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Disinfection of hospital blankets with
synthetic phenolic compounds
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SYNOPSIS A cheap method by which hospital blankets may be effectively disinfected (approximately
3d. per blanket) is described. A recommendation is made that blankets from the patients' beds be
divided into: 'socially dirty' blankets to be laundered, possibly at infrequent intervals; and
'socially clean' blankets to be disinfected frequently. The wide range of a synthetic phenolic com-

pound is described. This substance is effective against all the common pathogenic bacteria in the
presence of organic matter, anionic, or cationic detergents. Details are given of laboratory trials with
this method of disinfection and of pilot trials at the Group hospital laundry. The recommended
method is simpler and takes less time than ordinary washing.

During recent months numerous reports have drawn
attention to the fact that hospital blankets rapidly
become heavily contaminated with organisms during
use and many of them may be pathogenic. It is not
altogether certain how important this factor is in
the general problem of cross-infection in wards
(Marsh and Rodway, 1954; Perry, Siegel, Rammel-
kamp, Wannamaker, and Marple, 1957; Schwaba-
cher, Salsbury, and Fincham, 1958; Gillespie,
Simpson, and Tozer, 1958) but it is clearly desirable
that each newly admitted patient should be supplied
with fresh, germ-free blankets, if this is reasonably
practicable (Gillespie and Robinson, 1959).
For the hospital authority wishing to achieve this

state of affairs much advice is now available (King
Edward's Hospital Fund for London, 1959),
although many of the recommendations can be
adopted only at considerable expense, and others
involve alterations in laundry procedure which may
not be easy to bring about, particularly where the
laundry is an independent organization and has to
consider other users (Central Health Services
Council, 1959).

This paper describes a method by which hospital
blankets may be effectively disinfected at a low cost,
with no additional expenditure for staff or equipment
and with a minimum of disturbance to laundry
procedure.

EARLIER RECOMMENDATIONS

RECOMMENDATION 1 All woollen blankets should
be replaced by some form of cotton blanket which

can be frequently boiled without deterioration
(Oxford Regional Hospital Board, 1958). There
are, however, objections to the precipitate adoption
of this policy, though it may prove to be a satis-
factory long-term one. The cost of equipping an
entire hospital with cotton blankets and discarding
existing stocks of woollen ones may be considerable.
Preliminary reports on the 'appeal' of cotton
blankets in terms of weight, warmth, texture, and
wearing properties have been quite favourable but
they can hardly be described as yet as a well-tried
commodity. One of the expected advantages of
cotton blankets was to cut down the dissemination
of fluff but recent experiments lead one to
suppose that the reverse may in fact be the case
(Pressley, 1958). We, indeed, have repeated Pressley's
experiments in full and obtained similar results.

RECOMMENDATION 2 Woollen blankets should be
sterilized by boiling. Particular attention must be
paid to procedure and the pH of the wash liquor to
prevent shrinkage and felting (C.S.I.R.O. Wool
Research Laboratories, 1959; British Launderers'
Research Association and International Wool
Secretariat, 1959).
In seeking to introduce this procedure one tends

to encounter the disinclination of the laundry to
change established practice. Furthermore, any error
or carelessness may appreciably damage the blankets.

RECOMMENDATION 3 Blankets should be disinfected
by dipping them in a solution of one of the quar-
ternary ammonium disinfectants (Blowers and
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Wallace, 1955; Gillespie et al., 1958). For this
method to be effective special attention must be
paid to the washing procedure used at the laundry
as the quarternary ammonium compounds are
inactivated by anionic detergents and soap. A further
disadvantage is that they are not very effective
against Ps. pyocyanea and M. tuberculosis.

RECOMMENDATION 4 Blankets should be disin-
fected by means of formalin vapour (Caplan, 1959).
The usual difficulty to be expected here is to find the
staff and autoclave space to carry out the procedure.

RECOMMENDATION 5 Blankets should be sterilized
by means of ethylene oxide (Thomas, West, and
Besser, 1959). Once again the problem is finding
suitable staff and apparatus.

RECOMMENDATION 6 Blankets should be disinfected
by means of certain synthetic phenolic compounds
(Ravenholt, Baker, Wysham, and Giedt, 1958). The
compounds are inexpensive, they are not inactivated
by soaps or detergents, and, therefore, can be used
in association with ordinary laundry routine and
those of choice are effective against all common
pathogenic bacteria, including Ps. pyocyanea and
M. tuberculosis.
Experiments conducted at this hospital have

shown that simply immersing blankets in a j%
solution of Hycolin (a mixture of halogenated
alkyl/aryl phenols) at 45°C. for 10 minutes with sub-
sequent drying in air or in the Lister dryer effectively
disinfects hospital blankets without causing appre-
ciable felting, shrinkage, staining, or other de-
terioration and without leaving any appreciable
smell on the blankets.

It is recommended that ward blankets should be
divided into two groups: (1) those which are dirty
and need washing to make them 'socially' clean.
These can be sent to the laundry for the usual
washing procedure at fairly infrequent intervals;
(2) those which are 'socially' clean but need dis-
infecting for each new patient. These can be sent
to the laundry for simple 'dipping' in disinfectant
and drying. This causes minimum wear and tear on
the blanket.
The following preliminary information was kindly

supplied by the manufacturers'

Hycolin, even in hard or brackish water, are crystal clear
to slightly opalescent and free from scum; they are very
mildly alkaline, concentrations of 1 %, 2%, and 5% in
tap water having pH values of 8-1, 8-4, and 8&6
respectively.

In useful dilutions Hycolin is not escharotic or
irritating to the skin and mucous membrane, and is inert
to such substances as rubber, plastic, paint, fabrics, etc.

Hycolin is composed of a number of phenol derivatives
incorporated in such a manner in a base of alcohol and
anionic wetting agent as to give the widest possible
spectrum of biocidal activity, covering a range which
includes Staphylococcuspyogenes,Pseudomonas aeruginosa,
and Proteus vulgaris, together with Mycobacterium
tubereculosis and pathogenic fungi such as Trichophyton
interdigitale and Candida albicans.

SENSITIVITY TESTS Patch testing of 20 persons for periods
of 24 and 48 hours failed to produce any reaction to
05% or I % Hycolin in aqueous solution. A daily
application of 05% aqueous Hycolin to the eyes of
rabbits over a period of 14 days caused no irritation.
Vaginal douching with 0-5% aqueous Hycolin produced
no untoward effect.

BACTERIOLOGICAL TESTS All tests were performed at
20°C. Dilutions of Hycolin were made in tap water of
240 hardness (Clarks). Suitable controls were incorpor-
ated in each test to check the viability of the test organism.

SUSPENSION TESTS In test 1, 0 5 ml. of a suspension of
the test organism was added to 5 ml. of Hycolin dilution.
Subcultures were made at the appropriate time intervals
into nutrient broth and incubated at 37°C. up to 10 days.

Hycolin
Concentration Test Organism

E. coli
01% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa
E. coli

0 5 , Staph. pyogenes
Proteus vulgaris
Ps. aeruginosa

Subculture after

2i min. 5 min. 71 min. 10 min.
+ + 1. ±

+ +

+ _-i4

For tests 2 and 3 (which gave identical results), the
same method was used as in test 1, the suspension being
added to Hycolin diluted with either 20% aqueous blood
serum or 20% aqueous skimmed milk.

Hycolin
Concentration Test Organism

DESCRIPTION AND PHYSICAL PROPERTIES OF HYCOLIN

Subculture after

2j min. 5 min. 7j min. 10 min.

I-lycolin is a clear, golden-brown fluid stable at all
temperatures between 0°C. and 100'C.; it does not
deteriorate when stored over long periods. It has an
odour which is mildly phenolic/alcoholic. Dilutions of
Messrs William Pearson Ltd., 172 Buckingham Palace Road,

London, S.W. 1.

E. coli
10 ,/1 Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa
E. coli

2-0% Staph. pyogenes
Proteus vulgaris
Ps. aerugnosa

-4-

+ + -i
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Similar tests in the presence of soap and other in-
hibitors, such as thioglycollate, asparagin, primary
phosphate, and Tween 80, namely, substances known to
interfere with the efficiency of other types of germicide,
showed Hycolin to be little affected. Concentrations
ranging between 0-5% and 2-0% were sufficient to
kill the test organisms in less than two-and-a-half
minutes.
For test 4, 0-5 ml. of a culture of M. tuberculosis

(H37RV) in Dubos medium was added to 5 ml. of
Hycolin dilution. Subcultures were made at the appro-
priate time intervals into Dubos medium and incubated
at 37°C. for four weeks.

with a sterile cork borer and immersed in Hycolin
dilutions for various times. Before transplanting, the
circles were rinsed with sterile water to remove excess
Hycolin. Incubation at 22°C. was maintained for six
weeks.

Hycolin
Concentration Test Organism

2-0% Trich. interdigitale
Trich. acuminatum
Candida albicans

Subculture after
m5 min. 15 min. 60 min.

+ -

Hycolin
Concentration Test Organisms Sul

2} min. 5

1-0% M. tuberculosis +
2-0% M. tuberculosis

In test 8, suspensions of the fungi in water were pre-
bculture after pared by shaking the growth with broken glass. Sterile

mm. 7 m. 1 match sticks were soaked in the suspension and allowed
to dry before being placed in Hycolin dilutions. After

- - - appropriate intervals the match sticks were removed
- - from the Hycolin, washed, and transplanted on to

Sabouraud's medium.
In test 5, to test the disinfection of fabrics, linen strips

were soaked in a suspension of the test organism and
dried at 37°C. for four hours. After immersion in
Hycolin dilutions for various times the strips were rinsed
in sterile water and subcultured at 37°C. in nutrient
broth.

Hycolin
Concentration Test Organism Subculture after

15 min. 30 min. 60 min. 2 hr.

Hycolin
Concentration Test Organism

Trich. interdigitale
2-0% Trich. acuminatum

Candida albicans - -

SAMPLING BACTERIAL FLORA ON BLANKETS AT OLDCHURCH
HOSPITAL

E. coli
1-0% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa

E. coli
2 0% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa

E. coli
3 0% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa

-f

4-i

Test 6 was an extension of test 5, a

identical with that of test 5 apart
dilutions which were made in 1 2
solution.

Hycolin
Concentration Test Organism

E. coli
2-0% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa
E. coli

3 0% Staph. pyogenes

Proteus vulgaris
Ps. aeruginosa

St

15 min. 31

MYCOLOGICAL TESTS Two tests we
In test 7, from well-grown petri-<

fungi, circles of 1 cm. diameter of t

+ +-

+ The method chosen to sample the bacterial flora was the
sweep plate technique as used by Blowers and Wallace

+ (1955). The following media were used at various times:

+ - _ 10% horse blood nutrient agar, Mannitol-salt agar,
phenolphthalein phosphate agar, and C.A.T.B. agar.
Of these media the blood agar gave the highest total

flora. There is no known specific inhibitory substance for
phenol which can be incorporated into culture media,
but tests carried out in this laboratory showed that
Hycolin-treated blanket fibres inhibited the growth of

nd the method was pre-seeded Staphylococcus pyogenes (Heatley strain) on
from the Hycolin plain nutrient agar. No such inhibition could be detected
linseed oil soap when the staphylococcus was seeded onto 10% horse

blood agar. Only occasional colonies of Staph. pyogenes
were seen on the sweep plates taken from the blankets
awaiting either laundering or treatment with Hycolin.

'ubculture after This is consistent with the relatively low rate of staphy-
A, lococcal cross-infection existing in this hospital at the

0 min. 60 min. 2 hr. moment. No colonies of this organism were seen on the
plates after their treatment by either process. No colonies

+ - of Pseudomonas aeruginosa were detected.
- The organisms grown fell into three groups:

(I) Bacillus sp.: aerobic, spore-bearing bacilli, some-

times produced large spreading colonies which tended to
obliterate the other organisms.

(2) Micrococci: spherical, Gram-positive organisms
gave opaque, butyrous colonies with white or coloured

re carried out. pigments. They showed a marked tolerance for 7% NaCI
dish cultures of the but were all plasma coagulase negative. Probably more

the growth were cut than one genus was present.

Subculture after
.

5 min. 15 min. 60 min.
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(3) Coliform organisms is a term of convenience to
describe a heterogeneous group of Gram-negative bacilli,
including Escherichia sp., Aerobacter sp., Chromo-
bacterium sp., Achromobacterium sp. No colony in this
group resembled Ps. aeruginosa.
The blood agar plates were incubated at 37°C. for

24 hours and remained at room temperature for a further
48 hours before the final assessment of bacterial flora
was made.
The selective media were incubated at 37°C. for 48

hours and then left at room temperature for a further
24 hours.

LABORATORY EXPERIMENTS Three blankets were taken
from a surgical ward blanket store. Sweep plate cultures
were taken from them. The blankets were then immersed
in a i % solution of Hycolin for 10 minutes at 50°C.
The excess fluid was removed with a wringer and the
blankets hung overnight to dry in a part of the laboratory
remote from the bacteriology department. When the
blankets were dry, further cultures were taken from them
and the blankets were returned for use on the ward.
After one to two weeks on the patients' beds, the blankets
were again sampled for their bacterial flora. The whole
process was also carried out on three blankets taken
directly from the patients' beds, instead of from the
blanket store.

approximately 500 microwatts/sec./cm.2 of ultraviolet
light for 24 hours. The blanket became yellowish-brown
but a similar colour change of equal intensity took place
with a control piece of blanket that had not been treated
with Hycolin.

LAUNDRY TRIALS As the laboratory experiment results
seemed encouraging, larger trials were carried out in the
group laundry. Twenty-two blankets, sent from the
hospital for laundering, were cultured with blood agar
'sweep' plates. The blankets were then immersed in
60 gallons of i% Hycolin at 45°C. in a Tullis washing
machine. The machine was rotated once or twice to wet
the blankets thoroughly and they were allowed to soak
in the fluid for 10 minutes. They were then taken out,
hydroed in the usual manner and dried in a Lister hot
air drier for 20 minutes at 280°F. When dry, sweep plate
cultures were again taken (Result 1).
A further 22 blankets were similarly treated but after

being hydroed they were hung outside the laundry for
five or six hours to dry, with many other blankets, this
being the normal process of drying blankets at this
laundry in the fine weather (Result 2).

No. of Colonies Type of
before Treatment Growth

No. of Colonies Type of
after Treatment Growth

No. of Type of
Colonies Growth
before
Treatment

No. of Type of
Colonies Growth
after
Treatment

No. of
Colonies
after Use

Range Average
1 500.30 174
2 500.50 190

Range Average
Mixed flora 18-2 7
Mixed flora 100-4 17

Blankets
from store

1 150 Mixed
flora

2 15 Mixed
flora

3 23 Mixed
flora

Blankets
from patients' beds

4 132 Mixed
flora

5 150 Mixed
flora

6 350 Mixed
flora

These results showed that

treatment used at this hospit
RT;e fr-^r thv 1en

These results suggested that the Lister dried blankets
gave better results for the following reasons:

4 Bacillus 85 Mixed flora The hot air in the drier alone may have had a

8 Mixed 400 Mixed flora sterilizing effect.
flora The blankets were subjected to hot phenolic vapour

13 Mixed while drying.
flora 450 Mixed flora The blankets hanging in the air may have become

recontaminated during their drying period.
4 Bacillus 300 Mixed flora Further tests were carried out by selecting 12 blankets

that had been laundered in the normal way and hydroed.
6 Bacillus 350 Mixed flora The blankets were then divided into two groups of six.

2 Bacillus 300 Mixed flora One group was dried in the Lister hot air drier and the
other group dried in the open air. When dry the blankets
were sampled with blood agar sweep plates. It was

assumed that these blankets carried the same number of
(1) the rather harsh laundry organisms, before laundering, as those tested previously,
:al removed a large number .180 colonies.

+l, N14*%-r-I-4.

OI orgamsmsirom mie UianKesL, oUI mne DianKeLs quIcKIy
deteriorated on frequent laundering; (2) treatment
with Hycolin substantially reduced the bacterial infection
of the blankets; (3) the blankets quickly acquired a
heavy bacterial flora after they were returned to the ward.
To test whether the synthetic phenols used were

photosensitive a portion of new blanket was divided and
one piece was immersed in Hycolin, dried, re-immersed,
and dried. This process was continued for 12 immersions.
The blanket hung indoors, in daylight, during this test.
No difference in colour was perceptible between this
piece of blanket and the control. After 10 dips in Hycolin,
one face of the test piece of blanket was exposed to

No. of Colonies Present Type of Growth

Blankets dried in Lister
dryer
Blankets dried in open
air

Range Average

80-8 38 Mixed flora

200-100 160 Mixed flora

In both groups of blankets the resulting bacterial
flora was of a mixed variety which could include staphy-
lococci in certain circumstances.

Bacillus sp.
Bacillus sp.
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The hot phenolic vapour must therefore have a more
inhibitory effect than hot air alone, since only a few
spore-bearing bacilli were left on the Hycolin-treated
blankets after this method of drying, so Hycolin-treated
blankets should be dried in a hot-air drier for the best
results.
To meet the point made by Blowers and Wallace (1955)

that the residual antiseptic on the blanket after dipping
must be neutralized, to avoid possible misleading effects
of bacteriostasis rather than lethal effects, some further
tests had to be carried out. Hycolin has no known
specific neutralizing agent acting at high dilution. It was
therefore necessary to remove the antiseptic by steeping
the blanket in water for 24 hours after dipping.
The following testing routine was undertaken:
(1) Sweep cultures were carried out on used blankets.

These produced the usual concentrations of flora.
(2) The blankets were dipped in Hycolin for 10 minutes

at 5oC.
(3) Dried in air.
(4) Sweep plate tests were made. These showed the

previously observed reduction of, or elimination of,
organisms.

(5) The blankets were steeped in plain water for
24 hours.

(6) Dried in air.
(7) Sweep plates showed no increase in flora when

compared with (4) above, and no inhibition of Staph.
pyogenes (Heatley strain) on a pre-seeded nutrient agar
plate was detected (vide supra). Two further experi-
ments were carried out with M. tuberculosis and Pseudo-
monas aeruginosa (pyocyanea) involving the artificial
inoculation of these organisms onto blankets.

M. TUBERCULosIS Four small portions of blanket were
sterilized and heavily inoculated with 21-day-old liquid
Dubos culture of M. tuberculosis H 37 RV.
Two pieces of blanket were treated with i% Hycolin at

450C. for 10 minutes, rinsed in water, and allowed to
drain. Two control pieces were rinsed in water and
allowed to drain. Each of the four pieces of blanket was
pressed onto Dubos agar medium and discarded, and
the culture plates were sealed and inoculated at 37°C.
After 21 days' incubation the culture plates from the
control blankets showed many colonies of M. tuberculosis
while the culture plates from the Hycolin-treated blankets
remained sterile.

PS. AERUGINOSA (PYOCYANEA) A freshly isolated strain
of Pseudomonas was grown for 24 hours in 250 ml. of
nutrient broth. The whole volume of culture fluid was
emptied into 5 gallons of water, thoroughly mixed, and
a hospital blanket totally immersed. The excess fluid was
wrung out and the blanket dried ovemight.
A sweep plate culture of the dried blanket showed

120 colonies ofPs. aeruginosa on blood agar. The blanket
was then treated with Hycolin in the same manner as
previously outlined in the laboratory procedure.
When dry, sweep-plate cultures showed no growth of

Pseudomonas.
These experiments showed that the recommended

concentration of Hycolin will destroy relatively large
numbers of tubercle bacilli and Pseudomonas on woollen
blankets.

We are grateful for the facilities granted to us by
Mr. Evans, Secretary, St. George's Hospital, Hornchurch,
at the hospital group laundry. Without the help and
cooperation of Mrs. Pratt, laundry manageress, this work
could not have gone forward.
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