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the raepsis that occurred from time to 
time. h was not, in fact, po~iible to 
study it on a scieqtific basis until 1933 
when Wells2 developed the air-centdfuge 
for oo"nth1g the number of contami· 
nated particles hi the air. In 1941 the 
b4\oterial slit•illmpler was introduced by 
llaurdillon, Lidwell, and Thomas.8 This 
machine is particul~rly useful because 
it can relate tht1 time of a,ppearance 
of contaminated particles iri the air to 
events ta~ing place in the room. Its 
uee in oper;i.ting rooms during the last 
fifteen years has given much valuable 
information. But we should not forget 
an older and simpler method for study­
ing the bacteriology of air-the expo· 
sure of pl!!.tes of culture medium. On 
these plates, contaminated particles are 
deposited by gravity and are also thrown 
on to it by currents of turbulent air. 
They give information that cannot be 
obtained from the air-centrifuge and 
slit.sampler. The number of particles 
that contaminate an exposed surface 
depends on their concentration in the· · 
air, their density and size, and the 
amount of air impinging on the surface. 
The volumetric type of sampler meas­
ures only the first of these. The simple 
sedimentation plate takes account of 
and integrates them all. 

In 1946 Bourdillon and Colebrook,4 

of the Birmingham Accident Hospital, 
found that the air in hurns dressing 
rooms was loaded with bacteria. Many 
of these organisms came from sources 
inside the room-from wound-dressings, 
blankets, and the clothes of the dressing­
room staff as they mo\'ed about their 
duties. Tire simple ven tila ~ion plant then 
in use was not able to pr ,·ent accumu· 
lation of these organism~ . But more 
than this the ventilation plant, con· 
~isting only of exhaust fans, was sucking 
rontaminated air into the dressing room 
from other parts of the hospital. It 
~remed reasonable to reduce this con­
tamination as Hart's earlier imestiga­
tions had already suggeste<l.3 Lowbury6 
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iohowed by a controlled trial in a burns 
unit th~t doing this by improved 
methodi of ventilation really. does cut 
down the aniount of sepsis. 

We now know that these things are 
tnie not only for burns dressing rooms 
hut also for general surgical operating 
rooms, For example, my colleagues and 
F investigated a chest surgery unit 
where Staphylococcus aureus infections 
were causing 5erious trouble. By im· 
proved ventilation and by other methods 
we reduced the bacterial contamination 
of the operating-room air. The fre· 
quency of wound sepsis fell from about 
11 per cent of all operations to about 
5 per cent and has now ~eUled down 
at about 2 per cent. But thii experi· 
ence of ours was not conclusive proof 
of the importance of air-borne infection 
because at the same time as changing 
conditions in the operating room we also 
introduced improved technics in other 
parts of the hospital. A more conclu· 
sive experience was that of Shooter and 
and his associates8 who reduced the 
frequency of sepsis by reducing the 
number of bacteria in the air of the 
operating room and by making no 
other changes at all. 

From all this we must conclude that 
air-borne infection of wounds during a 
surgical operation is, sometimes at any 
rate, a considerable hazard. But thi~ 
is only one aspect of a complex problem. 
It would be wrong to concentrate our 
attention on air-borne infection and to 
ignore important defects in other mat· 
ters of surgical and nursing procedure. 
Nevertheless, my purpose is to discuss 
this particular problem and I want to 
further the subject by asking two ques· 
tions, and by trying to answer them. 

The first question is this: Can we 
define a bacteriological standard of 
safety for the air of an operating room? 
In an attempt to do this, let us examine 
the results of air-sampling during opera· 
tions and put them alongside the sepsis 
records that are associated with them. 
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as to whether or not currently advocated 
control measures for staphylococcal dis­
ease in newborn nurseries are effective 
and practical. 
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Ill. VENTILATION OF OPERATING ROOMS-BACTERIOLOGICAL 

INVESTIGATIONS 

Robert Blowers, M .D., and K. R. Wallace, M.B., Ch.lJ. 

JUST ABOUT A YEAR AGO one of my 
colleagues, Dr. Robert Williams, 

spoke at a national conference on hos­
pital acquired staphylococcal disease, or­
ganized by the U. S. Public Health 
Service and National Academy of Sci­
ences.1 He reviewed the problem of 
staphylococcal infection in hospitals and 
he gave an account of the ways we are 
exploring in Britain in our search for 
its solution . It would be tedious if I 
were to cover the same ground again. 
Moreover, my knowledge of this subject 
is not as broad as Dr. Williams' so 
I shall discuss here, perhaps in a little 
more detail, only one of the subjects 
that he mentioned in his survey. This 
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is the control of air-borne infection in 
operating rooms. I shall pay special 
attention to the ventilation of these 
rooms but I will first discuss the back­
ground to our investigations before tell­
ing something about the results. 

Before we go to a lot of trouble 
devising new methods of ventilation for 
operating rooms we should satisfy our­
selves that there really is a need for 
them. We should satisfy ourselves that 
the risk of air-borne infection during 
an operation really does exist. Lister, 
in the 19th century, believed that it 
did exist. But for many years after 
that, air-borne infection was not seri­
ously considered as an explanation for 
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Table l-Sli1-Sampler and Sedimentalion-Plate Counts During Surgical 
Operations. These Are Not Acluol Results from a Particular Operating 
Room but Are General Indications of the Usual Finding11. 

Slit-Sampler 
Contaminated Particles per 

Cubic Foot of Air 

Expo~ed Sedimentation Plates 
Contaminated Particles 

Settling per Square Foot 
per Minute 

General 
Count 

20-50 
1-2 

Staph. aureus 1 

General Ratio 

1:20 
1:100 

General 
Rate 

10 

0.5 

Examples of these are shown in Table 
1. In the first column are the general 
bacterial particle counts from the slit­
sampler. These are the counts of all 
visible colonies-whether pathogens or 
not-developing after 18 hours' incuba­
tion on a simple nutrient-agar medium. 
When the general counts lie between 20 
and 50 per cubic foot there is usually 
a great deal of sepsis arising from oper­
ations in that room. Associated with 
these counts of 20-50 per cubic foot we 
find several other interesting things. On 
the slit-sampler plates, the ratio of co­
agulase-positive Staphylococcus aureus 
colonies to the general colony count 
may be as high as 1 :20. And we may 
find that exposed culture plates collect 
contaminated particles at about 10 per 
square foot per minute. These sedimen­
tation samples are usually too small to 
allow direct measurement of Staph. 
aureus sedimentation rates. But if the 
Staph. aureus: general count ratio from 
the slit-sampler plates is assumed to 
apply to the sedimentation plates­
though this may be an unjustifiable 
assumption-the Staph. aureus sedimen­
tation rate would he about 0.5 particles 
per square foot per minute. During an 
operation the area at risk of contami­
nation includes the wound, the hands 
of the surgeon and his assistants, the 
instruments, swabs and dressings, and 

486 

Staph. aureus Rate 
(Approximate) 

0.5 
0.005 

Much sepsis 
Less sepsis 

the tables on which these things are 
placed. If these cover an area of, say, 
20 square feet, particles contaminated 
with Staph. aureus may fall on it at 
the rate of about 600 an hour. Most 
of these particles contain only a few 
cocci9 but each of them is a potential 
danger to the patient. Some workers10 

have recorded sedimentation counts 
much higher than ours because of differ­
ences in the conditions of exposme. 
These must he standardized if compara­
ble results are to be obtained. If they 
include the periods of heavy contamina­
tion at the entry and departure of the 
patient, the mean sedimentation rates 
are much higher and the effect of the 
two peaks on the mean rate for the ' 
whole period is unduly influenced by 
the duration of the operation. To elimi­
nate this variable factor we suggest that 
plates should be exposed from the 
moment of the first incision until the 
tying of the last stitch. Our sedimen­
tation results have been calculated on 
this basis. 

If we now turn to operating rooms 
where very great efforts have been made 
to reduce aerial contamination, the 
counts may be as low as those of tht' 
second example in the table. General 
counts may be only 1-2 per cubic foot; 
the Staph. aureus: general ratio may he 
1: 100 or even less; gei:eral sedimenta-
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Figure 1-Air Sampling During Opera­
tion with Exhaust Ventilation and 
Much Activity; Theater Doors Opened 
55 Times 

tion rates may be as low as 0.5 con­
taminated particles per square foot per 
minute and our crude calculation gives 
a Staph. aureus sedimentation rate of 
about 0.005/sq ft/minute. '\'\; iLh count 
like this there is usna ll y very much less 
sepsis. But we are not able to S8)' how 
much of the sep is thal does occur under 
these conditions is still due to air-borne 
infection in the operating room or to 
other cause . And so, we cannot ay 
whether an acceptahle limit of safety 
for the air in operating rooms lies some­
\\' here between these two sets of obser­
,·ations or whether even lower counts 
\\'ould give still better results. Before 
\\'e can settle this matter and define 
our standards of safety for the air in 
an operating room we need to examine 
many carefully kept records of sepsis 
alongside the air-sampling results. There 
\\'e must leave this matter for the time 
being. 

This brings us to the second question: 
If we want to reduce the number of 
air-borne bacteria in an operating room, 
how do we do it? The first thing to 
do is to make sure, from smoke tests, 
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that the \ientilation plam is not sucking 
hospital air into the operatincr room . 
Modili.cations of the ventilation plant to 
pn:: \·ent this were made in one hospital 
that we im estigated, and Fie.ures 1 and 
2 sho'\ that the slit-sampl r counts 
were rnduced to about a tbi rd . But 
still more can be done. In this par­
ticular operating room we next made 
sure that no unsterilized blankets were 
brought in to cover the patient; that 
nobody in the room wore ordinary street 
clothes or ordinary hospital uniforms 
under their gowns; and that nobody 
went in or out of the rooi:n during the 
operation. During most operations, 
nurses trot back and forth to the clean­
up, sterilizing, and workrooms about 
fifty times during an operation. Some· 
times they go to fetch equipment that 
could have been in at the beginning; 
sometimes to take out equipment that 
could remain in until the end; and 
sometimes they go in and out for rea­
sons that I have never been able to 
disco\'er. If all this is stopped, bacterial 
counts are reduced even more. Indeed, 
in this particular operating room, we 
introduced these precautions and then, 
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Figure 2-Pressure Ventilation and Much 
Activity; Doors Opened 47 Times 
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Figure 3-Exlumst Ventilation and Re­
duced Aclivil~·; Doors Not Opened 

because of a mechanical breakdown, 
temporarily reYerted to the old venti­
lation system. The new operating room 
discipline alone gave an improvement 
almost as great as that from the new 
Yentilation system (Figure 3). It was 
only when good ventilation was com· 
bined with the new operating room 
discipline that we saw the best results 
(Figure 4). In a few good units we have 
been able to maintain this very low 
le,·el of contamination. But in many 
others, where the discipline or the stand­
ard of organization is not as high, we 
haYe been unable to prevent the many 
journeys in and out of the room that 
keep the counts up. So we are looking 
for nntilation methods that will yield 
these lower counts more easily. 

The Newcastle Regional Board and 
the Public Health Laboratory Service 
haYe built, in the Public Health Lab­
oratory at Middlesbrough, a full-sized 
dummy operating room. In it we first 
re-examined the conventional methods 
used for pressurizing a room to prevent 
in-flow of contaminated air. This is 
usually done by arranging for the air 
input fans to have a slightly greater 
capacity than the exhaust fans. This 
works well when all the doors are closed 
and only a small volume of air leaks 
from the room; but it is unreliable 
"·hen the doors are open because the 
small surplus of air is insufficient to 
cause strong outward flow through all 
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parts of the large opening. We have, 
therefore. discarded forced extraction 
of air and rely on free escape through 
ports low down on each wall, fitted 
with simple, weighted flap valves. When 
a door is opened, pressure in the room 
drops, the valves close and the entire air 
supply is available to give a strong 
outward draft through the door opening. 

Removal of organisms that have been 
liberated inside the room is a more 
difficult problem. Ventilation plants for 
doing this are of three main types: 
First, a stream of air may be aimed, 
obliquely or horizontally, at the center 
of the room to create turbulence and 
prevent stagnation of contaminated air 
in the area enclosed by the lamp and 
the ring of people and equipment 1ound 
the patient. Second, air may be intro­
duced at the top of the room so that, 
with mild turbulence, it mixes rapidly 
with air already in the room. By this 
method, contamination is reduced by a 
constant process of dilution. Third, air 
may be brought in at the top of the 
room in such a way that there is the 
least possible turbulence and little mix­
ing with the contaminated air, which is 
thus removed by downward displace­
ment. 

The merits and disadvantages of these 
three systems are being examined in 
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Figure 4-Pressure Ventilation and Re­
duced Activitr; Doors Not Opened 

( Fignres 1--i published through courtesy of 
John Wright & Son, Ltd., London, England, 
from "?lledical Annual," 1958.) 
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several ways. In the dummy operating 
room we liberate a cloud of nonpatho· 
genie bacteria to give uniform contami­
nation of the air. We then assess the 
performance of each ,·entilation system 
by obsen'ing two tl1ing . We measure, 
wi th the slit-sampler, the speed at which 
the organisms are removed ; and at the 
same time, we record the numbers of 
them that are deposited, during the 
process of removal, on an e. ·posed cul­
ture plate representing the wound. 

We find that the downward displace· 
ment or "piston ' met11od of ventilation 
removes organisms more quickly than 
the other methods; and that fewer or­
ganisms are deposited on the exposed 
plate during removal. Some of the 
turbulent systems are fairly effective 
for removing the bacteria, but they all 
do so at the expense of heavy deposition 
on the expo~ed plate. This is not sur· 
prising because the number of organ­
isms that come in con\act with a surface 
depends not only on the concentration 
of bacteria in the air hut also on the 
amount of air impin~i ng on that sur· 
face. With turhulei1t systems of venti· 
lation the amount of 11 ir impinging on 
th wound is grea ter than from a system 
with a uniform downward mo,•emcnt. 

Before we could investigate these 
methods we had first to find out how 
to produce a good downward displace­
ment or piston movement of air. We 
had to give careful attention to the 
number position, and design of the 
hi.,.h-level air-inlet ports and th low· 
lcl'el outlet ports. 1£ an y heating was 
needed it bad to be p ro1·id d by the 
1·entilation plant itself and not by heat­
ing panels. The effici ency of a venti­
lation plan t in remoring bacteria is 
('011SiderabJy influenced J f the difference 
in temperature of the ai r coming in a t 
the top and the air -already in the room. 
It is lowest when we pul cold air into 
a hot room and highest when war m air 
comes into a cool room. We realize 
that there are many parts of the world 
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where ventilation "•ith cold air is often 
essential. But when heating i necessary 
I t us. if we want piston ' entilation , 
Lake adrnntage of thi s effect hr leuing 
the ,. ntilation plan t do all the heating 
during operations. 1£ heating panels 
are needed to ma intain wall and room 
temperature when the ventilation plant 
is out of action, they should be turned 
off when the ventilation plant is switched 
on. Finall r . we ould maintain a good 
piston mO\cment of air only if the scr'ub, 
sterilizinu. and other annexe adjoining 
the operating room were sPparated from 
it by door . wh ich were kept closed 
duriJ1g operations. 

The methods of assessment that we 
ha1•e used depend on clearance of bac­
teria from a uniformly contaminated 
room. But during surgical operations, 
bacteria are probabl y liberated i rregu· 
larly by people in different parts of the 
room. The ventilation methods that take 
these organisms away without carrying 
them across the wound area may not 
be those we have found most suitable 
for uniform clearance of uniform con­
tamination. To investigate this point 
Drs. R. E. 0. Williams and 0. M. 
Lidwell of the Air Hygiene Laboratory 
in Colindale have used an infra-red 
gas analyzer to trace the flow of nitrous 
oxide liberated as a tracer in different 
parts of the room. I am grateful to 
them for giving me permission to men­
tion their incomplete and unpublished 
results. They find that for contami­
nation arising close to and above the 
level of the operating table, mildly 
turbulent ventilation gives the lowest 

• concentration of gas in the region of 
the wound. F'or contamination arising 
below the level of the table or well 
away from it, the downward displace­
ment system is more effecti, .. e. We 
must now kno\I' if these results are \·alid 
for particulate as well as fo r gn eous 
contamination. If they are, we must 
discover exactly where taphyl.ococci are 
discharged into the air during an opera-
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tion. Is the main risk from particles 
that are disturbed from the floor, or do 
they come directly from the carriers? 
Does most contamination come from 
the relatively still people close to the 
patient or from the more actiw ones 
further away? There is already evi· 
dence that Staph. aureus is rarely shed 
from the respiratory tract of nose and 
throat carriers; and that many come 
from the body and clothes of skin and 
perinea! carriers. Do these people lib­
erate most of their staphylococci from 
sites ahoYe or below the belt? 

It has not been my purpose, in this 
short paper, to say how an operating 
room should be ,·entilated but, rather, 
to give some facts on which the method 
must ultimately be based. All the facts 
that we need are not yet available, but 
even when they are we must remember 
that a new, chromium-plated operating 
room will not prewnt infection. This 
can only be done In· the people who 
work in it. 

REFERENCES 

1. Willia.mi., R. E. 0. Jnvcs1ignllons or Hoepital· 
A<'qulr~<l Sllqlhylococc.el Disca!l-C and hs Control in 
Cn.·nt Britain. Prol'f'e-ilint? .~ of lhe ~ot)onaJ Confer· 
enn on Hospi111l·A<'cpiirt1l S1aphylococ<"al Dif.f'O:oe. 
L. S. Public Health Scr\'ic-e-Communicoble Disease 
Ct>nlt-r 1tnrl ;\ttJionaJ Act11lcmy of Sdence·:"ational 
RE-i!-eRh'h Council, Sept. 11-~5. 1958. 

2. Wells, \\'. F Appuetus for Study of B8C'terie.l Be· 
hninr oi Air .. .t..J . P.H. 23:1-9, 1933. 

3. Bourdillon, R. D.: Lidwell. O. M.: and Thomas, 
J. C. A SliL-Snm11ler for Collectin~ anrl Cm1nting 
.~ir·Borne Bacteria. J. Hyg. (Camh.) 41 :}9;-224, 
1941. 

-1. B..:>unlillon, R. B., and Colebrook, L. Air-Hyiiiene 
in Dref.11ing-Rooms for Burns or Major 'Wounds. Lan· 
<et I :~61-565 •nd 601-605. 1946. 

5. Hun. D. The Jmportanre of Air-Borne Pathogenic 
Dsrtrria in Lhe Operating Room: A Method of Con· 
trol liy SLerilizalion of the Air with Ultra· Vjolet 
lrnulintion. Acrohiolou·. American Aseodalion for 
:\dvan('ement of Science. Puhl. ~o. 17, 1942, pp. 
186-192. 

6. Lowhury. E. J. L. Air-Conditioning. wlth Fihered 
Air for Dreuing Burm;. Lancet 1 :292-294, 1954 . 

7. Dlowen, R.; M11son, G. A.; 'Wallal"e, K. R. j and 
\\'ahon, l\f. Control of \Vound Jnfel"tjon in a 
Thorade Surgery Unit. Ibid. 2 :786-794, 1955. 

E. Shooter, R. A.; Ta)'lor, G. W.: Ellis, G.: and Ross. 
J. P. Por;l•Oper.itli\'e Wound Inree1ion. Snrg. Gynec. 
& Oh91. 103 :25i-263, 1956. 

9. Lidwell, O. M.: !\ohle. W. C.: •nrl Dolphin, G. W. 
U"e of Radlmlion 10 Es1imn1e Numbers or Mirra· 
Oqranls ms in Airborne Particlei<i. J. Hyg. (Ce.mb .) 
5; :299-308, 195q, 

10. SompoJin!\kr. D. : Hcrmnnn, Z.: Oedin~. P. : and 
Riprlon, J. E. A Serie~ of Po~t·Operath'e Infrcliom. 
J. Infect. Dis. 100:1-Jl, 195~. 

Dr. Blowt>r~ is direc1or, Public Health Lnhoratory, General Hospital, Middles· 
hrou gh, En gland. Dr. Wallnc,e is late assistant bacteriologist in the lnboro1ory. 

490 

Thi.s paper 1.1·a pr ented before a Joint Ses ion o[ the Engineering and 
anitn1ion, Epidemiologr , fedicol .Care, Ot'c11potion11I Heallh. and Puhli<' 

H alth ur:lin g Sec1ion ol the American Public Health Associalion a t tlie 
Eightr-Se1•enth .-\nnunl Meeting in Atlantic City N. J., October 21, 1959 . 

VOL. 50, NO. 4, A.J.P.H. 



IV. PROCEDURES APPLICABLE TO SAMPLING OF THE 

ENVIRONMENT FOR HOSPITAL USE 

L11u,re11ce B. Hall, M.S., and Herbert M. Decker, M.S.S.E. 

I;.; THE LAST FEW YEARS, hospital cross­
infections have received unprece­

dented attention, particularly those in· 
YoMng Staphylococcus aureus. Many 
i1n-estigators in research institutions and 
in individual hospitals are studying the 
problem. Intensive work is going on 
in the bacteriology and the epidemi­
ology of these infections, but the tools 
with which to work are still somewhat 
lacking. A conference on the relation 
of the environment to hospital acquired 
staphylococcal disease, sponsored by the 
Communicable Disease Center and the 
?\a ti on al Research Council last Decem­
ber, emphasized the fact that the entire 
area is short on quantitative studies. 

Strictly quantitative technics have not 
been developed which are adaptable to 
all types of bacteriological sampling. 
In some situations we arc of necessity 
limited at present to methods which are 
at hest only semiquantitative. 

However, many improvements have 
been made recently in sampling technics, 
particularly in air sampling, and wher­
e\'er possible these improved quantitative 
technics should be used. It is not 
enough to merely know whether or not 
Staphylococcus is present; we also re­
quire knowledge of the extent of the 
contamination. Thousands of organisms 
are obviously more dangerous than just 
a few. 

The requirements for studies of 
human sources, be thev carriers or 
frank infections, are nec~ssarily largely 
qualitative in nature, but if the com­
paratiYe importance of the routes of 
transmission through the environment 
are to be evaluated quantitative methods 
are essential. 
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Before considering actual equipment 
and technics it would be well to review 
the theories of transmission as we see 
them today. There is, first, the direct 
contact, illustrated by the transfer of 
organisms directly from a carrier to a 
susceptible by contact of the two human 
beings through, say, a break in a 
rubber glove. This route of transmis­
sion hardly lends itself to quantitative 
eYaluation, nor is there much of a 
need for quantitation in this situation. 
We are sure the route exists. The 
majority of the aseptic technics of 
surgery are used with this in mind. 

All other theoretical routes of trans­
mission pass, of necessity, through the 
environment in one way or another. 
In the environment they ~ay be studied 
quantitatively with varying facility and. 
accuracy. 

The first of these routes through 
the environment is by means of droplets 
which, propelled by coughs and sneezes, 
move at high speed from the human 
source to the susceptible. The period of 
time involved Yaries, probably, from 
microseconds to seconds. This route 
has been classified by many as "direct" 
because the organisms remain in their 
original body fluids during the period 
of transfer. Nevertheless, the droplets 
do move throng~ the air, a part of 
the environment, where they may be 
captured. 

Less direct may he the droplet nuclei, 
the organisms themselws, which remain 
in the air after the rapid eYaporation 
of the body fluids in which they leave 
the human source. These may, under 
some circumstances, move directly from 
the source to the susceptible human in 
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