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INTRODUCTION

Nearly everywhere in patients' rooms bacteria can be isolated. Besides the air
and textiles, the principal centres are smooth surfaces, such as floors, window-sills
and similar places.

The flora found in these rooms often reflects not only that found on patients
admitted, but also on personnel and visitors.

It is necessary to have at one's disposal a method which not only can ascertain
contaminations accurately and at an early stage, but which can also determine the
degree of contamination. The latter point is especially important in judging the
effect of certain cleaning and disinfection methods.

Most investigators are satisfied, when testing, with a qualitative examination
and use sterile cotton-wool containers moistened with broth (Noble & Lidwell,
1963). This method is very easy to apply, but gives little information on the
number of bacteria found per unit of surface area. Examination of swept dust or
dust from a vacuum cleaner is also easily carried out. However, this does not give
quantitative data either. When sweeping, we do not collect the smallest particles,
because these are distributed by this action through the air and keep floating
there for a long time (Cruickshank, 1965). The smallest particles in particular,
with a diameter of less than 2/i, most often cause infection upon inhalation
(Riley & O'Grady, 1961). The 'impinger method' used by Williams (1949) also
only yields qualitative data.

Foster (1960) used 'impression plates' for the examination of floors. Gentles
(1956) applied a replica technique. With the help of these methods both investi-
gators were able to ascertain accurately the quantitative contamination of various
parts of the floors of patients' rooms. However, both methods are rather compli-
cated. Also, the 'agar sausage method' described by Ten Cate (1965) has its
disadvantages, because the preparation of the sausages is difficult and time-
consuming.

We have tried to find a method which is easy to apply, with which good results
could be obtained qualitatively as well as quantitatively, and which could be used
to compare the various cleaning and disinfecting methods and test their value.
To this end we have devised an agar cylinder.
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METHODS

Plate 1A shows the cylinder with accessories. The cylinder is closed with a lid.
It, as well as the knife and sheath, is made of stainless steel and can easily be
sterilized in an autoclave.

The agar cylinder is easy to handle. After sterilization the cylinder can be filled
with various media, depending on the investigation we wish to carry out. Besides
broth-agar we can use blood-agar or the medium of Chapman (1946) to isolate
Staphylococcus aureus, glycerol-agar* for the isolation of Pseudomonas aeruginosa,
while for the isolation of Gram-negative rods endo-agar can be used. In order to
prevent the media from sliding out of the cylinder during the stamping, we have
always used media prepared with 1-8% Bacto-agar which were 1 day old. After
the lid has been removed the medium is pushed 0-5 cm. out of the cylinder by
turning the piston 2 or 3 strokes (PI. 1 B). The medium is then pressed against
the floor which is to be examined (PI. 1 C). As the cylinder does not touch the
floor, there is little chance of its being contaminated. With the knife a 0-5 cm.
thick slice is cut off (PI. 1 D) and placed in a Petri dish (PL 2 A). With one
filled cyclinder about 20 tests can be done. The slices in the Petri dishes will be
examined in the usual way after incubation.

RESULTS

An investigation has been carried out on the contamination of the floor with
Psevdomonas aeruginosa in a patient's room at the respiratory centre in Groningen.
This organism had been isolated at some time from the tracheobronchial aspirate
of all four patients in this room. The examination of the floor with the cylinder
filled with glycerol-agar showed that nearly all parts of the floor were contaminated
with Ps. aeruginosa (Fig. 1). The contamination was especially high near the
openings of the exhausts of the four Fricar suction pumps, which were at that
time about 10 cm. from the floor. At the time of this investigation the floors
were cleaned daily with soap and water. This treatment probably not only helped
to spread the micro-organisms, but also gave them a chance to multiply. Thus we
found fewer bacteria per surface unit immediately after treatment of the floor
than 10 hr. later (PI. 2 B, C). Ps. aeruginosa could not be isolated, after treatment
of the floor with 0-3 % Halamid, for more than 12| min.

To investigate the effect of daily sweeping only, a floor was sprayed with
1 ml./m.2 of a diluted broth culture containing 2 x 10* Ps. aeruginosa and 2-3 x 104

Staph. aureus per ml. The floor was cleaned daily with a sterilized sweeper.
Cylinders containing glycerol-agar and blood-agar were used for the isolation of
the two organisms. The results of daily testing are shown in Table 1.

In Table 2 the results are given for a floor cleaned with water and a strongly
alkaline soap (pH 9-5). This floor was sprayed with 1 ml./m.2 of a diluted broth

* The composition of the glycerol-agar vised is as follows: 1% (w/v) glycerol (= 0-81
% v/v), | % Difco proteosepepton, 004% K2HPO4, 2% MgSO4.7H2O, 0-001% FeSO4
(= 0-003% FeSO4.7H.jO), pH 7-2-7-1. Add 1-8% Bacto-agar and sterilize during 15 min. at
a temperature of 120° C.
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culture containing 2 x 104 Ps. aeruginosa, 2-4 xlO4 Alcaligenes faecalis and
2-3 x 104 Staph. aureus per ml. Cylinders containing glycerol-agar, endo-agar and
blood-agar were used for testing. The experiment was ended 150 min. after the
floor was cleaned, at which time all three organisms could still be isolated.

Fig. 1. The number of Pseudomonas aeruginosa colonies per print in various places in
a room, into which four patients infected with Ps. aeruginosa had been admitted.
B = bed, F = Fricar suction-pump.

Table 1. Results of daily cultures from a floor that was swept daily
for 17 days after infection

Isolation of Isolation of

Days after Pseudomonas Staphylococcus
infection aeruginosa aureus

1 + +
2 i _ i _

3 + +
4 + +
5 + +
6 + +
7 + +
8 + +
9 + +

Days after
infection

10
11
12
13
14
15
16
17

Pseudomonas
aeruginosa

Staphylococcus
aureus

+ = growth; — = no growth.

In Tables 3-5 the results are given of experiments with floors cleaned with soap
and water and then treated with one of three disinfectants, 0-3% Halamid
(chloramine T), 2% liquor cresoli saponatus, or 2% Lyorthol. The infecting
organisms and the method of testing were the same as those used in the previous
experiment. To neutralize the disinfectants, 1 % sodium thiosulphate was added
to the medium in the experiments with Halamid, and 1 % Tween 80 in the experi-
ments with liquor cresoli saponatus or Lyorthol (Williams et al. 1966).
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Table 2. Results of cultures from a floor cleaned with water
and a strongly alkaline soap, after infection

Time after
cleaning
(min.)

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

Isolation of

Pseudomonas Alcaligenes
aeruginosa faecalis

Staphylococcus
aureus

+ = growth.

Table 3. Results of cultures from a floor cleaned with soap and water and
disinfected with 0-3% Halamid after infection

Isolation of
Time after , * -,
disinfection

(min.)
1
21
5

n
10

Pseudomonas
aeruginosa

Alcaligenes
faecalis

Staphylococcus
aureus

15

+ = growth; — = no growth.

Table 4. Results of cultures from a floor cleaned with soap and water and
disinfected with 2 % liquor cresoli saponatus after infection

Isolation of
Time after , A ^
disinfection

(min.)
1
2i
5"

Pseudomonas
aeruginosa

Alcaligenes
faecalis

Staphylococcus
aureus

10

m
15

+ = growth; — = no growth.
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Table 5. Results of cultures from a floor cleaned with soap and water and
disinfected with 2 % Lyorthol after infection

Timp nftpr
X 11 l i t / Oil UCl

disinfection
(min.)

1

5
71

10"

15^
20
30
40
50
60
70
80
90

100
110
120

Pseudomonas
aeruginosa

+
+
+
-r

+

-f
+
+

4-

+

+

Isolation of
A

Alcaligenes
faecalis

+
+
+
+
+

+
+
+
_
_
—
—
_
_
—
—

Staphylococcus
aureus

+
+
+
+
+

+
-f

+
-f

+
_
_

= growth; — = no growth.

DISCUSSION

With the agar cylinder method we were able to determine the degree of
•ntamination in patients' rooms, and the influence of certain cleaning methods
id the effect of various disinfectants could be accurately determined. It gives
liable information about the number of bacteria-carrying particles on floors,
ie number of bacteria in such a particle is usually small—about 4 per particle
r Staphylococcus according to Lidwell, Noble & Dolphin (1959).
To what degree floors play a part in the starting of contaminations and infections
nnot be definitely determined. Certainly infections form a serious problem in
any hospitals. To counter them, it is necessary to lower the degree of contamina-
)n as far as possible. Because floors are to a certain extent gauges for the whole
om, it is useful to test the floors. As floors have to be cleaned regularly, it is
issible that the disturbance of the dust carries contamination from the floor,
jcause averting infections is meaningless unless all means of transport of
fection are blocked, floors should be treated. In planning this treatment it must
: remembered that damp floors increase the risk of Pseudomonas infections,
ice these organisms can multiply rapidly in a humid environment (Lowbury &
>x, 1953). On the other hand, dry floors often contain dust, which may not only be
iportant as a secondary reservoir in infections with Staph. aureus (McDade &
all, 1964), but in which Ps. aeruginosa can also live for a long time (Hurst &
ttter, 1966). When cleaning, both factors should be taken into account, which is
it always easy. Some investigators advise the use of disinfectants besides
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cleaning with soap and water, as the former cause a marked reduction in the
number of bacteria (Ayliffe, Collins & Lowbury, 1966; Foster, 1960). We share
their views. In our investigation Halamid and liquor cresoli saponatus gave
satisfactory results, but the last of these cannot be used in patients' rooms because
of its smell. We therefore prefer Halamid. Because this cannot be used on all
floors, those floors should be favoured which are made of material not affected by
Halamid, such as polyvynylchloride.

SUMMARY

A cylinder filled with medium is described, with which prints are made of floors
or other surfaces. After a print has been made a slice is cut off the medium, put
in a Petri dish and incubated. With one filled cylinder about twenty prints can be
made. The method can be used for quantitative bacteriological testing of floors,
and the effect of treatment with disinfectants can also be checked in a simple way.
Preference was given to disinfection with Halamid.

I am obliged to Mr A. Feringa, who helped with the construction of the
cylinder and with the examination of the floors, to Mr H. de Vries, who made
the cylinder, and to Mrs H. F. v. d. Linden-Bonnema and Miss W. Kuiper for
their assistance with the bacteriological investigation of the samples.
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EXPLANATION OF PLATES

PLATE 1

A Agar cylinder with accessories.
B Cylinder with medium pushed out 0-5 cm.
C The medium is pressed on the floor to be examined.
D A slice, 0-5 cm. thick, is cut off.

PLATE 2

A The cut slice is placed in a Petri dish.
B Print of a floor cleaned with soap and water, immediately after treatment.
C Print of the same floor, 10 hr. after cleaning with soap and water.
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