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G. W. TAYLOR, M.S, F.R.CS.
St. Bartholomew’s Hospital, London

In a study of the natural history of staphylococcal
infection we have observed a total of 3,986 patients
treated in one or other of three surgical wards at
St. Bartholomew’s Hospital during the past five years.
It was soon apparent that one factor of great importance
in the causation of sepsis was the difference that exists
between the pathogenic activities of different strains of
Staphylococcus aureus (Shooter et al., 1958). We also
found that those of our patients whose noses were
colonized with staphylococci during their stay in the
ward suffered a much higher sepsis rate than those who
remained non-carriers (Williams ef al., 1959).

From the start of our investigations in two of the
wards, A and B, we had, on empirical grounds,
isolated patients infected with tetracycline-resistant
staphylococci in side-wards whenever possible. The
observation that relatively few strains of staphylococci
had epidemic propensities supported the idea that
isolation of the carriers of dangerous strains might
reduce the incidence of sepsis, and in 1959 four isolation
cubicles were constructed in one of the wards (B). This

*Now at the Wright-Fleming Institute of Microbiology, St.
Mary’s Hospital” Medical School, London.
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enabled the isolation policy to be pursued with greater
ease and completeness.

We have now tried to assess the value of our isolation
policy in preventing post-operative wound sepsis and in
controlling the spread of staphylococci generally. Most
of the analyses are based on the records from wards
B and C, but results for ward A, which was studied only
in the earlier part of our investigation, are included
when possible. We also report here the results of a
comparison of the use of cotton blankets in place of
wool in one ward (B).

Materials and Methods

The Wards.—The general arrangement of the wards
(A, B, and C) was described in our previous papers, All
three were general male surgical wards, but there were
especially large numbers of patients undergoing rectal
surgery in ward A, vascular surgery in ward B, and
urinary tract surgery in ward C. All three wards had
a total of three beds in two side-wards, and in addition
ward B had, from July, 1959, four beds in four single
“cubicles ” built into the ward. These cubicles were
constructed of wood and glass and the walls reached
from floor to ceiling. Each had a wash-basin, and an
extract-fan was fitted in the window so that air from
the cubicle did not return to the ward; the exhaust
fans were run continuously, and the cubicle door was
kept closed whenever the patient in the cubicle needed
isolation. The side-wards did not have controlled
ventilation, but were 25 feet (7.5 metres) from the main
ward along a corridor.

Nursing Routine.—In wards A and B all patients who
were  infected with or were carriers of tetracycline-
resistant staphylococci were nursed in isolation whenever
there was a bed available in a side-ward or a cubicle.
Since admission to isolation depended on the results of
bacteriological examination, there was inevitably a delay
between the time when a patient became infected and
the time he was transferred to isolation. In ward C
infected patients were not isolated. Strict non-touch
dressing techniques were used in all the wards ; gowns
were worn when nursing patients in isolation in ward A
but not in ward B. Cleaning equipment used in the
isolation rooms was not used in the main ward.
Woollen blankets, when soiled, were laundered after the
discharge of a patient who was known to have an



3

infected lesion and, otherwise, at irregular intervals.
The cotton blankets introduced into ward B were
laundered after the discharge of each patient and, in
addition, at monthly intervals for long-stay patients.

Bacteriological Routine—Nasal swabs were taken
from patients on the day of admission or as soon after
as possible ; thereafter all the patients in the ward had
their noses swabbed on one day each week. Bacterio-
logical examination was made of material from all septic
lesions, suspected chest infections, and so forth. During
the latter four years swabs were also taken from healthy
wounds at the time of the first post-operative dressing.
All cultures were examined for staphylococci, and
coagulase-positive strains were tested for antibiotic
sensitivity and phage type. The air of the wards was
examined for staphylococci with slit-samplers, the usual
volume examined being 216 cubic feet (5.8 cubic metres)
collected over a two-hour period on each of three days
in the week. Bedding and curtains were sampled by
the sweep-plate method as necessary. Nasal swabs from
the ward staff were examined as a routine only during
the first eight months of the study.

Definition of Sepsis—Wounds were regarded as
“septic ” only if there was visible pus; the sepsis was
attributed to staphylococci if these bacteria were isolated
from a septic wound. The term *“ other sepsis ™ is used
to cover all other clinically recognizable infective
complications ; most of the infections referred to were
in the chest. Infections of the urinary tract have not
been considered, because urine samples were not
received from all patients.

Chemoprophylaxis—During one six-month period
neomycin nasal prophylaxis was used in ward B, a small
amount of 1% neomycin or later * naseptin” cream
being administered to all patients twice daily, and soap
containing 2% hexachlorophene was used for washing.
This period has been excluded from all analyses, except

when mentioned specifically.

Calendar of Experimenis—Fig. 1 shows the periods
during which the various investigations were carried out
in the wards. For brevity we refer to A and B as the
“ isolation ” wards and C as the “ non-isolation” ward.

Effect of Introducing Cotton Blankets.—As will be
seen from Fig. 1, ward B was supplied with cotton
blankets in October, 1958. There was surprisingly little
difference between the wool- and cotton-blanket periods
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Isolation with
Side-wards only

WARD A
Wool Blankets
Iselation with
Side-wards Side-wards and
only Cubicles
Neo-
mycin
WARD B — et
Biankets
Woo!l Cotton Cotton
No Isalotion
WARD C —

Wool Biankets
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1956 1957 1958 1959 1960 1961

Fic. I.—Diagram showing periods during which the three wards
were under the various investigations.

in the frequency with which the blankets in use on the
beds yielded staphylococci, in the numbers of staphylo-
cocci found in air samples, in the frequency with which
patients acquired staphylococci in the nose, or in the
incidence of staphylococcal sepsis (Table 1). Nor do
the figures for thc cotton-blanket period in B show any
notable difference from those derived from ward C,
which used wool blankets throughout. In all the

TasLe L.—Effect of Cofton Blankets

Ward B Ward B Ward C
Cotton Wool Wonl
Blankets | Blankets | Blankets
No. weeks of survey .. .. .. 41 20 119
., patients .. .. .. .. 336 181 1,604
No. of blankets .. 230 52 127
Percentage of blankets samnlcd at ran-
dom yielding staphylocoeci .. 49 58 46
Airborne staphylococcn(cols per ¢.ft. ). 0-15 0-12 0-18
Patients acquiring stanhylococciin nose,
percentave of all admissions . . 20-5 188 167
Staphylocaccal post- operative sepsis, as
percentage of all operations .. . 35 39 45
|

subsequent analyses the results from the wool and cotton
periods have been taken together.

Methods of Analysis
We have had to use a number of different methods
to measure the effectiveness of our isolation policy in
preventing the spread of infection.
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(1) Direct Comparison of Total Sepsis Rates in the
Isolation and Non-isolation Wards.—This is the simplest
method, but it has the disadvantage that there were sub-
stantial differences in the operations commonly performed
on the patients in the different wards, and the different
operations had very different sepsis rates, This difficulty
can be partially overcome either by confining the analysis
to the group of operations performed in reasonable numbers
in both units or by some method of statistical “ standardiza-
tion” to allow for the differing distribution of operations
in the two wards.

(2) Carrier Rates—The acquisition of hospital staphylo-
cocci in the nose is another measure of the extent to which
cross-infection occurs with a ward.

(3) Source of Staphylococci Causing Sepsis—We have
tried to separate those cases of sepsis that appeared to
result from cross-infection from those apparently due to
self-infection and to compare the experience of the wards
in this respect. This separation could be done simply by
counting the number of cases due to “epidemic types” of
staphylococci, or by trying to determine the most probable
source of infection for each individual case of sepsis.

(4) Spread from Recognized Carriers—A completely
different approach was to measure the extent to which
carriers of recognized types of staphylococci spread their
strains to other patients in the ward and to compare spread
from patients nursed in the open ward with that from
paticnts nursed in isolation.

Method 4

The analysis was confined to types of staphylococci
that seemed able to spread in the ward, shown by their
isolation from two or more patients within a period of
14 days. Each staphylococcal type was then considered
separately, and for each day of the period during which
it was present in the ward we noted whether (a) all
carriers and infected patients were being nursed in
isolation, or (b) some were present in the open ward.
We also recorded the number of patients who were
found to have acquired the specific staphylococcus on
each day of observation. The figures from all the
different staphylococcus types and for the three wards
were summated. We could thus express the number of
acquisitions of staphylococci on days when all the
known sources of the specific types were in isolation as
a ratio to the total number of days on which there were
such carriers in the isolation rooms and not in the open
ward, and so compare the frequency of spread in the
various circumstances.
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A number of assumptions and conventions had to be
adopted ; most are concerned with the interpolation
needed because after admission the patients had nasal
swabs taken at weekly intervals. The conventions are
illustrated in Fig. 2.

Patients were assumed to be infected from the day
midway bctween a negative and a positive culture
provided the interval between the cultures was not more
than seven days; and from a positive culture to the
day of discharge from the ward provided this was not
more than seven days after the day of the culture
(patients A and B in Fig. 2). Patients not swabbed on
admission were also regarded as infected from the day

DAYS J,2.345 67 8-9 101112131415 16 1718 192021 22

paTiENT A [ ] Il

PATIENT B
PATIENT C
PATIENT D 1 ﬂ
MOSES. o'y | 2222222333333322 111
POSITIVE

LESIONS 50000001 222222 12222222
POSITIVE “ o Ao~ -, C58 5,0 52058°5
A 8 C D E F 6 H I

F1G. 2.—Diagram showing the conventions adopted for estimat-

ing cross-infection rates. Horizontal lines show the period for

which the patient was in hospital. Square blocks represent

cultural results : above line from the nose, below line from lesion.

Stippled  blocks represent cultures yielding  Staph. aureus.

.Horizontal stippled bands show period during which patient was
assumed to be infected.

midway between admission and the day of the first
culture (B, nasal cultures). A few patients whose nasal
swabs taken on admission yielded a staphylococcus
currently cpidemic in the ward were regarded as the
victims of cross-infection unless the strain belonged to
a type known to be common in the normal population.
Half-days of carriage were counted as whole days.

A few patients had single cultures taken from their
wounds ; if thesc yielded staphylococei the wound was
regarded as infected for the scven-day period centred
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on the day of the culture (patients C and D). No patient
was regarded as suffering more than one * acquisition ”
with a particular type-——that is, for this purpose the
lesions in patients B and C of Fig. 2 were assumed to
be infected from the patients’ own noses.

The date taken for the acquisition of a staphylococcus,
for correlation with the state of the ward at the time,
is the day on which the strain is presumed to have been
acquired—that is, day four in patient B of Fig. 2. There
were sometimes a few days during the périod of
prevalence of a particular staphylococcus type when no
carriers were known to be present in the ward. Patients
becoming infected during such periods are entered
separately in Tables VII and VIII. An epidemic was
regarded as continuing over these periods when the
staphylococcus was not shown to be present in the ward
only if one or more of the patients known to have been
infected during the earlier part of the epidemic was
still present.

Incidence of Sepsis

Of the 2,555 patients included in the analysis, 1,677
had surgical operations; 100 (6%) of the operation
wounds showed post-operative sepsis, in 72 cases (4.39%
of all wounds) due to Staph. aureus. An additional 20
wounds (1.2%) were found to be colonized with
staphylococci but were not diseased.

Of 72 wounds with post-operative staphylococcal
sepsis, only five showed signs of the sepsis within five
days of the operation ; in 27 sepsis was first recognized
between 6 and 10 days after operation, and in the
remaining 40 it was not seen until 11 days after
operation. Of the 72 wounds, 62 yielded staphylococci
from their first post-operative swab and 10 are known
to have been free of staphylococci at the first swabbing.

Sepsis in Relation te Nasal Carriage

Table I shows the relation of staphylococcal sepsis—
wound infection and other septic lesions—to the patients’
carrier state. It is based on patients in wards B and C,
and includes the records of some of the patients analysed
in our previous report (Williams ez al., 1959). Analysis
of the available records from ward A shows close
similarity. There was a striking difference between the
frequency of staphylococcal wound sepsis in patients
who were never nasal carriers (1.3%) and those who
entered the ward as non-carriers and became carriers
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while in the ward (11.9%) or who changed their type
of staphylococcus while in the ward (12.4%). The rate
for the permanent carriers was intermediate (3.4%).
- * Other ” staphylococcal sepsis was also more frequent
in the patients who acquired staphylococci in the ward.

There were 38 cases of staphylococcal wound sepsis
in nasal carriers with staphylococci of the same type
isolated from nose and lesion. Twenty of these patients
were nasal carriers of the lesion type six or more days
before the sepsis developed, and a further eight were
found to be nasal carriers between one and five days
before the appearance of sepsis. In only 4 of the 38
was the staphylococcus not isolated from the nose until
more than five days after the appearance of sepsis.

Table II also shows, however, that the patients who
acquired staphylococei in their noses in the ward had
more non-staphylococeal sepsis than the non-carriers.
We therefore sought other differences between those
who acquired staphylococci in the ward and those who
did not. The most striking difference was in length of
stay in the ward (Table III): the mean stay for the
patients who acquired nasal staphylococci while in the
ward was 22.0 days compared with 11.6 days for those
‘who remained non-carriers. The mean stay in hospital
for patients with non-staphylococcal sepsis was also

TasLe II.—Relation of Wound and Other Sepsis to Nasal
Staphylococcal Carrier State (Wards B and C)

Percentage Developing

Carrier No. of | Staphylococceal Non-staphylo-
State Patients Sepsis coccal Sepsis

Wound |. Other | Wound | Other

Patients having operations:
Never carrier .. 758 13 03 09 1-3
Non-carrieron admxssxon

acquxredstaphy]ncoccus
in ward 235 119 60 4-3 43
Carrier  on  admission,
changed smphylocnccus

in ward 121 12-4 74 33 08
Carrier on a.dmlssmn no
change .. . 563 34 2:7 1-2 18
Subtotal .. .| L677 43 24 17 1-8
Patients not havmg opera-
tions* .. . 878 017 08 0 0-2
Total .. .. | 2,555 2-8 18 095 1-3

* 57% of these patients had only one nasal swab examined.

1 Patient admitted with traumatic lesion,

Excluded from this table are 137 patients from whom no nasal swab was
obtained and 484 patients who were in ward B during the period of the type
53/77 epidemic and subsequent neomycin prophylaxis.
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TABLE III.—Length of Stay in Hospital in Relation to Carrier
State (Wards B and C

Percentage of Patients in Various Carrier

i Categories among those whose Total Stay in Mean
Carrier State Hospital was: Stay
(Days)

1-10 Days |11-20 Days’Zl—SO Days' 31 + Days

Never carriers 56-0 460 | 365 22:5 116
Carrier on admis-
sion, no change
of strain . 385 330 20-5 18-§ Ii-o
Changed strain
or acquired

staphylococcus
in hospital .. 55 21-0 430 59:0 22:0
Total patients 897 747 223 157

This table is based on those patients who had no sepsis.

longer than for those who had no sepsis, and it seems
likely that the prolonged stay in the ward of the patients
with non-staphylococcal sepsis resulted in some of them
becoming nasal carriers of ward staphylococci. It is
interesting to note that only 329 of the 44 patients with
non-staphylococcal sepsis acquired their ward staphylo-
coccus before the onset of sepsis, compared with 57%
of 84 of the patients with staphylococcal sepsis (d=25,
SEd=9.3).

Sepsis in Relation to Age and Type of Operation

Sepsis was more frequent in the older patients (Table
1V) and in those having certain operations, especially
genito-urinary strgery and operations on ischaemic
limbs (see Table V), The effect of age may, in part
at least, reflect the slower rate of healing in old age,
with consequent increase in exposure to infection,

TABLE IV.—Sepsis in Relation to Age (Wards B and C)

Percentage Percentage Percentace
No. of Developing Dezveloping Acquiring
Age Patients Wound Sepsis Other Sepsis Nasal
(Years) Pcl)aving N — N -—| Staphylo-
h nera- on- on- cncci
tions Séa%]clﬁo' staphylo- Stggclg;lln- staphylo- | whilein
© coccal : coceal Ward
1-30 286 1-1 14 -1 | I-1 145
31-50 482 27 1-5 2-1 1-9 167
51-70 748 61 19 33 23 257
7+ 161 63 1-9 12 12 266
i

Assessment of Value of Isolation
Functioning of the Isolation Rooms
The isolation cubicles in ward B were planned so that
air from the cubicle should never return into the open
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ward. The success achieved in this was assessed in three
ways. Smoke tests carried out on several occasions
showed that when the fans were working and the doors
only slightly open there was no flow out of the cubicles
into the ward. This was confirmed by liberation of
nitrous oxide into a cubicle with subsequent sampling
outside, using the equipment described by Lidwell (1960).
When the door was widely opened there was some reflux
from the cubicle into the ward.

Bacteriological testing by means of simultaneous air-
sampling in main ward and isolation cubicle was not
entirely satisfactory. Thus on 3 out of 10 occasions
staphylococci of the same type as in the cubicle were
found in the ward air, but it was not possible to exclude
the possibility of undetected carriers in the main ward.
On a further four occasions high air counts were
obtained in the cubicles by shaking the patient’s
blankets ; despite concentrations up to 53 staphylococci
per cubic foot (1,870 per cubic metre) in the cubicle,
no staphylococci of the particular type were found in
the main ward.

In wards A and B the side-wards along the corridor
were also used for isolation. These had no mechanical
ventilation, but the structure of the building had the
effect, in ward A, of providing a steady outflow of air
from the main ward. The ventilation pattern in the
side-rooms of ward B was variable and there must
sometimes have been reflux of air from these rooms
into the main ward ; the side-rooms were not, however,
often used for the isolation of infected patients after
the construction of the cubicles in the ward.

Some difficulty was experienced at first in persuading
patients to remain in the isolation cubicles in ward B
with the doors closed, for they could see the other
patients in the ward around them but could not converse
with them. On one occasion at least we believe that
cross-infection from an isolated patient was attributable
to the patient having switched the fan off. This was at
a time when we had a rapidly spreading epidemic of
staphylococci of type 53/77 which led us to attempt
control by neomycin prophylaxis. The period of this
epidemic and of the neomycin prophylaxis is omitted
from the subsequent analyses because early in the
epidemic there were too many infected patients for
isolation to be practicable,
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Sepsis Rates

The incidence of post-operative wound infection in
ward B (excluding the 53/77 epidemic just mentioned
and the period during which neomycin prophylaxis was
in use) was 3.89% ; that in the non-isolation ward (C)
was 4.5%. As we have already indicated, a simple direct
comparison is not satisfactory because of the differing
nature of the operations. Table V presents the results
in more detail. The operations entered in the top half

TaBLE V.—Incidence of Staphyloccocal Sepsis in Isolation Ward
(B) and Non-isolation Ward (C)

No. of Operations ’ Percentage Percentage
Performed Wound Sepsis Other Sepsis*
B c B l C B C
Gastrectomy .. 57 39 1-8 5.1 7-0 26
Appendicectomy 39 58 [} 0 [} 17
Repair of hernia 110 151 [0} 60 0 07
WNeck and head .. 33 39 30 [ 3-0 2:6
Recto-anal .. 35 55 2:9 3-7 0 1-8
Nephrectomy .. 10 35 40-0 265 0 0
Miscellaneous
abdominal .. 47 83 4-3 7-2 64 48
Total .. 331 460 27 6-1 2:7 1-95
Varicose veint .. 52 58 19 0 1-9 0
Minor limb .. 84 55 36 0 12 - 1-8
Major limb and
arterial graft .. 72 2 12-5 50 83 0
Genito-urinary
operations .. 55 320 9-0 47 1-8 28
Other operations} 114 l 112 0 09 2:6 09
Grand total 708 ‘ 1,007 ’ 38 45 28 11

* ¢ Qther ” sepsis includes chest sepsis, boils, etc.; infections of urinary
tract are éxcluded altogether.

¥ The mean stay in hospital for varicose-vein operation is 9'7 days in the
isolation ward, but only 4-8 days in the non-isolation ward.

f Other operations were as follows: lumbar sympathectomy (B, 58; C, 3),
cervical sympathectomy (B, 9; C, 0), eye operations (B, 0; C, 62), mastec-
tomy (B, 5; C, 4), cholecystectomy (B, 15; C, 17), thyroidectomy (B, 9;
C, 5), thoracic operation (B, 6; C, 0), mixed operations (B, 12; C, 21).

of the table were performed in reasonable numbers in
both wards ; those below were done in much larger
numbers in one of the wards than in the other, or were,
like minor limb operations, different in nature; or, as
in the case of operations on varicose veins, there was a
major difference in the routine of post-operative manage-
ment. For the common list of operations the sepsis
rate was 2.7% in the isolation ward and 6.1% in the
non-isolation ward ; this difference is not statistically
significant (SEd =3.6).

There was no striking difference between the two
wards in the incidence of other staphylococcal sepsis.
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Carrier Rates

Of the patients swabbed on admission to ward B
(isolation) 1.99% were carrying tetracycline-resistant
staphylococci in the nose compared with 3.2% of the
patients admitted to the non-isolation ward C. In both
wards the patients acquired staphylococci in their noses,
but the rate of acquisition was much slower in ward B
than in ward C (Fig. 3): among patients who had been
in the ward six weeks the proportion carrying tetra-

erssenseens WARD A
===m== WARD B
WARD C

'NON-CARRIERS

60 ""'--‘.r..-:o-......o..--"o"~~
. ~

Ovemn
~omeo.
50 A o

40 o feea, ‘- ------- .

30 -

‘PER CENT

20 { CARRIERS OF
R/PT STRAINS

o
[ ]
10 1
IS T
(@] T T T T T 1
ADMISSION | 2 3 4 5 6

STAY IN HOSPITAL (weeks)

Fi16. 3.—Nasal carrier rates for staphylococci for patients in the

wards. Non-carriers=Patients with no Staph. aureus in nose;

R/PT strains=Staphylococei resistant to penicillin and tetr'l-
cycline.

cycline-resistant strains was 11% in ward B and 23%
in ward C. A similar analysis for the other ward (A),
which had been studied earlier and which had only side-
ward isolation rooms, showed a rate of acquisition of
resistant staphylococci very similar to that of ward B.

Presumed Source of Infection

There was an indication that epidemic spread of
staphylococci was less in ward B than in ward C (Table
VI). Thus there were fewer epidemics due to tetra-
cycline-resistant staphylococci, a lower proportion of
all the septic lesions were due to “ epidemic ” types of
staphylococci—that is, strains causing more than two
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cases of sepsis in one episode—and a rather higher
proportion of the sepsis was attributable to staphylococci
carried by the patient on admission. The numbers of
cases or incidents on which these proportions are based
are, however, rather small, so that by themselves they
would have little significance.

The second isolation ward (A) was in several respects
intermediate between wards B and C (Table VI).

TABLE VI. —S()urc‘es‘ of Staphylococcal Infection

Isolation I Non-

R isolation
C

B A

Frequency of epidemic incidents
per month of observation .. 03 04 0-4
Frequency of incidents due to
strains resistant to pemcxlhn and
tetracycline .. . . 01 03 03

Percentage of all septic lesions
due to:

Tetracycline-resistant  staphy-

lococci 52 30 89

* Epldemxc ” types of staphy-

Ioeoccn . 38 43 66

Wound sepsis due to staphylo-
cacel:

Carried on admission . 4 15 9 26 3 7
Acquire% inﬁward: 0

Probably first in nose .. 67 1 15

First in lesion . 47 37 145 65 4 42

Wound sepsis in patients not
carriers of wound strain:

Due to “epidemic’ staphylo-
coccl .. - . 4 15 1 3 11 24
Due to * non-epidemic ™
staphylocacci .. .. 8 30 2 6 11 24
Source not known 1 — 1
Total patients with wound sepsis 27 34 45

Cross-infection from Particular Patients

For this analysis we have used the records of all three
wards and have not distinguished side-ward from cubicle
isolation. Since even in the isolation wards there were
often days when patients harbouring tetracycline-
resistant strains were actually present in the open ward,
many of the * non-isolation ” days in fact refer to the
isolation wards. Furthermore, since the analysis was
based on all episodes in which a particular type of
staphylococcus infected two or more patients, regardless
of its tetracycline-resistance, some of the incidents
concern staphylococei for which isolation was not
considered.
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Comparison of Wounds and Nasal Carriers as
Source of Infection

1t was first necessary to discover whether nasal carriers
were more or less liable to give rise to cross-infection
than patients with septic lesions. The results of an
analysis based simply on cross-infection from patients
in the open ward are presented in Table VII. There was
a steep increase in the frequency with which patients
acquired the staphylococci in the ward with the number
of carriers present to serve as sources. Patients with
septic lesions gave rise to cross-infections only slightly
more often than nasal carriers.

The material was re-analysed to see whether antibiotic-
resistant staphylococci behaved differently, and to see
whether patients with severe septic lesions were any
more active in generating cross-infection than all those
with lesions. In neither case was any noteworthy
difference from the figures of Table VII detected.

From these results it seemed justifiable to treat nasal
carriers and septic lesions as equivalent for the measure-
ment of cross-infection from patients in isolation.

It will be noted that the cross-infection rate on days
when no sources were known to be present in the ward
was practically the same as that on days when there was
one known source (Table VII). These days with no
known source were all from the middle of recognized
incidents, and we presume that there must in fact have
been some unrecognized source of infection present.
Investigations of perineal carriage made during one
epidemic revealed the existence of a number of patients
with staphylococci on the skin but not in the nose.
‘These would have been missed by our routine examina-
tions, but might well have been important as a source
of cross-infection.

Cross-infection from Patienfs in Isolation

With sources of the specific staphylococci present in
the open ward the acquisition rate for other patients in
the ward was 10.5 per 100 days ; when all the recognized
sources of infection were in isolation it was 7.3 (Table
VIII). When there were no known sources of infection
in the ward (as in the previous analysis on occasional
days during the run of a particular type episode) the
rate was 7.3.. This again suggests that there may often
have been an unrecognized source of infection in the
ward on these days.
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TaBLE VII.—Nuasal Carriers and Septic Lesions as Sources of Cross-infection (Wards A, B, and C)

Sources of Infection in Ward

No : Carriers Only 1 1 Lesion+ Carriers 2 Lesions
Known* |—- Lesion — — -
Source 1 2 ) 3+ Only ! ‘ 2 3+ Carriers
Total days’ experience .. 793 1,242 487 | 375 168 267 181 149 130
No. patients acquiring infec- o o
tion in ward:
Nasal carriage only .. 41 70 38 45 10 19 26 21 21
Septiz lesion, not <arrier . . 8 10 6 3 2 t ] 1 0
Lesion and carriage .. 9 9 7 8 2 4 3 8 3
Total acquisitions .. .. 58 89 51 56 14 24 30 30 26
Acquisitions per [00 days .. 73 72 10-5 150 83 9-0 16:6 20-0 20-0

* [ this table © no known soarcz ™ iacludes days whan paiients in isolation carried the strain, but there was no known source in the main ward.

ST
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TasLe VIII.—Cross-infection from Pcal)tients in Isolation (Wards

, B, and
Source of Infection
. In Main
None In Main In
Known Ward Isolation \}Zzﬁgt?onr?
Total days’ experience .. | 478 2730 | 315 269
No. of patients in open ward
acqumng infection:
Nasal carriage only 23 225 18 25
Septic lesion, no carriage S 22 3 2
Lesion and carriage 7 45 2 1
Total acquisitions . .. 35 202 | 23 28
Acquisitions per 100 days .. 7-3 105 i 73 9-8

Analyses from the three wards taken separately gave
very similar figures.

Table VIII omits the period of one staphylococcal
epidemic due to phage type 53/77. This strain was
introduced by an unrecognized carrier transferred from
another ward and had a very great tendency to spread
and colonize the nose. Tt is certain that the isolation
rules were not properly followed at the time when the
_first recognized patient was segregated, and several
secondary cases arose. It subsequently became
impossible to isolate all the known carriers, and
neomycin nasal cream and hexachlorophene soap were
therefore given to all patients in the ward ; this regime
continued for various reasons for a total of six months
(Fig. 1). If the period of the type 53/77 outbreak were
included in Table VIII the figure for acquisition from
isolated patients would be increased from 7.3 to 9.5 per
100 days ; those for sources in main ward, or main ward
and isolation, would become 10.5 and 11.5 respectively.

In Table VIII there are recorded 23 infections
acquired at a time when the only known sources were
in isolation. For nine of these cases a carrier had been
present in the main ward one to five days before the
presumed date of acquisition, so the infection may have
been acquired in the ward but remained unrecognized
for a longzr period than allowed for by our conventions.
There was no known carrier within the previous seven
days for the remaining 14, but six of them were part
of an outbreak due to type 52/55 and occurred within

few days of each other ; the staphylococcus was found
in the air of the main ward even when all the carriers
were in isolation, so that it is possible there was an
undetected carrier among the patients or staff.
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Cross-infection in Relation to Propinquity to a Carrier

Using methods of analysis similar to those employed
for testing the effect of isolation, we tried to find out
whether cross-infection was commoner in patients
nursed in beds close to a carrier. No clear relation
could be demonstrated (Table IX), but the regression
coefficients of acquisition rate on bed-spacing are all
negative, as would be expected if the closer patients
were at greater risk, though none of them is statistically

TasLe IX.—Effect of Distance from Carrier on Cross-infection

Acquisition Rate per 1,000 Patient/Days with

No. of Bed Spaces
between Patient 2 or Morz
Acquiring Infection | Carrier Carriers Any Type
and Nearest Carrier in Ward or Patients of Source
with Lesions
1 6:3(8) 9-3(38) 8-6 (46)
2 4-1(7) 86 (32) 7-2 (3%
3 8:2(15) 14(9) 5:3(24)
4 6:7(110) 78 (11) 72 (22)
5and 6 4-1(7) 8-5(6) 53 (13)

» i\Iumbers in parentheses=-No. of vauiSiliOi’lS.

N.B..—Owing to the layout of the ward, no patient could be more than
six bed spaces away from any other patient.
significant. The results are consistent with the notion
that the most remote patients experience as much as
half the acquisition rate of the patients nursed adjacent
to a carrier. It is interesting to note that, in a few
experiments in which a tracer gas was liberated at one
point in the ward, samplers at the far end of the ward
(which because of the ward layout is equivalent to six
bed spaces distant) collected about half the quantity of
tracer collected 6-8 ft. (1.8-2.4 m.) from the point of
liberation. Such a reduction in transfer has, however,
a limited effect on cross-infection because so few patients
are as much as five or six beds away from one another.

Neomycin and Hexachlorophene Prophylaxis

Neomycin and hexachlorophene prophylaxis for all
patients admitted to ward B was started in April, 1960,
because of the widely spreading epidemic due to a
staphylococcus of phage type 53/77 and the lack of
sufficient isolation accommodation. The prophylaxis
was continued until October, 1960. The wound sepsis
rate during the whole period April to October was 5.6%
(on 356 operations). Eight of the 20 cases of sepsis
were due to type 53/77, so that the sepsis rate for other
types was about 3.5%—that is, the same as the overall
rate for the non-neomycin period. Moreover, the sepsis
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rate on 96 operations performed after the end of the
53/77 epidemic in mid-May was as high as 7.3%. The
introduction of the neomycin and hexachlorophene
prophylaxis appeared to eliminate the type 33/77
staphylococcus and terminate that epidemic. However,
during the subsequent period it had no detectable effect
in reducing the total post-operative sepsis rate; it is,
however, curious that of the seven septic wounds
occurring in patients on prophylaxis, four were infected
with staphylococci sensitive to penicillin and tetracycline.

Of 92 patients under neomycin prophylaxis after the
end of the 53/77 epidemic, 37 (40%) were at some
time nasal carriers of staphylococci. This may be
compared with 55% for similar patients not given
chemoprophylaxis.

Discussion

On the face of it the results of our attempt to
control staphylococeal cross-infection by isolation are
disappointing: a post-operative wound-infection rate of
3.8% in a ward in which all patients known to be
harbouring tetracycline-resistant strains were isolated,
compared with a rate of 4.5% in a ward where no
isolation was practised. But we need to consider not
only whether the isolation was actually eflective in
restraining the spread of staphylococci but also how
much we could have hoped to achieve by our isolation
methods at their best, and the extent to which a similar
system could ever be applied in a general hospital
routine.

The effect of an alteration in technique is necessarily
difficult to establish by comparing the experience of
patients in only two wards, and none of our conclusions
can be more than tentative, Apart from the difference
in isolation policy between the wards, there may have
been other unrecognized differences in management
which affected our results. This proviso has to be borne
in mind in all our comparisons between the wards when
we attribute the observed differences to the isolation
policy.

There was one important difference, which we can
allow for-—namely, the different operations performed
on the patients in the two wards. There were 331
operations on patients in the isolation ward and 460 on
patients in the non-isolation ward having one or other
of seven common operations. The sepsis rate on these
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operations was 6.1% in the non-isolation ward and
2.7% in the isolation ward. The sepsis rate to be
“expected " in the isolation ward, calculated by applying
to each group of operations the rate observed in the
non-isolation ward, was 5.1%. Though not statistically
significant, the figures suggest a halving of the sepsis
rate.

In the isolation ward the operations excluded from
the common list had a higher-than-average sepsis rate
(4.7%). If we assume that the sepsis had been reduced
among these operations by the same proportion as
among the common operations, the sepsis rate in a
control ward with a similar distribution of operations
and with the conditions of our non-isolation ward might
have been about 8.2% (58/708). If these rather tenuous
assumptions are accepted we can estimate that the
isolation policy may have prevented 31 cases of sepsis.

One also needs to ask how much an isolation policy
could have achieved. Four of 26 cases of sepsis in the
isolation ward were due to staphylococci carried
by the patient on admission (information on one further
patient is lacking) ; this is equivalent to a sepsis rate
of 0.6%, which could certainly not be prevented by
isolation. A further eight cases were due to staphylo-
cocci not isolated from any other septic lesion ; in so
far as these were derived from known carriers, they
were mostly tetracycline-sensitive, so that the sources
of these cross-infections would not have qualified for
isolation under our rules. On these grounds the
incidence of ‘““ unavoidable ™ sepsis might have reached
1.8% of the 708 patients ; this is about half the sepsis
actually observed.

An alternative approach is to consider what mlght
have happened if we had been able to isolate effectively
all patients harbouring * epidemic strains ” of staphylo-
cocci—that is, those giving two or more cases of sepsis
—from the time of admission to the ward. Elimination
of all cross-infection with epidemic strains would have
prevented 11 of the 27 cases of sepsis in ward B, again
reducing the sepsis rate from 3.8% to 2.3%.

In sum, then, the records suggest that if the ward
had not followed an isolation policy at all there might
have been 58 cases of wound sepsis, and if it had been
completely successful in preventing cross-infection from
patient to patient there might have been only 16. The
observed number was 27.
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A part of the sepsis regarded as unavoidable in the
previous analysis is due to the patients’ own staphylo-
cocci. Part is probably also due to cross-infection in
the operating-theatre, though very few of our patients
developed their sepsis with the signs of fever soon after
operation and deep pus that are characteristic of
theatre infections ; in over half the cases the appearance
of sepsis was delayed for more than 10 days. Never-
theless we cannot exclude infection in the operating-
theatre or soon afterwards as quite unimportant. Some
cases of infection may also be due to infection from the
medical and - nursing staff in the wards. These were
outside our investigation, but the small proportion of
acquisitions by patients at times in our epidemics when
we knew of no carrier or lesion among patients (58/378,
Table VIi) does not point to a large reservoir in the
staff,

That the isolation rooms were probably reasonably
effective in preventing the escape of staphylococci from
patients nursed in them is shown not only by the tracer
experiments but also by the fact that when all known
infected patients were in isolation the cross-infection
rate was reduced to the same level as that found during
periods in the middle of epidemics when there were no
known carriers present in the ward. One must presume
that the residual cross-infection is attributable to
undetected carriers present in the ward.

Although our observations were not continued long
enough to provide unequivocal results, it seems that
the isolation rooms with ventilation, when properly used,
were probably effective in limiting the spread of
staphylococci from patients nursed within them, and
this was as true of the isolation rooms within the ward
as of the side-wards. If confirmed this is important,
since isolation rooms within an open ward are sometimes
the only facilities available. We have the strong
impression that some of our “escapes ” from isolation
resulted from the switching off of the exhaust fan ; this
certainly allowed the contaminated air from within the
room to reach the main ward.

The main difficulty of an isolation policy became clear
during our study ; it is the difficulty, in many epidemics
of ward infection, of detecting carriers who serve as
reservoirs from which the 'spread is maintained. We
could detect hardly any difference between carriers and
patients with septic lesions as sources of cross-infection,
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and, though there might be greater differences in other
circumstances, it seems to us inescapable that a control
policy based simply on the isolation of patients with
septic lesions must often fail. To detect all the
dangerous carriers by swabbing is an expensive
procedure and will frequently give the information too
late—as it often did in our own wards, The implication
seems to be that, unless we perfer to protect patients
against the acquisition of staphylococci in their nose
by chemoprophylaxis, hospitals ought to be constructed
sO as to isolate as many as possible of the patients from
one another, and in particular to protect newly admitted
patients from exposure to those who have been in
hospital long enough to acquire hospital staphylococci.

Summary

The natural history of staphylococcal infection was
studied in three male surgical wards, in two of which an
attempt was made to isolate all patients known to carry
or be infected with tetracycline-resistant staphylococci.
One of the wards was provided with four exhaust-
ventilated cubicles for isolation purposes.

The introduction of cotton blankets, washed at
frequent intervals, into one of the wards had no
detectable effect.

Patients who acquired staphylococci in their nose
during their stay in hospital developed staphylococcal
sepsis more than five times as often as those who did
not. In most cases the nasal colonization preceded the
sepsis. The patients who acquired staphylococci also
had a higher incidence of non-staphylococcal sepsis,
but this appeared to be associated with prolonged stay
in hospital.

The post-operative sepsis rates were compared in
patients having operations performed with comparable
frequency in one of the isolation wards, and in the non-
isolation ward. The rates were 2.7 and 6.1%
respectively ; the difference of 3.4% does not reach the
level of statistical significance.

Patients in the isolation wards became nasal carriers
of tetracycline-resistant staphylococci more slowly than
those in the non-isolation ward.

There was some evidence that epidemic spread of
staphylococci was less in the isolation wards than in the
non-isolation ward.
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When individual sources of infection were considered,
it was found that nasal carriers were almost as important
in generating cross-infection as patients with septic
lesions, When all patients known to be sources of
infection in the ward were isolated the incidence of
cross-infection was apparently reduced. The exact
magnitude of the reduction is difficult to determine
because of the almost certain presence of undetected
sources of infection in the ward.

The limitations of any study of this sort based on
three wards is stressed, but, taken at their face value,
the results suggest that the isolation policy might have
reduced the sepsis rate by about one-half. The
demonstrable importance of nasal carriers as sources of
cross-infection implies that such an isolation policy can
be applied only if continuous bacteriological surveiliance
is available. Since this is seldom practicable, th=
conclusion is reached that, to prevent the transfer of
staphylococcal infection, hospitals need to be constructed
so as to isolate as many patients as possible from one
another.

For permission to study their patients, we are grateful to
our surgical colleagues, Mr. C. Naunton Morgan, Mr. D. F,
Ellison Nash, Mr. A. W. Badenoch, Mr. 1. P. Todd, and Sir
James Paterson Ross. Bt. Our thanks are alsa due to the
sisters and nursing staff of the wards ; to the Treasurer and
Governors of St. Bartholomew’s Hospital for the construc-
tion of the cubicles, and to Mr. John Weeks for help in
their design; to the Medical Research Council for a grant
for scientific assistance ; and to Miss Olive Duke and Miss
Susan Green, B.Sc., for assistance in the laboratory.
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The dispersal of staphylococci in hospital wards
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syNopsis The air of three hospital wards was examined frequently for staphylococci for a period
of nearly four years using slit samplers, ‘Broadcasts’ of staphylococci into the air were observed with
the air count rising well above the mean of 0-2 staphylococcal particle per cubic foot and these
broadcasts often appeared to be due to single patients.

Eight of the 3,675 patients admitted to the wards possessed an ability to disperse staphylococci
into the air of the wards which was markedly greater than normal.

The actual dispersal about the ward appeared to be mediated by the bedclothes, for, when these
were disturbed, large numbers of staphylococci were disseminated into the air.

During investigations of post-operative staphy-
lococcal sepsis in surgical wards at St. Bartholomew’s
Hospital, London, the air of the wards was fre-
quently examined for staphylococci. Shooter, Smith,
Griffiths, Brown, Williams, Rippon, and Jevons
(1938) observed ‘broadcasts’ of staphylococci into the
air from time to time and some of these broadcasts
appeared to be associated with particular patients.
The study was continued and the more extensive
records now available have been analysed in an
attempt to discover more about the spread of staphy-
lococcei by such patients.

METHODS

The study was carried out in three male surgical wards
(A, B, C). The work of the units was general surgery,
although a proportion of specialized work was carried
out in each ward. Wards A and C used wool blankets
throughout but ward B used cellular cotton blankets for
much of the investigation. Patients harbouring staphy-
lococci resistant to penicillin and tetracycline were nursed
in isolationin wards A and B but not in ward C (Williams,
Noble, Jevons, Lidwell, Shooter, White, Thom, and
Taylor, 1962).

The wards, which measure 56 ft. by 43 ft., have a
volume of about 30,000 cu. ft. Each has 22 beds, spaced
about 6 ft. (18 m.) apart, with three more beds in two
side wards. There are cotton curtains, suspended from
rails 7 ft. (2:1 m.) from the floor, which can be pulled out
to surround each bed. During the course of the study
one of the wards, B, had four single-bed cubicles built
in the body of the ward.

Present address: The Wright-Fleming Tnslitute of Microbiology,
St. Mary’s Hospital Medical School, Paddington, London, W.2,

Received for publication 16 May 1962,

A total of 3,675 patients was seen during this study.
They had nasal swabs taken on admission to the wards
and thereafter at weekly intervals. No systematic attempt
was made to examine other possible carricer sites for
staphylococci.

During the four years of the survey, the air of the wards
was examined on three days each week, usually Monday,
Wednesday, and Friday, using a slit sampler running for
two consecutive hours. During the first year the total
volume sampled daily was 48 cu. ft.; later it was 216 cu.
ft. For observing the effect of such procedures as bed-
making and wound dressing, a slit sampler drawing
6-3 or 12-6 cu. ft. per minute was used so that adequate
volumes could be sampled in short periods.

The colony count obtained using the slit sampler gives
a measure of the number of airborne particles carrying
staphylococei and in accordance with general usage the
counts are given here as colonies per cubic foot of air
sampled. For the routine ward samples the counts are
given as the average for the two-hour sampling period.

The bedding was examined qualitatively for staphy-
lococci using the sweep plate technique (Williams,
Blowers, Garrod, and Shooter, 1960). For quantitative
estimation of staphylococcal contamination a cellular
cotton blanket was held, 7 sq. in. at a time, clamped over
the mouth of a tube through which air was drawn
directly into a slit sampler. The blanket was covered with
a filter paper and gently percussed, the organisms thus
released being collected on agar plates exposed for suc-
cessive one-minute periods in the slit sampler. Experience
showed that about half the recoverable staphylococci
appeared on the first six plates exposed, and so the total
count of recoverable staphylococcal particles has been
estimated by doubling the count on six successive plates.

One colony from each positive nasal culture and two
colonies from each bed sweep were phage-typed. As
about 759 of the air samples yielded fewer than 40
colonies of staphylococci from the 216 cu. ft. sample (less
than 0-2 colony per cu. ft.), staphylococci from the air
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were typed as a routine only when the count rose above
this level. However, up to 12 colonies from each air
sample were preserved whether or not typing was in-
dicated on the basis of the count observed. When more
than two-thirds of the staphylococci recovered from the
air were of the same phage type, that type was referred to
as being predominant in the air.

The medium used throughout this study was Oxoid
blood agar base containing 5%, horse serum and 0:01 %
phenolphthalein-phosphate (Barber and Kuper, 1951).
Phosphatase-positive colonies were tested for coagulase
and were phage-typed at the Staphylococcus Reference
Laboratory, Colindale. Throughout this paper the word
staphylococcus is used to mean the coagulase-positive
Staphylococcus aureus.

RESULTS

ROUTINE COUNTS OF AIRBORNE BACTERIA Although
the total airborne flora and the number of staphy-
lococci recovered varied from day to day, the average
was remarkably similar for the three wards (Table I).
During the 732 ward days of observation there were
177 days when the count of staphylococcal particles
in the air was greater than 0-2 per cu. ft. (Fig. 1).
On 21 days the count was greater than 1-0 per cu. ft.
and on four days greater than 2-0, The highest count
recorded for a two-hour period was 3-4 staphy-
lococcal particles per cubic foot.

An analysis of variance was carried out on the air

TABLE [

MEAN NUMBER OF BACTERIA IN AIR SAMPLES FROM THE
THREE WARDS

Ward Colonies per Cubic Foot
Number of Days
Total Bacterial Flora Staphylococci  of Sampling
A 270 0-22 114
B 264 018 317
C 327 0-18 321
00 1 e LIOE 10
2. 90 L
3 g
3£ %97 -
&E 70 4
82 604 .
ag 40 4 ’
2 0] «
5% 20
2c
52 104
O3
o0l olo ) 100

Air count, colonies per cubic foot

FIG. 1. Counts of airborne staphylococci. On 3% of the
days no staphylococci were recovered from the air (count
less than 0-01 particle per cubic foot).
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counts of ward C over a period of 83 weeks with two
samples on each of the three days each week. The
variance between days and that between weeks was
significant at the 0-001 level. (Variance ratio, be-
tween days F =87, n, =2, n, = 413; variance
ratio, between weeks F = 41, n; = 82, n, = 413.)
Variance between the two counts on one day was
not significant,

RELATION OF AIRBORNE BACTERIAL COUNTS TO
CARRIERS On 162 of the 177 days when the count
of airborne staphylococci was greater than 0-2 per
cu. ft., there was one type of staphylococcus pre-
dominant in the air. The phage types of the staphy-
lococci recovered from the air were compared with
those isolated from the noses or wounds of the
patients at the previous weekly swabbing. For 64 of
the 162 days, only one patient was found to carry
the strain predominant in the air. Thirty-eight
patients contributed to these 64 days; 16 patients
were associated with high air counts on two or more
days and eight patients were associated with high air
counts throughout much of their hospital stay. These
eight patients are referred to for convenience as
‘dispersers’.

On a further 45 of the 162 days, one of the 38
patients referred to above and one or more other
carriers were present and on 47 days several carriers
were present, but it was not possible to attribute the
spread of the staphylococci to any one of them. On
only six of the days when the count in the air was
greater than 0-2 particle per cu. ft. was no carrier
known to be present.

CHARACTERISTICS OF DISPERSERS  Some of the charac-
teristics of the eight dispersers observed are given in
Figure 2, Six of these patients were active dispersers
on admission to the wards and two became dispersers
of the staphylococci that they acquired in hospital.
Dispersal of the staphylococci acquired by patient
H apparently resulted in an outbreak of staphy-
lococcal sepsis. Dispersal from patient G led only to
nasal colonization of other patients.

Patient A carried and disseminated the same strain
on three successive admissions whereas patient C
was not a carrier on his first admission but on re-
admission two years later carried and dispersed the
type 6/53/75 referred to below. Patient D was a dis-
perser on his first admission but not on his second
four months later, although carrying the same types
of staphylococci. The remaining dispersers were
observed only once,

Although none of these patients had an infected
lesion on admission to the wards six of them subse-
quently developed scm?z infection with the same
staphylococcus as was carried nasally. Patient A
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Strain Mean Ward
Total Number | Air Count of | pegk
Potient Sensitive to Stay In Hospital [weeks] of other | Staphylococci| of
Type : Pdtients during Count
Yp Colonized Dispersal
PX 1 5 4 8 I 16 20 24 28 Period
N S— y — - 1 1 I 1
A |vvers3mri- + + BB BTN 12 039 083
B 6/53/77 |+ + 6 2-3 340
c | esyrs [+ - 10 09 251
[:[e] - 4+
o {53/54W + ot 4 062 160
E 29/52+ + ot [) O 26 0-70
F 42E + o+ 2 o2 0-42
G I9VW -+ §} : ©-33 ©-63
H 53/77 - - 30
K s *
“— Stoy In Hospitg] —————» P Peniclllin

<«— Carrioge ————»
<— Dispersal —9

T Tetracyclene
S Streptomycin

FIG. 2. Characteristics of dispersers in relation to their stay in hospital. Patient H acquired his strain in another ward.
As he was isolated in a cubicle the total number of patients infected with his strain and the air counts in the main ward

are not directly related to his ability to disperse organisms.

had an infected colostomy in the sixth week of his
first admission and a boil in the third week of his
second admission. Patient B developed infection of
an abdominal laparotomy wound during the fourth
week of his stay in hospital and patient C had an
infected ulcer in the third week of his stay. Patient E
had an infected sputum in the second week and
patient G a boil in the eighth week of his stay.
Patient H had an infected sputum a few days after
his admission to the ward. Only one of these infec-
tions, that of patient G, could be classed as severe.
Patients D and F had no infections. Most of the in-
fections developed some time after admission and it
seems probable that they were the result of the large
numbers of staphylococci found in the patients’
environment rather than the cause of the dispersal.

ENVIRONMENTAL STAPHYLOCOCCI
RECOVERY OF STAPHYLOCOCCI FROM BLANKETS When

the number of airborne staphylococci in the ward
rose markedly above 0-2 per cu. ft. an attempt was

made to locate the source of the organisms by taking
bedsweeps from the top blanket near the head of
each bed. There was normally a delay of two to
three days between the day on which the high air
count occurred and the day on which the bedsweeps
were taken.

Although the strain in the air was often recovered
in small numbers from some or many of the beds in
the ward, it was common to find one bed that was
heavily contaminated and it is presumed that this
bed was the source of the airborne organisms. From
Table II it can be seen that over the 28 occasions on
which bedsweeps were taken when a disperser was
present, 76 (12-4 %) of the 615 beds examined yielded
more than 20 colonies of staphylococci. These
76 beds were distributed amongst the 28 occasions,
but there was a tendency to find more beds heavily
contaminated when the disperser had been in the
ward some time than soon after his arrival.

In the absence of a high air count more than 959,
of the blankets yielded six or fewer colonies of
staphylococci by the sweep plate method.

TABLE 1I
PERCENTAGE OF PATIENTS’ BLANKETS YIELDING SPECIFIED NUMBER OF STAPHYLOCOCCI

% Blankets Yielding Specified No. of Staphylococci

No. of Days on which Blankets No, of Blankets

Were Sampled Sampled
0 1-3 4-6 7.9 10-20 2]-
Disperser present 32-8 32:0 75 6-5 7-8 12-4 28 615
No disperser present 58:0 34-9 27 07 18 2:0 23 450
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TABLE I11
RECOVERY OF STAPHYLOCOCCI FROM BLANKETS

Calculated No.
on Entire Blanket

Patient Nou. of Staphylococcal Particles

Recovered per Square Inch

E, disperser 56, 76, 77, 78, 83, 100, 127, 640,322
146, 160, 175

G, disperser 3,32,40 148,500

1, non-disperser 6,7 38,016

2, non-disperser 4,5 27,240

3, non-disperser 4,4 24,354

4, non-disperser 1,2 8,190

The figures given above are the values of separate determinations
carried out on different areas of blanket.

Quantitative examination for staphylococci of
blankets taken from the beds of two dispersers
showed very large numbers of organisms, but examin-
ation of blankets from the beds of four non-dispersers
yielded only small numbers of staphylococci
(Table III).

RATE OF CONTAMINATION OF BEDDING Once bed-
clothes were put on the beds in the wards they
became contaminated with staphylococci very
quickly. Table IV shows the number and percentage
of blankets from which staphylococci were recovered
in relation to the length of time that the bed had
been occupied by the patient.

The rapidity with which an active disperser can
contaminate his bedding is shown by investigations
on patient C. This patient was given clean pyjamas,
bedding, and curtains. After two hours, a sweep
plate of the sheet on which he lay yielded more than
700 colonies of his staphylococcus and after five
hours these organisms were recoverable from the
curtains around his bed. The sheet became con-
taminated more rapidly than the blankets, suggesting
that the organisms were derived from his body rather
than from his nose.

Patient C was, by chance, observed from the
moment of his arrival in the ward and he carried a
rather distinctive type of staphylococcus (phage
type 6/53/75, resistant to tetracyclines but sensitive
to penicillin). On the day of his admission, none of
the beds in the ward carried type 6/53/75. During the
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FIG. 3. Dispersal of staphylococci by patient C. On the
day of this patient’s arrival in the ward the first air
sample yielded no colonies of his staphylococcus but the
second sample yielded four colonies per cubic foot.

act of undressing he disseminated large numbers of
organisms into the air and two days after his ad-
mission his type was recovered from 14 of the 22
beds. After one week, 20 of the 22 beds, 28 of the
30 curtains, 12 out of 12 window ledges, and three
of the three sinks sampled were contaminated with
this type of staphylococcus. The number of patients
and beds from which this strain was subsequently
isolated is shown in Figure 3.

TABLE IV
RECOVERY OF STAPHYLOCOCCI FROM BLANKETS ON BEDS IN WARD B

No. of Days Bed Occupied

Blankets jrom

Linen Cupboard

4] 1-5 6-10 11-15 16-20 21-25 >26
No. of beds sampled 23 66 40 29 22 15 58 182
% Beds yielding staphylococci 35 42 38 59 4] 53 62 14
% Beds yielding >4 colonies of staphylococci 85 12 17-5 28 23 20 41 0
% Beds yielding >4 colonies of staphylococci — 4-5 12:5 21 18 13 17 —_

carried by occupant of bed

Clean blankets were put on the bed before the admission of all patients, after any patient had been in his bed for four weeks, and when indicated

by soiling, etc.
6
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RELATION OF NUMBER OF AIRBORNE BACTERIA TO
NUMBER OF CARRIERS When a disperser was present
in the ward the number of staphylococci in the air
bore little or no relation to the numbers of carriers
of the strain, although the presence of large numbers
of staphylococci in the air usually resulted in some
other patients becoming carriers, as with the case
illustrated in Figure 3.

For 11 episodes lasting more than six weeks when
a strain was spreading amongst the patients but no
disperser could be found, the number of carriers of
the strain was plotted against the air count on the
day of swabbing as a scatter diagram. Altogether
there was little correlation between the number of
carriers and the air count.

DISPERSAL FROM FOMITES

In an attempt to define the mechanism of dispersal
rather more precisely, air sampling was carried out
close to the beds of patients during bedmaking and
wound dressing. The two groups of patients selected
for these investigations were (a) six of the eight dis-
persers and 10 non-dispersers and (b) 23 patients
suspected of having staphylococcal wound infection,
staphylococci being isolated from the wounds of 11
of these patients.

Investigation of a further 10 patients with staphy-
lococcal pneumonia showed that only two of them
were disseminating organisms and then in very small
numbets.

W. C. Noble
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FIG. 4. Dispersal of staphylococci during bedmaking.

DISPERSAL DURING BEDMAKING Bedmaking was
studied on 24 occasions. On 19 of these occasions
there was an increase in the number of airborne
staphylococci and on the remaining five occasions
an increase in the total bacterial flora only. The
recognized dispersers liberated more staphylococci
than the non-dispersers (Table V). An example of
the timing of the dispersal in relation to bedmaking
is given in Figure 4. It can be seen that few staphy-
lococci were liberated until the bedclothes were
disturbed even though a blood sample was taken
from the patient in the period before bedmaking.

TABLE V
INCREASE IN NUMBERS OF AIRBORNE STAPHYLOCOCCI DURING BEDMAKING
Patient Staphylococci Staphylococci No. of Colonies of Staphylococci in Air
in Nose in Wound
Before Bedmaking Peak of Count
Dispersers
A + - 0-08 2:20
A + 4 0-64 2-10
A + + 0-10 1-60
A t - 1-00 130
B + - 0-40 9-50
D + - 9-00 3600
D + + 0-10 5-40
D + — 0-50 4-50
D | + 0-20 310
D + - 0-06 3-00
E + + 12-00 53-00
E q + 0-10 20-60
F + + 0-09 2-40
G + + 0-50 7-90
Non-dispersers
a — + 1-00 240
b + + 0-10 170
c — - 0-10 090
d + — 0-09 0-80
e + + 0-10 040
f — — 0-19 0-38
g — — 0-20 013
h _ + 0-40 0-09
i - + 0-11 0-06
j — 005 0-00



The dispersal of staphylococci in hospital wards

One of the investigations was carried out in an
exhaust-ventilated cubicle of about 1,000 cu. ft.
capacity. A peak count of 53 staphylococcal particles
per cu. ft. was obtained, suggesting that rather more
than 50,000 staphylococcal particles must have been
liberated during the process of bedmaking.

DISPERSAL FROM CURTAINS Disturbance of bedside
curtains was observed on 41 occasions. On 32 of these
occasions there was an increase in the total airborne
flora and on 26 occasions there was an increase in
the staphylococcal flora. On 17 of these 26 occasions
some or all of the staphylococci recovered were of
the same phage type as carried by a patient in an
adjoining bed.

DISPERSAL DURING WOUND DRESSING PROCEDURES
When investigating the spread of staphylococci from
the wound itself, it is necessary to eliminate as far
as possible all other sources of organisms for, as
shown above, disturbance of the bedding can result
in dispersal. In our experiments the bedding was
therefore changed and the patient put in clean
pyjamas before the dressing was done. Where these
experiments were carried out in the main ward,
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care was taken not to disturb the curtains after the
start of the sampling. Many of the experiments were,
however, performed in the isolation rooms. There
was, of course, still the possibility that the wound
dressing was contaminated on the outside with
organisms from the nose or other carrier site, but
this could hardly be avoided.

Wound dressing procedures were observed on 25
occasions involving 23 patients. On 12 of these
occasions the wound was found to be infected with
staphylococci (Table VI). An increase in the number
of staphylococci in the air was seen during the
dressing of six of the 12 infected wounds and two of
the 13 uninfected wounds.

PERSISTENCE OF ORGANISMS IN THE WARD In experi-
ments with five blankets removed from the beds of
patients and kept in the laboratory, staphylococci
were recovered for periods up to 203 days. However,
staphylococci seem to disappear from the air of the
ward very rapidly after the last-known carrier is dis-
charged. Thus for 20 episodes when a strain was
spreading amongst the patients, a search was made
amongst the strains isolated from the air of the ward
in the week after the discharge of the last-known

TABLE VI
DISPERSAL OF STAPHYLOCOCCI DURING DRESSING OF INFECTED WOUNDS

Patient State of Wound

Whether Patient is Nasal

No. of Colonies of Staphylocacci in Air

Carrier of Wound
Bacteriolagical Clinical Staphylococcus Before Dressing Peak of Dressing

F Staphylococei Healthy + 0-10 2-40
2 Staphylococci Healthy - 0-02 0-40
F Staphylococci Healthy + 0-13 0-80
4 Staphylococci Slight infection + 003 016
5 Staphylococci Healthy — 1-00 2-40
6 Staphylococci Healthy + 030 0-80
7 Staphylococci Healthy - 0-08 0-13
A Staphylococci Slight infection + 0-10 012
E Staphylococci Healthy + 1-00 1-10
D Staphylococci Slight infection + 0-20 0-20
11 Staphylococci Slight infection + 0-60 0-60
A Staphylococci Slight infection + 0-15 0-15
13 No staphylococci Healthy Nasal carrier 0-10 0-24
14 No staphylococei Healthy Nasal carrier 003 0-22
15-25 No staphylococci Healthy Some nasal carriers No rise in count

Slight wound infection is used to indicate the appearance of some pus and inflammation at the wound edges.

TABLE VII

PERSISTENCE OF STAPHYLOCOCCI IN AIR OF WARDS AFTER DISCHARGE OF LAST-KNOWN CARRIERS OF STRAINS SPREAD
AMONGST PATIENTS

Phage Tvpe

No. Strains Typed  No. Strains of
Index Type Found

Count per cu. ft. No. Days Since
on Last Day of Last Carrier
Carrier’s Admission Present

Count per cu. ft
of Index Type

52A[79 16 1
52/52A/80 17 1
52A/79 29 1
52/52A/79/80/7/42E 11 1
79 13 1

0

Various strains taken from 15 otherepisodes 259

0-01 0-05 1
0-01 0-03 2
0-01 002 3
0-01 0-10 4
001 0-05 5
<001 0:02-0:17 1-7
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carrier. In only five of these cases were such staphy-
lococci recovered (Table VII), four from ward B
and one from ward C. A total of 259 staphylococci
was examined from the air samples taken after the
end of the remaining 15 episodes without any strains
of the appropriate type being recovered.

DISCUSSION

During this study, which lasted nearly four years,
3,675 patients were admitted to the wards and
1,488 of these patients carried staphylococci in the
nose on admission but we detected only six patients
who had the ability to contaminate their environ-
ment heavily with staphylococci. About 18 9 (662)
of the patients acquired a staphylococcus in the nose
during their stay in hospital but only two of these
had the ability to disperse this staphylococcus to any
marked extent.

Although 81 other patients became colonized with
the same types of staphylococci as carried by the
eight dispersers, none of them were observed to be-
come dispersers themselves, Hence it seems likely
that the ability to disperse is a property of the patient
rather than of the staphylococcus. There seems to
have been no common factor such as age, disease,
or type of staphylococcus carried in this series of
patients.

Four factors have been recognized in other work
on the dispersal of organisms. Eichenwald,
Kotsevalov, and Fasso (1960) found that their ‘cloud
babies’ apparently disseminated organisms from the
respiratory tract and that the ability to disseminate
staphylococci was sometimes associated with adeno-
virus infection, but this factor was not investigated
in this study. White (1961) showed that patients from
whom large numbers of staphylococci could be
recovered by nasal swabbing carried more staphy-
lococci on the skin and disseminated more staphy-
lococci from their bedding than non-carriers or
carriers with only slight nasal growth. We have no
information as to the heaviness of nasal carriage of
staphylococci amongst the patients in this survey
but when there was no disperser present in the ward
staphylococci were recovered from the beds of 599,
of the nasal carriers and from 36%; of the non-
carriers. The same phage type as was carried in the
nose of the patient was isolated from 399, of the
beds. Hare and Cooke (1961) found that patients

W. C. Noble

with eczema or mycosis fungoids carried many
staphylococci on the skin and contaminated their
bedding with staphylococci. Patients with lesions
which could be covered, such as wound infection,
boils, etc., liberated few staphylococci unless there
was a profuse discharge from the lesion. In the in-
vestigations reported above, only one of the patients
had a severely infected lesion and this developed
four weeks after he had begun dispersing the
organism. Hare and his colleagues have emphasized
the importance of perineal carriage of staphylococci
in relation to dispersal. It was not possible, however,
in our study to carry out routine skin swabbing but
perineal swabs taken from three of the dispersers
(A, B, and D) all yielded staphylococci of the same
type as carried in the nose. Skin swabbing was not
carried out on the other five dispersers.

Although the strains disseminated by the dispersers
were recovered from the noses of the other patients
and the lesions on the dispersers themselves, only
one strain caused any sepsis amongst other patients
in the ward. This was the strain with which patient H -
was admitted to the ward under investigation from
another ward. Thus it appears that the dispersal of
staphylococci, even in enormous numbers, does not
lead to cross-infection unless the strain itself has
epidemic propensities; this same strain was able to
spread through another ward without any dispersers
being apparent.

The studies reported in this paper constituted part of the
larger investigation referred to above (Williams et al.,
1962) and arose as a result of the discussions held by the
workers involved in that investigation, to whom I am
extremely grateful. I should like to record my indebtedness
to the Treasurer and Governors of St. Bartholomew’s
Hospital for permission to work in the wards.
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MucH attention has been paid to the way in which
microorganisms, especially staphylococei, are spread in
hospital wards, Noble (1961) reported that the mean
equivalent diameter of air-borne particles carrying
staphylococci was 135 p *; and Lidwell et al. (1959)
showed that, on average, these particles each carried about
4 viable units. These results suggest that the bacteria are
not suspended freely in the air but are carried on other,
larger particles. It has been widely assumed that textile
fibres act as the carriers; although Rubbo et al. (1960)
showed that the presence of bacteria in the air was not
necessarily associated with complete textile fibres.

That bacteria can be recovered from the skin has been
reported by many workers; moreover, in man, a complete
layer of skin is desquamated every one or two days
(Rothman 1954). Skin scales were found in the air of
hospital wards and barracks as early as 1855 (Thomson
1855, Rainey 1855, Hewlett et al. 1861, Temple-Wright
1869, de Chaumont 1867). More recently Davies (1958)
obscrved that the number of skin scales in the air was
increased during bedmaking; and the possibility that
bacteria are carried on scurf and skin scales was suggested
by Gordon (1905) and Allison and Gunn (1932).

It seemed reasonable, therefore, to examine the air and
dust of hospital wards to determine whether skin scales
were present and whether viable bacteria could be detected
on them,

* The equivalent diameter of a particle is the diameter of a sphere
of unit density which has the same settling-rate in still air
(calculated on the basis of Stoke’s Law) as the particle in
question (Bourdillon et al. 1948).



Fig. 1—Photomicrograph showing skin scales and textile fibres
impacted from the air of a hospital ward. (x250.)

Methods

Air samples were taken by means of a slit-sampler (Bour-
dillon et al. 1941) and a cascade impactor (May 1945). Slides
for the impactor were coated with petroleum jelly or silicone
grease as an adhesive. Dusty surfaces were sampled by pressing
similar slides upon them, and dust was also collected by picking
it up on ¢ Sellotape ’, which was then mounted on a microscope
slide. Since there is no specific stain for keratin, the deposits
were stained by the following methods: Gram’s stain, Shorr’s
stain, iodine, Pressley’s stain (Pressley 1958), and Millon’s
reagent.

Results

More than 50 samples of dust from undisturbed surfaces
in obstetric, medical, and surgical wards (where both
cotton and woollen blankets were in use) were examined
under the microscope, and all showed the same picture:
the deposit consisted largely of flake-like particles which
morphologically resembled skin scales. A much smaller
number of fibres was also seen.

Air samples were taken in these wards by means of a .
slit-sampler and a cascade impactor, and the deposits
obtained showed a very similar picture; again the bulk of
the deposit resembled skin scales in appearance (fig. 1).

Deposits sampled from the air and dust, and also skin
scales from our arms, were impacted on to sticky slides
and stained as reported above. The flake-like particles



Fig. 2—Photomicrograph of a skin scale in a slit-sampler deposit
after 3 hours’ incubation on nutrient agar showing a microcolony.
(% 1000,)

from both air and dust gave the same staining reactions as
the skin from our arms. It seemed reasonable therefore to
conclude that these flakelike particles were desquamated-
skin scales.

Owing to the uneven and sometimes granular surface of
the squames, it is difficult to identify individual micro-
organisms on them with certainty. Skin scales from the air
of hospital wards were therefore impacted on to the surface
of nutrient agar, using a slit-sampler with the plate
stationary, and the culture plates were incubated at 37°C
for 3 to 5 hours. Coverslips on which a drop-of methylene-
blue in alcohol had been placed were laid on the traces and
these were examined under the microscope. The micro-
colonies seen were normally associated with the skin
scales (fig. 2); more than 80 deposits on serum agar were
examined and, of 45 micro-colonies which were sufficiently
clear to photograph, only 1 was not associated with skin.

In contrast to the samples obtained in the hospital
wards, samples taken from the air of a room which had
been contaminated by a * simulated sneeze ” (Bourdillon
et al. 1948) showed a different picture. Many micro-
colonies of streptococci and micrococci were observed that
were not associated with particulate matter, although some
were observed which were clearly associated with
squamous cells. In a simulated sneeze, 25%, of the particles
which bear salivary streptococci have an equivalent
diameter of less than 4 ¢ and only about 129, are greater
than 18 p (Lidwell et al. 1959). One might therefore
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Fig. 3—The number of airborne skin scales and bacteria during
disturbance of patients’ bedding.

expect to find considerable numbers of streptococci
unassociated with any particulate matter.

Dispersal of Skin Scales during Bedmaking

On 14 occasions samples were taken simultaneously by
means of a slit-sampler and a cascade impactor during
disturbance of patients’ bedding. The rise in the number
of airborne bacteria was accompanied by a corresponding
rise in the number of skin scales recovered (fig. 3). During
these experiments the ratio of skin scales to aerobic
bacterial colonies was between 400 and 1700 to 1.

Bedding and clothing was * vacuum-cleaned > using an
impactor and the deposits were examined under the
microscope; in the deposit, textile fibres were few com-
pared with the large number of skin scales.

Discussion

Our results suggest strongly that desquamation plays a
major part in the dispersal of the bacteria which are
carried on the surface of the body.

We have not so far identified precisely the bacterial
species growing on the skin scales; the vast majority seen
were cocci, but occasionally bacilli and chaining cocci
were observed. Most of the organisms recovered from the
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air of hospital wards by means of a slit-sampler with
serum-agar as the culture medium and overnight incuba-
tion at 37°C, are cocci; thus of 1066 colonies examined
from slit-sampler plates used in the wards, 909, were
gram-positive coccl, 29, were gram-positive bacilli, and
7% were gram-negative bacilli.

It seems likely that salivary organisms, such as the
majority of the streptococci, may be spread by droplet
nuclei rather than on skin scales. The “ cloud babies ”
described by Eichenwald et al (1960) dispersed staphylo-
coccus-carrying particles of a much smaller diameter than
is usual for staphylococci even in nurseries for the
newborn (Cope et al. 1961), and it seems possible that this
spread also was mediated by droplet nuclei. Bang (1961),
however, has reported that, during virus infection,
increased numbers of cells are desquamated from the
upper respiratory tract, which in itself could lead to
increased bacterial dispersion ; the smaller apparent size of
the respiratory-tract particles might be due to shrinkage
of the non-cornified cells.

" In the spread of staphylococci by dispersers of the type
described by Hare and Ridley (1958) and Noble (1962)
some factors require further investigation. These patients
may have a heavier skin carriage of staphylococci, or they
may desquamate more skin than do the non-dispersers.

Samples taken in the wards by means of the cascade .
impactor showed that the particles of skin had a mean
equivalent diameter of approximately 8 w, which is rather
smaller than the diameter found for bacteria-carrying
particles, but no estimate has yet been obtained of the
mean equivalent diameter of the skin scales that bear
viable microorganisms.

Summary

Examination of deposits obtained from the air of hospital
wards by means of a slit-sampler and a cascade impactor
revealed the presence of large numbers of skin scales.
Brief incubation of these deposits showed that bacteria
were carried on them.

It is suggested that most of the bacteria dispersed into
the air of hospital wards from carriers and bedding are
carried on desquamated skin.
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DISPERSAL OF STAPHYLOCOCCI ON DESQUAMATED SKIN

Sir, - In our communication on the dispersal of bacteria upon
desquamated skin (Davies, R.R., Noble, W.C. Lancet, 1962, ii, 1295),
we stated that we had not determined precisely which bacterial species
were carried on the skin-scales, although most of them were cocci.

Since then we have been able to identify the organisms by the
micro-pipetting technigue of de Fornbrune. Microcolonies seen on the
skin-scales were picked off with a micro-pipette and manipulator; the
pPipette was broken off in broth; and after incubation the bacteria
were identified.

We have investigated the aerial dispersal of Staphylococcus
aureus by 5 patients. Skin-scales were impacted from the air by the
methods previously described, and, in each instance, staphylococci of
the same phage type as those recovered from the patients' skin by
swabbi were obtained from micro-colonies which developed on skin-
scales (see table).

AZRTAL, DISPERSAL OF Staphylococcus aureus

Case Sgurce of No. of micro-colonies
skin-scales | giycyultured Yielding Yielding
in broth growth in brothf Staph. aureus
1 | Disturbance 22 15 9
2 of 21 14 9
3 bedding 8 8 2
L Patient 21 20 20
5 | undressing 20 20 20

The results suggest strongly that the Staph. aureus carried pn
the surface of the body is dispersed mainly by desquamated skin and
that the contaminated skin-scales are spread by bedding and clothing.

R.R. Davies
W.C, Noble

Wright-Fleming Institute of Microbiology,
St. Mary's Hospital Medical School,
London, W.?2.

Published in ™he Lancet 1963 i 1111
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The size distribution of airborne particles
carrying micro-organisms

By W. C. NOBLE,* 0. M. LIDWELL axp D. KINGSTON

Cross-Infection Reference Laboratory, Central Public Health Laboratory,
London, N.W. 9

(Received 9 April 1963)

The ability of a particle to remain airborne, its ability to pass through filters,
the site at which it may be deposited in the respiratory tract and the rate at which
it will be removed from the air by sedimentation are all dependent on the size and
density of the particle. In the course of a variety of investigations we have deter-
mined the size distribution of particles carrying various species of bacteria and
fungi, using the size-grading slit-sampler described by Lidwell (1959). A few of
the results obtained have already been quoted in part, but the majority have not
been published previously.

The air sampler used separates the airborne particles into four size ranges, each
of which is deposited on the surface of the agar medium contained in one of four
6 in, Petri dishes. This apparatus is constructed so that the air sample, entering
through aslit 7 mm. wide, impinges on to the surface of the first Petri dish at such
a velocity that only the larger particles, i.e. those having an equivalent particle
diameter{ greater than about 18u, are deposited. The air stream carrying the
smaller particles is then caused to impinge in turn on to the surface of the three
remaining Petri dishes, each time at an increased velocity and through a narrower
slit, so that the minimum particle size for 50 %, deposition is about 104 for the
second dish, 4y for the third and less than 1u for the fourth and last. When the
plates have been incubated the colonies found will be derived from organisms which
entered the sampler carried on airborne particles corresponding approximately to
the four size ranges, greater than 184, between 18 and 10y, between 10 and 44
and less than 4y, These size limits correspond to the value of equivalent particle
diameter for 50 %, deposition so that there is, in fact, a considerable size overlap
between the fractions. In spite of this, however, reasonably good estimations of
the particle size distribution within the sample and hence of the median equivalent
particle diameter and of the dispersion, expressed either as an interquartile range
or, if appropriate, as a standard deviation, can be made by plotting on probability
paper the cumulative fraction oversize against the 50 9, collection limits, namely
18:2, 9-6 and 4-2u. As there are internal losges in the instrument it is necessary to
correct the numbers of colonies counted in the later stages in order to arrive at a
good estimate of the size distribution in the original sample. The numbers found on

* Now at The Wright-Fleming Institute, St Mary’s Hospital, London, W. 2.
t The equivalent particle diameter is the diameter of a sphere of unit density which has a
settling rate in air equal to that of the particle in question.
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plates 2, 3 and 4 should be multiplied by 1-10, 1:20 and 1-25, respectively. These
factors are derived from experimental observations.

CULTURAL METHODS

Samples for Staphylococcus aureus were collected on nutrient agar containing
59, horse serum and 0-1 9, phenolphthalein-phosphate (Barber & Kuper, 1951).
Phosphatase positive colonies were tested for coagulase. Counts of total flora and
of aerobic spore-bearing bacilli were made on the same medium but the phenol-
phthalein-phosphate was sometimes omitted.

Streptococci were grown on serum-sucrose agar containing tellurite and crystal
violet (Williams & Hirch, 1950). The levan-producing colonies of Str. salivarius
(Williams, 1956) were recognized by their colonial appearance and counted after
40-48 hr. incubation at 37° C. The other streptococci and the enterococei were
estimated by picking a random sample of colonies from these plates and examining
them by methods previously described (Air Hygiene Committee, 1954, Routine C,
pPp- 52-4).

Samples for Clostridium welchii were collected on a modified Nagler medium
containing neomycin. Those colonies showing zones of serum opacity were
regarded as CI. welchii (Noble, 1961). »

Sabouraud’s dextrose agar containing antibiotics to suppress bacterial growth
was used for isolating fungi. Cultures were incubated for 3 days at 37° C. for the
Aspergilli and the Candida species and up to 3 weeks at room temperature for the
remaining fungi. When sampling for Candida albicans or the dermatophyte fungi,
Actidione (0-5 g./1.) was added to the medium.

RESULTS

The values deduced for the median equivalent particle diameters and for the
inter-quartile ranges are given in Tables 1 and 2. These were obtained in the way
described previously (Lidwell, 1959). Estimates of the inter-quartile ranges, the
limiting diameters defining the 259, smallest and the 25 9, largest particles, are
given, rather than standard deviations of the diameter, since the forms of the
distributions are not known. In most cases an arithmetic-normal distribution
appeared to fit the data reasonably well, where the median equivalent particle
diameter was greater than 10y; if the median diameter was smaller than this a
log-normal distribution usually appeared the better. We have, however, no
information about the tails of the distribution except that these must be truncated
at or above about 1z for the bacteria and at sizes corresponding to that of the
single cells for the fungal species. Some environmental factors can be seen to
affect the recorded values of median equivalent particle diameter. Ventilation
preferentially removes the smaller particles so that the median diameter normally
becomes greater when the ventilation is increased. The staphylococcal samples
show a small but definite increase in median diameter with increasing activity
during the sampling period. A similar, and partly associated, variation with the
amount of air contamination is illustrated in Fig. 1.



Species

Total acrobic flora (grown at 37° C.)

Total mouth streptococei
Streptococcus salivarius
Beta-haemolytic streptococei
Enterococei

Staphylococcus aureus

Bacillus sp.

Clostridivm welchii

The inter-quartile range is given as the limiting diameters defining the 259, smallest and the 259, largest particles. Where the estimated
diameters arc below 4y or above 18y the values depend on extrapolation and have been given in brackets to indicate the greater possibility

of error.

Table 1. Airborne bacteria

Place

Offices

Offices

Hospital wards
Hospital wards
Operating rooms

Offices
Offices

Offices
Offices
Offices
Offices

Offices
Offices

Hospital wards
Hospital wards
Hospital wards

Hospital ward

Outside air
QOutside air
Hospital wards

Activity, ete.

Low ventilation
Good ventilation
Moderate
Considerable
Unoceupied

Low ventilation
Good ventilation
Low ventilation
Good ventilation
Low ventilation
Good ventilation
Low ventilation
Good ventilation
Light—moderate
Bedding disturbed
Bed-making
Moderate
Wet weather
Dry weather
Moderate (wet
weather)

Colonies
counted

> 15,000
> 8,000
> 50,000
> 30,000
> 30,000
> 800

> 300

> 500
89

29

22

83

50

> 6,000
> 7,000
> 2,000
> 300
186

> 500
299

Median equi-
valent diameter
of the airborne

particles
()
79
10-0
128
13:0
12-3
10:0
124
11-0
14.4
11-7
12:5
11-0
10-8
13-3
14-8
157
(3:0)
11-0
17-2
114

Inter-quartile
range
(w)

4-11
5-15
7-18
8-18
7-18
4-16
6-18
4-18
7-(22)
8-15

8-5-16-5
6-16
4-17
8-18

10-(19)
11-(20)
(2)-8
55-16-5
10-(24)
4-18

The samples of air from the offices were obtained in several different rooms of a large group of offices over a period of months.
The hospital samples came from a number of different hospitals.
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Species

Aspergillus fumigatus®
Penicillium spp.
Paecilomyces spp.
Rhodotorula spp.
Aspergillus spp.t
Cladosporium spp.
Aspergillus niger
Syncephalastrum spp.
Rhizopus spp.
Monilia sitophila
Didymocladium spp.
Candida albicans

Trichophyton mentagrophytest,§

Rhodotorula spp.||
Epidermophyton floccosum$§
E. floccosum

Candida albicans

The inter-quartile range is given as the limiting diameters defining the 259, smallest and the 259, largest particles. Where the estimated
diameters are below 44 or above 18y the values depend on extrapolation and have been given in brackets to indicate the greater possibility
of error involved. Substantial correction has had to be applicd to the values of the quartiles for Asp. fumigatus, Penicillium spp. and Rhodo-
torula spp., found in hospital wards, on account of the diffuse cut-off of the stages in the instrument, and theso are enclosed in square brackets.
Where the spore or cell eoncerned is markedly non-spherical the approximate ranges of both the shortest and the largest axes are given in
brackets, linked by a multiplication sign. In the case of Trichophyton mentagrophytes, (a) refers to the microconidia and (b) to the macroconidia.

* In seven separate evaluations the estimated median equivalent diameters ranged from 1-8 to 41 with an indication that the value tended

to be larger in the winter.

Table 2.

Airborne fungi

Colonies

Place and aétivity, ete. counted
Hospital ward, moderate > 100,000
Hospital ward, moderate > 750
Hospital ward, moderate 105
Hospital ward, moderate > 4,000
Hospital ward, moderate 159
Hospital ward, moderate > 2,600
Hospital ward, moderate N 125
Hospital ward, moderate 240
Hospital ward, moderate 45
Hospital ward, moderate 74
Hospital ward, moderate > 500
Hospital ward, moderate 67
Clinie, scraping and examination of skin > 300
Clinie, scraping and examination of skin 118
College dormitories, little 18
Clinie, scraping and examination of skin 172
Clinic, scraping and examination of skin > 1,000

T Including Asp. gracilis, Asp. nidulans, Asp. terreus and Asp. versicolor.
1 This was derived from examination of an artificially contaminated arm.

§ Spores of these organisms were never seen in material obtained directly from patients. Only mycelium could be seen in the infected skins.

| This organism is not known to have been associated with any patient.
The hospital ward samples were obtained in various places on differcnt occasions.

Diameter of spore
or gingle cell
()

2-5-3-5

2-5-4-5
(2-5-3)x 6
(3-5) x (4-7)
2-5-4

(2-6) % (3-20)
2-5-10

(2-5-5) x (5-20)
3 x (6-9)

3 x(3-10)

5% (10-15)
(3-6) x (3-12)
2x 4 (a)

(4-6) x (10-50) (b)
(3-5) x (4-7)
(6-10) x (20-30)
(6-10) x 20-30)
(3-6) x (3-12)

Median
equivalent
diameter
of the
airborne
particles
(#)
(3:0)
(3-1)
(3-4)
(3-8)
4-3
4-9
55
6-6
6-8
9-5
10-7

13
16

18
19
(21)
(22)

Inter-quartile
range
3]
(3-3]
[2-4]

(2)-6
[3-3-4-3]
(2)-8
(3)-7
(3)-9
4-10
4-10
7-13
-15
5-(21)
11-(22)

11-(28)
12-(26)
15-(26)
18-(27)
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In comparing the figures for median equivalent particle diameter given here with
those deduced from the ratio between volumetric and settling counts (Bourdillon,
Lidwell & Lovelock, 1948) it must be remembered that these latter are primarily
estimates of the mean settling rate, i.e. of the mean-square diameter. The relation
between this quantity and the median diameter as determined here or by data
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Bacterla-carrying particles per cubic foot of air

Fig. 1. Median diamseters of airborne particles carrying Staphylococcus aureus.

di/d.

] 1 1 1
02 04 06 08

Standard deviation, in logarithms to base 10 or as a fraction of
the median diameter

Fig. 2. Relationship between mean settling diameter, d;, and median diameter, d,,.
The upper of the two curves refers to log-normal distributions. The arithmetic-
normal distributions, lower curve, are truncated at zero diameter and their
standard deviations are expressed as a fraction of the median diameter.

obtained in a similar way, e.g. samples taken with the Andersen or Batelle samplers
(Andersen, 1958; Mitchell & Pilcher, 1959), depends on the distribution of particle
size in the sample. Fig. 2 gives values for the ratio of the two quantities for both
arithmetic-normal and log-normal distributions over a range of values of the
standard deviations of these distributions.
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The following example illustrates these points.

At the same time as the samples of total flora were collected in the operating
theatres with the size-grading sampler (see Table 1), settling plates were also
exposed. The mean rate of settling over the whole series of experiments was 5-89
colony-forming particles per minute per square foot of surface exposed. The mean
volumetric count over the same period was 4-90 cu.ft. of air sampled. This
corresponds to & mean settling rate for the particles concerned of 5-89/4:90 = 1-20
ft./min. Using the figure of 0-006d? for the settling rate in feet per minute of a
unit density particle d microns in diameter this corresponds to a mean equivalent
settling diameter of (1-20/0-006) = 14-24.

The median equivalent diameter of the particles as determined by the size-
grading sampler was 12-3% and the distribution conformed well to a normal
distribution in the arithmetic value of the diameter with a standard deviation of
8-0p. The ratio of this standard deviation to the median diameter is 0-65 and
from the lower curve in Fig. 2 this would correspond to a median settling diameter
1-18 times the median diameter, i.e. 12-3x 118 = 14-5%, which agrees closely
with the estimate obtained above by direct comparison of the settling and the
volumetric counts, namely 14-2 4.

The estimated standard deviations of the size distributions of the airborne
bacteria-carrying particles which we have so far examined have almost always
fallen within a fairly narrow range, about 0-3 for a log-normal distribution to the
base 10 or about 0-6 times the median diameter for arithmetic-normal distribu-
tions. For standard deviations of this magnitude the mean settling diameter is
about 159, greater than the median diameter and this value may be used when
comparing particle diameters estimated by the two methods where detailed
information on the size distributions are not available.

DISCUSSION

The most striking fact revealed by these data is the size of the median equivalent
diameter associated with almost all the bacterial species and with those fungi that
are probably derived from a human source, that is, the dermatophyte species,
Trichophyton spp. and Epidermophyton spp. and Candida albicans. These dia-
meters, which are much greater than the dimensions of the microbial cell, imply
that the organisms are usually disseminated into the air in association with material
derived either from the menstruum in which they originally multiplied or from
some intermediate resting place. There is some evidence (Williams, Lidwell &
Hirch, 1956) that the streptococci are derived directly from the mouth and that
the particle therefore largely consists of dried saliva. Davies & Noble (1962) have
recently presented evidence that many, if not most, staphylococci are present in
the air attached to skin scales which could account for the observed diameters. It
also seems likely that infected skin scales are responsible for the dissemination of
the dermatophyte fungi. The size distribution of airborne particles carrying micro-
organisms is determined by two opposing factors, gravity, which tends to eliminate
the large particles, and the chance that a particle will carry a viable organism,
which is likely to increase with the size of the particle. These factors combine to
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confine the distribution within a relatively narrow range over the main part of
which, at any rate, the distribution approximates closely to the arithmetic normal.

In contrast many fungi such as the aspergilli, penicillia, cladosporia, among
those included in the observations reported here, possess a mechanism for direct
dispersal of their spores into the atmosphere from their natural growth sites. This
is reflected in the close correspondence for many of these species between the
median equivalent particle diameters found for the air sample and the size of a
single spore. Within the observed portion these distributions approximate to a
log-normal form.

The most marked exception to the general pattern described above is the
particle diameter associated with the aerobic spore-bearing bacilli. This is not much
larger than the single cell although there is a very wide spread of particle size. Itis
possible that this is a result of the capacity of these organisms to multiply in
extremely dilute media, in which sporulation commonly oceurs, so that when the
spores are dispersed by mechanical action they are only very loosely bound
together and embedded in only small amounts of dried material.

SUMMARY

Values are given for the median equivalent diameters and for the inter-quartile
range, of airborne particles carrying a variety of micro-organisms.

Organisms associated with human disease or carriage were usually found on
particles in the range 4-20u equivalent diameter.

Many fungi appeared to be present in the air as single spores.

We should like to acknowledge the collaboration of Dr Yvonne M, Clayton in
the collection and examination of the fungal samples.
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SUMMARY

The fungal flora of the air of hospital wards was investigated by using
slit samplers. Isolations were made on Sabouraud glucose agar and parti-
cular attention was paid to the flora which grew at 87°. Aspergillus
JSumigatus was recovered on each of the 78 days of sampling and reached
peak of incidence in the autumn and winter months; no other fungal species
was recovered at 37° with such regularity. Bed sweeps revealed the
presence of these fungi on blankets in the hospital wards. The mean
equivalent diameter of the air-borne particles was determined for several
fungal species and was found to correspond closely to that of individual
spores. No dissemination of fungal particles by four patients with the
hypersensitivity type of aspergillosis or by one patient with an aspergillus
mycetoma was observed.

INTRODUCTION

Calendars illustrating the incidence of fungal spores in outdoor air at different
times of the year have been prepared by several workers (e.g. Hyde, Richards &
Williams, 1956). Examination of the fungi that can be isolated from the air of
buildings has, however, been largely confined to those situations where specific fungi
might be expected. Thus Ibach, Larsh & Furcolow (1954) reported the isolation of
Histoplasma capsulatum from the air of a chicken house belonging to a farmer who
had recently contracted histoplasmosis, and Stallybrass (1961) reported on the
incidence of aspergilli in a grain mill. Clayton & Noble (1968) isolated Candida
albicans, Epidermophyton floccosum and T'richophyton mentagrophytes from the air in
the vicinity of patients being examined for fungal infections of the skin. Howe,
Silva, Marston & Woo (1961) found that of 62 hospital blankets examined, 29 (47 %,)
vielded unspecified fungi. We know of no other studies carried out on the fungi
recoverable from the air of hospital wards. The present report deals with such a
study and investigates the size distribution of the fungal particles recovered, parti-
cular attention being paid to the flora which grew at 87°. The air of wards at
St Bartholomew’s Hospital was examined on 78 days between March 1960 and
April 1961. Air sampling and blanket sweeps were also carried out at the Brompton
Hospital around the beds of four patients with the hypersensitivity type of
aspergillosis and one patient with an aspergillus mycetoma.

* Present address: Wright-Fleming Institute of Microbiology, St Mary's Hospital Medical
School, London, W. 2,
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METHODS

Slit-samplers were uscd which sampled at 5 cu.ft./min. on to 6 in. plates and were
run for 1 hr. There was no serious overcrowding of the colonies when the plates were
incubated at 87° but very much smaller volumes of air had to be sampled when the
plates were to be incubated at 20-25°. The slit sampler gives a measure of the mean
number of fungal and bacterial particles in the air and the results are conveniently
expressed as the number of colonies obtained/cu. ft. of air sampled. The method
estimates only the viable and not the total number of spores in the air.

Special samples werc also taken on the size-grading slit-sampler (Lidwell, 1959)
which divides the particles sampled into four fractions: particles greater than 18 4
‘cquivalent diameter’, particles between 10 and 18 x4, particles between 4 and 10 g
and particles less than 4 4. From these data the ‘mean equivalent diamcter’ can
be calculated. The equivalent diameter of a particle is the diameter of a sphere of
unit density having the same settling rate in still air (calculated by using Stokes’s
Law) as the particle in question (Bourdillon, Lidwell & Lovclock, 1948).

Blankets in use in the wards werc cxamined by the sweep-plate technique of
Williams, Blowers, Garrod & Shooter (1960).

The medium uscd was Sabouraud glucose agar containing streptomycin or
neomycin to suppress bactcrial growth. Preliminary tests with a slit sampler and
with ‘settle’ plates indicated that more colonics were recovered at 87° on the
Sabouraud agar than on malt agar or on Czapek-Dox agar. Since the main intcrest of
the study lay in the Aspergillus species, plates were incubated at 87° but sometimes
room temperature (20-25°) was also used.,

RESULTS

Isolation of Aspergillus fumigatus from the air

A total of more than 96,000 cu. {t. of air was sampled over 78 days. Adspergillus
fumigatus was rccovered by culture at 87° on each of these days. During the spring
and summer months the numbers of 4. fumigatus particles isolated ranged from
0-01 to 0-2/cu. ft. In the autumn and winter months counts of up to 85 particles/
cu.ft. werc encountered for periods of up to 2 hr., whilst peak counts of 70 particles/
cu.ft. were encountered during 10 min. sampling periods (Ifig. 1).

Isolation of other fungi

In the samples recorded above, the only other fungus isolated at 87° with any
regularity was Aspergillus niger. It was present on 82 of the 78 days, although
never in such large numbers as was 4. fumigatus, the highest count recorded being
0-2 A. niger particles/cu.ft. The other fungi recovered from these samples, apart
from Candida albicans, are given in Table 1. A report upon the prevalence of
C. albicans in the air is dealt with in a separate paper.

Some samplc plates werc also incubated at room temperature (20-25°). The
various fungi recovered from these 20-25° plates but not from the 87° plates are
given in Table 2.

The fungal colonies growing at 87° on Sabouraud agar generally represented about
19, of the flora which would grow at 20-25°, which averaged about 10 colonies/cu.ft.
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This ratio of 87° to room temperature growth fluctuated greatly, depending on the
amount of Aspergillus fumigatus currently in the air,

The size-distribution of air-borne fungal particles

By using the size-grading slit-sampler the mean equivalent diameters of various
air-borne fungal particles were calculated and are shown in Table 8. The mean
equivalent diameter of these particles approximates to the diameter of spores
measured microscopically. This suggests that a number of the air-borne particles

exist as single spores and that the spores have a density close to unity.
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Fig. 1. Number of colonies of Aspergillus fumigatus recovered/cu.ft. from ward air over
a 2 hr, sampling period

Table 1. Fungi recovered on a total of 78 days’ sampling from air samples
ineubated at 87°

Fungus
Alternaria

Aspergillus candidus

A. flavus

A. fumigatus

. gracilis

. nidulans
niger

tamarii
terreus

ustus

. versicolor
Botrytis cinerea
Cunninghamella
Epicoccum nigrum
Fusarium
Gliocladium
Monilia sitophila
Mucor racemosus

NSV NENN

No. of days
fungus
isolated

2
1
21
78
2
17
32
3

i
o

—
N e e Rl

Fungus

Paecilomyces
Penictllium

Rhizopus
Scopulariopsis
Sordaria fumicolor
Syncephalastrum
T'richoderma koningii
Trichothecium
Verticilium

Chaetomium brasiliensis
Sporobolomyces
Rhodotorula
Streptomyces

Mycelia sterilia

No. of days
fungus
isolated

27
29
13
2
1
20

N Ot
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Examination of blankets

Over a period of 6 weeks during the autumn and winter, 200 blankets in use in the
wards were examined by the sweep-plate method. Aspergillus fumigatus was
recovered from 79 (895 9,) of the blankets examined, although the number of beds
which yielded the fungus varied from week to week. Other fungi which grew at 37°
were recovered from 83 9, of the blankets; the majority of fungi recovered from the
air were also obtained in small numbers from blankets.

Table 2. Fungi recovered from air samples incubated at 20-25°
but not recovered at 87°

Aleurisma Phoma

Aspergillus ochraceus Aureobastdium pullulans
Cephalosporium Stysanus

Cladosporium Trichophyton terrestre
Didymocladium Trichosporon cutaneum
Isaria

Mucor pusillus Candida mycoderma

M. spinosus

Table 8. Mean equivalent diameter of air-borne fungal particles

Mcan
equi-
valent
dia-
Percentage of particles of  meter
given size range (4) of No. of
P A particle Size range of colonies
Organism >18 10-18 4-10 <4  (u) single spore ()  counted
Aspergillus fumigatus 0-7 55 249 689 2-9% 2:5- 3 113,449
A. niger (group) 40 156 471 333 55 2-5-10 125
Aspergillust 6-9 12-1 34-2 46-8 4-3 2:5- 35 159
Cladosporium 14 155 4111 420 52 (2-6) x (3-20) 2,651
Didymocladium 14-5 492 316 47 102 5x(10-15) 523
Monilia sitophila 83 801 497 29 8D 3% (8-10) 74
Paecilomyces 39 60 3850 551 37 6 x (2-5-3) 105
Penicillium 07 63 268 662 3-0 2-5—4-5 798
Rhizopus 38 813 387 262 6-6  6-9 on long axis 45
Rhodotorula 0-3 53 879 56-5 3-8 (8-5) x (4-7) 4,039
Syncephalastrum 82 261 472 235 6-8 (2-5-5) x (5-20) 240

* This result is based on seven separate evaluations having the following values: 1-8, 2-3, 2-7,
82, 3-8, 4-0, 4-1. There is a suggestion that the mean equivalent diameter is greater in winter than

in summer.
t These eomprise Aspergillus gracilis, A. nidulans, A. terreus, A. versicolor.

Investigations in the environment of patients with aspergillosis

Aspergillus fumigatus was isolated from the blankets of four patients with the
hypersensitivity type of aspergillosis and one patient with an aspergillus mycetoma.
The number of colonies recovered on the sweep plates was no greater than on those
from the surgical wards at St Bartholomew’s Hospital. No increase in the mean
equivalent diameter of the air-borne spores could be demonstrated when the
blankets were shaken, as might have been expected if the spores had become
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associated with organic debris or blanket fibre. The incidence of 4. fumigatus in the
air in the environment of these five patients with the fungus in their sputa was no
greater than in air samples taken elsewhere in the hospital and outside the hospital
at the same time. These particular investigations were carried out in the autumn.

DISCUSSION

Many workers have used the spore trap to determine the fungus species present
in the air (e.g. Hamilton, 1959). Whilst this method is useful for studying allergens,
it has the disadvantage that the Aspergilli and Penicillia cannot be differentiated.
Another method which has been used was to expose agar plates and to allow
organisms to settle on them (‘settle’ plates). De Vries (1960) and Stallybrass (1961)
isolated Aspergilli in this manner, and Friedman, Derbes, Hodges & Sinski (1960)
thus recovered dermatophytes from the air of a clinic. However, the number of
spores which settle on the surface is dependent not only on their concentration in the

Table 4. Terminal setiling velocity of spherical particles of unit density
in still air

Mean
equivalent
particle Settling
diameter rate
(») (ft./min.)
30 54
20 24
15 1-3
10 0-6
5 015
2 0-024
1 0-006

The settling rates are calculated from the data given in Bourdillon et al. (1948).

air but also on the size of the particles (Table 4). A particle of 20 z equivalent
diameter settles at a rate of 2-4 ft./min. whilst one of 2 u settles at only 0-024 ft./min.,
in still air, so that even very small air movements will suffice to keep the smaller
particles air-borne. Richards (1954) recorded differences in the recovery of moulds
indoors and outdoors which he attributed to differences in settling rates of spores of
different sizes.

By using the size-grading slit-sampler we found that the mean equivalent fungus
particle diameter was close to the diameter of a single spore. It seems reasonable to
conclude that some of the air-borne particles are individual spores, though from
their size, they might also be fragments of mycelium. Such fragments have been
observed in the Hirst spore trap (Hamilton, 1959) but it is not known whether these
were viable. Davies (1957) found that more than 80 9%, of Cladosporium particles
recovered indoors were single spores and a further 13 9, existed as groups of two
spores. Clayton & Noble (report to be published) found that Candida albicans in the
air of hospital wards had a mean equivalent diameter greater than that of individual
organisms. The same is true for dermatophytes (Clayton & Noble, 1963) and for
Staphylococcus aureus and Clostridium welchii in hospital wards (Noble, 1961).
These micro-organisms are derived from patients in the wards and may be associated
with organic debris.
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The number of spores of any given fungus species recovered from the air varied
from day to day and from season to season. The peak prevalence for 4spergillus
Jumigatus recorded in these studies was in the autumn, which corresponds with data
collected by Hyde et al. (1956) by using settle plates. The failure to demonstrate
dissemination of 4. fumigatus by five patients with aspergillosis may have been due
to the fact that any increase in fungal spores in their environment was masked by
the large numbers of spores already present in the air in the autumn when exam-
inations were made, but equally, such patients may not disperse the fungus.

We are indebted to the Treasurer and Governors of St Bartholomew's Hospital
and to the physicians and surgeons of the Brompton Hospital for permission to
work in the wards. One of us (Y.M.C.) was in receipt of a grant from the Asthma
Couneil.
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