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INTRODUCTION 

lectition of a title for this thesis has proved peculiarly 

difficult. Other titles were considered but, as all the papers 

presented (except one) are concerned with micro-organisms, and 

them with the chemistry of micro -organists, the title chosen is 

believed to be the most suitable. 

Ater qualifying ying for the Degree of Ph.D in ' 1931 t 

continued his research work (1931 - 1933) on the' cheMistry 

carbohydrates at the University of Birmingham. In Part I 

thesis the two papers presented describe investigations of the 

molecular structure of a bacterial polysaccharide and of the 

carbohydrates (reducing sugars and soluble polysaccharide) of r 
stalked meadow grass. The valuable advice of Professor Sir W. N. 

Haworth, F.R.S. and Professor L.Hirst, P.R.` S. is freely acknowledged 

but, as the practical work was carried out entirely by the writer, 

who also contributed largely to its planning and development, the 

papers are included in this thesis. 

Interest in the chemistry of micro- organisms, in particular in 

bacterial polysaccharides, was a natural consequence of the ̀`work. «f 

Part 1; the experience gained enabled the writer to take part in 

investigation on the antigenic components of Bart. typhcsua and of 

other bacteria. This work was carried out ira the Division of Bio- 

chemistry of' the 'London School of Hygiene and Tropical Medicine (1934f. 

°i 938) under the general direction ' of Prafesìsor H.' Rais 
P. R. S. 

ofessor Topley, P.R.S. and in collaboration in 

art with Dr.M.Stacey (now Professor) ,tad later with Dr.G,G !x.. eman. 



ecise evaluation of the part played by the 

investigation is exceptionally diffi 
appropriate section..::. 

In 1938 the writer joined the Staff of Professor T. ..;.:.crie, 

C.B.B. of the Bacteriology Department of the University of Edinb 

Hi work in Edinburgh (1938 a 191ß.6) was largely determined by w 

ideratiofs and constitutes the major part of that submitted 

in this lengthy 

in this thesis ,(Part III and Part IV). 

In Part III an account is given of an investigation on penicillind 
tn EditiLv/qh. 

Supplies of the drug were not then available even for research 

purposed Penicillin was prepared in quantity sufficient for the 

therapeutic trials of the drug to proceed. A very close co-operation 

between the Staffs of the Dept. of Bacteriology and the Dept® of 

Surgery was maintained and this contributed greatly to the 

efficiency of the team of workers concerned. Certain of the many 

aspects of the laboratory ;work associated with the control of 

penicillin therapy are also described. 

A brief account of an investigation on another antibiotic of 

outstanding interest (Streptomycin) is included since, although the 

paper has not yet appeared in print, the manuscript has now been 

The work described in Part IV is mainly bacteriological in 

nature., The four papers presented describe the results of a series of 

investigations of the batte ial content of the air of occupied 

`one of the work presented here was included in a Thesis 

ted for the Degree of Ph. D in 1931 (University of Birmingham). 
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T. Pç?lyLsacsha°ide Cons ution ard C 

T,evars® (1934) Cl m So 676. 

Levan was prepared from sucrose by the action o . riesenteriCus. 

Hydrolysis of the polysaccharide showed that it consisted entirely of 

fructose units. Methylation of the polysaccharide gave trimethyl 

levan. Fractional precipitation of the methylated levan yielded 

fractions with similar chemical properties. Ho geneity of the 

trimethyl levan was thus established. 

Trimethyl levan ( the main fraction) was hydrolysed by o lie 

cid in aqueous methyl alcohol solution. The products of hydrolysis.: 

ere treated with methyl alcoholic hydrogen chloride and, afte 

careful series of vacuum distilla_ti s, (the Widmer column was used) 

methylfructoside was isolated in yield corresponding to 

14 of the methylated levan. This fructoside was proved to be 

3 :406- tetramethyl methylfructofuranoside by conversion into the 

talline amide of 2 :3 :14-: 6- tetramethyl fructuronic acid. 

The trimethyl fructose formed during the hydrolysis o. 

hylated levan was isolated in crystalline form and was 

as '- :1 :3 ;1+ trimethyl fructose. 

From these observations it was concluded: 

(1) The chain of the 

0 - 12 units of 'fructose. 

(2) The terminal group of the chai 

consists of about 



experimental procedure adopted was of th 

consideration of these and other properties 

polysaccharide t as formulated as composed entire 

fructofuranose units. 

I. The C bo s of Gr as s. Iso 

Levan type. (1934) J. Cher. oc. 1560. 

In this research the difficult task of isolat 

identifying the constituents of a mixture o; 

attempted. 

A water- solub: 

arbohydrates 

polysaccharide, which on hydrolysis produced 

of interest 

that this polysaccharide proved to be a levan,the chemical and physic- 

al properties of which were identical with those of the levan 

synthesised by B. mesentericus, as recorded in the preceding paper. 

It appears, therefore, that in plant life, reserve carbohydrate may 

be stored as chains of fructo- furanose units in the form of the 

ysaccharides inulin or levan. 

Reducing sugars. Glucose and fructose predominated and were 

atome only, was isolated from the extract. 

present in approximately equal amounts; mannose w 

galactose, in minute amount, was detected in one only of the 

extracts examined; pentoses were absent or pre 

only. 

A fraction with the properties of methylated disaccharides 

separated: In this fraction the presence of a fully methylated 

disaccharide, with. the properties of heptamethyl methylgentiobioside, 



demonstrated. It is conclul.ed, :'with a re 

ty, that the ide gentiobiose 

extract. 



THE áiN.L1iT1JlYIV OO1PLCV1LlJ111S Ol BCra96 and Ytiher"..'..' 

During the period October 1934 - September 1938 the writer took 

part in an investigation of the antic. nic :fractions of Bact. 

Sect. enteritidis and differen 

The fractions were isolated by tryptic digestion 

ollawed by precipitation with ethyl alcohol: -(according to the procoá 

ure of Raistrick and Topley (1934) Hrit. J. eYea ta!att 15, 113.). 

'cation was effected by a long series of fractional precipita- 

tious from neutral and fron, a 

by oxalic acid) and the antigenic "fractions were finally 

obtained in a sta purity approaching that of ahemica 

purified antigens were h l immutolc `calf.. active. 

is not intended to discuss the 'mortar oe of the work 

e ìtioned above since, although Dr:14 Stacey and the writer carried 

out the practical (biochemical) work the research was directed by 

Professor H. Raistrick. This brief description uded because 

these antigenic fractions were the starting material from which 

several immunologically active polysaccharides were finally isolated. 

Development of this aspect of the work was the 

Dr. Stacey and the writer. 

Isolation of the polysaccharides. The polysaccharides were 

n aqueous solution after acid hydrolysis of the anti6e 



fractions. Each fraction yielded a mixture of polysaccharides. 

Separati of the constituents of these mixtures was attempted 

by repeated fractional` ̀ precipitations from aqueous 

alcohol. Very many fractionations were required, as 

of separating the constituen ts of a mixture of po 

cation by 

the process.. 

ysacchárides, 

difficult and lengthy procedure. The polysaccharide mixture 

from the 'Batt. a' rtx rcke antigen was exhaustively fractionated and 

two cbem,ically h.rmc_geneous polysaccharides were isolated. This 

work is 'summarised in the following abstract. "The Isolation and 

Chemical Properties of an Antigen from Bact. aertrycke, Bact. 

enteritid.i,s and hosue . DrH. 

Prof. H. 'Raistrick. ( Second Internation 

l;ondoxi, 1936, ReM»rt of Proceedings, p 

tacey, Dr. S. W. Challinor 

Congress for Ivi3.crobiology, 

Then various chemical fractions, the immunological properties of 

which have been described ira the preceding abstract, were prepared 

as follaWs, ; .a crude -tige ol ed ' from : killed Beet. aertrycake 

bodies by ,try,p digestion followed by p-reca:pite.tion vri th al 
sE 

(68 per cent). Purification to a eheentity was eEfected. by: 

successive precipitations ' from aqueous solution with alcohol (68 

Per cent); removal of ea (as o a,te ;' repeated: precipitations` 

from acetic acid solution with alcohol (68 per ; exhaustive 

fractionation from aqueous solution with alcohol. Pure. antigen 

(i° 68 ., 6 per e7ent of total bodi was free from intact protein, 

esohol 

..... ... .. 

gave opalescent aqueous solutioras, and contained N , p and organic 

Hydrolysis of F 68 (N/10 ac 

x See hhowever Papery 

acid, 10000 °) save a floccule t:_ 



precipitate, F 68/F and a solution. From th.s ?;solution two 

chemically homogeneous polysaccharides : said, 
54-61 

+ 142 ua 

5461 
-. 37©: e olated. Each formed clear aqueous 

soltxtions. 

The 1 vo- rotatory polysaccharide hydrolysed. (HG1) in two 

stages yielding crystalline d-galactose, a nitrogenous carbo- 

hydrate and a "stable" acid polysaccharide .. ° ' 54.61 13 F1 , which, 

(2) hydrolysed to d.-galactose and an uronic acid. 

hydrolysed. 
. 

The deátro-rotatory polysaccharide contained P, 

in two stages and yielded mucic acid on ocí.dation. The insoluble 

precipitate, F 68/p (N ® 10.3 pe as a,n acid, contained. 

organic P and S and on hydrolysis (N/10 HC1) yielded reducing sugars, 

a fatty residue, and other products. 

Analogous results were obtained. Bact. enteritidis and with 

avir: silent typhoid baci..11.us 901. 

An antigen oae t sal ly isolated from virulent typhoid 

bacilli behaved differently when hydrolysed with acetic acid.. No 

flocculation of an insoluble precipitate occurred. Prolonged 

modified treatment yielded `in ally an insoluble precipitate together; 

with a series of polysacch de fractions ok3 546 + 1 o to 

E .ot3 
54.61 

1070® 

polysaccharides C0(3 5461 + 1120 and ,r 5461 ~ 37` 

eaoh induced. (in mice) áK1 active unity to living virulent 

;;aer t x y cic e. 
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Dif ferent Strainslactijalcapm. (1937) Larct, I, 252. 

Some chemical properties of the antigens of virulent typhoid 

bacilli (rejuvenated. Rawling strain) and of the relatively avirulent 

901 strain are described. Although the results were of a 

preliminary nature it is shown that the two typhoid antigens differ 

significantly in their Chemical composition. Reference is made to 

the fact that each of the antigens containsa highly dextro-rotatory 

polysaccharide as one of its constituents. In later work the writer 

isolated a dextro-rotatory polysaccharide as a chemical entity, 

[ r-AD 5461 130°, from the polysaccharide components of the 

antigen from virulent typhoid bacilli (R R strain). This 

polysaccharide however, did not induce active immunity in mice 

against living typhoid bacilli. 

This researc:h4was started by Dr.M. Stacey. The writer 
oomuenced his collaboration with Dr. Stacey in October 1934 and 
the work was jointly carried out until Dr. Stacey -z appointed. 

Lecturer at Birmingham University (summer of 1936). 

V. The use of a S thetic Medium in the 

Antigens of Bac 

olat on of the Somatic 

and Bact. Whosum. (1910) 

Biochen6 J. 34, 307. immtamrameesamm 

The work -already described has involved the cu tivation of 

large quantities of bacteria which were 4,,v on nutrient agar. 

Although great care was taken to avoid tamination of the bacterial 
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bodies with agar polysaccharides, it was known that such 

contamination did occur, although to what extent was not known. It 

was realised that the processes by which the antigenic fractions 

were prepared from the dried bacterial bodies would loot necessarily 

remove such contaminating polysaccharides (the tigenic fractions 

themselves contain a high proportion of polysaccharid ,tituents) 

from these fractions. Furthermore, preliminary experiments had 

shown that polysaccharide from the trypsin (used for digestion) 

might also be present in the antigenic fractions. It follows also 

that, if the antigenic fractions contained appreciable ounts of 

polysaccharide impurities, then these polysaccharides would be 

present in the crude polysaccberide mixture obtained after acid 

hydrolysis of the antigeiic fractioes. These were some of the 

main problems awaiting solution. 

In the present investigation the possibility of agar contna - 

tion waz entirely eliminated by cultivation of the bacteria 

in a llapla medium. 

Special methods were devised for estimating the degree of 

oghtemiseton due to agar polysacCharides. 

It was shown that bacterial bodies (Beet. typhi-murium) grown 

on agar medium :Were contaminated with agar polysaccharide to the 

extent of 2 ')/4; (approximately). Agar contamination of the antigenic 

fractions prepared from these bacteria was, however much greater 

(e. g. 14%). The purity, therefore, of some of the antigenic 

fractions obtained in earlier work; was not as great aeethen believed. 

No difference however, was Observed, between the immunological 



,: 

aativity of these antigens and cf tigexae' prepared from bacteria- 

grown in the mlx:iid medium (i. e. bacteria free from agar). 

Contamination of antigenic fractions with polysaccharide fr 

In view of these especially with regard to 

polysacch consideration 

be given to the possible course of iaevo- rotatory polysaccharides, 

olated from the polysacchericle . ni to es obtained after acid :. 

hydrolysis of the antigenic fraction 

concluded that, in order to prepare 

s free from contaminating substances 

'.um, a liquid medium trust he used. 

bacterial b 

itie 

tryptic digestion method (of Raistrick and Topley) of 

extracting antigenic fractions from. bacteria w 

antigenic fractions were also prepared by two other method 

The purified antigenic fractions obtained by each of these three 

methods had. closely similar chemical properties aand were of a 

purity approaching that of a chemical entity. 

Dr. Freeman collaborated with the writer in this rose= 
the work was not concluded until after the writer had left 
London (October 1938) to take up an appointment at 
Edinburgh University. 

The investigation of the " immunological activity of the y 

antigenic fractions and polysscohar'des mentioned in this part c, 

am, carried out by the late Professor.W.W.O.Topiey 

e. J.W3.18©n and !other members of the Staff~ : of the Bacteriolo 



Tie_ wx°itex has atter&fted. to define his share is this 

avestigatiora. In the attempt, emphasis has been laid upon that 

aspect of the work with which he was most directly concerned, and 

in the development of which, he took a major part. In restricting 

this account in this way, Bauch of the interest pertaining to the 

investigation considered as a whole (the writer w able to take 

an active interest in all aspects of this work ) has been lost. 

This part of the thesis isua 'tted as subsidiary in 

.rnportance and value to the other three parts. 
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.. 1942 in collaboration with Professor ,T.P6. Learmonth, C.B. 

of the 7 par c nt of Surgery of the University, it was decided 

investigate the cdiemotherapeutic properties of penicillin. The 

drug was not available at that time and the writer was asked to 

attempt its preparation in quantity suticient and of a purity 

staitable for the investigation to proceed a task of some 

considerable a' agnitude, especially with the facilities available. 

This r. was accomplished successfully; numerous pro. le 

microbiological and biochemical nature were involved and some of 

these are described in papers V, VI and VII. Development cif this 

work was entirely the 'responsibility.' of the writer. Mrs ®J. 

adïaughtan, B. Sc. , assisted with the practical work of papers Vi 

and tII. 

V. IroducE ion of Pena 'c' l a Viz. (19124 nature, 150, 6: . 

1ll.n® ( .943) J. Path. and 

u. 

O 

The> U ion of Pe 

We work w 

obvious 

incubato 

ct. 5 , 44.1r: 

d he amount of penicillin produced 

traces of P. no was stated to be 2 units /mi. after 

ubatioza. With such an exceedingly snail yield it Was 

that, with the facilities available, (e.g.:l 
r apace) penicillin in che quantity required could net te 

-d 



area. Atte 

a vi). e 

ere therefore made to improve the 

apid development of penicillin in the 

Was achieved by adding culture 

original and interesting eth 

id (11 days old) to the 

. Marked change 

metabolism of the cultures treated in this way were p 

gain, due to more rapid p 

eld (Papers 

cultux~es 

cultures - 

the 

oduced but taie 

odu of penicillin, was r e 

csoanterbalançed by the destruction of peni 

apparentlet as 

occurred, 

quence of the unfavourable pH changes ook: 

plaee.When buffer salts were also added, destruction of. the labile 

penicillin was avoided and increased yields re e t 

with unbuffered cultures (Paper VI): 

ob wined as oompare d 

In gapèr! VII the ideas o lined above were more fu lly i.estigated. 

It was. shown that ed yields of penicillin could be obtained by 

,. . 

buffering: alone, e.: without the addition of 'old culture fluid'. 

The increase in y was considerable (6 units per ma:. of culture 
:.. 

fluid instead of 2 un per ml. previously obtained) and there 

was less variation betwee 

constituted ata ̀ important al 

VI 

dividixal. cultures. These resulta 

Many other workers were attempting to improve the yield 
of penicillin in the cultures; eventually the yield was increased 
enormously by American workers who incorporated corn -steep 
liquor in the medium. The writer had access to some of the 
'pooled' confidential information relating to penicillin 
production, and, in later work, obtained yields of penicillin 
of the order of 100 units per ml. culture fluid, with an output 
of one million units of the sodium sa.l.t of penicillin (in solid 
form) per week. 

Concentration of Solutions o 

The final stage in 

alts of Penicillin. (1945) Nature, 

D1,602. 

he preparatio of penicillin for therapeutic 



olation in solid form, as the sodium or calcium salt.; 

usually accomplished by sub je concentrated soluti of 

ubstanoe to the lyophilic drying process. The process is slow . 

d restricts production (this was the writer's experience and that of 

r u aeturers). 

In the preceding er ("VI) the writer observed,that - e 

solutions of penicillin were allowed to stand at room temperature the 

first fraction which thawed was darker ° 

, colour than succeeding 

actions. Further experiments (Paper VII) showed that there was a 

progressive decrease in penicillin content as the 'thaw fractions' 

became lighter in. colour. From these obsersrations .á convenient and 

> . . 

valuable method of 

was developed: The penicillin solution was centrifuged at a:lour 

temperature ( 25oC) until frozen, the containing vessel then it3ver 

ating s lutions of salts of penicillin 

at room tez. erature and the contents allowed to ; ' drip-thaw A amp 

procedure was finally evolved; three fractions were collected, the 

first of which contained approximately 90% of the p 

original solution. 

proved of great practical value 

able to prepare solutions of the : ssodium salt 

h a potency of 5,000 units per ail. (without resource 

to lyophilic drying) which were urgently required 

injection: 

(2) slgle application of - the process considerably reduced 

Dbout one k a, the volume of penicillin solution which had to b 
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lyophillized;'further reduction of the volume was possible by 

of this 

procedure the weekly output e penicillin (in Edinburgh) in solid 

form was greatly increased.: 

(3) There was no doss of peni. 

(1+) The process appeared to be of potential 

iutians of other labi e` antibiotics or substances. 

double (or repeated) application of the proces ; as 

so 1 

11in. 

val. in concentrating:`. 

Development of this process, and of the work described in 

papers V and VI involved numerous c eful biological says of 

penicillin. Of the methods aver lable the tube dilution method 

(rather than the agar diffusion method of ̀Reatley) was preferred. 

elaborate technique, which the concentration of penicil° 

in adjacent`" tubes differed by not more than 20 %, was finally evolved.. 

Such work is time-consuming and, in other respects also, weighs 

heavily upon vailable resources. Success in an investigation of this 

kind is, however, dependent upon reliable assey te ue. The 

iter acknowledges with thank the help of Mrs. J. MadTafightan, B.Sc.: 

in this part of the work. 

Copies of the manuscript of paper VII were ci:f° ated in 
January 1944 by Dr.F.A.Robinson, as confidential information 
(Pen. C. 26) to manufacturers and others concerned; the 

process was incorporated in routine manufacture by at least one 
large concern. Publication was delayed for security reasons 
until November 1945. 

The work outlined above (papers a I achieved its 
object and. the output of penicillin way sufficient for the 

therapeutic trials to proceed. Professor J.R..Learmonth made 

possible for the writer to take a real and active interest in the 
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clinical trials of the drug; the writer is greatly indebted to him. 

Laboratory control of penicillin therapy involved the solving 

of many problems; determination of the sensitivity of micro- 

organisms to penicillin; assay of penicillin; estimation of the 

penicillin content of blood and other body fluids, etc. Reliable 

methods for these determinations were not available and our own 

methods had. to be evolved. This work was carried out by m 

of the Staff of the Bacteriology Dept; the writer was in charge, 

under the general direction of Professor T.J.Mackie. The results 

of certain aspects of this work were published and are suitable 

for inclusion here. (Papers VIII and IX). 

valz....gyaterlaçAnitratclmiion of Penicillin, (19Wa) Lan 2, 366, 

Estimation of the penicillin content of blood following 

systemic (or local) administration is essential. Such estimations 

are of little value unless administration of the drug itself is 

carefully controlled. In dinburgh particular attention was 

devoted to this important aspect of penicillin therapy. 

Continuous administration of relatively small volumes of the 

solution of the is the method of choice, but no suitable 

apparatus was available for this purpose. Attempts to control 

the rate of delivery of the penicillin 1utioi, by means of a. 

capillary tUbel were unsuccessful. The writer designed an 

apparatus in which the rate of delivery was controlled by t rat 

of flow of air through a capillary tube. With the collaboration 

of Dr.I.W..T.Mchxdara (Dept. of Surgery) and Dr.J.T. Duguid. (Dept. or f 

Bacteriolo ) the apparatus described in paper VIII was fina11$ , 



evolved. This apparatus was efficient and, by its aid, administration 

of varying dosages of penicillin was adequately controlled. Careful 

measurements were r+ e of the penicillin contents of blood (of 

patient hese were ces. 

The apparatus was 

related with the different dosages. 

ted by y other workers and 

selected for use by the Military authorities. 

7X. Penici 

this 

Treat nt of S rzs-Ca 

2, 84,.3. 

Infe io: e (194 Lancet, 

':on numerous deter ations of the 

pen icil; in content of serum, pleural, pericardial, peritoneal, 

synovial, and cerebrospinal fluids, and pus from abscess cavities 

were re;.,uired. These estimations were the responsibility of the 

writer. Chemical thods were not av lalale and biological methods 

wire employed. 

The a1ministration of penicillin w c e ll y controlled and 

when the method of continuous colar i tfusio chosen 

the apparatus described in the preceding paper was .employed. 

In the examination of the wide range of body fluids, < 

difficulties were encountered and some o e are discussed 

in the paper. Mention may however be made: of the fact, that 

inhibition of growth of the test organism, was not necessarily due 

inase (prepared with the help 

of value in this 

to content of penicillin. 

of Miss M. Campbell 

connexion. 

Renton, B. Sc. 
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STREPTOMYCIN 

1945 the was awarded e h c 

Industries Research Fellowship and cont., ued his research on 

antibiotics. The work described belon, was c ried out during a__ 

year's tenure of the Fellowship. 

© the tibiotics then known the only one of outstanding 

,:. 

eres t and promase (other t .. penicillin) as streptomycin. 

This sùbstance inhibits the growth of a vide variety of pathogenic 
organisms (both Gram-positive and Gram-negative showed 

considerable promise as a chemotherapeutic agent in the treatment 

of clz.serses in h used by cobaSteriura tuberculosis. 

Pl'eParation of streptomycin and investigation at its 

bacteriological and chemotherapeutic properties is a task of the 

carne order of ma + a,tude as the previously described investigation 

on penicillin. The experience gained during the work on 

penicillin enabled the writer to undertake the present research. 

Work was started in October 1946 and in December 1946 I r.E4X.Kirg, 

of the Ba,cterialog3r Dept. collaborated with the writer. 

It is permissible to mention here only the more saliez 

eatures 

;u,ltures lct° © it 

earcha 

ce 

Strept c° produced in 

Streaor ces ra iseus incubated at 2600 : 

for DO days. Different media were tried and highest yields_ were 

obtained in a medium containing 0.%49,03, ' 0.5. peptone, 0.3% 

lab -lemco and 1% glucpse. l rick of uniformity between individual 
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a batch (which occurred in e Iy rk) was 

laminated in later experiments. In an experiment 

which culture fluid from 10 day cultures was replaced with 

fresh medium (i.e. reflooding of cultures), greatly incre 

.ds of streptoaaa`ycin were produced. after 5 days (only) 

incubation. 

Attempts to extract streptomycin fr the culture filtrates 

by the use of ion-exchange resins were unsuccessful and a 

procedure .based on the methods of Carter et al ( (1945) J. 

am; 16cß, 337) was finally adopted. Strep was isolated 

from the culture filtrate by adsorption on charcoal at an alkaline 

pH and eluted with::methanolic hydrochloric acid.. Streptomycin 

hydrochloride was. precipitated from the eluate by ether. 

Fu°ther .purification was accomplished by achromatogrAaphic 

method (described by Carter et al) in which acid (ii2SO4) - washed 

alumina is used.- Results differed s t from those of the 

American kPrs _and :the .bulk of the active material (now 

treptom,ycin sulphate) was concentrated in two only of the m 

fractions. Isolation of the product in solid form (of high 

potency) as effeeted by evaporation in vacuo followed by 

lyophilic drying. 

Preparation of ;strepto cin. in .deep aerated -cultures w 

investigated. Although much time and effort: aere devoted to 

his very difficult and specialised aspect of the Y0f1.:, it is only 

possible to state here that a:pilot plant which did give an 

output (although variable) of streptomycin was eventually evolved. 

ry 0 
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In the course of the work outlined above numerous. 

biological assays of the streptomycin content of culture fluids 

and of the various products obtained during the extraction and 

purification processes, were reouired. Considerable effort was 

devoted to the development of a suitable assay technique since 

the success of the investigation is dependent upon satisfactory 

and reliable assays. Both the tube dilution method and the 

agar diffusion methods of assay were employed; the former method 

was preferred. 

Biological assay of streptomycin is more difficult #4 the 

corresponding assay of penicillin, because the curve showing the 

relation between the extent of the zone of inhibition of the tes 

organism and the concentration of antibiotic is flatter for 

streptomycin than for penicillin. In addition, difficulties 

peculiar to streptomycin assay have to be considered and 

these 0.4, be mentioned: 

ft ong 

(1) Filtration through Seitz filter-pads caused *-orption 

losses. 

(2) The activity of streptomycin is dependent upon the pH 

of the medium used in the test. 

The results of this work may be summarised as folio,. 

The surface-culture method of producing streptomycin has been sat- 

isfactori4 developed and, the practicability of the ref boding 

of cultures for further production of the antibiotic has been 

confirmed. Progress has been made in the development of the 
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atad -cu ,.t : re method; this progre was limite 

exceptional, difficulties inherent in such work. 

by 

ion and 

rification of the antibiotic has proceeded satisfactorily. 

satisfactory technique of assay of streptomycin has been 

evolved. 

A more comprehensive account of this work has been 
submitted in the form of a report on the first year's 
tenure of the Imperial Chemical Industries Fellowship and 
copies are available in the University. An account of 
the work has been 'written for publication in the Biochemical. 
Journal. The manuscript, entitled "Studies in Antibiotics. 
Streptomycin" by S.Y. Challinor and H.K.King, 'Bacteriology 
Dept. University of ßdinburgh, is now ready for publication. 

Rig 
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O VA2IONS ON 

NLîBIÚCE TO THE DIS 

Y Ye 

OP OCCUPIED SB 

`1ION O; 

of the war there was an urgent 

need for bacteriological investigation of the air of such 

occupied premises as air -raid shelters, army camps and hospit 

wards. The writer - ^gas asked by Professor T. J. Mackie to under 

s avor., which w 

active interest and cons 

grateftlly acknowledged. 

bacteriological in nature. The... 

ant advice of Prof essor . Mackie is 

In our papers (K - III) which 

are discussed below, the writ 

responsible for the work of t 
er was entirel,y or mainly, 

he first three, and. his share 

ake 

the fourth paper (XIII) is defined later. 

At the commencement of the investigation the writer realised 

that a more reliable methoi of air-sampling than that provided 

by mere exposure to the air of plates of nutrient material 

(the usua1 method) was essential. A slit :sampler, similar to 

that designed by lìourd.illon, Lá.dwel.l and Thomas for collecting 

air-borne bacteria, was constructed and used throughout these 

investigations. 

lC. Bacteriolo_f.cal. Observations on the Air of Oc ieà..:Prem.i.ses.:I. 

Air Disinfection with hipochloxites. A Sim ,le Practical Met%+& 

of 17:i2infectin the Air of Occu i.ed Premiscs. (1943) j. Hyg. 

Camb. 43, 16. 

Practicable disinfection of the air of occupied premises 

is an exceedingly difficult process. Even at the present time 



there is no generally accepted method of air disinfection. 

out an 

Ligation of the kind under consideration. Accordingly, 

the procedure adopted, and the rethod of assessment of results 

There appeared to be no standard procedure fo 

inves 

are entirely due to the 

°table disinfectant for 

Careful attention If given to 

éter. Hypochlorite was cho 

trial. 

a 

assessrc,en 

of the normal va ion in the bacterial content 'of the . 
air of au'.: 

occupied room; the results ehest and value.; comparison 

between these results and those obtained after use of the air 

distiifeetant formed the ba of the method employed for 

determining the effica tif the disinfectant. 

The paper under review is very lengthy (40 pages), 

summarised and ;Li 

however that: 

( l The expe 

ade qua' 

need be added here. It may be mentioned 

iment were carried out by the wr°i.ter Wider via: 

carefully' controlled conditi cans. 

(2) The main object of the work, name the development o 

simple zracti.caZ means of ai.r disinfection, was achieved. 

(3) The experimental procedure proved emm3.nentiy sa.ti.sf t 

and formed the basis of subsequent work (Papers X,I`'and"; 

XI.pylen c G1 col Va our as ara ` Disinfectant. I. . . 

^8®. 

cagues had. 

Ided. Jó 
The work of Robertson and his c 

.G 

a 

y' 

the potential value of propylene glycol as an ate dis3nfectaat 

it was decided, to investigate the efficacy of the e glycol for ti 

d 

Y 
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purpose. Dr. J. P. Duguid, then an Honours Student, assisted in this 

work. 

Effective disinfection of the air of a crowded room was 

accomplished by repeated, or by continuous, vapourisation of 

propylene glycol into the air of the room. For the continuous 

process the amount of glycol required was exceedingly small and 

vapourisation at the rate of 1 ml. glycol per million ml. of air per 

hour, effected a considerable reduction (85 per cent during the 

period of vapourisation) in the air infection naturally present 

(largely dust-borne) in the crowded room. The mist formation, 

which occurred as a result of the vapourisation of the glycol was 

slightly objectionable and limited the practical value, of the process. 

XII. Propylene Glycol Vapour as an Air Disinfectant. IL (1944) Edin. 

Med. Jour. 51, 3 
7, 

Propylene glycol as an air disinfectant was further investigated. 

With Dr. Duguid the effect of the glycol on droplet-spray infection in 

a crowded room was examined. Such air infection proved more 

susceptible to the glycol than the naturally occurring air infection 

described in the preceding paper. Considerable reduction 

(approximately 906/0') in the mouth-spray air infection was effected by 

vapourisation of the glycol at the very lm rate of 0.5 ml, glycol 

per million ml, of air per hour. Mist formation was not objectionable 

and the process was considered practicable. Comp arab le results 

were also obtained with hypochlorite when vapourised at a rate free 

from objectionable effects upon the occupants of the room. 
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ti flation cx Air durin. an E idemic of 

Throat o 

he Rheumatic Diseases, 5, (No.2), 36. 

d P 

The experience gained during the investigation described in 

the first of the preceding three papers (Paper X) was of great value 

in the research now under consideration. 

In 1942 the writer was asked (by Dr.C.A.Green) to collaborate-in 

an investigation of the bacterial content (especially the streptococci) 

of the air of the various dwelling places of a semi-closed coninunity 

of youths, during an epidemic of haemolytic throat infections. The 

dwelling places examined included, a dormitory, cinema-hall, recreation 

room and schoolroom. In addition to the bacteriologi observations 

made under normal living conditions (part I of the paper) observa- 

tions were also made under special conditions, such as in the 

diate vicinity of known sources of infection (plt II of the 

paper). 

The results of the investigation were of value in determining 

the probable sources and mechanisms responsible for the bulk of 

the air-infection. Of particular interest was the conclusion that 

air-infection could not be correlated directly with the degree of 

crowding but rather with the amount of activity of the occupants. ' 

Mention must also be made of the very high content of Str. pyogenes 

carrying particles recorded in certain of the experiments made under 

the 'special' conditions. 

P1D., 

Dr.C.A. Green, was in charge of this invest igatio 
4 

Duguid carried out much of the practical work. 

and. Dr.J.P. 
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(1945) Annals of - Rheumatic Diseases, 5, (No.2), 36. 

The experience gained during the investigation described in 

the first of the preceding three papers (Paper X) was of great value 

in the research now under consideration. 

In 1942 the writer was asked (by Dr.C.A.Green) to collaborate in 

an investigation of the bacterial content (especially the streptococci) 

of the air of the various dwelling places of a semi-closed community 

of youths, during an epidemic of haemolytic throat infections. The 

d-lling places examined included, a dormitory, cinema-hall, recreation 

room and schoolroom. In addition to the bacteriological observations 

made under normal living conditions (part I o: the paper) observe.- 

tions were also made under special conditions, such as in the 

odiate vicinity of known sources of infection (part II of the 

Paper). 

The results of the investigation were of value in determinin 

Probable sources and mechanisms responsible for the bulk of 

air-infection. Of particular interest was the conclusion that 

air-infection could not be correlated directly with the degree of 

crowding but rather with the amount of activity of the occupants. 

Mention must also be 40- of the very high content of Str. pyogenes 

carrying particles recorded in certain of the experiments made under 

the 'special conditions. 

Dr.O.A. Green, waS in charge of this investigation and Dr..30P4, 

Duguid carried out Imich of the practical work. 
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142. Polysaccharides. Part X T.I.I. The Constitution and Chain 
Length of Levan. 

By S. W. CHALLINOR, W. N. HAWORTIT, and E. L. HIRST. 

THE polysaccharide levan, obtained by Harrison, Tarr, and Hibbert (Canaadiat. J. Res., 

1930, 3, 449) by the action of 13. mesentericus on sucrose, gives by hydrolysis an almost 

quantitative yield of fructose and is therefore related to the naturally occurring poly- 

saccharide inulin. The mode of linking of its fructose units differs from that obtaining in 

inulin. Both carbohydrates are composed of furanose units, but whilst inulin utilises 

positions 1 and 2 of the fructose in effecting the mutual union of its groups, the positions 
participating in the linking of units in levan are those hydroxyl groups at 2 and 6 in fructose 
(Hibbert, Tipson, and Brauns, ibid., 1931, 4, 221). Thus the opposite terminal positions 1 

and 6 are concerned in the two polysaccharides. They both display a negative rotation 
([cc], -36° for inulin and -47° for levan) and they are hydrolysed with similar ease. 

The assay of the chain length of methylated levan (which behaves on analysis as though 
it were trimethyl levan) has been undertaken by the method employed in these laboratories 
in the cases of cellulose, starch, glycogen, inulin, etc. (J., 1932, 2270, 2277, 2368, 2372). 

Hydrolysis of the methylated levan revealed the presence of a terminal group recognisable 
as tetramethyl fructofuranose. About 10 -11% of the scission product was identified 
as this sugar by its conversion into the crystalline amide of 2 : 3 : 4: 6- tetramethyl 
fructuronic acid (compare Avery, Haworth, and Hirst, J., 1927, 2313). Special attention 
was paid to the possibility that levan might not be homogeneous but might consist of 
molecules of similar structure but of various chain lengths. All attempts, however, to 
separate methylated levan into fractions displaying different properties or giving different 
amounts of tetramethyl fructofuranose on hydrolysis, were unsuccessful. The " trimethyl 
levan " appeared therefore to be homogeneous. If the methylated levan be represented 
by the formula below, it is seen that the left -hand terminal group is the one characterised 

the experimental procedure adopted and it follows that the chain length of the methylated 
polysaccharide consists of about 10 -12 units of fructose. 

O 
MeO-H2C 

`TI \feo 

H I CH2.OMe 
MeO H 

Yields 1 : 3 : 4 : 6- tetramethyl 
fructofúranose 

O 
H2C O H2C 

\ II=_(e0 \n Meo j 
H\ 

4 
CH2 7-1 OMe CH2.OMe MeO H J8-10 MeO H 

O 
Me 

Yields 1 : 3 : 4- trimethyl 
fructofuranose 

Of the occurrence of this end group as a furanose there can be no doubt, and the properties 
of the polysaccharide support its complete formulation as a furanose type. It should not 
necessarily be inferred, however, from the further conversion of the crystalline 1 : 3 : 4- 
trimethyl fructose into tetramethyl fructose of the furanose form that the above crystalline 
sugar has been isolated as a furanose. Owing to the ease of interconvertibility of a 1 : 3 : 4- 
trimethyl fructose into either the furanose or the pyranose modification it will depend on 
conditions of methylation of the free sugar whether the completely methylated tetramethyl 
methylfructoside appears as a furanoside or a pyranoside. Actually in the experiments 
recorded the furanoside was isolated. 

We are unable at this stage to pronounce upon the nature of the right -hand terminal 
group, which has also been formulated above as a fructofuranose residue, and we have no 
reason at present to suspect that this is not the case. Whilst recording the iodine value 
of the polysaccharide, we do not connect this with the chain length. It appears somewhat 
anomalous and indeed the same observation applies to the viscosity measurements which 
give a value for the chain length which is about twice that determined by chemical assay. 
These factors are under investigation, not only in connexion with levan but also in so far 

676 
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as they concern the calculation of the molecular size of other polysaccharides, and facts 
have accumulated, to be published later, which may influence greatly the interpretations 
to be placed on these calculations. 

EXPERIMENTAL. 

Preparation of Trimethyl Levan -Levan prepared from sucrose by the action of B. mesenteri- 
cats (Harrison, Tarr, and Hibbert, loc. cit.) was a non -reducing white solid, [a]5.`r`h -47° in water, 
with properties which conformed in all respects with those recorded for levan (yield, 43 g. from 
200 g. of sucrose). When levan was hydrolysed with dilute aqueous oxalic acid (0.5 %), the 
rotation changed in the course of 1 hour from [a],;° -47° to -90° (the concentration in the 
latter case being that after hydrolysis). It would seem, therefore, that the levan used was 
composed entirely of fructose units (fructose has No -91 °) (compare Hibbert and Percival, 
J. Amer. Chem. Soc., 1930, 52, 3995). The iodine number (Bergmann -Machemer, Ber., 1930, 
63, 316, 2304) was 5.2, corresponding with an apparent molecular weight 3800. Levan (20 g. 
containing 7% of moisture) in water (60 ml.) was methylated with 30% aqueous potassium 
hydroxide (246 ml.) and methyl sulphate (86 ml.), the conditions of Hibbert, Tipson, and 
Brauns (loc. cit.) being employed. In subsequent methylations the procedure was modified, 
and the reaction was carried out at 55° in the presence of acetone. Under these conditions the 
methylated product remained in solution until precipitated by addition of water at the end of 
the reaction. After three treatments methylated levan was obtained as a white powder, which 
was washed with water and from which mineral impurities were removed by solution in chloro- 
form. Removal of most of the solvent left a pale yellow syrup, which was boiled with dry 
ether, giving trimethyl levan as a white powder (yield, 85% of the theoretical) (the ether removed 
some mesityl oxide and other impurities), [ca; -60° in chloroform (c, 2) (Found : C, 52.8; 
H, 7.7; OMe, 44.5. Calc. for C9H1605 : C, 52.9; H, 7.9; OMe, 45.6%). 

This sample of trimethyl levan was soluble in chloroform, ethyl alcohol, acetone, methyl 
iodide and carbon tetrachloride. It was not completely soluble in tetrachloroethylene and we 
were unable to measure its rotation in this solvent, in which Hibbert, Tipson, and Brauns re- 
corded [a]Ï ° -87 °. Several preparations of trimethyl levan were made by the above method 
without variation in the properties of the final product. 

Attempted Fractionation of Trimethyl Levan. -Trimethyl levan (59 g.) was dissolved in a 
mixture` of chloroform (100 ml.) and acetone (100 ml.) and was fractionally precipitated by 
successive additions of light petroleum (b. p. 40 -60 °). After addition of a total of 4 1. of light 
petroleum, only a negligible amount of material remained in solution. The five precipitates 
weighed 51 g. ; a further 3 g. ([4,9 - 59° in chloroform) which adhered mechanically to the 
walls of the vessels were obtained by extraction of the flasks with chloroform. This recovered 
material appeared to be identical with fraction HI. In the following table the properties of 
the fractions are summarised, fraction I being the one precipitated by the first addition of light 
petroleum and so on in order. The abnormal m. p. and viscosity of fraction I were found to 
be due to its ash content, the whole of the mineral impurities of the trimethyl levan having 
been precipitated in this fraction. . 

Fraction. 

11 

III 
IV 
V 

* The m. p.'s were indefinite with previous softening and depended on conditions of heating, etc. 

Wt., g. 

7 2 5 

11.2 
2.8 
1.5 

[a];es0 in chloroform. 
55 
60 '. 
59 

-55 
-58 

M. p.* 
"_' 115 -135° 

130 -132 
142 -144 
133 -135 
120 -122 

,I .T 

0.36 
.0.11 
0.11 
0.11 

"0.11 

OMe, %o. 

44.5 
44.3 
45.0 44.0 

44.4 

Little significance is to be attached to the differences in m. p. of the fractions. 
t In +m- cresol at 20° (c,:0.02 g, in 5 ml.), using Staudinger's method. The measurements were made 

with the object of testing the homogeneity of the fractions. Their significance in connexion with 
molecular- weight determinations will be discussed later. 

Hydrolysis of Trimethyl Levan, Traction (II);- Preliminary experiments showed that by use 
of oxalic acid in aqueous methyl alcohol loss of 'trimethyl fructose by decomposition during 
hydrolysis was reduced to a -minimum. Trimethyl levan (25 g., fraction II) was dissolved in 
water (250 ml.) containing oxalic acid. (16 g. crystalline) and after addition of methyl alcohol 
(750 ml.) the solution was heated at 80° for 11 hours, during which the rotation changed from 
[a]1.,'E9 -50° to -0.5° (constant value). After neutralisation with calcium carbonate the 
solution was evaporated under diminished pressure to a syrup, which was dissolved in dry ether: 
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Sbme mineral matter was thereby removed and evaporation of the ether left a pale yellow, 
strongly reducing syrup (27.2 g.), which was dissolved in 0.25% methyl -alcoholic hydrogen 
chloride (700 ml.). After 44 hours at 15° the solution no longer reduced Febling's solution and 
no furfural had been produced (aniline acetate test). After neutralisation with barium car- 
bonate the solution was evaporated (in presence of a little solid barium carbonate) at 35 °/12 mm. 
to a mobile non- reducing syrup (27.1 g.), which gave the following fractions on distillation : 

(A) 14 g., b. p. 1050/0.04 mm., ni° 1.4532, OMe 50.0% ; (B) 11-1 g., b. p. 108 -110° /0.06 mm., 
sae° 1.4571, OMe 51.2 %; (C) 1.0 g., b. p. 130 -150 °;0.05 mm., njr 1-4672, OMe 47.5 %. Still 
residue 0.9 g. (all temperatures are bath temperatures). Fraction (A) was distilled into a Widmer 
flask (bath temperature 112 -115 ° /0.08 mm.) until 8 g. had been collected. Distillation through 
the Widmer column then gave (D) 2.35 g., b. p. about 80 0/0-02 mm. (bath temp. 129 °), air 
1 4444, [a]r0 i -79° in water (c, 0.9), OMe 59-7%; and (E) 0.95 g -, b. p. about 85 0/0.02 mm. 

r:(bath:.temp. 133- 1370), Ter 1.4:517, OMe 51.8 %. The physical constants and analytical data 
of:.:(D) show that it consisted almost entirely of tetramethyl methylfructoside. A further 
portion of (A.) (4 g.) was then distilled (bath temp. 115- 120 ° /0.05 mm.) into the Widmer flask, 
and the distillation from the latter continued, giving (F) 4.8 g., b. p. 82- 900/0.03 mm. (bath 
'temp. 137- 145 °), n)5° 14549, [a]g ---70° in chloroform, OMe 52.6 %. At this stage part of 

raction (B) (7 g.) was distilled (bath temp. 118- 120 ° /0.03 mm.) into the Widmer flask, and the 
ractionation continued, giving (G) 5.55 g., b. p. about 92 °/0.03 mm. (bath temp. 142 -145 °), 

sae° 1.4557, (a]ß760 +65° in chloroform, OMe 51.2 %. The whole of the remaining material 
([.(C), the remainder of (A) and (13) and the residue in the Widmer Bask] was then distilled from 
'an ordinary flask, giving (H) 7.8 g. (bath temp. 120 -130 °/0.03 mm.), as ° 1.4580, OMe 
0.!5 %; (I) 1.1 g. (bath temp. l35 - - -- 155 ° /0.05 mm.), sae 1.4612, OMe 48.3 %; (J) 1.5 g. 
(bath temp. 190- 235 ° /0.1 mm.), ra ¡'° 1.4732, OMe 41.4 %. A small dark -coloured resinous 
;still residue remained. All the above distillates except (J) (which was pale yellow) were 
solo irless oils which gave no test for furfural (aniline acetate) or unsaturated decomposition 
products (potassium permanganate). The total amount of tetramethyl methylfructoside 
[2.5`g. contained in (D) and (E)] was 10% of the weight of methylated levan subjected to 
hydrolysis. 

Hydrolysis of Trisnethyl Levan, Fractions III, IV, and V.- Fractions III (9.6 g.), IV (2.05 g.), 
and V (1.0 g.) of the trimethyl levan (as above) were combined for hydrolysis, the procedure 
being identical with that just described for fraction II. During hydrolysis the rotation changed 
in 10 hours from [a]578Ó -54° to -0.3 °. After the treatment with methyl- alcoholic hydrogen 

;:chloride 12.15 g. of non -reducing methylated methylfructosides were obtained. Furfural was 
absent. The preliminary distillation gave (A'), 6.97 g. (bath temperature 98 -104 °/0.04 

fall° 1.4540, OMe 51.4 %; (B') 3.56 g. (bath temp. 106- 113° /0.04 mm.), nj ° 14576; 
OMe 49.8 %; (C') 0.98 g. (bath temp. 122 -135 °1'0.07 mm.), njr 1.4644. All of (A') was 
distilled into the Widmer flask and fractionated through the column, giving (D') 1.0 g., b. p. 
about 80 °/0.04 mm. (bath temp. 130 -- 136 °), n I.4459 (:Found ; C, 52.1; H, 8.9; OMe, 
57.3. Cale. for C11II22O6 : C, 52.8; H, S.8; OMe, 62.0 %) (this fraction contained about 
15: -20% of trimethyl methylfructoside) ; (E') 1.58 g., b. p. ca. 86 -90 °/0.04 mm. (bath temp. 
(38- 142 °), 1.4518; (F') 0.56 g,, b. p. 86 ° /Q1 mm. (bath temp. 155 -165 °), 

ll° 1.4544, OMe 47.7 %. Some of (B') was then distilled into the Widmer flask, and the dis- 
tillation from the latter continued. Nothing distilled below 145° (bath temp.), the next 
fraction being (G') 2.65 g., b. p. ca. 82° /0.01 mm. (bath temp. 145 -155 °), as ¡,° 1.4559, 
OMe 51.6 %. At this stage, all tetramethyl methylfructoside having been removed, the distill 
ation was stopped, the residue in the Widmer flask was combined with (C') and the rest of (B'), 
and the mixture distilled from an ordinary flask, giving (H') 2.76 g. (bath temp. 114 -125 °/0.35 
mm.), it' 1.4567, OMe 51.1; (I') 0.12 g. (bath temp. 120 -140 ° /0.05 mm.), sall° 1.4600, O11Ie 
49.7 %; (J') 1.22 g. (bath temp. 140 -210 °/0-05 mm.), 42° 1.4640, OMe 46.2 %. All the above 
distillates were free from furfural or reducing impurities. Fractions (D') and (E') together 
contained about 1.0 g. of tetramethyl methylfructoside, i.e., 10% of the weight of material 
subjected to hydrolysis. 

Characterisation of Me Distillates. -(a) 1 : 3 : 4- Trirnethyl methylfructofuranoside. Each of 
the above distillates having refractive indices, b. p.'s, and methoxyl contents corresponding 
with a trimethyl methylhexoside gave on hydrolysis crystalline 1 : 3 : 4- trimethyl fructose. 
The observations with fraction (H) were typical (Found : C, 51.1; H, 8.7; OMe, 50.5. Cale. 
for Ci0H2000: C, 50.8; H, 8.5; OMe, 52.6 %). On hydrolysis at 80° with 0.25% hydrochloric 
acid (130 ml.) fraction (H) (6.5 g.) showed, a change in specific rotation from [a]57ß0 + 7° (in 
dilute hydrochloric acid) to -50° (constant value reached in 60 minutes). After neutralisation 
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with silver carbonate the product was extracted with chloroform, giving 1 : 3 : 4-trimethyl 
fructose as a solid crystalline mass, m. p. (after recrystallisation from ether) 75°, alone or when 
mixed with an authentic specimen prepared by Hibbert, Tipson, and Brauns. [e]% -52° 
(equilibrium value in water; c, 50) (Found : C, 48.6; H, 8.1,- OMe, 41.0. Calc. for C5H1806 : 

C, 48-7; H, 8.2; OMe, 41.8%). 
On methylation by silver oxide and methyl iodide 1 : 3 : 4-trimethyl fructose gave 

tetrarnethyl methylfructoside (yield, almost quantitative), b. p. 05°/0.10 mm. 
-1° in water (e, 0.5) (Found : 0111e, 61.0_ Calc. OMe, 62.0%). This was a non-reducing 
mobile syrup, without action upon neutral potassium permanganate, and on hydrolysis at 80° 
for 4 hours with N/10-hydrochloric acid it gave a product which had []n +31° (equilibrium 
value) and appeared to be mainly tetramethyl fructofuranose. 

(b) 1: 3 : 4 : 6-Tetrainethyl inethylfructoptralioside. The identity of the tetramethyl methyl- 
fructolaranoside (fractions D and D') was proved by its conversion (in yield similar to that 
previously recorded for authentic tetramethyl fructofuranose) into the crystalline amide of 
2 : 3 : 4 : 6-tetramethyl fructuronic acid, m. p. 99°, alone or when mixed with an authentic 
specimen (for details see Avery, Haworth, and Hirst, loc. cit.). 

We are indebted. to Imperial Chemical Industries Ltd. for financial assistance. 

UNIVERSITY OF BIRMINGHAM, EDGEASTON. [Received, April 4th, 1934.] 

PRINTED IN GREAT BRITAIN ElY RICHARD CLAY & SONS, LIMITED, 
BUNGAY, SUFFOLK. 



THE CARBOHYDRATES OF GRASS. 
ISOLATION OF A POLYSACCHARIDE 

OF THE LEVAN TYPE 

BI' 

S. W. CHALLINOR, 
W. N. HAWORTH, 

AND 

E. L. HIRST 

Reprinted from the Journal of the Chemical Society, 
October, 1934. 



Reprinted from the Journal of the Chemical Society, 1934. 

339. The Carbohydrates of Crass. Isolation of a Polysaccharide 
of the Levan Type. 

By S. W. CHALLINOR, W. N. HAWoRTH, and E. L. HIRST. 

UNDER a scheme promoted by Imperial Chemical Industries, Ltd., we have been able to 
examine -the carbohydrate content of rough -stalked meadow grass (Poa irivialis) grown 
at the Agricultural Research Station, ,Jealott's Hill, Bracknell. Other constituents of the 
same specimen of grass have been reported on by Dr. A. C. Chibnall and his collaborators 
(Biochem. J., :1933, 27, 1379 ; 1034, 28, 326), to whom we are indebted for providing an 
aqueous extract of the dried grass from which protein and insoluble polysaccharides were 
absent. 

Our detailed examination lias revealed the presence inter alia of a water -soluble poly- 
1560 
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saccharide from which only fructose is liberated on hydrolysis. From its properties, 
including those of its acetyl and methyl derivatives, we have been able to relate this 
polysaccharide to levan, the analogue of inulin, and previously obtained only by the action 
of micro -organisms (e.g., B. mesentericus) on sugars containing fructose (Harrison, Tarr, and 
Hibbert, Canadian J. Research, 1930, 3, 449 ; Hibbert, Tipson, and Brauns, ibid., 1931, 4, 
221). Simultaneously with this work on the identification of the soluble polysaccharide 
from grass we have investigated the constitution and chain -length of levan (this vol., 
p. 676). Its molecular structure is represented by the following formula : 

0 O 
HO -H2C r --- ; -H2C O H2C /\ OH 

1 

n no , IT no 1 \H n j 
H l't CH2 OH H j i CH2.OH H -1 

CH2.OH 
HO H L HO H ....8-10 HO H 

Whilst the points of union of contiguous fructose residues in inulin are at the positions 1 

and 2, the linking of the units in levan are through the hydroxyl groups at positions 2 and 6 

in the fructo -furanose residues. Hydrolysis of methylated levan and of the methylated 
water- soluble polysaccharide from grass gave the sanie crystalline 1 : 3 : 4-trimethyl 
fructose. We have shown that the chain -length of levan is represented by 10 -12 fructo- 
furanose units linked as above, and that the grass polysaccharide is identical in all its physical 
and chemical properties. We have not, however, been able to determine the chain -length 
of the grass polysaccharide, but from its general behaviour we judge that this is not very 
different if at all from that of levan. It is evident that this compound represents an 
important means of storage of carbohydrate material in meadow grass. 

Of the reducing sugars present in the aqueous extract of the grass, glucose and fructose 
predominated and occurred in approximately equal amounts. The former was isolated as 
the penta- acetate (crystalline) and as the osazone. The syrupy mixture of these sugars 
gave phenylglucosazone in the cold, a circumstance which furnishes abundant confirmatory 
evidence of the presence of fructose. It does not seem to be generally known that fructose 
yields an osazone without heating in the presence of phenylhydrazine. In one specimen 
of the extract, galactose was detected and crystalline mucic acid isolated from it. 

It becomes clear that in plant life reserve carbohydrate may be stored as chains of 
fructo- furanose units in two distinct materials : (a) as the inulin group of products, and 
(b) as the levan type, each differing in their mode of linking. No example is yet known of 
the occurrence of fructo- pyranose units in a natural polysaccharide. On the other hand, in 
natural products, glucose units appear to be exclusively pyranose in type. The present 
work affords another example of this statement in that the only disaccharide which could 
be identified with any certainty in the grass extract was gentiobiose, which was isolated and 
examined crystallographically as the octamethyl derivative. 

O 

EXPERIMENTAL. 

Isolation of a Polysaccharide present in an Aqueous Extract of Dried Rough- stalked Meadow 
Grass (Poa trivialis). -An aqueous extract (231. from which proteins had been removed) of dried 
rough- stalked meadow grass (dry weight, 2780 g.) was concentrated under diminished pressure 
at 20° to 2200 c.c. Alcohol (4500 c.c.) was added, and the precipitate separated on the centrifuge. 
The solid material, which contained only traces of reducing sugars, was dissolved in water and an 
excess of neutral lead acetate was added to the solution, which at this stage was slightly acid to 
litmus (acidification, if necessary, with acetic acid) ' -After removal of the small precipitate 
ammonia was added until the solution was strongly alkaline. The copious precipitate of the 
lead sugar complex was collected on the centrifuge dissolved in 30% aqueous acetic acid, the 
solution centrifuged, and the leadsugar complex reprecipitated with ammonia and washed with 
dilute aqueous ammonia. It was then suspended in water at 60°, and the lead removed as lead 
carbonate by bubbling carbon dioxide through the mixture. After filtration, the solution was 
evaporated under diminished pressure at 40° to a thin syrup, which was poured into alcohol. 
The precipitated polysaccharide was purified by solution in water, followed by reprecipitation 
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by alcohol. It was a non- reducing white powder, soluble in water but insoluble in organic 
solvents (yield, 20 g.). 

Further purification was effected by formation of the acetyl derivative (which can be readily 
purified) and subsequent de- acetylation. The polysaccharide then showed [a]li° - 41° in water 
(c, 10). It was non- reducing, soluble in water, insoluble in organic solvents, and gave no colour 
with iodine [ Fóund (for air -dried material containing 8% of moisture) : C, 40.5 ; H, 6.7. These 
figures are equivalent to C, 44.1 ; H, 6.3 for moisture -free material. COH10O, requires C, 44.4; 
H, 6.2 %]. 

The hydrolysis of the polysaccharide in N /10- hydrochloric acid at 20° was followed polari- 
metrically. The rotation changed smoothly from MD - 40° to - 96° in the course of 3 hours. 
When the final figure is calculated on the basis of concentration of sugar after hydrolysis, the 
value is - 87 °, in close agreement with the value for fructose ([a]D - 91 °)_ Evidence for the 
presence of fructose was obtained by the formation at room temperature of glucosazone, m. p. 
205° No mannose phenylhydrazone could be detected and mannose was presumably absent. 
Before hydrolysis the aqueous solution of the polysaccharide was non -reducing and gave no 
blue colour when tested by Bredereck's specific colorimetric method for fructose. After 
hydrolysis, 'a colorimetric estimation by Bredereck's method indicated that a quantitative 
conversion of the polysaccharide into fructose had taken place. It appeared, therefore, that no 
sugar other than fructose is liberated during hydrolysis. 

Acetylation of Polysaccharide. -The substance (1 g.) was dissolved in water (2 c.c.), and 
pyridine(25 c.c.) mixed slowly with the solution. Acetic anhydride (25 c.c.) was then gradually 
added, the temperature not being allowed to exceed 35 °. After 2 days at room temperature the 
clear solution was slowly poured into water (400 c.c.) and the White precipitate was washed 
repeatedly with water until free from acid. The crude acetate (1.4 g.) was soluble in chloroform, 
.sparingly soluble in acetone, and slightly soluble in hot alcohol. Purification of the acetate was 
effected :by.;extraction with warm alcohol, followed by solution of the undissolved material in 
chloroform and reprecipitation by addition of light petroleum. The polysaccharide acetate so 
obtained was a non -reducing white powder indistinguishable in its properties from levan acetate 
When heated,-it softened at 110° and melted gradually over a wide range of temperature (about 
100 °). [a]v + 23° in chloroform (c, 1.0) (Found : C, 49.9; H, 5.7; CHsCO, 44.2. Calc. for 
C12Hi6Oe : C, 50.0; H, 5.6; CHZCO, 44.8 %). 

The rotation of the polysaccharide acetate varied somewhat according to the mode of pre - 
paration. Similar observations were recorded in control experiments on the acetylation of 
levan. " °The details of these will be published aater (compare inulin acetate, Haworth and 
Streight, Heiv. Chini. Acta, 1932, 15, 609). 

Methylation of Polysaccharide. -The polysaccharide acetate was simultaneously de- acetylated 
and methylated with methyl sulphate and sodium hydroxide in the presence of acetone at 54 °, 
the usual procedure being followed. The methylated derivative separated as an insoluble 
powder when the solution was heated at 80 °, after removal of the acetone by distillation. The 
solid was collected, washed with hot dilute sodium hydroxide, and re- methylated. After three 
methylations the product was washed with small quantities of boiling water until almost ash - 
free. The`trimethyl derivative was thus obtained as a grey powder (yield, 75% of the theoretical), 
soluble in chloroform and acetone in the cold, almost insóluble in hot water, but becoming sticky 
in cold water. [x]5'-,s0 - 60° in chloroform (c, 1.0) (Found : C, 52.9 ; H, 8.1.; : OMe, 43.3. 
CO1-11005 requires C, 52.9 ; H, 7.9; OMe, 45.6 %). 

I-Jyd olysis of Methylated Polysaccharide.-The methylated derivative (3.46 g.) was boiled for 
150 minutes -with 1.5% methyl -alcoholic hydrogen chloride (300 c.c.) until the rotation had 
reached the constant value [a]t, -}- 31 °. The solution (which was non -reducing and free from 
furfural) was neutralised with silver carbonate and concentrated in a vacuum to a pale yellow, 
non -reducing syrup. This was dissolved in ether, leaving an insoluble residue (0.45 g.) which 
appeared to consist of incompletely hydrolysed material. After removal of the ether the mobile 
syrup (3.0 g.) :which remained was distilled, giving (a) mobile oil (0.4 g.), b. p. 95- 100° /0.03 mm. 
(bath temperature), aav° 1.4197; (b) mobile oil (1.5 g.), b. p. about 1400/0.03 mm. (bath tem- 
perature), rzir 1.4590 (Found : OMe, 49.2. Calc. for C 1011200 : OMe, 52.6 %); (c) viscid syrup 
(0.2 g.), b. p 190- 220° 0.05 mm. (bath temperature), nD' 1.4704; (d) undistillable still- residue 
(0.8 g., probably incompletely hydrolysed material), 

Fraction: (b) was non- reducing towards Fehling's solution; [a]5 0 -{- 9° in water_ (c, 2.5). 
When this substance was heated at 95 °' with 1.2% hydrochloric acid, the rotation altered in 
35 minutes from the above value to the ,:final constant value [á];° - 43° (Calc.' as trimethÿl 
fructose). The acid was then neutralised with silver carbonate and the solution was evaporated 
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to dryness under diminished pressure. The product was dissolved in ether to eliminate some 

mineral impurities and on removal of the solvent 1 : 3 : 4- trimethyl fructose was obtained as a 

colourless syrup (yield, almost quantitative), which rapidly crystallised after inoculation with a 
fragment of the authentic material. The crystals formed a solid mass which appeared to be 
almost free from adhering syrup. [a]g's, - 49° in water (c, 1.0), final equilibrium value after 
completion of mutarotation. This value is close to that of authentic 1 : 3 : 4- trimethyl fructose 
prepared from levan ([ca. - 52 °, equilibrium value in water) and indicates that there was no 

serious contamination with other sugars. Further proof of identity was provided by recrystal- 
lising the above material from ether. This gave 1 : 3 : 4- trimethyl fructose, m. p. 75° (alone or 
in admixture with a sample prepared from levan). The properties of this substance were 
identical with those already recorded for 1 : 3 : 4- trimethyl fructose. 

Reducing Sugars in Aqueous Extract of Dried Rough- stalked Meadow Grass. -The aqueous 
alcoholic solution from which the polysaccharide portion had been removed (see above) strongly 
reduced Fehling's solution. The sugars were precipitated in the usual way with basic lead 
acetate, and the lead removed from the insoluble lead complex as the carbonate. Any remaining 
dissolved lead was removed as sulphide from the aqueous solution of the regenerated sugars. 
The hydrogen sulphide was removed by aeration, and the solution concentrated under diminished 
pressure to 1 litre. The total amount of reducing sugars present at this stage was equivalent to 
165 g. of glucose (obtained from 2780 g. of grass, dry- weight). Tests were made on this solution 
and on others obtained by similar procedure with the following results : 

(a) Aldose-ketose ratio. Estimation of the total reducing sugars by Fehling's solution and of 

the aldose content by the Willstätter- Schiidel method showed that every 100 g. of reducing 
sugars (calc. as glucose after titration with Fehling's solution) contained 54 g. of aldose (cale. as 
glucose). 

(b) Qualitative tests for individual sugars. Glucosazone, m. p. 205 °, was formed readily at 
room temperature and in greatly increased yield at 100 °. These observations together with 
those under (a) indicate that both glucose and fructose were present in quantity. When estim- 
ations were carried out by the specific colorimetric method of Bredereck, it was found that the 
fructose present amounted to one half of the total reducing sugars (the latter being estimated as 
glucose by Fehling's solution). 

No mannose phenylhydrazone was observed and mannose was presumably absent. Negative 
results were obtained when the cadmium bromide- cadmium xylonate test for xylose was carried 
out. Qualitative tests for the presence of arabinose (as benzy 1phenylhydrazone) were negative. 
The furfural test for pentoses was inapplicable owing to the presence of fructose. It would 
appear, however, that at most only very small quantities of pentoses could be present. From 
one solution a trace of mucic acid (test for galactose) was obtained after oxidation with nitric 
acid, but this was not given by other batches of reducing sugars. In any case the amount of 
galactose present was negligible. 

(c) Acetylation of mixed sugars. A neutral aqueous solution (100 c.c.) containing 4 °¡1 of 
reducing sugars (calc. as glucose) was evaporated to a syrup under diminished pressure in a 
stream of carbon dioxide. The last traces of water were removed by simultaneous addition and 
distillation of glacial acetic acid under diminished pressure. The dry syrup was acetylatecl with 
acetic anhydride (200 c.c.) and anhydrous sodium acetate (30 g.). After 2 hours at 95 -100° 
the mixture was poured into 1500 c.c. of cold water. A viscid syrup (A) separated and after 
12 hours at room temperature the supernatant aqueous solution was removed by decantation, 
neutralised with sodium bicarbonate, and extracted with chloroform. The chloroform extract 
gave 6.75 g. of neutral brown syrup, which was soluble in water. This syrup was re- acetylated, 
and the product separated into two fractions ; (a) mobile syrup, 2.7 g. (CH,-CO, 53 %), soluble 
with difficulty in water, and (b) mobile syrup, 3.3 g. (CH3CO, 55.5 %), readily soluble in water. 
The syrup (A) was re- acetylated . and the product separated into two fractions ; (c) viscid syrup, 
4.05 "g. (CH3CO, 51 %), and (d) mobile syrup, 1.4g. (CH3 CO, 52.2 %). Unsuccessful attempts 
were made to obtain crystalline products from these four syrups by fractional precipitation for a 
series of organic solvents. In other experiments the syrups were de- acetylated and the regener- 
ated free sugars were examined. No crystalline product except glucose was obtained. 

The remaining portions of the four syrups (a), (b), (c), and (d) were then united and joined 
with another batch of acetylated sugars prepared similarly to (A) (see above). The mixture was 
extracted with boiling ether and the ether -soluble portion (10 g.) was distilled under diminished 
pressure, giving (1) 0.8 g., yellow mobile oil, b. p. 190 -200 ° /0.02 mm. (bath temperature), 
(2) 56 g., pale yellow, viscid oil, b. p. 190-215°,(0.03 mm. (bath temperature), (3) 2.75 g., pale 
yellow, viscid oil, b. p. 210- 230 °./0.03 mm. (bath temperature). Fractions (2) and (3) crystal- 
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lised on trituration with ether. The syrupy portions were removed by spreading the mixture 
on porous tile and the solid material was recrystallised from alcohol, giving 3- penta- acetyl 
glucose, m. p. 133 °, [a];;;),°, -j- 3° in chloroform (c, 1.03). The yields were 1.2 g. from (2) and 
1.3 g. from (3). The syrupy portions of (2) and (3), after recovery from the tile, again deposited 
crystals of (3- penta- acetyl glucose. The total quantity of the latter substance in fractions (2) 

and (3) was at least 4 g. 
When crystallisation of p- penta- acetyl glucose in (3) had ceased, the remaining syrup was 

dissolved in alcohol and on removal of the solvent the clear syrup which remained slowly 
deposited a fresh crop of crystals. These were recrystallised from alcohol, giving needles, m. p. 
192 -193 °. From solubility, m. p., and b. p., this material may have been an acetylated 
disaccharide. For confirmatory evidence of the presence of disaccharides in the sugar mixture 
see the following section. 

Methylation of Mixed Sugars. -The solution (300 c.c., containing approx. 4% of reducing 
sugars 'calculated as glucose) was concentrated under diminished pressure in a stream of carbon 
dioxide to 100 c.c. Methylation was then effected in the usual way by methyl sulphate (119 c.c.) 
and 30% aqueous sodium hydroxide (267 c.c.) in the presence of acetone. The early stages of the 
methylation were carried out at 35° and considerable reducing power remained even after the 
addition of half the total quantity of the reagents. The mixture was then kept for 12 hours 
without further addition of reagents and was then non- reducing. The methylation was com- 
pleted in the usual way, and the product extracted with chloroform. The syrup so obtained was 
remethylated with methyl sulphate and afterwards with methyl iodide and silver oxide. The 
final methylated product (19 g.) was a mobile syrup which consisted of a complex mixture of 
methylated monosaccharides and disaccharides, the relative proportion of monosaccharide and 
disaccharide being approximately 7 to 1. After a prolonged series of fractional distillations two 
fairly homogeneous fractions were isolated : (a) 8 g., colourless mobile oil, b. p. 95- 105° /0.05 mm. 
(bath temperature), nll° 1.4444 (Found : OMe, 59.6 %). The properties of this material indicated 
that it was a mixture of fully methylated hexoses (some pentose derivatives may have been 
present. also, but coúld not be detected by the furfural reaction since fructose was known to 
be present) . On hydrolysis with 6.6% hydrochloric acid a syrup was obtained which crystallised 
on nucleation with 2 : 3 : 4 : 6- tetramethyl glucopyranose. The solid material was separated on 
porous .tile and was identified as 2 : 3 : 4 : 6- tetramethyl glucopyranose, m. p. 86° alone or in 
admixture with an authentic specimen (yield, 3 g.). No other crystalline substance was isolated 
from the syrup after hydrolysis. The anilides formed when the syrup was boiled with aniline 
in alcoholic solution were syrups. 

(b) 1.3 G., non -reducing, viscid, pale yellow oil, b. p. 190-2100/0.03 mm , Iti° 1.4668 (Found : 

C, 52.6; H, 8.7; OMe, 52.5. Calc. for C20H33011: C, 52.9; H, 8.4; OMe, 54.6 %). This 
fraction had the composition of a fully methylated disaccharide. When kept, it partly crystal- 
lised. Crystallographic examination of the solid material showed that the latter was in all 
probability heptamethyl methylgentiobioside. Since no detectable hydrolysis took place when 
the syrup was heated for 30 minutes with N /10- hydrochloric acid at 60 °, it follows that no 
appreciable amount of methylated sucrose was present. Hydrolysis occurred when the syrup 
was heated with 5% hydrochloric acid at 1000 for 2 hours ; [a] °° + 60° (initial value) -->- + 70° 
on completion of hydrolysis. The solution was neutralised with barium carbonate and extracted 
with chloroform. Evaporation of the chloroform left a pale yellow, strongly reducing syrup 
(0.42 g., call° 1.4587, [OE]D + 75 °, equilibrium value in water). This partly crystallised when 
kept, giving 2 : 3 : 4 : 6- tetramethyl glucopyranose, and evidently consisted mainly of the latter 
substance. 

- 

The: aqueous solution was then evaporated to dryness under diminished pressure. The 
organic material was extracted with boiling chloroform. It was a stiff syrup (0.38 g.) which 
reduced Fehling's solution strongly ; ea° 1.4713, [a]°° -¡- 75 °, equilibrium value in water (c, 0.4). 
It failed to show any sign of crystallisation when inoculated with a fragment of authentic 
2 : 3 : 6- trimethyl glucose. 

The authors are indebted to Mr. E. Gordon Cox for crystallographic identifications of the 
crystalline substances given in this paper, and to Imperial Chemical Industries, Ltd., for a grant. 
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THE IMMUNISING POTENCY OF 
ANTIGENIC COMPONENTS ISOLATED 

FROM DIFFERENT STRAINS OF 
BACT. TYPHOSUM 

BY W. W. C. TOPLEY, H., RAISTRICK, 

LSON, M. STACEY, S. W. CHALLINOR, 

AND R. O. J. CLARK 

From . the London School of Hygiene and Tropical 
Medicine) 

Ix: an earlier series of papers (Raistrick and Topley 
1934,:. Deiafield 1934, Martin 1934) we and our 
colleagues reported the isolation from Bacterium 
typhi- murium (Bad. aertryche) of a fraction which, 
on injection into mice, induces an active antibacterial 
immunity of the same order as that induced by the 
whole bacterial cells. This fraction is toxic for mice 
and for rabbits. In addition to increasing the 
resistance of mice to living virulent bacilli, its injection, 
in minute amounts, renders them resistant to a few 
minimal lethal doses of the toxic fraction itself. 
An antitoxic immunity of this low order has been 
recorded by many workers who have studied the 
reactions of the so -called bacterial endotoxins. It 
is sharply differentiated from the high -grade anti- 
toxic immunity that is readily developed against 
the so- called exotoxins, such as those of Coryne- 
bacterium diphtheriw ̀  and Cl. tetani, in which an 
animal may be rendered resistant to a thousand 
or more minimal lethal doses. Chemically, this toxic 
and antigenic ' component consists of a complex 
polysaccharide linked to a component containing 
nitrogen, phosphorus, sulphur, and fatty acids, 
which is, perhaps, a phosphatide. 

Boivin and his colleagues (1933, 1934, 1935, 1936) 
were independently approaching the same problem 
by a different method at about the same time as 
ourselves ; and their initial results were published 
some months before our own. Subsequent studies 
have made it clear that the component which we have 
isolated by acetone treatment of the bacterial bodies 



followed by tryptic digestion and alcohol precipitation 
is identical, in all its essential properties, with the 
component isolated by them by extraction with 
trichloracetic acid followed by alcohol precipitation. 
Both their studies and our own leave little doubt 
that this component represents the polysaccharide 
somatic antigen of the normal smooth form of Bad. 
typhi- murium in its naturally occurring state, and, 
at the same time, constitutes the main endotoxin. 
When the complex antigen is heated at 100° C. 
with decinormal acetic acid it splits into the poly- 
saccharide component, which remains in solution, 
and the phosphatide component, which is precipitated. 
The polysaccharide component is entirely non - 
toxic for mice. The phosphatide component retains 
some toxicity, but is much less toxic than the complete 
antigen. 

Antigenic components of the same general type 
may, as Boivin and his colleagues (1933) have shown, 
be isolated from a variety of organisms, including the 
members of the typhoid- paratyphoid group. With 
the exception of the antigen of Bact. typhi- rnuriurn 
(Bact. aertrycke), and of Bact. enteritidis (Bact. gaertneri), 
none of these components have yet been subjected 
to any detailed study. 

The recent investigations of Felix and his colleagues 
(Felix and Pitt 1934a and b, 1935, Felix, Bhatnagar, 
and Pitt1934, Felix and Bhatnagar 1935) on the so- 
called Vi antigen of Bact. typhosunn, and the studies of 
Perry, Findlay, and Bensted (1933, 1934) on the 
efficacy of various typhoid strains as immunising 
agents in mice, have raised problems which seemed 
susceptible to attack along the lines we had followed 
in our studies on Bact. typhi- nwrium ; and the 
practical importance of obtaining a reliable immunis- 
ing agent as a prophylactic against human typhoid 
made it desirable that this possibility should be 
explored. 

The present position in regard to immunisation 
with whole bacterial cells may be briefly summarised 
as follows. Felix and his colleagues have shown 
that certain smooth strains of Bact. typhosum are 
differentiated from many of the ordinary laboratory 
strains by being very slightly agglutinable in anti - 
sera containing agglutinins to the somatic (0) antigen. 
These 0-inagglutinable strains are relatively virulent 
for mice, while the ordinary 0- agglutinable strains 
are relatively avirulent. The 0- inagglutinability 
of the mouse- virulent strains is determined by the 
presence of an additional antigenic component- 

Vi antigen. This component is. relatively 
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heat -labile, and Vi strains subjected to temperatures 
much . over 50° C. become freely aggiutinable with 
an O antiserum. When Vi bacilli, killed in various 
ways, are injected into mice they induce an effective 
active immunity against the subsequent injection 
of living Vi bacilli. Killed vaccines prepared from 
smooth 0 strains, however, have been found, by the 
workers referred to above, to be entirely, or relatively, 
ineffective in inducing an active immunity. In 
this case, therefore, it is not sufficient to use a smooth 
strain containing the ordinary heat -stable smooth 
somatic antigen. The Vi antigen must also be 
present. There are certain reported findings which 
are, at the moment, not easy to reconcile with one 
another. Thus, living Vi bacilli injected into the 
rabbit lead to the production of Vi agglutinins which 
act specifically on the Vi antigen, as well as of O 
agglutinins. Such antisera promote phagocytosis 
of Vi bacilli in vitro, and exert a protective action 
against them in vivo. The injection of formol- 
killed Vi cultures into rabbits induces the formation 
of Vi agglutinins ; but the antisera so prepared have 
been found to lack protective power in vivo, and 
phagocytosis- promoting activity in vitro. The injec- 
tion into rabbits of Vi bacilli killed by heating at 
58° C. has failed to stimulate the production of 
Vi agglutinins except to a trivial degree, and 
inconstantly and such antisera have been found 
to have no protective power. It has, however, 
been the experience of Felix himself (see Felix and 
Pitt 1934b), of 'Perry, Findlay, and Bensted, and of 
other workers (see Schütze 1936) that Vi bacilli 
killed in a variety of ways, including killing by formol 
and by = exposure to moderately high temperatures, 
are fully effective in the induction in mice of an 
active immunity to living Vi bacilli. It may be 
noted that doubts have been raised as to whether 
the Vi antigen can properly be regarded as determining 
virulence in the usually accepted sense (see Kauffmann 
1935 -36, 1936, Orskov and Kauffmann 1936). There 
is general agreement that the minimal lethal dose 
for mice of living Vi bacilli is much smaller than the 
minimal lethal dese of O bacilli from which the 
Vi antigen is absent (50 -200 million as compared with 
1000 to 2000 million) ; but the M.L.D. of the Vi 
strains remains relatively high, and almost certainly 
induces some degree of directly toxic effect. Ít 
should also be noted that strains intermediate between 
the pure Vi form and the pure O form are very 
frequent,' and that the recorded results suggest that 
the. immunising efficacy of any given strain is directly 
related to its content in -Vi antigen. 
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Experimental 
The strains used in these experiments have been 

a rejuvenated Rawlings strain (RR..), for which we 
are indebted to Major- General Marrian Perry of the 
Royal Army Medical College, and the well-known 
H901 strain. The R.R. strain is inagglutinable by 
an 0 antiserum when tested in the form of a young 
living broth culture at 37° C. (see Craigie and Brandon 
1936). The 901 strain is readily agglutinable. The 
minimal (average) lethal dose of the R.R. strain for 
mice weighing 18 -22 g., the bacilli being injected 
intraperitoneally, is rather less than 100 million 
bacilli. The corresponding dose of the 901 strain is 
rather more than 1000 million bacilli. The R.R. 
strain is, therefore, of the Vi type, the 901 strain of 
the 0 type, or, more strictly, the H -0 type. 

From each of these strains we have prepared a 
purified antigen by the same methods as we employed 
in our studies on Bact, typhai- muriram. Full details 
of these methods, and of the chemical properties of 
the antigens isolated, will be published elsewhere. 
For the moment it will suffice to note that the typhoid 
bacilli are killed by treatment with acetone, and then 
submitted to full tryptic digestion. The digest, after 
clearing by centrifugation, is submitted to alcoholic 
precipitation. " The antigenically active fraction is 
flocculated by ' 68 per cent. alcohol ; and, for this 
reason, we have provisionally labelled it F68. This 
fraction is further purified by repeated alcoholic 
precipitation, and is then treated with oxalic acid 
which removes an appreciable amount of calcium 
which is present. The antigen is further purified by 
several alcoholic precipitations from acid and neutral 
solutions. It, is with these components (R.R. /F68 
and 901 /F68) that the following experiments have 
been performed. The yields of purified antigen 
obtained ` from the ' R.R. and 901 strains of Bact. 
typhosum and from Bact. typlai- marium were in each 
case from 15 -20 per cent. of the weight of the dry bodies. 

Reverting for r the moment to the tentative con- 
clusion of Orskov and Kauffmann, that the relatively 
high pathogenicity of Vi strains depends on toxicity 
rather than on virulence, we may note that the F68 
antigen from the Vi'- (RR.).`strain has not, in our 
hands, proved more toxic than the F68 antigen from 
the 0 (901) strain. Indeed, in the few comparative 
tests we have made, the reverse has been the case. 

THE IMMUNISING POTENCY OF R.R. /F68' 
The first experiment was designed to test whether 

an F68 fraction isolated from a Vi strain of Baci. 
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THE RELATIVE- IMMUNISING POTENCY OF THE VI (R,R.) 
AND 0 (901) ANTIGENS 

In regard to the immunising potency of whole 
bacterial cells from the Vi (R.R.) and 901 strains, 
and of the purified antigens derived from them, 
our results are not in entire accord with the general 
conclusions of Felix and his colleagues, since we have 
found the 901 strain, and the purified antigen derived 
from it, to possess a significant degree of immunising 
potency. They are, however, in accord with the 
actual experimental results reported by Felix and 
Pitt (1934b), and with the important conclusion of 
Felix and his colleagues, of Perry, Findlay, and 
Bensted, and of other workers, that Vi strains of 
Bact. typhosum are much more effective in inducing 
an active immunity in mice than are mouse- avirulent 

TABLE II 
Showing the immunising potency of whole bacilli and F68 

antigens from a Vi strain (R.R.) and an 0 strain (901) 
when two subcutaneous immunising doses were employed. 

Group 
No. 

Immunising 
agent. 

No. of mice 
in group. 

No. of mico 
dying. 

H.R. whole bacteria. 30 1 
001 whole bacteria. 30 27 

R.R. /F08. 30 5 
901/F58. 30 23 

Nil (controls). 30 27 

strains, from which the Vi antigen is absent. The 
degree of difference observed seems to depend on 
the route by which the immunising injections are 
given, and on the number of doses administered. 

In all the following experiments a uniform dose of 
0.017 mg. of the antigen under test has been employed, 
or of 500 X 100 bacilli killed by formol and heat. 
The immunising injections have been given at weekly 
intervals, and a test dose of 500 x 106 living Vi 
(R.R.) bacilli has been given one week after the last 
immunising dose. The results may conveniently be 
summarised in tabular form (Tables II, III, and IV). 

(a) Two immunising doses given subcutaneously. - 
The results are shown in. Table II. Under these 
conditions the killed Vi (R.R.) bacteria, and the 
P68 antigen derived from them, induce an effective 
immunity. The 0 (901) bacteria, and the F38 
antigen derived from them, are quite ineffective. 
These findings, so far as the relative potency of the 
whole bacterial cells is concerned, confirm those 
reported by Felix and Pitt (1034b). The purified 
antigen derived from the R.R. strain appears to 



7 

be slightly less effective than the whole bacterial 
cells ; but the observed difference is not statistically 
significant. 

(b) Two immunising doses given intraperitoneally.- 
The -results are summarised in Table III. The whole 
R.R. bacteria, and the purified antigen derived from 
them, -again induce a highly effective active immu- 

:.nity ; but, when two immunising doses are given 
intraperitoneally instead of subcutaneously, the 
901 bacteria, and the purified antigen derived from 

TABLE III 
Showing the immunising potency of whole bacilli and F68 

antigens from a Vi strain (11..R.) and an O strain (901) 
when two intraperitoneal doses were employed. 

Group 
No. 

Irumunising 
agent. 

No. of mice 
in group. 

1 No. of mice 
dying. 

R.R. whole bacteria. 30 0 

901 whole bacteria. 30 16 
R.R. /F68. 30 2 
901/F68. 30 15 

Nb (controls). 30 27 

TABLE IV 
Showing.the immunising. of whole bacilli and F68 
','antigens from a Vi strain (11.1?.) and an O strain (901) 

: when three intraperitoneal injections were employed. 

Group 
No 

10 .,.: 

Immunising 
agent. 

No. of mice 
in group. 

No. of mice 
dying. 

R.R. whole bacteria. 30 0 
Q.R.R. whole bacteria.. 30 0 

901 whole bacteria. 30 1 
901 whole bacteria. 30 2 

R.R./1P68. 30 1 
R.R./F68. 30 2 
901/F68. 30 3 
901/F68. 30 5 

Nil (controls). 30 27 
Nil (controls). 30 28 

them, are by no means without effect. The difference 
between the .numbers of mice dying in the control 
group and in the group immunised with 901 bacilli 
is 11, and the standard error of this difference is 
3.49, giving,, a ratio of . 3.15: 1, and hence amply 
fulfilling the criterion of statistical significance. The 
corresponding difference for the control, and 901/F68 
groups is 12, and the Difference /S.E. ratio is 3.38:1. 

There is no evidence of any difference in immunising 
potency between the whole bacteria and the purified 
antigens derived ::from them. 

(c) Three immunising injections given intraperi. 
toneally. -The results are summarised in Table IV. 
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Under these conditions the whole 901 bacilli, and 
the purified antigen derived from thorn, induce an 
immunity against living Vi bacilli of approximately 
the same order as that induced by the R.R. bacilli, 
or by the R.R. antigen. In each case the immunity 
induced by the purified antigen is slightly, but insigni- 
ficantly, less than that induced by the killed bacterial 
cells. 

THE PROTECTIVE PROPERTIES OF R.R. /F68 AND 
901 /F68 ANTISERA 

The results obtained with these antisera were some- 
what surprising. Rabbits were injected with the 
fractions in question, receiving 0.1 mg., 0.2 mg., 
0'5 mg., and 0-5 mg. per kg. body -weight, of one or 
other antigen, weekly doses being given intravenously. 
One week after the fourth immunising injection the 
rabbits were bled and their sera examined. They 

TABLE V 
Showing the protective action, against living Vi bacilli, of 
rabbit antisera prepared against 12.1./1+68 and 901 /F68. 

No. of 
group, Serum. 

1 Anti- R.R. /F68. 
2 Anti-90111'68. 
3 Normal serum (control). 
4 No serum (control). 

No. of mice 
in group. 

No. of mice 
dying. 

30 4 
30 8 
30 21 
30 28 

showed 0- agglutinin titres for Bact. typhosum varying 
from 1:640 to 1 : 1280. Most of them failed to 
agglutinate Vi suspensions of Batt. typhosum, or 
agglutinated them only to very low titre (1 : 10), 
and incompletely. The serum of one rabbit that 
had been immunised with R.R./F68, however, gave 
complete agglutination of a Vi suspension at 1 : 80 
and a trace at 1 : 160. Judging from the experience 
of Felix, Bhatnagar and Pitt (1934), this titre is 
definitely above the limit of normal Vi agglutinins, 
and it would seem that we must regard the rabbit 
in question as having produced Vi antibody in response 
to the injection of the F68 antigen derived from the 
Vi (R.R.) strain. This serum, and the serum of a 
rabbit immunised with the 901 antigen, which showed 
incomplete agglutination with Vi bacilli at a titre of 
1:: 10, were tested for their protective action in mice : 

30 mice were given :a subcutaneous injection of 
0.25 c.cm. of the anti-R.R. /F68 serum, 30 were given 
a similar dose of the anti -901 /F68 antiserum, and 
30 an injection of normal rabbit serum. Next day 
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these 90 mice, and 30 normal mice that had received 
no serum, were injected intraperitoneally with 
500 x 106 living R.R. bacilli. 

The results are shown in Table V. Both antisera 
exerted a very definite protective action. The normal 
rabbit serum exerted none. The anti-901/1068 serum 
appears to be slightly less effective than the anti - 
R.R./F68 antiserum ; but the difference is not 
significant. 

THE CIIE?YIICAL PROPERTIES OF THIS R.R. /F68 AND 
901/F68 ANTIGEN 

It has been shown above that both the R.R. /F68 
antigen and the 90I/F68 antigen have a definite 
immunising effect, but that the R.R. /F68 antigen is 
significantly more potent. When mice are immu- 
nised by two subcutaneous doses of 0.017 mg., the 
R.R. /F68 antigen remains fully effective, while 
the =901 /F68 antigen is quite ineffective. It is of 
obvious interest to inquire whether this difference 
in immunising efficiency is associated with any detect - 
able .difference in chemical behaviour or structure. 
The chemical analysis of these antigenic components 
is, as yet, in its earliest stages ; but it is already clear 
that the chemical properties of R.R. /F68 differ 
significantly from those of 901/F68, and of the F68 
fraction. from Beet. typhi- muriurn. 

All three antigens are fine white powders which 
on dispersion in water give rise to opalescent solu- 
tions. All contain nitrogen (R.R. /F68, 5.2, 5.3, 
4 8 per cent. in three different preparations ; 901/F68, 
4.9, 5.1 per cent. ; Bact. typhi- murium /F68, 4.3, 4.8, 
4.2 per cent.), and all contain ash (R.R./F68, 2.5 per 
cent. 901/F68, 4.0 per cent. ; Beet. typhi- 7nurium/ 
F68, 4.3 per cent.). 

0.4 per cent. aqueous solutions of the three antigens 
give the following reactions : -- 

(e) All of them give a heavy white precipitate with 
basic lead acetate. 

(b) None of them gives a precipitate with any of the 
following "'reagents sulphosalicylic acid, trichloracetie 
acid, Esbach's "reagent, magnesia mixture, silver nitrate, 
the sulphates - of nickel, cobalt and cadmium, and the 
chlorides of barium and mercury (mercuric). 

(c) Precipitates are given by R.R. /F68, but not by 
either 901 /F68 or Bact. typhi- muriurn /F68, with the follow- 
ing reagents : phosphotungstic acid in 5 per cent. 11,504, 
neutral lead acetate, uranium acetate, mercuric acetate, 
and aluminium sulphate. 

(cl) All three antigens give positive Millon, Biuret, 
Ninhydrin, and Moliseh reactions but none of . them 
reduce Fehling's solution. 
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It is obvious from a consideration of the above 
results that, while the 001 /P6S antigen and the 
Bact. typhi- snuriurn F68 antigen are indistinguishable 
by the chemical tests referred to above, the R.R. /F68 
antigen differs in many important chemical reactions 
from the other two. This difference is also clearly 
shown by the behaviour of the three antigens on 
mild. hydrolysis. Thus on heating 1 per cent. solutions 
in N /10 aqueous acetic acid at 100° C. the three 
opalescent solutions quickly become more opalescent. 
With Bact. typlai- murium /F68 and 001/P6S a pre- 
cipitate quickly begins to form after five minutes in 
the first case and after ten minutes in the second, 
complete flocculation occurring within thirty to 
ninety minutes with the formation of a clear 
supernatant liquid of constant optical rotation, and 
the separation of a white flocculent precipitate. 
With R.R. /F68, however, no obvious flocculation 
occurs even after heating the acetic acid solution 
for 12 hours. From each of the three hydrolysis 
solutions a mixture of polysaccharides is obtained 
by precipitation with ethyl alcohol, and each of these 
mixtures contains as one of its constituents a highly 
dextro -rotatory polysaccharide. 

Discussion 
These observations, taken as a whole, offer certain 

suggestions in regard to the possible nature of the 
Vi antigen, and the factors that determine its 
immunological behaviour. 

It lias been found that :- 
(a) The whole bacterial cells from a Vi strain of Bact. 

typhosum, killed by the addition of formol and heating 
at 55° C., are a more effective immunising agent in the 
mouse than the whole bacterial cells derived from an 
O strain. This difference is relative, not absolute. It is 
most evident when the immunising injections are given 
by the subcutaneous route, and when they are not more 
than two in number. When three injections are given 
intraperitoneally, the killed O bacilli induce an immunity 
of the same order as that induced by the killed Vi bacilli. 

(b) These results are exactly paralleled by purified anti- 
gens of the F68 type isolated from the Vi and from the 
O strain. Our own experience and that of other workers 
make it extremely probable that these components repre- 
sent the complex polysaccharide somatic antigens of 
typhoid or. paratyphoid bacilli in their naturally occurring 
state.: 

(c) Preliminary chemical studies have shown that the 
F68. antigen isolated from a Vi strain differs in certain of 
its chemical characters from the F68 antigen isolated 
from an 0 strain. 
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These findings seem to admit of only two hypotheses. 
Either the Vi antigen is a modified O antigen, or the 
Vi antigen, though a separate chemical entity, has 
chemical properties so similar to those of the 0 antigen 
that it remains associated with it throughout a long 
series of chemical fractionation. Of these hypotheses, 
the first seems inherently the more probable. It 
would be in no way surprising if the smooth somatic 
antigen of the typhoid bacillus developed, under 
certain conditions, relatively labile groupings 
of an immunologically active kind. There is an 
obvious analogy in the acetyl -polysaccharide of the 
Type I pneumococcus described by Avery and 
Goebel (1933). When fully developed these group- 
ings might dominate the surface of the bacterial 
cells, so that these become irresponsive to the O 
agglutinins. If the Vi groupings were partially 
developed the cells might be flocculable by both 
Ví (and O agglutinins, as we know the intermediate 
strains to be. When the Vi groupings were very poorly 
developed, or altogether absent, the cells might be 
agglutinable only by an O antiserum. The results 
that we have obtained with the 0 (901) strain clearly 
suggest the possibility that, even in this strain, the 
Vi: groupings are not altogether absent. 

It would might 
as a tentative working hypothesis were it not difficult 
to reconcile with certain recent findings of Pella 
and Pitt, (1935). These workers have described the 
isolation of a rough avirulent variant of a particular 
Vi strain of 'B'aet. typhosum which appears to have 
retained the Vi antigen while losing the smooth 
somatic antigen of the 0 type. Of four rough 
variants of Vi strains described by these workers, 
two had lost both the O and Vi antigens, one had 
retained a proportion of both, and one had retained 
the Vi but had lost the O. To fit these findings into 
the working hypothesis suggested above it would 
be necessary to assume that, in this particular variant, 
the Vi groupings had become relatively stable, or, 
in some other way, had come so to dominate the 
behaviour of the O -Vi complex that the 0 groupings 
no longer exerted a significant effect ; or, alternatively, 
to assume that the complex polysaccharide antigen 
that is present in rough variants shares with the 
sm.4oth.0 :.antigen the capacity for developing Vi 
groupings' This problem clearly demands further 
study, but, at the moment, we feel that these 
observations by Felix and Pitt must be regarded as 
rendering less probable the working hypothesis 
that we should have been inclined to adopt on the 
basis of pur own results. 
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Finally, it appears possible to isolate from suitable 
strains of Bad. typhosum a chemically pure and stable. 
antigen that has the immunising properties of the 
.whole bacterial cells. 

These studies, and others in the same general field, are, 
of necessity, extremely expensive. They involve the 
growth of relatively enormous masses of pathogenic 
bacteria, laborious and largo -scale chemical manipulations, 
and the annual expenditure of many thousands of mice 

. in the immunological assay of the various chemical frac- 
tions isolated. They have been rendered possible by 
grants received from many different sources : from the 
Leverhuhne Trust, the Pilgrim Trust, imperial Chemical 
Industries, and from a fund raised by Sir Austen Chamber- 
lain, to which many - generous private donors have contri- 
buted. To all these we would express our thanks. One 
of us (J. W.) is receiving a research grant from the Medical 
Research Council, one (S. W. C.) is holding a Grocers' 
research scholarship, and one (M. S.), while collaborating 
in this work, was holding a Belt memorial fellowship. 
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SINCE the original description by Boivin & Mesrobeanu [1.933] and by Raistrick 
& Topley [1934] of the isolation from organisms of the Salmonella group of non - 
protein chemical fractions possessing both toxicity and immunizing potency, 
other workers, and particularly Morgan [1937, 1, 2], have recorded work along 
similar lines. Three methods have been described by which such fractions can 
be isolated from the bacterial cell (1) by extraction with trichloroacetic acid 
[Boivin & Mesrobeanu], (2) by tryptic digestion [Raistrick & Topley], and (3) by 
extraction with :diethyleneglytol. :In another paper our colleague, Dr J. Walker, 
describes a fourth method which he has devised. 

The work described in the present communication leaves little doubt that 
the fractions isolated by these different methods from any one organism are 
essentially the same. The work of the authors mentioned above indicates that 
the antigenic fractions consist essentially of a polysaccharide linked to a com- 
pound containing nitrogen and phosphorus, probably of a phospholipin nature. 
Their toxic and immunizing properties are closely similar, though there are 
minor differences [Henderson & Morgan, 1938] which indicate that the antigenic 
complex is probably affected, at any rate in its immunological properties, during 
the process of extraction. It is however, extremely doubtful whether any one of 
the fractions yet- prepared has been obtained in a state of chemical purity. 
The studies recorded in this paper, which are a continuation of those reported 
by Raistrick & Topley [1934], describe attempts to eliminate impurities derived 
from the starting material, or from the trypsin used for the digestion of the 
bacterial cells. 

In all experiments referred to above, the large amounts of bacterial cells 
required for extraction have been obtained by cultivation on nutrient agar m 
Roux bottles, or in trays or Petri dishes, the growth being removed by scraping 
or washing. Since agar contains a large amount of polysaccharide it is clear that 
contamination of the starting material with this substance is likely to lead to 
contamination of a final fraction which itself consists largely of a complex 
polysaccharide. This difficulty has been encountered by other workers [Miles & 
Pirie, 1939]. 

This particular source of contamination can be avoided by growing the 
bacterial cells in a liquid medium, but such a highly complex medium as nutrient 
broth contains many constituents which might be carried through as con- 
taminants to the final product. This difficulty can best be avoided by growing 
the bacterial cells in a simple synthetic medium. 

( 307 ) 
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We have found that commercial samples of trypsin, including that used in 

earlier experiments, contain large amounts of polysaccharide, while none are 
entirely free. The degree to which contamination from this source can be avoided 
is considered below. 

The method described by Raistriek & Topley [1934] has been further 
improved by (a) removal of partially degraded cells by more efficient centri- 
fuging of the tryptic digests and by filtration through Chamberland candles (142) 

and by (b) removal of low- molecular tryptic digestion products by dialysis in a 

collodion sae. 
EXPERIMENTAL 

(1) Preparation of bacterial bodies 

The three methods employed in the preparation of the bacterial bodies 
which formed the starting material for our extractions were as follows: 

(a) Growth on nutrient agar in Roux bottles, and washed off. Slight modifi- 
cations of the method described by Raistriek & Topley [1934] were introduced. 
Batches of 90 -100 bottles were put up at one time. Each bottle was inoculated 
with 3 ml. of an 18 hr. broth culture, incubated for 24 hr. at 37° and washed off 

- with 7 ml. of 50 % acetone in sterile tap water, glass beads being used to assist 
in dislodging the growth of organisms. The suspension of bacteria was trans- 
ferred to wide -mouthed, glass -stoppered jars, and an equal volume of acetone 
was added. The jars were incubated for 3 days at 37 °, and their contents stirred. 
each day with sterile glass rods. On the 3rd and 4th days, each jar was tested 
for sterility, and kept in the incubator until proved sterile. The supernatant 
acetone was then removed, replaced by an equal volume of absolute alcohol, 
and a final sterility test was performed before the product was used for chemical 
fractionation. The bacterial bodies were then centrifuged down, washed twice 
with alcohol and twice with ether and finally dried in vacuo over cone. H2SO4. 

(b) Growth on nutrient agar in metal trays; scraped off. This method follows 
closely that described by Morgan [1937, 1]. Enamel trays 12 x 10 x 2 in., each 
containing 500 ml. nutrient agar and covered with aluminium lids lined with 
filter paper, were inoculated with 50 drops (i.e. 1 mi.) of an .18 hr. broth culture, 
and the inoculum spread evenly over the surface by means of glass spreaders. 
After 24 hr. incubation at 37 °, the growth was scraped off and suspended in 
sterile tap water in a wide -mouthed, glass- stoppered jar containing glass beads. 
An equal volume of acetone was added, and the subsequent treatment and 
sterility tests were the same as those used in the Roux bottle method. The 

- supernatant acetone was removed by centrifuging and the bacterial bodies twice 
washed with alcohol at the centrifuge ; two similar washings were then made 
with ether and the bacterial bodies dried in resue to a white powder. 

(c). Growth in synthetic Medium.' Fildes et al. [1933] showed that although 
Bact. typhosurn will not ordinarily grow in a medium without tryptophan, it 
can be trained to synthesize tryptophan when ammonia is the sole source of 
nitrogen. Recently, Gladstone [1937] studied the antigenic structure of Bact. 

.. typhosum grown in -a synthetic medium which contained no tryptophan, and 
showed that in the presence of glucose the organism retains its Vi antigen, and 
is 0- inagghitinable. 

We have used the' - ammonia medium described by Gladstone, and trans- 
` lating into quantities sufficient for the preparation of 60 I.., the constituents are 

follows: KII2P0 4 225 g. 
(NH4)2S0 25 g. 
NH4C1 26 g., 
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These salts are dissolved in 24,000 ml. of distilled water, and 1400 ml. N Na®f 
are added, the volume being made up to 30,000 ml. with distilled water. The 

:'reaction is adjusted to pH 7.6 by the addition of N NaOH, 18,250 ml. distilled 
Ater are added, and the medium is put up in 965 ml. quantities in 21. flasks and 
:autoclaved at 115° for 20 min. To each flask the following solutions are added: 

M/6 MgSO4, 7H2O 10 ml.) 
.31/2 Glucose 25 ml. ~ Mixed and added in one operation. 
_At Na1CO3 1.0 m l. 

The glucose was sterilized by steaming for 30 min., and the other two solutions 
!:;by autoclaving at 115° for 20 min. It seems important that these solutions 
:.should be added not more than 24--48 hr. before the medium is to be used, as 

for a longer period leads to a reduction in the amount of growth. In 
practice they are added on the morning when inoculations are to be made. 

I3act. iyphi- 7nuvicm grew readily in this medium, giving an opacity of 
°:3000 -4000 x 106 organisms per ml. in 24 hr. We are indebted to Dr Gladstone 
;for supplying us with a Vi strain of Bast. typhosum Tv2 which had been trained 
to. :grow in a medium containing no added tryptophan. Both organisms remained 
fully virulent for mice when grown in the ammonia medium, and, apart from 

;tire: loss of flagellar antigen, remained antigenically unaltered. 
The usual procedure adopted for inoculating the flasks was as follows. The 

stock strains were kept on agar slopes in the ice chest, and subcultured about 
once a week. A generous loopful of culture was inoculated into a tube containing 
10 ml. of ammonia medium and incubated for 24 hr. at 37°. About 5 ml. of this 
culture were put into a flask containing 250 -500 ml. of ammonia medium, and 

:incubated for 24 hr. at 37 °. The following day 5 ml. of this culture were added 
to each litre of medium, and again incubated for 24 hr. at 37 °. 5 ml. of 50 % 
formalin in sterile tap water were then added to each flask (making a final 
concentration of 0.25 %), and the flasks were stored at room temperature. After 
a further 24 hr., 0.5 m1. was removed from each and added to a tube containing 
10 ml. of Hartley broth. These tubes were incubated for 3 days, examined daily 
for signs of growth, and plated on to agar and MacConkey medium on the 
3rd day. 

Recent experience has shown that satisfactory growth is obtained by 
seeding from the stock culture on the agar slope directly into the flask which is 
to be'used for the mass inoculum, thus cutting out the preliminary growth in a 
tube of ammonia medium. The bacterial bodies were recovered from aqueous 
suspension in the culture medium by centrifuging in a De Laval Industrial 
Separator. The moist paste of organisms thus obtained was scraped from the 
bowl of the centrifuge, washed twice with alcohol, twice with ether and dried 
in vacuo. 

(2) Tryptic digestion of bacterial cells 

The technique of digestion of the dried bacterial bodies was based on the 
method of Raistrick & Topley {1934]. The organisms were submitted to digestion 
in batches of 10 g. The digestion mixture consisted of: 

Dried bacterial bodies 10 g. 
Sterile distilled water ... ... 2000 ml. 
Trypsin (Fairchild Bros. and Foster, New York) ... 0.2 g. 
Toluene ... ... ... ... ... ... 100 ml. 

Half the trypsin was added at the beginning of digestion and the other half 
after 2.5 days. The digestion proceeded at 37 °, pH 8.2 -8.5 for 5 days. At the 

Biocliem..1940, 34 20 
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outset sufficient alkali, usually about 4-5 ml. N NaOR, was added to bring the 
reaction to pH 8.2 -8.5. The pH was determined approximately by means of a 
colorimetric method (B.D.H. comparator) and checked electrometrically, using 
a standard buffer and the "double hydrogen electrode'.' It was found that the 
pH tended to fall progressively during digestion and alkali was added when 
necessary to maintain the reaction at pH 8.2 --8.5. Most of the alkali was 
required during the early rapid stage of digestion and the pH became fairly 
constant after 2 -3 days. A typical digestion of Bact. typhi-murium bodies 
grown on synthetic medium required the addition of a total of about 18 ml. 
N NaOH. The course of the tryptic digestion has been followed by determination 
by the Van Slyke method of the amino -N liberated. Table 1 and Fig. i show 

Table 1. Rate of increase of amino -l' during tryptic digestion 
of Bact. typhi -murium bodies 

Time 
hr. 

0 

Amino -N per ml. 
mg. 
-- 

Total N per ml. 
mg. 

0609 

Amino -N 
% of total N - 

1 0.055 0.609 9.0 
3 0.073 0-609 12.0 
8-5 0.102 0-609 16-8 

23 0.147 0-609 24.2 
30 0.151 0.609 24.8 
48 0.165 0.609 27.1 
60 0-172 0.609 28.2 
72 0-196 0-609 32.2 
77 .0.205 0-609 33.6 
82 0.209 0.609 34.3 
96 - 0.209 0.609 34.3 

102 0.215 0.609 35-3 
.120 0.212 0.609 34.8 

- 456 0.223 0-609 36.6 

50 60 70 

Time (hr.) 

Fig. 1. 

that there is an initial rapid increase of amino -N during the first 24-36 hr. 
followed by a steady rise during 'the remainder of the digestion period. The 
addition of more trypsin at the 60 hr. stage produces a slight increment of 
amino -acid liberation. In this experiment the amino -acid content had reached 
34.8 % amino -N after. 5 clays and 36.6 % amino -N after 19 days; thus there is 
little further enzymic hydrolysis after the first 5 days. 
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After 5 days' digestion the very opalescent creamy -grey coloured liquid was 
"neutralized: to pli 7.0 by addition of N HCl, evaporated in vacua at low tem- 
perature to about half volume, and clarified to an almost water -clear solution by 

`passage through a De Laval Industrial Separator. The insoluble residue was 
:.:: :washed from the centrifuge with alcohol, and after further washing with alcohol 

ether was dried in vacua to a cream- coloured powder. ( "undigested. residue ") 
which constituted about 17 % of the bacterial bodies (Bact. typhi- murium grown 
in synthetic medium). 

The cleared centrifugate was passed through Chamberland L2 candles, giving 
a very slightly opalescent filtrate which was concentrated in vacuo to about 
>100 ml. volume and dialysed in collodion sacs at room temperature, first against 

.`...running tap water for 18 hr., and then against frequent changes of distilled 
`:.:water for a further 24 hr. During dialysis there was a 100-200 % increase in 

volume and the solution became opalescent. The dialysed liquid was coneen- 
v.o: orated in vacuo to 25 -50 ml. volume and centrifuged on an angle centrifuge at 

:4000 r.p.m. for several hours. The residue was dried down to a white powder 
,("dialysis precipitate "), and constituted 0.2 % of the bacterial bodies (Bact. 
typhi- m,urium grown in synthetic medium). At this stage the solution gives an 

?> "'increased opalescence on addition of acetic acid to 0.1-0-2N concentration and 
deposits a precipitate on centrifuging (" acetic acid precipitate "), This procedure 
of removal of an "acetic acid precipitate" has been adopted in the preparation 
of certain of the antigenic fractions. In general, however, the cleared super- 
natant solution was treated with alcohol to 68 % concentration by weight to 
;:precipitate's fraction, known as "tryptic digest F 68", as a fine white powder. 

,'This was washed twice with alcohol, twice with ether and dried in vacuo over 
¡.;phosphorus pentoxide. 

The possibility of trypsin or impurities therefrom being present in the final 
?antigenic fraction has already been mentioned. Samples of trypsin were obtained 
):from several sources and their properties determined. This investigation included 
determination of (a) tryptic activity, (b) polysaccharide content and (c) amount 
and nature of the fraction precipitated from aqueous solution by alcohol under 

.>the conditions used in the bacterial digestions. 
As result of these experiments it was found that Fairchild Bros. and Foster 

trypsin had approximately five times as great an activity as a sample of trypsin 
used 'in' the preliminary experiments. The activities were compared by the 
formaldehyde method using caseinogen as substrate. Fairchild Bros. and 
Foster trypsin gave on analysis 9.9 % N and 10.6 % reducing sugars on hydrolysis 
in a sealed::tube for 2 hr. at 100° with 2N HCl ( Hagedorn & Jensen's method) 
as compared with 5.6 % N and 44 % reducing sugars for the trypsin used in the 
early.:. xperiments. in a control experiment under conditions precisely similar 
to those used in the preparation of "tryptic digest F 68 ", 1.20 g. of this trypsin 
weré;.extracted with 12 1. of water for 5 days at pH 8.2 -8.5, and 37 °, and the 
extract : centrifuged, filtered through a Chamberland L2 candle, dialysed and 
treated`with alcohol to 68 % concentration by weight; this gave 0.07 g. "trypsin 
F 68", i.e.; 5.8 % of the original trypsin; the fraction gave on analysis 6.7 % N, 
and 23.% reducing sugars on hydrolysis. (The sample of trypsin used in pre - 
liminary...experiments gave, under similar conditions, 57 % ' ` trypsin F 68 ", 
which gave on analysis 1.2 °,-ó N and 50 % reducing sugars on hydrolysis under 
the conditions stated above.) Assuming the 'yield of antigen to be 5 %, which is 
an average figure from our,results, the "trypsin" content of the product cannot 
exceed 4 % of the total. 

In some recent experiments an attempt has been made to avoid all possibility 
20 2 
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of contamination with impurities from commercial samples of trypsin by 
digesting bacteria with purified trypsin prepared according to Northrop & 

Kunitz [11332] in their preparation of crystalline trypsin. So far, we have found 
it impossible to degrade the bacterial cells with the purified enzyme to the same 
extent as with the commercial samples, and this problem is being further 
investigated. 

(3) Preparation of antigenic fraction by Boivin's method 

The method depends on extraction of bacterial bodies with ice -cold trichloro- 
acetic acid and is based on the original method of Boivin & Mesrobeanu [1933] 
and Boivin et all. [1933, 1, 2; 1934]. The dried bacterial bodies were dispersed in five 
times their weight of water by grinding in a mortar and rapid mechanical shaking 
for 30 min. The suspension was cooled to 0° and an equal volume of ice -cold 0.2N 
trichloroacetic acid added, the mixture being well shaken and kept at 0° for 
3 hr. with occasional shaking. At the end of this period the very opalescent 
suspension was rapidly freed from the bulk of unextracted bacterial bodies by 
passage through a De Laval Industrial Separator, and the slightly opalescent 
centrifugate dialysed in collodion saes at room temperature first against running 
tap water for 18 hr. and then against frequent changes of distilled water for a 
'further 24 hr. After dialysis the trichloroacetic acid extract was again centrifuged 
through a De Laval Industrial Separator and the centrifugate passed through a 
Chamberland L candle. The filtrates, which were usually still fairly opalescent, 
were concentrated in vacuo at low temperature and the specific bacterial sub - 
stances precipitated by the addition of ethyl alcohol to 68 % (by weight) 
concentration. The fraction thus precipitated was washed with alcohol and ether 
and dried in vacuo over phosphorus pentoxide to a white powder : "Boivin 
antigen F 68". 

(4) Preparation of antigenic fraction by extraction with ethyleneglycol 
or diethyleneglycol 

The method of extraction of bacterial bodies with ethyleneglycol and with 
diethyleneglycol used by Morgan [1937, 1, 2] for B. dysenteriae (Shiga) and 
Henderson & Morgan [1938] for strains of Bact. typhosum has been used in the 
preparation of antigenic fractions from Beet. typhi- murium and strains of Beet. 
typhosum. In our diethyleneglycol extractions we have used the distillate 
(B.?. 13 -142° 10 mm.) of a commercial specimen of the solvent 
"Technical "). The dried organisms (50 g.) were suspended in 500 ml. of tIre 
solvent at 37° by vigorous shaking in a stoppered bottle. A sample (0.5 ml.) of 
the suspension was removed, diluted with, 4.5 mi. water and the pH determined 
electrometrically; this should.be between 6.5 and 7.0. After 2 hr. at 37° the 
suspension was mechanically shaken for an hour and then kept at room tem- 
perature for 24 hr. During this period the suspension was frequently shaken by 
hand and finally mechanically shaken for an hour and kept for a further period 
of 24 hr. At the- end of this time the bacterial suspension was freed from the 
bulk of suspended material by centrifuging in a De Laval Industrial Separator 
(or when smaller. quantities of organisms were extracted the extract was clarified 
by centrifuging at 15,000 r.p.m. for 30 min.). The supernatant fluid was freed 
from any residual bacterial particles by filtration through a British Berkefeld 
filter candle followed by (filtration through a Chamberland L, candle. The 
antigenic material was then obtained in aqueous solution free from the organic 
solvent by dialysis. During "dialysis the slightly opalescent solution of the 
'antigen in the organic solvent became - strongly opalescent. At this stage the 
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antigen was isolated in a solid form by concentration of the solution in vacuo 
at low temperature and the addition of ethyl alcohol to 68 % (by weight) con- 
centration ; the precipitate thus obtained was washed with alcohol and ether 
and dried in vacuo over phosphorus pentoxide. 

The antigenic material soluble in the organic solvent is not always completely 
removed from the bacterial bodies by a single extraction. Where necessary, 
further extractions have been made in order to obtain a better yield; in these 
cases the number of extractions made is indicated in the relevant tables of 
results. These products have been labelled "ethylene-glycol or diethyleneglycol 
F 68 ". 

The yield obtained by diethyleneglycol extraction of Ba.ctt. typhosum strain 
Ty, grown in synthetic medium (see Table 8) is considerably lower than that 
obtained by Henderson & Morgan [19381 and by Morgan (private com- 
munication), viz. 5 % as a total of three extractions. In a series of subsidiary 
experiments the technique described above has been modified in attempts to 
improve the yield. These have included the use of only one bacterial filter, i.e. 

ifiltration of the diethyleneglycol extract through a Chamberland Lz candle 
instead of filtration through a British Berkefeld filter candle followed by 
filtration through a Chamberland LL candle. This gave no significant increase in 

< ÿield. When, however, cellophane membranes were used for dialysis instead of 
:collodion sacs the yield was increased to 0.35 % . Further experiments are 
proceeding with a view to determining the factors responsible for the differences 

i.between the yields we have obtained and those recorded by Morgan. 

:Contamination of antigenic fractions with polysaccharide material 
derived from, agar or trypsin 

An appreciable amount of polysaccharide material can be removed from 
agar -grown organisms by aqueous washing. Thus 1.0 g. Bart. typhi- murium. 
°dried bodies, grown on agar medium in Roux bottles and washed off and killed 
with 50 % acetone, was extracted three times with 100 ml. water and the extract 
centrifuged to remove bacterial bodies. The three extracts contained 0.122 g. 
(i.e. 12 %), 0.039 g. (4 %) and a trace respectively of solid material. The ex- 
tracted material gave on analysis 33.2 % reducing sugar on hydrolysis with 
21)7.11C1 for 2 hr. at 100' in a sealed tube (Hagedorn & Jensen method), 8.9 % N 
and:_8.9 % non - volatile ash (the N and reducing sugar values are calculated on 
an ash -free basis). Aqueous washing of the bacterial cells, as a routine procedure 
to eliminate agar, was not considered satisfactory owing to the difficulties of 
eliminating the last traces of the soluble constituents by this method and the 
possibility. of its removing part of the antigenic components of the cell. 

Alcoholic or acetone fractionation of the antigenic fractions themselves was 
also tried, but it was found that these precipitating reagents behaved non- 
specifically in their precipitating actions on agar polysaccharides and the 
bacterial polysaccharides. 

lin the following experiment Bact. typhi- murium "t.ryptic digest F 68" from 
organisms grown on agar medium in Roux bottles was fractionated With alcohol 
and the fractions examined by determination of their specific optical rotations. 
Although this preparation contained about 14 % of agar (see Table 5) there was 
no evidence of any laevorotatory compounds in any of the fractions obtained. 
(Agar yields a polysaccharide on alcoholic precipitation, [s im- -35 °, see 
Table .9:) 2.1 g. of the antigenic fraction were dissolved in 70 ml. water and 
alcohol ;gradually= added until a slight precipitate was obtained. This precipitate 
was then removed by centrifuging, washed twice with absolute alcohol, twice 
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with ether and dried in vacuo over phosphorus pentoxide. More alcohol was 
then added to the alcoholic supernatant solution to produce further precipitation 
and the procedure repeated in 3 -4 stages until the final alcoholic supernatant 
solution was evaporated to dryness. The largest of the fractions was then again 
refractionated as shown in Table 2; the results in this table are uncorrected 
for ash. 

Table 2. Alcoholic fractionation of Bact. typhi -murium "cryptic digest F 68" 
from organisms grown on agar medium in Roux bottles 

Bact. typlti- murium 
"Tryptic digest F 68" 

(Organisms grown on agar in Roux bottles) 

2.135 g. [[x16461= +35° IN =2.2% 
Agar =about 14% 

( (see Table 5) 

45% 54% 

Fraction (1) Fraction (2) 
ta15461= +31° ta15461= +38° 

0535 g. . . 1286 g. 

56% 

Alcohol added to: 
70% 

Fraction (3) 

[x15461= +34° 
0.264 g. 

Redissolved in water 
(52 ml.) and refractionated 

Mother liquor residue 

Fraction {4) 

0.018 g. 

Alcohol added to: 
70 °, /° Mother liquor residue 

Fraction (5) 
[x15461= +40.5° 

N=1.8% 
0.938 g. 

Fraction (6) 
[als4a1= +38° 

0.270 g. 

Fraction (7) 

0-006 g. 

Pirie [1936] describes methods for the detection and rough estimation of agar 
in biological materials. Use of these methods confirmed the presence of agar in 
antigenic fractions prepared from organisms grown on an agar medium in Roux 
bottles, but was of little value in determining its amount. 

We have therefore adopted methods for roughly determining the extent of 
agar contamination of the dried bacterial bodies from various sources, depending 
on the galactose content of agar. It was found (vide infra) that bacterial bodies 
grown on 'a medium containing only mineral salts and glucose contained much 
less galactose than bodies grown on agar medium. These methods depend (a) on 
the oxidation of galactose to muck acid, and (b) on the hydrolysis of the agar 
polysaccharides and precipitation of the galactose thus liberated as the methyl - 
phenylhydrazone. 

(a) The oxidations were carried out according to Kent & Tollens [1885], who 
treated the galactose - containing: substance on the boiling water bath with 7.0 -12 
times its weight of HNO3 (sp. gr.'1..15), and evaporated to about the original 
volume. After cooling, g of the original volume of cold water was added and 
the mixture well stirred to initiate "`cr"ystallization. After 2 -3 days' crystalli- 
zation in the cold the mimic acid was collected on a small filter paper, washed 
with a few ml. of ice -cold water and dried at 100 °. Under these conditions the 
oxidation of bacterial products was found to be complete in 1 -2 hr. with 2 g. 
quantities of the substance. Muck acid has also been obtained from the same 
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bacterial products by means of a shorter oxidation with cone. HNO3. About 
2 g. of the substance were boiled with 5 -10 ml. of cone. HNO3 for about 10 min. 
The mucic acid which crystallized on cooling and vigorous stirring was filtered 
ofr on a small filter paper, washed with a few ml. of ice -cold water and dried to 
constant weight at 100 °. The results obtained with various samples of dried 
bacterial bodies and antigenic fractions are given in Table 3, (i) by Kent & 

'Aliens method and (ii) by the short oxidation method. Melting points of the 
products are quoted and refer to the mimic acid as obtained without reerystal- 
lization. The yields of galactose stated in the final column are calculated on the 
basis of a 78 o yield of music acid from pure galactose. Kent & Tollens [1885] 
also obtained a yield of about 78 % mueie acid from galactose. 

Table 3. Yield of muck, acid on nitric acid oxidation of dried 
bacterial bodies and antigenic fractions 

Substance 
Galactose 
Agar (Batto -agar) 

B.D.H. trypsin 

Fairchild Bros. and Foster 
trypsin 

Bact. typhosunt`(R.R.) F 68 
(organisms grown on agar 

' medium in Roux bottles- 
digested with B.D.H. trypsin) 

Bart. typhi- murium, dried 
bodies grown on synthetic 
medium 

Bect. typhosurn Tye dried 
bodies grown. on synthetic 
medium 

Beet. typ1ci- nouriuru. Tryptic 
digest F 68. - Organisms 
grown on synthetic medium 
digested with Fairchild 
Bros. and Foster trypsin 

'Wt. 
oxidized 

g. 

Yield of 
mueie acid 

g. 
3f.P. of 

mimic acid 
Galactose 

o/ 0 

(i) 2.0 1 -558 217° 100 

(i) 2.0 0.286 208° 18.3 
(ii) 2.0 0.360 212° 23.1 
(i) 2.0 0.273 214° 17.6 

(ii) 1.7 0.225 211° 17.0 
(i) 2.0 0 - 0 

(i) 0.5 0.081 214° 20.8 

(i) 2.0 0 - 0 

(i) 2.0 0 - 0 

(i) 0.5 0 - 0 

B.D.H. trypsin is the same sample as was used in the Kaistrick & Topley [1934] work. 

(b) Neuberg [1907] isolated galactose quantitatively, as the methylphenyl- 
hydrazone,'from emulsin hydrolysates of rafpinose. This method was subsequently 
used by Lüdtke [1929] and Neuberg & Schwietzer [1937] for the determination 
of galactose in agar and various polysaccharide fractions derived from it. Our 
procedure has been based on the methods of these authors; the bacterial bodies 
(2 g.) and antigenic fractions (0.5 g.) were hydrolysed on the boiling water bath 
for 3.5 hr. with 100 ml. N H2SO4. 

Preliminary hydrolytic experiments with bacterial bodies showed that the 
acid hydrolysis was at a maximum after 3.5 hr. The hydrolysates were freed 
from any insoluble material by centrifuging and basic amino -acids and other 
protein degradation products were removed from the solutions by the addition 
of an excess (10 ml.) of 60 % phosphotungdtic acid in 5 % H2SO4. The mixture 
was kept overnight at 0° and the phosphotungstie acid precipitate removed by 
centrifuging and washed with .2 % phosph.otungstic acid in 5 % 112SO4. Excess 
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phosphotungstic acid and HLSO4 were removed by -the addition of a very slight 
excess of hot saturated baryta to the acid hydrolysate, cooled in ice. The 
precipitated Ba salts were removed by centrifuging and washed with dilute 
baryta and the combined supernatant solution and washings made just acid by 
addition of 2Y1' 11,804. The excess acid was removed by addition of a slight 
excess of pure BaCO3 and the precipitates removed by filtration. The clear 
neutral and almost colourless filtrate was evaporated in vacito at low temperature 
to 10 ml. volume. A few drops of dilute acetic acid were added during the 
evaporation to keep the solution just acid to litmus. 10 ml. absolute ethyl 
alcohol were then added and the mixture kept at 00 overnight; any pre- 
cipitate which had separated out was removed by centrifuging The filtrate was 
treated with 0.4 g. of methylphenylhydrazine (i.e. at least twice the calculated 
quantity) and 0.1 mi. 50 % aqueous acetic acid, kept at 35 -38° for 6-7 hr. with 
occasional gentle shaking and then in the ice chest for about 15 hr. At the end 
of this period the hydrazone obtained was collected on a tared Gooch crucible, 
washed with 10 ml. ice -cold ethyl alcohol and dried to constant weight in vacuo 
over phosphorus pentoxide. Where necessary the product was recrystallized 
from hot absolute alcohol until pure. Table 4 shows the results obtained for 
various bacterial products and a control experiment on pure galactose. 

Galactose 

Table 4. Determination of galactose in dried bacterial bodies 
and antigenic fractions 

Substance 

Beet. typhi-murium dried 
bodies grown in synthetic 
medium 

Bart. typhi-murium dried 
bodies grown on agar 
medium in Roux bottles 

Bact. typhosum Ty, dried 
bodies grown in synthetic 
medium 

Bact. typhi- murium "tryptic 
digest F 68" from organisms 
grown on agar medium in 
Roux bottles, digested with 
Fairchild trypsin 

Bact. typhi- murium "tryptic 
digest I' 68" from organisms 
grown in synthetic medium, 
digested with Fairchild 
trypsin 

Beet. 'typhosum Tye "tryptic 
digest F 68" from organisms 
grown in synthetic medium, 
digested with Fairchild 
trypsin 

Wt. 
g. 

Yield of 
galactose 

methylphenyl- 
hydrazone 

g 
0.2239 0.3353 

2.01 0.0234 

1.809 00367 

1.928 -0.0195 

0.55739 00552 

04908 0.0204 

0.4449 0.0080 

Nature of 
methyipheny lhydrazone 

Colourless crystalline plates, 
i.r. 187° 

Colourless micro- crystalline 
plates, M.P. 184° 

Galactose 

95 -0 

0.74 

Colourless micro - crystalline 1-29 
plates, M.P. 185° 

Colourless micro -crystalline 0.64 
. plates, M.P. 186° 

Colourless micro- crystalline 6.10 
plates, M.P. 183° 

Colourless micro- crystalline 2-64 
plates, At.P. 184° 

Colourless micro - crystalline 1.14 
plates, M.P. 1850 

Comparing Tables 3 and 4 it is found that the bacterial bodies from a syn- 
thetic medium and antigenic fractions prepared from them yield small though 
significant .amounts of galactose on hydrolysis, which are detectable by the 
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ensitive methylphenylhydrazone method but cannot be detected by the cruder 
method of oxidative conversion of galactose into mueic acid. 

If the assumption be made that the organisms synthesize the same amounts 
of galactose when grown on an agar medium as in the synthetic medium the 
above results quoted in Table 4 may be used to obtain a measure of the extent 
of agar contamination of bacterial bodies grown on agar media and of the 
Antigenic fractions prepared from them. 

Various workers have obtained figures of 25 -30 % as the galactose content 
:'of agar (Neuberg & Schwietzer [1937], Liidtke [1929] and Pine [1936]) and we 
have obtained 23 % by the mueic acid method from unpurified agar. On the 
basis of a 25 % yield of galactose from agar, the following results are obtained 
for agar contamination of the bacterial bodies and antigenic fractions in- 
vestigated. 

Table 5 

Organisms Organisms 
grown in grown on. agar Difference 
synthetic medium in in galactose Agar 
medium: Roux bottles: content contamination 

Substance galactose % galactose % % % 
sBact. typhi- murium dried bodies 0-74 1.29 0'55 2.2. 

Bact, typhi-- muriam "tryptie 2.64 6-10 3.46 13.8 
. digest 

In an attempt to reduce the agar contamination of the dried bacterial 
bodies grown on Roux bottles, two other methods of growth were investigated 
as described above. The dried bodies, prepared as already described from the 
three sources, have been submitted to chemical analysis and the results for N 
content and reducing sugar values, calculated on an ash -free basis, are given 
in Table 6. 

N % 
Non- volatile ash % 
Reducing sugars on 
hydrolysis for 2 hr. 
at 100° with 2 ml. 
2N 1101 in a sealed 
tube (Hagedorn 
Jensen) 

Table 6. Analysis of dried bacterial bodies 

Baci. 
Bart. typhi- muriumm typhosum Baca. typhosum Ty, 

k,_. -N R.R. -- 
Grown Grown Grown 
on agar Scraped on agar on agar 

medium in from agar Grown in medium in medium in Grown in 
Roux medium synthetic Roux. Roux synthetic 

bottles on trays medium bottles bottles medium 
:17-5 g. per 73 g. per 17-5-20 g. '15 g. per 13 g. per 13 g. per 

100 lloux 100 trays per 100 1. 100 Roux 
bottles bottles 

13.7 14.8 13-4 13-4 

8'2 3.8 6.5 8.6 

14.1 13-9 16-4 14-5 

Properties of the antigenic fractions 

Various analytical results and the results of toxicity experiments in mice on 
antigenic fractions prepared from organisms grown by the methòds 1 (a), (b) 
and -(c) described above and fractionated according to the techniques described 
under (2), (3) and (4) are summarized in Tables 7 and 8. 

Samples of antigens and bacterial bodies used in the various analytical 
determinations have been dried in small weighing tubes at 10 -20 mm. and 61 °, 

100 Roux 100 I. 
bottles 

13.0 13'4 
9,5 7.4 

14-6 14-9 
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with passage of a slow stream of dry air, for a standard time of 45 min. Just 
sufficient of the sample for the determination in question, e.g. 5 -.10 mg. for. N 
determination, was dried in this way. The N analyses throughout the work have 
been made by the micro- Kjeldahl technique of Pregl. Ash determinations were 
made by ashing 5 -10 mg. of substance in a platinum boat in a micro -muffle 
furnace. The reducing sugar determinations were carried out according to the 
method of Hagedorn & Jensen; 10 mg. quantities of substance were hydrolysed 
by heating on the boiling water bath with 2 ml. of 2N H.C1 for 2 hr. in a sealed . 
tube; the hydrolysates were neutralized with 4N NaOH, diluted to 10 ml. and 
determinations made on 1 ml. samples. In the determinations of specific 
rotation about 100 mg. of substance were dissolved in 10 ml. water (a few 
micro- determinations were also made using 10 mg. of substance dissolved in 
1 ml. water). The antigenic fractions dissolve to form slightly opalescent solutions 
and there is a tendency towards reversion to an insoluble form on drying which 
renders reclispersion more difficult. Whenever it was impossible to determine the 
specific rotation on the solution at this stage, it was submitted to high speed. 
centrifuging (usually 15,000 r.p.m. for 30 min.) until sufficiently clear for the 
determination to be made. Readings were made on the cleared supernatant 
solution in a 1 dm. tube using the mercury green line A5461 Ä. When there was 
separation of an appreciable quantity of insoluble residue on centrifuging, this 
was washed twice with alcohol, twice with ether, dried over phosphorus pentoxide 
and weighed. The weight of insoluble residue was deducted from the original 
weight of the sample in calculating the concentration of the rotation solution. 
The N contents, reducing sugar values and specific rotations are calculated on 
an ash -free basis. 

The determinations of toxicity were made by the intraperitoneal injection 
into mice of 0.5 ml. of solutions containing falling amounts of the fraction under 
test. Each dose tested was injected into five mice, and the dose injected was 
halved in successive groups of mice, the range of dose employed in most tests 
being from 4 to 0125 mg. with the various fractions obtained from Bact. typhi- 
murium, and from 8 to 0.25 or 0.125 mg. with the fractions obtained from Bact. 
typhosum. For the method employed in calculating the average lethal dose, 
and its standard error, we are indebted to our colleague, Dr J. O. Irwin, who has 
recorded elsewhere [Irwin & Cheeseman, 1939] the statistical method itself and 
the results obtained in a series of parallel tests with some of our material. The 
standard errors have not been included in Tables 7 and 8, but it may be stated 
that, on the customary assumptions, the average lethal dose recorded must be 
regarded as subject to an experimental error of approximately +100 or - 50 %, 
i.e. the true average lethal ,dose is unlikely to be more than twice, or less than 
half, the figure given. 

Where many : determinations have been made on similar preparations, as 
has been the case with the tryptic digest F 68 fractions from growth on Roux 
bottles, or in synthetic medium, the range given for the average lethal dose may 
be accepted with "considerable confidence. Where only a single determination 
has been rnade the figure recorded should be treated, with equal reserve. In a 
iw' instances in which an unusually wide range in A.L.D_ is shown, as for 

instance, in the second tryptic digest fraction from the R.R. strain of Bact. 
typhosum.(Table 8), a long period elapsed between successive tests on the same 
fraction. Since the higher A.L.D. values were obtained in the later tests it is 
possible that the toxicity of the fractions tend to decrease on storage, though in 
many samples we have found that the A.L.D. value remains relatively constant 
over periods of a year or more,, 
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Table 7. Properties of antigenic fractions prepared from Bact. typhi-murium 

Outline of method 
of preparation 

Acetic acid cone. 
Yield of fraction 0/0 

N % 
Non-volatile ash 
Reducing sugar value % 
lalLan 

Grown on agar medium and scraped off trays 
r 

Grown on agar medium in Tryptic "Tryptic 
Roux bottles digest F 68" digest F 68" "Tryptic "Boivin 

r ,_ 
, V (a) V (b) digest F 68" antigen 

(Organisms acetone-killed) VI F 68" 
"Boirin "Ethylene- Dialysis Dialysis (organisms (urganisins 
antigen glycol in cellulosic in collodion acetone- formalin- 

1 F 68" F 68" membrane membrane killed) killed) 
0-1 - - 0.2 - 
8-4 7.2 5.8 2; 3-5 22 

(1st extraction) 
2.4 26 3,3 4-3 2.8 3-4 
7.6 7-1 9.6 8-2 7-4 8-3 

54 49 47 39 52 43 
+38° +43° +34° - +Kr +65° 

(approx.) (approx.) 
0-15-0-20 0.27-0-93 - - 0-13 

" Tryptie 
digest 
F 68" 

Average lethal dose for 0-13 0-31 
mice mg, 

3-0 
6-6 

56 
+91' 

Tryptic 
digest 

Outline of method 1' 68 
of preparation VII 

Acetic acidiçonc.31, 0.2 
Yield of fraction c'/0 ' 3-9 

3-0 
Mon-volatile ash ,Y. 6.1 
,::,Reducing sugar value. % 51 

4u)sici :::: '. : +75' 
:.-- (approx.) 

Average lethal dose for 0.13-0-27 
-z:...,. mice mg. - 

, :,.... - -... -.. 

Grown in Synthetic medium 

"Tryptic "Tryptic "Tryptic "Tryptic "Tr3-rptic " Diethylene- 
digest digest digest digest digest "Boivin glvcol F 68" 
F 68." I' 68" F 68" F 68" F 68" antigen (1-st and 2nd 
VIII IX XI XII XIII F 68" extractions) 
U-3 () 0 0 0 - - 
4,4 5.9 6-5 (3-0 - 3-5 0-5 
5-4 0-1 4-1 6-0 4-1 2-5 2.4 
9-6 .12-5 8-2 9-7 74 9-0 9.7 

48 47 51, 47 51 48 51 
+83° 4- 83 +80' +80' +77° +47° +78' 

047 0-61 

Table 8. Properties of antigenic fractions prepared from strains of Bact. typhosum 
Strain R.R. grown on agar 

medium in Roux bottles 

"Tryptic 
digest 
4' 68" 

II 
I after 

" Tryptic treatment 
AP Outline of digest with 0-1 X 

method of F 68" HOAe in 
preparation i the cold 

Acetic acid cone. 3V 0 0-1 
Yield of fraction % 14 12 

% 5-2 5-0 
Non-volatile ash % 11.5 11 .1 
Reducing sugar 37 - -.12 

value % 
1%1510 

Average lethal dose 
for mice mg. 

Strain Ty2 
grown 

on agar 
medium 
in Roux 
bottles 

"Tryptic 
"Ethylene- digest 

glycol P 68" 
-I` 68" I 
- - 

7.2 
(1st 

(ixtraction) 
5.7 

21-3 
39 

Strain Ty, grown in synthetic medium 

"Tryptic 
digest 
F 68" 

"Tryptic 
digest 
I, 68" 

"Tryptic 
digest 
F 68" 

IV 

"Boivin 
antigen 
F 68" 

-Diethy- 
lene- 

glycol 
F68" 

1-0 - 0 0 0 
7.7 52 5.1 34 3-6 0-06 

(1st 
extraction) 

4.2 7-7 8.8 7-0 4-2 4-3 
9-1 12-0 12.5 12.2 9.1 13-7 

- 46 30 35 32 36 

+38° +42° +45° +81° +112° -1-93° +107' +90° 
1-4 0.41-24 0-93 0.31 0.23 

DISCUSSION 

The three main methods of preparation of antigenic fractions which have 
been used in this work have yielded, from comparable starting materials, 
products which show remarkable similarities in chemical and immunological 
properties. They are all complex, non-dialysable substances containing N and 
giving rise to reducing sugars on hydrolysis. The fractions are all water-soluble, 
giving solutions which are optically active (dextrorotatory). The solutions 
exhibit the property, characteristic of their high molecular complexity, of 
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partial reversion to an insoluble form on drying and storage.. Although the 
fractions at this stage cannot be regarded as chemical entities, the similarity 
of chemical composition and of toxicity in mice between the substances pre- 
pared by very different methods, from the uncontaminated starting material- 
bacterial bodies grown in a synthetic medium lends support to the view that 
we are now dealing with a product which consists predominantly of the antigenic 
complex of the bacterium. 

In view of the high percentage of reducing sugars obtained on hydrolysis of 
the antigenic fractions and the probability that a polysaccharide complex may 
play an important part in the immunological specificity of the antigen, it has 
been considered worth while to investigate systematically the problem of agar 
contamination of the starting materials and the antigenic fractions. The colour 
tests devised by Pixie, whilst confirming the presence of agar derivatives in the 
bacterial bodies grown on an agar medium and antigenic fractions prepared 
from them, were of limited :value in assessing the amount of agar present. It 
has been possible, however, to obtain an accurate estimate of the extent of 
contamination of bacterial bodies and antigenic fractions by the determination 
of their galactose content, as compared with that of similar substances obtained 
from agar -free sources. The extent of agar contamination present in the dried 
bacterial bodies grown on an agar medium in Roux bottles has been determined 
by this means and appears to be of the order of 2 % of the bacterial bodies. The 

'results in Table 6 show that the organism grown in synthetic medium contained 
less N than bodies grown on agar and that the reducing sugars obtained on 
hydrolysis are correspondingly higher. This is probably associated with a change 
in the organisms occasioned by growth in a synthetic medium free from trypto- 
Phan. However, the immunological properties of the antigen obtained from 
bodies grown an, this -way do not appear to be materially affected. 

Bact. typhi- muriurn antigenic fractions 
Sample analyses of Bact. typhi -mur uin fractions prepared by three different 

methods from bacterial bodies grown both on agar media and in a synthetic 
medium are given in Table 7. In the case of the "tryptic digest F 68" from 
organisms grown in synthetic medium (antigenic solution untreated with acetic 
acid) four parallel preparations were made and the products analysed. The 
results are not strictly reproducible from batch to batch but the variations in 
the reducing sugar value (47 -51 %) and the specific optical rotation. [00L461 -{- 77 -83" 
are relatively small, although there is a greater variation in the N contents 
(4.1 -6.1 %,). The same order of reproducibility is to be expected for the other 
fractions for which, in general, single analyses have been quoted. 

Two fractions prepared from bacterial bodies, grown on nutrient agar in 
trays and scraped off, gave analytical results departing widely, particularly m 
N content,from all our other findings. The figures for these two samples are not 
included in' Table 7. The cause of the discrepancy remains unknown. 

':.The products prepared from organisms from an agar medium in Roux 
bottles by the three methods have N contents varying from 2.4 to 3.3 %, 
reducing sugar values 47 -54 ()/ and specific optical rotations, +34 to +43 °, 
which present the same order of variation as the replicate batches quoted above. 
A similar argument holds for the fractions from organi.sms grown on agar 
medium and scraped off trays and for those fractions from organisms grown in . 
the synthetic medium. The specific optical rotation (+47 °) for the Boivin 
antigen F 68 prepared from organisms grown in the synthetic medium differs 
widely from that obtained for the other fractions from this source; this may be 
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associated with differences of molecular complexity which would not affect the 
other analytical data. 

.The yields of the fractions prepared by the tryptic digestion method are 
higher than those prepared by the other methods. 

Consideration of the average analytical figures for the products prepared by 
all three methods from organisms grown on the one hand on agar medium, and 
on the other on a synthetic medium, confirms the fact, established by the 
galactose estimations already described, that the antigenic fractions prepared 
from bacterial bodies grown in Roux bottles contain considerable amounts of 
"agar polysaccharides ". The mean analytical figures may also be used to 
furnish a very rough indication of the extent of this contamination. Table 9 

shows the average analytical. figures for the antigenic fractions from the three 
main sources investigated, together with data for an agar polysaccharide 
fraction obtained by precipitating bacto -agar solution with alcohol to 68 % 
concentration by weight, and calculated results for a hypothetical fraction 
consisting of 2 parts of antigenic fraction from organisms grown on the synthetic 
medium and 1 part "agar polysaccharide". 

-. Table 9. Mean analytical data of Bact. typhi -murium antige'n'ic fractions 

Method of growth of organism, from 
which fractions were prepared 

r , 
Agar medium Growth in "Agar poly- Hypothetical 

Agar medium in trays. synthetic saccharide" fraction 
in Roux . Organisms medium fraction 2 parts (a) 
bottles scraped off (a) (b) + 1 part (b) 

Yield % 7 -1 2.9 4.4 - 6.8 
N % 2.8 3.4 4.2 0.5 -0.6 2.9 
.Reducing sugar value ó% 50 48 50 50 50 
ldlsaci +38° +82° -76° 35° +39° 

Comparing our analytical figures with the values recorded in earlier papers, 
we find that the results are of the same order although there are certain differ- 
ences, particularly in the N contents. Boivin's antigen from Bact. typhi- murium 
contained 1.83 -2.20 % N and gave 40 % of reducing sugars on hydrolysis 
[Boivin -8a Mesrobeanu, 1934] as compared with our values, for the product 
obtained by the same method, of 2.5 % N and 48 % of reducing sugars on 
hydrolysis. Topley et al. [1937] obtained an antigen from Bact. typhi-murium 
containing 4.2 -4.8 % N; in our tryptic digestion work the N content of the 
purest. fractions has varied from 4.1 to 6.1 ej,.. Raistrick & Topley [1934] 
obtained 23.1 % of reducing sugars on hydrolysis of their crude antigen F 68 
and.37.8 % from 'F 68/68; our tryptic digest antigens from organisms grown in 
the synthetic medium yield 47 -51 % of reducing sugars on hydrolysis. These 
figures might appear to conflict with the view that the products of the earlier 
workers contained "agar" and other impurities from the culture media, but it 
must be remembered that efficient removal of bacterial debris by centrifuging 
and filtration, and elimination of low -molecular breakdown products of the 
tryptie digestion by dialysis rather than alcoholic fractionation, have also 
modified the analytical data of the fractions. 

Bact. typhosum antigenic fractions 

The mean analytical data for the Bact. typhosum fractions are summarized 
in Table 10. 
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Table 10. Mean analytical data of Bact. typhosuni antigenic fractions 

Method of growth of organism, from which 
fractions were prepared, etc. 

Strain Ty2, 
Strain R.R. Strain Ty2 Synthetic medium. 
Roux bottle Roux bottle Tryptic digest 

grown grown fractions 

Yield % 11.1 7-7 4.8 
N 5.3 4.2 7.2 
Reducing sugar value % 39 46 32 
[a]s462 +42° +81° +104' 

Comparison of these averages with the results in Table 8 shows that, firstly, 
parallel products from the organisms grown in the synthetic medium yield 
closely reproducible analytical data. So far as the products from a Roux bottle 
source are concerned, strain R.R. has yielded fractions by the three different 
methods of preparation which are closely similar, and it is again clear, as in the 
case of the _Batt. typhi- murium fractions, that these three methods give rise to 
essentially the same polysaccharide products from the bacterial bodies. (In our 
hands the yields by extraction with glycols have always been lower than those 
by other methods.) 

From a comparison of the analytical data for strain Ty, fractions prepared, 
on the one hand, from organisms grown on an agar medium in Roux bottles 
and, on the other, hand, from organisms from a synthetic medium (Table 10) 
it is clear that the former contains an appreciable quantity of contaminating 
agar polysaccharides. 

The N content of our diethylenegl ycol F 68 " from strain Ty, grown in 
synthetic medium (4.3 %) is much higher than that quoted by Henderson & 
Morgan [1938] of 2.25 -2.4 % N with a similar 0 -T- Vi strain. The same is true 
for the corresponding " Boivin antigen F 68 " -4.2 % N as compared with 2.5 
obtained by Boivin. Topley et al. [1937] obtained a tryptic digest antigen from 
strain R.R. which contained 4-8-5-3% N, and from the H 901 strain, 44) 
5-1 % N. 

The analytical results in columns 1 and 2 of Table 8, and also those of $act. 
typhi- murium fractions derived from the synthetic medium (Table 7) indicate 
that removal of an acetic acid -insoluble fraction of the antigen does not greatly 
alter its nature. It has already been pointed out that the antigenic fractions are 
readily susceptible to mutation to an insoluble form and it appears that treat- 
ment with acetic acid accelerates this, rather than produces a sharp separation 
of a chemically distinct Use of acetic acid is therefore not recommended 
at this stage of the preparation of the fractions. 

Reference to Table 3 will show that an early crude antigenic fraction from 
strain R.R. organisms grown on agar medium in Roux bottles and digested with 
B.D.H. trypsin yielded mucic acid equivalent to 20. % of galactose. This is due 
to the presence in the antigenic fraction of galactose- containing polysaccharides 
from the commercial trypsin as well as of agar. 

Boivin &'Mesrobeanu [1934 describe a method of separation of the O and 
Vi components of antigens from 13act typhosum by means of precipitation of the 
Vi antigen with uranyl acetate. The precise chemical differences between these 
components have not yet been elucidated. We have preferred., therefore, at this 
stage to consider the antigenic complex from .Bact. typhosmm, strain TY4, ás 
directly extracted by the methods described. 
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Comparison of antigenic fractions from Bact. typhi- murium and Bact. 
typhosum -strain Tyr, grown in synthetic nedia nz, 

Both the antigenic fractions prepared from Bact. typhi- murium, and Bact. 
.typhosum strain Tye, organisms grown in synthetic medium and extracted by 
'the three different methods, appear to belong to the same type of compound, i.e. 
a N- containing, non- dialysable water - soluble substance which yields reducing 
sugar on hydrolysis. They are both strongly dextrorotatory. The untreated 

.l antigenic fractions have no appreciable reducing power, and contain a negligible 
amount of amino-N. The fractions from the two organisms, though qualitatively 
similar, differ in their analytical data. Thus the fractions obtained from Bact. 
typhosum Tye grown in synthetic medium all contain significantly greater 
quantities of N and have higher specific optical rotations than the corresponding 
fractions from Bact. typhi- murium. The reducing sugar values are however 
markedly lower. 

SUMMARY 

.Methods of growth of bacterial bodies of .Bact. typhi- rnuriuru and Bact. 
typhosum for the subsequent chemical extraction of antigenic fractions are 
described and have been critically examined. It has been found possible to 
obtain chemical fractions of these organisms free from contaminating substances, 
such as agar from the media, only when the organisms are grown in a liquid 
medium, preferably containing only inorganic salts and glucose. 

Antigenic fractions have been prepared from these organisms by three 
methods: (a) a development of the tryptic digestion method of Raistrick & 

Topley; (b) Boivin's method of extraction with cold trichloroacetic acid and 
(c) extraction with organic solvents such as ethyleneglycol and diethyleneglycol 
[Morgan, 1937, 1], and the products have been compared by chemical analysis 
and the determination of toxicity in mice. The purest products obtained by these 
methods from organisms free from contaminants of the culture media show such 
a similarity of properties that it may be concluded that by any_of these methods 
the i essential antigenic complex of the bacteria may be obtained in a state 
approaching chemical homogeneity. 

On the grounds of yield and suitability for use in extracting Iarge quantities 
of:bacterial bodies the tryptic digestion method and Boivin's method are 
recommended. Quantities of these products are being accumulated for further 
chemical fractionation. 

Amethod for determining the galactose content of bacterial bodies and 
antigenic fractions has been elaborated and can be applied to the problem of the 
determination of the extent of agar contamination of bacterial fractions obtained 
from agar. media. 

These studies, and others in the same general field are, of necessity, ex- 
tremely_expensive They involve the growth of relatively enormous masses of 
pathogenic bacteria, laborious and large -scale chemical manipulations, and the 
annual expenditure of many thousands of mice in the immunological assay of 
the various chemical fractions isolated. They have been rendered possible by 
grants received from many different "sources : from the Leverhulme Trust, the 
Pilgrim. Trust, Imperial Chemical Industries, Ltd. and from a fund raised by 
the late Sir Austen Chamberlain, to which many generous private donors have 
contributed. One of us (J. W.) has revived a research grant from the Medical 
Research Council, two of us (G. G. F. and S. W. C.) have held Grocers' Company 
Scholarships for Medical Research, and 'Miss C. Begg, whom we wish to thank 
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for much assistance in the preparation of bacterial bodies, was the holder of a 
Halley Stewart Research Fellowship. To all these we would express our thanks. 

The authors wish to thank Profs. H. Raistrick and W. W. C. Topley for 
much advice and criticism, and Mr T. H. Anderson for help with the analytical. 
work. 
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Production of Pènicillin 
PENICILLIN, the metabolic product of Pei icillium 

notatuon, discovered by Fleming in I929, has been 
shown to be a chemotherapeutic agent of great 
importance. The exceedingly high becteriostatic 
potency of this substance, together with its low toxicity 
to tissue cells, are such that penicillin has been des- 
cribed as "the most powerful antibacterial agent 
with predominantly bacteriostatic action so far 
known"!, and its value in human therapy has already 
been demonstrated2 

It is, therefore, unfortunate that the production 
of crude penicillin is a somewhat lengthy process in 
which the yield of this :valuable lsut unstable product 
is small'' Further, the process involves the 
culturing of the mould in large volumes of fluid 
medium in culture . vessels in which the depth of 
medium is 'small. The incubation space therefore 
required is so great that the facilities of oven the 
larger laboratories are inadequate for the production 
of penicillin in quantity sufficient for therapeutic 
use, or for the neither work required in the elucidation 
of its chemical structure. i3y the modified method of 
production outlined below, the hacteriostatic meta - 
bolic product of P: notatum is produced in 5 -0 clays 
in yield comparable to that obtained in 10-11 days 
by- the method as previously described'. 2. This 
means that for a given incubation space the output 
of the crude active substance may he considerably 
increased (for example, doubled) and, in addition, 
themodified method has other advantages. 

r. Attempts were made to increase the yield of 
::'penicillin by adding to the medium (as used by 
iii:Florey et al. i) substances which might serve as growth 

'actors. in this connexion it was thought that the 
culture fluid itself might contain such substances. 
Therefore, small quantities (0.1 -].0 c.o.) of 'fluid from 
.an-11-day culture of a previous batch were added to 
culture vessels containing 200 c.c. of medium', after 
which the bottles were seeded with P. notatum 
and then incubated at, 24° C. -along with cultures to 

hick no culture-fluid was added. These experiments 
were strikingly successful and the course of the 
metabolism was profoundly altered as judged by the 

',:following. criteria : growth and sporulation of the 
mould; pigmentation -of -the cut -lure fluid, pH changes 
and appearance of --coloured droplets on the surface 
of ...the mycelium were all considerably accelerated 

=as compared wìth wntrea.ted cultures (controls),- and 
the rate of prroductien 01 glut ,i,nti iletc rial substance 



after 4 -5 days' incubation, as judged by the ring 
assay test described by Florey et al. 9, was increased 
considerably. However, these results were not 
maintained during further incubation, the assay 
tests then indicating a considerable diminution in 
the amount. of antibacterial substance present in 
the culture fluid. Observations of the changes in the 
pH of the culture fluid suggested that the antibac- 
terial substance was being destroyed by the excessive 
amount of acids produced under the changed experi- 
mental conditions. 

Accordingly, similar experiments were carried out 
. in a medium adequately buffered by the addition of 

a strong solution of mixed phosphate buffers, the 
proportion of the mono- and dihydrogen phosphates 
being determined after consideration of the pH 
ranges most favourable for the stability and produc- 
tion of penicillin. The results of these experiments 
were entirely satisfactory, and the amount of anti - 
bacterial substance produced in 5 -6 days (so far as 
could be judged by ring assay tests on the diluted 
culture fluid, and by the serial dilution method as used 
by Fleming') was at least equal to that produced in 
the control experiments in 1.0-11 days, that is, in 
cultures seeded from the same suspension of the 
mould and incubated along with the test cultures. 
Assay tests on the culture fluid after several days' 
more incubation (in addition to the 5 days) showed 
no diminution in the amount of active substance 
present, and work is in progress in order to ascertain 

. if the yield of the active substance per given volume 
of culture fluid may be increased; that is, as compared 

with the yields obtained in 5 -6 days by the modified 
method or in 10 -11 days by the older method. 

Pigment production during the shorter incubation 
period of the modified method was less than in the 
l.0 -i l day period of the unmodified method, and 
this is an advantage of importance, since the isolation 
and purification of the active substance will therefore 
be facilitated. 

In preliminary experiments, buffering of the 
medium as in the successful experiments outlined 
above, but without the addition of the culture fluid, 
appeared to alter the metabolism of the mould as in 
the experiments in which both culture fluid and 
buffer were added. Further work is in progress in 
order to ascertain whether the addition of culture 
fluid is necessary. 

At present only small quantities of the crude anti - 
.bacterial - substance have been prepared by the 
modified - method. The substance, however, was 
found to be 'extractable at pH 2 by amyl acetate and 

`from the- "amyl acetate solution the active substance 
was :re- extracted :at pH 64_with aqueous barium 
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THE PRODUCTION OF PENICILLIN 
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Research Laboratory, University of Edinburgh 

PENICILLIN, one of the metabolic products of Penicillium notatum, 
is an antibacterial substance of great potency (Fleming, 1929 ; 

Abraham et al., 1941 ; Florey and Jennings, 1942), and its bacterio- 
static : effect is particularly marked with Gram -positive organisms, 
including strains of Staphylococcus aureus, which are not readily 
affected by sulphonamides. Chain et al. (1940) have demonstrated 
the antibacterial effects of penicillin in in -vivo tests in experimental 
animals, and its value in hu.m..an therapy has also been proved 
(Abraham et al., 1941 ; Florey and Florey, 1943). It is extremely 
unstable and is readily inactivated by many chemical reagents 
(Abraham and Chain, 1942). 

For the production of penicillin the fungus P. notatum is cultured at 
24° C. (or rather higher temperatures) in fluid media ; other metabolic 
products' include pigments and a pyrogenic substance or substances. As 
the yield `of penicillin is small, considerable incubation space is required, 
especially as the cultures must be grown in shallow layers and must be 
incubated for comparatively long periods of time. In our attempts to 
improve the yield the addition of growth factors to the cultures was considered, 
the medium .used being the modified Czapek -Dox medium to which 10 per cent. 
of yeast extract was added (Abraham et al.). It seemed possible (Challinor, 
1942) that the fluid from a previous batch of cultures (e.g. an 11 -day culture) 
might contain the necessary growth factors. Accordingly, varying small 
volumes of such cuituu-e .thud were added to freshly inoculated cultures : 

assay tests indicated a more rapid production of the antibacterial substance 
than in untreated cultures. However, the yield of active substance was not 
maintained for more than about 4 days and this appeared to be due to 
destruction or inactivation of the substance by the acids produced. The 
results showed the need for more adequate buffering of the medium. It 
has been stated by Abraham et al. that penicillin production is usually at 
its maximum at about pH 7 ; the substance is most stable in aqueous 
solution between pH 5.5 and 75 (Abraham and Chain). Therefore the: 
increased yields which we have obtained in the buffered cultures appear to 
be due to the maintenance of the reaction of the culture fluid between 
pH 6 and 7, this -range being favourable for both production and stability 
of penicillin. 

Proof that the antibacterial substance prepared during this investigation 
was penicillin cannot readily be established by chemical tests, but from its 
method of production and isolation there is no .reason to doubt that the 
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antibacterial substance isolated was penicillin. Thus it is a metabolite of 

P. notatum extractable by organic solvents, in contrast to notatin, a metabolic 
product of certain strains of P. notatum, which is relatively insoluble in 

organic solvents (Coulthard et al., 1942). 

Methods 

Ten strains of P. notatum were used during this investigation, and 
considerable differences in penicillin production were observed using the 
medium described by Abraham et al. For most of our experiments a single 
strain of P. notatum (supplied by the courtesy of Dr J. W. Trevan of the 
Wellcome Physiological Research Laboratories) has been used. 

Into flat glass bottles of 800 ml. capacity 200 ml. of the medium were 
introduced to give a shallow layer, 1.5 -2 cm. in depth, when the bottle was 
placed in the horizontal position. Sterilisation was effected by steaming 
for 1,k hours. For preparation of the inoculum the fungus was grown on 

Sabouraud's medium for 4 days and a suspension of the sporing organism made 
in sterile distilled water. Experiment showed that the amount of inoculum 
was not critical, and 1 ml. volumes of the spore suspension per culture vessel 
were used. The bottles were incubated at 24° C. in an incubator room for 
varying periods of time. Growth and sporulation of the fungus, pigment 
and penicillin formation and changes in pH of the culture fluid were similar 
to those recorded by Abraham et al. Considerable differences in the yield 
and the other criteria mentioned above have been observed in different 
cultures in the same batch. The average concentration of antibacterial 
substance per ml. of culture fluid was 1 -2 units -less than the yield (4 units 
per ml.) claimed by Abraham and Chain, but the strain of P. notatum used by 
them was not the same as that used by us. 

Method of assay. Two methods have been used, the ring method as described 
by Abraham et al., and the serial dilution method (Fleming, 1942 ; Florey and 
Jennings, 1942). The test organism, Staph. aureus, was kindly supplied by 
Prof. Fleming. Preparations examined bythe first method were usually diluted 
so that the zone of inhibition was of the order of 20.24 mm. (tests were 
made in duplicate and triplicate on separate plates) and the results were 
correlated with control assay tests using a standard preparation of the 
barium salt of penicillin. The repeated withdrawal of culture fluid for 
these tests involved disturbance of the cultures and this, especially during 
the early days of incubation, appeared to alter appreciably the growth and 
metabolism of the fungus. In order to minimise this effect, fluid for the 
estimations was withdrawn from different cultures of a batch on different 
days, and it was considered that the error due to individual variation, provided 
a sufficient number of tests was made, would probably be less than that due 
to repeated disturbance of individual cultures. 

Effect of increased buffering of the medium 

In early: experiments the amount of potassium dihydrogen 
phosphate in the medium was considerably increased without 
materially affecting . the production of antibacterial substance. 
Addition to the recently seeded cultures of a mixed phosphate buffer 
(20 ml. each of M /15 KH2PO4 and M /15 Na2HPO4. 12H20) did 
not prove sufficient . to prevent wide changes in the reaction of the 
culture fluid, and in other experiments the same volumes of M /1.5 



sy.$101. 

El?ODUCTION OF PE _WIC= rAt 448- ?PY 

phosphates were added. Phosphate mixtures of different pH (5.5, 
6.0, 6.5, 7.0, 72 and 7.5) were then tried : that at pH 7-0 gave the 
most satisfactory results. In such buffered cultures there was no 
appreciable fall in the pH of the culture fluid during the first three 
days of incubation. On the fourth day the pH was about 6 : it then 
increased gradually, reaching its original value (6.7-6.9) by the 
eighth day, after which there was no change during a further three 
days'. incubation. The production of antibacterial substance on 
this heavily buffered medium was in excess of that in the original 
medium (table), and there was less individual variation between 
different cultures of the same batch. 

The buffer salts were incorporated directly in the medium, the 
Constituents of which were then as follows :- 
NaNO3 . 3-0 g. Na2HPQ4. 12E120 . 33.5 g. 

. 0-5 Glucose (A.R.) , 40.0 
3/1004. 71120 . . 0.5 Yeast extract . . 100 ml. 
FeSQ4. 7H20 . 0.01 ,, Distilled water . to 1000 
KEI .2 PO 4 6-5 

It is probable that the disodium phosphate constituent of this 
medium could be omitted and the pH adjusted by the addition of 
caustic soda solution, but this has not yet been investigated'. 
Weekly batches of cultures have been grown on this medium and 
relatively consistent results obtained. Assay tests by both methods 
on 1 of every 5 cultures were usually carried out on the fifth, 
seventh and tenth days. Results obtained on two representative 
batches of cultures are summarised in the table : only results 
obtained by the broth serial dilution method are shown. For 
comparison, results on the original medium are also included. 

TA.BLE 

Concentration of antibacterial substance per pal. of culture fluid at 
different stages during 10 days' incubation of cultures of P. notaturn 

Batch letter Medium 

Days of incubation 

0 7 10 

J. 

K. :' 

K. . : 

Buffered 
(35 cultures) 

Original 
(38 cultures) 

Buffered 
(25 cultures) 

Original 
(7 cultures) 

ca. i 'Lmit (7) 

<1. (8) 

ca. 1 (5) 
1-2 units (1) 

<1 unit (2) 

2 units (4) 
I unit (2) 
4 units (1) 

<I unit (8) 

2 units (2) 
2 (2) 

ca. 1 unit (2) 

4-6 units (5) 

1 unit (5) 
I-2 units (2) 

8 (4) 
6 (I) 
2 (2) 

,Tie figures in brache A indicate the number of cultures tested. 
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The ratio of the yields of antibacterial substance on. the two 
media was also of the order of 3 to 1 or greater when 5 other strains 
of P. notatum were used. Rather higher yields (6 -10 units per ml.) 
of active substance were obtained with a strain kindly supplied by 
Prof. Fleming, but only 4 small batches of cultures have been 
investigated and the experimental data are insufficient for presenta- 
tion here. 

Increased yields of antibacterial substance were also obtained 
in a few experiments by culturing P. notatum in the presence of 
excess suspended CaCO3 (e.g. 5 mi. of a 10, per cent. aqueous 
suspension of CaCO3 added to each 200 ml. of the original medium), 
but only a single strain of the fungus was used : further experiments 
are proceeding. The results in the table show that, after 10 days' 
incubation, cultures on the buffered medium produce on the 
average 6 or more units of antibacterial substance per rß.11. of 
culture fluid as compared with about 2 units on'the original medium. 
.Assay tests on the bulked culture fluid after 10 days' incubation are 
not available because the incubation was, in these experiments, 
prolonged for more than 10 days. Therefore, for a given output 
of penicillin the volume of fluid cultured may be reduced to one - 
third of that required when the original medium is used. Higher 

.:yields of penicillin are claimed by workers in America (Kocholaty, 
1942), but the strains used appear to be more active " penicillin 
producers " than those available in this country. 

Extraction of the antibacterial substance 

The methods of extraction and concentration used are based on the pro- 
cedures described by Abraham et al. and Abraham and Chain. The cultures 
were filtered through filter paper, the filtrate (usually 20 -25 litres) was cooled, 
and after acidification to pH 2 with phosphoric acid, was extracted with an 
equal bulk of cooled amyl acetate. Instead of shaking, the extraction was 
accomplished by mechanical stirring in two large glass containers, the necks of 
which were fitted with large -bore stopcocks in order to facilitate withdrawal of 
the separated liquids. During the extraction process emulsions are formed 
and separation by gravity into two layers is rather slow. With the buffered 
:fluid the separation takes place more rapidly than with fluid from cultures 
grown on the original medium or on any other medium which wo have tried. 

....This relative ease of separation of aqueous and amyl acetate layers is of 
practical importance. The culture fluid of the buffered medium was less 
heavily pigmented than that of the original medium and this also is an 
advantage. The barium salt was formed by treatment of the amyl acetate 
extract with N /20 baryta, and the pigment was partially removed by 
reatment with charcoal - (usually 1 per cent.). Further processes in the 

concentration of the active substance were extraction at pH 2 with peroxide - 
free c,ther and reconstitution of the barium salt, which was then transformed 
into the sodium salt with soclitun sulphate solution. By suitable adjustment 
of the volumes of the extracting fluids a progressive concentration of active 
substance was accomplished and aqueous solutions of the sodium salt con - 
taining, 200 -1000 units per ml were obtained. 
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By the lyophilic drying process the sodium salt was obtained as a yellowish 

brown powder with a potency of 20 -50 units per mg. Owing to the over- 
lapping of batches of cultures grown on different media, the use of different 
strains of P. notatnm, and attempt=ed improvements ht the concentration 
procedure it is not possible at present to express the yields of solid sodium 
salt in relation to the volume of fluid. cultured. 

While the above work was in progress, an observation which may provo 
:óf :practical value was macla. The aqueous solution of the sodium salt was 
=stored overnight in a refrigerator at -40 C. prior to the lyophilic drying 
process. On removal from the refrigerator it was noticed that the bulk of the 
fluid had frozen, but a small layer of deeply pigmented fluid was present above 
and below the frozen material. The top layer was decanted and three further 
small, portions of heavily pigmented fluid were subsequently withdrawn at 
`intervals during the next few minutes. These portions were successively 
less_ pigmented and pH measurements (by p12 meter) showed differences for 
each, with a progressive decrease in alkalinity. Those observations, although 
incomplete, are included here since their application may lead to the develop - 
ment of a convenient method for partial removal of pigment, 

Sit . Tamar J 

Increased yields of penicillin have been obtained by the addition 
of large amounts of phosphate buffer salts to a modified Czapek -Dox 
medium and there was less variation between individual cultures 
m any one batch. These results were obtained with 6 different 
strains of P. notatu.m. ,After. 10 days' incubation the average con - 
eentration of antibacterial substance was 6 units per ml. of culture 
fluid, compared with about 2 units on the original modified Czapek- 
Dox medium. Higher yields (6 -10 units per mi.) have been obtained 
m a few`exper:iments using a recently acquired strain of P. notatum. 

In a few experiments increased yields of the antibacterial 
>sOstaneo were obtained by culturing in the presence of calcium 
carbonate. 

Less pigment was formed in the buffered medium and for this 
and other reasons the extraction and concentration of the active 
substance were facilitated. 

We wish to thank Miss I. A. balling for her assistance and Mrs A. B. 
Wallace for help with the numerous assay tests. Our thanks are due to 
Professor T. J, Mackie for his continued interest and valuable advice, to 
Professor J. R. Learmonth for his great interest and for the facilities which 
he provided in his department, and to the University Court. for special 
financial assistance without which the work could not have been undertaken. 
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-Concentration of Solutions of Salts of 
Penicillin 

PENICILLIN asa chemotherapeutic agent is usually 
employed in the form of its sodium or calcium salt : ' 

a concentrated solution of one of these salts is used 
for parenteral injection or for local application. For 

.: the latter 'form of treatment penicillin in solid form 
" is often used (usually the calcium salt). Owing to , 

the instability of solutions of these salts of penicillin 
it is necessary to prepare and store the salts in the 

.solidi form and to dissolve in the appropriato volume 
'.of water or saline shortly before required. 

In order to obtain salts Of penicillin in the solid 
arm, evaporation in vacuo of the concentrated solu- 

tions at low temperature is necessary, and the 
lyophilic drying process, in which evaporation takes 
place from the :frozen state, has been the method of 
choice. The lyophilic drying process -is, however, 
very ,slow, especially with the apparatus usually 
available in the laboratory, and it is therefore desir- 
:able to concentrate the solution as much as possible 

- 

before drying. 
This concentration may be achieved by extraction 

of the free penicillin at pH. 2 with organic solvents, 
the salt being formed from the extract by treatment. 
with the appropriate alkali aid a smaller volume (for 
example, one tenth) of water'",a. This method of 
concentration may be repeated if necessary, yielding 
very highly concentrated solutions of the salt. 

An alternative method of concentration which has 
:.advantages over that outlined above has been de- 
veloped ass the result of aia, observation during 
the preparation of penicillin in these laboratories. 
-Thus, it was noticed that frozen solutions of the 
sodium salt of penicillin when allowed to thaw at 
room - temperature gave fractions varying- in com- 
position (for example, in. pigmentation)'. The pro - 

cess `'has now been examined in more detail, and the 
`drip -thaw' met -hod, as used by McFarlane for frac- 
tionation of blood plasma4,. has been found suitable 
for concentrating solutiuris o:f the salts of penicillin. 
Preliminary' experiments showed that penicillin 
potency could be correlated wi.tl the degree of pig - 
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nientation; aad the vohuno of the respective fractions 
was determined by observing, as thawing proceeded, 
the progressive decrease in the colour of the drops 
of fluid. Satisfactory results were finally obtained 
by fractionating into three fractions. 

Thus, in a "typical experiment, a solution of the 
sodium salt öf penicillin (400 c.c.) was frozen at 
-25° C. and the bottle containing the frozen sole 
tr0n was inverted and allowed to 'drip thaw' at room 
temperature. Three fractions were collected and 
there was a progressive variation in penicillin con- 
tent, pigmentation and alkalinity. Assay tests showed 
that about 90 por cent of the penicillin content of 
the original solution was concentrated in the first 
fraction, which was highly coloured and about half 
the original volume ; the second fraction, which was 
only pale yellow in colour, contained most of the 
small amount of penicillin remaining, while the 
third fraction (colourless and about one fifth of the 
original volume) contained less than 1 per cent of 
the penicillin content of the original solution. 

By this process solutions of the sodium salt of 
penicillin with a potency, for example, of about 
3,000 units per ml. may he fractionated to yield a 
first fraction with a potency of 5,000 units or more 
per ral., that is, to a potency suitable for paronteral 
injection. 

Since the bulk of the penicillin content of the 
original solution is concentrated in the first fraction; 
the volume of solution for lyophilic drying is re- 
duced to about a half. The fractional thawing may 
he repeated on the first fraction, for example, thus 
-still further reducing the volume of solution for 
lyophilic drying. In one or two instances the lyophilic 
drying process has been omitted, and solutions of the 
sodium salt of penicillin have been concentrated 
to a high potency by the above method, and have 
been stored for several weeks in the frozen state 
without appreciable loss of potency. 

Assay tests on the fractions have shown that, as 
would be expected, there is practically no loss of peni- 
cillin ; the process is easily carried ont, requiring 
little attention, may readily be accomplished under 
aseptic conditions, and " i,s, in fact, ideal for the 
concentration of solutions of unstable substances 
such as the salts of' penicillin. 

The method is suitable for the concentration of 
solutions of the calcium salt of penicillin, and it may 



also be of value for the concentration of solutions 
of other. antibiotics or of antibacterial substances. 

We wish to thank Dr. C. P. Stewart, of the Blood 
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IN order to maintain systemic penicillin treatment 
continuously, it is necessary, because of the rapid renal 
excretion of the drug, to give it either by continuous 
infusion or by injections repeated at intervals of about 
3 hours. The route now generally preferred is the 
intramuscular ; intravenous administration has no 
advantages and has certain disadvantages -in the case 
of continuous infusion, the discomfort of long immo- 
bilisation and the liability to early venous thrombosis 
necessitating frequent attention. 

REPEATED INTRAMUSCULAR INJECTIONS 

Administration of penicillin by repeated intramuscular 
injection is a simple procedure requiring no special 
apparatus. It is indicated when treatment is of short 
duration (e.g., 
1 day), for 128 

ambulant pa- 
tients, and in 64 - 
cases of emer- 
gency. Except á 32 - - 
in these cir- WC-, 

CümStanCeS, p° o 
however, the = 16 moo 

method is pv 
not recom- m e 

2n 'fir 
mended ; the 
injections aW 4 vim °o - 
may be pain- h W fill, and their W 

-- i repetition des- 2 `` °F `r 
tresses the ìo `\ s ADE UATE 
patient and I , LEVEL interrupts o 
sleep. Fur - 
thermore, the 
method is un- , 

economical. I 2. 3 4 5 

The interval HOURS AFTER SINGLE I.M. INJECTION 

between in ec- Fig, I- Average results of bacteriostatic estimations of 
serum after single intramuscular injection. 

tions is deter- 
mined by the duration of adequate serum bacteriostasis 
following each. This depends on the amount of penicillin 
in each dose : in fig. 1 the average results for 26 doses are 
given, in each of which repeated examinations were 
made of the serum, in serial dilution with broth, for 
inhibition of the standard H strain Staph. aureus. It is 
clear that to maintain an adequate bacteriostatic level 
at all times during treatment -i.e., at least complete 
stasis in undiluted serum -it would be necessary to 
give injections of somewhat more than : 

100,000 units every 4 hours (600,000 units per day) ; 

or 25,000 units every 3 hours (200,000 units per day) ; 

or 10,000 units every 2 hours (120,000 units por day). 
Thus while the larger doses can be more widely spaced, 

It is much more economical to give smaller ones more 
often. The common method of injecting 15,000- 25,000 

si PARTIAL 
STASIS 
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units every 3 hours cannot be guaranteed to maintain 
complete bacteriostasis in the serum continuously in 
all cases, but it is a reasonable compromise with regard 
to economy of penicillin and infrequency of injections. 
A volume of about 2 c.cm. appears to be the mostsatis- 
factory for repeated intramuscular injection ; a larger 
volume produces more pain, and smaller volumes result 
in greater wastage of penicillin in the syringe. 

CONTINUOUS INTRAMUSCULAR INFUSION 

The continuous intramuscular infusion of daily 
volumes of penicillin solution up to 600 c.cm. or more 
has been reported, but in many cases discomfort, pain 
and swelling in the limb have been serious disadvan- 
tages. We have treated 71 cases by continuous intra- 
muscular infusion, giving only 100 c.cm. of solution a 
day, and have found this method entirely satisfactory. 
In each case it was possible to continue the infusion for 
as long as was required -often for more than 2 weeks. 
The patients were usually completely comfortable ; 

pain and swelling at the site of injection and loss of 
sleep were absent, and those who had disliked previous 
3- hourly injections greatly preferred this continuous 
method. In some cases slight discomfort, associated 
with evidence of mild local inflammation, has developed 
after the needle has been left in the same position for 
several days ; this has always been relieved by changing 
the site of the needle. In 5 cases an abscess resulted, 
which healed rapidly without requiring incision. For 
these reasons, or because of mechanical blockage, it 
was on average found necessary to change the site of 
insertion of the needle once or twice a week. The most 
convenient site for infusion is the vastus lateralis muscle 
-the needle being inserted into the anterolateral aspect 
of the thigh, sufficiently anterior to allow the patient 
to turn partly on his side without disturbing the needle 
or compressing the tubing. Immobilisation of the leg 
is unnecessary, except in an uncoáperative patient, when 
a Thomas splint is used. 

Our standard systemic dosage has been 100,000 units 
per day. Almost always this has produced satisfactory 
serum bacteriostatic levels. The table shows the results 
of estimations carried out on 101 specimens of serum. 

BACTERIOSTASIS TO STANDARD Staph. aureus IN DIFFERENT 
DILUTIONS WITH NUTRIENT BROTH,* PATIENTS RECEIVING 
100,000 DNITS PER DAY 

Baeteriostasis Cases 
None in undiluted serum .. .. 2t 
Partial in undiluted serum .. 3 
Complete in undiluted serum .. .. .. 4G 
Complete in serum diluted 1 in 2 .. .. 30 
Complete in serum diluted 1 in 4 .. .. 17 
Complete in serum diluted 1 in 8 .. 3 

* Normal serum.. was used as diluent in a few of the earlier estima- 
tions. 

In both these eases there was delay in receipt of the specimen, 
and any original penicillin content may have been lost by 
inactivation. 

In 13 out of 14 specimens, from patients whose daily 
dosage, was as little as 30,000- 60,000 units, adequate 
serum: bacteriostasis was also obtained, but we prefer 
100,000 units per day as our standard dosage, to allow 
some margin of excess. It is obvious that satisfactory 
bacteriostasis is maintained by the continuous infusion 
method on '?a much smaller daily dosage of penicillin 
than by :`3- hourly intramuscular injections, where at 
least 200,000 units a day is required. 

We feel that the success of the intramuscular infusion 
method depends on the use of a small daily volume of 
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solution -100 c.cm.-- whieh is easy to dispense, store 
and deliver. There are however, ' certain technical 
difficulties involved in the continuous infusion of so 
small a volume at a constant rate-standard infusion 
apparatus is too capacious, and a slow rate of flow 
difficult to regulate accurately. A special infusion 
apparatus must therefore be employed: Two types 
have been made for this purpose : the first requiring 
attention by the nursing staff at regular intervals (1 -3 
hourly), and the second entirely automatic, requiring 
daily refilling only. 
APPARATITB FOR CONTINUOUS INTRAItWSCULAR INFUSION 

Ludrip No 1. *. The daily, dose of 100 c.cm. is held in a 
reservoir of the burette type (fig. 2), which is graduated into 
24 one- hourly divisions. Regulation of the rate of flow is 
by a screw clamp on rubber tubing, so that a small glass 
chipper passes about 2 drops per minute. This method of 
adjustment is very crude, and to ensure that the hour -to- 
hour dosage rate is constant, only one hour's supply, held 
in an intermediate reservoir, is left in free connexion with the 
dripper. The intermediate reservoir is recharged from the 
burette at the end of each hour. (Alternatively, where the 
nursing staff is inadequate for such frequent attention, 
3 hours' supply may be run in at the end of each 3 hours.) 

Edinburgh University 40 Drip. 
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The burette is refilled daily, and the apparatus resterilised 
weekly. 

Evdrip No. 3.t - The reservoir for penicillin solution is a 
standard 4 oz. "medical flat "bottle which is also the supply 
bottle (fig. 3). This is clipped upsidedown on a wooden 
frame. The solution passes out through the long limb of a 
glass Y -piece fitted into the bottle neck, at a rate depending 
on the inflow of air into the bottle through the side -arm of 
the Y- piece. This is restricted by the attachment of a length 
of very fine capillary (thermometer) tubing. The rate of 
flow is adjusted by raising or lowering a "spill -over" (the 
regulating Y- piece), which alters the effective head of fluid- 
i.e., the negative pressure responsible for drawing air in 
through the capillary. The standard thermometer capillary 
tubing is usually oval in cross- section, and the longest and 
shortest diameters may be accurately measured with a 
micrometer eye -piece under the high power of a microscope. 
A suitable capillary is one with root mean diameter between 
60 and '75 microns. With such a capillary, cut to an appro- 
priate length between 1 cm. and 3 cm., 100 c.cm. of penicillin 
solution per day will be discharged when the fluid head is 
set at about 4¡ in. The apparatus may be left unattended 
between the daily renewals of the supply bottle. The rate 
of flow can easily be adjusted so that 100 c.cm. of solution is 
delivered in 22 -24 hours ; the bottle is thus always empty for 
changing at the same hour each day. The apparatus should 
be washed through with distilled water after use, and re- 
sterilised by autoclaving. The capillary is detached : it is 
not sterilised, and must be kept perfectly dry. 

This apparatus has proved entirely satisfactory in the 
wards. It can be set up easily and quickly, and a minimum 
of attention is required by the nursing staff. 

ADMINISTRATION AT SITE OF LOCAL INFECTION 

When there is a local infecting lesion, in some cases 
it is convenient to combine local and systemic therapy by 
administering a full systemic dose by way of the site 
of local infection, absorption from this being usually 
adequate to give a satisfactory bacteriostatic level in 
the serum. 

Six cases of early osteomyelitis have been treated with 
100,000 units of penicillin per day by continuous infusion 
of 100 c.cm. solution into the infected marrow. Serum 
bacteriostatic levels from " undiluted " to " 1 in 8 " 
were usually obtained. Two cases of epidural abscess 
were treated by continuous infusion of the systemic 
dose into the abscess cavity, and satisfactory bacterio- 
static levels were obtained in the serum. In the treat- 
ment of a case of meningitis by a single intrathecal 
injection of 200,000 units, a satisfactory serum level 
(1 in 16) was obtained, and maintained (1 in 4) for more 
than 10 hours. This method of therapy seems to merit 
further trial. 

SUMMARY 

Where treatment is for a short period, in cases of 
emergency and for ambulant patients, penicillin may 
best be administered by 3- hourly intramuscular injec- 
tions of 25,000 units in 2 c.cm. of solution. 

Otherwise the method of choice is by continuous 
intramuscular infusion of 100,000 units in 100 c.cm. 
of solution per day. Two types of apparatus suitable 
for this purpose are described. 

Eudrip No. 2 is a more accurate apparatus for research purposes. 

The Lancet Office, 
7, Adam Street, Adelphi, London, W.C.2. 
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PENICILLIN treatment of a local infection may be 
carried out by systemic or local administration or by a 
combination of both methods. The effectiveness of 
systemic administration depends on the extent to which 
penicillin passes from the blood- stream to the site of 
infection ; this is of particular importance in the case of 
the subarachnoid space and serous cavities, which at first 
were considered impermeable to penicillin. The value of 
local administration is seriously limited when the infected 
cavity is difficult of access -e.g., deep- seated joints - 
and when multiple loculi are present ; moreover, reten- 
tion of locally administered penicillin is impossible when 
open drainage is necessary. In this paper is given an 
account of the results obtained during the treatment of 
patients since February, 1944, and the bacteriostatic 
levels` in. the various body fluids following penicillin 
administration by different routes and different methods. 

BACTERIOSTATIC TESTS 
No suitable chemical' method of estimating penicillin 

concentration is as yet available, and the penicillin 
content of body fluids was estimated by the biological 
method in which the limiting dilution of the fluid which 
completely inhibits the growth of the standard strain of 
Staphylococcus aureus (Oxford H strain) was determined. 

Fluids Examined. -These included serum, pleural, 
pericardial, peritoneal, synovial, and cerebrospinal fluids, 
and pus from abscess cavities. Generally the fluids were 
centrifuged and the clear supernatant fluids were exam- 
ined ; a few fluids were filtered through Seitz bacterio- 
logical filters. Except for serum, the fluids examined 
were free from appreciable contamination with blood. 
When there was any doubt of the sterility of a fluid, it was 
filtered through a small Seitz filter. In a few instances 
bacteriostatic tests were carried out on fluid both before 
and after filtration through a small Seitz filter. In general,. 
no difference was detected in the bacteriostatic levels 
of the filtered and unfiltered fluids -i.e., adsorption of 
penicillin on the small pad used in our experiments did 
not appear to be significant_ (see also Rammelkamp and 
Keefer 1943). 

Technique. -The technique of methods of estimating 
the penicillin content of pathological specimens has not 
yet been standardised ; a short 'description of the: 
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technique employed in this investigation is therefore 
included. 

The fluid (supernatant or filtrate) in 0.3 c.em. amounts 
(occasionally smaller volumes had to be used) was serially 
diluted (twofold or threefold dilutions) with nutrient broth ; 

the neat fluid and each dilution were then inoculated with a 
standard (3 mm.) loopful of an 18 -20 hour culture (diluted 300 
times with nutrient broth) of the standard staphylococcus. 
A broth control was included and also 0.3 c.em. of the fluid 
which had not been inoculated. The latter was included so 
that any changes in opacity which took place during incuba- 
tion might be observed ; occasionally this control was of value 
in detecting contaminationin a specimen. 

The tubes were incubated at 37° C for 18 -20 hours, after 
which they were examined for growth of the staphylococcus. 
The highest dilution of the fluid in which growth of this organ- 
ism had been completely inhibited was noted (complote 
bacteriostasis under the conditions of the test). In those tubes 
in which growth was much less than that of the broth control 
the stasis was reported as only partial ; such observations have 
not been reported in this investigation. The findings wore 
confirmed by stroke inoculation on blood -agar plates which 
were incubated, and the growth on the plates was then 
compared with that given by the broth control. These 
subinoculations were also of value for those fluids which wero 
cloudy or not entirely free from opacity when received. 

INTERPRETATION OF RESULTS OE BACTERIOSTATIC 
TESTS 

No attempt has been made to express the penicillin 
content of the specimens examined as units of penicillin 
per ml.* of fluid, since at the present time this is not 
possible without certain assumptions. For this investi- 
gation the penicillin content of the fluids was approxi- 
mately evaluated from a consideration of that dilution 
of the fluid which completely inhibited the growth of the 
standard staphylococcus as stated above. 

In a few instances the results were to some extent 
influenced by the clinical procedure adopted -e.g., where 
50 ml. of saline was introduced into the peritoneal cavity 
so that sufficient fluid would be available at all times 
during the experiment. 

Special care was taken to differentiate between absence 
of bacterial growth due to penicillin and that due to other 
factors, such as insufficiency of nutrient substances in the 
fluid itself -e.g. in certain cerebrospinal, synovial, or 
serous- cavity fl, uids -and bactericidal or inhibitory 
factors contained in serum or serous exudates, and a 
combination of such factors. Thus in one or two 
instances we have attributed inhibition of growth to 
qc natural stasis " rather than to penicillin. 

The obvious way of overcoming these difficulties is by 
testing a control specimen of the fluid -i.e., fluid with - 
drawn before the start of penicillin therapy but this was 

* It may, however, be stated that " complete bacteriostasis in neat 
fluid " corresponds (in our tests) very approximately to 
1/25 unit of penicillin per nil. of fluid. 



not always possible. It should, however, be pointed out 
that ''difficulty in distinguishing between inhibition of 
growth due to penicillin and absence of growth caused by 
other factors is only present when the stasis is low -e.g., 
mainly in neat or possibly in a " dilution of 1 in 2 " -and 
only in some of these cases. In this connexion the use of 
penicillinase (prepared in these laboratories) has proved 
of value. 

It will be seen that, in the figures, complete bacterio- 
stasis to the standard Staph. aureus in undiluted fluid 
has been suggested as a minimal therapeutic level. This 
assumption is based on clinical experience in the treat - 
ment of 40 cases of acute ha3matogenous osteomyelitis 
(1VIcAdam 1945) and on the results in patients treated 
during the past two years in the Royal Infirmary, 
E dinburgh, who had infections with penicillin- sensitive 
Stapp. aureus. 

TABLE I- PENICILLIN CONTENT OF INFLAMMATORY PERITONEAL 
FLUID AFTER INTRAMUSCULAR ADMINISTRATION 

(expressed as the highest dilution of peritoneal fluid in nutrient 
broth which was completely bacteriostatie to Staph. ttureus) 

:`.Adminïs- .. 

tration . 

`...._ . 

Dose 
(units) 

Pa- 
tient 

Before 
penr 
cillin 

T3acteriastatic levels 

No. of hr after injection at 
which samples were taken 

I 1 2 3 4 G 8 012 

...:....... .. .. 
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'muscular 
injection - 

2á,000$ 

50,000$ 

100,000$ 

100,000 

1.00,000 
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100,000 

200,000 

300,000 

A 

A 

A 

B 
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D 
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E 
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1* 
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1* 8 

.. 
>* 8 
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16 

32 
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16 
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16 
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.. 
1G 
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.. 

,.;4 
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.. 

8 

.. 

.. 

4 

2 

. 

16 

..i.. .. 

.... .. 
.. 

8 .. 8 

41.. 2 

I 

. . .. 
2!.. 0 

Continuous . 

intra- 
muscular 
injection 

DaiIy 
dosage 
(units) 

Pa- 
tient 

Before Samples taken at 3-hr 
poni- intervals during 
cailin a,dministration 

150,000 

100,000 

100,000 

A 

B 

D 

.. 2, 64f, 4, 4, 32, 32, 32, 
8, 2§ 

1* 4, 8, 8, 8, 4, 4, 2, 2 

0 8, 4, 4, 2, 1, 4 

stas s in undiluted fluid. 
1 = eompiete stasis in und'luted fluid. 
2;. =;complete stasis in fluid diluted 1 : 2. 
4: = complete stasis in fluid diluted i : 4 ; and so on. 'Presumably a natural hacteriostatic effect. 
1:Or higher : higher dilutions were not tested. 
$ These doses were given successively at 3- hourly intervals. 
:Administration was irregular. 
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TABLE II- PENICILLIN CONTENT OF INFLAMMATORY PLEURAL 
EXUDATE AFTER LNTRAMUSCULAR ADMINISTRATION 

(expressed as the highest dilution of exudate in nutrient 
broth which was completely bacteriostatic to Staph. aureus) 

Administration .2 

si 0- 
0I1 é, a 
qA 

Bacteriostatie levels 

No. of hr after injection at 
which samples were taken 

} 1 1 1112 +2i 3 4 5 6 7 9 15 

Single 
intramuscular 
injection of 

100>000 uriitS 

A 

B 
0 

D 

D 

0 

.. 

2 

..... 

.. 

2 4 

.. 

8 i....; 
. , 3 

2 

167.. 
j9..L 

16 

. 

, 

..' 16 

.. 

.. 

.... 

............ 

8 

.......... 
.. 

4 

4 

... 

.. 

.. 

1 

. . 

Continuous 
intramuscular 
infusion of 

100,000 units 
a day - 

B 

D 

E 

0 

.. 
0 

8, 16 

4, 4, 4, 4 

0' 

Samples taken at 
intervals during 
administration 

Footnotes as in table i. 

PERITONEAL CAVITY 
Because of the penicillin sensitivity of pneumococci, 

hwmolytic streptococci, and gonococci, cases of primary 
peritonitis due to these organisms may be expected to 
respond to penicillin therapy. In the more common 
types of peritonitis following perforation of the gut, where 
there is a mixed infection including penicillin -resistant 
organisms, the rationale of penicillin treatment is more 
doubtful. However, some potentially pathogenic intes- 
tinal organisms, such as the clostridia, are sensitive, and 
clinical experience with perforating abdominal war 
wounds has suggested that penicillin treatment may be 
beneficial. 

The passage of penicillin from blood to peritoneal fluid, 
and from peritoneal fluid to blood, has been investigated 
to determine the most effective route of administration. 
Observations were made on 6 cases (A to F) with peri- 
tonitis following perforation of a duodenal ulcer, and 1 
case (G) with a slight effusion resulting from acute 
appendicitis. 

Method of Investigation. -At operation a narrow rubber 
tube was inserted through a separate suprapubic stab 
incision and guided into the pouch of Douglas. On 
return to the ward, 50 ml. of saline was introduced 
through the tube to ensure an adequate volume of fluid 
for later examination. Within 24 hours of operation, 
25,000- 300,000 units of penicillin was given in a single 
intramuscular injection, and thereafter 3 -5 ml. of peri- 
toneal fluid was aspirated at suitable intervals ; after 

residual fluid in the tube was forced back 
into the peritoneal cavity by the injection of air. In 
3- patients_ (A, B, and D)1 ©0,000- 150,000 units of penicillin 
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was given on the 3rd day by continuous intramuscular 
infusion, and specimens were collected at 3 -hour intervals 
(table O. 

Results. -The results are given in fig. 1 and table 1; 
they show that, in 7 patients with peritoneal inflam- 
mation, systemic administration, either by a single 
intramuscular injection of 100,000 units or by a contin- 
uous intramuscular infusion of 100,000 units a day, 
produced adequate concentrations of penicillin in the 
peritoneal fluid. In 9 tests, 1 -3 hours after a single 
intramuscular injection of 25,000 -300,000 units of peni- 
cillin, the highest dilution of peritoneal fluid which 
gave complete bacteriostasis varied from 1 :4 to 1 : 64. 
Penicillin could be demonstrated in the fluid for 12 hours 
after injection in 2 cases (B and D) and for 8 hours 
in a third (E). Fig. 1 illustrates the rise of penicillin 
concentration in the peritoneal fluid after three successive 
intramuscular injections of 25,000, 50,000, and 100,000 
units of penicillin given at 3 -hour intervals (case A), and 
the effect of a single intramuscular injection of 100,000 
units (case D). 

On the 3rd day after operation, patients A, B, and D 
received penicillin by intramuscular drip ; it can be 
assumed that 
by this . time 
the supra- 
pubic drain drain 
had become 
walled off u32 
from the ph 
general peri- J Q 
toneal cavity, 1114,1 I6 
and the 
samples o f ° W 

peritoneal Zu 
fluid with- ó1111 

drawn were therefore o 
from a `'local- 
iced ` -part of'yti 
the peritoneal 1,41144 

cavity. The .V 

conditions Zp 
may thus be u 
regarded as 
resembling 
those 'ob- 

t 2 4 6 8 10 12 twining in a 
HOURS AFTER START OF ADMINISTRATION localised pel- 

vic abscess.: Fig. .l -- Penicillin content of peritoneal fluid after 
intramuscular injection. Twenty -three 

samples of peritoneal fluid, ; withdrawn from these 3 
patients at 3-hour intervals, all contained adequate 
amounts of penicillin ; the highest dilution completely 
bacteriostatic varied from undiluted to -1 : 64. 

Such uniformly high bäcteriostatic levels cannot be 
expected in every case of peritonitis treated systemically 
with penicillin. in the presence of a mixed infection 

64 

8 

Suggested minimal therapeutic level 

1100,0O0units 



some inactivation of penicillin -e.g., by penicillinase- 
might occur and lower levels be obtained ; on the other 
hand, in the present investigation the penicillin concen- 
tration must have been lowered by the injection of 50 ml. 
of saline into the peritoneal cavity ; and, had this not 
been done, still higher levels might have been obtained. 

The practicability of local administration is limited by 
the difficulties of reaching all parts of the peritoneal 
cavity, especially if Fowler's position is adopted ; and, 
since foreign bodies are rapidly walled off, administration 
tubes would not communicate with the general peritoneal 
cavity after the 2nd or 3rd day. Therefore, unless peni- 
cillin persisted for a considerable time in the peritoneal 
cavity, local administration would be of value only at first. 

In one case of perforated duodenal ulcer (not shown in 
table I) 100,000 units of penicillin was introduced locally 
into the peritoneal cavity at operation ; the peritoneal 
fluid was found to contain penicillin at 8 hours (fluid 
diluted 1 : 9 was completely bacteriostatic) but not at 14 
hours after injection. This rapid disappearance of peni- 
cillin from the peritoneal cavity is presumably due mainly 
to diffusion into the blood- stream, and this is illustrated 
in fig. 2, which shows the serum bacteriostatic levels 
which resulted from intraperitoneal injection of 100,000 
units in 2 patients with subacute appendicitis. 

2 4 6 8 10 12 14 
HOURS AFTER ADMINISTRATION 

Fig. 2- Penicillin content of blood after intraperitoneal 
injection of 100,000 units (two experiments). 

In conclusion, it seems that peritoneal infections could 
be effectively treated with 2 or3 intramuscular injections 
of 100,000 units a day or by a continuous intramuscular 
infusion of 100,000 units a day. 

PLEURAL CAVITY 
In the treatment of empyema the aims are to overcome 

the intrapleural infection, to reduce toxmmia, and to 
ensure early re- expansion of the lung. 



At first it was thought that penicillin given systemically 
did not pass the pleural barrier; as a result, treatment 
was carried out by local injection. Drainage was usually 
limited to aspiration, so that local administration could be 
readily carried out and the penicillin retained in. the 
pleural cavity. After injection of an adequate dose of 
penicillin into an empyema cavity, a high bacteriostatic 
level is produced in the pus, which persists in a them - 
peutic concentration for 2 -3 days. For example, in 25 
tests- carried out in the present investigation, after an 
intrapleural injection of 25,000- 50,000 units of penicillin 
an adequate concentration persisted for 48 hours in all 

12 . 4 6 8 10 12 14 

HOURS AFTER INJECTION 

Fig. 3-Penicillin content of empyema pus after a single intra- 
muscular injection of 100,000 units. 

cases but not for 72 hours. The highest dilution of 
empyema pus completely bacteriostatic to Staph. aureus 
after 48 hours varied from 1 : 2 to 1 : 125. These results 
support the findings of many other investigators, who 
have shown the necessity of repeating injections at 2 -day 
intervals. The effect of this high concentration of peni- 
cillin is to sterilise streptococcal and pneumococcal pus 
within a week, often in 1 -3 days. 

Local administration may have its application in the 
treatment of empyemas before localisation has occurred, 
successful treatment depending on aspiration providing 
adequate drainage and on penicillin producing rapid 
clearance of the infecting organism, but treatment by 
aspiration and intrapleural injection of penicillin has 
given poor results in cases of empyema in its later stages 
(Roberts et al. 1945). In the present investigation 11 
cases of pneumococcal empyema were treated by this 
method with unsatisfactory results. When admitted 
to the surgical wards, all these patients had localised 
empyema which could have been drained by rib -resection 
without .`further delay. Although penicillin sterilised 
the pus in 1 -5 days, there were relapses in 3 of the cases 
after the penicillin treatment had been discontinued. 
Aspiration of pus was always difficult, as fibrin clots 
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often blocked even the widest -bore needle, and subse- 
quent X -ray examinations confirmed that aspiration had 
not provided adequate drainage. In all cases pus 
continued to form after sterilisation and required repeated 
evacuation for a period of up to 5 weeks. In 1 case the 
presence of multiple loculi made local treatment ineffec- 
tive. In 9 cases aspiration was abandoned after 1 -6 
weeks and adequate drainage established by rib- resection. 
The remaining 2 patients were cured after 2 -3 weeks' 
treatment. Of the 11 cases treated, 4 have a well- marked 
degree of residual pleural thickening. 

Failure of this form of local treatment in pneumococcal 
empyema should condemn not penicillin but rather the 
method of its use. The mechanical difficulties of aspirat- 
ing thick pus from a localised empyema make it essential 
that adequate drainage by rib -resection should be 
attained as early as possible, if healing without much 
pleural thickening is to be achieved. Local penicillin 
treatment after rib- resection is unsatisfactory and waste- 
ful. For these reasons we investigated the effectiveness 
of systemic administration in producing adequate peni- 
cillin concentration in empyema pus, with a view to using 
this form of administration in conjunction with adequate 
surgical drainage. time carried out 5 tests with 4 patients, 
by giving a single intramuscular injection of 100,000 
units and estimating the penicillin concentration in 
samples of pus aspirated at subsequent intervals from 
the empyema cavity. Further tests were carried ont on 
3 patients, who received penicillin by continuous intra- 
muscular infusion of 100,000 units a day. The results 
are shown in table ir. Adequate bacteriostasis was 
obtained in all but one specimen (case E) ; the highest 
dilution completely bacteriostatic varied from 1 : 2 to 
1 : 16. Fig. 3 illustrates the experiment in case A. 
Adequate bacteriostasis persisted for at least 15 hours 
after a single intramuscular injection of 100,000 units. 
In this patient pneumococci were cleared from the pus by 
3 intramuscular injections of 100,000 units of penicillin a 
day for 2 days. 

Thus it appears ghat, in the treatment of localised 
intrapleural infections, penicillin is not a substituto for 
the customary methods of surgical drainage, but its 
powerful bacteriostatic and bactericidal properties should 
he utilised. Once pus has become localised, effective 
drainage by rib -resection should be established immedi- 
ately and penicillin administered either by continuous 
intramuscular infusion of 100,000 -200,000 units a day 
or by 2 or 3 intramuscular injections of 100,000 units a 
day. 

SUBAR,ACHNOID SPACE 

At first the subarachnoid space, like the serous cavities, 
was thought to be inaccessible to systemically adminis- 
tered penicillin, and local administration was preferred 
for the treatment of cerebrospinal infections. Abraham 
and his colleagues (1941) found that in a normal cat no 
substantial amount of penicillin passed into the cerebro- 
spinal fluid (CST?) after intravenous administration. In 
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TABLE Iv- PENICILLIN CONTENT OF JOINT FLUID AFTER 
INTRAMUSCULAR ADMINISTRATION 

(expressed as the highest dilution of exudate in nutrient 
broth which was completely bacteriostatie to Staph. aureus) 

Adminis- 
tration Dose (units) Condition 

M 

;z4 

Bacterio- 
static levels 

No. of hr after 
injection at 

which samples 
were taken 

Single 
intra- 

muscular 
injection 

200,000 A 

100,000 B 

100,000 C 

100,000 D 

100,000 E 

Continuous 
intra- 

muscular 
injection 

100,000 Daily 
dosage 

200,000 (units) 

Sterile 
effusion 

Septic 
arthritis 

F Sterile 
effusion 

G Septic 
arthritis 

'1j2 41618 

? 

Footnotes as in table 1. 

a case of streptococcal meningitis Fleming (1943) found 
that, during intramuscular administration, the bacterio- 
static power of the CSF was less than that of the serum; 
he concluded that penicillin did not pass freely from blood 
to CSF. Nevertheless, he found that, in a day during 
which 100,000 units of penicillin was administered by the 
intramuscular route alone, the CSF diluted 1 : 2 inhibited 
the growth of Staph. aureus. 

Since these early reports, several workers have demon- 
strated in cases of meningitis that adequate amounts of 
penicillin pass from the blood -stream into the CSF during 
systemic administration. Cairns and his colleagues 
(1944), in a convalescent case ofpneumococcal meningitis, 
found that, after an intravenous injection of 100,000 
units of penicillin, the lumbar CSF inhibited the growth 
of staphylococci at a dilution of 1 : 2. 

Rosenberg and Sylvester (1944) gave 20,000- 40,000 
units of penicillin by intramuscular injection to each of 
8 subjects with meningitis. Between 1 and 2 hours 
afterwards they were able to demonstrate the presence of 
significant amounts of penicillin in the CSF (0-03 and 
0,35 units of penicillin per ml.). Selbie and others (1945) 
found that 30 minutes after intramuscular injection of 
20,000 units of penicillin the bacteriostatic level in the 
CSF was* of that in the serum. These workers have also 
demonstrated that during meningeal infections the rate 
of disappearance of penicillin from the CSF is increased. 
In 2 cases of meningitis the persistence of locally adminis- 
tered penicillin in the CSF increased as the infection 
subsided ; this, they suggested, was due to restoration of 
the normal barrier between the blood and the CSF. 
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Fig. 4-Penicillin content of CSF and of serum after a single intramuscular injection of 
500,000 units. 
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Our findings accord with the view that the passage of 
penicillin into the CSF depends on the breakdown by 
inflammation of the blood -brain barrier ; when large doses 
were given, adequate amounts of penicillin passed into 
the CSF of patients with meningitis or with encephalitis 
following meningitis, but not into the CSF of normal 
subjects treated with similar doses (see table m). One 
subject (case A) was given an intramuscular injection of 
100,000 units of penicillin, and another (case B) an in- 
jection of 500,000 units ; samples of CSF were then 
withdrawn by lumbar puncture at short intervals there- 
after, and penicillin could not be demonstrated in any. 
Three other healthy persons (not shown in the table) 
received 100,000, 200,000, and 300.000 units as a single 
injection; penicillin could not be demonstrated in samples 
of CSF withdrawn 1 -2 hours after injection. A further 
2 normal subjects (cases F and G) were given 100,000 
units of penicillin a day by continuous intramuscular 
drip ; penicillin was not found in any of 4 samples of 
CSF. 

The results were quite different in subjects with 
meningitis and postmeningitic encephalitis. Consider- 
able concentrations of penicillin were found in the CSF 
of 2 children (cases H and I) with meningitis treated with 
400,000 units a day, and in the CSF of a baby (case S) 
with meningitis treated with 24,000 units a day ; the 
highest dilution of CSF completely bacteriostatic to 
Staph. aureus varied from undiluted to 1 : 9. In one 
of these children (case I), on intramuscular treat- 
ment alone, pneumococci were cleared from the CSF 
in 12 hours. 

Two tests were carried out on a case (E) of encephalitis 
following meningitis ; the CSF was no longer showing the 
changes characteristic of meningitis. An intramuscular 
injection of 500,000 units was given, and the penicillin 
concentrations in the CSF and blood were estimated at 
short intervals during the following 24 hours. The 
results of one of these tests is illustrated in fig. 4, which 
shows that penicillin appeared in the CSF within an hour, 
and persisted in demonstrable quantities for at least 12 
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hours. The highest dilution of CSF completely bacterio- 
static to Staph. aureus varied from 1 : 1 to 1 : 4. Similar 
results were obtained when the test was repeated 2 days 
later. 

In another case (D), 2 hours after 300,000 units had 
been given intramuscularly the bacteriostatic level in the 

Su99ested mihimel therapeutic level 

I I .1 I I 1 I I I 1 I 1 

1 2 4 6 8 10 12 

HOURS AFTER INJECTION 
Fig. S- Penicillin content of serum after intrathecal injection of 

200,000 units. 

lumbar CSF distal to a complete spinal block was higher 
(1 : 4) than in the cisternal CSF (undiluted) ; the blood - 
serum at the same time was bacteriostatic at a dilution of 
1 : 64. This suggests that penicillin passes into the CSF 
not only by the choroid plexuses but also, and perhaps 
more readily, through inflamed leptomeninges ; therefore, 
in systemic administration for meningitis, penicillin 
would reach all parts of the subarachnoid spaces, even 

14 I 16 

Suggested minimal 
therapeutic level 

i0û000 units vi I i 1 

I 2 4 6 8 
HOURS AFTER START 
OF ADMINISTRATION 

Fig. 6- Penicillin content of synovial fluid 
after intramuscular injection of 100,000 units. 

when the circulation of the CSF was obstructed and when 
loculation had taken place. On the other hand, locally 
administered penicillin will be adequately distributed 
only when the circulation of the CSF is free. 

A further advantage of systemic penicillin adminis- 
tration in the treatment of meningitis is that it would 
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deal with any associated bactememia or any primary 
focus of infection. 

Of the 0 patients with meningitis, in one early case (C), 
the intramuscular injection of 100,000 units of penicillin 
did not produce a demonstrable bacteriostatic level in the 
CSF an hour later. Thus it appears that in meningeal 
infections systemic administration alone could not be 
relied on at all stages to ensure an adequate concentration 
of penicillin in the CSF. Penicillin should be given 
intrathecally as well as intramuscularly (perhaps 10,000 
units intrathecally once a day and 500,000 units a day 
intramuscularly). In 12 patients with meningitis given 
an intrathecal injection of 10,000- 50,000 units of penicillin 
the CSF after 24 hours still showed a considerable concen- 
tration of penicillin ; the highest dilution which was 
completely bacteriostatic varied from 1 : 2 to 1 : 250. 
Such concentrations resulting from local administration 
are much higher than those obtained by systemic adminis- 
tration, and this may be of some additional therapeutic 
advantage. 

Fig. 5 illustrates the passage of penicillin from CSF 
to blood in a normal subject. Considerable quantities 
pass into the blood for 12 -16 hours. 

SYNOVIAL CAVITIES 
It has been generally considered that infection of joints 

by penicillin- sensitive organisms is most effectively 
treated by aspiration of pus to relieve tension, and by 

es 

Suj9ested minimal therapeutic level 

l 1 I I f 1 t 1 t i t I I 1 t I t I f I I 

I 2 4 6 8 IO 12 14 16 18 20 22 24 
HOURS AFTER INJECTION 

rig, 7- Penicillin content of pericardial exudate after injection of 30,000 units into pericardial cavity, 
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daily local injections of penicillin to ensure a high 
bacteriostatic level in the joint fluid. 

To determine the persistence of penicillin after injec- 
tion into a joint, 7 tests have been carried out on patients 
with septic arthritis. After the injection of 25,000 units 
of penicillin an adequate bacteriostatic level was main - 
tained for 2 days ; the highest dilution of exudate which 
was completely bacteriostatic to Staph. aureus after 2 
days was from 1 : 2 to 1 : 4. Repeated aspiration of a 
relatively inaccessible joint - e.g., hip-joint--is not 
always practicable, and systemic treatment must be 
utilised. 

The effectiveness of systemic administration was 
investigated in 5 patients (cases A, B, O, D, and F) with 
traumatic synovitis, and 2 patients (cases E and G) with 
septic arthritis. The results are given in table Iv and 
show that intramuscular administration produced an 
adequate concentration in the joint fluid in all cases 
except one (G). In one case (C) with a sterile effusion, 
an adequate penicillin concentration was demon- 
strated for 8 hours after an intramuscular injection 
of 100,000 units (fig. 6). One patient (E) with septic 
arthritis was given 100,000 units of penicillin as a 
single injection : 2 hours later the exudate aspirated 
was completely bacteriostatic to Staph. aureus when 
diluted 1 : 9. 

These results suggest that it is beneficial to administer 
penicillin systemically in all cases of septic arthritis, 
whether primary or a complication of a general infection. 
This would ensure that, in the event of loculation, peni- 
cillin would reach all parts of the joint cavity and would 
obviate the necessity for frequent aspirations. A dose 
of 100,000 units a day by continuous intramuscular 
infusion, or single intramuscular injections of 100,000 
units two or three times a day, would probably be 
adequate. When a joint is accessible, and aspiration 
is carried out for relief of tension, local administration of 
penicillin, in addition to systemic, would be advantageous. 

PERICARDIAL CAVITY 
We have treated one case of suppurative pericarditis 

complicating staphylococcal septicemia. The patient 
was given 180,000 units of penicillin a day by continuous 
intramuscular drip ; only a small amount of penicillin 
passed into the pericardial fluid, which was completely 
bacteriostatic only when undiluted. 

After local administration of 30,000 units the fluid was 
bacteriostatic in a dilution of 1 :16,000 ; this level was 
maintained for 6 hours ; it was much less in 12 hours ; 

and penicillin was not detectable in 24 hours (fig. 7). 

ABSCESS CAVITIES 
Localised abscesses have been considered relatively 

inaccessible to systemically administered penicillin. In 
one case of cerebral abscess we have obtained evidence 
suggesting that penicillin will not pass readily from the 
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blood to the abscess cavity while the pus is under high 
pressure, but does enter the cavity with the increased 
serous exudate which immediately follows evacuation 
of the pus. This patient received 100,000 units as a 
single intramuscular injection ; 2 hours later the abscess 
was drained and the pus did not contain penicillin ; 
however, pus aspirated at 20 and 50 minutes later was 
completely bacteriostatic at a dilution of 1 : 2. Similarly 
it was found in 11 cases of acute osteomyelitis that, after 
relief of tension by aspiration, the pus from subperiosteal 
and intramedullary cavities contained adequate amounts 
of penicillin during systemic administration of 100,000 
units of penicillin a day by continuous intramuscular 
drip (McAdam 1945). These findings emphasise the 
importance of surgical drainage before penicillin treatment 
in cases where pus is present and under tension. 

DISCUSSION 
In the present investigations it has been found that, 

provided the dosage is sufficiently high, systemic 
administration of penicillin produces adequate bacterio- 
static levels in the exudates of infected body cavities, in 
infected CSF, and in abscess pus, and can thus be relied 
on by itself for the treatment of such local infections. 
The dosage of penicillin required to obtain an adequate 
bacteriostatic Ievel in these exudates appears, as might 
be expected, to be somewhat higher than that necessary 
for adequate serum bacteriostasis. 

Penicillin administered Iocally cannot be relied on to 
reach all sites of infection because of the pronounced 
tendency for loculation to occur in infections of serous 
cavities. Local administration of penicillin is therefore 
not a substitute for systemic administration ; but, used 
in additien, it may be of some advantage because of the 
very high bacteriostatic levels produced in the exudates. 
There is some evidence to suggest that high concentra- 
tions-e.g., i or 100 units per ml. -of penicillin are more 
effective than lower concentrations -e.g., 0.1 unit per ml. -in dealing with large numbers of organisms (Hobby 
and Dawson 1944, Rantz and Kirby 1944). 

Recently an interesting suggestion for combining local 
and systemic administration of penicillin has been made 
by Florey and Heatley (1945), who have found that when 
large doses -e.g., 100,000 and 300,000 units -are given 
into a body cavity, adequate serum bacteriostasis is 
obtained for up to 24, 48, or in some cases 72 hours. In 
the present investigation, after local administration into 
the peritoneum, a joint, and the CSF, we have obtained 
adequate bacteriostatic levels in the serum for 8 -18 hours 
(figs. 2 and 5). The difficulties of clinical application of 
this method have been (1) that large intrathecal doses 
have been followed by undesirable reactions ; (2) that 
where continuous drainage becomes necessary -e.g., 
after rib- resection for empyema -the method is imprac- 
ticable ; (3) that where loculi are present, the blood levels 
obtained by this method may not be sufficiently high to 
ensure penetration of adequate amounts of penicillin into 



16 

them ; and (4) that in treatment of infections of inaccess- 
ible joints -e.g., hip -and of the peritoneal cavity, 
repeated local injection of penicillin over a long period is 
impracticable. 

We are indebted to Prof. J. R. Learmonth and Prof. T. J. 
Mackie for their help and advice, which have made this work 
possible ; Mr. Norman Dott, in whose department the work on 
penicillin administration in cerebrospinal infection was carried 
out ; and Mr. A. R. Murray, who gave valuable coöperation 
in providing the opportunity for investigating penicillin 
administration in peritoneal infections. 
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INTRODUCTION 

The large -scale air attacks on Great Britain which commenced during the later months 
of 1940 caused large numbers of people to take refuge in air -raid shelters. As the attacks 
were often of long duration, and many of the shelters were overcrowded, the transmission 
of infectious disease under these conditions became a serious possible danger. Many of 

the shelters had been hastily constructed and, consequently, sanitation, ventilation, etc., 
and hygienic conditions in general, were not always of an adequate standard and, in 

many cases, were definitely unsatisfactory. Further, for safety purposes, proper ventila- 
tion was not always feasible. 

Thus, the problem of improving the conditions of the air in occupied shelters with a 

view to reducing the spread of air -borne disease became a matter of prime importance. 
An obvious method of tackling this problem was to develop some means of reducing the 
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numbers of pathogenic micro- organisms present in the air of occupied shelters, e.g. by 
spraying the air with a disinfectant, and the present work was undertaken with this 
object in view. 

While this work was in progress the suggestion was made from the military side that 
a similar investigation might be carried out in occupied army huts and other premises 
with the object of establishing a simple practical method of reducing the numbers of 
pathogenic micro- organisms in the air of such quarters, thereby diminishing the possi- 

bility of the spread of certain infectious diseases. 
The first of these investigations consisted of several experiments carried out in sleeping 

quarters during the night. In spite of the decrease in ventilation which usually occurs 
as a result of black -out precautions the ventilation in a Nissen hut used for the first 
tests was found to be much more efficient than expected and surprisingly few, 

were found in the air -too few to afford reasonable prospects of a successful conclusion 
to the main investigation. Similar results were obtained even when the number of 
occupants of the hut was increased above the normal quota. 

Accordingly, it was decided to experiment under conditions which could be made 
better or worse at will, i.e. under controlled conditions. The room chosen for the purpose 
was of capacity about 1700 cu. ft., and arrangements were made for varying the degree 
of ventilation in the room. The local military medical authorities provided the personnel, 
usually twelve or fifteen convalescent surgical patients, who occupied the room for 
periods of 2 -3 hr., and a considerable number (21) of experiments were carried out. 
Under these conditions the occupied room was overcrowded and the air conditions 
were considered to simulate those which would usually pertain to overcrowded premises. 
In all these experiments Bourdillon's slit sampler (see later) was used for the bacterio- 
logical tests, and numerous observations of the bacterial content of the air were made 
during each experiment. 

In some of these experiments the occupants of the room were asked to cough or 
sneeze, and the efficiency of hypochlorite sprayed into the air in reducing the bacterial 
contamination was studied ; in other experiments the conditions were those of normal 
respiration, i.e. with no experimental coughing or sneezing. In both series of experiments 
the effect of varying degrees of ventilation was also investigated. 

The present communication is concerned solely with the action of hypochlorite on the 
total bacterial content of the air of an occupied closed room under fixed conditions of 
ventilation. The ventilation was of a low degree of efficiency, and the occupants of the 
room were under the conditions of normal respiration as mentioned above. It is hoped 
to publish later the results of the other experiments. 

Different hypochlorites were used, and these are described later. The use of hypo- 
chlorites for disinfection of the air has received increased attention during the last few 
years, but there seems to be considerable difference of opinion concerning the efficiency 
of the process, and the technique of the methods to be employed (e.g. optimum concen- 

,tration of the hypochlorite solution for atomization; concentration of hypochlorite re- 
quired in the air; method of atomization of the hypochlorite; duration of persistence of 
the :disinfectant in the air and, therefore, number of atomizations required, etc.). As 
leng ago as 1928, Douglas, Hill & Smith experimented in this way and Masterman made 
several communications on the subject (for a review of such work see Masterman, 1941). 
The possible prevention of air -borne infection bÿ hypochlorite spray has been studied 
, J. Hygiene 43 2 
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by Middleton & Gilliland (1941). They used a suspension of bleaching powder sprayed 
from a flit gun, and this simple method has been tested in the investigation recorded in 

this paper. More recently, Bourdillon, Lidwell & Lovelock (1942) have reported upon 

sneezing in relation to disinfection by hypochlorites, the experiments being carried out 

in a room which was, however, empty except for the ` producer of the sneezes'. 
It appears to be established that hypochlorous acid is the effective germicide when 

hypochlorites are sprayed into the air, and while Masterman (1941) favours the view 

that hypochlorous acid gas (set free, for example, by the carbon dioxide of the atmo- 
sphere) is the active germicide, other workers incline to the 'aerosol' theory, i.e. that 
the active agent is hypochlorous acid in solution (e.g. in droplets). Whatever the mode 
of action, the importance of the method of atomization of the hypochlorite is acknow- 
ledged and, for maximum efficiency, a high degree of 'atomization is said to be necessary. 

In these experiments, the hypochlorite was sometimes atomized by means of a 

Dynalysor (Masterman, 1938, 1941), which is an efficient atomizer and produces a fine 

`dry mist'. More often a simple hand -spray (flit gun) giving a coarse spray containing 
many large droplets was used. This hand -spray was chosen because it is inexpensive and 
is available in reasonably large quantities, and, as stated above, the main purpose of 

this investigation eventually became the development of a simple practical method of 

disinfecting the air -in short, a method which could be employed with the minimum of 

preparation and delay. It is for this reason that bleaching powder (a substance available 
to all army units) was included among the hypochlorites tested. Owing to the corrosive 
nature of hypochlorites, certain simple precautions must be taken and these are discussed 
later. 

In view of the object of this work as stated above, investigation of the interesting 
theoretical considerations involved, e.g. in the mode of action of the disinfectant, could 
not be pursued as thoroughly as desired. However, it was shown by experiments in which 
water was sprayed that the effect of the hypochlorite was not merely a mechanical 
removal (i.e. washing down) of the micro- organisms from the air, as there was no appre- 
ciable reduction of the bacterial content of the air after the spraying of water. Also, an 
attempt was made to correlate the effect of the humidity of the atmosphere and the 
efficiency of hypochlorite sprays. Baker & Twort (1941) state that hypochlorite sprays 
are less effective in a dry atmosphere, and Bourdillon et al. (1942) finds that the practical 
lower limit of humidity for effective bactericidal action is below 60 % at 70° F. Deter- 
minations of the relative humidity were carried out in most of the experiments about 
to be described and the results are discussed. The advantages and disadvantages of 
hypochlorites for air disinfection are considered later. 

Attempts were made to distinguish potentially pathogenic organisms (those originating 
from the upper respiratory passages) from saprophytic organisms, and, for this purpose 
the use of selective media containing inhibitory agents for certain organisms has proved 
of great value. The medium finally chosen was a blood -agar medium containing crystal 
violet (in a concentration of 1 /1,000,000) and work is proceeding in an attempt to devise 
a method of ascertaining the degree of contamination of the air of occupied rooms by 
organisms from the upper respiratory tract. Results to date are sufficiently encouraging 
to suggest that it may be possible to formulate an index of respiratory tract contamina- 
tion of the air of occupied rooms, etc. 

In the present communication, however, the disinfecting power of hypochlorites has 
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been assessed by observations on the total number of organisms found in the air before 
and after the spraying of the disinfectant, i.e. iio attempt has been made to differentiate 
between pathogenic and saprophytic organisms. It may be stated, however, that of the 
total number of organisms collected from the air in these experiments the number of 
potentially pathogenic organisms constituted a small percentage only. Unless other- 
wise stated the medium. used for this investigation was blood -agar containing 5% of 
horse blood. 

METHODS OF COLLECTING AND COUNTING AIR -BORNE BACTERIA 

Petri has stated that the bacteria in 101. of air are deposited on 100 sq. cm. of a gelatine 
plate during 5 min. exposure of the plate. More recent work has shown that this simple 
method is open to objections. For example, Bourdillon, Lidwell & Thomas (1941) find 
that this method collects preferentially those bacteria attached to heavy particles, e.g. 
dust, etc., as distinct from single bacteria, but agree that the counts obtained by simple 
plate exposure may be of some value for comparative tests. Methods offering more exact 
results involve enumeration in a given volume of air (for a- brief discussion of some of 
the available methods see ".Bourdillon et al. 1941). 

Probably the most efficient means of enumerating the bacteria present in the air in- 
volves the use of the `slit sampler designed by Bourdillon et al. (1941). In this machine a 
given volume of air is aspirated through a narrow slit (0.25 mm. wide, 27-5 mm. long 
and 3 mm. deep) on to a plate of nutrient medium placed close to the slit, the plate 
being made to rotate slowly in order that the organisms may be distributed evenly 
over it. The plates are then incubated usually at 37° C. for 24 hr. or longer. 

Some of the observations in a few of the early experiments in this investigation were 
ordinary simple plate exposures made at a height of 3 ft. 4 in. from the floor, but for 
most of the work, including all the experiments in the occupied room, the slit sampler 
was available. 

TIME SLIT SAMPLER 

The slit sampler was constructed according to the specification of Bourdillon et al. (1941) 
and was fitted with an electric (a.c.) gramophone motor suitably geared down for rotating 
the plate. In these experiments, the slit -plate distance was adjusted to 3 mm. (cf. 2 mm. 
recommended by Bourdillon). This slightly larger slit -plate distance was considered more 
suitable for wórk under adverse conditions, e.g. in badly lighted and overcrowded air -raid 
shelters where exact adjustment of this distance may not always be attained, and this, 
together with possible irregularities in the surface of the medium and /or of the base of 
the Petri dishes, might result in the base of the tube carrying the slit making contact 
with the medium. Furthermore, experiments were carried out at slit -plate distance of 
2 and 3 mm. respectively and yielded results differing only slightly from each other, so 
that, for comparative observations, either distance is satisfactory. The necessary suction 
was provided by means of an ordinary domestic vacuum cleaner (an Electrolux), this 
proving more easily procurable, less expensive, probably lighter in weight, and certainly 
more transportable than the electric motor and special pump recommended by Bourdillon. 
The vacuum cleaner was covered with several layers of sound - absorbing material in order 
to reduce noise when used in sleeping quarters, and then fitted with a handle to facilitate 
transport. Calibration of the slit sampler showed. that 1 cu. ft. of air per minute was 

-2 
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sucked through the slit when the manometer showed a difference in level of 11; in. of 

water. For convenience, the vacuum cleaner was placed on its end and the slit sampler 

placed on the upper end of the vacuum cleaner. Under these conditions, the top of the 

short tube carrying the slit was about 40 in. from the floor, this height corresponding 

approximately with that of the head of a person in a sitting position. 

TECHNIQUE OF EXPERIMENTS IN AN EMPTY ROOM 

(1) Experiments in which no hypochlorite was used 

Experiments were carried out in different rooms but only those experiments performed 

in the room later used for the experiments in the occupied room' will be described here. 

This room was of medium size (capacity =1680 cu. ft.) and its small window and venti- 

lator were permanently sealed. Ventilation of the room was further reduced by fixing 

cardboard along the edges of the door in order to exclude air currents. 
Observations of the number of micro -organisms in the air of the room were made by 

simple exposure, usually of 2 min. duration, of plates of nutrient agar (as already stated, 
the slit sampler was not available for these early experiments). 

Infection of the air of the room was then effected by spraying into the air small amounts 
(0.15 -0.45 c.c.) of a suspension of a 24 hr. culture of the organism. Staphylococcus albus, 

B. prodigiosus and a diphtheroid bacillus were each separately used in different experi- 
ments. 

The medium, in which the bacterial suspension used for infecting the room is prepared, 
is of importance and failure to appreciate the importance of this factor may account for 

the different results sometimes obtained in experiments on disinfection of air. The fol- 

lowing types of suspension were used: (1) a suspension in sterile saline; (2) a suspension 
in sterile tap water ; (3) a 24 hr. broth culture of the organism. In the latter case, the 
disinfecting action of the hypochlorite appeared to be lower than when either of the 
first two types of suspension were used. This result was probably due to the fact that 
the bacteria, when sprayed into the air as a broth culture, were coated with organic 
matter (nutrient broth) which inactivated some of the hypochlorite thus leaving a 

reduced amount of disinfectant available for attacking the bacteria. Such an explanation 
is in agreement with the fact that hypochlorous acid has a great affinity for organic 
matter. Accordingly, in most of these experiments, the bacterial suspension used for 

infecting the room was prepared in sterile saline or in sterile tap water. Suspensions of 
the organisms used in either of these fluids were tested and it was shown that large 
numbers of the organisms remained alive after many hours, i.e. for a period many times 
that of the duration of the experiments. 

The fluid (a few c.c.) was added to a 24 hr. agar -plate culture which had been heavily 
inoculated, the abundant growth carefully removed using a wire loop as sparingly as 
possible, the resulting suspension adjusted to tube 3 or 4 of Brown's opacity standards, 
and then transferred to a hand -spray. The spray used was a small hand nasal spray, 
and it was found that 15 -30 compressions of the rubber bulb were sufficient to infect 
the air of the room to the degree required. A gauze mask of the type used in operating- 
theatres was worn when infecting the room and for the remainder of the experiment in 
order to reduce the number of bacteria inhaled during the course of these experiments. 
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of Observations after infection of the room. Plate exposures were made at suitable intervals, 
er duplicate Petri dishes of nutrient agar of a standard size (9.5 cm. in diameter) being used 
be for each observation. The plates were placed side by side on a table or stool and were 
ag at a height of 3 ft. 4 in. from the floor. 

' The exposures were timed with a stop -watch and were usually of 2 min. duration. 
few of the exposures, however, were of shorter duration, e.g. the first two or three 

:. after infection of the room (1 min. exposure), and others, towards the end of the experi- 
ment when the organisms in the air were much reduced in number, were for periods of 

.4-16 min. or longer. When longer exposures were necessary 2 min. exposures were also 
simultaneously .made. Observations were usually continued for 1 -12 hr. after infection 

ed of the room. 
re. The plates were then incubated at 37° C. for 24 hr. after which the colonies on each 
ti plate were counted. The usual assumption was made that each colony was formed from 
ng 

{ 

a single organism, although it is realized that this is only approximately true. Results 
showed that, when the rate of deposition of organisms was slow, i.e. towards the end of 

by the experiment, the number of organisms per 4 min. exposure was approximately twice 
ad; - the number of organisms per 2 min. exposure. Occasionally, therefore, the count for a 

4 min. exposure was halved and the result averaged with that for a 2 min. exposure, 
tits but this procedure was rarely adopted. 
us, At least four control plates, i.e. unexposed plates, were incubated along with the 
Sri experimental plates in these and all experiments described in this communication. In 

every case, the number of adventitious contaminants on the control plates was very low 
ed, (usually 0 -2 colonies per agar plate and 0 -3 colonies per blood -agar' plate) and it was 
for unnecessary to correct the counts on the experimental plates by subtracting the average 
fol- number of contaminants on the control plates. 
ion 

the (2) Experiments in which hypochlorites were sprayed into the air 
the Í, Experiments were then carried out using a similar suspension of the same strain of 
hat B. prodigiosus or other test organism, but this time hypochlorite was sprayed into the air 
Lnic shortly after infection of the room. Two hypochlorites were tested, (1) calcium chloro- 
g a hypochlorite in the form of bleaching powder, and (2) sodium hypochlorite in the form of a 
;ion proprietary antiseptic. The bleaching powder contained 33 % of available chlorine and 

a 1c/0 suspension, which was freshly prepared immediately before each experiment, was 
for used. The proprietary antiseptic (1 °,t° sodium hypochlorite, 16.5% sodium chloride and 

s of small amounts of calcium chloride and of other salts of Na and Mg) was analysed and 
urge the hypochlorite content was in agreement with the manufacturer's specification; this 
mes antiseptic is hereinafter called hypochlorite X. 

In the experiments in which sodium hypochlorite was used the solution was, in different 
oily experiments, introduced into the atmosphere (1) from a Dynalysor which atomized 1 c.c. 
r as of the hypochlorite solution per minute, and mention of which has already been made, 
rds, and (2) from the flit gun used in the experiments in the occupied room and which 
ray, produces a coarse spray. The bleaching powder used was in the form of a suspension and 
Meet not a true solution and therefore was not suitable for the Dynalysor; it was tested only 
ing in the form of the coarse spray (i.e. using the flit gun). 
it in Varying amounts of hypochlorite were used in different experiments and the concen- 
its. tration (not necessarily the minimum concentration) of the hypochlorite required for 
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effective reduction of the bacteria in the air of the room was ascertained. During these 

experiments the concentration of hypochlorite in the air was such that the odour was 

distinctly perceptible, although the irritant effects were negligible. 

(3) Experiments in which water was sprayed into the air 
Similar experiments were carried out in which water instead of hypochlorite was 

sprayed into the air and both methods of atomization were used. 

Results of experiments in an empty room 

The experimental data for a few experiments, typical of the many experiments per- 
formed, are summarized in Table 1, in which each of the bacterial counts represents an 
exposure of 2 min. duration. Five control experiments were carried out, and the period 

Table 1. Variation in the bacterial content of the air of a room infected with a saline sus- 
pension of B. prodigiosus in a_- control experiment,- and in experiments in which water 

or hypochlarites were sprayed into the air from a flit gun 

Period (minutes) after infection of the room 

Disinfectant, etc. 
2 5 sprayed into the 9 10 12 15 20 30 45 60 65 75 90 120 

Exp. min. min. air at 6 -7 min. min. min. min. min. min. min. min. min. min. ruin. min. min. 
11 - 990 None - 331 - - 109 46 18 10 - 4 4 4 

42 826 706 Water (13 c.c.) 612 536 475 411 259 115 65 30 23 - - - 
40 990 842 1 % suspension of 60 52 18 14 6 1 0 0 0 

bleaching powder 
(12 c.c.) 

41 1002 944 I % suspension of 18 0 0 1 1 0 0 0 - - - - 
bleaching powder 
(18 c.c.) 

45 632 462 1% suspension of 258 171 158 117 54 20 7 5 - - 
bleaching powder 
(6 c.c.) 

47 628 468 (`Smoking exp.') 272 285 183 165 115 37 12 4 - 2 2 
1% suspension of 
bleaching powder 
(13 c.c.) 

44 956 960 Hypochlorite X 86 63 31 4 12 5 1 0 0 - - 
(10 c.c.) 

34 408 395 Hypochlorite X - 48 - 18 13 6 2 1 - 3 - - 
(4 c.c.)* 

All bacterial counts represent the number of colonies of B. prodigiosus on an agar plate after exposure for 
2 min. - means no reading taken. 

* In Exp. 34 the antiseptic was atomized by means of the Dynalysor. 

of time which elapsed before the air of the infected room became as free from bacteria 
as it was before the infection occurred was about 1 hr. (e.g. Exp. 11, Table 1). This time 
was not reduced when water was sprayed into the air from a flit gun (Exp. 42), and a 
similar result was obtained in another experiment with water. 

When the 1 Y suspension of bleaching powder was sprayed into the air of the room 
the air became free from B. prodigiosus in a much shorter time than in the control 
experiments. For example, in Exp. 40, the amount of suspension sprayed into the air 
by fifty strokes of the flit gun was 12 c.c., and it will be seen that, 3 min. after completion 
of the spraying (i.e. 10 min. after infection of the room), the bacterial count was as low 
as 52 and 10 min. later was only 6. 
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Comparable results were obtained with the proprietary antiseptic containing 1 % of 
sodium hypochlorite (Exp. 44). 

The results of Exp. 40 indicate effective disinfection of the air, and the concentration 
of the 1 % suspension of bleaching powder used was exceedingly small (12 c.c. of the 
suspension in 47,500,000 c.c. of air corresponding to 0.25 c.c. suspension per million c.c. 
of air), and, it may be added that the odour of the hypochlorite was easily perceptible 
in the room. At this concentration exceedingly slight irritation of the mucous membranes 
of the nose and throat was experienced but the eyes were not affected. Although in 
Exp. 41 the amount of the suspension used was 50 % greater than in Exp. 40, the 
irritant effects were again. exceedingly slight, and the reduction of the bacterial count 
was greater and more rapid than in Exp. 40. The degree of air disinfection achieved in 
Exp. 41 was very high. When the amount of suspension sprayed into the air (Exp. 45) 
was reduced to about half of that used in Exp. 40, there was no appreciable disinfection 
of the air. During each of the experiments so far described the experimental room was 
occupied only by the writer. In Exp. 47 three other persons were present and all the 
occupants smoked heavily throughout the experiment, the air becoming thickly clouded 
with tobacco smoke. The results of this experiment (Table 1) show that the disinfecting 
action of the hypochlorite was almost entirely inhibited. 

The results of a typical experiment (no. 34) in which the Dynalysor was used are 
included in Table 1, afid in this experiment the proprietary antiseptic was used. It will 
be seen that a degree of disinfection comparable with that of the flit -gun Exps. 40 and 44 
was achieved with a concentration of hypochlorite only about one -third of that used in 
the flit -gun experiments. 

The experimental data show that disinfection of air infected with B. prodigiosus was 
effected with a 1% suspension of bleaching powder sprayed into the air by means of 
a flit gun (concentration =0-25 c.c. of the suspension per million .c.c. of air) and with 
a similar concentration of a proprietary antiseptic containing 1% of hypochlorite. Com- 
parable results were obtained with a much lower concentration when hypochlorite X 
was atomized into the air by means of the Dynalysor. It may also be stated that the 
effect of the hypochlorite was not merely a mechanical removal of bacteria from the air 
since the spraying of water had no appreciable effect on the bacterial content of the air. 

In each of the experiments described above the test organism was B. prodigiosos; it, 
may be added that similar results were obtained when the air of the room was infected 
with each of two strains of ,Staphylococcus albus or a diphtheroid bacillus, each of which 
had been isolated from the air during the experiments in the occupied room (described 
later). 

TECHNIQUE Or EXPERIMENTS IN AN OCCUPIED ROOM 

The room chosen (see p. 20) was a medium -sized room of about 1700 cu. ft. capacity 
(15 x 14 x 8 ft.). The single small window in the room had been sealed and permanently 
blacked out (the room was the departmental darkroom) and the one small ventilator 
situated in the roof of the room was closed. Cardboard was fixed along the top, bottom and 
side edges of the door in order to exclude air currents as far as possible, and the ventilation 
of the room was therefore at a minimum. The room, which was electrically lighted, had 
a wooden floor and contained a water radiator which was turned on when requested by 
the occupants of the room (this was usually the case). Beats sufficient in number to 
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accommodate the future occupants were arranged around three sides of the room (along 

the fourth side was a sink and a work- bench) and the centre was occupied by a table. 
During each of Exps. 1 -6 there werd fifteen men in the room and this number was 

reduced to twelve for the subsequent experiments. In addition an assistant and the author 
were present during each experiment. With this relatively large number of occupants 
the air of the inadequately ventilated room soon became `stuffy', and in fact the air 

conditions in this crowded room resembled those in an air-raid shelter under conditions 
of moderate overcrowding. 

In all these experiments the observations on the number of micro- organisms in the 
air were made with the slit sampler, and it was found convenient to place the latter on 

the table and, in this position, the machine was situated in the middle of the room. 
Wet- and dry -bulb thermometers were hung from a shelf situated along the fourth side 

of the room, i.e. reasonably far enough away from any of the occupants of the room. 
Shortly before occupation of the room, observations of the bacterial content of the air 

of the empty room were taken with the door closed. For each of these observations the 
slit sampler was operated for 3 min., i.e. 3 cu. ft. of air were sampled. At 2 p.m. the 
men entered the room, took their places on the seats provided, and the door was imme- 
diately closed and not opened until the end of the experiment (some 2 -24/ hr. later). 

On the day before each experiment, the floor of the room was thoroughly washed with 
water, but, in order that natural conditions might be observed as far as possible, the 
floor was not treated by any of the methods, e.g. treatment with spindle oil, etc., now 
available for reducing aerial contamination due to disturbance of bacteria- carrying par- 
ticles (van den Ende, Lush & Edward, 1940; Thomas, 1941, etc.). It was impractical to 
allow the men to move about the room during the experiment, since the resulting 
disturbance of bacteria -carrying particles on the floor would have caused varying degrees 
of contamination of the air and controlled observations would then have been impossible. 
In any case, such movement would have been difficult under the relatively overcrowded 
conditions prevailing in the room. 

Accordingly, the occupants of the room were asked to remain in their places during 
the experiments but were free to talk. Most of them read and there was surprisingly 
little conversation. Generally, a short account of the object of the experiments was 
given at the start and proved of great value in interesting the men in this work and 
thereby obtaining their willing co- operation -an essential requirement in an investigation 
of this kind. 

This co- operation, together with the fact that the men were `on duty' when taking 
part in this work, made it possible to ensure that the conditions for each of these experi- 
ments were closely similar. This was so although there were frequent changes in the 
personnel in these experiments. In fact, this degree of controllability of the experimental 
conditions throughout the course of this investigation was much higher than expected 
and was an important factor in ensuring that the results obtained were of real value. 
Also, the combined individual opinions of the men were of value in assessing the degree 
of irritation (if any) produced in the eyes, nose and throat, by the hypochlorite sprayed 
into the air, in deciding upon the duration of persistence of the odour of the hypochlorite, 
and in other ways. 

A general description of the course of the experiments will now be given. As already 
mentioned, observations of the number of micro- organisms in the air of the room were 
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made just before occupation. Blood -agar plates of standard size were used in the slit 
sampler and the exposures were each of 3 min. duration. Readings of the wet- and dry - 
bulb thermometers were taken, and were continued every 15 -30 min. throughout the 
experiments. 

Experiments had previously been carried out on different volumes of the air of occupied 
and unoccupied rooms and, from the numbers of micro -organisms found, it was estimated 
that 3 cu. ft. of air (i.e. 3 min. operation of the slit -sampler) usually contained a number 
of organisms sufficiently large for the comparative tests required and did not, even Under 
the worst conditions encountered, overcrowd the plate (counts seldom exceeded 300 
;colonies per plate). Accordingly, after occupation of the room, slit- sampler observations 
of 3 min. duration were made and about six or seven plates were thus exposed during 
each half -hour (see Table 2). Each plate was numbered and its time of exposure was 
noted. 

In control experiments, no hypochlorite was sprayed into the air and exposures were 
carried out during 2 -21 hr. occupation of the room. In the experiments with hypo - 
chlorites, the solution or suspension was sprayed into the air at intervals of half an hour 
and the first spraying' was usually made after half an hour's occupation of the room. 
Other sprayings of the disinfectant were made at half -hourly intervals, although in one 
experiment sprayings were more frequently carried out. Except when stated the flit gun 

: :was employed for atomizing the hypochlorite and a 1% solution was used. With bleaching 
powder, however, a 1-3% suspension in water was used (see later). , 

Some idea of the amount of hypochlorite required had already been obtained from 
-consideration of the amounts used for the experiments in the empty room. Thus, it was 
found that an effective concentration of hypochlorite was introduced into the air of the 
occupied room (volume =1680 cu. ft., i.e. 47,500,000 c.c.) by fifty strokes of the flit gun. 
The average time required for each spraying' was about three -quarters of a minute. 
A somewhat variable quantity of hypochlorite was thus atomized'. For example; the 
volume of 1 % solution or 1-3% suspension introduced into the air varied from 12 to 
24 c.c. per spraying and was usually about 19 c.c., corresponding to a concentration by 
volume of 0.40 c.c. per million c.c. of air. As a rough guide, spraying was continued until 
the odour of the hypochlorite was distinctly perceptible to the majority of the occupants. 

In each experiment usually three or four sprayings were carried out, although in 
Exps. 13 and 19 the number of sprayings was two and six respectively. Since the results 
suggested that the bactericidal effect of the spray was of short duration (of the order of 
15 -20 min), estimation of the concentration of hypochlorite introduced into the air during 
each spraying was calculated without regard to any residual concentration remaining 
from a previous spraying (see later). 

During each spraying, the occupants of the room were asked to look down at the floor 
so that all possibility Of any droplets of the sprayed hypochlorite solution or suspension 
falling into their eyes was avoided. At the same time, care was taken to prevent droplets 
making contact with the clothes of those present. Similar precautions must also be 
taken by the person operating the `spray'. 

Slit -sampler observations of the bacterial content of the air were made throughout the 
experiments. The plates were then incúbated aerobically at 37° C. for 30 hr. Varying 
periods of incubation were tried. Thus, an incubation period of 48 hr. sometimes gave 
rise ;to unsatisfactory plates, e.g. if many haemolytic organisms were present the whole 



26 Bacteriological observations on the air of occupied premises 

plate became discoloured. After 30 hr. incubation slightly higher counts were obtained 
than after 24 hr. and colonies which were small and difficult to recognize as colonies after 
24 hr. incubation were easily observable after a further 6 hr. Practically all the organisms 
encountered in these experiments grew well during the chosen incubation period of 30 hr. 
at 37° C. 

The colonies on the plates were then enumerated and graphed against the period of 

occupation of the room. From such comparative data the variation in the numbers of 

bacteria present in the air could be studied and the effect of the hypochlorite assessed. 
Occasionally, an exposure was ruined by organisms (usually sporing bacilli) the growth 

of which spread over the surface of the plate, but the number of these was small. For 
example, of the experiments illustrated in Table 2 it will be seen that in Exp. 8 six out of 

thirty -nine exposures were useless because of the presence of such spreading organisms. 
The proportion of `large spreaders' in this experiment was, however, higher than in most 
other experiments (cf. Exps. 2 and 7 in which no such organisms were present). Also, in a 

few instances a spreading organism, occupying a relatively small area of the plate, was 
present. For such plates allowance for the surface area of the medium lost on account 
of the spreader' was made in the following manner: The plate was held to the light and 
a piece of thin paper of size sufficient to cover the area of the plate occupied by the 
colonies was held at the back of the plate. The outline of the 'spreader' was then traced 
on the paper and this area cut out and weighed. From the weight of the paper repre- 
senting the total area occupied by the colonies and that representing the area occupied 
by the spreading organism, the relative area of the plate occupied by the latter was 
determined with reasonable accuracy, and a proportional number of colonies added to 
the number present on the plate. 

Hypochlorites used in these experiments 

Two sources of hypochlorite were used: (1) Calcium chlorohypochlorite in the form of 
bleaching powder as supplied to the Army for sterilization of water, and known as water - 
sterilizing powder. As this bleaching powder contained only 25 % of available chlorine, 
instead of the 33% present in the commercial product, the strength of the suspension 
of water- sterilizing powder used in these experiments was 1 -3 % , corresponding with the 
1% suspension of the stronger bleaching powder used for `the experiments in an empty 
room'. Suspensions of bleaching powder required for each spraying were always sepa- 
rately prepared, immediately before the spraying was due to take place, by adding 1.3 g. 

of the powder to 100 c.c. of water, and the whole of this suspension was poured into the 
flit gun. At the end of the spraying, the remaining suspension was emptied out of the 
gun and a freshly prepared suspension used for the next spraying. (2) A commercial 
product consisting essentially of an alkaline solution of sodium hypochlorite. This product 
contained 10 -11 % of the hypochlorite, approximately 10 % of sodium chloride, 1 % of 
sodium hydroxide and a small amount of potassium permanganate which gives the 
solution its pink colour. The percentage of hypochlorite in this product was determined 
volumetrically, and., when used in these experiments, it was diluted with tap water so 
that the diluted solution contained 1 % of hypochlorite. This diluted solution is herein- 
after called hypochlorite Y, and is chemically equivalent (in available chlorine) to about 
three times its volume of the bleaching powder suspension.' 
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Concentration of hypochlorite in the air as used in these experiments 

The amount of hypochlorite introduced into the air as the result of each spraying of 
disinfectant has already been stated to be 19 c.c. on the average. Thus, in Exps. 1, 3, 4 

and 6 there were thirteen sprayings in all of a 1.3% suspension of bleaching powder, 
the average volume of bleaching powder suspension per spraying being 20 c.c., and one 
spraying of hypochlorite Y (18 c.c.). In Exps. 8, 12, 13 and 19 in which hypochlorite Y 
(that is, approximately 1 % sodium hypochlorite) was used, the total number of sprayings 
was sixteen and the average volume was 18 c.c. per spraying. The total volumes of 
hypochlorites which were sprayed into the air (and the concentration per spraying) in 
each of these experiments are summarized later (Table 5). These quantities (20 and 
18 c.c.) correspond to a concentration by volume of 0.42 and 0.38 c.c. per million c.c. of 
air, for bleaching powder, and hypochlorites Y respectively. In Exp. 8 an amount of 
disinfectant smaller than usual (e.g. thirty instead of fifty strokes of the flit gun) was 
tried for one of the sprayings. The amount of hypochlorite Y thus sprayed into the air 
was 13 c.c. and, as will be seen later, proved effective in lowering the bacterial content 
of the air. The concentrations of disinfectant introduced into the air in each of these 
experiments were, therefore, very minute. Further, the hypochlorite solution Y used 

:contained only 1% of sodium hypochlorite, and the bleaching powder suspensions only 
the equivalent of about 0-59% of calcium ehlorohypochlorite. The concentrations of 
hypochlorite used in these experiments were exceedingly minute. 

During the course of these experiments the occupants of the room were repeatedly 
asked to report any irritation of their eyes, nose or throat and were told that such 
complaints ' would, if j ustifieci, be welcomed. However, none of the personnel experienced 

anything more than a very slight tingling in the nose or throat which was regarded by 
them as of no consequence. It is concluded, therefore, that the concentrations of hypo- 
chlorite used in these experiments were below (probably far below) the irritant dose for 
the human subject. This was to be expected in view of the minuteness of the concen- 
tration of disinfectant used. 

The odour of the hypochlorite was easily perceptible to almost everyone present in 
the room although occasionally one of the men was unable to detect the disinfectant by 
sense of smell. By repeated questioning of all the personnel, it was ascertained that the 
odour of the hypochlorite was strong immediately after each spraying, remained so for 
about 5 min., then decreased in intensity, so that 10 min. after spraying only a small 
proportion of those present were still able to smell the hypochlorite. Fifteen minutes after 
a spraying, one or two only of the occupants could still detect the odour of the hypochlorite. 

Towards the end of an experiment (e.g. after a fourth spraying) the persistence of 
the odour of the disinfectant appeared to be of rather longer duration, possibly due to 
the cumulative effect from the previous sprayings of the experiment. This cumulative 
effect was shown more clearly in an experiment in which the sprayings were made at 
shorter intervals of time (approximately 15 min. between each spraying). In this experi- 
ment (19), the odour of the' hypochlorite Y was not detected by any of the fourteen 
occupants of the room when. 12 min. had elapsed after each of the first and second 
sprayings; 12 min. after the third and fourth sprayings, however, five of the occupants 
were able to smell the disinfectant; as long as 18 min. after the sixth and final spraying 
of this experiment, the odour was detected by ten of the occupants. 
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At the end of an experiment, on returning to the room after an absence of a few minutes 

or longer, the odour of the hypochlorite used in the experiment was always noticeable, 

although the odour had apparently disappeared as judged by observations made during 

the latter part of the experiment. It is concluded, therefore, that the nose becomes less 

sensitive to hypochlorites during long exposure to these disinfectants, as under the con- 

ditions of these experiments. The duration of persistence of the odour of the disinfectant 

appeared to be approximately the same for each of the two different hypochlorites tested. 

The opacity of the hypochlorite mists persisted only for 1 or 2 min. and the minor 

inconvenience thus caused was of no importance. It may be mentioned, however, that 
the opacity of the mists of hypochlorite X, which contained a relatively large proportion 

of sodium chloride, was of longer duration. (Hypochlorite X was used in the experiments 

in the empty rooms :) 
It is worthy of mention that almost all the numerous personnel taking part in these 

experiments agreed that the spraying of each of these hypochlorites had a definite 

`freshening' effect on the air of the room. Also of importance is the fact that all the 

personnel were in agreement that the hypochlorites had a marked deodorizing effect 

upon the atmosphere of the room. 

Accumulation of hypochlorite on the surface of the medium when using the slit sampler 

During each 3 min. exposure, 3 cu. ft. of air are sucked into the sampler at the rate 
of 1 eu. ft. per min and some of the hypochlorite (or possibly hypochlorous acid derived 
from the hypochlorite due to the action of the CO, of the air) will be absorbed into the 
surface of the medium. In order to make sure that such an accumulation of disinfectant 
was insufficient to interfere with the growth of the organisms collected, an interval of 

at least 2 -3 min. was allowed to elapse after each spraying and before making an ex- 

posure. When this precaution was observed the amount of disinfectant on the surface 
of the medium was insufficient to inhibit bacterial growth as was shown in the following 

manner: In each of several experiments a plate -as exposed in the slit sampler during 
the interval (3 min. in each of these cases), i.e. the exposure was started a few seconds 
after completion of the spraying of the disinfectant. In two of these tests the interval 
chosen was that after the final spraying, i.e. when the greatest concentration of hypo - 
chlorite might be expected. The plate was then inoculated with a loopful of a dilute 
bacterial suspension. In different experiments the organisms used were Bact. coli, Staphy- 
lococcus aureus and a Micrococcus. The two latter organisms were obtained from the air 

in previous experiments. Control, i.e. unexposed blood -agar, plates were similarly inocu- 
lated. There was no visible difference between the growth on the test and control plates 
after 30 hr. incubation at 37° C. In all, about eight tests of this kind were carried out 
with results similar to those described above. 

It is concluded, therefore, that the amount of disinfectant absorbed into the surface 
of the nutrient medium of the plates exposed in the slit sampler for 3 thin., under the 
conditions prevailing in these experiments, was of no significance, i.e. was insufficient to 
inhibit the growth of the organisms collected on the plates. This conclusion is to be 

expected from consideration of the exceedingly" small concentrations of hypochlorite 
present in the air in these experiments. In this connexion it is of interest to note that, 
in Exps. 20 and 21, in which the hypochlorite Y was atomized by means of the Dynalysor 



S. W. CHALLINOR 29 

operated for periods of 6 -15 min., test -exposures similar to those described above were 
carried out during the actual period of atomization and again no inhibition of bacterial 
growth was observed. 

Results of experiments in an occupied room 

For each observation of the bacterial content of the air of the occupied room blood-agar 
plates were used in the slit sampler and the duration of the exposures was 3 min., i.e. 
3 cu. ft. of air were sampled for each observation. 

VARIATION IN THE BACTERIAL CONTENT OF THE AIR DURING 

OCCUPATION OF A ROOM 

(1) Without spraying of the air 

The variation in the number of bacteria -carrying particles in the air of the room during 
occupation of 2 -24 hr. duration presented an interesting study and did not follow the 
course expected. Lack of space prevents publication of the detailed results of each 
experiment but Table 2 illustrates the course of and data for three experiments -a control 
experiment in which no disinfectant was used and experiments in which water, or hypo - 
chlorite Y were sprayed at half -hourly intervals into the air (see also Fig. 1). 

Considering the control experiment (Exp. 2) it is seen that wide variations in the 
bacterial content of the air took place during occupation of the room. Further, con- 
secutive bacterial counts were, in general, reasonably close to each other, although 
exposures taken within an interval of 1 -2 min. between the end of one and the beginning 
of the next exposure were sometimes widely different (e.g. exposures 2.46 -2.49 and 
2.51 -2.54 p.m.; exposures 3.36 -3.39 and 3.41 -3.44 p.m.; exposures 3.45 -3.48 and 3.50 - 
3.53,p.m.). The bacterial count was high during the first 20 -30 min. of occupation of 
the room, then fell :.considerably during the second half -hóur and remained near the 
lower level during the third half -hour of occupation. During the fourth half -hour period 
there was a rise in the bacterial content of the air which reached a value appreciably in 
excess of that recorded during the initial half -hour of occupation. 

In another control experiment (Exp. 5) similar variations in the bacterial content of 
the air were observed, and, in this experiment, which lasted for 2+ hr., there was a 
further rise during the final, i.e. the fifth half -hour; the final bacterial counts were much 
higher than for the first half -hour of occupation. These deductions are more easily derived 
from consideration of Table 5 in which the average bacterial counts during each half -hour 
óf occupation are tabulated for each of the thirteen "experiments considered in this paper 
(some of the experiments in this series included observations made after sneezing and 
;coughing by the occupants of the room and are not described in this communication). 
Table 5 contains most of the data appertaining to each of these experiments, e.g. number 
of occupants of the room, average concentration per spraying of disinfectant, etc., and 
later will be considered in more detail. 
`It is probable that the high bacterial content of the air during the first 20 min. of 

occupation was due to the disturbance caused when the future occupants entered the 
room, and the relatively lower bacterial counts recorded for the second and third half - 
hour periods of occupation may thus be explained. Of interest, however, is the conclusion 
that the bacterial content of the air did not rise appreciably during the second and third 



Table 2. Consecutive slit- sampler observations (3 mein_ exposures) on the number of 
.bacteria -carrying particles per 3 cu. ft. of air in experiments in an occupied room 

Control Exp. 2 

Water sprayed into the 
air by means of a 

flit gun, Exp. 7 

Hypochlorite Y sprayed into 
the air by means of a 

flit gun, Exp. 8 

No. of , No. of No. of 
Time of colonies on Time of colonies on Time of colonies on 
exposure blood -agar exposure blood -agar exposure blood -agar 

p.m. - plate p.m. plate p.m. plate 

Before occupation of room Before occupation of room Before occupation of room 

1.54 -1.57 79 

Men entered room at 2.0 p.m. 
After occupation 

2.09 -2.12 304 
2.14- 299 
2.21_ 285 
2.29- 181 

1.41 -1.44 1.s. 
1.43- 61 
1.49 - 61 
1.54- 92 

Men entered room at 2.0 p.m. 
After. occupation 

2.00 -2.03 328 
2.05- 318 
2.09- 316* 
2.13- 320 
2.18- 307 
2.22- 285 
2.26- 32S 

1.45 -1.48 43 
1.30 -69 1.531--56 
1.57- 80 

Men entered room at 2.0 n.m. 
After occupation. 

2.01-2.04 277 
2.04- 263 
2.08- 237 
2.141- 254 
2.18= 239 
2.22- 197 
226- 1.s. 

First spraying (2.31 -2.32 p.m.); First spraying (2.29 -2.30 p.m.); 
50 strokes of gun; 100 - 84 c.c., 50 strokes of gun; 100 -85 c.c., 

No spraying i.e. 16 c.c. used i.e. 15 c.c. used 
2.37-2.40 153 2.34 -2.37 341 2.33-2.36 169 
2.41 - 165 2.38-347 2.371- 168 
2.46- 178 2.42-352 2.42- 171 . 

2.51- 118 2.46- 379 2.46- l.s. 
2.50 -343 2.50- 201 2.54-337 2.531- 206* 
2.58- 318 2.57- 251 

Second spraying (3.01 -3.02 p.m.) ; Second spraying (3.0 -3.01 p.m,); 
50 strokes of gun; 100 - 80 c.c., 50 strokes of gun; 1.00 - 84 c.c., 

No spraying i.e. 20 c.c. used i.e. 16 c.c. used 
3.07 -3.10 170 3.04 -3.07 341 3.03 -3.06 142* 
3.12- 193 3.08- 307 3.061 - 156 
3.16 - 199 3.12- 360 3.10 - 160 
3.21 - 178 3.16- 363 3.14- - 182 
3.26- 161 3.20- 375 3.17 - 208 

3.24- 445 3.21 -196 
3.241 --- l.s. 

Third spraying (3.30 -3.31 p.m.); Third spraying (3.301-3.31/ p.m.); 
50 strokes of gun; 100 - 81 c.c., 50 strokes of gun; 100 - 82 c.c., 

No spraying i.e. 19 c.c. used i.e. 18 c.c. used 
3.36-3.39 297 3.33 4.36 381 3.34 -3.37 151 
3.41-' 436 3.37- 412 3.371 - 103 
3.45- 418 3.402- 375 3.42 -147 
3.50- 250 3.14 382 3.46- 136 
3.57- 205 t 3.491- -174 3.53-149 

3.561- 178 

Fourth spraying (3.594 
30 strokes of gun; 
i.e. 13 c.c. used 

-4.01 p.m.); 
100 - 87 c.c., 

4.021 -4.031 99 
4.06- 98 
4.09 - 1.8. 
4.12- 70* 
4.15i- 91 
4.19- l.s. 
4.26- 1.s. 

The blood -agar plates were incubated for 30 hr. at 37° C. l.s. =large spreading organism. 
* Spreading organism on p.1.te but occupying a relatively small area which was estimated (see text) and 

fir which allowance was made in the final count. 
f At this,stage hypochlorite Y was atomized into the air. 
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Fig._ 1. Variation in the bacterial content (consecutive slit -sampler observations) of the air of the occupied 
room in a control experiment, and in experiments in which water or hypochiorite Y were sprayed into 
the air from a flit gun. rphe small vertical lines indicate the times when the sprayings were carried out. 
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periods of occupation of a room containing so many occupants and so poorly ventilated 
as the room under consideration. The expected change for the worse, bacteriologically 

speaking, did not therefore take place until after the room had been occupied for 11 hr. 

(2) Air sprayed with hypochlorites or water 

(a) Duration of the disinfection of the air 

The variations in the bacterial content of the air of the occupied room in experiments 
in which a disinfectant (hypochlorite) was sprayed into the air by means of a flit gun 

presented a picture differing greatly from that of the control experiments. Thus, in 

Exp. 8, in which hypochlorite Y was used, it will be seen from Table 2 that (1) the 

number of bacteria per 3 cu. ft. of air immediately after each of the four sprayings of 

disinfectant was lower than before the sprayings; (2) the bacterial content of the air 

remained at the relatively lower figure during the first half of the 30 min. period after 

the sprayings (the period between the sprayings was approximately 30 min. in most of 

these experiments); (3) during the second half of the 30 min. period between sprayings 
the bacterial content of the air began to rise again. Such a fall and rise in the bacterial 
content of the air occurred in each of the experiments (after each of the sixteen sprayings) 
in which hypochlorite Y was sprayed into the air, and after most of the sprayings of 

bleaching powder suspension. 
The interval of time after each spraying during which the bacterial content of the air 

was lowered was reasonably constant in each of the experiments. Examination of the 

graphs (bacterial content of air plotted against period of occupation of room of which 

Fig. 1 is an example) for these experiments shows that this period of time was 15 -17 min, 

in most cases, but occasionally was longer (20 min.). That it was possible to decide upon 

the duration (and within such narrow limits) of the effect of the disinfectant sprayed 
into the air on the bacterial content of the air is in itself evidence that the hypochlorites 
did have a significant lowering effect upon the viable bacterial content of the air. 

Since the results of experiments in which the disinfectant was sprayed at half -hourly 
intervals indicated that the disinfecting action of the hypochlorites persisted during 
a period of about a quarter of an hour, an experiment in which the sprayings were 

carried out at 15 min. intervals should have been particularly successful. A very great 
reduction in the bacterial content of the air was, in fact, achieved in such an experiment. 
Thus, in Exp. 19, hypochlorite Y was first sprayed after 24 min. occupation of the room, 
again after an interval of 17 min., then four more times at intervals of approximately 
15 min. In view of the importance of. this experiment the data are recorded in some 

detail. The number of occupants in the room was fourteen; the flit gun was used for each 

spraying and the volumes of hypochlorite Y introduced into the air were 19, 22, 14, 21, 

21 and 21 c.c. respectively, an average of 20 c.c. per spraying, corresponding to a con - 

centration of 0.42 c.c. of hypochlorite Y per million c.c. of air. Consecutive slit- sampler 
observations per 3 cu. ft. of air were as follows: 199, 128 and 130 during the first 24 min. 
of occupation; 91, 96 and 46 after the first spraying; 44, then a large spreader after the 
second spraying; 37, 31, 33 and 38 after the third spraying; 35, 53 and 39 after the fourth 
spraying; 17, 13, 33 and 52 after the fifth spraying; 20, 20, 30 and 38 after the sixth 
spraying. From these results (see also Fig. 1) it is seen that the bacterial content of the 
air was reduced after the first spraying, that the second spraying (17 min. after the first) 



S. W. GHALLINOR 33 

brought about a further reduction in the bacterial content to the very low figure of 44, 

;sand that this low bacterial content was maintained during the remainder (about l hr.) 
of the experiment. The average bacterial count per 3 cu. ft. of air during the last 16 min. 
period of occupation of the room was 28 and this result indicated the bacterial content 
of the air of the inadequately ventilated room at the end of 2 hr. continuous occupation. 
As the bacterial content of the air of the room before occupation was 20, it may be 

stated that the number of bacteria present in the air of the occupied room at the end 
of 2 hr. of continuous occupation was almost the same as the number present in the air 
of the empty room, i.e. before occupation commenced. The degree of disinfection of the 
air achieved in this experiment was, therefore, of a very high order. Evidence of the 
accumulation of hypochlorite in the air due to successive sprayings has already been 
brought forward, but it may be stated that the occupants of the room considered that 
the slight irritation of the eyes, nose or throat, experienced by some of them (i.e. during 
Exp. 19), was of no importance. This statement is important since the total quantity of 

hypochlorite used in this experiment (which was of shorter duration than most of the 
other experiments) was much greater than in any other (see Table 5). Even in this 
experiment, however, where the number (6) of sprayings was greater than usual, the 
total quantity of hypochlorite Y sprayed into the air was 118 c.c., corresponding to a 

concentration by volume of less than 2.5 c.c. per million c.c. of air. 

(b) Assessment of the degree of air disinfection (method 1) 

The comparison of the disinfecting powers of different hypochlorites and the assess- 
ment of the degree of disinfection of the air produced by each individual spraying is a 

matter of considerable difficulty, and, as no generally accepted method of achieving this 
object is available, the experimental results were interpreted as follows: an approxi- 
mately quantitative idea of the disinfecting power of the hypochlorites was obtained by 
averaging the counts representing the bacterial content of the air during the 16 min. 
before the spraying of the disinfectant, and those for the 16 min. period after the spraying, 
and then comparing the two averages and expressing the reduction (if any) as a per- 
centage. These reductions or increases are then compared with the corresponding changes 
in the control experiments. Accordingly, in Tables 3 and 4, the averages of the bacterial 
counts for the first 16 min. period, P. 1, of occupation of the room are followed by the 
average bacterial counts for the next 16 min. period, P. 2, which is the 16 min. period 
before the first spraying; P. 3 represents the 16 min. period after the first spraying, and 
P. 4 the 16 min. period before the second spraying, and so on. Each bacterial count in 
Tables 3 and 4 is the average of several (usually three or four) taken during each 16 min. 
period. Table 3 summarizes the results of experiment in which water, or the hypo- 
chlorite Y was used, and of the control experiments. The number of occupants in the 
room was fourteen. In Exp. 8 the average bacterial counts during the period P. 6 and 
P. 7, i.e. before and after the third spraying of hypochlorite Y, were 202 and 134 respec- 
tively, and since P. 7 /P. 6 x 100, i.e. i 21 

x 100=66% (i.e. expressing P. 7 /P. 6 as a per- 
centage), the `percentage reduction' provisionally attributed to the third spraying 
was, therefore, 100 - 66, i.e. 34. On this basis, the percentage reductions for the four 
sprayings in this experiment were 27, 27, 34 and 44 respectively, and the average 
reduction per spraying was 33 %. In Exps. 8, 12 and 13 there were, in all, ten sprayings 
of hypochlorite Y, and the average percentage reduction for nine of these was 33. 
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The result for the tenth spraying of the hypochlorite (percentage reduction = 18) has not 
been included, because the occupants were allowed to smoke after this spraying, in order 
that some idea of the effect of the smoke on the disinfecting action of the hypochlorite 
might be obtained. In Exp. 6 (Table 4) hypochlorite Y was sprayed once (third spraying 
of experiment), and the reduction was 32 % . Therefore, according to this method of 
interpretation of results, ten out of ten sprayings of hypochlorite Y have each effected 
an appreciable reduction in the bacterial content of the air. 

However, it will be observed from Table 3 that, in the control Exps. 2 and 5, an 
appreciable reduction (29 %) occurs at the stage where, in comparison with the experi- 
ment in which hypochlorites were used, the first spraying would have taken place, i.e. 
after the first (imaginary in Exps. 2 and 5) spraying. Accordingly, the reductions 27, 30 

and 41 % which occurred after the first sprayings in each of Exps. 8, 12 and 13 need 
reviewing with special care. It is probable that only one of these three reductions (i.e. 
the reduction of 41 % in Exp. 13) is large enough to indicate significant disinfecting action, 
and the degree of disinfection is difficult to assess. It may be stated that the relative 
humidity of the air was much higher at the time of the first spraying of Exp. 13 than 

; in Exps. 8 and 12 and most other experiments, of this series. 
In order, therefore, to arrive at some figure which indicates (if only approximately) 

the average reduction in bacterial content of the air per spraying, it is necessary to omit 
the results obtained after each of the first sprayings of Exps. 8, 12 and 13, as well as 
the result of the fourth spraying (smoking) of Exp. 12. The average reductions for the 
remaining six sprayings of these three experiments and including the single spraying of 
hypochlorite Y in Exp. 6 is 33 % . The quantities of the hypochlorite used in these seven 
,sprayings were such that the concentrations by volume ranged from 0.27 to 0.46 c.c. 
(average 0.38 c.c.) of diluted hypochlorite Y per million c.c. of air. 

The effect on the bacterial content of the air of the occupied room produced by the 
hypochlorites is clearly seen by plotting the average bacterial counts per 16 min. period 
of occupation, against consecutive 16 min. periods of occupation, and such graphs have 
been drawn for each experiment. In Fig. 2 A, B, however, for the sake of clearness, 
only typical experiments are represented (hypochlorite Y, Exp. 8, bleaching powder, 
Exp. 3, water, Exp. 7 and a control, Exp. 2, in which there was no spraying). The graphs 
show clearly (1) the reduction in the bacterial content during the 16 min. period after 
the spraying, (2) the rise which takes place during the next 16 min. period, (3) the 
considerable reduction in the bacterial content of the air brought about as the result of 
several (three or more) sprayings of hypochlorite; this reduction due to several sprayings 
is demonstrated much more clearly by the graphs than by Tables 3 and 4. 

The method of assessing the results ?s just described probably underestimates the 
degree of disinfection effected, since the magnitude of the ' percentage reduction' in the 
bacterial content of the air per spraying is dependent, to some extent, upon the reductions 
brought about by previous sprayings (see Discussion). This factor is illustrated clearly 
by the results of Exp. 19, in which the six sprayings were separated by intervals of 
approximately 15 min. only. In this experiment the reduction effected by the first two 
sprayings was considerable, and the bacterial content of the air was brought to such a 

low level (as already shown in Fig. 1) that further large reductions were impossible. The 
subsequent four sprayings were, however, obviously effective inasmuch as the bacterial 
content of the air was maintained at the low level reached after the first two sprayings. 

3-2 
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It may, therefore, be claimed that 7 + 6, i.e. 13 out of 16 (see, however, section on 
relative humidity), sprayings of hypochlorite Y from a flit gun into the air of the occupied 
room were effective in appreciably reducing the bacterial content of the air of the room; 
the average reduction for seven of these sprayings was of the order of 33%. 

Similar results were obtained in two experiments (20 and 21) in which hypochlorite Y 
was atomized into the air by means of the Dynalysor, and the results of one of these 
are included in Table 3. Failure of the first atomization is indicated, and the degree of 
disinfection effected by the second and third atomizations was of the same order as in 
the flit -gun experiments. It should be emphasized, however, that the quantities of 
hypochlorite used in the 'Dynalysor experiments' were much smaller (see Table 3) than 
in the flit -gun experiments. 

When the control Exps. 2 and 5 (sixteen and seventeen occupants respectively in the 
room), in which there were no sprayings, are examined in this manner, it is seen (Table 3) 

--that a percentage reduction in the bacterial content of the air occurs after two only of 
the seven 'imaginary sprayings' and a substantial increase is recorded after each of the 

...five other 'imaginary sprayings'. The two reductions occurred after the 'first spraying' 
of each experiment and were to be expected from the variation in bacterial content which 

-has been shown to take place in these 'no spraying ' experiments. For Exp. 2, the 
pertinent figures (Table 3) are 29 °,/0 reduction, 68% increase and 127 % increase (average 
equals 52 % increase). 

The results obtained in Exp. 7 (fourteen occupants in the room), in which sterile tap 
water was sprayed into the air by means of the flit gun, show no percentage reduction 
in the bacterial counts for the 16 min. periods of occupation after two of the three 
.sprayings of water ; after the remaining (the first) spraying of water there was an increase 
of 16%. The quantities of water sprayed were 16, 20 and 19 c.c. respectively_ A fourth 
`spraying' was made in this experiment; hypochlorite Y (7.5 c.c.) was atomized into the 
air by means of the Dynalysor and a significant reduction in the bacterial content of the 
air was effected. It is concluded, therefore, that the three sprayings of water in this 
experiment produced no measurable effect upon the bacterial content of the air, although 
a. single spraying of hypochlorite Y had an appreciable disinfecting action. 

The results for bleaching powder will now be considered (Table 4). In these experi- 
ments (Nos. 1, 3, 4 and 6) the number of occupants in the room was seventeen, i.e. three 
more than for the later experiments in which hypochlorite Y was used. This small 
difference in the number of occupants in the room is considered later (see Discussion). 
Omitting, for the time being, the results of Exp: 6, the total number of sprayings in 
Exps. 1, 3 and 4 was ten, and the volumes of the 1.3% suspension used were 19, 19, 24, 
20, 19, 14, 20, 21, 20 and 22 c.c. respectively, and these quantities are strictly comparable 
with those used in the experiments with hypochlorite Y. The percentage 'reductions' in 
the bacterial content of the air were as follows: 7 % increase, 22%, 7 % increase (Exp. 1), 

24, 20 and 32% (Exp, 3), 26% increase, 10, 22 and 16% (Exp. 4), i.e. for the ten 
sprayings a reduction in the bacterial counts greater than 27 % occurred after one 
spraying Only; reductions of 20 % or more occurred after five of the ten sprayings. 
Further, one of these reductions occurred after the first spraying (Exp. 3), at which stage 
of the experiment similar reductions occurred in each of the control Exps. 2 and 5. 
Interpretation of the degree of disinfecting power of bleaching powder from these results 
is difficult. The results of Exp. 3 appear to be fairly conclusive, and although, in Exp. 1, 
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. small increases in the bacterial counts occur after two of the three sprayings, it should 
be borne in mind that, in the control experiments, as already mentioned, large increases 
(not decreases) in the bacterial counts occurred after five of the seven imaginary sprayings. 
For example, the small increase of 7 % associated with the third spraying of Exp. 1 

almost certainly indicated appreciable disinfection of the air as a result of this spraying 
since the corresponding changes in the control experiments were large increases (127 and 
27 % respectively). It was concluded therefore, that, for each of these three experiments 
(1, 3 and 4) the first sprayings were ineffective; the second and third sprayings were 
effective (there is, however, some doubt of the effectiveness of the second spraying of 
Exp. 4) as was the fourth spraying of Exp. 4, i.e. seven of the ten sprayings were effective. 
The degree of disinfection achieved in Exp. 4 was lower than in the other two experi- 
ments (see section_ on relative humidity). 

The graphs for Exps. 1. 3 and 4 (similar to those in Fig. 2 A, B) show that, when the 
. complete experiments (i.e. not individual sprayings) are considered the degree of dis- 

infection effected was high in Exp. 3, rather lower in Exp. 1, and much lower in Exp. 4 

than in either of the other two experiments. 
Although, therefore, by this method of assessment bleaching powder suspension does 

not appear to be as good a disinfecting agent as hypochlorite Y the above results do 
indicate a moderate degree of disinfecting power for bleaching powder. 

The results of Exp. 6 in which there were three sprayings of bleaching powder and 
one (the third) of hypochlorite Y do not indicate appreciable disinfecting action for any 
of the bleaching powder sprayings; the spraying of hypochlorite Y produced a reduction 
in the bacterial count of 32%. This latter reduction is comparable with that observed 

, on the average, for the sprayings in the other experiments in which hypochlorite Y was 
used, but, taking into account the fact that the previous two sprayings of the experiment 
were ineffective, it is reasonable to postulate that this reduction of 32% was lower than 
expected from comparison with the results of the other experiments in which hypo- 
chlorite Y was used. In support of this tentative suggestion, it may be added that, as 
will be shown by the method of assessment of the degree of disinfection describedin the 
next section, this particular spraying of hypochlorite Y did not appear to be as effective 
as the other twelve sprayings of the hypochlorite. It is suggested, therefore, that there 
was some factor present in Exp. 6 which was not present in the other experiments, and 
it was considered that, in assessing the value of bleaching powder as an air disinfectant, 
a more accurate result would be obtained by disregarding the results of Exp. 6 (see 
Discussion). 

Note. As the period of time between the commencement of occupation of the room and the first 
spraying, and between this and subsequent spravins was, in most of these experiments, about 30 min., 
this means that the period P. I represents the first 16 min. of occupation and P. 2 the period 14-30 min. 
from the start of occupation which is the 16 min. period before spraying, i.e. there is a slight overlap. 
This overlap occasionally results in a bacterial count 13eint included in the counts from which the average 
bacterial count for each of two consecutive 16 min. periods (e.g. P. i and P. 2) are calculated, but this 
is of no significance. 

(c) Assessment of the degree cf air disinfection method 2) 

According to this method the average bacterial content of the air per consecutive 
half-hour periods of occupation are compared with the average bacterial content for the 
first hour of occupation (Table 5; see also 'Discussion', where the reasons for choosing 



`i
'a

k1
1e

 
A

ve
ra

ge
 b

ac
te

ri
al

 e
t3

ur
tts

 (
pe

r 
3 
o 

ir
F 

es
ou

tr
pl

 F!
rr

ri
Y

Y
Fe

71
11

1,
 

C
om

pa
ri

so
n 

°1
 
nf

 ir
j r

w
f %

n.
;/ 

en
7n

çc
sa

,c
l,i

ve
 h

al
f-

ho
ur

ly
 p

er
io

ds
 o

f 
oc

cu
pa

tio
n 

r3
j'G

iR
C

 r
oo

m
 í

r.
 

sp
ra

yi
ng

' a
w

l 
th

e 
c4

d,
/=

hc
)r

iz
/ r

ra
f<

s 
w

ith
 t

fi
.e

 a
ve

ra
ge

 I
1r

.u
ar

;r
ia

l 
co

un
t ,

fo
r 

th
e 

fi
rs

t 
ho

ur
 o

f o
cc

up
at

io
n 

7$
tt ll 5 7 1.

 

4 $ f3
 

12
 

1.
3 

19
 

20
 

21
 

Ij
la

itt
fo

ew
:m

.t,
 r

te
.. 

tli
ge

fl
 

ll 
/H

O
 
(c

on
tr

a)
 

N
rl

tu
? 

(c
on

tr
ol

) 

W
itt

er
 (

3 
sp

ra
yf

ng
K

) 

M
oo

ch
in

g 
po

w
de

r 
(3

 s
pr

ay
in

gs
) 

B
le

ac
hi

ng
 p

ow
de

r 
(3

 k
pr

it,
yi

i 
8t

) 

B
le

ac
hi

ng
 T

x:
rw

cl
er

 (
4 

sp
ra

yi
ng

s)
 

M
oo

ch
in

g 
po

w
de

r*
 (

4s
pr

uy
in

l s
) 

l:l
yp

oc
hl

or
ite

 Y
 (

4 
sp

ra
yi

ng
s)

 

13
yp

oe
ttl

rT
ri

Y
a 
. (4

 s
pr

ay
in

gs
) 

ß 
io

ch
lo

rf
tt 

Y
 

(2
 s

pr
ay

in
gs

) 
yi

 
(`

 

I.
yp

ci
ch

lo
ri

to
 Y

 (
6 

sp
ru

yi
ng

s)
 

lly
po

ch
lo

ri
te

 Y
 

fr
om

 1
)y

na
ly

so
r 

(3
 s

pr
ay

in
gs

) 
1l

yp
oc

hf
or

ite
 Y

 f
ro

m
 D

yn
al

yr
ro

r 
(3

 s
pr

ay
in

gs
) 

'.f
'rt

tr
tl 

(6
',F

7,
) 

of
 

d1
a 

n.
 

ft
tt:

ttt
ttt

 
ltm

ed
 h

t 
R

}f
1i

q,
 

N
on

o 

N
or

io
 

55
 

62
 

53
 

83
 

76
 

62
 

74
 

37
 

11
8 13
 

25
 

A
v.

 
co

tte
 

(p
,p

.r
tt 

) 

po
p 

al
nr

ay
h:

g 

N
on

e 

N
or

io
 

0.
38

 

0.
44

- 

0.
37

 

0 
43

 

0.
40

 

0.
33

 

D
 3

9 

0:
39

 

04
2 

0.
09

 

0.
18

 

¡ N
o.

 !
)f

 
m

aw
, 

ro
m

an
 

O
f 

th
:s

 
ro

om
 

U
i 

17
 

14
 

17
 

17
 

17
 

17
 

14
 

14
 

14
 

14
 

14
 

14
 

I 
re

l, 

4 
hr

. 

26
7 

25
9 

31
5 

25
4 

24
4 

17
5 

27
2 

26
5 

30
9 

34
9 

1:
37

 

28
3 

10
2 

1)
 u

çr
rt

f/
E

 1
lr

tc
ct

.r
la

l 
co

un
ts

t 
Pu

r 
:l 

tn
. 

ft
;, 

of
 a

fr
. 

`2
n 

d.
 

3r
d 

4t
h 

fi
th

 
hr

. 
hr

. 
1 

lu
. 

hr
. 

15
1 

18
0 

32
1 

- 
18

ti 
18

0 
22

4 
35

9 

34
5 

:3
65

 
38

8 
- 

20
3 

12
0 

1.
29

 
- 

12
5 

13
1 

10
7 

22
3 

20
4 

16
5 

18
4 

27
0 

32
2 

30
8 

36
2 

19
1 

17
4 

14
8 

90
 

23
1 

20
1 

15
2 

16
2 

22
4 

16
4 

62
 

26
 

--
- 

11
iß

 
14

4 
11

15
 

13
4 

10
6 

67
 

A
v.

 f
or

 
ln

t 
hr

. 

21
.1

. 

22
2 

33
0 

22
9 

18
5 

19
9 

27
1 

23
0 

27
0 

28
7 

10
0 

22
f>

 

I6
3 

f. .1
1%

. 
w

 
tr

 
1 2f

17
 

21
 ti. 

2i
9 

22
2 

31
5 

83
b 

2
5
4
 

22
9 

24
4 

]F
3G

 

17
5 

19
9 

27
2 

Z
71

 

2
ß
5
 

23
0 

3
f
i
0
 

34
0 

23
7 

13
7 

lÖ
0 

28
3 

22
6 

19
2 

10
3 

f'o
rr

rp
rx

ri
no

ct
. 

A
.f

)n
71

F'
l,<

ut
.iv

t3
 

. 
. 

. 
.. .4

 

4,
 +
27

 
15

4 
21

1 

18
5 

' 1
7 

22
2 

-' 
33

Ö
 

20
3 

+
11

 
2`

39
 

12
5 

h3
2 

18
ï 

L
23

 
-1

2 
13

9 

27
0 

0 
27

1 

19
4 

+
15

 
23

0 

+
14

 
- 70 2`

4 
i-

21
 

i. ;,1
37

 

i-
37

 
0 

+
25

 
16

8 

l 
+

18
 

1`
 ;1

 
1.

63
 

of
 av

cr
a¡

{e
 b

ac
ct

er
ía

l. 
co

un
ts

 p
er

 
hr

. 
pe

ri
od

s 
of

 o
cc

up
at

io
n 

. 

c,
 

Q
 

g 

_ 
27

 

-1
7 

+
 

5 

-1
1 

-3
 

+
12

 

0 

-1
6 

11
40

6 4 

-2
2 

-3
8 

- 
26

 

-1
8 

1,
 d - 18
0 

2
f
1
.
 

18
0 

22
2 

36
5 

33
0 

12
0 

22
9 

13
1 

lß
:ï 

20
4 

19
9 

32
2 

27
1 

17
4 

23
0 

20
1 

27
0 

1f
i4

 
28

7 
26

 
î3

ô 
14

4 
22

6 

10
6 

16
3 

, -1
5 

-1
9 

+
11

 

48
 

_ 
>

!l
 

+
 3

 

+
19

 

r3
4 ß 

-4
3 

-7
4 

-3
6 

-3
5 

ä 4 

21
1 

22
4 

22
2 

38
8 

33
0 

12
9 

2`
L

9 

10
7 

18
5 

16
5 

19
9 

3
0
8
 

27
1 

14
8 

23
0 

27
0 

15
5 

22
6 

67
 

16
3 

c 
71

 
``

, 
ó g 

+
52

 

+
 

1 

+
18

 

-4
4 

-4
2 

-1
7 

+
14

* 

`3
6 

- -4
4 

-3
1 

-5
9 

H
 

g 
r
y
 I tw ó° -4

 
-4

 

35
9 

22
2 

+
62

 

18
4 

19
9 

- 
8 

3
6
2
 

27
1 

+
37

 

90
 

23
0 

-6
0 

2ß
2 70

 
-4

0 

T
he

 f
ir

st
 h

ou
r 

of
 o

cc
up

at
io

n 
in

cl
ud

ed
 t

he
 i

ni
tia

l 
ha

lf
 -h

ou
r 

be
fo

re
 t

he
 f

ir
st

 sp
ra

yi
ng

 an
d 

th
e 

ha
lf

 -h
ou

r 
pe

ri
od

 o
f 

oc
cu

pa
tio

n 
be

tw
ee

n 
th

e 
fi

rs
t 

an
d 

se
co

nd
 s

pr
ay

in
gs

. 
* 

lly
po

ch
lo

ri
te

 Y
 (

no
t 

bl
ea

ch
in

g 
po

w
de

r)
 w

as
 u

se
d 

fo
r 

th
e 

th
ir

d 
sp

ra
yi

ng
 o

f 
E

xp
. 

Ii
. 

In
 E

xp
s.

 1
2 

an
d 

13
 
th

e 
pe

ri
od

 o
f o

cc
up

at
io

n 
be

fo
re

 t
he

 f
ir

st
 s

pr
ay

in
g 

w
as

 1
6 

m
in

. 
on

ly
 a

nd
, 

in
 t

he
se

 tw
o 

ex
pe

ri
m

en
ts

, 
th

e 
av

er
ag

e 
ba

ct
er

ia
l c

ou
nt

 f
or

 t
he

 fi
rs

t 
ho

ur
 w

as
 m

or
e 

co
rr

ec
tly

 t
he

 a
ve

ra
ge

 b
ac

te
ri

al
 c

ou
nt

 d
ur

in
g 

th
e 

16
 m

in
_ 

an
d 

30
 m

in
. 

pe
ri

od
s 

be
fo

re
 a

nd
 a

ft
er

 th
e 

fi
rs

t 
sp

ra
yi

ng
. 

A
c 

de
ee

rí
be

d 
el

ee
 w

ho
re

. 
th

e 
c.

c,
ur

,,-
 o

f 
T

:x
p.

 1
0 

W
1.

1 
d 

itf
,'v

en
t. 

fr
om

 t
ha

t 
of

 t
he

 e
th

c.
- 



S. W. CHALLINOR 41 

;.this method of comparison are explained). For example, in Exp. 8, in which hypo - 
chlorite Y was used, the average bacterial count (90) during the fifth half -hour of 
occupation divided by the average bacterial count (230) for the first hour of occupation 
and expressed as a percentage equals 40%, i.e. the percentage difference is 60%. The 
percentage differences A, B, C, D and E for each of the half -hour periods of occupation 

-.in this experiment were +15, -16, -34, - 36 and -60% respectively. As will be seen 
from Table 5, a similar sequence of changes, i.e. first an increase, then successive decreases, 
usually of increasing magnitude, occurred in each of the ` flit -gun experiments ' 12, 13 

and 19. Bearing in mind that in the spraying experiments the first spraying of hypo - 
chlorite took place after the room had been occupied for half an hour, and that other 
sprayings were made at half- hourly interváls, the percentage changes in the bacterial 
counts for the second, third, fourth and fifth half -hour periods of occupation (see columns 
-B, C, D and E in Table 5) will indicate the effect (if any) of the individual sprayings, i.e. 
when these changes are compared with the corresponding changes in the control experi- 
ments. 

In the control experiments the changes B, C, D and E were as follows: B and C were 
decreases ranging from 2 7 to 17 and from 15 to 19 °ió respectively; the 'D and E ' changes 
were increases, and two of them were considerable (52 and 62 %). Comparing these 
changes with those of Exps. 8, 12 and 13 it will be seen that, in the latter experiments 
(1) the 'B' changes are of similar sign and order of magnitude; (2) the ' C' changes 
(-34, - 26 and - 43 °710 respectively) are significantly greater than the corresponding 
changes in the control experiments; (3) the D' changes ( -36 and -44`? %,) and the 

change ( -60% in Exp. ) are large decreases in contrast to the increases in the 
control experiments. The above data indicate (1) considerable disinfecting action for 
the third and fourth sprayings ('D' and 'E' changes) of the experiments; (2) some 
disinfecting action for the second sprayings ('C' changes) of each experiment; (3) little 
or no disinfecting action for the first sprayings of these experiments. These findings are 
in full agreement with those recorded in the preceding section (method 1). 

Interpretation of the degree of disinfection per spraying from the results in Table 5 is 
facilitated by examination of Fig. 3, in which the average bacterial counts for each 
half -hour of occupation are plotted against consecutive half -hour periods of occupation 
of the room. The graphs for Exps. 8, 12 and 13 when compared with those for the control 
Exps. 2 and 5 show that: (1) the decrease in the bacterial content which occurred after 
the first spraying of each of the Exps. 8, 12 and 13 was similar to but not greater than 
the corresponding decreases in the control, experiments, indicating little or no disinfection 
as a result of a first spraying; (2) the decrease, as indicated by the slope of the graphs, 
after the second spraying of each experiment was greater, and much greater ín Exps. 
12 and 13, than in the control Exp. 5 (the bacterial count for the control Exp. 2 shows 
an increase at this stage), thus indicating appreciable disinfecting action for each of the 
second sprayings; (3) there was a sharp fall in the bacterial content after the third 
spraying of Exps. 8 and. 12 in contrast to the steep rises in each of the control experiments 
indicating considerable disinfecting action for each of the third sprayings; (4) the con - 
siderable fall in the bacterial content which took place during the fifth half -hour of 
Exp. 8 contrasted sharply with the considerable rise of the control Exp. 5, and indicated 
a high degree of disinfection as a result of the fourth spraying of Exp. 8. while, in 
Exp. 12, the corresponding change was a small rise, and the smaller disinfecting action 
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thus indicated may have been due to the fact that, as already stated, the occupants of 
the room were smoking during the half -hour period after the fourth spraying. 

Further, it will be observed that the differences between the average bacterial counts 
at the start and finish of each of these three experiments indicate considerable reductions 
whereas, in the control experiments these differences are increases. It follows, therefore, 
that the degree of disinfection achieved in each complete experiment was of a high order. 

` Although, as already stated, the sprayings in Exp. 19 were not made at half -hourly 
intervals, the results of this experiment are included in Table 5 and graphed in Fig. 3, 

both of which demonstrate the effectiveness of the sprayings and the high degree of air 
disinfection achieved in this experiment. 

The results of the two experiments (20 and 21) in which hypochlorite Y was atomized 
into the air by means of the Dynalysor may be interpreted as follows: in both experi- 
ments the first sprayings produced changes in the bacterial count which were similar to 
but not greater than the corresponding changes in the control experiments, i.e. the 
sprayings had little effect; the second and third sprayings were effective. From Fig. 3 

it will be seen that the second and third sprayings were more effective in Exp. 21 than 
in Exp. 20, this difference being more marked for the third sprayings of the two experi- 
ments. In Exp. ̀ 20, however, the total amount of hypochlorite Y atomized (three atomi- 
zations) was 13 c.c. only (compare 25 c.c. in Exp. 21, which quantity is much smaller 
than the amount used in the `flit -gun experiments'), and the quantity of hypochlorite Y 
atomized during each of the second and third atomizations corresponded with a concen- 
tration of only 0.08 c.c. per million c.c. of air. It is possible that this minute concentration 
of hypochlorite Y is near the minimum concentration required for effective disinfection 
of the air under the conditions of these experiments. 

This method of assessment of the degree of disinfection has yielded conclusions in full 
agreement with those of method 1, except for the first spraying of Exp. 13 which is here 
assessed as negative whereas method I indicated a probable slight degree of disinfection. 
Both methods indicated some lowering of the degree of disinfection after the fourth 
spraying of Exp. 12 (e.g. in comparison with the fourth spraying of-Exp. 8), i.e. during 
the period when the occupants of the room were smoking. 

When the bleaching powder Exps. 1, 3, 4 and 6 are considered the findings are similar 
to those of method 1. For example, Fig. 4 indicates: (1) the considerable reduction in 
the bacterial counts which was effected in each of the complete Exps. 1 and 3; (2) the 
relatively poorer result of Exp. 4; and (3) the failure of Exp. 6. Of the individual 
sprayings only the second of Exp. 4 and the third spraying of Exp. 6 require detailed 
attention. Thus, after the second spraying of Exp. 4 the `C' change (Table 5) was a.3% 
increase which compares rather unfavourably with the corresponding changes in the 
control expériments (compare method 1 according to which this spraying was effective 
although less so than the second sprayings of Exps. 1 and. 3). The third spraying of 
Exp. 6 was a spraying of hypochlorite Y which was assessed (method 1) as effective 
although not so effective as was expected, a conclusion which is confirmed by the present 
method, since the `D' change (+14%) associated with this spraying does not compare 
favourably with the corresponding changes ( +52 and + i °,ió) of the control experiments. 

Note. The blood -agar plates used in each separate experiment were all of one batch and three or four 
(sometimes more) were used as control plates, i.e. they were not exposed, but were incubated for 30 hr. 
at 37° 0. along with the experimental plates. On these control plates the number of contaminating 
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organisms was small, e.g. 0, 2, 0 and 2 for Exp. 2; 1, 1, 0, 3, 1, 3, 4 and 1 for Exp. 6. The total number 
of colonies on the seventy -four control plates used in the thirteen experiments was 156, i.e. an average 
of two organisms per plate. 

(d) Relative humidity and air disinfection 

The relative humidity of the air of the occupied room during these experiments was 
calculated from the dry -bulb thermometer temperatures and the differences between the 
wet- and dry-bulb thermometer readings. These temperatures were plotted against the 
.period of occupation of the room and the wet- and dry -bulb temperatures were inter - 
polated from the graphs, thus minimizing the errors unavoidably associated with such 
observations. Calculations of the relative humidity were then made with the aid of the 
Hygrometric Tables issued by the Meteorological Office. Numerous calculations were 
made for each experiment and the relative humidities were then plotted against the 
;'period of occupation of the room. From such graphs it was possible to determine the 
relative humidity of the air at any given moment during the experiment, e.g. at the time 
of the sprayings, etc. It should, however, be emphasized that the calculated relative 
humidities are subject to error inasmuch as adequate motion of the air (i.e. an air current 
in excess of 5 m.p.h.) over the wet bulb was not ensured. The figures quoted for relative 
humidity, however, are of comparative value (see later). 

The quantities of aqueous fluids introduced into the air of the poorly ventilated room 
in these experiments were far too small to produce any appreciable effect on the relative 
humidity of the air of the room. At the start of the experiments (dry -bulb temperature 
'51 -66° F.) the relative humidity ranged from 48 to 71 % but usually was between 59 and 
64 %. During the experiments there was a considerable rise in the relative humidity, 
and the increases which took place during the first, second, third and fourth half -hour 
periods of occupation were of the order of 8 -10, 5, 1 -3 and 1 -2 %, respectively. The 
.relative humidities and dry -bulb temperature at the tizne of the sprayings in the different 
experiments are summarized in Table 6 and, for comparison, the control, i.e.. no spraying' 
experiments, are included. 

Omitting the control Exps. 2 and 5 and the ` water experiment' 7, it will be observed 
that, at the time of the first spraying of each experiment, the relative humidity was 
71% or lower except in Exps. 13 and 19 when the relative humidity was 73% . There 
were ten spraying experiments and the only two first sprayings which were effective 
were those of Exps. 13 and 19. At the time of the second sprayings of each of the eleven 
experiments, the relative humidity was 71 % or higher, except in Exp. 4 (relative 
humidity = 67 %), the second spraying of which has been shown to be less effective than 
the second sprayings of the other `bleaching powder experiments' 1 and 3. It is true that 
there was one other failure among the second sprayings but this was in Exp. 6 (relative 
humidity =72%) which has been shown to differ considerably from the other experi- 
ments. All the third sprayings were successful (the third spraying of Exp. 6 was less 
effective than expected) : the only fourth spraying which failed was in Exp. 6. The 
relative humidity at the time of the third and fourth sprayings was never below 72 % 
and usually was much higher. Further, the relative humidity in Exp. 4 was appreciably 
lower than in the other bleaching powder Exps. 1 and 3 and may possibly be correlated 
with the comparatively poorer results of the former experiment. 

It has not escaped notice that the average of the relative humidities prevailing at the 
time of the sprayings of the hypochlorite Y experiments were a little greater than the 
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corresponding average humidities of the bleaching powder experiments. The above 

reasoning, however, does not suggest that this difference in humidity per se could account 

for the relatively higher degree of air disinfection obtained with hypochlorite Y. In 

connexion with the rather higher relative humidity of the air during the experiments 
with the latter hypochlorite it may be added that these experiments were carried out 

during the period February to April 1941, while the ' bleaching powder experiments' 
were performed during the preceding months of December and January. 

In these experiments the hypochlorite sprayings were unsuccessful when the relative 

humidity of the air was below a certain value and at higher relative humidities the 

Table 6. Relative humidities* and dry -bulb temperatures at time of the sprayings 

Exp. First spraying Second spraying Third spraying 

Bleaching powder experiments 

Fourth spraying 

1 71 %at72 °F. 77%at73°F. 79%at73°F. --- 
3 66 %at68 °F. 72 %at69 °F. 74 °, /cat70 °F. - 
4 62% at 65° F. 67% at 67° F. 72 % at 68° F. 72% at 68° F. 
6 68s% at 67° F. 72 % at 69° F. 75 % at 70° F. ' 77% at 70° F. 

Experiments with hypochlorite Y 

8 66%at65°F. 7i%at67°F. 74 %at68 °F. 79%at67°F. 
12 70 % at 54° F. 76% at 56° F. 78% at 58° F. 79 % at 59° F. 
13 73% at 58° F. 79% at 59° F. - - 
19 73% at 66° F. 77% at 67° F. 78% at 68° F. 79% at 69° F. 
20 70 °,ó at 61° F. 75 % at 63° F. 76 % at 64° F. 
21 71%at63°F. 75%atß4°F. 75 %at65 °F. 

water experiment 

- 
7 e 66%at65°F. 71%at67°F. 77% at 67° F. 77 %at67 °F. 

Control experiments 
2 7l%at68°F. 73 %at70 °F. 72% at 72 °F. 81 %at71 °F. 
5 68% at 67° F. 73% at 68° F. 75% at 68° F. 77% at 69° F. 

There were no sprayings in the control experiments, and the values of relative humidity and temperature 
recorded for these experiments (2 and 5) relate to the times at which sprayings were carried out in most of 

the other experiments. 
For calculation of relative htimidity the temperatures were interpolated from the graphed temperature 

readings and were recorded to the nearest one -fifth of a degree but are given to the nearest degree in above 

table. 
* All relative humidities in this table have been calculated from `still-air' thermometer readings and are, 

therefore, mainly of comparative value. 

hypochlorites were effective air disinfectants. This critical value of the relative humidity, 
below which the hypochlorite sprayings were ineffective, was of the order of 71 %, but, 
since the relative humidities were calculated from readings of the wet- and dry -bulb 

thermometers taken in still air, the above figure requires correction. It may be stated 
that an adequate current of air at room temperature over the thermometers was not 

provided because such air movement in the restricted space of the experimental, occupied 
room would have interfered with the bacteriological observations. However, the results 
of preliminary experiments in an occupied room in which a current of air (greater than 
5 m.p.h.) was directed on to the thermometers have shown that the relative humidities . 
calculated from the `still -air' thermometer readings are too high . 



S. W. CHALLINOR 47 

DISCUSSION 

The ventilation of the rather small (cubic content =1680 cu. ft.) room used in these 
experiments was of a low order and, as the number of occupants was fourteen or seven - 
teen, the room was overcrowded and the conditions were similar to those which prevail 
in many air -raid shelters. It has been shown that spraying the air of the occupied room 
with hypochlorite solution (or suspension) from a flit gun exerts a partial disinfectant 
action on the air of the room. This was achieved with minute quantities of the hypo- 
chlorite, e.g. approximately 0.4 c.c. of a 1 % solution of hypochlorite per million c.c. of 
air (i.e. about 11 c.c. per 1000 cu. ft.). Of the hypochlorites tested, the 1.3% suspension 
of water- sterilizing powder is not chemically equivalent to a 1% solution of sodium 
hypochlorite, but reasons for this choice have already been given. The amount of hypo- 
chlorite sprayed into the air was controlled to some extent by the personnel present in 
the room, i.e. spraying was continued until the odour of hypochlorite was distinctly 
perceptible. 

That such a coarse spray as that produced by a flit gun was effective is of great interest 
since much stress on the need for sprays consisting of exceedingly fine droplets has been 
made by previous workers who have used expensive nebulizers such as, for example, 
the Dynalysor (Masterman, 1938), the Atmozon and the Aerograph (Baker, Finn & 

Twort, 1940). It is worthy of note that the latter authors often obtained better results 
with the Aerograph than with the Atmozon, although the mist o f the Aerograph con - 
sisted of larger droplets than that of the Atmozon. As suggested by the latter authors, 
the superiority of the larger droplet mist may have been due to their slower evaporation - 
thus allowing longer time for contact between the bacteria and the still moist mist, or, 
to the possibility that too small a droplet may not contain a lethal dose of the germicide. 
Even the finest of the droplets of the flit-gun sprays used in these experiments were 
many times larger than those of the mists from the nebulizers mentiöned above. In 1941, 
'Masterman suggested that the active agent, when hypochlorites are used for air dis- 
infection, is hypochlorous acid gas. Evidence that the molecularly dispersed form of 
another air disinfectant (propylene glycol) is an effective air disinfectant was brought 
forward (1941) by Robertson and his co- workers, who showed that the glycol in vapour 
form was ten times more effective against air -suspended bacteria and air -borne influenza 
virus than the glycol in mist form. If Masterman's postulate is correct, it seems feasible 
to the writer that efficient disinfection might be obtained with droplets of hypochlorite 
varying in size to a greater extent than would be possible if the ' Aerosol' theory (favoured 
by Baker et al. 1940) were applicable. For example, in the series of experiments described 
in this paper, even the droplets large enough to be seen by the naked eye, and which 
reached the floor, etc., before evaporation was complete, would continue to evolve hypo - 
chlorous acid gas (although part of such droplets would be absorbed). The results of 
the experiments in which a relatively fine droplet mist was produced by the. Dynalysor 
were comparable with the results of. the flit -gun experiments, but much smaller 
quantities of hypochlorite were atomized when the Dynalysor was used than in the 
latter experiments. 

No reduction of the bacterial count resulted when water was sprayed into the air 
(three sprayings), and the action of the hypochlorites was not, therefore, merely a 
mechanical removal of bacteria from the air. Although sodium chloride solutions are 
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known to produce a small bactericidal effect, this effect is much smaller than that of 

hypochlorites (Baker et al. 1940). The sodium chloride content of the hypochlorite Y 

used in these experiments was only 1% . 

Baker et al. (1940) have shown that the addition of alkali (1 % of sodium hydroxide) 
lowers the efficiency of hypochlorite as an air disinfectant, and the modification of 

hypochlorite Y, in order to reduce its alkalinity, was considered but was not carried 

out. However, the hypochlorite Y used in these experiments contained only one -tenth 
of 1% of sodium hydroxide and it is improbable that this amount of alkali was 

sufficient to cause any serious interference with the action of the hypochlorite. 
In these experiments the hypochlorite solutions used contained 1 % of hypochlorite 

and, in view of the fact that Masterman, and Baker et al. have obtained improved results 
by diluting the 1% hypochlorite to give a one -fifth of a 1 % solution, the advisability 
of testing the more dilute solutions was apparent. However, this series of experiments 
was limited in number by the availability of the occupants and, as it was not possible 
to investigate thoroughly hypochlorite solutions of both strengths, the 1 % solution was 

chosen. Furthermore, the time required to spray the 1 % solution is shorter than the 
time required to spray the correspondingly larger amounts of the weaker solution, an 
advantage which is of practical value. This advantage becomes of more importance if 

spraying is carried out by means of an improved hand -spray, such as the No. 8 hand - 
spray for hypochlorite spraying of shelters, recommended by the Medical Research 
Council in 1941. This hand -spray is somewhat similar to the flit gun but has several 
advantages over the latter, one of the most important being the provision of a removable 
baffle plate to trap the very large droplets, thus reducing the risk of damage to articles 
(clothing of occupants, bedding, When in this way spray 
4 c.c. per 50 strokes of the hand -pump, i.e. only about one -fifth of the output of the 
flit gun, and, since the time required to spray the necessary quantity of a very dilute 
hypochlorite solution would be excessive, the use of the 1% solution is preferable. 

That partial disinfection of the air of the occupied room was accomplished in these 
experiments is not open to question, but the methods developed for assessing the degree 
of disinfection produced need some explanation. In this connexion, it may be mentioned 
that no published accounts are available of similar experiments in occupied rooms under 
conditions as carefully controlled as in the present experiments and in which an efficient 
method of air sampling has been used. Assessment of the degree of disinfection in experi- 
ments of the kind described here is difficult inasmuch as the occupants of the room are 

continually emitting bacteria into the air at a rate which is not necessarily constant. 
Simultaneously with the reduction of the bacterial content of the air due to the germicidal 
action of the disinfectant there is, therefore, a tendency for the bacterial content to 
increase at a ̀ variable rate. 

The bacteria present in the air of an occupied room may be roughly divided into 
two groups: (1) bacteria liberated into the air from the respiratory tract and skin, 
and (2) organisms, passing into the air from the clothes of the occupants, and bacteria 
from dust on the floor, walls, etc., stirred by the movements, of the occupants. Most 
of the potentially pathogenic bacteria present in the air of the occupied room during 
these experiments would belong to the first of these two groups, and qualitative 
examination of the bacteria isolated during this investigation (an account of which will, 

it is hoped, be published later) has shown that potentially pathogenic bacteria were 
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..presen.t in very small numbers, and constituted probably less than 2% of the total 
' .bacterial content of the air. The fate of the potentially pathogenic bacteria is obviously 
:of major importance in the present investigation, and a knowledge of the relative sus - 

:.çeptibility of such bacteria to the action of air disinfectants, as compared with that of 
:the saprophytic bacteria which constituted' the bulk of the bacteria present, would be 
of considerable value. Unfortunately, such knowledge is very incomplete. However, 
one factor which may have a bearing on this problem is the condition (i.e. with regard 
to moisture) of the bacteria in the air. Thus, bacteria emitted into the air from the 

`.respiratory passages are in a moist condition whereas a large proportion of the dust 
,..bacteria are dry, and it is possible that bacteria in a moist condition (e.g. the potentially 
pathogenic bacteria in these experiments) are more susceptible to air disinfectants, such 
as hypochlorites, than the dry bacteria, but the source and nature of the `moisture' 
must also be considered. It is well known that dry bacteria are very resistant to adverse 

,.::influences. For example, ultra -violet light has a greater bactericidal action on moist 
than on dry bacteria. Also, bacteria from the respiratory tract, such as streptococci, 
staphylococci and pneumococci,' etc., when attached to particles of dry dust, have been 
shown to survive for relatively long periods of time in an unfavourable environment such 

..as air. The suggestion that moist bacteria may be more susceptible than relatively dry 
bácteria to the action of hypochlorites is, therefore, worthy of consideration; and of 
interest in this connexion, is the fact that, as shown by theresults of the present investi- 
gation, hypochlorite sprays were ineffective at low relative humidities, and, while it is 
not suggested that the rôle of the water vapour of the air is solely that of maintaining 
the bacteria in a. moist condition, such action of the water vapour may be of importance 
.in the disinfection process. The resistance to hypochlorites of dry organisms found in 
dust has been observed by liourdillon, Lidweli & Lovelock (1942), who used hypochlorite 
mist's generated by a hand -spray for air disinfeption after sneezing, and they state that 
many of the dry organisms found in dust are not quickly killed by the hypochlorite in 

ithe concentrations they used, although the spray appeared to kill all the oral and nasal 
organisms liberated into the air by the sneezes. During the sneezing experiments of 
$ourdillon et al. (1942), large numbers of bacteria from the respiratory tract were present, 
and the authors state that about 100,000 bacteria -carrying droplets are emitted into the 
air as the result of a single vigorous sneeze. There was no sneezing during the experiments 
described in this paper, and apart from the question of the relative susceptibilities of 
moist and dry bacteria, it cannot be too strongly emphasized that the air samples taken 
in these experiments consisted chiefly of saprophytic bacteria (micrococci, staphylococci, 
diphtheroids, sporing aerobes, etc.), some of which are very resistant to disinfectants 
(e.g. the sporing aerobes), and others (possibly a large proportion) are relatively resistant 
to disinfection. When this, together with the other considerations outlined above, are 
taken into account, it will be realized that the degree of air disinfection by hypochlorites 
recorded in these experiments was as high as could be expected, and that the percentage 
reduction of the potentially pathogenic bacteria present was probably greater than that 
recorded for the total bacterial content of the air of the occupied room. 
.In these experiments, reduced bacterial counts were observed during the 15 -20 min. 

period after a hypochlorite spraying. The relatively short period during which effective 
disinfection was observed is of practical importance, and it seems reasonable to postulate 
that this period would be shorter, or the degree of disinfection smaller, in well- ventilated 
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rooms because of more rapid disappearance of the hypochlorite from the air of the room, 

In any case, the need for repeated sprayings of hypochlorite, is obvious whatever the 

efficiency of the ventilation. may be. 

Development of method 1 for assessing the degree of disinfection per individual spraying 

is logical in view of the extent of the duration of air disinfection after a spraying. As 

already mentioned, this method suffers from the disadvantage that the results thus 

obtained for a single spraying may be influenced to some extent by the effect of previous 

sprayings. For example, in Exp. 19, the bacterial content rapidly became very low 

(about 50 per 3 cu. ft. of air), and, with such low counts, small changes become in- 

creasingly difficult to measure. The bacterial content of 50 is not much above that of 

the room before occupation, i.e. of the empty room, the bacterial content for which was 

never lower than 20. It would not have been unreasonable to have subtracted the 

average bacterial count for the empty room from the counts obtained during the experi- 

ments, in order to calculate the bacterial content due to occupation. This procedure would 

have yielded greater percentage reductions in the bacterial counts but was not adopted. 

Although method 1 is, therefore, not above criticism, it yielded results for individual 

sprayings of a disinfectant which, in general, were in reasonably close agreement with 

each other (e.g. for the sprayings of hypochlorite Y). 
According to method 2, the average bacterial counts for half -hourly periods of occu- 

pation of the room were compared with the average counts for the first hour of occupation. 

This method, which at first sight may seem somewhat arbitrary, was chosen only after 

much consideration. Greater percentage reductions in the bacterial counts would have 

been obtained if the comparison had been made against the average count for the first 

half -hour, but the major disturbance of air, dust, etc., caused when the men enter the 

room, together with the somewhat variable `settling -in period', affect the bacterial count 

during this initial period to a pronounced and variable degree. Furthermore, the effect 

on the bacterial content of the air of the `settling -in', etc., did not appear to be of short 

duration, and in each of the two control experiments, for example, the bacterial count 

continued to fall appreciably for at least 1 hr. Accordingly, in comparing the bacterial 
counts with the average count for the first hour of occupation (usually the average of 

12 or more counts), errors due to initial disturbance, etc., are minimized. In the majority 
of these experiments, the first spraying was made after half an hour's occupation but, 

as first, sprayings of an experiment were almost always unsuccessful, their effect on the 

average count for the first hour of an experiment is of no significance. 
Sufficient has been said to indicate the difficulties involved in the measurement of the 

degree of air disinfection in experiments of this kind, and it is again. emphasized that 
only comparative value is claimed for the methods adopted in this work. Each individual 
spraying has been assessed by both of these methods. The bacterial counts for corre- 

sponding periods in most of these experiments are, as will be seen from Table 5, of the 

same order of magnitude, and indicate the similarity in conditions which prevailed 
throughout this series of experiments. The graphs of Figs. 3 and 4 show clearly that a 

considerable ,,degree of disinfection was effected in most of these experiments and, in 

particular, in Exp. 19, when the sprayings of hypochlorite were more frequent than in 

the other experiments. It may also be stated that the results obtained with hypo- 
chlorite Y were ... consistently good and were superior to those of 'the bleaching powder 
experiments. 
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The number of occupants in the room during the first six of these experiments (Exps. 
1 6, i.e. including the bleaching powder experiments' 1, 3, 4 and (l, and the two control 
Exps. 2 and 5) was seventeen, but for the remaining eight experiments fewer men were 
:available and the number of occupants was fourteen. During the bleaching powder and 
control experiments there was available. for each occupant about 100 eu. ft. of air as 
:against the 120 eu. ft. in all other experiments; it seems improbable that this difference 
alone could account for the inferior results obtained with bleaching powder as compared 
with hypochlorite Y, but the possibility cannot be disregarded. 

The reduced efficiency recorded for the fourth spraying of .Exp. 12 when the occupants 
of the room were smoking, together with the results of the 'smoking experiment' in the 
empty room, suggest that tobacco smoke interferes with the disinfecting action of hypo - 
chlorites, but the experimental data are too meagre for any conclusion to be drawn. 
Although the air was heavy with tobacco smoke during the half -hour period after the 
spraying (experiment in occupied room) the efficiency of the spraying was only reduced, 

-. i.e. not entirely eliminated. Tobacco smoke has been shown to inhibit completely the 
action of a mist of heyl- resorsinol dissolved in propylene glycol by Twort & Baker 
(1940), who also showed that the smoke itself was devoid of bactericidal action. 

Hypochlorous acid gas is extremely reactive towards organic compounds, and Bourdillon 
et al. (1942) have on two Occasions attributed the failure of hypochlorite sprays to the 
presence of cresol vapour in the air of the experimental room. It is possible that the 
almost complete failure of Exp. t3 may have been caused in a similar way, but no positive 
evidence is available and the suggestion is brought forward with reserve. 

The conclusion reached concerning the dependence of the disinfecting action of hypo - 
chlorites on the relative humidity of the air is extremely intere sting. Baker & Twort 
(1941) have indicated the importance of relative humidity in air disinfection, and Beur- 
dillon et al. (194:3) have stated that the practical lower limit of humidity for effective 

- killing of the organisms introduced into the air during sneezing is below 60% at 70' F. 
In these experiments in which, as already indicated, bacteria from various sources were 
present in the air, effective disinfection was not obtained when the relative humidity 
was below about 71 c,,* at temperatures ranging from 54 to 72' F. The need for more 
accurate determination of this critical relative humidity has already been stated. 

Almost all the personnel who took part in these experiments agreed that the hypo 
chlorite sprayings had a pronounced freshening' effect upon the air of the occupied room., 
and it is, therefore, suggested that this effect per se is of some value. The effect might 
be increased by the use of perfumed by-pee-Me-rite solutions as used by Lovelock a Lidwell 
.(1941). The marked deodurizin f effect of the hypochlorit.e sprays on the atmosphere of 
the room is also of importance and the effect has been observed by Pulvertaft & Walker 
(1939). 

Substances suitable as air disinfectants have been studied by Twort, Baker, Finn & 

Powell (1940), and by other workers. Robertson and his co- workers (1911) claim that 
propylene glycol is an effective air disinfectant and their tests were made against air - 
-suspended bacteria and air -borne influenza virus. Pulvertaft & Walker (1939) have 
reported favourably upon tile suitability of hypoch!erites, for air disinfection, and Master - 
man (1941) has, for many years, advocated the use of hypochlorites for th:is purpose. 

* The relative humidit calculated from thermometer readings in still air and are therefore too high 
(see sectï n 'F. :dative humidity ty and air di.sinfe=ction). 
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Hypochlorites have many properties which render them suitable for large -scale air 

disinfection, Thus, (1) they are easily obtained as large stocks are always available, 
(2) they are inexpensive when purchased in bulk, (3) as shown in the present work and 

elsewhere, they act as efficient air disinfectants even when used in exceedingly small 

concentrations, (4) no elaborate method of introduction into the air is necessary. Hypo - 
chlorite solutions are corrosive liquids and this and other disadvantages attendant upon 
the use of hypochlorite mists in combating aerial infections are discussed by Baker et ai. 

(1940) and Masterman (1941). In the present work the need for observing certain simple 
and obvióus precautions when spraying,h.ypochlorite solutions from a flit gun has been 
mentioned. Concerning the possible disadvantages of such hypochlorite sprays, the 
following conclusions are based upon the observations of the numerous personnel who 

took part in these experiments: (1) the irritant effects were exceedingly small; (2) the 
-odour was not objectionable; (3) the slight opacity produced in the air by the mist from 
the flit gun disappeared within about 1 min. With regard to the corrosive action of 

hypochlorite mists on metals, it may be stated that the metal parts of the slit sampler 
and vacuum cleaner were little affected during this series of experiments, extending over 

several months, and that the same flit gun was used, and is still in good working order. 
Masterman (1941) points out that the corrosion of metals consequent upon the use of 

hypochlorite sprays is due mainly to deposition of sodium chloride, and that, for the 
proprietary hypochlorite solution which he was using, such deposition was exceedingly 
minute. The hypochlorite Y used in these experiments contained much less sodium 
chloride than the hypochlorite used by Masterman. 

Therefore, it is concluded that intermittent spraying of small quantities of a 1% hypo- 
chlorite solution containing only a small percentage (about 1 O/) of sodium chloride, such as 

hypochlorite Y, from a flit gun is a practical method of air disinfection in poorly ventilated 
premises and that there are no serious obj cotions to such a procedure. A suspension of bleach- 
ing powder may be used instead of hypochlorite solution although results obtained with the 
former substance (not chemically equivalent to hypochlorite Y) were less satisfactory than 
with the hypochlorite solution. The investigation demonstrates the need for repeated spray- 

.- ings at intervals not longer than half an hour and preferably at intervals of 15 -20 min. 
Such a procedure has been shown to reduce materially the number of viable bacteria in the 
air of an occupied room and the extent of the reduction was satisfactory in view of the 
fact that the air of the room contained a large proportion of resistant saprophytic bacteria. 

It is concluded that' the application of this method for air disinfection in crowded 
places such as air -raid shelters, some military quarters, and even in places of entertainment 
under epidemic conditions, would reduce the danger of the spread of infectious disease 
by transmission of air -borne bacteria. As this method of air disinfection is recommended 
for air disinfection in air -raid shelters, the relative humidity of the air of such occupied 
shelters is a factor which must be considered. Numerous observations of the relative 
humidities of the air of occupied shelters in Edinburgh have been made during 
several months in collaboration with Dr H. E. Seiler and Dr R. P. Jack of the Public 
Health Department, City of Edinburgh. Owing to the many factors which influence the 
humidity in such premises, e.g. meteorological conditions, especially the wind, and the 
temperature of the outside air, the temperature and condition of the walls, floors and 
roofs of the shelters, numbers of occupants, etc., all that can be said is that the relative 
humidity óf the air of occupied shelters was high and was usually of the order of 70 -80% 
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(thermometer readings in still air) shortly after occupation commenced. The relative 
humidity of the air of occupied shelters is therefore usually above the minimum required 
for effective air disinfection by hypochlorites. 

Thanks are due to Officers of the Scottish Command (Brigadier F. A. E. Crew, former 
Á.D.M.S., Edinburgh; Colonel T. F. Kennedy, O.B.E., D.D.H., Scottish Command, Major 
R. N. Hunter, R.A.M.C., and others) for their interest and assistance in providing the 
men who occupied the room in these experiments, and without whom this work could 
not have been performed. The author wishes to thank Dr H. E. Seiler of the Public Health 
:Department, City of Edinburgh, for his interest and valuable co- operation which has 
made possible the taking of numerous bacteriological observations of the air in shelters, 

.:.the results of which indicated the need for air disinfection and added interest to the 
work described in this paper. The slit sampler used in this investigation was constructed 
by Mr N. E. Condon, of the Department of Pharmacology, Edinburgh University, and the 
assistance of Dr S. A. Levvy, of the latter department, in calibrating the air -flow through 
the slit, is also gratefully acknowledged. I wish to express my gratitude to Prof. T. J. 
Iackie, C.B.E., for his constant interest and valuable advice. 

SUMMARY 

Substantial reduction in the bacterial content of the air of an empty room after in- 
fection with B. prodigiosus (or with Staphylococcus albus or a cliphtheroid bacillus) has 
been effected by means of hypochlorites introduced into the air by atomization from a 
'Dynalysor or by spraying from a flit gun. 

The `normal' variation of the bacterial content of the air of an occupied (crowded) 
room has been described. 

Repeated spraying of a solution containing 1% of sodium hypochlorite or of a 1.3% 
::suspension of water- sterilizing powder (bleaching powder) from a flit gun has been shown 
to reduce materially the bacterial content of the air of the occupied room. 

Similar sprayings of water have been shown to have no appreciable effect on the 
<: bacterial content of the air of the occupied room and the action of the hypochlorite was, 
:therefore, not merely a mechanical removal of bacteria from the air. 

Methods have been devised for assessing the degree of disinfection per individual. 
:spraying of hypochlorite, and, although the methods are mainly of comparative value, 
it may be stated that the reduction in the total bacterial content of the air of the occupied 
room for a single spraying of hypochlorite Y ( -1 % sodium hypochlorite) was ,of the 

order of 33 %, or more. The percentage reduction of potentially pathogenic bacteria 
;`vhich may have been present was almost certainly greater than the reduction of the 
dotal bacterial content, which included resistant. saprophytic bacteria. The average con - 
centration of hypochlorite Y used in these experiments was 0.38 c.c. per million c.c. of 
air (i.e. less than 11.0 c.c. per 1000 cu. ft. of air) per spraying, i.e. was exceedingly small, 
and even smaller concentrations were equally effective when the hypochlorite was 
atomized into the air by means of the Dynalysor. 

Rather less consistent results were obtained with the chemically less active bleaching 
:powder suspension than with hypochlorite Y in the flit -gun experiments. 

The relative humidity of the air has been shown to be a factor of great 'importance, 
and.in the experiments described in this paper effective air disinfection was not obtained 
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at low relative humidities at temperatures ranging from 54 to 74° F. The need for accurate 
determination of the critical lower limit of relative humidity is stressed. 

Tobacco smoke has been shown to reduce the efficiency of hypochlorite sprays but the 
experimental evidence was insufficient for any definite conclusion to be drawn. 

The advantages and disadvantages of hypochlorites as air disinfectants have been 
discussed and the conclusion reached that repeated (every 20 or 30 min ) spraying of 

the air of an occupied room with a 1 % solution of hypochlorite (e.g. hypochlorite Y) 

constitutes a simple, practical, inexpensive and efficient method of air disinfection, and, 
provided simple precautions are observed, there are no serious objections to such a 

procedure. 

GENERAL CONCLUSIONS 

The investigations have shown that repeated spraying of the air of an occupied room 
with 1% hypochlorite solution from a flit gun materially reduces the bacterial content 
of the air, and it is suggested therefore that application of this simple, practical method 
for air disinfection of occupied air -raid shelters, military quarters, etc. would reduce 
the spread of air -borne infectious diseases. 
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PROPYLENE GLYCOL VAPOUR AS AN 
AIR DISINFECTANT --I 

By S. W. CHALLINOR and J. P. DUGUID 
From the Bacteriology Dejbartaneazt, University of Edinburgh 

Introduction 

THE work of Robertson et al. (1942 a and b) has indicated that 
propylene glycol vapour may prove to be a suitable agent for the 
routine air disinfection of occupied premises with a view to preventing 
transmissible respiratory tract infections. The vapour, in concentra- 
tions of from 0.02 gm. to 05 gm. per million ml. of air, was found 
in a test tank to have a marked bactericidal effect upon atomised 
suspensions of various respiratory pathogens ; the higher concentra- 
tions produced almost immediate and complete disinfection of the 
air. The glycol was found to be non -toxic to rats, even on inhalation 
of the vapour for many months, and treated atmospheres were invisible, 
odourless and non -irritating. 

The object of the present work was to investigate further the air 
disinfecting action of propylene glycol (I:2 clihydroxy propane) 
vapour in empty and in occupied rooms, particularly under conditions 
resembling those of crowded premises with poor ventilation, where, 
presumably, air disinfection would be most desirable. As it is to be 
expected that the activity and rate of inactivation of the disinfectant 
will be affected by the degree of ventilation, crowding, temperature 
and humidity, the more important tests were carried out in a crowded 
and practically unventilated room. 

The susceptibility to disinfecting agents of air -borne organisms 
may differ considerably according to whether they are dust - borne, 
carried in saliva droplets produced by mouth -spray, or contained in 
droplets atomised from culture suspensions. Tests of the glycol were 
therefore made against naturally produced air infection, both dust - 
borne and droplet- spray- borne, in addition to the preliminary tests 
made against artificial air infection produced by atomising bacterial 
suspensions. Particular attention was paid throughout to the persistence 
of disinfecting action. In order to maintain the bacterial content of 
the air of occupied premises at a low level, in spite of the rapid and 
continuous reinfection produced by the normal mouth -spray and dust - 
raising activities of the occupants, it is necessary that the disinfecting 
process should be continuous. The disinfectant must be introduced 
into the air either continuously, or in single doses repeated at intervals, 
the length of which is determined by the time during which each dose 
remains effective. Tests were always made, therefore, in the presence 
of continuous reinfection of the air, whether this was natural or 
artificial. Measurements were made of the extents and durations of 
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disinfection following the rapid introduction into . the air of single 
doses of different sizes. Measurements were also made of the extent 
of the reduction in the bacterial content of the air which was maintained 
by continuous vaporisation of the glycol at different rates. An attempt 
was made to discover the most effective and practicable dosage rate for 
routine use. 

This work follows the investigation of air disinfection by hypo - 
chlorites carried out by Challinor (1943), and the same room was used. 

Experiments with Air Infection produced by Atomising Suspensions 
of B. prodigiosurn in a Room empty except for One Person 

The room was practically unventilated and small in size-t5 ft. by 
14 ft. by 8 ft., that is 17w cub. ft. in capacity. Its floor and furniture 
were wooden. Before each experiment it was thoroughly aired with 
door and window open. The air of the room was infected by continuous 
atomisation from an electrically driven atomiser, the " Dynalysor," 
of dilute suspensions, in nutrient broth, physiological saline, or distilled 
water, of 24 -hour cultures of B. prodigiosum. 

The bacterial content of the air was measured at intervals of two - 
and -a -half, five or ten minutes throughout the experiment by sampling 
the air, usually in I Cub. ft. amounts, with the Bourdillon slit sampler, 
using nutrient agar plates, but with a slit -plate distance of 3 mm. 
The sampler was sited near the centre of the room with its intake 
3 ft. 4 in. above the floor, and at 7 ft. from both the glycol vaporiser 
and the air infector, which were also 7 ft. from each other ; in some 
experiments the instruments were rather closer. After exposure, the 
plates were incubated aerobically for twenty -two hours, and the 
number of colonies of B. prodigiosum on each was counted. The 
contamination found in each air sample is expressed in this paper as 
the number of bacteria -carrying particles per cubic foot of air. 

The glycol was vaporised into the air directly by heat, from a metal 
or porcelain dish containing a little sand and heated cautiously over a 

naked flame. Where a single dose was put into the air, its size is 

expressed as the number of ml. vaporised per million ml. of air. 
Where continuous or intermittent dosage was carried out, the dosage 
rate is expressed as the number of ml. of the glycol vaporised per 
million ml. of air per hour. 

In most experiments the glycol vapour and the bacterial particles 
were distributed throughout the room only by diffusion and by the 
air currents produced by the warm radiator in a corner of the room 
and by the movements of the operator. This apparently resulted in 
reasonably thorough mixing, for the glycol vapour in visible clouds 
could be seen to pass from the vaporiser and disperse throughout the 
room. In a few experiments an electric fan, operating continuously 
and blowing diagonally up through the room, was employed to 
ascertain if different results would be obtained with more thorough 
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mixing. There was indeed a more prompt disinfection at the start of 
vaporisation, and a more prompt reinfection afterwards, but the differ- 
ence was not great. 

Atomisation of the bacterial suspension was started at the beginning 
of each experiment, and continued throughout. The bacterial content 
of the air increased rapidly in the first few minutes, but soon reached 

TABLE I 

To show the Reductions in Air Infection (due to Continuous Atomisation of B. 
prodigiosum) which were .produced by Single Vaporisations of Different Amounts 
of Propylene Glycol 

X. 

Dose. 

2. 

Fluid. 

3. 

Fan. 

4. 

R.H. 
Per Cent. 

5. 

Air Infection 
before 

Vaporisation. 

6. 

Air Infection 
after 

Vaporisation. 

7. 

mu Maximum 
Percentage 
Reduction. 

8. 

Duration of near 
Maximum 
percentage 
Reduction. 

0'02 B ... 57 446 348 22 7 
0.02 B ... 59 150 113 25 7 
0.02 B 64 950 662 30 4 
0.02 S ... 62 917 229 75 8 
0.02 S ... 62 166 28 83 Io 
0.02 D .._ 67 342 152 56 7 
0.02 D ... 61 629 200 68 4 
0'02 D 63 576 122 79 7 
0.05 B ... 70 442 67 85 4 
0.05 S ... 61 229 IS 92 9 
0.05 D ... 63 121 I 99 14 
o.i B 65 235 II 95 7 
ceI B F 58 I 99 7 
0I S ... 52 148 16 89 7 

0.1 S .-- 52 So 1 99 IO 
0.1 S ... 69 20 o Ioo 13 
o1 S 62 72 0 I00 7 
0I S F 6o 221 5 98 2 
0.1 D 58 425 1 99 14 
0.1 D F 57 412 6 99 7 
0.2 S _. 66 725 20 97 12 
0.2 S ... 59 2S7 0 100 13 
O'4 S ._. 55 134 1 99 33 

Column I : Dose expressed in number of ml. of the glycol vaporised per million ml, of air 
space. 

' Column 2 : Fluid of bacterial suspension : B = broth; S = saline ; D = distilled water. 
3 : F signifies experiments in which electric fan was employed. 
4 : R.H. signifies approximate relative humidity. 

Columns 5 and 6 : The degree of air infection is expressed as the number of bacterial 
particles per cubic foot of air. 

Column 5 : Average air infection during five minutes preceding vaporisation. 
6 : Air infection found in least contaminated sample after vaporisation. 
7: The maximum reduction, thus found, expressed as a percentage of the value 

for air infection found before vaporisation. 
.Column 8 : The duration in minutes for which a reduction, of an extent at least 8o per cent. 

that of the maximum, was maintained. 

an " equilibrium level " ; thereafter, in the absence of disinfection, it 
remained about this level indefinitely, or diverged from it only slowly. 
Tests were made with air infection at levels ranging, in different 
experiments, from 20 to 95o bacterial particles per cubic foot. No 
:propylene glycol was introduced into the air for the first twenty to 
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thirty minutes of an experiment in order that the initial rapid increase 
in air infection might be completed, and that the relatively stabilised 
level of air infection might be measured during five or ten minutes 
before disinfection for comparison with the subsequent reduced levels 

of air infection. Air sampling was continued during disinfection and 
after disinfection -, to show how soon reinfection occurred. Wet and dry 
bulb thermometer readings were taken at intervals to ascertain 
approximately the relative humidity, for it has been shown (Wells 
and Zappasodi, 1943) that the humidity may greatly affect the activity 
of the glycol, disinfection being most apparent at relative humidities 
between 40 and 70 per cent. The values recorded for relative humidity 
are probably too high, as the thermometer readings were made in the 
absence of sufficient movement of the air (Challinor, 1943). 

1 

200- 
t; 
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9 -t 

10 20 30 40 50 60 
TIt-lE MI MINUTES AFTER START OF ATOMIZATION OF BACTERIAL SUSPENSION 

FIG. I.- Showing the reduction in air infection which was produced by vaporisation (during 
a mins.) of 0.1 ml. of propylene glycol per million ml. of air. The air infection was 
produced by continuous atomisation of a suspension of B. y rodzgiosum in distilled 
water. In (I) no fan was used; in (a) an electric fan was employed to mix the air. 
The heavy vertical arrow indicates the time and duration of vaporisation of the glycol. 

I. Tests of Single Rapid Vaporisations of the Glycol,. -Doses 
ranging between 0.02 ml." and o-4 ml. of the glycol per million ml. 
of air were completely vaporised within a period of, depending on 
their size, from one to four minutes. The results of some representative 
experiments are recorded in Table I. This shows the extent of the 
maximum reduction in air infection which followed vaporisation of 
each dose, expressed as a percentage of the average value for air 
infection in the five minutes preceding vaporisation. To indicate how 
long the disinfecting action persisted, the table also shows the time 
for which maximum reduction was maintained, or nearly maintained, 
that is, the duration of at least 8o per cent. of maximum reduction. 
Two of the experiments are illustrated in Fig. I. 

The results show that a single vaporisation of the glycol was 
followed by an immediate but transient reduction of air infection. 
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Maximum reduction usually occurred within five minutes after 
vaporisation was complete. Its extent varied from about too per cent. 
with the larger doses to about 50 per cent. with the smaller - rather 

:'more when atomised suspensions of the test organism in saline or 
distilled water were used than when suspensions in broth were used. 
A reduction as great, or nearly as great, as the maximum was seldom 

;Ipaintained for more than ten minutes after vaporisation of o l ml. of 
the glycol per million mi. of air, or of smaller amounts. Disinfection, 
however, persisted somewhat longer after vaporisation' of larger 
amounts, but this was accompanied by misting of the room to an 
extent which interfered with visibility in an objectionable manner. 

It should be noted that the above findings relate to single vaporisa- 
tions of the glycol completed within one to four minutes, and must not 
be confused with those which relate to the continuous vaporisation of 
the glycol at various rates over a relatively long period of time. 

TABLE II 

To show the Reductions in Air Infection (due to Continuous Atomisation of B. 
prodigiosuln Suspensions) which were maintained by Co7zíi7zuozis or Intermittent 
Vahorisation of Propylene Glycol at Different Rates 

Vaporisation. 4. 

R.H. 
Per 

Cent. 

66 
64 
56 
64 
64 
65 

5. 

Average Air 
Infection during 

Ten Minutes 
preceding 

Vaporisation. 

6. 

Average Air 
Infection during 

Period of 
Vaporisation. 

7. 

Average 
Percentage 
Reduction 

maintained for 
Period of 

Vaporisation. 
Rate. 

x. 

Method. 

g, 

Period. 

0.25 
0.3 
0.3 
o6 
0.6 
0.8 

continuously 
0.1 101. /20 mins. 
0.05 nil. /lo mins. 
0t m1. /to mins. 
no n11.0o mins. 

i continuously 

1 hr. 
I 

40 mins. 
40 

1 hr. 
is 

260 
373 
525 
261 
611 
120 

tar 
106 
61 
17 
36 

3 

50 
72 
SS 
93 
94 
98 

Column a : As number of ml glycol vapor scd per million i71I air per hotu. 
2 Where vaporisation suas intermittent the size of each dose (as the number of ml. 

vaporised per million ml. air) and the interval between doses arc given. Each single 
dose was completely vaporised within two to three minutes. 

Columns 6 and 7 : Values for air infection obtained during the first ten minutes of the 
period of vaporisation were omitted from the calculation of the average, because where 
vaporisation was continuous several minutes elapsed, after the start of vaporisation, 
before full reduction was obtained. (See also note 7, Table I.) 

Saline suspensions of 13. prodigios -uni were used ill each experiment, except the first 
.quoted above where a broth suspension was used. 

2. Tests of Intermittent or Continuous Vaporisation over Longer 
Periods: -In view of the transitory nature of the disinfection produced 
-by a single vaporisation of the glycol, an attempt was made in the 
following experiments to demonstrate the possibility of maintaining 
disinfection by continuous vaporisation or by the repeated vaporisation 
of single doses at short intervals. The results of six experiments are 
recorded in Table II, which shows for each rate of vaporisation the 
average reduction of air infection maintained during the period of 
vaporisation ; this reduction is expressed as a percentage of the 
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average air infection found during the to- minute period preceding 
vaporisation. Fig. 2 illustrates one of the tests, and the course of air 
infection in a control experiment where no vaporisation was carried out. 

It was found possible by vaporisation of 0.6 ml. of the glycol per 
million ml. of air per hour to maintain a reduction of about 95 per cent. 
in the artificially produced air infection. Vaporisation at this rate 
did not produce objectionable misting. Where single vaporisations 
were carried out at 20- minute intervals, considerable reinfection of 
the air occurred between doses. Vaporisations repeated at to- minute 
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4 200 
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CONTROL 

10 20 30 40 50 60 70 86 90 1130 Ilb 120 130 
TIME IN MINUTES AFTER START OF ATOMIZATION 

FIG. 2. -- Showing the reduction in air infection which was produced by vaporisation of 

o6 ml. of propylene glycol per million ml. of air per hour. The air infection was produced 
by continuous atomisation of a saline suspension of O. prodiginsum. In the experiment 
marked " Test " the glycol was introduced as single doses given every ten minutes (at 
the times indicated by the heavy vertical arrows) ; in the experiment marked 
" Control " no propylene glycol was used. 

intervals, on the other hand, appeared as effective as continuous 
vaporisation in maintaining reduction in air infection. Continuous 
vaporisation, however, was found more convenient. 

Experiments on the Air Infection (largely Dust -borne) 
present naturally in a Crowded Room 

The practically unventilated room used in the previous experiments 
was occupied by fifteen men and the operator. The occupants remained 
in their chairs at the sides of the room for two -and -a -half hours. There 
was practically no sneezing or coughing, and little talking. Very few 
(only 2 to 4 per cent.) of the organisms found in the air gave a -hmmo- 
lysis on blood agar. Mouth- spray- produced air infection includes a 

much higher proportion of a -ha molytic organisms, e.g. 15 to 5o per 
cent. in our later experiments (see also Wells et al., 1939). 
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Therefore the low percentage of a- hwmolytic organisms recorded 
above was taken as indicating that, under such circumstances, only a 
small part of the air infection consisted of droplet- spray -borne 
organisms derived from the upper respiratory tracts of the occupants. 
It was concluded, therefore, that the majority of the organisms were 
dust- borne, .having been liberated by movements of the occupants, 
from their clothes and from the furnishings of the room. 

The bacterial content of the air was measured at intervals of two - 
and -a -half or five minutes throughout the experiment by sampling 
the air in I, 2 or 4 cub. ft. amounts, as described previously. Here, 

:'however, 5 per cent. horse blood agar plates were used, and after 
aerobic incubation for twenty -two hours, the number of colonies 
present was counted with the aid of a plate microscope. In the 

`:absence of disinfection it was found that the level of air infection rose 

TABLE III 

To show the Reductions maintained in the Natural Air Infection of a Crowded 
Room by Continuous or Intermittent Vaporisation of Propylene Glycol at 
Different Rates 

Vaporisation. 4. 

R.H. 
Per 

Cent, 

69 

59 
73 
70 
68 
65 
70 

5. 

Average Air 
Infection arin 

Ten n during 
preceding 

Vaporisation. 

6, 

Average Air 
Infection during 

Period of 
Vaporisation. 

7. 

Average 
Percentage 
Reduction 

maintained for 
Period of 

'Vaporisation. 

z. 

Rate. 

2. 

Method. 

g, 

Period. 

or6 
0.6 
o'6 
0.8 
o'S 
I'o 
I'6 

continuously 
JI 

0.1 m1. /ro mins. 
0.2 031, /15 mint. 
0.2 ml. /15 mins. 

continuously 
0'4 mI /i5 mint. 

I hr. 
I:} 
I 

i 
II- 
2 11r.. 

It hr. 

29 
19 

31 
34 
42 
22 22 
47 

27 
15 

25 
8 
8 
3 

4'5 

7 
21 

19 
76 
St 
86 
90 

Column legends as in footnote to Table II. 

to a maximum (35 to 85 bacterial particles/cubic feet) within a minute 
or two after entry of the occupants, presumably because of considerable 
dust -raising occasioned by the movements of entry and of finding seats. 
After ten to twenty minutes the air infection was reduced to a level of 
somewhere between 20 and 5o bacterial particles/cubic feet, and it 
remained about this level until the occupants rose to leave at the end 
of the experiment. 

Accordingly, no propylene glycol was vaporised during an initial 
period (usually of thirty minutes or more) in order that the degree 

+ of air infection might be measured in several samples after it had 
become relatively stabilised. The glycol was then vaporised for one - 

:;::half to two hours, and the average reduction maintained for the period 
vaporisation (disregarding the first ten minutes of this) was then 

`'.calculated from the numerous measurements made of the air infection. 
The results of seven experiments carried out in this manner are 

: :::irecorded in Table III, which shows, for each rate of vaporisation, the 
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average percentage reduction in air infection maintained during the 
period of vaporisation. Fig. 3 illustrates an experiment in which a 

reduction of about 85 per cent. was maintained on average for two 

hours by the continuous vaporisation of propylene glycol at the rate 
of i sol. /million ml./hour ; the course of air infection in a control 
experiment, where no vaporisation was carried out, is shown in the 

same figure for comparison. The vaporisation of the glycol at the 
rate of I ml. f million nil. /hour resulted, in the above experiment, in 

some mist formation throughout the room. Vaporisation at the rate 
of o6 mi. /million ml. /hour was not found to cause significant misting, 
but the average percentage reductions maintained during such 
vaporisation in three experiments were approximately only 7, 21 and 
19 per cent. At the intermediate rate of o8 ml. /million mnl.Jlaour 
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VAPORISATION OF PROPYLENE GLYCOL IN TEST EXPERIMENT ONLY 
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FIG. 3.- Showing the reduction in the natural (largely dust borne) air infection of a small 
crowded room, which was maintained by the continuous vaporisation of I o ml. of 
propylene glycol per million ml. of air per hour. The level of air infection in a control 
experiment where no propylene glycol was used is also shown (dotted lines). 

reductions of the order of 8o per cent. were obtained, but the glycol 
was introduced in single doses repeated at 15- minute intervals, each 
of which caused objectionable misting, and up to the present time 
continuous vaporisation at this rate has not been carried out. 

Discussion of Results 

Were propylene glycol to be used for routine air disinfection of 
occupied premises, the upper limit to the rate at which it might be 
vaporised would probably be determined by the mist formation and 
sweet taste which occur at high vaporisation rates, and by the cost of 
the glycol. The highest practicable vaporisation rate cannot now be 
defined precisely. The point at which misting and sweet taste of the 
air become objectionable is a matter of personal and thus variable 
opinion. Moreover, it is probable that these manifestations vary with 
such .factors as temperature, humidity and mode of vaporisation. It 
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was always found, however, that vaporisation at the rate of o5 ml./ 
million ml.lhour was quite unobjectionable, and this rate can be 
safely recommended for preliminary trial in practice. In this series of 
experiments, vaporisation at the rate of snl. /million ml. /hour was 
found slightly objectionable because of mist formation, and vaporisation 
at higher rates was definitely objectionable. In experiments carried 
out in a different season of the year and with a different instrument 
for vaporisation (see Personnel of Naval Laboratory Research Unit 
No. I, 1943), it eras found that vaporisation could be increased to 
the rate of .5 ml.l million ml.11iour before even slight misting occurred ; 

at this latter rate the air, when inhaled through the mouth, had a 
definite sweet taste but no smell. 

It has been shown above that by continued vaporisation of propylene 
glycol at a sufficiently high rate (e.g. i ml. /million ml. / hour) it is possible 
to maintain a considerable reduction (85 per cent. approximately) in the 
air infection naturally present in an occupied room. It is doubtful, 
however, whether continuous vaporisation at this rate could be carried 
out in practice because of possible misting and the large quantities of 
glycol which would be required. In this connection it may be pointed 
out that continuous vaporisation of glycol at half this rate, namely, 
o5 ml. /million 7nl.,1hour for fifteen hours per day during one month 
in a hospital ward of 40,000 cub. ft. would require about 5o gallons of 
the glycol. Vaporisation at the more practicable rate of o6 ml./ 
million ml. /hour was found to produce only small reductions in the 
aerial flora of the occupied room. As this, however, consists largely 
of saprophytes in a partially dry state, and perhaps protected to some 
extent by dust material, the small reduction observed may be no 
measure of the destruction, which might occur, of respiratory pathogens 
in newly exhaled salivary droplets. Experiments were, therefore, 
initiated to measure the reductions produced by propylene glycol 
vapour in mouth -spray infection ; these are described in a further 
paper. It must be remembered that there is evidence to suggest that 
some respiratory infections can be transmitted by infected dust, which 
may become air -borne ; the activity of an air disinfectant on dust- 
borne air infection is, therefore, not without importance. 

Summary 

i. The efficiency of propylene glycol vapour as an air disinfectant 
has been tested (a) in air continuously infected by atomisation of 
suspensions of B. prodigiosum, and (b) in a crowded room with its 
natural, largely dust- borne, air infection. 

2. The effect of single vaporisations of the glycol was found to be 
transient. 

3. Reduction of air infection could be maintained by continuous 
vaporisation of the glycol, or by single vaporisations repeated at short 

.intervals of about ten minutes. 
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4. Vaporisation at the rate of i ml. glycol /million ml. azr /hour 
produced a considerable reduction (about 85 per cent.) in the naturally 
present air infection of a crowded room during the period of vaporisa- 
tion ; perceptible mist formation, which might be found objectionable 
in practice, occurred at this dosage rate. Vaporisation at lower rates 
did not result in mist formation, but produced only small reductions 
in the air infection. 

We wish to record our thanks to Lieut.- Colonel J. Cunningham, I.M.S. (ret.), 
and to Professor T. J. Mackie. 
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PROPYLENE GLYCOL VAPOUR AS AN 
AIR DISINFECTANT -II 

By J. P. DUGUID and S. W. CHALLINOR 
From the Bacteriology Department, University of Edinburgh 

Introduction 

IN the preceding paper an account is given of tests of the air - disinfecting action 
of propylene glycol vapour upon atomised suspensions of B. prodigiosum 

*:in an empty room, and upon the naturally occurring, largely dust- borne, 
air infection of a crowded room. In the latter case considerable reduction 
in the bacterial content of the air could only be maintained by continuous 
vaporisation of the glycol at rates so high as might be found impracticable 

1for routine use on account of mist formation and the presence of a sweet taste 
in the atmosphere. In the work described below an attempt was made to 
ascertain whether, with similar experimental conditions and technique, freshly 
produced droplet -spray air infection might prove more susceptible than the 
:dust -borne air infection previously tested, and whether vaporisation of the 
¿glycol at lower and more practicable rates might suffice to maintain consider - 
able reduction in the bacterial content of the air. 

Experiments on Mouth -Spray Air Infection in an Empty Room 

The tests were carried out in the small (1700 cub. ft.), practically 
unventilated room used in the previous investigation. The operator, 
:who was present alone, produced and maintained air infection by 
regular simulated sneezing. The " sneeze " was produced by 
explosively forming the sound " ttsch " ; a spray of fine saliva droplets 
(visible against the black walls of the room) was expelled from the 
mouth as in natural sneezing. With practice, the amount of spray 
produced could to some extent be controlled and kept uniform ; the 
number of sneezes and the times at which they were given could be 

'.:.exactly pre -arranged. For these reasons, simulated sneezing was 
considered preferable to sneezing induced by sneezing powder, etc., 
for the testing of air disinfection. A volley of simulated sneezes was 
given at regular intervals throughout each experiment ; in most 
experiments the interval was five minutes, in a few it was ten minutes. 
Each volley was given within the space of twenty seconds, and 
consisted of four sneezes, one from each corner of the room directed 
towards the centre. The bacterial content of the air was increased by 
such sneezing to between 20 and 300 times that present before 
"sneezing." Practically all the air infection present in these tests 

;:was, therefore, droplet -spray- borne. The percentage of a-hmolytic 
organisms found was usually between 15 and 5o per cent., about ten 
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times that found in the natural aerial flora of the crowded room in the 
absence of sneezing. 

Air sampling was carried out at 5- minute intervals throughout 
each experiment. In the two minutes following each volley of sneezes, 
2 cub. ft. amounts of air were sampled with the Bourdillon slit sampler, 
using 5 per cent. blood agar plates and a slit -plate distance of 3 mm. 
The intake of the sampler was 3 ft. 4 in. above the floor and 7 ft. from 
the glycol vaporiser. After aerobic incubation of the plates for twenty- 
two hours, the colonies were counted with the aid of a plate microscope. 

The glycol was vaporised in a few experiments over a naked flame 
from a porcelain dish containing a little sand, and in most from the 
vaporiser for field use described by the Personnel of Naval Laboratory 
Research Unit No. i (1943). This latter comprises a large heat - 
insulated beaker partly filled with propylene glycol in which is 

immersed a lighted electric bulb of suitable wattage. The output of 
glycol vapour, which is determined by the surface temperature and 
area of the glycol, can be controlled by varying the size of the beaker 
and the wattage of the electric bulb. We have used a litre beaker, 
contained in a tin lined with cotton -wool, and bulbs ranging from 
15 to loo watts ; about 25 watts were required to maintain the 
recommended output of o5 ml. /million ml./hour for the room of 
1700 cub. ft. capacity ; the surface temperature of the glycol was then 
about I15° C. This apparatus was not available for the work 
described in the previous paper. An electric fan, blowing diagonally 
up through the room, was run continuously at slow speed. 

No propylene glycol was vaporised during the first thirty minutes 
of each experiment in order that control measurements might be made 
of the level of air infection caused by the sneezing. The glycol was 
then vaporised for thirty minutes or longer, and following this, 
sneezing and air sampling were continued for a further thirty minutes 
so that the time, rate and extent of aerial reinfection might be ascer- 
tained. Wet and dry bulb temperature readings were taken at intervals 
to give an indication of the relative humidity. 

Table I shows the results of those experiments in which vaporisation 
was continued for thirty minutes. For each rate of vaporisation there 
is given the average percentage reduction maintained over the period 
of vaporisation, disregarding air samples taken during the first ten 
minutes of vaporisation, because with small dosage rates disinfection 
was then often little apparent. The reduction increased in extent with 
dosage rate, being absent at 0.07 ml. of the glycol per million ml. of 
air per hour, and being considerable at 05 ml./million ml. f hour and 
at higher rates. The two different methods of vaporisation gave results 
which did not differ appreciably (only two of the experiments, however, 
were made, using the porcelain dish for vaporisation). When the field 
vaporiser was used, visible misting of the room and sweet taste in the 
atmosphere only became apparent with vaporisation at I.5 ml.lmillion 
ml. /hour or more. 
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The disinfecting action was usually well developed and considerable 
reduction in the bacterial content of the air was produced within ten 
minutes of the start of vaporisation. With the lower rates of vaporisa- 
tion, however, the maximum reduction in air infection was sometimes 

TABLE I 

To show the Reductions produced by Continuous Va porisation (for a Half -Hour 
Period) of Propylene Glycol at Different Rates in Mouth -Spray Air Infection 
produced and maintained by Four " Sneezes" given at Five - Minute Intervals 

T. 

Rate of 
Vaporisation. 

5. 

Method of 
Vaporisation. 

3. 

R I-I. Per 

Cent. 

4. 

Average Air 
Infection during 

Ten Minutes before 
Vaporisation. 

5. 

Average Air 
Infection during 

Period of 
Vaporisation. 

6. 

Average Percentage 
Reduction during 

Period of 
Vaporisation. 

0.07 F 59 477 631 Nil 
0'15 F 54 356 291 18 
0.2 F 52 3004 2112 30 
0.25 D 6o 146 65 55 
0.3 F 48 3019 523 49 
0.5 D 70 225 57 75 
0.5 F 68 645 108 83 
0'7 F 51 1515 76 95 
I.5 F S9 1866 84 96 
2.0 F 54 3345 So 98 

Column 1 : As number of ml. of the glycol vaporised per million ml. of air per hour. 
2 F = by vaporiser for field use; D = from porcelain dish over flame. 
3 : Approximate relative humidity. 

Columns 4 and 5 : As number of bacterial particles per cubic foot of air. 
`Column 5 : Samples taken in first ten minutes of vaporisation were disregarded. 

6 : Reduction calculated as percentage of air infection present in ten minutes before 
vaporisation. 

not attained for at least thirty minutes after the start of vaporisation. 
Accordingly, some experiments were carried out with vaporisation of 
the glycol continued for two hours. Table II shows the results of 

TABLE II 

To show the Reductions produced by Continuous Vaporisation (for a Two -Hour 
Period) of Propylene Glycol at Different Rates in Mouth -Spray Air Infection 
produced and maintained by Four " Sneezes" given at Ten - Minute Intervals 

I. _. 3. 4. 5. 6. 
Average Air Average Air Average Percentage 

Rate of Method of Infection during Infection during Reduction during 
Vaporisation. Vaporisation. 

r' 
Ten Minutes before Period of Period of [. Cent. ènVaporisation. Vaporisation. Vaporisation. 

0'25 F 50 502 16o 68 
0.25 F 53 1262 328 74 
0.35" F 70 405 105 74 
0.5 F 66 1565 47 97 
o-5 F 46 765 29 96 

Column legends as in footnote to Table I. 

Vaporisation for one -and -a -half -hours only. 

Ei 
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these. The average percentage reductions maintained for the 2 -hour 
period (excluding the first ten minutes as before) were somewhat 
greater than the reductions given at similar vaporisation rates for 
the 3o- minute period. Fig. i illustrates the reduction produced by 
vaporisation at o5 ml. /million mi./ hour. Vaporisation at this rate 
resulted in no objectionable misting, etc., and the reduction of 
97 per cent. in mouth -spray infection which was produced would 
seem sufficiently great to recommend it for practical application in 
routine air disinfection. 

2400 
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PERIOD OF VAPORISATION OF PROPYLENE GLYCOL 

10 2Ó 30 40 50 60 70 80 90 Ido 110 120 130 140 150 160 1io 180 190 200 
TIME IN MINUTES AFTER START OF SNEEZING. 

FIG. I.- Showing the very great reduction in mouth -spray air infection in a small room 
(empty but for one operator), which was maintained by the continuous vaporisation 
of o5 ml. of propylene glycol per million ml. of air per hour, for two hours. The air 
infection, which was assessed from air samples taken on blood agar plates, was maintained 
by four " sneezes " given at each of the times marked by the vertical arrows at the top 
of the graph. 

In contrast to this, it should be recalled that in the experiments 
reported in the preceding paper (pp. 28o -9), the reductions produced in 
the natural, largely dust -borne, air infection of a crowded room by vapor- 
isation at o6 ml. /million m1.1 hour were not more than about 20 per cent. 
Thus, as expected, it appears that droplet -spray air infection is more 
susceptible to the disinfecting action of propylene glycol. The greater 
susceptibility found might possibly be due to some condition, such as 
lower humidity, present in the empty but not the crowded room ; 

therefore, further experiments were carried out to test the disinfecting 
action on droplet -spray air infection in the crowded room. 
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Experiments with Air Infection produced largely by 
Mouth -Spray in a Crowded Room 

The same small unventilated room as used in the previous experi- 
ments was occupied by fifteen men and the operator. These gave a 
number of simulated sneezes at regular intervals throughout the 
period of occupation, and propylene glycol vaporised at various rates 
was tested against the resulting air infection. 

The occupants remained in their chairs at the sides of the room 
for two- and -a -half hours. They were instructed in the technique of 
producing, on request, " sneezes " of the type described in the previous 
section. A volley of sneezes directed towards the centre of the room 
was asked for at regular intervals, usually of ten minutes. The volley 
consisted of three sneezes from each of the occupants, and was com- 
pleted within ten seconds. 

The bacterial content of the air was in this manner increased much 
above the level found in the crowded room in the absence of sneezing. 
Between 15 and 5o per cent. of the organisms recovered from the air 
on 5 per cent. horse blood agar plates showed a- hmolysis. This 
high proportion, about ten times that found in the crowded room in the 
absence of sneezing, was taken as indicating that the major part of the 
'air infection consisted of mouth- spray -borne bacteria. In order to test 
the disinfecting action of the glycol even more specifically upon mouth - 
spray- produced air infection alone, most air samples were taken on 
blood agar plates incorporating crystal violet one in one million. 
Between 6o and 8o per cent. of the organisms recovered on such 
plates showed a- hæmolysis. 

Air samples, of 2 or 4 cub. ft. amounts, were taken at 5- minute 
intervals throughout the experiment as described previously. The 
propylene glycol was vaporised from a tin Iid containing a little sand 
over a very low flame. No fan was employed. Vaporisation was not 
started until thirty or forty -five minutes after the beginning of 
occupation and sneezing, so that the level of air infection in the absence 
of attempts at disinfection might be measured. Air- infection fluctuated 
markedly, rising to a maximum immediately after one volley of 
sneezes, and then falling before the next. However, the average 
values of air infection for each period between sneezings were reasonably 
similar from period to period until vaporisation of the glycol. 

Seven experiments were performed to test the power of propylene 
glycol, vaporised at different rates, to maintain reduction of mouth- 
spray- produced air infection in a crowded room. The results of these 

...tests are summarised in Table III, which shows for each vaporisation 
rate the percentage reduction maintained for the period of vaporisation 
:(excluding the first ten minutes). Vaporisation at the rate of 0.25 
rnl./million ml. /hour maintained a reduction of about 35 per cent. ; 

on the other hand, in an experiment in which vaporisation was at the 
Tate of o5 ml.lhour, the reduction was approximately 

' 
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95 per cent. (Fig. 2). Vaporisation at the rate of i o nl. /million 
ml.lhour resulted in the formation of a very faint mist throughout 
the room. 

TABLE III 

To show the Reduction produced by Continuous (Vaporisation of Propylene Glycol 
at Different Rates in Mouth -Spray Air Infection produced and maintained 
in a Crowded Room by Regular Simulated Sneezing on the Part of the Occupants 

I. 

Rate of 
Vaporisation. 

2. 

Period of 
Vaporisation. 

3- 

R.H. 
Per 

Cent. 

4. 

Average Air 
Infection during 

Ten Minutes before 
Vapórisation. 

-; 

Average Air 
Infection during 

Period of 
Vaporisation. 

6. 

Average Percentage 
Reduction during 

Period of 
Vaporisation. 

0.25 if hr. 78 35 22 37 
0.5 if 71 223 14 94 
0.55 3- So 16o 37 77 
o6 if 6o No increase in air infection was found after a volley 

of 48 " sneezes." 
o-6 i ,, 7o No increase in air infection was found after a volley 

of 48 " sneezes." 
0.7 f 78 71 12 I 83 
I.0 i 75 28 4 

I 

86 

Column legends as in footnote to Table I. 

It appeared from these experiments that the vaporisation of 
propylene glycol at practicable rates, such as o, ml.lhour, 
could produce and maintain considerable reduction in mouth -spray 

PERIOD OF VAPORISATION OF PROPYLENE GLYCOL 

sLI 

10 20 30 40 50 60 70 80 90 100 110 120 
TIME IN MINUTES AFTER START OF OCCUPATION 

130 140 150 160 

FIG. 2.- Showing the large reduction in the mouth -spray air infection in a crowded room, 
which was maintained by the continuous vaporisation of o5 ml. of propylene glycol 
per million ml. of air per hour for one - and -a -half hours. The air infection, which was 
assessed from air samples taken on blood agar plates incorporating crystal violet I in 
1 million, was, maintained by 48 " sneezes " given at each of the times indicated by 
the vertical arrows at the top of the graph. 

air infection in a crowded as well as in an empty room. At similar 
vaporisation rates, it will be seen by comparing the values in Tables I, 
II and III that the reductions were, on the whole, somewhat less 
in the crowded room. This may be due to the condition of the air 
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peculiar to a crowded room, possibly to higher humidity in these 
latter experiments (performed in a different season of the year), but, 
as no fan was employed in these tests made in the crowded room, 
the values quoted for relative humidity (calculated from wet and dry 
bulb temperature readings) would in any case be higher than those 
for the tests where there was more air movement (i.e. in the empty 
room where a fan was employed) ; direct comparison between the 
results of the experiment in the empty and those in the crowded rooms 
is not, therefore, possible. 

Discussion 

The extent to which air infection must he reduced in order to 
produce significant lowering of the incidence of respiratory disease is 
not at present known. Quantitative inhalation infection experiments 
on animals, such as those described by Wells (1942), show that to, 
zoo, and moo-fold changes in the numbers of certain organisms 
suspended in the air inhaled resulted in considerable changes in 
mortality and morbidity rates. A 90 per cent. reduction (io -fold 
change) might be about the smallest reduction necessary for a 
significant lowering of disease rates. Reductions of this order were 
obtained in mouth -spray air infection by continuous vaporisation of 

. propylene glycol at about the rate of o-5 ml.lmilliora ml.lhour. 
Vaporisation of the glycol at this rate was never found objectionable, 

-and the atmosphere was always free from mist and sweet taste. Misting 
- occurred in some tests with vaporisation of t rral. /nailliora real. /hour ; 

on other occasions (at a different season of the year and using the 
- electric bulb vaporiser) as much as 1.5 or 2 real.lrlaillion ml.lhour 
had to be vaporised before misting and sweet taste occurred. The 
vaporisation rate recommended for routine air disinfection of occupied 
and poorly ventilated premises is, therefore, of the order of o5 mi.l 
million ml.lhour. Where the conditions of ventilation, temperature, 
and humidity are widely different from those of the above experiments, 
t is to be expected that the disinfecting activity and mist production 

of glycol vaporisation at a given rate will also be different. In such 
cases the optimum vaporisation rate might have to be determined by 
direct trial in the premises in question. Generally, however, effective 
:disinfection would very probably be obtained in poorly ventilated 
premises by vaporisation of the glycol at the rate recommended. The 
final proof of the value of a method of air disinfection as a measure 
for preventing air -borne disease can only be established by clinical 
trials. The work by Harris and Stokes (1943), who vaporised the 
glycol in a hospital ward, is encouraging in this respect. The highly 
satisfactory results of the present investigation lead us to hope that 
.further such trials will soon be made. 

In conclusion, mention should be made of the relative merits of 
propylene glycol as compared with other air disinfectants. Twort et al. 
(1940) have investigated the action of many such substances. Few 

441,il OWOOtr'r,}lir,sj;9í 
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are sufficiently effective at non -toxic and non -irritating concentrations, 
and at the same time are readily available, inexpensive and easily 

introduced into the air. Only two, namely hypochlorite as a spray and 
propylene glycol as a vapour, appear to have been seriously considered 
for large -scale routine air disinfection. Owing to the totally different 
methods of assessment of efficacy of air disinfection used by various 
investigators, comparison of substances used for air disinfection is 

difficult. Direct comparison is, however, possible between the results 
obtained here for propylene glycol and those previously obtained for 

hypochlorites by Challinor (194.3). The latter showed that hypochlorite 
intermittently introduced into the air of the room with fifteen or 

sixteen occupants effected a reduction of about 33 per cent. in the mainly 
dust -borne bacterial content of the air. In recent experiments 1 per cent. 
hypochlorite has been continuously atomised at the rate of o6 ml.! 
million ml. /hour, and this maintained an 85 per cent. reduction in the 
bacterial content of the air (mouth -spray produced). Vaporisation 
of the hypochlorite at the above rate was not objectionable, but 
vaporisation at significantly higher rates caused objectionable odour 
and misting. It would appear that, at the highest practicable dosage 
rates, the relative efficiencies of propylene glycol and hypochlorite as 

air disinfectants are approximately equal. 

Summary 

1. Tests of the air disinfecting action of propylene glycol, vaporised 
continuously at different rates, were made on mouth -spray air infection 
in a small and practically unventilated room, which was, in a first 
series of experiments, unoccupied but for one operator, and, in a second 
series, crowded with sixteen occupants. 

2. Vaporisation at the rate of o5 ml. of the glycol per million ml. 
of air per hour produced and maintained a large (about 90 per cent). 
reduction in the mouth -spray air infection both in the crowded room 
and in the room with only one occupant. Vaporisation at the above 
rate is recommended for air disinfection of occupied premises. Since 
vaporisation of the glycol at similar rates produced much lower 
reductions (i.e. about 20 per cent.) in the largely dust -borne bacterial 
content of the air of a crowded room, it is concluded that droplet -spray 
infection is more susceptible than dust -borne infection to the action of 
the glycol. 

We wish to record our thanks to Lieut. -Colonel J. Cunningham, I.M.S. (ret.), 
and to Professor T. J. Mackie. 
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BACTERIOLOGICAL INVESTIGATION OF AIR DURING AN 

EPIDEMIC OF HAEMOLYTIC STREPTOCOCCAL 
THROAT INFECTION 

PART I 
BY 

*C. A. GREEN, S. W. CHALLINOR 
and 

J. P. DUGUID 

Frone the Roral Naval Medical School, and Bacteriology Department, Edinburgh University 

Introduction 
Critical reviews concerning the problems of air- 

borne infection have been prepared by Mackie, 
T. J. (1942); by Buchbinder, L. (1942) and, subse- 
quent to the completion of the work described in 
this paper, by Mudd (1944) and by Mitman (1945). 
It is apparent that the respiratory infections are 
among the most important causes of ill health. In 
particular the relationship between nasopharyngeal 
infection by haemolytic streptococci and acute 
rheumatism has been stressed (Glover, 1930; 
Coburn, 1931; Collis, 1931; Green, 1942). It is 
uncertain to what extent respiratory tract infections 
are spread by air -carriage of infected droplet- nuclei 
or infected dust -particles. Many laboratory studies 
of air infection by droplet -spray, and by the raising 
of infected dust, have been published in recent years, 
but such studies do not give an account of the 
extent to which air -infection with pathogenic 
organisms occurs naturally in the presence of 
respiratory infection. 

The work described below consisted essentially 
of an investigation of the bacterial flora of the air 
of the various dwelling places of a semi- closed com- 
munity of youths, aged 15 to 19, during an epidemic 
of haemolytic streptococcal throat infections during 
the latter part of 1942. 

Detailed observations of the bacterial content, 
especially of streptococci, of the air of a dormitory, 
the cinema hall, a recreation room, and a school- 
room, were made at the height of the epidemic and 
it was hoped that such data would indicate which 
parts of the daily routine of the occupants of the 
institution (i.e. sleeping, recreation, work, etc.) 
exposed them to the greatest danger of airborne 
infection. In addition to the bacteriological ob- 
servations made under normal Iiving conditions, 
observations were also made under special con- 
ditions, such as in the immediate vicinity of known 
sources of infection; these latter observations are 
described in Part 11 of this paper. It was hoped 
that the collected results of these experiments would 

lu receipt of a grant from the Empire Rheumatism Council. 

show what degree of air -infections with the specific 
pathogenic organisms occurred under epidemic 
conditions; and what sources and mechanisms 
were responsible for the bulk of such infection. 

Measurements of the bacterial content of the air 
were macle with the slit sampler as designed by 
Bourdillon, Lidwell, and Thomas (1941) which 
involves suction of a measured volume of air 
through a narrow slit on to a revolving plate of 
medium placed very close (2 mm. -we used a slit - 
plate distance of 3 mm.) to the slit. This method 
yields results of considerable accuracy, and has 
been employed by Thomas and van den Ende (1941), 
Bourdillon, Lidwell, and Lovelock (1942), Challinor 
(1943), and by others for bacteriological observa- 
tions of the air of occupied premises. 

In order to facilitate identification and counting 
of the streptococci, a selective medium- namely, 
blood agar incorporating crystal violet in a concen- 
tration of 1 part in 1 million, as used by Challinor 
(1943), was employed. Ordinary blood -agar plates 
were used for observations on the total number of 
bacteria -carrying particles present in the air. 

Epidemiological Background 

The community of some 765 youths was housed 
in a permanent camp of single- storied buildings, 
designed for the specific purpose for which they 
were being used and placed on a low hill -top half a 
mile (0.8 km.) from the bank of an estuary. The 
institution was complete with dormitories, mess 
rooms, kitchens, workshops, schoolrooms, swim- 
ming baths, cinema, recreation rooms, and gymna- 
sium. The nearest village was one mile (1.6 km.) 
away and some four miles (6.4 km.) off was a town 
of considerable size, The boys were allowed to 
visit both places in their leisure time but relatively 
few took the opportunity. 

The dormitories were arranged in three separate 
blocks, A, B, and C, the dormitories in each block 
being linked together by covered corridors. These 
three blocks were identical in construction and 
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ventilation. Each dormitory measured 80 ft. x 
20 ft. x 10 ft. (24 lm. x 6 m. x 3 m.) and was 
occupied on an average by 33 boys. Apart from 
clothes lockers and single beds, no other furniture 
was present and adequate ventilation was secured 
by means of windows down each side of the build- 
ings. The wooden floors were covered with polished 
linoleum, and the corners between floor and skirting 
were rounded to aid cleaning. Dormitories were 
swept daily; the sweepings invariably containing a 
considerable amount of fibre from mattresses, 
blankets, towels, and clothing. 

The boy population joined the establishment in 
groups of 50 to 70 at intervals of four to six months 
and remained under instruction for three and a half 
years. On entry, a new group occupied the two 
dormitories at one end of block C and passed in 
sequence through the blocks C, B, and A during 
their stay at the institution. If a group became 
reduced in size and could not occupy all the beds 
in two dormitories, the vacancies were filled by 
members of another group. 

The health of the community was very good 
during the summer months of 1942, but about the 
middle of October, tonsillitis became prevalent and 
was accompanied by the appearance of scarlatina, 
as shown in Table 1. A rise in the incidence of 
common colds preceded the tonsillitis wave by 
some weeks. Clinically, cases of scarlatina were of 

TABLE I 

RISE OF EPIDEMIC BEFORE START OF INVESTIGATION 

1942 
period 

Number of fresh cases 

Common Tniasíllit¡s j cord Scarlatina 

Aug. 2 -Aug. 15 
., 16 29 

30 -Sept. 12 
4 

3 

0 
0 
0 

Sept. 13- , 

27-Oct. 
26 
10 

6 
3 

10 0 

11 n 

Oct. 11- 24 13 16 4 
25 -Nov. 7 19 14 12 

Nov. 8- 2r 26 21 13 

mild character without serious complications apart 
from otitis, which appeared in a number during 
hospitalization. The investigations detailed below 
were nude during the period 13 to 29 Nov. 1942, 
when the epidemic was in full swing. Only one 
case of subacute rheumatism was recorded in the 
community during the following two months. The 
patient (aged I5- -) was a member of group 3 and 
had been hospitalized with scarlet fever during the 
epidemic. Neither before nor at the time of the 
institutional outbreak was there any indication of 
an epidemic wave in the adjacent village and town, 
although a small number of outside contact cases 
appeared in households visited by the youths. 

In such a community there was considerable 
contact in workshops, schoolroom, and recreation 
room between members of the three dormitory 
blocks, although less than that between members of 
different dormitories in the same blocks. Table 2 

shows clearly how the epidemic was confined largely 

to block C, which was occupied by juniors both in 
actual and in service age. 

TAni.E 2 

DORMITORY DISTRIBUTION OF EPIDEMIC CASES 

Dormi' 
tory 

block 
Group 

4serage 
age 

Nom- 
ber in 
group 

Estab. 
age in 
mths.* 

Number of cases 
during period Aug. 2 -- 

Nov. 21 

Tonsil- 
lids 
cold 

Com- 
non 
cold 

Scarlet 
fever 

1 151 46 3 9 5 1 

2 151- 47 3 15 14 7 
C 3 151 65 4 20 13 8 

4 16 61 8 7 7 6 
5 16 57 8 7 8 4 

Total 276 58 47 26 

B 
6 
7 

16 
16 

60 
58 

8 
9 

3 
3 

6 
6 

2 
0 _ 8 over 20 76 3 2 4 0 

Total Total 194 8 16 2 

9 164 73 14 . 4 4 0 
A 10 171 73 26 I 5 0 

I1 17 46 21 0 5 0 
12 181 48 33 22 0 I 
13 19 55 36 2 2 0 

Total 295 9 16 1 

° Time since members first joined training establishment. 

Experimental Method 
Each of the experiments carried out under normal 

living conditions may be roughly divided into three 
parts: (1) the period before occupation, when the 
air- infection vvas minimal; (2) the period of occu- 
pation, during which there were varying degrees of 
activity and varying degrees of air -infection; and 
(3) the period after occupation, during which air 
infection began to diminish. In each of these 
periods air samples were taken at intervals" For 
the majority of the observations the medium used 
was blood agar, incorporating crystal violet in a 
concentration of 1 in 1,000,000. Some observations 
were made using ordinary blood -agar plates in 
order to ascertain the numbers in the air of all the 
bacteria (i.e. " all organisms ") which could be 
cultivated on this more generally favourable medium. 
The plates were incubated aerobically at 37° C. for 
about twenty -four hours and the colonies were then 
counted with the aid of a plate microscope. On 
the plates relating to each air sample counts were 
made of: (1) all colonies present (2) the 13-haemo- 
lytic colonies resembling streptococci, and (3) the 
e- haemolytic colonies resembling streptococci. The 
results were expressed as the number of bacteria - 
carrying particles per cubic foot of air - -- -this corre- 
sponds to the number which would be inhaled during 
three to six minutes. 

A proportion of the ß- haemolytic bacteria was 
filmed, tested for soluble haemolysin production, 
grouped by Lancefield's method, and typed by slide 
agglutination. Almost all the organisms examined 
in this way were found to be 7- haemolytic strepto- 
cocci of Group A and are referred to as Strepto- 
coccus pi'ogeries. Typing by slide agglutination 
suggested that the majority of the ß- haemolytic 
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streptococci were Type I, but the results were not 
entirely satisfactory and this aspect of the investi- 
gation is being continued. All strains recovered 
from various clinical manifestations, such as simple 
tonsillitis, scarlet fever, and otitis media, were of 
low mouse virulence, the average lethal dose being 
900,000 organisms. 

A proportion of the z- haemolytic colonies resem- 
bling streptococci were examined for production of 
green pigment on heated blood agar, morphology 

I 

(chain formation) in broth culture, and for bile 
solubility and inulin fermentation; practically all 
appeared to be Streptococcus viridans (on the basis 
of these differential tests) and all were counted as 
such. On ordinary blood agar there were a rela- 
tively large number of staphylococcal colonies, which 
produced zones of haemolytis of varying types; 
these were distinguished from the streptococci by 

their larger size and opacity. Very few staphylococci 
grew on the crystal -violet blood -agar plates. 
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Bacteriological Observations in a Dormitory 
The dormitory chosen was one of the two used 

by group 2 (Table 2) in the section which suffered 
most heavily during the epidemic. Of the 24 persons 
using the dormitory 6 were in hospital; of the 
remaining 18, one -third were carriers of ß- haemo- 
lytic streptococci. The room was fairly large and 
appeared to be well ventilated. During darkness 
(5.15 p.m. to 7.45 a.m.) some of the windows were 

open behind the black -out curtains and, in fact, the 
presence of a small draught was noticeable in parts 
of the room near the windows. 

The slit sampler was placed in the centre of the 
dormitory and was about 8 ft. (2.4 m.) from the 
foot of the nearest beds. Bacteriological observa- 
tions of the air (75 in all) were made at intervals 
during 24 hours of normal occupation and the 
results are given in Table 3, and Fig. I. 

TAßLE 3 

OBSERVATIONS IN THE DORMITORY 

(1) (2) Time 
No. of 
occu- 
pants 

Circumstances 

Bacteria -carrying particles 
per cubic foot of air 

All 
organisms 

Alpha 
strep. 

Beta 
strep. 

(I) Afternoon period 3.30 to 5.0 with little occupa- 
tion. 

C 6 3.30 3 Door and windows open. 0.3 0.2 
O 4 3.40 3 I> 

8 0.3 0.0 
C 6 3.45 3 >, 

0.0 0.0 
O 3 3.55 3 6 0.4 0.0 

(2) Evening period 5.0 to 9.30 with varying occupa- 
tion. 

C 6 5.20 I Movement, talking, door mainly shut. 0.3 0.0 
O 3 5.30 4 Blackout curtains drawn. 27 22 0.0 
C 6 5.40 9 Changing, talking, coughing. 0.5 0.7 
C 6 6.00 6 Some move, most lounge. 2.7 0.3 
C 6 6.20 5 Most rest or read. 0.7 0.2 
O 3 6.30 2 48 1.6 0.0 
C 6 6.40 2 Quieter. 12 0.2 
C 6 7.00 I More movement and talk. 1.5 0.0 
C 6 7.20 3 1.5 0.0 

O 3 7.30 3 3 dance, rest, sit and talk. 51 3.5 1.7 

C 6 7.40 3 3 , 1.3 0.0 

C 6 8.00 13 --1 Dormitory empties. Disinfection.* 1.0 0.3 
C 6 9.00 4 7 in bed. Rest undressing. 4.2 0.2 
O 3 9.06 6 Most in bed. Much talk. 93 1.7 0.0 
C 6 9.10 8 Bedding shaken near sampler. 4.2 0.5 
C 6 9.20 8 Only 4 not in bed. 3.0 1.0 

O 3 9.30 18 Only 2 not in bed. 143 4.3 0.0 

(3) Night period 9.30 to 6.0, all occupants present 
and in bed. 

C 6 9.40 9 Officer inspects. Silence. 1.0 0.0 
C 6 0.00 9 All in bed. Quiet. Sleep. 0.3 02 
O 3 0.10 9 Quiet. 22 0.3 0.0 
C 6 0.30 9 0.0 0.0 
O 3 0.40 9 Attendant brings in blankets for operator at 11 0.0 0.0 
C 6 1.00 9 10.50. 0.2 0.0 
C 6 1.30 9 Quiet. 0.0 0.0 
O 3 1.40 9 6 0.3 0.0 

C 6 2.00 9 0.5 0.0 

C 12 2.30 9 0.4 0.0 
C 12 1.00 9 Officer visits dormitory for 1 minute. 0.3 0.0 

C 12 1.30 9 Quiet. 0.0 0.0 

O 3 1.45 9 5 0.2 0.0 

C 12 2.00 9 0.1 0.0 

C 12 2.30 9 0.0 0.0 

C 12 3.00 9 0.3 0.0 

C 12 3.30 9 Second operator replaces first. 0.3 0.0 
O 3 3.45 9 Quiet. 7 0.3 0'0 
C 12 4.00 9 0.3 0.0 

C 12 4.30 9 >5 
0-2 0.0 

C 12 5.00 9 0-6 0.0 
C 12 9 0.1 0.0 
0 3 5.45 9 16 12 02 
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TABLE 3- continued 

(i) (2) Time 
No. of 
occu- 
pants 

Circumstances 

Bacteria -carrying particles 
per cubic foot of air 

All 
organisms 

Alpha 
strep. 

Beta 
strep. - - (4) Morning period. 6.0 to 8.30, occupants rising, 

dressing and leaving. 
C 6 6.00 19 All up. Door open. Movement. 3.8 0.2 
C 6 6.15 I0 Coughing and bed- making. Plate spoilt 
C 6 6.30 8 ->4 Shoebrushing and singing. 6.2 0.5 
O 3 6.40 3 Coughing near sampler. 187 4.0 0.7 
C 6 6.45 2 Quieter, changing of pillow- slips. 1.5 0.0 
C 6 7.00 7----1 All away out of dormitory. 0.3 0.0 
C 6 7.15 3 Bedmaking, door closed. 0.5 0.0 
C 6 7.30 4 Bedmaking. 2.7 0.0 
O 3 7.40 4 104 1.5 0.3 
C 6 7.45 4 Sweeper enters and sweeps slowly until 8.15. 0.8 0.0 
C 
C 

6 
! 

8.00 
6 8.15 

- 2 >19 
19 

Sweeping. Movement of entry. Coughing. 
Curtains drawn open. Door open. 

14.2 
1.0 

0.7 
0.0 

(5) Morning period. 8.30 to 10.30, with only a few 

C ' 6 8.30 1 

occupants present. 
Observer alone. 0 3 0 0 

O 3 8.40 3 2 enter, cough, and leave. 5 0.3 0.0 
C 6 8.45 1 Door open. 0.5 0.0 
C 6 9.00 1 0.0 0.0 
C 6 9.30 1 

, 

0.0 0.0 
O 3 9.40 2 5 0.0 0.0 

C 6 10.00 4 Dressing and movement. 0.3 0.0 
C 6 10.30 4 0.7 0.0 

(6) Mid -day period. 10.30 to 2.0, increasing to 
All occupation. 

O 3 0.40 7 Clothes -brushing. Movement. 44 0.7 0.7 
C 6 1.00 5 Ditto, and more coughing. 0.3 0.0 
C 6 1.30 5 Card -playing. 0.7 0.0 
O 3 1.40 5 5 0.0 0.3 
C 6 2.00 1 Operator alone. 0.2 0.0 
C 6 2.30 1 -: -10 Movement. 1.2 0.0 
O 3 2.36 15 Standing, talking, coughing. 21 0.8 0.0 
C 6 2.40 20 Movement and talking. 0.0 0.2 
O 3 2.46 20 19 0.7 0.0 
C 6 2.50 20 1.0 0.0 
O 3 1.45 20 Lounging and talking. 77 22 0.3 
C 6 2.00 20 1.5 0.0 

* Disinfection = orderly gave about 30 puffs of Dettol into the air from a " fit " gun. 
(1) C= crystal-violet blood -agar plate. O= ordinary blood -agar plate. 
(2)= Number of cubic feet of air sampled. 

It will be seen that this experiment was divided 
into six periods: 

(I) From 3.30 to 5.0 p.m., the dormitory was un- 
occupied except for the operators. The amount of air - 
infection was small; the average numbers of bacteria - 
carrying particles per cubic foot of air being: Str. 
pyogenes 0.05, Str. viridans 0.25, and " all organisms " 7. 

(2) From 5.0 to 9.30 p.m. there was irregular occupa- 
tion with variable activity, the youths coming in, going 
out, walking about, lounging, chatting, reading, etc. 
There were about twelve youths present at any one time. 
The amount of air- infection was considerably greater, 
on an average per cubic foot of air: Str. pyogenes 0.3, 
Str. viridans 2.1, and " all organisms " 72. 

(3) From 9.30 p.m. to 6.0 a.m. the 18 occupants were 
asleep in bed; the operator was seated quietly at about 
6 feet (1.8 m.) from the sampler. The amount of air - 
infection was again small being on an average per cubic 

foot of air: Sir. pyogenes 0.02, Str. viridans 0.30, and 
" all organisms " 1 1. 

(4) From 6.0 to 8.30 a.m. there was considerable 
activity, the youths leaving their beds, dressing, leaving 
and re- entering the dormitory, bedmaking and brushing 
their clothes; the floor was gently swept during this 
period. The amount of air- infection was again con- 
siderably increased, being on an average per cubic foot 
of air: Str. pyogenes 0.22, Sir. viridans 3.3, and " all 
organisms " 145. 

(5) From 8.30 to 10.0 a.m. the dormitory was un- 
occupied. The amount of air- infection was small, being 
on an average per cubic foot of air: Str. pyogenes 0.00, 
Sir. viridans 025, and " all organisms " 5. 

(6) From 10.0 a.m. to 2.0 p.m. the dormitory was 
occupied irregularly with variable activity. The amount 
of air -infection was again increased, being on an average 
per cubic foot of air: Str. pyogenes. 0.15, Str. viridans 
0.78, and " all organisms " 33. 
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The following points are of major interest. 
(1) The amount of air- infection was very small, 
indeed Str. pyogeaes was almost absent, not only 
when the dormitory was unoccupied but also when 
all the occupants were present but asleep. (2) The 
bacterial content of the air diminished rapidly after 
the cessation of occupation or activity, for example, 
Str. viridans was present in relatively large numbers 
immediately before retirement (9.30 p.m.), but 
within twenty minutes after retirement most had 
disappeared. A similar rapid clearance of the con- 
siderable air -infection at 6.40 and 8.0 a.m. in the 
morning, was also observed. (3) The actual 
numbers of organisms found in the air at different 
times is of interest, especially the numbers of Str. 
progenes, which formed only a small proportion, 
less than 0 5 °.,Ç, of all the organisms which could be 
cultivated on ordinary blood agar. (4) The num- 
ber of bacteria -carrying particles present in the air 
appeared to vary directly with the number of occu- 
pants and the amount of their activity. This corre- 
lation was most complete in the case of Sir. viridans, 
but it appeared that the total number of airborne 
bacteria and the number of Str. pl'ogenes varied in 

the same way. 

Bacteriological Observations in the Cinema 

The entertainment hall, in w rich the cinema per- 
formances were given, was a la ge lofty room 90 ft. 

12.0 

1.0 

0.8 

0.6 

04 

0Z 

300 
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o 

r 

50 ft. >.: 15 ft, (27 m., 15 m. 4.5 m.). Alt 
the windows were shut and draped with black -out 
curtains, and, although the two doors were opened 
intermittently, the air became somewhat oppressive 
with the temperature rising 6' F. in about an hour. 
About 300 youths were present. They sat on 
benches arranged on either side of a central passage 
about 12 ft. (3.6 m.) wide, which was kept clear. 

The air sampler was placed in the central passage, 
and was partially screened to prevent droplets from 
the nearest members of the audience falling directly 
into, or close to, the sampler. Observations (40 in 
number) were made and these are illustrated in 
Fig. 2; owing to the present restriction 
on paper, the tables showing detailed results are 
not included for this and subsequent experiments. 

This experiment may conveniently be divided into 
three periods: 

(1) From 6.30 to 8.0 p.m. the hall was unoccupied 
except for from two to six persons. The numbers of 
bacteria -carrying particles per cubic foot of air were 
small, averaging: Str. pyogene 0.02, Stn. viridans 0.27, 
" all organisms " 10. 

(2) From 8.0 to 11.0 p.m. the hall was occupied. 
Half an hour elapsed before all 300 occupants were 
present. During this time there was a progressive 
increase in the amount of air- infection, a peak value 
(Str. piogenes 0.7, Str. viridans 5.8 per cubic foot) being 
reached by 8.30 p.m. During occupation the bacterial 
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2.- Bacteriological observations in the cinema. 
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content of the air varied irregularly; for the period the 

average numbers of bacteria -carrying particles per cubic 
foot of air were: Str. pyogenes 0.33, Str. viridans 3.5, 

" all organisms " 62. At 10.45 p.m. the occupants 
started to leave the hall, benches were moved, and the 
floor was swept; this disturbance presumably caused the 
high peak value recorded for Str. viridans at 10.53 p.m. 
This large amount of air -infection was rapidly cleared, 
there being a 90% reduction within the following twenty 
minutes. 

(3) From 11.0 to 12.0 p.m. the hall was unoccupied 
except for the operator; the numbers of bacteria- carrying 
particles per cubic foot of air were small: Str, pyogenes 
0.0, Str. viridans 1.5, " all organisms " 26. 

The viridans content of the air varied irregularly 
during occupation of the hall and no appreciable 
progressive increase during continued occupation 
was observed. The particularly high viridans 
counts recorded at the beginning and end of the 
experiment, and at one interval during the per- 
formance, corresponded with the increased activity 
which prevailed at these times. It appeared, there- 
fore, that the amount of air -infection was deter- 

mined by the degree of activity of the occupants 
rather than by the number of occupants. 

Small and irregular numbers of Str. pyogenes 
were found, the counts being comparable with those 
recorded for the experiment in the dormitory. This 
is of interest in view of the fact that the cinema hall 
was relatively (5 times) more crowded than the 
dormitory. 

Bacteriological Observations in the Schoolroom 

The schoolroom was spacious, being 100 ft. x 
25 ft. x 12 ft. (30 m. x 7.5 m. x 36 m.). There 
were nine windows, all of which were closed and 
draped, and three doors, only two of which were 
used. The floor was made of dull polished wood 
and had been mopped three hours previous to the 
start of the experiment. The pupils (52 in number) 
were seated on benches distributed throughout the 
room; they made up three classes, each of which 
was in charge of a master who walked about and 
talked freely. There was little talking by the 
pupils; coughing was negligible and only one or 
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Fia. 4.- Bacteriological observations in the recreation room. 

two sneezes occurred, these being far away from the 
slit sampler. A central position was chosen for the 
slit sampler, which was partially screened from the 
pupils in its immediate vicinity. Observations 
were Made throughout the experiment and the 
results are shown in Fig. 3. 

Before the room was occupied by the pupils (5.30 to 
5.40 p.ni.) the numbers of bacteria- carrying particles per 
cubic foot of air were small (Str. progenes 0.0 and Str. 
viridans 0.1. Within a few minutes of the pupils entering, 
the air -infection became greatly increased in amount. 
During occupation (5.40 to 7.40 p.m.) the average 
numbers of bacteria- carrying particles per cubic foot of 
air were: Str. pyoge1u:s 0.63, Str. viridans 0.87, and " all 
organisms " 26. The large numbers of Str. viridans 
(5.7 particles per cubic foot) present in the air at the end 
of occupation might have been due to: (I) the increased 
restlessness and talking of the pupils; (2) the talking 
near the sampler by the master; or (3) the disturbance 
due to the pupils starting to leave the classroom (this 
occurred only during the last six minutes of occupation). 

The relatively large numbers of Sir. progenes also 
found towards the end of occupation may be similarly 
explained. After the end of occupation there was a 
rapid reduction (about 90''';, in twenty minutes) in the 
numbers of airborne Str. viridans. It should be noted, 
however, that the amount of air -infection after occupa- 
tion remained for an appreciable time as great as the 
average amount of air -infection during occupation; 
during the first twenty -five minutes after occupation, the 
numbers of bacteria -carrying particles per cubic foot 
were Str. viridans 1-5 and Str. pyogenes 0.65; during 

the second twenty -five minutes after occupation, the 
numbers were Str. viridans 0.50 and Str. progenes 0.45. 

Relatively larger numbers of particles carrying 
Str. progenes, and relatively smaller numbers of 
particles carrying Str. viridans, were present in the 
air of the schoolroom than in the air of the dormi- 
tory or cinema hall. 

Bacteriological Observations in the Recreation 
Room 

In size, the room was 90 ft. x 30 ft. x 12 ft, 
(27 n. x 9 m. x 3.6 m.). The floor was covered 
with linoleum, the windows were shut, and of the 
two doors one was opened intermittently. Four 
fan- ventilators set in the roof were moving slowly. 
During the two hours before the experiment the 
room was unoccupied. The air sampler was placed 
to one side of the room -about 8 ft. (2.4 m.) from 
the wall -and not quite half -way down the room 
from the door of entry at one end. The sampler 
was partially screened as in previous experiments. 
The results of the observations are shown in Fig. 4. 

Before the room was occupied, the numbers of bacteria - 
carrying particles per cubic foot of air were small: Str. 
progenes 0 0, Str. viridans 0.25, and " all organisms " 7. 
During three and a half hours of occupation the number 
of occupants present varied between 40 and 150. They 
spent the time in playing cards, reading, talking, and 
lounging; a few of the more active occupants danced 
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and played games such as table tennis, etc. The atmo- 
sphere quickly became oppressive. The average num- 
bers of bacteria -carrying particles per cubic foot of air 
were: Sir. pyogenes 0-38, Str. viridans I.80, and all 

organisms " 65. 

The bacterial content of the air was then not 
significantly greater than that of the air of the 
premises previously investigated, in which the air 
had seemed to be relatively fresh. The strepto- 
coccal (cc and ß) content of the air during the period 
of observation (32 hours), varied within rather 
narrow limits, except for the higher counts recorded 
at times when there was much entering or leaving. 

Discussion 

In order to facilitate discussion of the observations 
made in the dormitory, cinema hall, school and 
recreation rooms, some of the more important 
results are summarized below, where the average 
numbers of bacteria -carrying particles per cubic foot 
of air, for the periods before and during occupation, 
are shown.* 

Dormi- 
tory 

Cinema 
Hall 

School 
Room 

Recrea- 
Room 

Str. pyogenes (per cu. ft.) 
Before occupation 0-05 0.02 0-00 0-00 
During occupation 022 0.33 0.63 038 

Str. viridans (per cu. ft.) 
Before occupation 025 027 0.10 025 
During occupation .. 1.91 3.50 0.87 1-80 

All organisms (per cu. ft.) 
Before occupation .. 7 10 7 
During occupation .. i 74 62 26 65 

Degree of crowding during 
occupation * 

(a) Average number of 
occupants 

(b) Average number of 
occupants per 1000 cu. 
ft. .. .. .. 

12 

0 

300 

3-8 

57 

1.9 

75 

2-3 

Degree of activity .. .. Great Moderate Little Moderate 

Predominant type of activity Ambu- Seden- Seden- Ambu- 
latory tary tary latory 

* Data for " occupation " relate only to wakeful occupation. 

The magnitudes of the bacterial content of the 
air in the various premises, under very different 
conditions of occupation are of considerable interest, 
especially in the case of Str. pyogenes. Particles 
carrying Str. pyogenes were found in the air of each 
of the four rooms examined during the period of 
their occupation by the members of the establish- 
ment; the number of these infected particles per 
cubic foot of air varied, in different air -samples, 
from 0 to an upper limit of 1.7, 1.0, 1.5. and 1.0, 
respectively, in the four rooms; the average num- 
bers per cubic foot of air were 0.22, 0.33, 0.63, and 
0.38. From these figures, it will be seen that during 
occupation of such premises, a member of the 
establishment would be exposed, on an average, to 
a degree of air -infection of the order of 0.4 Str. 
pyogenes- carrying particles per cubic foot of air; 
this would mean that about six infected particles 
would be inhaled every hour. The amount of air - 
infection was much smaller when the rooms were 
unoccupied (except for the operators) and, in the 

case of the dormitory, when the occupants were 
asleep. Of all the bacteria- carrying particles re- 
covered from the air, those carrying Str. pyogenes 
formed only a small proportion (usually less than 

) 
From the average findings tabulated above for 

Str. pyogenes, for Str. viridans, and for " all 
organisms," it will be seen that the amount of air - 
infection was much greater during occupation than 
before occupation. Further evidence of the de- 
pendence of air -infection upon the extent of occu- 
pation is seen in the case of the cinema hall, where 
the degree of crowding was greater than in arty of 
the other rooms and the numbers of Str. viridans 
present in the air were larger. However, the degree 
of air -infection could not be correlated directly with 
the degree of crowding. For instance, the greatest 
air -infection with Sir. pyogenes occurred in the 
school, the second least crowded of the four rooms; 
the greatest air -infection by " all organisms " was 
found in the dormitory, which was the least 
crowded; the Str. viridans concentration in the air 
of the dormitory was more than twice that of the 
air of the schoolroom, although the dormitory was 
only half as crowded. Furthermore, at night, when 
the dormitory was fully occupied, but when the 
occupants were in bed and asleep, the air- infection 
was minimal. 

There appeared, on the other hand, to be a fairly 
close between the amount of air- 
tion and the total amount of activity, such as walk- 
ing, dressing, and other body movements. This 
correlation was most complete in the case of Sn-. 
viridans and of " all organisms "; the number of 
airborne particles carrying Str. pyogenes varied 
irregularly, but, as the numbers of these particles 
were very small, close correlation could not be 
expected. The amount of activity could not, of 
course, be measured and was assessed as far as 
possible by visual impression. The amount of 
activity which was maintained on an average over 
the periods of occupation was greatest in the dormi- 
tory (wakeful occupation only) and least in the 
schoolroom; correspondingly, the degree of air - 
infection with Str. viridans and " all organisms " 
was highest in the dormitory and lowest -in the 
schoolroom. Maximal activity occurred at the 
beginning and at the end of the periods of occupa- 
tion, when many persons were moving about 
(entering or leaving the room) and when there was 
often movement of benches and sweeping of the 
floor; at these times, maximum amounts of air - 
infection were usually recorded. Mention has 
already been made of the very low degree of air - 
infection found in the dormitory at night, when, 
although all occupants were present, there was 
practically no activity or movement. 

It appears then that while the magnitude of air - 
infection in occupied premises depended to some 
extent upon the degree of crowding, it depended to 
a greater extent upon the amount of activity of the 
occupants. This suggests that a greater part of the 
air- infection was produced by liberation into the 
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air, by the activities of the occupants, of infected 
dust particles from clothing, floors, and furnishings, 
than by direct introduction of respiratory droplet - 
nuclei into the air. This conclusion is in accordance 
with the results obtained in a number of studies 
published in recent years. Several investigators 
have reported that Str. pyogenes are often present 
in large numbers on the clothing and bedclothes of 
infected persons, and in the dust of the floor and 
furnishings of the rooms occupied by these persons; 
moreover, some investigators have found that, in 
infected hospital wards, such activities as bed - 
making, sweeping, the toilet of the patients, and the 
serving of meals, regularly brought about a very 
great increase in the number of airborne Str. 
pyogenes (White, 1936: Brown and Allison, 1937; 
van den Ende, Lush and Edward, 1940; Cruick- 
shank, 1941; Hare, 1941 ; Thomas and van den 
Ende, 1941; Wright, Cruickshank and Gunn, 1944; 
Hamburger, Puck, Hamburger, and Johnson, 1944; 
and Hamburger, Green, and Hamburger, 1945). 
Similar dependence of the magnitude of aerial 
infection upon the amount of activity likely to stir 
up dust has also been found in the case of counts of 
the total serial flora of occupied premises (Torrey 
and Lake, 1941; Challinor, 1943; Challinor and 
Duguid, 1944). Owing to the relationship between 
acute rheumatism and haemolytic streptococcal 
infection, control of the spread of the latter disease 
may well be expected to reduce the relapse rate in 
hospitals used for acute rheumatism. Coburn 
(1939) has utilized this procedure successfully. On 
the other hand, Wheeler and Jones (1942) while 
effecting a reduction in bacteria content of the air 
of one ward were not rewarded with any lowering 
in the incidence of throat carriers or in relapse rate. 
The evidence on this point is equivocal. In the 
present instance it must be stressed that the popu- 
lation at risk were normal youths, and the outbreak 
was not followed by a wave of acute rheumatism. 

Summary 
1. Observations were carried out with a slit 

sampler on the bacterial content of the air in various 
occupied premises of a residential training estab- 
lishment during an epidemic of haemolytic strepto- 
coccal throat infections. 

2. The average amounts of air- infection with Str. 
pyogenes in a dormitory, in a cinema hall, in a 

schoolroom, and in a recreation room were, respec- 

tively, 0.22, 0.33, 0.63, and 0.38 infected particles 
per cubic foot of air, when these premises were 
occupied to the extent of 0.8, 3.8, 1.9, and 2.3 occu- 
pants per 1,000 cu. ft. of room space. Str. pyogenes 
formed only a small proportion, usually less than 
0.5,;, of the airborne bacteria. 

3. The amount of air- infection with Str. pyogenes, 
with Sr,. I'iridan.s, and with " all organisms," was 
appreciable only during periods when the premises 
were occupied; after vacation of the premises this 
air -infection diminished within a short time (a 
quarter to half an hour) to a very low level; such 
a low level was also found in the periods prior to 
occupation and, in the case of the dormitory, at 
night when the occupants were asleep. 

(4) Air -infection depended largely upon occu- 
pation, but the amount of air -infection could not 
be correlated directly with the degree of crowding; 
closer correlation was found between the amount 
of air -infection and the amount of activity of the 
occupants. Presumably the air -infection was pro- 
duced by liberation into the air of infected dust 
particles, this being brought about by the activity 
of the occupants. 

We wish to acknowledge our indebtedness to Vice - 
Admiral Sir Sheldon F. Dudley, Medical Director 
General, for permission to publish this report, and to 
Professor T. J. Mackie for his advice and provision of 
laboratory facilities. 
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PART II 

Observations recorded here were made in order 
to investigate more fully the mechanisms whereby 
infection is introduced into the air from the noses 
and throats of infected persons. The mechanisms 
considered were: (I) Direct introduction into the 
air of infected droplet- nuclei, during sneezing, 
coughing, and speaking; and (2) liberation into 
the air of infected dust -particles, either from the 
floors and furnishings of rooms, or from bedding, 

E 

towels, handkerchiefs, and clothes, after these 
articles have been soiled by nasal secretion, sputum, 
or droplet -spray. Separate experiments were car- 
ried out, in each of which one of these modes of air - 
infection was artificially exaggerated, while the 
others were minimized as much as possible. Ob- 
servations of the air- infection were made with the 
slit sampler (Bourdillon, Lidwell, and Thomas, 1941) 
as previously described. 
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Air -Infection with Respiratory Droplet -nuclei 

Observations were made of the bacterial content 
of the air in the immediate vicinity of four " throat 
carriers " of ß- haemolytic streptococci, who, while 
playing a game of cards, talked, laughed, and 
coughed frequently and vigorously. The game was 
played in the middle of the dormitory already 
described. This dormitory had been unoccupied 
for ninety minutes preceding the experiment. 
During the experiment, only the four " carriers 
and the operator were present. The " carriers 
were grouped about the air sampler, being respec- 
tively 1 -, 2, 4, and 4 ft. (45, 60, 120, and 120 cm.) 
from it, and facing either half or fully towards it. 
To minimize " dust -raising " movement was re- 
stricted to the requirements of the game. 

Air samples (each of 12 cu. ft.) were taken before 
the " carriers " entered, then at intervals throughout 
the game (which lasted 1 hour 40 minutes) and 
finally after the " carriers " had left. The findings 
are shown below. 

Numbers of Bacteria- carrying Particles per Cubic 
Foot of Air 

Time of 
Operation Circumstances Beta 

Strep. 
Alpha 
Strep. 

1.50 -56 p.m. Operator alone in dormitory .. 0-0 0.2 
2.20 -32 .. 0.0 0.0 

2.35 -47 .. ,. ,. .. 0-1 0.0 

2.53 -05 Four " carriers " now present, 0 -0 0.6 
3.07 -19 playing cards quietly with an 0-0 0.0 
3.21 -33 occasional cough. 0.8 0.3 

3.36 -48 Playing noisily, with much loud 0-0 0.2 
3.50 -02 , talking, laughter, singing and 

coughing. 
011 0.3 

4.04 -16 Playing quietly with little talking 0-0 0-2 
4.18 -30 and infrequent coughing. 4.7 0.0 

4.32-44 Only the operator now present in 0.1 0-4 
4.45 -57 dormitory. 0.3 0.0 
5.00 -12 0-0 0-0 

During the control periods before and after the 
game few ß streptococci were present in the air. 
During the game greater numbers of ß streptococci 
were found in only 2 out of the 7 air samples taken. 
As both these samples were taken at times not 
corresponding to the period of the maximum 
talking and coughing, some mechanism other than 
the expulsion of droplet -spray may well have been 
responsible for this increase in the air -infection. In 
any case, the amount of air- infection found in the 
immediate vicinity of much vigorous talking, 
laughing, and coughing by four infected persons 
was very small; in fact, little greater than that 
found in the air at large of the institution buildings 
during their occupation (0.2 to 0.6 infected particles 
per cubic foot of air). 

Air -Infection with Dust front the Floor and Bedding 

Observations of the bacterial content of the air 
were made during sweeping and the shaking of 
bedclothes, in a dormitory usually occupied by 18 

persons, 6 of whom were " throat carriers " of 
ß streptococci. The dormitory had not been swept 
for thirty hours before the experiment. 

Six youths (not carriers of ß- haemolytic strepto- 
cocci) were employed to raise the dust. These, as 
also the two operators, were masked to prevent the 
expulsion of droplet -spray. Dust was raised in 
three different ways: (1) the youths marched re- 
peatedly up and down the dormitory; (2) they 
swept the floor very vigorously, especially near the 
sampler; and (3) they shook, close to the sampler, 
various blankets, towels, and pillows belonging to 
the usual occupants of the dormitory. Observa- 
tions were made during the period of each dust 
raising, and also during the periods before and after. 
The findings are shown below as numbers of 

Time of 
observation Circumstances Beta 

strep. 
Alpha 
strep. 

" All 
organisms' 

Air 
dust 

1.55 -01 p.m. Only the 2 operators present in the dormitory. 0.0 0.0 
2.04 -10 0.0 0.2 1 

2.17 -23 0.0 0.0 l 

2.29 -35 6 youths marching continually up and down the dormi- 0.2 0-8 1 

2.36 -42 tory. 0.0 1.0 1 

2.50 -56 Youths resting at far end of dormitory. 0.0 0.0 

3.00 -06 Youths sweeping floor vigorously. 4.8 *150 100 
3.08 -14 55 5.0 *250 100 
3.16 -17t ,, c2,000 

3.25 -31 Youths resting at far end of dormitory. 0.0 6.6 10 
3.35 -361 0.0 3.5 E65 IO 

3.40 -46 Youths shaking various blankets, pillows, and towels. 7.5 *120 100 
3.48 -49 c2,000 100 

3.52 -58 Several pillows beaten, one at a time, 3 ft. (0.9 m.) from 
sampler. 

1.8 17 100 

4.02 -05 Only 2 operators left in dormitory. 0.7 I.0 i..--130 10 

* The three highest values for alpha streptococci were estimated approximately, a part only of each plate being counted. 
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bacteria- carrying particles per cubic foot of air. 
The " dust readings " were roughly estimated from 
the number of dust particles observed on the surface 
of the culture plates with a plate microscope. They 
had no absolute significance, but indicate roughly 
the relative dust contents of the air at different times. 

The results show that in the control period before 
" dust -raising," ß streptococci were not found in 
the air. Only a little infected dust was liberated 
into the air from the floor by the youths marching 
up and down the dormitory. Heavy air -infection 
with ß streptococci and other bacteria was, how- 
ever, produced both as a result of vigorous sweeping 
of the floor and as a result of the shaking of blankets, 
pillows, and towels. The amount of air -infection 
was again greatly reduced within ten to fifteen 
minutes- after the cessation of dust raising. The 
ail- content of visible dust particles appeared to 
parallel the amount of air -infection. 

Air -Infection with Dust from Clothing, Towels, 
and Handkerchiefs 

Observations were made of the bacterial content 
of the air of a small room -14 ft. `. 14 ft. x 10 ft. 
(4.2 n3. '> 4.2 m. m 3 in.) during the shaking of 
their jackets, towels, and handkerchiefs, by four 
" throat carriers of ß streptococci. The room 
had, on the previous day, been emptied of furniture 
and hangings, and had been treated thoroughly 
with formalin. After the floor had been scrubbed 
with dettol, the room was left unoccupied until the 
time of the experiment. Because of these pre- 
cautions, the production of air- infection by the 
raising of " room dust " was rendered highly im- 
probable. To prevent the expulsion of droplet - 
spray, the four " carriers " and the two operators 
were efficiently masked while present in the room 
during the experiment. " Dust raising " was 
effected as follows: (1) the carriers marched con- 
tinually round the room, thus agitating their 
clothing gently ; and (2) the carriers shook, in 
succession, their jackets, towels and handkerchiefs 
towards the centre of the room, where the air 
sampler was placed. 

Air samples, each of 6 cu. ft., were taken before, 
during and after the " dust- raising." The findings 
are shown below as numbers of bacteria- carrying 
particles per cubic foot of air. 

Time of 
Observation Circumstances Beta 

strop. 
Air 

Dust 

5.26 -32 p.m. Only the 2 operators present. 0.3 1 

5.33 -39 0.5 1 

5.40 -46 The 4 carriers enter and march 
continuously round the sam- 
pler. 

1-S I 

5.50 --56 The carriers shake towels, jackets, '150 100 
6.00 -06 and handkerchiefs. *200 100 

6.064 -124 Only the 2 operators present. *250 25 
6.13 -19 *150 10 
6.20 -25 100 5 

* These high figures for beta streptococci were del ived tint t colony 
counts which we -e only approximate as the zones of haemolysis were, 
in places, confluent. 

Few ß streptococci were present in the air before 
the " carriers " entered. A small number were 
introduced into the air while the" carriers " marched 
round the room. Extremely large numbers of le 

streptococci were found in the air during the shaking 
of jackets, towels and handkerchiefs. After this 
" dust raising," a high degree of air - infection per- 
sisted for at least twenty minutes. 

Discussion 
In a critical review, Bedford (1943) has stated 

" there may be various opinions as to whether 
direct droplet- infection or airborne infection is the 
more important mode of transmission of respiratory 
disease, but there seems to be no real knowledge as 
to their relative importance." The demonstration 
by Wells (1934 and 1935), by Jennison (1942), and 
by Bourdillon, Lidwell, and Lovelock (1942) that 
large numbers of droplets, which are small enough 
to remain airborne as droplet -nuclei, may be ex- 
pelled in sneezing, coughing, and speaking, sug- 
gested that air- infection of considerable magnitude 
may be produced directly by droplet- spray. On 
the other hand, Bloomfield and Felty (1924) and 
Hare (1940) found that, in the case of haemolytic 
streptococcal throat infections, only a small pro- 
portion of the droplets expelled in speaking, 
coughing, and sneezing, contained any of the patho- 
genic organisms. Hare, moreover, found that such 
haemolytic streptococci as were expelled were con- 
fined to the large droplets, and that none were 
present in the small droplets which remained air- 
borne as droplet -nuclei. He suggested that air - 
infection was produced by the liberation into the 
air of infected dust particles from objects which had 
been soiled with the large infected droplets. 

The importance of infected dust in the spread of 
infection has been emphasized by the findings of 
many investigators; Str. pyogerres have been found 
in very large numbers on the clothing and bed- 
clothes of infected persons, and in the dust of the 
floor and furnishings of the rooms occupied by 
these persons; great increases in the number of 
Str. piogenes in the air of wards occupied by in- 
fected persons have been found to occur during 
bed- making, sweeping, the toilet of patients, and 
the serving of meals (White, 1936; Brown and 
Allison, 1937; van den Ende, Lush and Edward, 
1940; Thomas and van den Ende, 1941; Cruick- 
shank, 1941; Hare, 1941; Wright, Cruickshank 
and Gunn, 1944; Hamburger, Puck, Hamburger, 
and Johnson, 1944 and 1945). 

The demonstration that such air- infection is 
greatly reduced by dust -suppressive measures, such 
as the oiling of floors and bedding, has furnished 
further proof of the important part played by " dust - 
raising " in the production of air- infection (van den 
Ende, Lush and Edward, 1940; Andrewes, 1940; 
Thomas and van den Ende, 1941; Thomas, 1941). 
Feasby and Bynoe (1944), in circumstances similar 
to those recorded in the present investigation, were 
able to show that dust control, as apart from over- 
crowding, was a factor which materially influenced 
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the infection rate. Wright, Cruickshank and Gunn 
(1944) have also found dust -suppressive measures 
to reduce the incidence of streptococcal cross - 
infections in hospital wards. 

The findings obtained in the present investigation 
accord with the view that air -infection with Str. 
pyogenes is produced mainly by the liberation into 
the air of infected dust from the clothing, towels, 
handkerchiefs, bedclothes, and environmental fur- 
nishings of infected persons,. and that direct intro- 
duction into the air of infected droplet- nuclei does 
not occur to any great extent. 

Summary 
Observations were made of the amount of air - 

infection with Str. pyogenes (1) in the immediate 
vicinity of four " throat carriers " who, while 
playing a game of cards, were talking, laughing, 
and coughing frequently and vigorously; (2) in a 
dormitory which was normally occupied by " throat 
carriers " (but not at the time of observation), 
during sweeping and the shaking of bedclothes, and 
(3) in a room where the jackets, towels, and hand- 
kerchiefs of four " throat carriers " were vigorously 
shaken. 

The amount of air -infection was small in the first 

case (on an average 0.8 Str. pyogeoes- carrying 
particles per cubic foot of air), considerable in the 
second case (on an average about 5 Str. pyogenes- 
carrying particles per cubic foot of air), and very 
great in the third case (on an average, about 200 Str. 
pyogenes-carrying particles per cubic foot of air). 

We wish to acknowledge our indebtedness to Vice - 
Admiral Sir Sheldon F. Dudley, Medical Director 
General, for permission to publish this report. 
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