34 18 52.9 0 0.0
O O s s e s 117 12 9.6 26 22.2
14 R e s 115 1 0.9 82 71.3
.21 | S N O e 2] 0 0.0 19 90.5
¢ 0 [ SRS e 300 44 14.7 127 42.3

* Staph. aureus particles.

Table 31. Correlation of staphylococcal nasal and skin counts to aerial dissemination on bed making.

Correlation coefficients based on logarithms of observations. (100 nasal carriers).

Method of
Correlation based on: calecul- N:A U:A F:A H:A [(H+F):A
ation
3 replicate observations (at one- I 0.8043 | 0.6745 0.8199 | 0.7954 | 0.8523
day intervals) 11 0.7988 0.6573 0.8340 0.8122 0.8395
Mean 0.8611 0.7869 0.9203 0.8986 0.9366
11 0.8304 0.7637 0.9050 0.8797 0.9011

N = nose, U = upper lip, F = fingers, H = hands and A = air contamination.

Table 32. Multiple correlation of combinations of mean staphylococcal nasal and skin counts

to air counts.

Multiple correlation coefficients based on logarithms of observations. (100 nasal carriers).

Method of
calculation Rack+n.8) Ryv.v) Rip+u.0) Rk +1.8.0)
| GRS 0.9387 0.8804 0.9378 0.9394
- § CRRE S 0.9120 0.8599 0.9076 0.9149
N = nose, U = upper lip, F = fingers, H = hands and A = air contamination.

F( XXy oen X )

n

is the multiple correlation coefficient between the dependent vari-
able y and the independent variables x, ... x

Ne. af colonies
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Fig. 8. Correlation between staphylococcal counts from nose and air (mean counts,
100 nasal carriers).

2,331 (2,333) particles. The figures in pa-
renthesis are calculated on the basis of
method II. The difference in the results
derived from the two methods of calcula-
tion was small and the mean counts were
approximately equal for the 3 examina-
tions.

Table 30 gives the correlation between
nasal and air counts on 3 examinations of
the nasal carriers. Within wide limits,
the air counts increased with rising num-
bers in nasal cultures.

The frequency distribution of the counts
was found to approximate the log.-normal
form. For statistical analysis, the counts

were therefore transformed to a logarithmic
scale and all computations made on the
transformed figures.

'I.ablc 31 gi\‘t‘,s l]’l(‘: '.'“I‘rf.:i.lll‘.(_ill {‘(H’fﬁ'
cients of logarithms of nasal and skin
counts to air counts. The difference in the
results based on the two methods of cal-
culation was small. The correlation was
least good between upper lip and air con-
tamination, and best between fingers plus
hands and air contamination.

Figs. 8—10 illustrate the correlation be-
tween mean counts from nose, fingers and
fingers plus hands and mean counts of air
contamination. The points marked and
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Fig. 9. Correlation between staphylococcal counts from fingers and air (mean counts,
100 nasal carriers).

the regression lines represent calculation
method I. Mean counts below the lowest
values on the abcissa and ordinate are
plotted on the co-ordinates. It is evident
from the figures that the correlation be-
tween fingers and hands combined and air
contamination was better than between
nose and air contamination.

Table 32 gives the multiple correlation
coefficients of combinations of mean counts
from nose, upper lip and fingers plus hands
to mean air counts. The correlation
achieved when all the combinations of
measured factors which might conceivably
influence air contamination were taken
into consideration was only slightly better
than that formerly demonstrated (table
31) between fingers plus hands and air
contamination. Quantitative estimation of

staphylococci in the nose and on the upper
lip, after measurement of the numbers on
the fingers and hands, thus provided only
slight additional information concerning
the air contamination.

Antibiogram and phage patterns.

Antibiogram determinations and phage
typing were performed on 1,413 colonies
from air samples. The reactions of 1,379
colonies to the antimicrobial agents and
phages were either identical with those of
the respective nasal strains, or showed such
slight variations that the strains were not
assumed to be different. Nine of the re-
maining 34 strains gave resistance patterns
identical with the nasal strains, but phage
typing results were indecisive, Serological
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Fig. 10. Correlation between staphylococcal counts from fingers + hands and air (mean
counts, 100 nasal carriers).

typing showed that in 6 of the 9 cases the
air and nasal strains were identical. Con-
sequently, 1,385 of 1,413 colonies from air
samples were most probably identical with
the nasal strains and 28 colonies were dif-
ferent.

Twenty-six of these 28 colonies were
demonstrated in samples from which all
staphylococcal colonies were examined,
that is, in 161 samples yielding 462 col-
onics. The remaining 2 colonies were
demonstrated in the other 139 samples
in which only 951 of 6,576 staphylococcal
colonies were examined. These 28 colonies
were not included in the calculation of the
air contamination as they were thought to
be due to contamination from the environ-

ment.

3. Discussion,

In the present investigation an important
problem was whether the staphylococci
demonstrated on the various skin areas and
in the air samples were really due to dis-
persal from the nose directly or in-
directly — and not to contamination from
the surroundings or dispersal from other
sites of multiplication such as the throat,
vagina, perineum or faeces. As virtually
all staphylococcal colonies examined in the
skin and air samples were identical with
the nasal strains, contamination from the
surroundings must have been negligible.
It is also evident that dispersal from the
throat was of minor importance since 16
of the 100 patients had different nasal and
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throat strains, and the latter were not de-
monstrated in the skin and air samples, In
previous investigations bacterial dissemina-
tion by throat carriers has also been assu-
med to be unimportant (51, 52, 53, 54,
111, 137). Only a few patients had positive
samples from the axillae, perineum and
facces, and none from the vagina (cf. se-
lection of the material). The positive samp-
les yielded such small counts that dispersal
of staphylococci from these sites was most
probably negligible (cf. chapters VI and
VII). Moreover, the perineal and faecal
strains in four of these patients were dif-
ferent from the nasal strains, and the
former were not demonstrated on other
skin areas nor in air samples. Other
breeding grounds for staphylococci, apart
from the nasal vestibule and the sites
mentioned here, are seldom demonstrated.

The foregoing statements indicate that
the majority of staphylococci on the upper
lip, fingers and hands are due to conta-
mination from the nose. This is also sup-
ported by the good correlation between
the nasal and skin counts, In addition, very
few staphylococci were demonstrated on
skin areas (e. g. skin of the abdomen)
which did not come into direct contact
with the nasal vestibule.,

The difference in the ability of nasal car-
riers to disperse staphylococei into the air
must largely depend on the number of
these organisms in the nose and on the
skin. The linear correlation was better
between the counts from fingers plus hands
and air contamination than between the
nasal and air counts. Multiple correlation
analysis revealed that insignificant ad-
ditional information on the ability to dis-
perse the organisms into the air was at-
tained by estimating the number of bac-
teria in the nose and on the upper lip
when the counts from the fi ngers and hands
were known, Consequently, estimation of
the number of organisms on the fi ngers and

hands will give the best basis for deter-
mining whether a nasal carrier is a “heavy
disperser” or not. Hare and Ridley (55)
also observed correlation between the
numbers of staphylococci dispersed and
the extent of surface contamination. The
results of the present investigation support
the theory of Hare (57) concerning the
mode of infection: the bed clothes are in-
fected from the skin, particularly from the
fingers and hands, which in their turn are
infected from the vestibule of the nose.

As shown in the present study, the num-
bers of staphylococci on the skin and their
dispersal into the air increased with rising
nasal counts. In investigations where other
quantitative methods have been used, si-
milar tendencies have been reported for
nasal carriers of both staphylococci (77,
132, 143, 144) and streptococci (50). How-
ever, Hare and Ridley (55) observed very
little or no correlation between the number
of organisms in the nose and the intensity
and extent of skin contamination and abj-
lity to disperse. This may be due partly to
their technique which permitted only a
rough estimation of the number of sta-
phylococci in the nose and on the skin, and
partly to the difficulty of maintaining a
constant technique in the dispersal experi-
ments. In the majority of studies on nasal
carriers, insufficient attention has also
been paid to the dispersal of staphylococci
from sites of multiplication outside the
nasal vestibule (facces, perineum etc.).

On the other hand, it must be emphasi-
zed that in the present work the patients
were submitted to approximately equal
experimental conditions. All had bathed
and received similar clean clothing and
bedclothes 2 days before the first examina-
tion. They were all supplied with handker-

chiefs. None were permitted to wash them-
selves during the last 12—14 hours before
the examinations, or to get out of bed
during this time. In addition, no patients

s R Ry

had such complaints as those described

for “cloud babies” (32). All this has

bably contributed to the good corre-
lation demonstrated between the nasal,
skin and air counts.

Identical strains were nearly alwe'nys de-

monstrated in the nasal, skin and air sam-
ples. Similar findings have been made in
other investigations (55, 87, 97, 132, l-‘%4,
145) but the results have not been quite
so good. As shown in the present and a
previous investigation (109) two staphy-
lococcal nasal strains can be isolated from
about 10 per cent of nasal carriers. If only
one colony from each nasal and skin sample
is examined, different strains will be found
fairly often. In the present stud)r.this source
of error was avoided by examining schral
colonies from each sample. In previous"
investigations less attention has also_ been
paid to the dispersal of staphylococci from
sites of multiplication outside the nasal
vestibule, where other strains may appear
(perineum, faeces, vagina, axillae). In ad-
dition, the individuals in the present study
were isolated from other staphylococcal
carriers in order to prevent contamination
from their surroundings.

4. Summary and conclusions.

1. From the patients admitted to a medical
department during the course of 14
months, 100 persistent nasal carriers of
Staph. aureus were selected.

In these patients the numbers of staph):-
lococci in the nasal vestibule and on vari-
ous skin sites, and the ability to disperse
the organisms into the air on bed making
were examined.

2. The numbers of staphylococci in the
nasal cultures varied greatly from individ-
ual to individual — from less than 1,000
to several millions — but the day to day
variations for the same individual were
relatively small.

Nasal samples yielding more than 107
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Staph. aureus were practically pure cul-
tures while samples with lower counts gene-
rally yielded other organisms as well. Debi-
litated patients had the highest nasal counts,

Altogether, 112 staphylococcal nasal
strains were isolated. The frequency of
antibiotic resistant strains increased with
rising nasal counts.

3. The numbers of staphylococci on the
upper lip, fingers and hands, and the
frequency of positive samples from these
sites increased, within wide limits, with
rising nasal counts. Staphylococci were
seldom demonstrated on the skin of the
abdomen, and then only in insignificant
numbers. .

In every case the nasal and skin strains
were identical.

These investigations support the view
that the majority of staphylococci on the
skin of nasal carriers are due to contamina-
tion from the nasal vestibule.

4. Within wide limits, the dispersal of
staphylococci into the air on bed making
increased with rising nasal counts but
there was better correlation between the
number of staphylococci on the skin
(fingers and hands) and aerial dissemina-
tion than between nasal and air counts.

Ninety-eight per cent of the staphylococ-
cal colonies examined in air samples were
identical with the nasal and skin strains.

The heaviest dispersers of staphylococci
among nasal carriers are those individuals
who yield the highest numbers of these
organ‘isms on the skin (fingers and hz}nds).
These subjects usually also have the highest
numbers in nasal cultures.

5. Fifty-one of the 100 patients yielded
staphylococci in throat samples and 16 had
different strains in the nose and throat.
In these patients the throat strains were
not demonstrated in skin and air samples.
Presumably throat carriers are of @nor
importance, compared with nasal carriers,
in the dispersal of Staph. aureus.




V. Staphylococcal nasal carriers treated with
framycetin-gramicidin nasal spray.

A. Previous investigations.

Nasal carriers play a considerable part in
the development of staphylococcal infec-
tions. Danbolt (28) demonstrated this in
the case of furunculosis as early as 193],
Later, this was shown to apply both to
furunculosis (126, 130), and to other
staphylococcal skin lesions (27, 85, 68,
108, 126). Perinatal pyodermias and puer-
peral abscesses may also be due to no-
socomial infections (78, 88, 120) and post-
operative septic lesions are often thought
to result from autoinfection with staphy-
lococei from the nose (23, 95, 140, 148).

Local treatment of the nasal mucosa
with antibiotics can reduce the frequency
of recurrent staphylococcal skin lesions
among nasal carriers (27, 46, 65, 127).
This treatment also seems to reduce the
frequency of staphylococeal infections in
maternity wards (4, 40, 72, 75, 121), In
surgical wards, however, the results are
not quite so uniform and encouraging
(42, 43, 63, 110, 121, 140). In several in-
vestigations, other measures have been
taken concurrently with antibiotic therapy
and the individual effect has been difficult
1o assess,

Various antibiotics have been used in
the treatment of staphylococcal nasal car-
riers and a definite reduction in nasal car-
riage has usually been demonstrated dur-
ing and just after treatment (33, 44, 45,

129, 141). But in some investigations less
favourable results have been obtained
(90, 102).

In recent years, framycetin has been
used alone or in combination with grami-
cidin in order to reduce the frequency of
nasal carriers. In several investigations the
results have been good (8, 71, 115, 123)
but not in all (102).

The efficiency of intranasal application
of antibiotics in reducing skin contamina-
tion and aerial dissemination of staphylo-
cocci by nasal carriers has seldom been
studied (98, 132), and little is known of
the quantitative side of the problem. The
results of investigations of this aspect of
the problem will be reported here.

B. Personal investigations.

1. Material and methods.

Nasal samples from the nurses and doctors
in the department were obtained every
other week for 11/, years. Thirty individuals
who had been carriers of the same staphy-
lococcal strain for 2—6 months were se-
lected, and the incidence and quantity of
these organisms in the vestibule of the nose
were determined once daily for 3 days be-
fore treatment with framycetin-gramicidin
nasal spray. Nasal cultures were obtained
the day after completing therapy and
again at 1 week intervals.

Forty of the 100 nasal carriers in chap-

ter IV were also treated with framycetin-
gramicidin nasal spray. The num-bcrs of
staphylooocci on the skin and the dlspFrsal
into the air on bed making were examined
once daily for 3 days before treatment (the
results are reported fully in chapter 1V)
and on the day after completing ti:lcrap‘y.

Twenty of the 40 patients remained in
the department for at least a !urthcr 10
days, the incidence and quantity of sta-
phylococci in the nasal vestibule being
determined on the 4th and 10th days after
completing treatment. In 3 of thcsc. pa-
tients, skin and air samples were obtained
several times after treatment. .

In order to keep experimental conditions

" approximately equal before and after

treatment, the 40 patients were bathed or
washed on a stretcher, and received clean
clothes and bedclothes 2 days before the
first pre-treatment examination am—i 2
days before the post-treatment examina-
tion.

The framycetin-gramicidin nasal spra.y1
was used 4 times daily. The spray fluid
was an isotonic solution containing l.Q?
per cent framycetin, 0.005 per cent grami-
cidin, 0.25 per cent metaoxedrin and
0.002 per cent phenylmercurinitrate. The
patients were treated for 3 days and the
personnel for 7 days. Vo

The methods of investigation are de-
scribed in chapter II. In assessing the
frequency of nasal carriers, nasal FlfllurCS
which did not yield staphylococci in the
first dilution (1 :40) were regarded as
negative.

2. Results.
Tables 33 and 34 give the frequency of
nasal carriers of Staph. aureus among the
personnel and patients after treatment.
The frequency was lowest for the personnel

! The preparation was supplied by “Nyco”,
Oslo,

Table 33. Staphylococcal nasal carriage afiter treat-
ment with framycetin-gramicidin nasal spray for seven
days.

(30 members of the personnel).

Day No. of samples Per cent
after of samples
treatment | Positive |Ncgarive positive
| ol 3 27 10
L T L7 13 57
£, SO 23 7 77
il P 25 D 5_11
74 e 27 3 90

who had been treated longest, and in both
groups it was lowest on the day afu-,.r com-
pletion of treatment and rose rapidly in
the course of the following 1—2 weeks.
Antibiogram determinations and phag:
typing were performed on 1—2 Culonlc(s
from all positive nasal cultures. Only 3
individuals in each group yielded different
strains after therapy.

Figs. 11 and 12 illustrate the mean nasal
counts from the personnel and patients be-
fore and after treatment. In both groups,
there was a marked reduction from high
pre-treatment values to less than 0.01 per
cent of the original numbers the day after
completion of therapy. The nasal_ counts
from the majority of individuals in both

Table 34. Staphylococcal nasal carriage afler lreal-
ment with framycelin-gramicidin nasal spray for

three duy:.
(20 patients).
Day No. of samples Per cent
after of Samlpl:s
treatment | Pogitive | Negative positive
Lis visiae 8 12 :}0
" R 11 9 35
07 i 18 9 90




L jn ‘
S g s

e R —— —

W

A N P T e

il

No. of colonies
500

100000 —

1000 —

0=
il

1 A L

el A T 1 ) L S T 1 T e T e

8 |
r ST S S ]

Treatment

|
W 12 1 16 18 20 22 2% 26 28

30 32 34 36 238
Days

Fig. 11. Staphylococcal nasal counts before and after treatment with
framycetin-gramicidin nasal spray (mean counts, 30 nasal carriers).

groups were still low 4 and 7 days later,
but during the subsequent week the mean
counts for both groups rose to about the
same level as before treatment.
Quantitative nasal cultures were ob-
tained for 10 days from 10 untreated sub-
jects (patients and personnel) who had
been shown by examinations
(covering 1 to 2 months) to be persistent
staphylococcal nasal carriers. Fig. 13 il-
lustrates the mean numbers of Staph.
aureus in daily samples from these indi-

weekly

viduals. Only minor variations were ob-
served.

Table 35 gives the frequency of sta-
phylococcal positive nasal, throat, skin
and air samples from 40 nasal carriers be-
fore and after treatment. From the throat,
staphylococci were isolated almost as fre-
quently after treatment as before, but in
the other samples the organisms were sel-
dom demonstrated after treatment.

Table 36 and figs. 14 and 15 give the
mean counts in nasal, skin and air samples
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No. of colonies

5 mill.—
1 mill. —
100 Q00—
10 000 —
1000 —
Ry O T P O N |
1 3 & 5 6 7 9 10 n { ey I |
Treatment

Fig. 12. Staphylococcal nasal counts before and after treatment with
framycetin-gramicidin nasal spray (mean counts, 20 nasal carriers).

from 40 nasal carriers before and after
treatment. For all samples, a marked re-
duction was demonstrated from high values
before treatment to extremely low values
the day after treatment was completed.

Three patients had positive perineal

samples (from 2,000 to 8,000 staphylococci)
the day after completing treatment.
Sixteen of the 40 patients yielded po-
sitive post-treatment nasal cultures. Al:lti-
biogram determinations and phage typing
were performed on 18 colonies from these
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Table 35. Mmqﬁwﬁ}wmm& before and after treatment with framycetin-gramicidin
nasal spray for three days.
(#0 nasal carriers).

Day of Nose Throat Upper lip Fingers Hands [ Air contam.
treatment | No. Per [ No. Per | No. Per No. Per | No. Per | No. Per
cent cent cent cent cent cent

:g ....... :g 100.0 13 325 36 900 40 100.0 | 39 975 40 100.0
o T 100.0 12 300| 35 875 40 100.0 39 975 | 40 100.0
....... 40 100.0 11 275]| 87 925 40 100.0 89 975| 40 100:0
- o Ml et - 16 40.0 8 20.0 8 20.n T 50 | 2.5 9205

— = before treatment, 4 = after treatment,

Table 36. Aean staphylococcal nasal,

skin and air counts before and after treatment with

Jramycetin-gramicidin nasal spray for three days.
(40 nasal carriers, mean counts in thousands),

: D:ty of : No. of bacteria*
reatmen T s -
Nose | Upper lip Fingers | Hands | Air contam,

—3 4,614.650 2.380 13.925 64.163 4.280
—-? 3,746.500 3.182 13.986 51.263 4:433
— 4,600.080 2.302 17.29] 57.100 3.888
41 0.155 0.009 0.003 0.013 0.012

* Calculation method I, — = before treatment

-+ = after treatment.

samples. In all cases, identical strains were
demonstrated before and after treatment.
Altogether, 25 staphylococcal colonies
were demonstrated in the 14 positive
samples from upper lip, fingers and hands
of the 40 patients after treatment. Anti-
biogram determinations and phage typing
were performed on 15 colonies, ()I,’II}' 1
colony differed from the corresponding
na.sa] strain. Seventeen Staph. aureus col-
onies were demonstrated in the air samples
after treatment. Seven colonies were dif-
ferent from the respective nasal strains. Skin
and air sample colonies which differed
from the respective nasal strains were as-
sumed to be due to environmental conta-

mination and were not included in the
calculations of skin and air contamination.

Eight patients had positive throat sam-
ples after treatment, Antibiogram deter-
minations and phage typing were per-
formed on 10 colonies from these samples.
Five patients had identical throat strains
before and after therapy. Staphylococci
were not demonstrated in skin and ajr
samples from 3 patients who yielded po-
sitive throat cultures and negative nasal
cultures after treatment.

Three patients were examined several
times after completing treatment with
nasal spray. Table 37 shows the results of
these post-treatment examinations, which

Ne. of celonies
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Fig. 13. Mean staphylococcal nasal counts from
: 10 untreated nasal carriers.

demonstrated that the number of organ-
isms on the skin, and the dispersal into
the air increased with increasing nasal
counts.

Antibiogram determinations and phage
typing were performed on a total of 68
Staph. aureus colonies from the samples
of these 3 patients. Apart from 2 colonies
in the air samples, all strains from each
patient were identical.

One patient had mild side-effects from
the treatment in the form of nasal stenosis
and mild dyspnoea. The symptoms dis-
appeared as soon as treatment was dis-
continued.

Staphylococcal strains resistant to fra-
mycetin and gramicidin were not observed
during the investigation.

3. Discussion.

Nasal spray therapy has only a temporary
influence on the carrier status. Staphylo-
cocct are often demonstrated after the
completion of treatment, the interval be-
fore the nasal samples become positive

53

varying considerably (71, 102, 115, 123).
This may partly be due to differences in
technique (71, 102) and in the staphylo-
coccal nasal counts before treatment, It
has in fact been shown that patients who
were recolonized after nasal application of
antibiotics, yielded higher pre-treatment
nasal counts than patients who became
non-carriers (132). The individuals in the
present investigation were accounted per-
sistent carriers — carriers with high nasal
counts (117) — while in other investiga-
tions (71, 123), there were probably more
occasional carriers — individuals yielding
few nasal staphylococci. The results are
probably also dependent omn the duration
of treatment and the care with which it is
carried out (115). In the present investiga-
tion, checks were made once or twice
daily to see that the spray bottle was used
correctly.

In the majority of cases, the demonstra-
tion of staphylococci after treatment was
probably due only to persistence of the
original strains in the vestibule of the nose.
Stratford et al. (123) surmised that the
recolonization was due to exogenous
staphylococci but as phage typing was not
performed, they were unable to prove this.
In the majority of patients in the present
study the pre- and post-treatment nasal
strains were identical. There were very
few or no staphylococci on the skin and
bedclothes after treatment so that dispersal
to the nose from these sites was most un-
likely. Re-infection from the throat was,
on the other hand, possible in some cases.
In the majority, however, persistence of
the original organisms in the vestibule of
the nose was the most reasonable explana-
tion. This is in accordance with the results
of other investigations (71, 102).

One of the 3 individuals in the personnel
group who changed strains had negative
nasal cultures for 22 days, but the day after
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she began nursing a patient isolated for
@ severe staphylococcal Pyodermia (pa-
t{cnl 1, chapter VII), her nasal cultures
yielded a strain identical with that ha
boured by the patient. <
Ir_] one of the 3 patients who changed
strains, the one developed in the nose aft:i-r
treatment was identical with the strain
}*lcldc:_rl by the perineum. Another of th‘csc
3 patients, who was placed in the same

room as a perineal carrier who dispersed
large numbers of staphylococci, yielded
afu:r 3 days positive nasal cultures of a
str:u‘n identical with that of the perineal
carrier.

_ Ro.utinc examination of air contamina-
ton in the wards and charting of all sta-
ph}«:lococcal carriers among personnel and
patients showed that those individuals who
changed their strains, were recolonized
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Fig. 15. Staphylococcal skin and air counts before and after
treatment with framycetin-gramicidin nasal spray (mean
counts, 4) nasal carriers).

with those organisms which appeared in
greatest numbers. These observations are
few in number, but there is probably a
quantitative factor in the transfer of
staphylococcei from one individual to an-
other,

Although staphylococci can be demon-
strated in nasal cultures after treatment,

a purely qualitative assessment does not
give a true picture of the effect of treat-
ment. Porter et al. (102) did not undertake
quantitative investigations but they were
nevertheless aware of this: “Although the
use of framycetin seemed to have little
effect on the over-all pattern of staphy-
lococcal nasal carriage it may be that
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topical antibiotics of this type reduce the

density of nasal organisms and so decrease
the environmental contamination from
this source™,

In the present study, a marked reduc-
tion was demonstrated in the staphylo-
coccal skin and air counts, from high values
before treatment to almost negligible num-
bers after its completion. If there js a
quantitative factor in the development of
staphylococcal lesions, a simple treatment
such as antibiotic nasal spray should there-
fore contribute to reducing the frequency
of infections with these organisms, As
mentioned previously, this has been shown
in some investigations but not in all
(63, 121).

The staphylococcal skin and ajr counts
fell during treatment with nasal spray
approximately in parallel with the number
of organisms in the nasal samples. This
might be due to accidental contact of skin

and spray, e.g. when the cap was screwed
on and off or via handkerchiefs, but the
main reason was probably that the num-
ber of dispersable organisms in the nasal
vestibule fell to a minimum,

Only one of the individuals in the pres-
ent study had side-effects from the therapy
and these were very mild. In large doses,
gramicidin may produce lung infiltrations
in rabbits (105). Rubbo (113) and Gre-
meaux (48) have shown that the quantity
used in framycetin-gramicidin nasal spray
could hardly give rise to lung symptoms,

4. Summary and conclusions.

I. Thirty nurses and doctors and 20 pa-
tients who had been shown by repeated
examinations (covering periods of 3 weeks
to 6 months) to be nasal carriers of the
same staphylococeal strain, were treated
with framycetin-gramicidin nasal spray 4
times daily for 7 and 3 days respectively,

Table 37. Reappearance of staphylococei after treatment with Jramycetin-gramicidin nasal
spray for three days.
(3 nasal carriers).

Pat. | Day atter No. of bacteria (in thousands)

Ro. | treatment Nose Throat Up.pcr Fingers | Hands Alr
lip contam,
1 < 0.04 < 0.04 <0.02 <0.02 <0.5 | <0.025
2 1.60 | <0.04 0.02 0.02 < 0.5 0.025
1 % 14.00 | <0.04 0.02 0.02 < 0.5 0.025
6 84.00 0.04 0.44 0.08 4.0 | <0.025
7 184.00 < 0.04 0.44 0.72 11.0 0.300
-_1 1700 | <0.04 | <0.02 <0.02 <0.5 0.025
J 36.00 <0.04 0.02 < 0.02 <0.5 | «<0.025
2 6 57.00 < 0.04 < 0.02 0.18 <0.5 0.100
7 252.00 < 0.04 < 0.02 0.12 < 0.5 0.300
11 2,400.00 < 0.04 5.60 3.60 12.0 4.900
‘ l =< U.Uc% < 0.04 < 0.02 <0.02 <0.5 | <0.025
3 3 0.16 < 0.04 < 0.02 <0.02 <0.5 | <0.025
29 1,600.00 0.84 0.64 3.92 20.0 1.200
30 800.00 0.36 0.40 1.78 1.5 0.300
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Twenty-seven (90 per cent) individuals

9 in the personnel group and 12 (60 per cent)

in the patient group had negative nasz'll cul-
tures on the day following completion of
treatment. However, the frequency of po-
sitive cultures increased rapidly in both
groups in the following 1—2 weeks.

For both groups, the staphylococcal na-
sal counts fell from high pre-treatment \fa!-
ues to less than 0.01 per cent of the origi-
nal counts on the day after completion
of treatment. They remained relatively
low for 4—7 days, then rose during the
following week to about the same level as
before treatment. e

Eighty to ninety per cent of the indi-
viduals with positive nasal cultures after
treatment yielded the same strain before
and after therapy. It is assumed that in the
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majority of cases the original organisms
persisted in the nose.

2. Forty patients who were nasal car-
riers of large numbers of staphylococci
were treated with framycetin-gramicidin
nasal spray for 3 days.

The quantity of staphylococci in the
nose, on the upper lip, fingers and hands
fell from high pre-treatment values to very
low values on the day after completion of
therapy. The same applied to aerial dis-
semination of staphylococci on bed mak-
ing. When the staphylococcal nasal counts
began to rise after treatment, the skin and
air contamination also rose.

Treatment by framycetin-gramicidin
nasal spray is regarded as a valua.blc
measure for preventing the dissemination
of staphylococci from nasal carriers.




VI. Perineal carriers of Staph. aureus examined
before and after treatment with hexachlorophane.

A. Previous investigations.

The perineum was first suggested as a po-
tential source and breeding-place of Staph.
aureus by Hare and Ridley (55). Gillespie
et al. (41) isolated Staph. aureus from the
perineum of 30 to 50 per cent of 2 to 10
day-old neonates, Ridley (107) obtained
sufficient numbers of pathogenic sta-
phylococci from the perineal area of ]
of 50 male students to class them as peri-
neal carriers, 10 per cent having large
numbers of these organisms on the peri-
neum and very few of no nasal staphylo-
cocci, Tulloch et al. (127) examined the
perineum of patients suffering from chronic
furunculosis: 15 of 24 patients were peri-
neal carriers of staphylococei. They sug-
gested that this figure was probably ilight:"
than in the general population because
perineal swabs were initially obtained from
patients with boils on the lower part of the
Pody. Boe et al. (19) examined 3,508 pa-
tients admitted to a medical ward. Thir-
teen per cent had Staph. aureus on the
perineum, either alone (3 per cent) or
combined with nasal and throat carriage,
The dispersal of staphylococei  from
perineal carriers has seldom been investi-
gated (56, 57, 107). Perineal carriers, like
nasal carriers, differ remarkably in their
ability to disperse these organisms (57
107) but the reason for this is unkno{vn.’

On limited data it has been suggested that
combined nasal and perineal carriers are
liable to disperse larger numbers of sta-
phylocacei than pure nasal carriers (57,
107). Attempts to reduce the dissemination
of Staph. aureus by perineal carriers have
not been made.

In the present study, the difference in
ability of perineal carriers to disperse sta-
phylococci was investigated. The possibility
of reducing the number of staphylococci
on the skin, and their dispersal into the air
by hexachlorophane (pPHaisoHex*) skin
disinfection was also examined.

B. Personal investigations.

1. Material and methods.

The material, comprising 5 women and 9
men between 9 and 64 years of age, was
obtained in the following way. All patients
(2,014 in all) admitted to The Medical
Department B from August 1962 to Oc-
tober 1963 were examined for Staph.
aureus in the nose, throat and on the
plcrincum. About 13 per cent of the pa-
uents were perineal carriers on admission
and these were examined for perineal
staphylococei 4 times at intervals of 23
days. At the final examination, the num-

*) Manufactured by The Winthrop Prod-
ucts Company, Surbiton, England.,

bers of these organisms in the nose, axillae,
vagina and faeces were also estimated.

Patients yielding perineal staphylococci
on all 4 examinations were regarded as
predominantly perineal carriers, provided
that they did not have staphylococcal
lesions, more than 1,000 Staph. aureus in
the samples from axillae, vagina and
facces, and more than 1 million Staph.
aureus in nasal samples. These criteria
will be evident from the investigations
referred to in chapters IV and VII.
Fifteen patients fulfilled the conditions but
1 of them was too ill to be examined
further.

The remaining 14 patients were ex-
amined 1—5 times in the course of 1—7
days. One patient (No. 13) was examined
on 2 separate admissions 5 months apart.

Five of the 14 patients (Nos. 7, 11, 1.
13 and 14) were then treated morning and
evening for 3 days by washing the peri-
neum with 3 per cent hexachlorophane
emulsion. Further samples were obtained
the morning after completing treatment.
One patient (No. 14) received treatment
for a further 3 days and was re-examined
the next morning, Patient 13 was treated
on both admissions to hospital,

The patients themselves undertook the
treatment after preliminary instruction.
The skin was first moistened with water.
Hexachlorophane emulsion was then rub-
bed over the perineum and adjacent re-
gions and washed off after 1 minute. The
procedure was supervised to ensure correct
technique. Other washing was performed
with non-disinfectant soap.

In order to establish approximately
equal experimental conditions before and
after treatment, the patients were bathed
and received clean clothes and bedclothes
2 days before the first pre-treatment ex-
amination and 2 days before the post-
treatment examination.

The methods of investigation are de-
scribed in chapter I1. All sampling fluids
and media after treatment contained
1 per cent “Tween 80" to neutralize any
residues of hexachlorophane emulsion
that might be present,

2. Results,

Quantitative estimations.

The results of the examinations before
treatment are given in table 38. The pa-
tients were divided into 3 groups according
to the number of staphylococci on the peri-
neum. Group 1 yielded less than 104
Staph. aureus in these samples, group 2
between 104 and 10% and group 3 more
than 108 Staph. aureus,

Tables 39—42 give the correlation be-
tween perineal counts and counts from
upper lip, fingers, hands and the skin just
outside the perineum, respectively. Within
wide limits, the numbers of staphylococci
in these samples increased with rising peri-
neal counts.

Table 43 gives the correlation between
the perineal counts and the staphylococcal
aerial dissemination on bed making. It is
evident that the ability to disperse the
organisms into the air also increased with
rising numbers on the perineum.

Five heavy dispersers were treated with
hexachlorophane skin disinfection. Four
of them showed a marked reduction of
skin counts and aerial dissemination of
staphylococci, from high pre-treatment
values to negligible values the day after
completion of treatment. The results of the
examinations of one of them (patient 13,
second hospital admission) given in fig. 16,
provide a further illustration of this.

The fifth patient (No. 14) also showed
a marked reduction in the number of
staphylococci during treatment, although
the samples still yielded a few organisms
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Table 38. Skin contamination and erial disemination
No. of bacteria (no. of colonies x di

L. ; in thousands).

#W:'MW carriers.

Pat. no.,
sex, | Day of
age | examin,

(yrs.)

Pcrineum.* Nose

Throat

Upper

lip

Fingers

Hands

perineal

area

Air

conta-

mination

.100
- 0.100
1
5
5 ; ggg <0.04 0.0¢ | <0.02 | <0.02 <0.5 0.16 3.300
. : <0.04 | <0.04 0.02 | «<0.02 1.0 0.08 ".5{}0
44| <0.04 [ <0.0¢| <0.02 0.02 <0.5 | <0.08 69{}0
6
. i ;gg 120.00 | <0.04 | «0.02 0.02 <0.5 1.68 1.800
3 : o 148.00 | <0.04 | <0.02 0.14 <0.5 | <0.08 l .500
16.00 | <0.04 | <0.02 <0.02 <0.5 4.00 0:200
7
. é ;{:3 1.04 | <0.04 | <0.02 0.18 2.5 44.00 3.000
. : !80 0.16 0.04 0.08 4.56 40.0 4.00 2.400
v <0.04 | <0.04 | <0.02 0.18 6.0 6.00 1.700
8 5 3
- ; gt;]l “.;gg. ’1.5'2 <0.02 4.18 18.0 1.04 3.700
. ¢ : 3.42 1.54 10.56 105.0 0.88 35.400
9 1 8 0.04 .02 |
.0 <0.04 0.02 | <0.02 -0 2
: ; <0. 0.5 | ‘<l <<
‘ I 1 440 20.00 | <0.04 0.02 4.12 f e e
b : 12.0 0.32 13.900

10

< 0.04

No. of bacteria (no. of colonies x dil. ; in thousands).
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Table 38 cont. Skin contamination and aerial dissemination of staphylococci; 14 perineal carriers.

Ai
Pat;:o-’ Day of Upper Extra- con]tra-
’agc' in, |Perincum Nose | Throat lip- Fingers | Hands | perineal mi’nation
(y18.) area (bed
y making)
11
M 1 640 0.04 | <0.04| <0.02 7.82 26.5 16.00 24.700
65
12 1 1,000 12.00 0.76 <0.02 0.96 84.0 7.00 1.300
M 3 2,560 16.00 0.88 | <0.02 26.80 30.0 3.00 16.700
23 4 1,840 16.00 0.60 | <0.02 9.68 16.5 16.00 14.100
1 2,240 20.00 | <0.04 1.48 53.00 210.0 36.00 51.900
2 8,160 | 149.00 0.04 5.28 33.00 66.0 68.00 56.900
13 3 4,320 61.00 | <0.04 0.40 11.00 120.5 | 104.00 52.300
M
14 1 18,200 12.00 0.04 1.24 | 287.00 | 1,710.0 64.00 | 111.200
2 15,720 4,00 | <0.04 8.48 | 126.00 360.0 | 424.00 | 114.800
3 26,520 8.00 | <«0.04 1.56 | 670.00 | 1,320.0 | 920.00 [ 210.400
1 12,400 1200 | «0.04 0.36 | 128.00 420.0 | 528.00 | 144.900
5 11,280 16.00 | «0.04 65.48 51.00 840.0 | 160.00 | 131.800
14 1 10,720 64.00 | «<0.04 0.08 64.00 180.0 36.00 | 260.400
M 2 24,400 | 160.00 | <0.04 1.08 61.00 730.0 21.00 | 206.700
60

Table 39. Correlation between staphylococcal counts from perineum and upper lip.

14 perineal carriers.

: No. of Upper lip
Perineal Sk

S examina- <20 bact./sample | >1,000 bact./sample
tions No. I Per cent | No. | Per cent

i U0 10 8 80.0 0 0.0

108 —108.... 14 10 71.4 | 7.1

108 ... 13 3 23.1 7 53.8

ol Cee s 37 2] 56.8 8 21.6
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No. of calonies L™
e o
20 mill. A \\ g
: 10 mill. }—
S examina- < 20 bact./sample >1,000 bact./sample
tions No. Per cent No. Per cent \
7 L 10 6 60.0 0 0.0
10¢—10e.... 14 3 21.4 6 42,9 \ \
>106. ... 13 0 0.0 12 92.3 cainles % \
Y Vs "
Totaloooi.i| . 87 9 24.3 18 48.6 X o o
. e
Tath 41. Correlation between staphylococcal counts from perineum and hands. X / \ A \
- . 4 . p %
14 perineal carriers. o ST R ¢ \, b \ \
Perineal No. of Hands
S examina- <500 bact./sample | >10,000 bact./sample 100 000 |—
tions No. Per cent No. | Per cent
L [ 10 9 90.0 0 0.0
10¢—108..., 14 ) 35.7 3 21.4
B 71 RS N 13 0 0.0 13 100.0
Total ...... gy CR BT 16 " | 433 10000} \
Table 42. Correlation between staphylococcal counts from perineum and extra-perineal areq. - — Perineum i
14 perineal carriers. — — —4 Hands
Pecivedl No. of Extra-perineal area DR ki
et examina- < 80 bact./sample | >10,000 bact./sample Y] AiF COMtamination
tions No. | Per cent | No. | Per cent o R Rl 3 e ey ! \
\
104 10 ‘ \ :
<aptios: 8 80.0 0 0.0
104 —10s. ... 14 2 14.3 2 14.3
s 10%. %, 13 0 0.0 10 76.9
Folatie e 37 10 270) il Hp 32.4
Table 43. Correlation between staphylococcal perineal counts and degree of aerial dissemination by = ! I : I EI "I' 3]
on bed making. } > : : beTrsalmens ——+ ge*
i ? carri 1
£ perineal carriers, Fig. 16. Staphylococcal counts frem patient 13 before and after
s N .of Degree of air contamination treatment with hexachlorophane emulsion.
count Seshng <100 bact.*/sample | >10,000 bact.* /sample
tions 7 o7 i inati ini
No. | Per cent | No. | Per cent (fig. 17). The patient was treated for a dissemination was also minimal (100
<10¢, ... 10 6 60.0 further 3 days after which, samples from  bacteria). 5
10¢—108. . 14 0 l)'[) g .0 the perincum and adjacent area, and from Patient 13 yielded no staphylococci in
bt & J n.U 5 g;; the fingers and hands, no longer yielded perineal cultures on dlscharg:? after the
T 5 = - - : ' Staph. aureus and only 20 bacteria were first stay in hospital but, as seen in table 38,
Al 2 v 008 2/ h.. 5 i iti
- : 16.2 15 | 405 , isolated from the upper lip. The aerial larger quantities were demonstrated 5
* Staph. aureus particles. I




was small the day after completion of
‘ treatment but increased during the follow-
i ing 7 days, the strain being identical with
that previously demonstrated.

The number of staphylococei in the vesti-
bule of the nose was unchanged by the
treatment,

No. of calonies
20 mill.p— N
10 mill. f—= \
1 mill. - N
/J\\ \
o \
Z ¢
100 000 — \
10000 (— \
1000 }— RS e L \
| e
i S
i : b——=——=—i Perineum S ey
;1 i b= =— =i Hands \. a \ !
i g W A €5R1aMInGLION \ - \ |
:i F—=-=—-+— Fingers '\ |
i
il S 4 Extraperineal ar k
i b i 1Y | opRa ) i \I |
i : 1 2 3 4 5 § 7 8 9
¥ '! fe——Treatment ———s3| fJe—1treatment Days
14 8 o
j Fig. 17. Staphylococcal counts from patient 14 before, during and after
;,{ i treatment with hexachlorophane emulsjon.
i
'{“ months later tl
it ater « firs et :
]j - : 1an at 1_h<_ first admission. No side-effects were observed. On th
il he strains were identical on both 0CC t i . )
e % : ca-  other hand, 2 patients (Nos. 13 and 14)
4t sions. The perineal count from patient 14 iff 1 i
| sulfered from perineal pruritus which dis-

appeared during treatment. ;

Antibiogram and phage patterns,

C.)n the average, antibiogram determina-
EIE}IIS and phage typing were performed on
2 perineal colonies from each patient.
Sixty-nine colonies were examined and 17

strains demonstrated: 3 patients had 2
strains. Ten strains were resistant to | or
more antimicrobial agents, All 10 were
resistant to penicillin, 6 to sulphathiazole,
5 to streptomycin, 5 to tetracycline, 3 to
erythromycin and 2 to chlorampenicol.
Table 44 gives the results of antibiogram
determinations and phage typing in rela-
tion to perineal counts. The frequency of
resistant strains was greatest for patients
with the highest counts. The results of
the examinations of patients 9 and 10 are
included in group 2.

On phage typing, all strains proved
typable, the majority being demonstrated
in phage group III. There were no strains
in phage groups IV and V.

Thirteen patients yielded positive nasal
cultures and 7 positive throat cultures.
Ten patients had identical strains in the
nose and on the perineum, and 4 in the
throat and perineum.

Despite the exclusion, at preliminary
examinations, yof perineal carriers with
more than 1,000 staphylococci per gram of
faeces, 2 patients (Nos. 3 and 11) yielded
1,000 and 12,000 bacteria respectively in
these samples. The perincal and faecal
strains were identical. The remaining pa-
tients had less than 1,000 staphylococci per
gram of faeces. Samples from the axillae
and vagina were negative (less than 1,000
staphylococei).
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Antibiogram determinations and phage
typing were performed on 24 colonies from
the upper lip, 72 from the fingers, 49 from
the hands and 30 from the region adjacent
to the perineum — 175 colonies altogether.,
The reactions of 172 colonies to the anti-
microbial agents and phages were identical
with those of the perineal strains, or varied
so slightly that they were assumed not to
be different. Phage typing did not deter-
mine whether the remaining 3 colonies
were different from the respective perineal
strains but serological typing revealed that
these strains were most probably identical.

Antibiogram determinations and phage
typing were performed on 173 colonies
from the air samples. On comparison with
the respective skin strains, 170 colonies gave
identical reactions, or reactions that varied
so slightly that the strains could not be
classified as different. The remaining 3
colonies were demonstrated in samples
from patients 3, 5 and 7 and were different
from the other strains harboured by these
patients.

3. Discussion.

An important problem in the present in-
vestigation was whether the staphylococci
on the upper lip, fingers, hands, area round
the pcrincum and in the air samples were
really due to dispersal from the perineum
and not to contamination from the en-

Table 44. Drug sensitivity and phage grouping of perineal sirains in relation lo perineal couni.

No. of strains
Perineal Phage groups
count Total |Resist Miscel-
ota esistant , e m Ia;cois
i LB e 5 2 2 1 1 1
100 —10% ...... 8 5 1 0 6 1
o U, RSN & 3 1 0 1 2
......... 0 1 8




vironment or dissemination from nose and
mmat.Asthes&aiminairandskinmmﬂcs
were identical with the respective perineal
strains, contamination from the surround-
ings must have been insignificant, Appar-
ently, dispersal from the nose and throat
were also of minor importance. The re-
sults reported in chapter IV showed that
individuals whose nasal counts did not
exceed those of the 14 perineal carriers, dis-
persed far fewer staphylococci; and that
throat carriers dispersed even less. In ad-
dition, 5 patients had different strains in
nose and throat from those on the peri-
neum, the former not being demonstrated
in skin and air samples. The 14 perineal
carriers did not have other staphylococcal
multiplication sites of any significance
(lesions, axillae, vagina, facces). Appar-
ently, most of the organisms on the upper
lip, fingers, hands, area round the peri-
neum and in the air samples were due to
dispersal from the perineum.

The fact that some perineal carriers are
heavy dispersers and others light, must,
according to the present results, mainly
be due to the number of staphylococci on
the perineum even though individual vari-
ations are quite large. The results of the
cxaminations of patients 9 and 10 support
this view. These patients had few perineal
staphylococci on the first examination but
on the second examination, some days
later, the numbers had risen considerably
and dispersal to other skin areas and into
the air was also markedly greater than
before.

In contrast, Ridley (107) found little
correlation between the numbers of sta-
phylococci on the perineum and in samples
of skin and air contamination. However,
he did not examine his patients under
standardized conditions and his technique
allowed only a crude classification of the
bacterial counts, The large individual
variations may, therefore, have masked a

possible correlation. On the other hand,
Ridley stated that there was usually good
correlation between contamination of the
fingers and clothes and the degree of dis-
persal into the air,

The perineal carriers had fewer staphy-
lococci on the upper lip, fingers and hands
than the nasal carriers (chapter 1V), but
they were capable of dispersing much lar-
ger numbers into the air, Patients 13 and
14, for example, dispersed as many sta-
phylococci into the air as all the 100 nasal
carriers in chapter IV together. Apart
from contamination via the hands, direct
transfer of staphylococci probably takes
place from the perineum and surrounding
skin to the bedclothes. This pronounced
capacity of perineal carriers to disperse the
organisms into the air shows that the crux
of the staphylococeal problem may not lie
solely in nasal carriage. This is probably
one of the reasons why treatment of nasal
carriers with antibiotic nasal spray has
failed to reduce the post-operative infection
rate.

Treatment of perineal carriers with
hexachlorophane skin disinfection very
effectively reduced the number of staphy-
lococci on the skin and dispersal into the
air. This is in accordance with the con-
siderable reduction of the skin flora fol-
lowing the use of hexachlorophane liquid
cream (9, 49, 83, 85, 118). In maternity
departments, washing infants with hexa-
chlorophane emulsion has also consider-
ably reduced the frequency of nasal car-
riers and staphylococcal lesions (64, 101).
Hexachlorophane emulsion is therefore a
valuable measure for reducing the disper-
sal of staphylococci from perineal carriers.

4, Summar)- and conclusions.

I. Staphylococcal skin counts and aerial
dispersal on bed making were investigated
in 14 patients who were mainly perineal
carriers,

2. The numbers of staphyloco;:lci on 'thc
lip, fingers, hands and the region
:fop:;d ti;,c pcfincum increased wit}} rising
perineal counts. This also apphcc! to
aerial dissemination of staphylococci on
bed making. : :
3. The heaviest dispersers among peri-
neal carriers dispersed much largc.r num-
bers of staphylococci into the air than
nasal carriers (chapter IV). Perineal car-
riers may therefore be a greater .problcm
in the control of hospital infection than

their frequency would suggest.
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4. Five perineal carriers were treated by
washing the perineum and adjacent areas
with hexachlorophane emulsion. The num-
ber of staphylococci on the skin and the
aerial dissemination fell from high pre-
treatment values to practically nil after
completing treatment.

Side-effects of treatment were not ob-
served.

Washing with hexachlorophane emul-
sion is therefore regarded as a valuable
measure for controlling the dispersal of
staphylococci from perineal carriers.
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VII. The effect of
hexachlorophane treatment on self-contamination and
dispersal of Staph. aureus by patients with
staphylococcal dermal lesions.

A. Previous investigations.

Patients with staphylococcal lesions are re-
garded as “‘dangerous carriers". The lesi-
ons are often caused by strains resistant
to several antibiotics and presumably
more virulent than sensitive organisms
(?) Further, it has been shown that indi-
viduals with staphylococcal lesions have
pmbab}y been the source of infections in
maternity units (5, 34), and in medical
and sslrgical wards (6, 94, 124),

Pam_.'nts with widcsprcad,' staphylo-
CDCCZ’l]-lIl.fCCtt,‘d skin lesions are among the
l’:e:-?x-fcst dispersers (26, 96). Thomas and
(Jnffl:lhs (125) found that the air of wards
ho.usmg patients with skin discases, con-
tained considerably greater numbers of
staphylococci than the air of other wards

We know that patients with s[aphylo-'
coccal-infected skin lesions can disperse
!arge numbers of Staph. aureus, but little
is known as to how effectively this dispersal
can be reduced. In the present inv{rﬁtﬂiq‘a-
Ll‘t'n'l, the skin contamination and ac'ltial
dispersal rate of patients with st:lphyloéoc-
cal dermal lesions were determined Iacl:r}rc

and after hcx:lc:hInr(-phnn(: treatment

e ———

B. Personal investigations.

L. Material and methods,

The material consists of 9 women and 6
men between the ages of 17 and 83 years,
Tv:vo Paticnts (Nos. 1 and 2) had pyoder-
mias involving both thighs, buttocks and
the lower part of the back and abdomen
The lesions covered about 30—40 per cent'
ofﬁ the total skin surface, Five patients
(Nos. 3, 4, 5, 6 and 7) had small infected
¢czemas in the perineal, inguinal and
pubic regions, four (Nos. 8, 9, 10 and 11)
}‘Ia:d small sores on the hands and one
(No. 10) also on the right leg. One patient
(No. 12) was examined on two separate
;L.dmissions to hospital. On the first occa-
sion, she had furuncular residua on the
back, and on the second, considerable
numbers of staphylococci were demon-
strated in the left axilla, although there
was no visible lesion. The remaining three
patients had various minor skin lesions
such as infected eczemas in both auditor):
meatus (No. 13), hidrosadenitis in both
axillae (No. 14) and infected atheroma
on the left leg (No. 15).
All patients were examined once daily

for 2—3 consecutive days. In 14 of the 15

tients, the lesions were washed morning
and evening with 3 per cent hexachloro-
phane emulsion (pHa?soch) fmd the
patjcnts were re-examined during and
after treatment.

After preliminary instruction the pa-
tients carried out the treatment themselves.
A procedure similar to that described in
chapter VI was employed. Those with
perineal staphylococci treated the peri-
neum as well, the rest of the body being
washed with ordinary, non-disinfectant
soap. Three patients (Nos. 1, 2 and 12)
were unable to manage the treatment
themsclves and were therefore washed by
ward nurses. The patient with auditory
meatal eczemas was treated with tampons
moistened in a solution of 10 ml hexa-
chlorophane emulsion in 90 ml water.
Four to 30 ml hexachlorophane emulsion
were used at each treatment, depending
on the size of the skin lesion.

Two patients (Nos. 4 and 11) were also
treated daily with framycetin-gramicidin
nasal spray and one patient (No. 2) with
fucidic acid 0.5 g x 3. Apart from these
instances, chemotherapeutic or skin dis-
infecting agents other than hexachloro-
phane emulsion were not used.

To achieve approximately equal ex-
perimental conditions before, during and
after treatment, the patients were bathed
or washed on a stretcher and received
clean clothes and bedclothes 2 days before
the first pre-treatment examination and
again 2 days before each examination
during and after treatment.

The investigation methods are de-
scribed in chapter II. Three patients (Nos.
1, 2 and 12) had such extensive skin lesions
that only a 25 sq. cm area was examined.
From the remaining 12 patients, the sam-
ples were obtained from the whole affected
skin area. The sampling fluids and media
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used during and after treatment contained
1 per cent “Tween B0” in order to neu-
tralize possible residues of hexachloro-
phane emulsion.

2. Results.

Quantitative estimations.

Table 45 gives the results of the examina-
tions before, during and after treatment.
Before treatment the dispersal of staphylo-
cocci into the air from the 2 patients with
extensive pyodermias was about 3 times
as great as for all the other patients to-
gether. Calculated on the basis of the mean
counts, patient 1 had more staphylococci
on the fingers and hands than all the other
patients together. The 4 patients with in-
fected hand sores yielded large counts from
the hands, but air contamination was some-
what less than for the patients with in-
fected eczemas in the pubic, perineal and
inguinal regions. Considerable numbers
of staphylococci were isolated from the
lesions in patients 13, 14 and 15 but air
contamination was moderate.

Fourteen patients were treated by
washing with hexachlorophane. In all
these, there was a marked reduction in
staphylococcal counts, from high pre-
treatment values to very modest numbers
during the treatment and after its com-
pletion. To illustrate this relationship
three patients will be discussed in detail.

Fig. 18 gives the results of treatment of
patient 1. Before therapy, the patient con-
stantly developed yellow-green bullae
which burst and dried into crusted sores
up to 5 x 5 cm. After treatment was in-
stituted this process ceased and 4 days later
the skin and air contamination were con-
siderably reduced. However, the number
of staphylococci in these samples did not
fall to modest levels until 11 days after the
commencement of treatment. Therapy was
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continued and the Patient was discharged
14 days later, The affected skin area was
healed. The nasa] and throat counts were
about the same as before treatment.

Fig. 19 gives the results of treatment of
patient 2, After 3 days’ therapy skin ang
air contamination were considerably re-
duced and 2 days later only small numbers
of staphylococc were demonstrated in
these samples, From then on the patient
also received fucidic acig therapy for 4
days, During this treatment, the staphy-
lococei in nasal and throat cultures also
disappeared and on the 9tk day of treat-
ment all samples were negative and the
skin lesion was almost healed. Therapy

was then stopped. After 8and 17 days ris-
Ing counts were demonstrated ip nasal
cultures, and skin and air samples yielded
a few organisms, The skin lesion hag
healed.

Fig. 20 gives the results of treatment of
Patient 5 who had acute hepatitis, He
sweated profusely and suffered intenge
pruritus. Seven days after admission, he
developed a staphylococcal-inf&ctcd ec-
Zema in the pubic region. Identical strajns
were isolated from the €czema as had been
isolated from the nose and perineum at
the time of admission, The Patient had a
different strain in his throat., He was a
marked staphylococeal disperser but after
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2 days’ treatment with hcxachlorophdan.c,
no staphylococci lv.w:rr: demonstrated in
in and air samples. ‘
Sklll:o: the rcmairﬂng patients, a rcd'minc;ln
in the staphylococcal counts to minim :
values was observed after only 2—5 days
treatment. The skin lesions had begun t;
heal. Patients with pruritus of thc.: affecte
skin areas noticed a considerable improve-
ment after only 1—2 days’ treatment.

Therapy was continued until the lesions
were healed; this took 6 to 25 days. ”
Patients 4 and 11 were trcatci wi
framycetin-gramicidin nasal s;_Jraly bt;::
daily for 1 and 4 days respective y,l o
they received hexachlorophane trea 1:: _[cli
At Rl S

i to nil, w
f;:;:uy);cldcd about the same number
as before treatment.
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Fig. 20. Staphylococeal counts from
treatment with hexachloro

Patient 5 before and after
phane emulsion,

Sixteen strains were lysed by the phages
used. Five strains belonged to phage
group IT1, 4 strains to phage group I afd
4 strains to the miscellaneous group. There
were | and 2 straing respectively in pha
groups II and V. : i

All patients had Positive nasal cultures
B;I.ld 13 had positive throat cultures
Eighteen strains were demonstrated in the;

e

nasal samples and only 1 differed from the
skin lesion strains. Of the 14 strains isolated
from the throat, 3 differed from the skin
lesion strains.

Six patients had positive perineal sam-
ples, identical strains being isolated from

ineum and lesion. Two patients (Nos.
1 and 4) had positive faecal samples.
These yielded 5,000 and 24,000 staphy-
lococci per gram of faeces respectively, the
strains being identical with those from the
skin lesions.

Antibiogram determinations and phage
typing were performed on 46 colonies from
the upper lip, 108 from the fingers, 74 from
the hands and 283 from air samples.
Altogether 511 colonies were examined.
When compared with the strains from the
skin lesions, the reactions of 504 colonies
differed so slightly that they were assumed
to be identical. Serological typing showed
that 4 of the remaining 7 colonies were most
probably identical with the skin lesion
strains, 3 colonies being different. These
3 colonies were isolated from air samples
from patients 12 and 13 and were not in-
cluded in the calculation of air contamina-
tion. :

Eight of the 15 patients already had
their lesions at the time of admission to the
department but the other 7 acquired their
lesions after admission. In these 7 patients,
the skin lesion strains were identical with
those isolated from nose, throat or peri-
neum before the lesions became manifest.

3. Discussion.

An essential problem in this study was
whether the staphylococci on the upper
lip, fingers and hands and in the air
samples really were due to dispersal from
the skin lesions and not to contamination
from the environment or dispersal from
nose, throat or perineum. As the strains
from the lesions and those from the other

skin areas and in air samples were identical,
contamination from the environment must
have been insignificant,

The results presented in chapter IV
showed that nasal carriers who did not
yield more staphylococci from the nasal
vestibule than the 15 patients with skin
lesions, dispersed far fewer organisms, the
throat carriers dispersing even less. In
addition, 4 of the 15 patients had strains
in the nose or throat different from those
in the lesions and the former strains were
not demonstrated in skin and air samples,
On the other hand, a somewhat larger
proportion of the bacteria from fingers,
hands and in air samples from the 6 pa-
tients who were also perineal carriers, was
probably due to perineal dispersal. How-
ever, on the basis of the results presented
in chapter VI, it is reasonable to assume
that the majority of the staphylococci in
the samples from these patients were due
to dispersal from the lesions.

Patients with widespread pyodermias
can disperse much greater numbers of
staphylococci than patients with small skin
lesions, or nasal and perineal carriers.
Patient 1, for example, had larger staphy-
lococcal counts from fingers and hands
than all the other patients together and
also dispersed greater numbers into the air.
The 100 nasal carriers previously men-
tioned (chapter IV), taken together, had
about the same number of staphylococci
on the fingers and hands as patient 1.
The aggregate count from these skin areas
of the 14 perineal carriers mentioned earlier
(chapter VI) was lower than that of pa-
tient 1. Patients 1 and 2 dispersed more
staphylococci into the air than the other
patients with lesions, the 14 perineal car-
riers and the 100 nasal carriers altogether.
Air samples from patient | yielded about
500 times as many colonies as the mean
value for air samples from the 100 nasal
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carriers. Although individual nasal and
perineal carriers may disperse considerable

pital were most probably infected from
their own carrier sites and not from the

numbers of staphylococci, patients with environment. In all these cases the strain

widespread staphylococcal-infected dermal

lesions are far heavier di

(chapter 1V),

Patients with lesions small enough to be

causing the infection was identical with

- Further, that demonstrated in the nose, throat or on
10 (56 per cent) of 18 strains isolated from

the lesions were resistant to penicillin and
tetracycline in contrast to only 18 per cent
of the strains from the nasal carriers

the perineum at the time of admission or
in later samples obtained before the lesions
developed. It has been suggested in a series
of earlier investigations that many staphy-
lococcal infections are due to autoinfection
with organisms from the nasal vestibule

covered by bandages, or so located that (23, 27, 28, 65, 130, 140, 148).

they do not come into direct contact with
the bedclothes, disperse relatively small
numbers of staphylococci. Patients 13, 14
and 15, for example, dispersed few staphy-
lococei into the air in relation to the large
numbers demonstrated in samples from
the lesions. The first patient had infected
¢czema of both auditory meatus, Secretion
from the eczema was negligible. The shel-
tered site of the lesions probably prevented
direct contact with the bedclothes and

thus reduced the dispersal into the air.
The other two patients used bandages on
their lesions,

Washing with hexachlorophane emul-
sion must be regarded as a valuable treat-
ment for reducing or preventing the dis-
persal of staphylococci from patients with
infected skin lesions, Patients who were
“heavy dispersers” were almost converted
to “non-dispersers” after a few days of
this treatment alone, and their skin lesions
began to heal. Patients who were also nasal
carriers had remarkably few staphylococe
on fingers and hands during treatment
though they still had large numbers in
nasal cultures, Hexachlorophane therapy
probably also reduces the contamination
of the hands with nasa] staphylococei,

Autoinfection probably plays an im-
portant part in the epidemiology of st
phylococcal infections, All the 7
who acquire

a-
7 patients
d their infections while in hos-

Staphylococcal lesions on the lower half
of the body are probably often due to in-
fection with organisms from the perineum,
Four of the 7 patients who developed their
lesions in hospital had identical strains
on the perineum on admission as were later
demonstrated in their lesions. These pa-
tients developed lesions in the inguinal and
pubic regions or on the buttocks and lower
half of the abdomen and back. The other
3 patients had abundant nasal staphy-
lococci but negative perineal samples,
and only one of them developed infections
below the waist. Tulloch et al. (127) also
found that perineal carriage was sometimes
associated with boils bn the trunk, buttocks
and thighs. The results of the present study
indicate that the perineum may quite often
be the source of infection for lesions on the
lower part of the body, as mentioned by
Kay (74), and that the rest of the body is
most frequently infected from the nose.

4. Summary and conclusions.
1. The numbers of Staph. aureus on vari-
ous skin sites and the ability to disperse the
organisms into the air on bed making were
investigated in 15 patients with staphylo-
coccal skin lesions, Two patients had ex-
tensive pyodermias. One patient had bi-
lateral axillary hidrosadenitis and the

other had small infected €czemas, sores, or
furuncular resid ua,

2. Greater numbers of ;taphylnc;:cc;
ispersed into the air from each o
gmmpad:iscnts with pyodermias than from
the other 13 patients together. One of the
pyodermia patients also yielded more
staphylococci on the fingers and hands
than the other 14 patients together.
Patients with widespread staphylococcal’-,
infected skin lesions are “heavy dispersers
of staphylococci. As their strains are often
resistant to several antibiotics they shoul.d
also be regarded as ‘‘dangerous carri-
1‘-'1'53'- Fourteen patients were treated by
washing their skin lesions with hexachloro-
phane emulsion. In the course of 2-—-—-.11
days, all were converted from “hca?’ dis-
persers” almost to “‘non-dispersers” and
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at the same time, the lesions began to
heal.

No side-effects of treatment were ob-
served.

Washing with hexachlorophane emul-
sion is regarded as a valuahlt.: measure for
preventing staphylococcal dxspc.rsal f'rom
patients with staphylococcal skin lesions.

4. Seven of the 15 patients developed
their lesions while in hospital. In all tl‘lcsc
patients, the strains causing the Icsmfu
were identical with those demonstrated in
the nose, throat or on the perineum before
the lesions developed. It is assumed 'that
the patients were infected with organisms
from their own carrier sites and that the
perineum may quite often be the source
of infections on the lower part of the body.




L. The purpose ofthe present investigation
was primarily to study why staphylococcal
carriers differ in their ability to disperse
their organisms into the air and secondly
to investigate the effect of antibiotic nasal
spray and hexachlorophane skin disinfec-
tion in reducing the staphylococeal dis-
persal from individual carriers.

II. To study these problems suitable
methods of quantitative estimations of
staphylococci on different sites of the body
were evaluated. - To assess the ability of
individuals to disperse staphylococci into
the air a standardized form of bed making
in a test room was developed.

The capacity to coagulate rabbit plasma
was used as the only criterion for the selec-
tion of pathogenic staphylococci. Antibio-
gram determinations, phage typing and
serological typing were used to determine
whether staphylococcal strains isolated
from different sites of an individual were
identical,

ITI. The design of experiments is de-
scribed.

Staphylococcal carriers among the pa-
tients admitted to Medical Department B,
Haukeland Hospital, Bergen were exam-
ined.

IV. One hundred persistent nasal car-
riers of Staph. aureus were selected.

Staphylococcal counts from upper lip,
fingers and hands increased with increas-
ing nasal counts. In every case the nasal
and skin strains were identical.

VIII. General summary and conclusions,

The majority of Staph. aureus on the
skin of nasal carriers are derived from the
nasal vestibule,

The dispersal of Staph. aureus into the
air on bed making also increased with
increasing nasal counts but there was bet-
ter correlation between skin (fingers and
hands) and air counts than between nasal
and air counts. Ninety-eight per cent of
the strains in air samples were identical
with the nasal and skin strains.

The heaviest dispersers of staphylococci
among nasal carriers are those who yield
the highest numbers of organisms on the
skin (fingers and hands). Usually they also
have the highest nasal counts.

Throat-carriers disperse far less orga-
nisms than nasal carriers,

V. Two groups of 20 and 30 persistent
nasal carriers of Staph. aureus were treated
with framycetin-gramicidin nasal spray 4
times daily for 3 and 7 days respectively.

The staphylococcal nasal counts fell
from high pre-treatment values to less than
0.01 per cent of the original counts on the
day after completion of treatment. They
remained relatively low for 4—7 days, then
rose during the following week to about
the same level as before treatment.

Forty persistent nasal carriers were trea-
ted with framycetin-gramicidin nasal
spray for 3 days. The counts from nose,
upper lip, fingers and hands fell from high
pre-treatment values almost to nil the day
after completion of therapy., The same

applied to aerial dissemination on bed
Whgr; the nasal counts increased after
treatment, the skin and air counts also
m;'r:;c?c.:cﬁn-gramicidin nas'al spray is a
valuable measure for preventing staph_ylo—
coccal dissemination from nasal carriers.
VI, The numbers of staphylococc:l on
various skin areas of 14 pcrsistcnt. pcru:xcal
carriers and the degree of aerial d1ss»._:nnr.1a-
tion on bed making increased with in-
ing perineal counts. _
crc’la‘;c icii'iest dispersers among the peri-
neal carriers dispersed far greater numbers
of staphylococci into the air than th?: nasal
carriers (chapter IV). Pcrmf':al carriers re-
present a greater problem in the control
of hospital infection than their frequency
est.
woéljcs‘;gfincal carriers were trcat::d by
washing their perineum and ad]a?cm
areas with hexachlorophane cmulm?n.
The skin and air counts fell from hlgh
pre-treatment values practicall){ to'ml.
Hexachlorophane skin disinff:cnon is a
valuable measure for controlling the sta-
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phylococcal dispersal from perineal car-
riers. ; :
VII. Self-contamination and acru_zl dis-
persal of Staph. aureus were investigated
in 15 patients with various staphylococcal
skin lesions. ; '
Two patients with extensive pyodermias
yiclded far greater skin and air counts -than
individuals with minor skin infections.
Patients with widespread staphylococgal-
infected skin lesions are among the heaviest
ispersers.
dlsfl?:urtccn patients were treated by wash-
ing their skin lesions with hexachlorophane
emulsion. In the course of 2—11 days, all
were converted from heavy djspcx:scrs al-
most to non-dispersers, and the Icsu?ns be-
gan to heal. Hexachlorophane skin dis-
infection is a valuable measure for prevent-
ing dispersal of Staph. aureus from patients
with staphylococcal skin lesions. i
Seven patients developed their -lcsmns
while in hospital. The strains causing the
lesions were identical with those df:mon-
strated in nose, throat or on the perineum
before the lesions developed.
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dix table. Skin contamination and aerial dissemination of staphylococci ; 100 nasal carrier
ndix 4

i Estimated no. of bacteria (no. of colonies < dil.; in thousands).
Ailr conta-
mination
Lo Exp- | N Throat | Upper Fingers Hands (bed
s no. vk lip _ ; ek
as:) Left l Right Sum
(yrs.
14 3.60 280.0 3.300
0.12 112 2.46 L, 50
: ; l;,g;g «0.04 0.56 | <0.02 {_}.96 0.96 zggg A
% & 14’840 0.80 0.36 6.54 5.54 12.08 5
14 s /i
< 100
4 188 | <0.04 | <0.02 0.08 <0.02 0.08 13.’; 3‘200
- 448 | «<0.04 0.16 0.24 | «<0.02 0.24 ;0.5 i
71; g 192 | «0.04 | <0.02 0.24 | <0.02 0.24 <0. L
5 0.200
7 264 | <«<0.04 0.28 0.28 0.18 0.40-3 {g:; i
: 8 120 | <0.04 0.28 0.08 | <0.02 0.02 <0.5 e
s 9 156 | <0.04 | <0.02 | <0.02:] <0.02| <O0. :
58 4
500
| 0.02 6.24 60.0 0.
<0.04 | «<0.02 6.24 < o
: i? i’g:g <004 | L16| 09| <00z| 0% 40| 080
o 12 4’600 <0.04 0.76 2.64 | «<0.02 2 1
24 S I
.025
5 40 0.04 | <0.02 <0.02 «<0.02 «<0.02 «:gg goig
¢ :i 28 <0.04 <0.02 <0.02 <0.02 <0.g§ 20.5 8
% 15 12 <0.04 | <0.02 0.06 | <0.02 0. :
53 B
0.08 <0.5 0.200
0.02 0.08 <0.02 '
- = igg gg‘: {0 12 <0.02 <0.02 <0.02 <_{l].'; {(}]lagg
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3§ :g 728 2.00 0.08 0.48 «<0.02 0.48
¥ 500
<0.02 0.08 3.5 0.
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4 ;g 250 4960 | <0.02 <0.02 | <0.02 ~gg§ by o
ll: 21 212 12.32 0.68 0.24 0.56 L B
10 3.36 28.0 )
0.12 0.96 3.26 0. -~ s
: gg T,;‘ig <0.04 0.04 0.32 <0.02 ggg ;g e 4
ﬁ 24 «1-?640 <0.04 1440 | «<0.02 8.08 d i
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00.0 0.900
25 8,640 <0.04 0.72 <0.02 0.64 ?(25‘; 150_0 o™
: 26 2’480 0.04 8.82 0.64 ﬂ'§+ 1‘53 iy e
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Appendix table cont. Skin contamination and aerial dissemination staphylococci ; 100 nasal carriers | dix table cont. Skin contamination and aerial dissemination of staphylococei ; 100 nasal carriers.
Estimated no of bacteria (no. of colonies x dil 5 in thousands). APP Estimated no. of bacteria (no. of colonies % dil. ; in thousands).
Ate on Uy S Air conta-
Nose T'hroa : x t'lta- Pat. no., ke mination
t nger Fingers Hands | ™ination sex, Exp. | Nose | Throat Upper Fingers Hands (hed
ip (bed no. Ii x
Left Right Sum making) (ﬁ) = Left Right Sum making)
161 008 <0.02| <002 <002 <0.02 <0.5 | <0.025 21 61 4,328 | <0.04 0.24 0.08 2.44 2.52 46.0 6.200
28 1 <0.04 | <0.02 | <0.02 | <0.02| <0.02 <0.5 | <0.025 M 62 8,640 | <0.04 | 12.72 0.68 3.04 3.72 78.0 3.800
20 | <0.04 | «0.02 <0.02 | <0.02 | <0.02 <0.5 | <0.025 16 63 8,200 | «<0.04 2.80 0.16 1.60 1.76 64.0 4.600
| 1,264 | <0.04 0.08 240 | 0.08 2.48 40.0 0.200 Y 64 792 0.32 0.16 0.04 0.04 0.08 8.0 0.800
: 5300 | <o0s| iz 236 <02 26| 200( o400 ? | 65 | 12490| o028| o024| o004| o068| 072 80| 0900
il ¥ ’ ol o T e 20 66 | 1268 024| o012| 0.6| <002| 0.6 120 1400
' ;:' - ; :
1_5.{5_ 3 g; 3601 0201 084 o008 <002| o008 —os 0.200 23 67 174 | <0.04| <002 | 008| <0.02| 008] 140/ 0.200
. ! i i 23 :gg 0.2¢ | <0.02 0.16 0.16 0.32 1.0 0.200 M 68 124 0.04 0.04 0.24 | <0.02 0.24 1.5 0.500
R < X ).5
i <0.04 | 0.16 0.08 | «<0.02 0.08 | <05 0.100 21 69 120 | <0.04 004 | 0.16 | <0.02 0.16 0.5 ”'m?__
B ! ; :? II.S;O <0.04 0.32 0.24 | <0.02 0.24 8.5 1.100 04 70 | 12,960 | <0.04 1.28 0.56 0.08 0.64 10.0 0.600
i s | 2| i) Sooal 2| 1wl <l Ll sl . M | 71 | 17120] <004| 1752| o040| 200| 240| 280| 0.400
Al : <0.04 0.72 584 | <0.02 5.84 32.0 3.200 65 72 9,440 | <0.04 2.80 2.64 0.40 3.04 56.0 |  0.500
i 15 . oy
I i ;12 15120 | <004 064 008| <002| o008 20| 1.400 25 73 | 3040| o010| o016| 026| 006 032} 100.0] 2.000
1 19 45 L) Shos 0.08 1.12 0.08 1.20 1.5 0.500 F 74 1,004 0.12 5.44 | «<0.02 0.08 0.08 40.0 1,000
1 7 1,360 0.04 | o0.16 1.58 | <0.02 1.58 6.5 1.200 48 75 1,620 0.88 1.88 0.90 0.86 1.76 16.0 1.300
lﬁ :? 3’;80 024 012 128¢| o064| 1348 400 3.600 96 76 goo| o004| o052| o022| o006| 028 6.5| 2.000
i ¢e ! 2,880 0.96 3.76 | 21.68 0.24 [ 21.92 40.0 4.100 F 77 152 | <0.04 | <0.02 0.04 | <0.02 0.04 1.5 0.700
JI - R s e e T T 2.700 30 78 344 | <004| 004| 030| 002| 032 12.0 | 0.500
¥ bl Bveer O B e e e - 288 R e Sl LOTO0EE 22.00 | 123.00 | 480.0°3 [ 21408
- e é <0.04 2.04 | 432.00 | 25.60 | 457.60 | 1,358.0 | 19.400 : M 80 | 18,120 | <0.04 | 31.00 [ 11.60 2.40 | 14.00 | 100.0 | 16.300
B __i_ 2,560 0.08 1.24 20.80 0.32 21.12 | 1,120.0 14.600 29 81 14,040 <0.04 6.00 5.00 1.00 6.00 £00.0 10.400
I 5 ; B 5 s — L
¥ - o] <004 <002 f% <008 comz | comil TSm0 ol - 28 | 82 80| 004] <002| <0.02| <0.02| <0.02| <05| 0025
i is 5 r40 <0.04 | <0.02 | <0.02 | «<0.02 «<0.02 <0.5 | «0.025 : F a3 92 | <004 | <002| <0.02| <002 <0.02 <0.5 0. ,m
7| - ] 20 < 0.04 «<0.02 <0.02 <0.02 <0.02 <0.5 <0.025 924 84 112 <0.04 0.56 0.20 <0.02 0.20 0.5 0.025
19 55 5 e
“ z isf: < 0.04 | «0.02 0.06 | <0.02 0.06 0.5 0.100 29 85 1,320 | <0.04 0.04 0.24 0.32 0.56 4.0 ! -:‘-’0
42" | 57 a20 | | <oas| . Q087 006 =t 0onek o L5 |  0.100 " F | 8 | 4640| <004| o008| o018| o0a4| 032| 200| 1.200
I 4] Pe0 <0061 <0.02f 010 | S=002l - 0 in 0.5| 0.100 70 87 680 | <0.04 | 004 1.04 | <0.02 1.04 20 3300
20 5 r TR Bl S i ’
5 ?g 2’400 <0.04 5.60 0.36 3.24 3.60 12.0 4.900 30 88 360 0.04 0.08 0.72 | <0.02 0.72 4.0 0.200 i
i L;U ],;;:u <0.04 ;3.35 2,08 0.14 2.20 6.5 3.700 F 89 160 | «0.04 | <0.02 0.08 | «<0.02 0.08 2_.0 0.200
2 ,280 <0),04 2.04 0.26 0.10 0.36 75 5300 2 5 905 <0.04 0.08 0.16 0.08 0.24 6.0 1.200 3




Appendix table cont. Skin contamination and aerial dissemination

Estimated no. of bacteria (no. of colonies x dil. ; in thousands),

of staphylococci; 100 nasal carriers,

sl Air conta-
9 ose Upper Fingers Hands | Mination
Right | Sum making)

91
e l,'g?!zig ;?0 <0.02 1.04 14.0 0.500
% o .16 0.08 0.32 4.0 0.700
s 0.92 0.16 3.40 16.0 1.800
94 .
- ;Ig 0.08 <0.02 | <0.02 4.0 0.100
= e 0.04 <0.02 0.08 1.0 0.025
0.12 0.04 0.32 2.0 0.100
97
i ;gg g.ﬂ‘i- «<0.02 0.08 4.0 0.100
o o .08 0.08 0.24 4.0 0.100
; 0.04 0.20 0.24 14.0 0.300
100
. 1(2)2 gg'l- <0.02 0.48 2.0 0.100
i i <0.02 <0.02 0.20 <0.5 0.100
<0.02 0.04 0.88 1.0 0.100
103 " &
e : éig 332 0.04 0.04 6.0 1.100
i ,320 0. 2.20 3.64 100.0 4.900
| .08 0,02 0.32 2.0 2.400
106 o
i Zi’,ggg gg 2.48 4.88 172.0 0.700
o :540 0. < 0.02 0.28 12.0 0.200
04 <0.02 0.04 2.0 0.400
109 2 <=
s : :882 <0.02 < 0.02 <0.5 <0.025
4 ¢ ~:0. 2 <0.02 <0.02 <0.5 <0.025
o 5 <0.02 <0.02 <0.02 <0.5 <0.025
112 12 < 0.0:
0 < ;ggg <0.02 0.02 <0.5 0.100
5 g R <0.02 0.16 <0.5 0.100
<0.02 <0.02 0.02 1.0 <0.025
115 2 =
i : v‘ggg <0.02 <0.02 < 0.5 <0.025
12 : ..:0.0' <0.02 <0.02 < 0.5 <0.025
13 R <0.02 <0.02 <0.02 <0.5 <0.025
: :g il.?iﬁg : i?gg 12.40 68.40 720.0 39.800
120 | 14.200 11 37.00 oo | aani AU G

26.00 30.08 820.0

13.200

Appendix table cont. Skin contamination and aerial dissemination of staphylococci; 100 nasal carriers.
Estimated no. of bacteria (no. of colonies % dil.; in thousands).

—

Pat. no., Air conta-
S€X, Exp. Nose | Throat | Upper Fingers Hands | mination
age no. lip (bed

(yrs.) Left Right Sum making)
4] 121 3,440 <0.04 0.40 2.24 <0.02 2.24 2.0 1.500
F 122 3,920 «0.04 0.12 9.52 0.60 10.12 12.0 1.900
75 123 2,800 <0.04 0.08 1.44 <0.02 1.44 4.0 1.200
42 124 92 0.08 0.16 0.02 0.02 0.04 4.0 0.300
M 125 208 <0.04 0.12 0.12 0.62 0.74 6.0 0.400
57 126 1,120 0.24 0.24 0.76 <0.02 0.76 2.0 0.400
43 127 9,200 0.16 1.40 5.00 0.12 5.12 60.0 2.000
F 128 1,440 «<0.04 0.88 4.80 0.96 5.76 12,0 1.200
66 129 2,400 <0.04 0.04 24.00 0.40 24.40 12.0 4.000
44 130 4. 040 <0.04 0.68 1.76 1.64 3.40 36.0 2.800
M 131 880 0.32 1.46 0.12 0.08 0.20 12.0 1.100
28 132 1,120 <0.04 0.48 22.80 0.32 23.12 35.0 2.400
45 133 2,080 <0.04 0.96 3.60 21.20 24.80 122.0 2.500
M 134 2,240 <0.04 0.24 0.36 1.04 1.40 60.0 3.700
24 135 880 <0.04 2.44 1.64 «<0.02 1.64 32.0 2.200
46 136 2,040 <0.04 0.04 0.24 <0.02 0.24 4.0 0.300
M 137 1,800 <0.04 0.08 1.04 <0.02 1.04 20.0 0.900
24 138 4,120 <0.04 0.04 «<0.02 1.00 1.00 60.0 0.800
47 139 240 «<0.04 <0.02 <0.02 <0.02 <0.02 <0.5 0.100
M 140 1,200 <0.04 <0.02 «<0.02 < 0.02 <0.02 <0.5 0.100
70 141 2,840 <0.04 <0.02 0.32 0.04 0.36 8.0 0.500
48 142 1,200 <0.04 0.12 1.32 0.32 1.64 28.0 6.400
F 143 8,240 < 0,04 1.26 4.42 0.12 4.54 46.0 9.000
50 144 9,200 <0.04 1.92 1.60 0.04 1.64 10.0 3.100
49 145 2,800 2.04 4.00 11.00 0.88 11.88 52.0 0.700
M 146 5,440 0.20 6.00 0.92 0.60 1.52 71.0 1.100
15 147 480 0.32 1.20 0.04 0.56 0.60 10.0 0.900
50 148 2,480 <0.04 0.88 0.04 8.16 8.20 42.0 1.300
F 149 840 <0.04 2.84 0.32 <0.02 0.32 22.0 0.600
47 150 3,420 <0.04 0.16 0.32 <0.02 0.32 15.0 0.900

3
x
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Appendix table cont. Skin contamination and aerial dissemination
Estimated no. of bacteria (no.

of staphylococci; 100 nasal carriers.
of colonies % dil.; in thousands).

Pat. no,, Air conta-
% | EXP | Nose | Throat | Upper Fingers Hands | Mination
age | no. lip s

(yrs.) Left | Right | Sum making)
51 151 16 | <0.04 | <0.02 0.02 | <0.02 0.02 0.5 0.100
M | 152 8| <0.04 | <0.02 0.02 | <0.02 0.02 [ <0.5 0.025
20 | 153 8] <0.04 | <002 <0.02| <002 | <0.02| <05 0.025
52 154 '880 1.60 0.12 0.28 0.28 0.56 0.5 2.200

F | 155 1,640 0.80 2.88 1.06 0.02 1.08 7.5 0.700
57 156 800 | <0.04 0.08 0.14 | <0.02 0.14 0.5 1.300
53 157 800 | <0.04 0.24 0.36 | <0.02 0.36 1.0 0.200
M 158 160 | <0.04 0.16 0.16 0.08 0.24 3.0 0.300
73 159 120 | <0.04 | <0.02 0.20 [ <0.02 0.20 1.5 0.200

54 160 920 | «0.04 1.32 8.12 2.62 | 10.74 11.0 1.100
F | 161 120 | <0.04 | «0.02 0.20 0.02 0.22 3.0 0.700
73 162 400 | <0.04 1,24 2.08 | <0.02 2.08 12.0 0.800

55 163 ‘640 0.04 0.84 1.44 0.42 1.86 8.0 0.600
F | 164 320 0.04 0.18 3.80 | «<0.02 3.80 7.0 0.900

23 165 3,960 | <0.04 7.42 3.48 1.68 5.16 50.0 1.000

56 166 80 | <0.04 | «0.02 0.12 | <0.02 0.12 | <05 0.300

M 167 16 0.04 | «<0.02 0.02 | <0.02 0.02 | <0.5 0.050

57 168 80 0.04 0.10 | <0.02 0.24 0.24 1.0 0.300

57 169 40 0.88 | <0.02 0.32 0.04 0.36 1.5 0.200
F | 170 48 1.60 0.02 0.64 0.02 0.66 3.0 0.100

69 | 171 20 0.68 | <0.02 0.02 | <0.02 0.02 | <0.5 0.100

58 72 2 004 | <0.02 [ <0.02 | <0.02| <0.02]| <05]| <0.025

M 73 5] <0.04 0.02 0.04 | <0.02 0.04 | <0.5| <0.025

67 174 7| <004 | <0.02| <0.02| <0.02| <002| <05 <0095

59 175 160 0.04 1.04 4.22 <0.02 4.22 14.5 0.200
F | 176 1,160 1.24 0.44 1.08 | <0.02 1.08 2.5 0.300

72 177 360 0.04 0:32 0.16 0.04 0.20 0.5 1.000

60 178 280 0.04 0.22 0.48 <0.02 0.48 8.5 0.700

M 179 120 0.08 1.04 0.58 | <0.02 0.58 0.5 0.500

31 180 240 0.04 0.06 0.08 <0.02 0.08 0.5 0.600

t. Skin contamination and aerial dissemination of staphylococci; 100 nasal carriers.

= e mn&limaud no. of bacteria (no. of colonies % dil. ; in thousands).
Pat Air conta-
mination
ra;‘_:o" Exp. Nose | Throat | Upper Fingers Hands hed
(ast) @ P Left | Right | Sum making)
yrs.
nr 2 . J
1 332 <0.04 0.46 0.14 0.18 0.32 192 ; &
% lgz 640 | «<0.04 0.52 1.62 0.20 1.8? JO.O 1'500
2; :83 1,160 | <0.04 0.60 0.48 0.04 0.52 23. ] f
00
0.02 0.22 3.5 0.1
«<0.04 0.04 022 | < 2o
ii :g; 32: <0.04 | <002 0.16 | <0.02 ?(l)g gg g —
0.94 1.06 0.02 i ; z
52 186 400 | <0.04
: 100
187 880 | <0.04 | <002 | <0.02 | <0.02 | <0.02 ?)_?, (.g o
o 188 600 | <0.04 | <0.02 0.04 | <0.02 0.04 {2.5 : 0.200
SI;‘ 189 920 | «<0.04 | <0.02 0.06 «<0.,02 0.06 i .
<0. 0.600
64 190 240 | «<0.04 0.08 0.22 0.12 gg; € ?g e
M 191 364 | «<0.04 0.08 0.08 {‘.’J.g‘?2 0.54 T o
27 192 652 | <0.04 0.82 0.64 | <0. K
= 3 0.025
5 193 20 | <0.04 | <0.02 <0.02 | <0.02 fuﬂ.gg Z.g 2 i
i 194 60 | «<0.04| <0.02 | <«0.02 0.06 0. : {0.5 i
;’; 195 28 | <0.04 | <0.02 0.02 <0.02 0.0 ?
! .500
196 480 «<0.04 0.14 0.86 0.?-!- 1 E}g ?;g g_gm
. 197 1,640 | «0.04 0.42 0.98 U.J‘l; 1...:4 ;.5 oo
2§ 198 ’920 0.04 0.14 1.38 0.06 1.1 !
s 9.28 28.5 5.700
94 1.02 8.26 J.x... e
it o %ﬁg ggg 3.42 1.68 18.62 Z.'l‘J'.iii} .:Tj.’) ;;gg
72 gg? 4’040 0:04 6.22 16.58 8.54 25.12 lri;_:s :
, v <0.5 0.025
68 202 360 | <004 | <0.02| <002 0.04 /gg-; i:-'-u_5 i
203 280 <0.04 004 | <002 | <0.02 ‘HO'H {.U i S
g; 204 800 | «0.04 | <0.02 0.14 | <0.02 : ;
1.5 1.500
69 205 400 <0.04 «<0.02 0.66 E)Oii 21; 58 e
F 206 840 | «<0.04 0.06 | <0.02 3;:.) 0-45 <5 s
73 207 1,560 | <0.04 | <0.02 0.46 | <0.02 !
<0.5 <0.025
70 208 24 <0.04 | <0.02 0.04 <:0.{]i gg: o s
M 209 120 | <0.04 0.18 | <0.02 0.5 0.02 o St
45 210 20 | <0.04 | <0.02 | <0.02 <0.02 <0.
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Appendix table cont. Skin contamination and aerial dissemination of staphylococci; 100 nasal carriers.

of colonies X dil.; in thousands).

Estimated no. of bacteria (no.

ble cont. Skin contamination and aerial dissemination of staphylococci; 100 nasal carriers.
tabic .

Estimated no. of bacteria (no. of colonies x dil. ; in thousands).

|
5
i
)
it
I

Pat. no., Air conta-
R Bl Nk | Thickt Upper Fingers Hands | Mination
age no, lip (b?d

(yrs.) Leit Right { Sum making)
71 211 2,400 | «0.04 | <0.02 0.06 0.62 0.68 2.5 1.500
F 212 12,440 0.04 0.92 10.22 0.12 10.34 65.5 5.600
72 213 3,120 | <0.04 0.24 0.46 0.06 0.52 30.0 1.100
72 | 214 480 | <0.04 | <0.02 0.28 | «<0.02 0.28 2.5 0.700
M 215 3,600 | <0.04 14.00 14.00 3.00 17.00 45.0 4.300
66 216 1,960 0.08 0.32 0.88 | «<0.02 0.88 3.5 1.200
73 217 360 | «<0.04 0.16 0.06 | <0.02 0.06 <0.5 0.400
F 218 1,840 | «<0.04 0.36 8.84 | «<0.02 8.84 8.5 1.200
58 219 640 | <0.04 | «0.02 0.10 | «0.02 0.10 1.0 0.200
74 220 680 | «<0.04 1.36 252 | «0.02 2.52 2.5 0.400
M 221 1,080 | <0.04 0.12 0.38 | «<0.02 0.38 11.5 0.200
40 292 2,800 0.04 0.42 26.00 0.06 | 26.06 63.0 0.600
75 223 680 | «<0.04 0.54 7.04 0.02 7.06 20.0 1.700
F 224 840 | «0.04 0.04 0.74 0.12 0.86 22.5 2.600
45 225 4,080 | «<0.04 0.12 0.32 3.84 4.16 20.0 2.100
76 226 2,400 | <0.04 1.62 | 121.00 0.48 | 121.48 190.0 6.300
F 227 2,800 | «0.04 0.16 11.00 0.06 11.06 122.0 7.500
52 228 3,240 0.08 1.66 6.18 0.42 6.60 55.5 6.200
77 229 680 | «0.04 0.06 0.12 | «0.02 0.12 1.0 0.300
F 230 108 | <0.04 | <0.02 0.08 0.22 0.30 <0.5 0.100
4] 231 292 | <0.04 | <0.02 0.08 | «<0.02 0.08 <0.5 0.100
78 232 920 0.04 0.02 | <0.02 0.16 0.16 <0.5 0.025
F 233 480 | «<0.04 0.04 | <0.02 0.12 0.12 <0.5 0.025
44 234 120 | <0.04 0.10 0.04 | «<0.02 0.04 0.5 0.025
79 235 11,240 | <0.04 16.00 | 69.00 10.00 79.00 89.0 | 29.400
M 236 14,400 | «<0.04 16.00 | 191.00 | 48.00 | 239.00 155.0 | 43.400
51 237 14,320 | «<0.04 400 | 48.00 4.00 | 52.00 51.5 | 21.900
80 238 5,080 0.04 1.04 16.66 9.62 | 26.28 186.0 7.200
F 239 4,200 | <0.04 0.90 4.98 2.80 7.78 31.5 3.800
65 240 6,080 0.08 2.62 | 129.00 6.00 | 135.00 149.0 5.600

Air conta-
mination
Exp: | Nose | Throat | Upper Fingers Hands (bed
= 2 Left | Right Sum making)
41 80 | <0.04 | <«<0.02 0.08 0.66 0.74 2.: ggﬁ
34-2 40 | <0.04 0.16 2.62 0.06 2.68 (l}.s 0.200
243 24 | <0.04 | <«<0.02 0.16 | <0.02 0.16 <0. ;
244 608 | «<0.04 0.48 3.00 3.00 6.00 ;:'g :g
245 448 | <0.04 0.62 0.84 | <0.02 0.84 . 0.300
246 600 | «<0.04 1.02 0.08 | <«<0.02 0.08 <0.5 }
02 0.20 1.0 0.075
680 0.04 0.68 0.20 ]| <O. B
g:-; 2,800 | <0.04 002 | <0.02| «0.02]| <«0.02 <0.5 Hgggg
249 ’160 <0.04 | <0.02 <0.02 | <«0.02 <0.02 <05 ]| <O0.
500
250 520 | <0.04 0.08 0.44 4922 466 :gg 3 209
251 680 | <0.04 0.22 2.46 7.22 9.32 a.s 7.300
252 3,240 | <0.04 3.68 0.42 1.82 2. ; ;
0.300
253 320 | <0.04 | <0.02 0.06 «<0.02 3{1}3 <(]]g v
254 2,800 | <0.04 0.04 0.10 | <0.02 d 9.5 o
255 ’64-0 «<0.04 | «0.02 0.72 0.18 0.90 :
.000
86 256 560 0.04 0.10 | «<0.02 092 0.93 21'?3 34.00
M 257 640 | «0.04 | <0.02 0.54 G.Etf 8?0 3.5 g
42 258 280 0.12 0.06 0.04 0.06 —‘ .
0.02 1.14 4.5 2.000
2,080 | «0.04 | <0.02 1.14 | < , g
i} ggg 3640 | «<0.04°7- 2.70 6.66 0.24 6.90 ?ég ;,10(]
57 261 2’880 «<0.04 0.44 6.22 0.16 6.38 :
L]
88 262 4 <0.04 | <0.02 0.04 <0.02 #0.3‘24 zgg g
M 263 28 | <0.04 | «<0.02 <0.02 «<0.02 utD. - <0.5 o
49 264 4| <0.04| «<0.02 | <0.02 <0.02 | <«0.0 i
7.800
89 265 4,800 2.48 1.06 61.00 2.00 23% ?Tg i
F 266 5,040 1.24 0.86 39.00 3.00 7.00 . e
16 267 2,480 0.84 0.42 7.00 | <0.02 5 i .
7.600
90 268 7,240 2.04 0.62 49.00 1.42 52;’3 1;513 S
F 269 6,960 1.92 | «<0.02 1.62 6.24 35.14 35:5 s
17 270 1,040 1.76 0.02 36.00 0.14 i
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Appendix table cont. Skin contamination and aerial dissemination of staphylococei; 100 nasal carriers,
Estimated no. of bacteria (no. of colonies % dil, ; in thousands).

Pat. no., Air conta-
%X, | EXP. | Nose | Throat | Upper Fingers Hands | ™ination
age no. lip (bed

(yrs.) Left Right Sum making)
91 271 28,440 0.80 2,22 2.06 4.82 6.88 50.5 16.700
F 272 5,280 | <0.04 0.82 2.70 2.38 5.08 19.5 17.100
54 273 22,440 | <0.04 0.92 29.00 12.00 41,00 350.0 13.700
92 274 752 | <0.04 1.64 1.04 | <0.02 1.04 6.0 1.200
M 275 1,520 0.24 0.72 1.16 | <0.02 1.16 11.5 1.300
60 276 360 0.04 1.24 0.28 { <0.02 0.28 <0.5 0.400
93 277 14,000 | <0.04 0.06 0.12 | <0.02 0.12 8.5 1.300
M 278 7,640 [ <0.04 0.06 0.02 29.00 29.02 21.0 1.800
22 279 1,040 | <0.04 2.22 3.00 | <0.02 3.00 9.5 0.800
94 280 7,640 | <0.04 0.04 37.00 0.08 37.08 70.5 5.500
M 281 5,200 | <0.04 0.14 76.00 1.18 77.18 34.5 2.800
46 282 12,080 0.16 2.32 | 131.00 4.00 [ 135.00 112.0 3.800
95 283 200 1.84 2.80 0.86 0.16 1.02 4.5 0.400
M 284 160 0.42 0.02 1.24 0.16 1.40 1.5 0.300
64 285 400 0.42 0.96 0.36 0.02 0.36 1.5 0.300
96 286 2,880 0.04 0.06 33.00 5.00 38.00 70.0 2.400
F 287 1,280 0.12 0.42 5.00 3.00 8.00 40.0 5.700
64 288 3,240 0.08 0.38 53.00 8.00 61.00 200.0 4.000
97 289 520 0.20 0.20 0.10 0.16 0.26 13.5 0.300
M 290 440 0.32 0.56 0.62 0.44 1.06 8.5 0.400
44 291 1,560 <0.04 0.10 0.06 0.10 0.16 11.0 0.300
98 292 40 | <0.04 | <0.02 | <0.02| <0.02 <0.02 <0.5 0.100
F 293 164 | <0.04 | <0.02 0.02 <0.02 0.02 <0.5 | <0.025
60 294 320 | <0.04 0.04 0.48 | <«<0.02 0.48 <0.5 0.200
99 295 2,240 | <0.04 0.06 0.06 0.02 0.08 4.5 0.400
M 296 320 <0.04 0.04 0.34 0.46 0.80 0.5 0.600
75 297 2,040 | <0.04 0.98 0.32 <0.02 0.32 350 0.300
100 298 920 | <0.04 <0.02 0.12 <0.02 0.12 <0.5 0.100
F 299 1,700 <0.04 <0.02 <0.02 | «0.02 <0.02 <0.5 0.100
77 300 160 < (.04 0.04 0.90 <0.02 0.90 0.5 0.500
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