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SECTION I. 

The significance of tte skin glands and their secre- 
tions in the practice of aseptic surgery. 



Since the days when Listerism was first inaugurated 

the importance of the disinfection of the skin both of 

operator and of patient has always been prominent, and of 

all the problems involved in the practice of antisepsis 

this has proved the most troublesome of solution. It 

cannot in fact be said to be yet settled, if by disinfect- 

ion of the skin is to be understood a production of a 

condition of absolute sterility in the bacteriologists' 

sense of the word. That a degree of sterility which 

allows of the primary union of the operation wound may be 

attained is of course a matter of every day experience 

, but the fact that,whatever method of disinfection be 

chosen, it is impossible for the surgeon to predict with 

certainty that he cannot infect the wound with his hands, 

is a state of affairs which it has been the attempt of 

innumerable workers to remedy. Nevertheless even in the 

many years that have now passed since antiseptic methods 

have been studied and carried out, no process of skin dis- 

infection of mechanical or chemical nature, or of both 

combined, has yet been devised which by common consent is 

acknowledged as producing an absolute sterility. Numer- 

ous processes may and do attain to producing an almost 

entire absence of germs as far as can be demonstrated, but 

the bacteriologist may claim that so long as a single 

organism is still to be found in an active state the ideal 

result has not been arrived at. The surgeon may well 

perhaps question whether such an ideal is at all necessary 

or of importance in view of the probably small pathogenic 

activity of such germs as may ordinarily remain. The 

frequent possibility of the infection of the surgeon's 

skin with virulent microbes however is sufficient reason 

for aiming at the bacteriological ideal. 

On consideration of the causes of this paramount 

difficulty in disinfection the reason is not far to seek. 

The skin presents a most irregular surface with countless 
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macroscopic and microscopic crevices and openings. Its 

surface is still further roughened by accidental abrasions¡ 

or by the natural process of the casting off of epithelial 
scales as is constantly taking place, all of which afford 

to the minute microbe a comparatively enormous resting - 

place in which to lie and possibly reproduce itself. 

If the presence of germs were quite superficial a 

thorough disinfection ought not be impossible; the fact 

that they must lie deeply and firmly imbedded in the skin 

however, has long been recognised as the main reason for 

the fallacies of a skin -disinfection. Moreover in recent 

years the belief has gained acceptance that the natural 

openings of the skin, the sweat -glands and hair -follicles 

furnish a ready nidus for the deposit of bacteria which, 

as might be expected, in such a situation are unaffected 

by antiseptics even of penetrating properties. This 

view is generally approved and mentioned by most recent 

writers on the subject, among others von Mickulicz 1), 2), 

Opitz 3), Schumacher 4), Kocher 5), Nagelschmidt 6), 

Döderlein 7), Schleich 8), 9), These authors, many of 

them foremost authorities on hand -disinfection, refer as a 

fact to the impossibility of a complete disinfection of 

the skin on account of the deelply seated position of skin 

germs in the sweat -glands and frequent mention is made of 

the likelihood of these germs again reaching the surface. 

V. Mickulicz and Kausch 1) for instance in a recent 

textbook state that "the reason for the difficulty of 

sterilising the skia is on account of its containing, is 

the deeper layers of the epidermis and in the efferent 

ducts of the glands, bacteria which appear to be regular 

epiphytes (staph. albus). Disinfectant methods remove 

or kill the germs of at most the superficial layers. 

During the operation the bacteria of the deeper layers sooq 

come to the surface. The skin is consequently in the 

most favourable cases only superficially and temporarily 
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sterile." V. Mickulicz had already in 1897 given full 

expression to this view 2). After remarking that "no one 

will expect a genuine disinfection of the hand through our 

present agencies who knows how deep in the gland ducts ... 

... the regular epiphytes of the skin lie ", he continues, 

"On a hand which as that of the surgeon is so often infectJd 

with virulent bacteria, into whose pores through rubbing 

and pressing manipulations, the germ -containing secretions 

are driven, the bacteria may often for a long time remain 

so fast that they resist the best methods of disinfection. 

Bch a hand may be proved by cultures to be almost germ - 

free on its surface; in the course of a prolonged operat- 

ion through pressing and rubbing, in a manner massaging, 

manipulations the concealed germs are again urged to the 

surface and so can produce an infection ". 

Schleich 8), mentions that Mickulicz and his pupils 

have pointed out how the bacteria which on every skin find 

hiding -places in the glandular apparat.i: cannot be got at. 

Döderlein 6) is even more explicit. He speaks of the 

"sebaceous and sweat glands whose canals give entrance to 

bacteria. They settle dona in these ungetatable spaces, 

probably also increase in the recesses, defy disinfectants 

and in inoculation experiments are carried over to the 

culture medium in greater or less number according to the 

condition of the skin, or else remain behind in the skin 

sooner or later, depending on the external conditions, to 

again reach the surface: it is these skin -parasites which 

are deposited at operations in great number by the uncovered 

hands in the wound where: we can always readily demonstrate 

them ". He considers these skin -parasites however to be 

usually non -pathogenic, while virulent organisms accident- 

ally brought to the skin do not settle down as constant 

parasites. 

I might quote many others giving expression to similar 

opinions. Sarwey and Paul 10), whose work on hand -disin- 
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fection has been one of the most complete and comprehensiv 

accept this view, and say that if, as has been suggested, 

deep seated germs possibly lying in the wrinkles of the 

skin perhaps in the glands and hair -follicles are enabled 

to come to the surface by soaking of the hands, such hands 

cannot be considered sterile. 

There is unfortunately in all these writings but 

scanty reference to the actual authorities for this belief 

and, as a matter of fact, of practical research to demon- 

staate it there has been extremely little. It is howeve 

so plausible a view that it finds ready acceptance and 

would seem to furnish an explanation to many experimentors 

on skin -disinfection of the impossibility of attaining idea4 

results. In so far as actual research is concerned I cant 

quote but two or three writers whose work has dealt special:- 

ly with this particular problem. 

Haegler -ii`), in a very elaborate and painstaking 

monograph on hand -disinfection states that under certain 

circumstances he has found bacteria lying in the hair - 

follicles and sweat -gland- ducts., in sections of skin 

examined with the microscope. I shall refer to this more 

fully later. 

In 1900 Mohaupt -i2) published an account of an 

experimental research, "Zur Frage der Bedeutungader 

Hautdrüsensecretlon auf den Sterilisationseffect bei der 

Hautdesinfection ". I may be excused if I refer to this in 

some detail as it is the most important experimental work 

so far which may be held to demonstrate that, as the result 

of germs lying in the sweat- glands being brought out with 

the stream of perspiration, a skin surface after a thorough 

disinfection apparently sterile can be again infected from 

within, quite apart from any external source of infection. 

Mohaupt carried out four series of experiments. In 

the first a skin surface was shaved,cleaned with soap, hot 

water and brush and finally with aether. The skin was then 
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scraped with a piece of sterilised hard wood and a bouill- 

on tube or Petri -dish inoculated with the cut -off end. 

The skin surface covered with sterilised protective -silk 

was again tested by scraping after a certain number of 

hours. It was found that rarely was the surface proved 

to be sterile, but that, while after the lapse of one hour 

hardly any difference was notice.ati1e in the number of germs 

present, after some 24 hours a very great increase was 

observed. The writer attributed this increase chiefly 

among other possible causes to a growth of the germs under) 

the sterile covering. 

To determine the origin of the microbes a second 

series of experiments was carried out in which the skin 

was made to perspire by means of a steam bath at a temper- 

ature of 60 to 70°C. The hands were first scrubbed with 

soap and hot water for 10 minutes. The process of clean 

íng of the portion of skin chosen consisted in a scrubbing 

with sterile brush and soap and hot water for periods 

varying from 5 to 10 minutes, and immediately after the 

soap was rinsed off a rubbing with pads soaked is aether 

frequently changed during periods of 3 to 5 minutes. 

The skin was then covered as before with a piece of 

protective. Two successive inoculations were made with 

a piece of wood. The silk was then fixed with a bandage 

and the skin made to sweat in the steam bath for from 5 

to 30 minutes. Inoculations were then twice made with 

wood as before and the 4 wood chips covered over in separ- 

ate dishes with liquefied agar. Of 6 experiments 5 were 

on the sole of the foot and 1 on the forearm. Of the 

inoculations made before the sweating 3 showed the presenc 

of microbes, on each respectively 1, 2, and 6 to 8 colonie 

Of the inoculations after the sweating all showed growths 

varying from 1 to 50 colonies. In these experiments a 

maceration of the skin was observed as a result of the 

effect of the steam and perspiration. 

Accordingly a third series of experiments was inaug- 

s- 
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urated, similar in all respects to the second, except that 

hot dry air at a temperature of about 120" C. was employed, 

and the skin was covered with a sterilised wadding compress 

so that the sweat was absorbed at once and the skin remain- 

ed dry. Inoculations were again made with wood.9 exper- 

iments were performed, all on the sole of the foot. The 

washing with water varied from 6 to 12 minutes and with 

aether from 3 to 5 mins. In two cases however alcohol 

was substituted for aether but used in similar fashion for 

5 mins. Of the first inoculations 4 of the experiments 

showed growth of germs (6 plates infected), one "strongly 

infected" and the rest with from 1 to 15 colonies. The 

period of sweating lasted from 10 to 40 mins. Of the 

inoculations after this 4 were sterile (in one experiment 

both plates). The rest had colonies varying in number 

from 2 to 50. In one plate mould only was present. 

The case in which both plates remained sterile after the 

sweating, Mohaupt mentions was just the one ( "accidently 

perhaps ") where the cleansing had been most prolonged. 

He also points out that on the occasions when alcohol was 

used the number of colonies after the sweating was relat- 

ively small. 

Recognising however that it was impossible to exclude 

a certain even if slight degree of maceration of the skin 

by the sweat which would allow of the epidermal scales 

loosened in this way being more readily scraped off with 

the wood, the author performed a fourth series of experi- 

ments. In these the electric incandescent light was 

employed to produce the perspiration, and the exposure to 

it took place in a small mirrored cabinet or under a shade, 

the lamp and hand being surrounded with wetted muslin. 

Control experiments on the air showed only a small number 

or an absence of germs on Petri -dishes. laid out in the 

room for 15 mins. 

The sweat was collected with a platinum loop, in 
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later tests with a piece of gauze. The skin experiment- 

ed on was either the dorsum (11 times) or palm (5 times) 

of the hand. More profuse sweating was found to take 

place on the former, on which the sweat was sufficient to 

soak the gauze. On the palm the sweat only appeared as 

fina bright specks. In 16 experiments aethsr was used 

for the first 7, alcohol for the other. 9. The washing 

was carried out for from 4 to 6 mins. followed by the use 

of aether for 2 to 4 mans. The alcohol, used alone, was 

rubbed on for 4 or 5 mins. In 4 cases a culture of 

Bacillus Prodigiosus was lightly rubbed over the skin sur- 

face before the cleaning with the point of the finger or 

the end of a test tube for 4 mins. In 3 cases the skin 

was moistened before hand and rubbed with the test tube 

without using any bacterial culture. In the majority of 

cases the first inoculation after the sweating was follow- 

ed by another rubbing with aether or alcohol and a repet- 

ition of the sweating for varying periods of time. In the 

most prolonged experiment the sweating was produced 4 

times successively lasting in all for 37 mins., never long -, 

er in any case than 10 mins. at one time. 

35 inoculations before the sweating proved sterile 

and 16 inoculations after the sweating in these cases show- 

ed growths. In 2 cases there were present 9 and 5 

colonies respectively; in the others one or at most two 

colonies. Of the 4 experiments on Bac. Prodigiosus out 

of 12 inoculations following the various periods of sweat- 

ing 3 dishes showed a growth of the specific bacterium. 

In the 5 experiments on the palm of the hand the 

10 inoculations before the periods of sweating were sterile. 

After these periods growth was present in 4 dishes. 

These results of the last three series might well be 

accepted as proving the truth of the already adopted belief 

in the constant presence of germs in the sweat -glands. 

As all of them had been carried out with an artificially 

produced sweating I was curious to know it the force of th 

stream in any way determined the readiness with which the 

germs were washed out and also their numbers, and I resolv 
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ed to test the results with what may be called a normal 

degree of perspiration with a view to more definitely 

judging the practical significance of this for the operat- 

ing surgeon. His hands are without doubt frequently 

moistened with perspiration but the conditions are la no 

way approximate to those involved in the artificial pro- 

duction of sweat by the aid of heat or light. 

The methods adopted in my experiments differ con- 

siderably from those of Mohaupt and were chosen with a v 

to avoiding several obvious possible fallacies. The 

portion of skin made use of was the palm of the hand, chos n 
on account of its conveniently smooth surface, entire 

absence of hair follicles and glands, and because here the 

sweat glands are more numerous than in any other part. 

It is also the source from which possible infection from 

sweat is most likely to arise for the surgeon, as it sweat 

the most freely and so constantly comes in contact with 

instruments, gauze, or in fact anything held in the hand. 

The whole of both hands and wrists were given in 

each case for fully five mins. a preliminary scrubbing 

with soap and cold, or at post tepid, water and nail- brush, 

but during this washing the palm to be experimented on 

was not scrubbed. A space of five mins. was then given 

to scrubbing in similar way the palm alone and its immed- 

iate neighbourhood using all possible energy. The soap 

used was ordinary white household soap containing no added 

antiseptic. In all cases the dishes used for washing, 

the brush and the water itself, etc., were thoroughly 

sterilised. The soap foam was then rinsed off with 

sterile water and an other five mins. were devoted to soak- 

ing and rubbing the palm with gauze swabs in a fresh dish 

containing plain cold sterilised water. The object of 

this last washing was principally to remove as far as 

possible any traces of soap that might still remain and 

possibly interfere with the culture experiments. A 

Petri dish with agar was thereupon inoculated along numerous 
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strokes with a sterilised knife with which the whole palm 

surface was scraped with sufficient force to remove count- 

less epithelial cells. Tha skin surface was wiped care- 

fully to remove any loosened scales still left behind by 

the scraping. A sterilised double fold of muslin, about 

two square inches in size, was then laid on the palm, the 

finger$- covered over with another piece of gauze in several 

folds - were then clasped over the palm and the whole hand 

wrapped round with sterile lint. By this method it may 

be seen the muslin at once soaks up any sweat as soon as 

it is excreted, any maceration is completely avoided and 

the sterile gauze covering over the fingers as far as the 

web in front and behind effectually protects the muslin 

square from contamination by any other part of the skin. 

Provided that the gauze is sterile and the skin surface 

likewise,the only possible infection of the muslin square 

can come from the sweat. All friction 'O rubbing of the 

surface was avoided so that no epithelium could be brought 

away with the gauze as is the case with the wood- scraping 

method. After fixed periods of time varying in each ex- 

periment 5 mins., 10 mins., etc. during which the gauze 

was held in the hand, it was then removed to a Petri dish, 

the palm then carefully wiped clean with a moist swab and 

a fresh piece of muslin clasped on the palm. Liquefied 

agar was finally poured over the gauze squares in the 

various dishes. 

It may be objected that the perspiration thus produc- 

ed was insufficient to give results of value. It was 

found however by previous experiment that with the hand 

clasped and kept warm in this way a ready and quite obvious 

flow of sweat resulted within two or three minutes, and 

this effect could be seen in any of the subsequent obser- 

vations in which the skin of the palm, except where in 

contact, with the gauze was found covered with moisture. 

It may be accepted, I think, that this does not inadequatel 

represent the condition of the surgeon's hands during an 
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Scraping 

from skin. 
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3 cols. 
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F--....... 
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1 col. 
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t- 

2nd. Piece. 
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4 
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!B. subt. 
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i- 
i 
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! 
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! 
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I E S I. 

5th. Piece. 

Sterile 

1 col. 

B. subt. 

- 
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6th. Piece 
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2 cols. 

staph. alb. 
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R 
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t t 
t 1 

----_. .. 

S 

! 

t 
t-- 
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i 

1 

__._____.___._._.__ 

! 
P 

R 

t 

R 

7th. Piece. 

_._._. _.. -_._ _ _._._.__1 

1 col. 

B.subt. 

._..,,. .-.-_.- --.--- --t 

i 8th. Piece. 
R 

, 

1 -_._- 

1 

Sterile 
1 - 

t 

t 
t 
t 

4 

t 

? 

! 

1 

i 
t 

R Periods 
i of sweat- 
! ing each 

5 mins. 

_1 

10 m i n s . 

1 

15 mins. 

r 1 

20 mins. 

r 
30 mins. 

L !. 

Total 
duration 
of exper- 
iment 

52 mine. 

58 mins. 

_I. 

67 mins. 

. 

63 mins. 

62 mine. 

! 

Remarks 
! 

[ 

R Palm of 
left hand 
used in 
all exper- 
iment.. 

All cult- 
ures upon 
Agar. 
Temp. of 

room0g 
}.18 

! 

: 

NOTE : - In these and all succeeding experiments an interval always of at least 48 hours, 

usually several days, was allowed to elapse between each, in order to enable 

the hand skin to resume its normal condition in case that had been distributed 

by the washing processes. 
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operation. 

The results expressed in tabular form are shown on 

a separate page (series I). 

It might well be thought at first sight that these 

experiments confirm to some extent the results obtained 

by Mohaupt. I could not however feel so convinced of 

this, in view of the very great possibility of air infect- 

ion having occured, either during the manipulations or 

previously, of the accessories used in them. The pres- 

ence in the first experiment of the cocci which never re- 

occured in any subsequent one was probably due to a too 

short preliminary disinfection of the various articles. 

Control tests with agar plates which were regularly made 

showed after 5 or 10 minutes exposure to the air a growth 

of anything up to eighteen colonies, and always the 

presence of bacillus subtilis, which it will be noted was 

the microbe present in all infected experiments. It was 

also once found that the simple pouring of sterilised agar 

from its tube into a Petri dish resulted in a growth of 

4 colonies of this bacillus, and gauze taken direct at the 

end of an:cexperiment from the box containing it and flowed 

over with agar showed similar growth. In such an atmos- 

phere of a bacteriological laboratory and with so numerous 

opportunities of accidental infection of the gauze, etc. 

in...the complicated manipulations and having only the rathe 

inadequate assistance of a laboratory servant, I could not 

but have doubts that these bacteria should have originated 

from the skin itself. It is also generally recognised 

that the natural constant tenant of the skin is a staphy- 

lococcus albus (Lauenstein 13). 

It was then decided to carry out a further comparat- 

ive series of experiments, this time with an abnormal pro- 

duction of perspiration. The method employed was in all 

respects similar to that described, but, after the gauze 

had been clasped in the hand, the arm up to the elbow was 

laid in a laboratory "inspissator" an open shallow rectan- 

gular copper jacket, containing water which was kept at a 
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temperature of between 90° and 75, 5° C. The top was 

covered over with a thick piece of felt and the arm was 

packed round with a towel. In this hot air bath the 

forearm within a few minutes was dripping with perspirat- 

ion, the palm however was kept dry as the gauze at once 

soaked up all moisture and no maceration of the skin 

resulted. 

The preparations (washing etc.) were carried out in an 

other room of the, laboratory from that first used. It wits 

determined by control agar plates that the air here was 

distinctly freer of germs. In addition to this the 

experience gained both by the assistant and myself in 

carrying out the mahipulations, and some minor improvements 

in the details, such, for instance, as keeping the muslin 

slips in a separate Petri dish apart from the other gauze, 

all tended to diminish the risk of an air infection. 

The results are again shown in a table (series II). 

As will be seen the only infection present on the 

knife strokes or gauze was in two cases a growth of B. 

Subtilis. This rather tends to indicate the origin of 

the microbe from an outside source, as the possibilities 

of the air infection of the gauze had been considerably 

less in this second row of experiments -_there was not the 

same frequent opening and closing of the gauze--box as was 

inevitable in the former series, every time that the palm 

was wiped, and again when each fresh piece of muslin was 

required. The table however on the other hand fails to 

demonstrate that the sweat, profuse though it was and last- 

ing for from 10 to 30 mins., contained any organisms brought 

from the depth of the sweat -glands, and this though in all 

cases the water used for washing was cold to avoid as far 

as possible any anticipatory perspiration and flushing of 

the glands. 

To more certainly arrive at the truth a third series 

of tests was made in all of which was attempted an artific- 
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ial infection by rubbing in to the skia for a considerable 

time a pure and active culture of a specific bacterium. 

The organism chosen for several reasons was the bacillus 

predigiosus. It is of very prolific growth, its colonie 

and microspie appearances are characteristic allowing of 

ready identification, it grows most actively at a tempecat 

ure of about 21° at which other organisms that might be 

introduced from the air do not grow so well, it is extreme 

ly small and may be accordingly expected to find access to 

gland openings more easily and in greater number than a 

larger bacillus, and what is of importance, its presence 

had never been observed in any of the numerous control 

experiments on the air and on the undisinfected skin. 

An active culture in bouillon was rubbed with all firmness 

for ten minutes into the skin of the palm using either 

the end of a test tube or a finger of the other hand pro- 

tected with a rubber stall. This was done immediately 

before or else at a definite time previous to the cleansín 

The culture was never permitted to dry on the skin any- 

where, and immediately after the rubbing the hand was 

thoroughly rinsed under a cold water tap for about a 

minute. In some instances the skin was previously washed 

with soap, alcolhol or aether, or combinations of these, 

with the idea of removing fatty matter as far as possible 

from the skin which might oppose the entrance of the 

microbes but on each occasion a free douching with cold 

running water followed to remove in turn these various 

agents. 

In all other respects the processes as regards 

cleansing etc. were the same as in series II. The 

results are given in table III. 

These results show that the even prolonged and pro- 

fuse sweating failed to bring out from sweat -glands any 

of the organisms which had been rubbed so thoroughly over 

their orifices, and the question must naturally arise from 

this as to whether any had ever entered the ducts; for 

it is hardly possible to conceive that not a single 
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bacterium which may have found entrance to the gland 

canals should fail to be brought out with the flow of 

perspiration. 

I think it is therefore desirable to review in 

general the evidence on which this belief has been founded, 

to endeavour to arrive at what is the most probable truth 

in the matter. And first of all the experiments of 

Mohaupt are open to several serious fallacies which must 

be considered. These had not struck me so forcibly 

previously to my own experiments, but my own experience 

had shown me more clearly the enormous possibilities of 

error in a work of this mature. His first series of 

tests is avowedly no direct proof of the infectivity of the 

sweat, and we may pass at once to the others. The method 

of testing the sweat used in series II and III ijw eminently 

unsattisfactory as the plates were inoculated with the 

epithelium itself brought away by scraping the skin after, 

as the writer himself says, it had been macerated by the 

sweat. This is an insuperable objection to my mind, 

although a saVisfactory enough proof perhaps of the possib- 

ility of an apparently sterile skia surface becoming infect- 

ed after a time, which is quite a different question how- 

ever. 

The maceration of the epithelial surface was all but 

prevented, the author says, in the third series by the use 

of wadding which absorbed the sweat and kept the skin com- 

paratively dry. But unfortunately it was not the wacidia 

which was tested but a scraping from the skin from which 

the sweat had thus been removed. That the preliminary 

scraping of the skin surface so often proved sterile is a 

result which may well have been affected by the use of 

ether, and(in the latest tests) of alcohol, immediately 

prior to the scraping, and the removal of which is not 

stated to have been done. Deeper lying germs loosened 

by the softening of the skin with the sweat would not be 

so much influenced either by the direct action of the 
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agent , or by .fit's being carried over on to the culture 

medium, diluted as it would also be by the skin moisture. 

But more significant still is the influence of aether 

and alcohol in dryigg and hardening the skin surface which 

interferes with a satisfactory inoculation by means of a 

scraping method, and any one who has studied such experi- 

ments knows that the results of successive inoculationsfrom 

first dry, and then, moistened skin are absolutely differen 

This action of alcohol has already been shown to be a'sourc 

of fallacy in the appatently favourable results in its use 

as a disinfectant (14), and would similarly account for the 

relatively small numbers of colonies following its use to 

which Mohaupt refers, while of course its hardening effect 

would be diminished after sweating had taken place for 

some time. On the other hand if the germs had come from 

the skin pores a larger number should be expected in this 

case as it produces an opening out of their orifices.* 

The experiments in series IV more nearly approached 

a satisfactory test as here the sweat was collected without 

presumably removing any epithelium (a wiping of the surface 

following the wood- scraping is not however mentioned), and 

here there is a very striking difference in the numerical 

results as I have above described. The enormous number 

of colonies seen in the earlier results are absent - 

numerous tests remain sterile. Mohaupt.explains this 

partly by the smaller areas of skin tested, and there con- 

dition being better suited physically for a cleansing pro- 

cess, and further suggests that the greater and more con- 

stant pressure on the sole of the foot in walking more 

frequently introduces organisms here than else where. 

I refer more fully later to this question of the effect of 

pressure. 

In this series there is an other important fallacy, 

namely that the majority of the experiments were made on 

the dorsum of the hand, a surface studded with hair foll- 

icles which afford, theoretically at least, a still larger 

* Haeglßr.; - loc. cit. p.97. 



and better nidus for the deposit of germs. 

It is also to be regretted that the author has not 

stated the nature of growth in the air control tests and 

more fully of those in the cultures from the hands. 

I must make reference here shortly to the experiment 
of Genevet (15) as well. He held one of his fingers 

which had been vigorously mechanically disinfected in a 

suitable vessel with an aperture in the side, and through 

another aperture he poured.bouillon medium into the glass 

leaving it in contact with the finger for one minute. 

The fluid was abstracted and fresh bouillon poured in. 

The hand and the vessel were then introduced into a hot 

chamber with a view to producing a flow of sweat which wou d 

pass into the bouillon. This was continued for 5 minute . 

The two portions of broth were incubated, and in a series 

of some twenty experiments it was found that while the 

first bouillon was sterile the second showed germ -growth. 

To these experiments the best answer is provided by an 

investigation of Haegler's (loc. cit., p.92) in connection 

with alcohol disinfection. He found incidentally that a 

hand after'alcohol treatment, appatently sterile, if bathe 

in sterile serum at the body temperature invariably gave 

off germs in constantly increasing number the longer the 

soaking lasted, and this had already commenced after 5 

minutes had elapsed. The fallacy of Genevet's method 

is obvious then, and, as the cultures were made in bouillo4, 

a single germ was sufficient to produce a positive result, 

and it is hardly surprising that the first portion of 

bouillon which was only in contact with the newly disinfec 

ed finger for one minute - as contrasted with five minutes 

at a considerably higher temperature in the second instancl 

- should prove sterile. The remarks I have made above 

in criticism of Mohaupt's third series apply equally well 

here. 

If I were to sum up the conditions necessary for 

a satisfactory test of the infectivity of the sweat and till 

sweat alone, I would postulate a method which collects the 
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sweat free from any epithelial cells, which is proved on a 

skin surface free from all except sweat glands, a surface 

by preference which affords a criterion for the surgeon, 

which avoids the use of all antiseptics for the cleansing 

process or at any rate removes these again as completely 

as possible; and further that the air infection must be 

ttested in all cases to compare with the germs obtained from 

the hand. As of interest it may be mentioned that the 

only experiments of Mahaupt on the palm of the hand after 

rubbing in B. prod. showed ho growth of this organism. 

But to turn from this to other evidence. So long 

ago as 1875 Eberth (16) and in more recent times Brunner 

(17), v. Eiselsberg 18) and Gärtner 19) had found bacteria 

in sweat. That cocci should be capable of demonstration 

by these authors in the sweat of pyaemic or septicaemic 

patients has little practical significance for the operat- 

ing surgeon. In corresponding way it may be mentioned 

Geisler 20) found typhoid bacilli present in a severe case 

of that disease. As regards normal skin Ziegiegelroth 21 

carried out an experiment demonstrating the increase of 

bacteria on the skin surface after free perspiration. 

His experiments which were widely published at the time in 

the lay press were as follows. A bath of 200 Ltr. water 

was found to contain 240 germs per ctm, i.e. 48 millions 

in the whole, After one person had used it, the germ - 

count showed 80 millions. Another bather, freely per- 

spiring as the result of a hot air bath, entered the water 

for the same period and thereafter the germ count amounted 

to 144 millions. The sweating skin had therefore given 

off double the number of germs given off by the previously 

dry skin. Such a demonstration however is hardly con- 

vincing, but the writer argues from it the desirability of 

a sweat bath for all parts of the body to be operated on 

and also for its prophylactic value in freeing the body 

from microbes. 
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Petruschky 22) found that from smooth skin surfaces* 

cleaned with aether and alcohol and then shaved, the 

epidermal scales removed rarely gave growth on agar, only 

exceptionally a growth of large cocci and never streptococe 

or staph.. pyogenes. Lauenstein 13), examined bacteriologi- 

cally in 147 cases patients' skin in healthy and inflamed, 

undisinfected and disinfected conditions. He found the 

staph. pyog. albus to be the microbe most frequently present. 
I 

He attributes the difficulty of disinfecting the skin to th 

hair fat; the palm and fingers are therefore much easier t 

disinfect. He inclines to the view that the sweat gland 

have little influence on disinfection as he noticed no 

difference in the frequency of microbes in different parts 

of the skin, even though varying so greatly in the number 

lof contained sweat glands. 

Samter 23) at the same time published the result of 

an examination of the skin removed from the site of operati n 

following a disinfection with soap, alcohol, aether, 

carbolic acid and sublimate. Out of these only 20 proved 

sterile. In 12 cases P. prodig. was rubbed in after the 

use of soap alcohol and aether. On 8 occasions cultures 

showed the bacillus. Once nothing was present and in the 

other 6 cocci alone. 

* My foregoing experiments show the possibility of 

a merely mechanical sterilisation of a smooth skin surface 

being achieved. They cannot of course be taken as a 

criterion for a similar sterilisation of the whole hand. 
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Schumacher 4) more recently has published some simil- 

ar investigations. He starts with an already formed 

belief that "ducts of the fat and sweat glands allow the 

entry of microbes and their long duration there. To a 

staphylococcus of 7/t nothing stands in the way of its 

entering into the comparatively wide cavities in the skin 

and wandering into the subcutaneous tissue." Such germs 

are beyond the reach of all disinfectants. He cleaned the 

field of operation in patients with spirit soap for 5 

minutes, then applied a sterile compress for one and a half 

hours, and finally shaved the epidermic scales over an area 

of 5 x 2 cm. The shavings were placed in an agar -tube. 

Then a portion of skin 2ccm. was taken from the incision 

and minced up with a knife in a Petri dish. Control plates 

showed as a rule only a small number of colonies from the 

air, mostly moulds. Out of 30 cases the surface cells 

gave a growth of staph. pyog. albus in 6 cases, the rest 

remaining sterile; the deeper skin examined was only 5 

times sterile, the remainder showed staph. albus 21 times 

and in others staph. aureus and citreus and sarcinae. The 

incisions healed well, 2 out of 22 showing stitch abscesses. 

The author concludes that the cleansing of the skin surface 

loses its importance so long as germs can lie concealed, 

deeply seated and able at any time to be brought to the sur 

face with the stream of out flowing secretion. But while 

these demonstrate the difficulty of a deep disinfection the 

actual situation of bacteria in the skin is still undecided. 

Obviously only a microscopic demonstration is of value. 

Schimmelbusch 24) dealt with this in an important 

research on the cause of furunculi. He found by experimen 

that follículitis might be produced by rubbing a growth of 

staph. pyog. aureus into the skin. Two things were necess 

ary for its production, the presence of casual microbes and 

a process of rubbing. Cocci merely laid on the skin pro- 

duced no result. Microscopically the hair folioles and 

glands showed numerous microbes, the sweat glands never. 

s 
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Mohaupt thinks this is due to their having been washed out 

afterwards as the examination took place 24 hours after the 

inoculation. But similar examinations made by Schimmel - 

busch on freshly amputated skin showed cocci in the hair 

Policies only, nowhere else. He therefore refuted the 

previously accepted view of boils being a sweat gland 

inflammation and held that the alterations of these glands 

as observed by Longard 25) were only of secondary occurenc 

'1asmuth 26) after similar researches came to a like 

conclusion. He believes that the hair glands (though not 

the follicles) and the sweat glands do not afford an 

entrance for germs. 

We now come to the most important work of Haegler II) 

who in 1900 published a most comprehensive and thorough 

work on hand disinfection and cognate questions. Chapter 

II is devoted to a consideration of the localisation of the 

micro- organisms on the hands, and I must review it in some 

detail especially as he is, in the few references of writers 

on this sweat gland question, almost the only authority 

quoted, and, if I may say it, frequently misquoted. 

Haegler attributes the little work done on the subject of 

germ localisation to the great difficulty and tediousness 

of an investigation involving, as it does, a careful exam- 

ination of hundreds of sections. His first hundred sect- 

ions of cleaned and uncleared skin showed only surface 

organisms, passing no deeper than under any raised up or 

loosened epidermic lamellae. As the detection of 

organisms, was found, however to be unsatisfactory, he 

employed Indian ink, whose minute particles are readily sees 

with a microscope, and the preparations were carried out on 

living skin previous to the amputation of various extremit- 

ies. He found that if the ink was painted with a brush on 

the skin, or if ink soaked compresses were kept moist on 

the skin up to 24 hours, the sections showed the particles 

never deeper than the outer epidermic layers, lying in any 

.crevices of the skin but never in glands or follicles. 
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If the ink was rubbed in with the point of the finger for 

2 - 3 minutes, the sections were identical except that the 

epidermis being perhaps slightly roughened by the rubbing 

admitted the ink particles "one cell - layer deeper ". The 

hair follicles also showed particles as far as to about the 

opening of the sebaceous glands; in the sweat glands they 

were found in the first, at furthest, in the second spiral. 

The numbers present were as nothing compared to those 

found in an accidental microscópic injury of the skin. 

Haegler attributes this to the resistente offered by the 

fatty nature of the glandular secretions. With micro- 

organisms similar results were obtained but the penetration 

was rather deeper in the ducts. In one section depicted 

from a working man's hand, the cocci had reached the fourth 

spiral, which the author says was exceptional. Having 

now acquired experience in the technic, Haegler made some 

further examinations - over 500 - of "unprepared" skin. 

In the hair follicles germs, usually cocci, were to be 

found sparingly in numerous preparations but quite super- 

ficially and in the sweat glands they were never found. 

Haegler discusses the question of possible multipli- 

cation of the organisms in the hair follicles. He con- 

siders the fatty secretion an unfavourable medium for their 

growth, but to test it experimentally be examined skin on 

which organisms had been rubbed in as before, 72, 48, and 

24 hours before its removal from the body. In all cases 

the sweat ducts were found to be empty, and in the hair 

follicles the organisms were found to be much more super- 

ficial and more infrequent (often entirely absent) as 

compared with control preparations from same cases (rubbing 

in immediately before the removal). That the organisms 

on the surface of the skin do not grow down into the depths 

he demonstrated by keeping virulant cultures of staph. 

aureus. in contact with the skin for several days, after 
which no inflammation resulted, and also by microscopical 
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examination of sections of skin covered with the whole 

contents of a Petri dish of staphylococcus culture for 24 

hours. In these not once were the germs found to have 

penetrated the peripheral ends of the hair follicles. 

The summing up of these important investigations, 

which I may be allowed to quote as literally as possible, 

Haegler states as follows: "that the germs on our hands 

are present only relatively seldom and sparingly in the 

hair follicles and here only in the peripheral portions; 

that they are normally absent from the sweat glands and 

into all these natural skin openings do not grow but are 

brought there from outside by rubbing; that once there 

they do not under normal circumstances develope but - 

though through the stream of secretion likely - are again 

driven out; that the accidental skin openings, the minute 

injuries, present a difference, in that germs can be re- 

gularly found there and it may be accepted that they can 

increase in the depth as also grow in from the skin surfac 

towards the bottom of the small wound -canals." 

It is somewhat difficult to know perhaps what con- 

clusions rightly to draw from the whole of this review. 

Based on Haegler's and my own results my belief inclines 

to the idea that the whole significance to the surgeon 

of sweat gland infection has been grossly exaggerated if 

it is not even entirely fallacious. Its general accept- 

ance by workers on hand disinfection is probably a welcome 

explanation of the impossibility of obtaining complete 

sterility by any of their methods. In any case most 

confusing are the views enunciated. 

I have already mentioned Mohaupt's assumption of 

the effects of pressure in introducing organisms into the 

sweat ducts, and also the similar views of other writers. 

As a matter of fact a simple test of this point can be mad 

If a normal band, most conveniently the hypothenar eminent 

carefully wiped dry from all apparent moisture is stroked 

slowly and firmly with, say, a glass slide, it is found 

that a considerable quantity of moisture is brought away 
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from the skin. It may really be accepted that ordinarily 
the glands are in constant activity and constantly full of 
secretion. The "insensible perspiration" is a recognised 
fact, but apparently often forgotten in this connection; 
and to a statement such as that of Schu,.n acher 4) already 
quoted that nothing stands in the way of a minute coccus 
entering a duct and wandering into the subcutaneous tissue, 
I would unhesttatingly reply that a. constant stream of flui 

of comparatively enormous volume stands in its way, not 

to mention a very tortuous course to be followed were it 

even able to stem the tide. If this stream as is so often 
said is able to wash out the supposedly deep -lying cocci 

during an operation, it can as well do so at any other time 

and to my idea is always doing so, or more accurately is 

continually opposing their entrance. Some writers will 

almost have us to believe, if we accepted their rather 

random statements, that the bacteria lie in wait till the 

surgeon has commenced his operation. and then only come out 

with the now flowing stream, on purpose to upset his best 

laid aseptic plans. On the other hand experimental in- 

vestigations and common sense would seem to indicate that 

the germs do not naturally find an inlet. The nature of 

the sweat secretion is also important. Its fatty contents 

are recognised, (Ziegler 27) and afford a natural resistenc 

to the entrance of germ -containing fluid, and it is also 

questionable whether its re- action is favourable to germ - 

life, (Heim 28). * The contents of the larger sweat glands 

it may be noted are only semi -fluid containing numerous 

solid particles. 

That under some abnormal conditions the germs may 

find access to the glands one can hardly deny in the face 

of Haegler's work, yet it is surprising that in my own 
in 

experiments, after an energetic rubbingAof B. prodigiosus, 

not one could be recovered from something like 6000 glands 

* Tests with litmus paper during my own experiments showed 

a distinct acid re- action of the normal sweat secretion 

from the palm. 

d 
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in full activity (in the palm of the hand Krause estimates 

the number of sweat glands at about 2800 to the square 

inch), and this too though the fat had been removed to som: 

extent from the skin by alcohol etc. 

If for the sake of argument however it be admitted 
that germs lie in the outermost parts of the efferent duct 
at certain times, I am positive that their duration there 
can be but short, and as soon as the skin resumes its norm . 
activity the germs must be driven out. How otherwise 

would Haegler, Schimmelbusch and others have failed to 

find cocci in the sweat glands of normal skin after examin 

ations of scores of sections? The absence of primary 

(i.e. starting from the skin surface ) inflammatory 

affections of these glands is a clinical fact not other - 

wise explainable. Contrast this with the frequency of 

hair gland and follicle suppuration, but at the same time 

keeping in view the preliminary abnormal state of affairs 

necessary to produce this latter condition and the com- 

paratively slow and feeble flow of secretion from the 

sebaceous glands. As skin pathology throws some interest 

ing side -lights on this question I may with advantage 

quote here certain opinions expressed by one of its foremos 

exponents. Unna (29, p. 348),speaking of the Deep 

íffnflammations of the Epidermis, says "while the immigration 

of bacteria and fungi from the surface into the entrance of 

the hair follicle has been proved to demonstration, 

clinically, experimentally, and histologically, one cannot 

yet regard Spiradenitis, (the primary inflammation of the 

coil glands), as a. definitely established fact 

Here the anatomical nature of the entrance, and the 

relatively long narrow canal, which, in contrast to the 

hair follicle, is constantly washed by a centrifugal stream 

and therefore presents the greatest resistence to a 

centripetal entrance of organisms, opposes not a few 

difficulties. For we see, that these very organi -sms, 

which are exceptionally well adapted to the acid re- action 

and other peculiarities of sweat, tle flora of the flexures 

t 
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and the genitals, show no tendency to wander into the sweat 
pores, against the sweat stream." Again ( loc. cit. p. 

257) speaking of Impetigo Staphylogenes he makes the 
striking observation, "There was never in these cases any 
penetration of the cocci into the sweat pores, and I was 

neJer so fortunate to be able to follow, even from the 
densest layers of cocci on the surface, a single one into 
the sweat pores ". 

To turn to the practical surgeon's point of view is 

it not the case that the scrubbing and the hot water are 

the very things to produce a hyperaemia and consequent 

glandular activity and flushing out of the gland ducts? 

I will not deny that the results obtain in my experiments 

with B. prod. are not due Lo tills action, though by the use 

of cold water as described it was avoided as far as poss- 

ible, but on the other side it is quite as justly to be 

claimed that the germs never did find entrance, as that 

they did enter and were subsequently removed in the washing. 

Much still remains to be learned regarding the 

bacteriology of the skin and the complicated problems 

involved in the question of the "abstinence time" necessary, 

for the operator to observe after handling infectious 

material. No one will presume to deny that virulent germ 

may find a resting plice on the skin and in spite of all 

disinfection still remain capable of infecting fresh wound 

in which the surgeon may unhappily deposit them. Here 

again the experimental evidence is slight, and clinical 

observation is the chief source of knowledge. The im- 

portant question which one naturally wishes an answer to 

is where do the germs find their nidus. Is it in the 

glandular structures or on the outer epithelial surface 

layers? 

I have dealt above with the significance of the 

sweat -gland ducts and the sweat gland secretion on 

an experimental basis. There remain the hair structures- - 

the hair follicle and the sebaceous gland secretion -to be 
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considered. It is obvious that this hardly lends itself 

as does the sweat to the experimental method, as the flow 

of the sebum is comparatively so sluggish, and cannot be 

stimulated by any known suitable means. It is doubtful 

therefore if it need weigh much in the surgeon's 

calculations even if it be assumed to be heavily laden 

with germs, since it is in all probability not excreted 

sufficiently rapidly to reinfect during the space of an 

operation a previously disinfected skin surface. Still 

it is of interest, to estimate to what extent germs are 

harboured by the normal hair -follicles and the contained . 

sebum. One might a priori suppose on pathological and 

microscopical evidence that this retention of organisms 

is considerable. 

I wished first however before drawing any conclusion 

to test the bacterial incidence in the hair follicles, or 

at the same time perhaps determine their facility for bean 

sterilised by mechanical means, by means of a cultural 

examination of the follicular portions of the normal hair, 

also after if that were possible, an artificially produced 

infection of the follicle. Experiments were accordingly 

made as shown on the table, Series IV. The radial aspect 

of the forearm was chosen as presenting a stronger hair 

growth than any other convenient area of skin. In three 

cases an active bouillon culture of B. Prodigiosus was 

rubbed in after the surface had been cleansed in various 

ways with the idea of removing fatty matter which might 

impede the entrance of the bacilli into the mouths of the 

follicles. The culture was then rinsed off from the 

surface under the cold water tap.. In the first case no 

such preparation was made. The washing processes were the 

same as in the other experiments already detailed, except 

that the tenderness of the skin prevented so free a use of 

the brush as on the palm of the hand. As controls, a 

scraping was made from the epithelium over a small area 

previously shaved, and also Ha1rsf.were cut off above the 

surface. The results appear on the table.(IV). 
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The incidence of colonies on the knife strokes and on 

the hairs cut off above the surface is a good indication 

most likely of the difficulty of sterilising these by a 

purely mechanical process, which as just mentioned could no 

be so vigorously carried out as on a tougher portion of ski 

Heagler in referring to experiments on the presence o 

germs on hairs pulled out from their sheath (loc.cit.p.16) 

alludes to the possible fallacy that such have merely been 

collected by the hair as it passed the surface layers; but 

the disinfection and the control tests on the skin avoid th 

though in my own results it is negligible as such hairs 

proved to be sterile. One is entitled to assume, I think, 

that these extracted hairs would in at least some instances 

have brought with them germs already lying in the hair 

follicle or introduced into them by the artificial infectio 

with the pure culture. 

One is forced then to the conclusion that bacilli had 

either not entered the follicle or had reached only so far 

as to allow of being removed in the washing. 

In any case it furnishes the final answer to the 

question above propounded regarding the nidus of the germs 

on the skin of the operator, that is to say the real source 

of danger for infection lies wholly in connection with the 

epithelial scales themselves. 

It should therefore be the surgeon's object to avoid 

all maceration or softening of the hand during the operatio 

The sweat is of some significance in this connection, that 

is to say in so far only as it may cause loosening of the 

epidermic squares. The handsshould accordingly be kept dry 

and if washing in water at intervals is done, the surface 

should be carefully wiped dry thereafter. The use of spiri 

for this washing may be a useful substitution but apt to 

prove uncomfortable. 

The conclusion drawn from the foregoing I may finally 

sum up in the following manner:- 

1. There is no evidence to show that the sweat glands or 

their ducts of normal skin afford a resting place for germs 

2. Experimental evidence to prove this is unsatisfactory, 

and microscopic examination has always been negative. 

1 

s, 



27. 

S. There is every reason for supposing that the stream 

of secretion, its fatty nature, and its constant flow, 

afford a complete protection against the entrance of germs. 

4. Under certain abnormal conditions, for instance, on a 

very dry rough skin wanting in the usual fatty material, 

and by rubbing in of organisms the gland ducts at their 

orifices may perhaps be made to admit a few such, but these 

very rapidly are eliminated. 

5. The surgeon can afford to disregard the sweat secretio 

as being itself a source of re- infection of the skin. 

6. It is comparatively more easy for organisms to enter 

the superficial parts of the hair follicles but not the hai 

glands. Here also an elimination takes place and the con- 

tained secretion is inimical to germ -growth. 

7. The process of rubbing considerably influences the 

presence of germs in these follicles. 

8. There is little if any evidence to show that th:e se- 

cretion from the hair follicles is of practical signific- 

ance to the operating surgeon. 

The experiments described in this investigation were 

carried out in the laboratory of Dr. Piorkoweki, Luisenstr- 

asse, Perlin. It gives me much pleasure to record here 

my grateful thanks to him for the active interest he has al 

along taken in the course of the work and for his always 

ready and valuable expert advice. 

1 



SPCTIOK II. --------------'------- 

The circumstances detozmicicg the ïrmideoce and dur- 

ation on the okir of other that' the permanent epiphytes. 



It can hardly fail to strike anyone !mho has read 
through the literature on the subject of the disinfection 
of the skin that, despite the enormous amount of work that 
has been brought to bear on this question, practically 
nothing has been done to elucidate the problems of primary 
importance connected with the circumstances which deter - 
mine the incidence and exi.aence on the skin of the bacter- 
ia. whose complete and certain removal or destruction no 
process yet devised has attained to. Yet it must be obvi- 

ous that to arrive at a satisfactory method of disinfect' 

tion a proper understanding of the nature of the infection 

of the skin is desirable. The difficulty of settling the 

matter, as so many different factors are at work, is possi 

bly one reason for its neglect, but any further progress 

towards the ideal must rest on a better knowledge of the 

factors to be contended with. 

Döderlein 7) has given expression to a similar view in 

am admirable review of `The present position of the hand 

disinfection q»:estion and the next problems of the same,'" 

which merits quoting at some length. Speaking of the germ 

which probably become indigenous in the follicles and the 

sweat ducts, he says, "of what nature these skin bacteria 

are, what sorts are here present,whether certain hands 

cultivate particular varieties or if rather we also here, 

as on other parts of the body, as fur instance the vagina, 

grow special kinds through eclectic selective breeding fro 

the variegated mixture which we day by day catch up, these 

are all unsolved questions which await a grateful but dif- 

ficult investigation. But one might be induced to accept, 

a. priori, that these normal and ineradicable inhabitants 

of the skin are, as a rule at least, not of pathogenic nat- 

ure, for the dream of antisepsis has indeed been profound 

ly disturbed; we never operate free from germs and have 

never operated germ free. If we then- -and there is no rea- 
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son presumably to doubt it --hold fast to the belief in the 
evil results of introducirg pathogenic germs and in spite 
of this infection of the hands observe as a rule quite 
faultless healing of wounds, then the fact is evident that 
it must be parasite:, relatively harmless, and easily 
dealt with by the body and its tissues which, we give off 
during the so- called aseptic operations. From these"nor- 
ma.l "tenants of the skin we must strictly separate the for- 
eign but pathogenic germs at times brought on to the skin 
of our hands, such as those the physician and midwife pick 
up from occasional contact with poisonous materials. To 

what extent now can such strangers become indigenous? How 
deep are they capable of penetrating into our skin, into 
its secret recesses and gland. ducts? Can they increase in 

our skin, can they really become ineradicable skin dwell- 

ers? Here also we hit upon 64 purely open questions which 

admit of experimental solution. Practical experience al- 

lows us here also to anticipate and leads us to the conclul- 

s1Cn that such foreign bacteria are not able to become 

permanently indigenous, else had we medical men never had 

non-infective hands, especially at that time when one did 

not yet so strictly aim at avoiding infection of the hands 

as now with every reason the watch -word is. But of the 

greatest importance now for the practical activity of sur- 

geons is before everything the qué_ftion, how long such 

pathogenic germs accidentally caught up adhere to çßù;: skit 
The difficult grieltiort of the obstetrical abstinence after 

septic contact demands urgently an experimental investiga- 

tion of the adherence of pathogenic germs to the skin; the 

avoidance of the touching of septic matter has indeed be- 

come a serious question of conscience from the moment when 

the non- disinfectibility of the hands became dogma.' 

It was with somewhat similar ideas in mind that the 

following work was undertaken. The question of the absti- 
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nence time as is evident depends on an extended knowledge 
of the duration on the skin of other than the regular epi- 
phytes. A considerable amount has been written on this 
subject cf abstinence based chiefly on purely clinical ex- 
perience, many writers actually decry the value of any ex- 

perimental evidence, and naturally as the clinical obser- 
vations of each have varied the result has been quot homi- 

- 
res, tot sententiae. Curiously the matter has beenprin- 
cipally taken up by the obstetricians and gynaecologists, 
though it must be of equal importance to all engaged in 

operative work. Probably this is because in the practice 

of obstetrics the sources of any infection are more readi- 

ly observed and controlled than is possible to the general 

surgeon who so frequently bas.to come in contact with sep- 

tic matters, and again the obstetrician is usually in a 

better position to observe an abstinence time than the 

surgeon who is perhaps required daily to undertake opera- 

tive measures. The consequence has been that, while sur- 

geons have come to place a very great reliance on methods 

of lcisinfection, there has arisen a considerable amount of 

scepticism of their value among obstetrician,, especit,liy 

those in charge of lying -in institutions attended by stu- 

dents. For many cases of puerperal infection have been 

traced to examinations made by students who in spite of 

the use of disinfectants have evidently failed in ridding 

themselves of infection. In the case of students this is 

no doubt very largely due to an inadequate acquaintance 

with the best methods of disinfection or a lack of that 

conscientiousness thicb the responsible physician must 

feel; but nevertheless it has been recognised by many that 

it is not permissible to rely on a single disinfection of 

the hands. 
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The term abstinence time itself suggests the idea that 
time can accomplish what disinfectants fail to do. But 
some authorities have come to regard it rather as merely 
implying an extended period in which to carry out repeated 
disinfectant procedures. It will be as well here to briefT 

ly quote the most authoritative expressions of opinions 
which have been published. 

Goth 20), writing in 1882, looks upon the hands as the 

most dangerous source of infection of women in child -bed. 

Whtle cleansing and disinfection are indispensable, if the 

doctor has touched infectious matter as after examination 

of women with carcinoma, handling of cadavers, etc., this 

is not enough and he must pause in his obstetric activity, 

as clirical experience has shown that one does not always 

succeed in rendering infectious stuff on the fingers harm- 

less. The duration of this pause must be decided by nmmer 

ous observations, it must probably vary according to the 

intensity and the nature of the infection. He recommends 

the use of each hand alternately. If both hands are infec- 

ted then one must wait till the upper layer of the epider- 

mis to which the infectious matters cling is rubbed off. 

How long this requires cannot be stated as conditions very, 

but undoubtedly frequent washings (mechanical disinfection 

will assist the result. The auther does not however give 

even a suggestion how long actually abstinence should be 

observed. 

Zweigel 31) speaking at a discussion in 1598 recalled the 

fact that already twenty years before he had expressed his 

belief that not rapid disinfection butioety time, "an inde- 

finable something ",f.rees the hands from germs. 

Löhlein 32) considers it impractible to carry oft ab- 

tinence for a long time,and it affords no guarantee agains 

later infection. He thinks one may rely on disinfection. 

Fritsch 12)supports Löhlein's vieNs and remarks that, 

"as not time but the disinfectant kills the bacteria, so h 

abstinence little sense. 

Wiener 34) approves of abstinence especially for those 



incompetent to disinfect themselves properly, as midN.ites 

in particular, and looks upon the sense of smell as a goo 

test of success of disinfection after handling septic 

matter. 

v.Swiecicki 35) gives a review of the views of variou 

authorities. ?Jinckel 36), %weif e1 ̂ 7), Schr5der 38), Martin 

^9),and Spiegelberg 40) had written in favour of the nece - 

sity of observing an abstinence time, based chiefly dm the r 

clinical experience and the times given ranged from i to 

14 days, On the other hand *üstner 41),Ahlfeld 42),and 

/olkmann 43) looked upon it as uncalled for. v.Swiecicki 

himself is in favour of it and puts it at 8 days at least 

Fürbringer and ^reyhan 44) point out that even the 

most conàcientious operators get bad results, but the pra - 

titio.rer cannot wait a number of days till the epidermis 

of his hands has renewed itse1 °. He roust therefore dis- 

infect them. Unavoidable misfortunes should not lead to 

pessimism. 

Henke 4) attempted to settle the question of the 

possibility of disinfectioí the hands at one sitting by 

experimental methods. The experiments led to the conalu- 

sio.n that artificially infected hands were more easily 

disinfected than "normal" not specially infected hands, the 

sama process being used for both. This paradoxical result 

induced him to decry the observance of abstinence time as 

useless. 

His results were severely criticised by Sperling who 

pointed out the fallacies in the methods of experiment 

and the conclusions.46) 

Sarwey 47) in an admirable revi'eN of the whole ques- 

tion also criticises Henk & s work very adversely. He deal; 

with the subject from the point of view of the lying -in 

institutions attended by students and gives an interesting 

table showing the methods in vogue at twenty one such 

places in Germany. At all of them the students were required 

to avoid infection for from i to 4 days before examining 
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patients in child -bed; 1 or 2 days Wasreiquired in the maj- 

ority of cases. The reasons for this enforcement are also 

given and these are usually on disciplinary grounds or 

in order to give the students opportunity for repeated 

disinfection. 

Of the writings of others dealing with the question from 

a more general poinb of view, to determine the length of 

time that organisms might remain on the skin there is not 

much to be referred to. Binaghi 48) found that if pure 

cultures or such septic matter as faeces,purulent urine, 

or sputum was spread over the skin and allowed to dry one 

after 8 days the germs had diminished in number and virú- 

lance. Be ascribes to the skin a certain disinfectant 

power, but this is hardly a legitimate conclusion as he 

had previously disinfected the skin. 

Haegler (loc.cit.p.177)experinented with virulent step - 

ylococci on the skin of his thigh but found no dirniniution In 

their virulence after 3 days. lie also found that an 

artificially infected hand,if cleaned imme1iately,could 

be readily freed from the specific organisms employed; if 

however they were allowed to dry on and the hand was not 

washed for several hours, but especially if the skin was 

at all rough or cracked, then even three days later isolate4 

colonies of the germs could be obtained in spite of frequent 

mechanical cleansing. Haegler however expresses the opinion 

that the question of the abstinence does not admit of soln 

tion by experimental methods. 

Heile 46 in an article on operation gloves mentions 

incidentally that he had once found B.Prodigiosus to persi..t 

on the hands for 15 days although 15 times disinfected in 

the meantime. 
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While admitting the great possibilities of experimenta 

fallacies, in spite of the frequently uttered opinion of 

the uselessness of experiment on such a subject, it seemed 

to me that the unsatisfactory results obtained by experi- 

mentors have been due to their taking a too restricted 

view of the objects of investigation. It seemed clear 

that in consideration of the not to be excluded personal 

element, it was desirable to aim at determining the prin- 

ciples at work and the relative importance of the factors 

involved. Only with a knowledge of these could one arrive 

at conclusions applicable to special points, as, for inst -. 

ance, the abstinence time. But not only has it proved 

necessary to weigh the relative significance of these fac- 

tors, but, experimental work has been necessary in some 

cases to determine what factors actually required consider 

ation, as these are not all at first obvious. On the otle 

hand some which one would have imagined important proved 

to be so, and again it was found that some only come 

into prominence in the presence of certain other factors. 

All this has made the work a somewhat complicated matter 

and the results have in certain instances been surprising. 

It is not pretended that absolutely idesati. cal results 

would be obtained by any other experimentor on similar 

lines, but by aiming only at a settlement of the principle 

involved, it may be permissible to presume that any prac- 

tical deductions made from them may justly be applied to 

special cases. 

It is necessary to premise here that I agree with the 

opinion of Döderlein already quoted that the germs found 

to occur on the skin may be divided into two classes, the 

permanent and the temporary dwellers. When I speak of pesó 

manent organisms I refer to those micro -organisms belong- 

ing to a group, representatives of which are always to be 

found in incculations made from the skin, namely staphylo- 
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cocci of various kinds. In hundreds of inoculations made 
I have I may say invariably found staphylococci giving col- 

onies either white or of a great variety of shades of yel- 
low. What determines the existence of these as regular 

epiphytes is considered in a subsequent section. As for 

the temporary germs it is obvious that they may consist of 

an innumerable variety depending entirely on what the skin 

has come in contact with and so picked up. As naturally 

the majority of these reach the skin from the air and dust 

they are fòì the most part nen= pathchgenic, g. small $rinorit 

however may be of considerable virulence depending on the 

environment, as for instance in the case of the medical man 

who comes in contact with pus or infected materials or air. 

Haegler(loc.cit.p. 90) mentions having found tetanus basil 

on the fingers of working people. 

How long such germs sojourn on the skin and what bring: 

atout their disappearance is the question in point to be 

settled. 

Experiments therefore necessitate an artificial infec- 

tion of the skin. The choice of suitable organisms for 

this purpose is of great- importance. After consideration 

it was decided to employ Bacillus Frodigiosus and Bacillus 

Fyocyaneus.* They are both very actively growing, and 

their appearance is characteristic under the microscope 

or in colony growth on agar or gelatine, even in presence 

of other organisers, though as a matter of fact they usually 

appear on cultures,gt room temperature at any_rate, before 

other germ growth takes place. They are of small size so 

that one may assume that they are capeble of penetrating 

into the recesses of the skin as far as any other germs. 

While B.Pyocya.neus grows perhaps best at body temperature 

B.Prodigiosus grows better at a considerably lower one, 

and so the varying degrees of temperature of the exposed 

skin surfaces are fully allowed for by the use of these 

*In cane experiment Bacillus Violaceus was made use of. 

It was found however that it was not so satisfactory as the 

two others as its colonies did not foro the characteristic 

colour with sufficient rapidity. 
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t 

with riater to sûften'Drying, avoided; hand im- tNail folds !Pyocyaneus. 
o 

t 
1 
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after last wasl,i.n_ . ' ed over skin till dry. 
t 
Dorsum. ; Pyocyaneus. 

G'irs;t washing 2 hours 1 1 

o 

' !later. 
: 

a 

T T 7 1 
1 

1 , 

1 1 

i 
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particular organisms. All cultures were made upon gelatin 

at room temperature (about 20 °) at which B.Pyocyaneus also 

grows sufficiently rapidly and with the distinguishing 

colour formation, and gelatine was found to give the most 

readily identified cultures. Another advantage of this 

procedure was that the always numerous staphylococci col- 

onies did not appear till comparatively late and so did 

not mask the growth of these two bacilli. 

It may be objected that as they are not pathogenic, 

tests made with them are of little practical value, but it 

should be kept in mind that in their saprophytic existence 

on the skin surface this matters but slightly or not at 

all; of prime importance is the power of resistnce and 

vitality. As these are features of the bacilli chosen what 

is demonstrated by experiments with them applies fully to 

less resistent even if pathologically very virulent pare - 

sitio organisms. 

Ist. Series. 

In this first series of experiments the palm and the 

back of one or other hand and in one case the nail -folds 

and the spaces under the nails of all tae fingers were 

infected with en active bouillon culture of E.Prodigiosus 

or E.Pyocyaneus. The skin of the hands was normal- -not 

prepared in any way, but smooth and well preserved-- and 

it is important to note that they did not come in Contact 

with any antiseptics during the course of the tests. The 

infection was produced usually a short time after an ordi- 

nary washing with soap and water, In one case (Exp.1) the 

skin was soaked with water to soften it immediately before 

inoculation. In the first case the cultures were firmly 

rubbed into the skin for 5 minutes, but not allowed to dry 

at any point, and the hand was at once thereafter well 

rinsed under the cold water tap. In other four cases (Exp 

2,2,4, 5) the cultures were spread over the skin not using 
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any great force but were allowed to dry on. The hands in 

the last experiment (6) were rubbed firmly with the cultur 
till it had quite dried on to the skin. The hands were 

used in the ordinary daily occupations and no special atte - 

tion was given to them. The only precaution taken was the 

gloves were not worn during an experiment to avoid a possi 

ble reinfection from this source. Inoculations were subse 

quently made from the skin at successive periods of time 

varying as a rule from 3 to 72 hours. This was performed 

by scraping the surface with a sterilised steel knife suf- 

ficiently to remove enormous numbers of epithelial squames, 

a different portion of skin being selected on each occasion. 

Liquefied gelatine in Petri dishes was inocluated and agi- 

tetad so as to distribute the cells throughout the fluid. 

The gelatine was then allowed to cool and kept at room tem 

perature (20-- 21 °C.) under observation for about three 

weeks. ThiA method was found by comparative tests to give 

the best results, The inoculations were made sometimes 

with, sometimes without, any soap and water washing of the 

hands in the ìn.terval$ sometimes after a simple rinsing 

with cold running water to remove any gross dirt that 

might have accumulated. The activity of the cultures used 

was proved by subsequent recultures and as a rule a small 

portion of skin was scraped immediately after infection an 

alwa.y.s resulted in a profuse growth of the corresponding 

bacillus. 

Full details of each experiment are shown in the Table 

No.I. As may be seen all results excepting in Exps.5 and 

6 were negative, even three hours after infection had teke 

place. In exp. 4 the skin was infected at night and the 

inoculations made in the morning on rising so that the 

hand had been subjected to a minimum of friction compared 

with that which occurs during the daytime. 

In exp. 5 four out of six inoculations made , i, and 

3 hours after infection proved positive, several but not 

many colonies being present. As all were not positive it 



BE' 11 . it : - On "norn,al" skin of hands, 

Mode of infection. CU tilh? 

stroked 

rubbed 

etc. 

not dried on 

dried on 

äriE:d on 

dried on 

right or left. 

Hands Palm. Dorsum. No. 

washed 7. 

rinsed g. 

(washed g. 

rinsed 10. 

washed t t 11. 
rinsed 

washed 

1' t 12. 

(( 

rinsed 

RE AF;S: - 

-- In each experiment bouillon cultures of B.Prodigios)ts and E.Pyocyaneus were emp - 

loyed for the infection of the skin, the one culture for the palm, the other for the dorsum of 

the hand, and these were àiterrated as also was the particular hand tested. All inocula- 

tions were made and incubated as in Series. I.. 

"Stroked" implies that if the culture was not allowed to dry it remained 1 minute on the skin 

and was constantly gently painted over the surface to spread it and prevent drying 

'Subsequent washing or rinsing at the end of 1 minute. Then immediate inoculatiin.It. 

culture dried on, inoculation made after about 20 mine. to ensure thorough drying. 

"Rubbed" implies firm rubbing in of culture on the skin. with the end of a test tube till dry 
(2 -5 mirs) or for 5 air :. till hand washed or rinsed. 

"Washed" implies Eiminrtbhwash}ng with soap and cold water :Then rinsing off of soap under 
cold running waterfor - minute, then douching with sterilised water. 

"Rinsed" implies. 2 mins. ri!: _r_ with cold running water. Then douching with sterilised water 



would appear that the organisms bad disappeared from some 

portions of the hand surface sooner than from others. In 

exp.6 one single colony resulted in the pate inoculated 

from the palm 3 hours after infection. 

. The conclusions which may be drawn from these and the 

experiments of the other series are discussed later after 

all have been described. 

2nd.Series. 

As the results in the previous series had mostly prove 

negative this one was planned in order to demonstrate if 

possible what circumstances had contributed to effecting 

this early disappearance of the' bacilli from the surface o 

the hands. Had the methods employed--the rinsing off of 

the culture immediately after infection, the subsequent 

rinsings or washings, removed the bacilli; did the mere 

stroking on of the culture not suffice to give the germs a 

hold on the skin or could forcible rubbing in of it make - 

any difference; did it affect the result in any way if the 

culture was'permitted to dry on the surface? These were 

questions which required solution. As each factor had to 

be considered in each case it was found necessary after a 

feel experiments to draw up a scheme in which all the pbssi 

ble combinations would be tested so as to estimate their 

relative significance. This was arranged on the supposi- 

tion that the bacilli were more likely to remain on the 

skin if they were rubbed in rather than being merely strek 

over the surface, if they were dried on instead of being 

immediately rinsed off, and lastly if the skin was simply 

rinsed with cold water subsequently and not washed with 

soap. 

The scheme is shown on Table II. If the culture was 

stroked. on and not allowed to dry, it was kept a minute 6n 

the surface and constantly spread the while over the whole 

area with the pipette so that it did not dry at any point. 

d 
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The hand was then immediately rinsed or washed as the case 

might be. The inoculation followed at Once. If allowed 

to dry on 20 minutes was given for this. If the culture 

was rubbed in, the closed end of a test -tube was employed 

for the purpose using all force. Rinsing, implied holding 

the hand under the running cold water tap for 2 minutes 

and subsequent douching with sterile water. By washing wa 

meant the use of ordinary household soap and cold running 

water for 2 minutes, followed by minute under the cold 

tap to remove the soap and final douching with sterilised . 

water; no brush was used nor was the skin rubbed with a 

towel. In all cases the gelatine was inoculated immediate 

after the procedure was at an end and the methods were in 

all respects the same as in the first series. 

As the Table shows, the result in every case was a pos- 

itive one. The number of the colonies is not given and it 

is obvious can have little relative value, but it may be 

said the growth was in every instance profuse and the plat 

was found sometimes to be completely liquefied within 24- 

hours with the characteristic colour formation from the 

active growth of countless colonies. Exp. 7 it is worthy 

of mention showed innumerable colonies throughout the 

whole medium inoculated fron the palm, although in this 

case the culture of E.Pyocyaneus had only been in contact 

with the skin for 1 minute, had not dried anywhere,and had 

been immediately subjected to soap and water washing, that 

is to say the combination of circumstances which in this 

series may be supposed to have given the bacteria the least 

chance of adhering to the surf ace. 

.. As the results however were all positive they do not 

admit of contrasting the relative importance of the six 

factors concerned as had been hoped. Some light was thrown 

on these points by later experiments to be presently des- 

cribed.. It was not considered necessary to perform the 

last two experiments included in the scheme as all the 

preceding ones had proved positive. 
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3rd. Series. 

This set of experiments was carried out with the idea o 

elucidating the effect produced by the presence or absence 
of the fatty material which is always demonstrable on skin 

in its normal condition. The belief that the fatty cover- 

ing of the skin has an important bearing on problems con- 

nected with disinfection is of long standing. It has been 

generally accepted that its removal in any process of dis- 

infecticn is desirable as it collects and contains to a 

considerable extent the dirt and dust and therefore the 

germs of the skin. More especially in relation to clean- 

sing and disinfecting methods with alcohol has stress been 

laid upon it,as the advantages resulting from the use of 

spirit have been attributed largely or entirely to its fat - 

removing properties (Fürbringer`f4, o. Krönig 1.4). But the 

exact significance of the fatty material has been but 

vaguely understood as some writers rather appreciate the 

deoleation of the skin produced bp alcohol because it per- 

mits other disinfectants to act upon the epidermis once th 

fat is cleaned away, than for any direct germ removing pro 

parties. This is in the main the view of the two authors 

mentioned as also of Haegler 11). Many observers attribut 

the unsatisfactory action of various disinfectants to thei 

being unable to attack bacteria, surrounded as they are on 

the skin, by a fatty ealielope, and again some have suppose 

that the fat in the ducts and follicles prevents disinfec- 

tants reaching germs lying in such situations. It is evi- 

dent therefore that the relation of this fatty material to 

the skin germs has not been clearly defined.. 

In this series in the first place four experiments wer 

made similar to those just described in the 2nd.Sekies, 

but in this case after the skin had been artificially 

greased with lanoline. One idea present in trying this 

procedure was as a control on the foregoing series,as it 

had been noticed that the hands were; although smooth, if 



anything rather dry, probably as a result of frequent 

handling of bandages of plaster of Paris which has a marke 
effect in removing fat from the skin. The hands were 

washed clean and sterilised lanoline was then rubbed well 

into the surface, after which the surplus was wiped off 

with muslin till no obvious greasiness remained. 4+his was 

sufficient however to leave an appreciable amount of eat o 

the skin as shown by the impossibility of getting water 

to lie evenly on it. The bouillon cultures were then ap- 

plied as before, being either stroked or rubbed on the skin, 

and either rinsed off after a definite time or else allowe 

to dry on. On account of the greasiness of the skin the 

culture required constant stroking to get it to spread, but 

this may be considered as approximating to the condition 

of normal skin(unaffected by frequent mechanical di :inf ee- 

tion)as most of the lanoline had been wiped away. The re- 

sults however shoved no difference from those of the pre- - 

ceding series, as in each case they turned out positive. 

Eut in the fifth of these experiments (exp. 17, 18) after th 

rins_ ins, the palm and back of the hand were cleaned by 

rubbing for about 2 =.3 minutes with gauze swabs soaked in 

aether with the intention of deoleating the skin, and the 

subsequent final rinsing with water proved that this had 

been accomplished as it now lay evenly on the surface. The 

inoculations made after this proved negative. 

Exp.19 was similarly performed, but after infection the 

two surfaces were each rubbed with frequent changes of 

plain gauze under cold runuin3 water. It was found that 

after about two minutes energetic rubbing the fat began to 

disappear and at the end of three the water lay evenly on 

the skin where treated though not elsewhere. In this in- 

stance the inoculation from the palm was negative but that 

from the back showed three colonies of B. Prodigiosus. 

In Exp. 20 on the palm, the hand was held after inf ec ti n 

in a steam bath for 5 minutes with the idea of promoting 

the flow of perspiration and the skin nas rubbed frequently 



the while with gauze. Tt is probable that the most of the 

moisture that collected on the palm was really condensed 

steam. This procedure sufficed apparently to remove the 

greater part of the fat and there resulted no growth of 

the bacillus on the Petri dish. 

It was next desired to test comparatively the power 

possessed by the skin when fatty or otherwise of attaching 

to itself microbes which might come in contact with it. A 

quantity of a bouillon culture of B.Prodigiosus was laid or 
the palm of the hand and left there without any stroking o 

rubbing for 2 minutes. The palm was then ri,ised it cold 

running water for 2' minutes and an inoculation made. In ex;i. 

21 lanoline was rubbed in on "normal" skin and the surplus 

uipead off as in previous experiments of this series; in 

exp.22 the palm was cleaned and deoleated with aether. The 

result vo in both cases positive, the colonies in the 

latter being very much more numeren , but in the former th 

lanoli e tended perhaps to produce some clumping of the 

epittrelial scales brought away on scraping and thus dimin- 

ished the resulting number of separate colonies, so that ore 

canhardly deduce that the non -fatty skin necessarily e61- 

lec tea more germs than the fatty. 

4th. Series. 

The experiments in this series we :3e all made on the 

hand the skin of which by means of scrubbing and cleansing 

with aether had been freed as far as possible of its nor- 

mal fat, a condition similar in fact to that of the sur- 

geon's hands after disinfection preparatory to an operation. 

In the first two (Dxps.22 and 23) the culture was 

rubbed firmly in with the end of a test tube for 5 minutes 

but not allowed to dry on, thahand being rinsed with cold 

water. While inoculations made immediately after the rin -1 

sing were positive showing that the germs had not been 

removed entirely (cf.exps. in Series II) subsequent inocu- 



SERIF'S IV. Experiments on the deoleated skir of the hands, right or left. 
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nFIES, V. Eucerimoots on skin of arms and forearm under various conditions. 
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lations made from c' to 72 hours after proved negative.- 

In the next e acperime.it (21) the cultures were lightly 

palatal oyer the surface but allowed to drg on. rlhile the 

presence of %he germs was of course demonstrable immediate 

ly afterwards, all later scrapings during similar periods 

gave negative results. 

In three other experiments (2,2,2?) the cultures wer 

rubbed on the surfaces till dry which required from 3to 4 

minutes. Inoculations were made from ^s'hourS,to 7 days 

thereafter. In each experiment no result mas obtained froc 

the plates inoculated from the palm, Out from the dorsum 

of the hand positive results occurred up to 2 days (48 hrs. 

after the infection. 

In the last experiment of this series as a control the 

deoLeated hand was treated with lanoline as in those of 

Series III. Positive evic3enoe was obtainel of the persils} 

tence of the bacilli both on the palm and the dorsum 2 

hours after infection but not later than that.(Sxp.28). 

5th. Series. 

In this it was endeavoured to clear up several points 

of in te'iest which had arisen in the course of the investi- 

gation; among others to determine,for instance,whether the 

negatie results in other experiments wane attributable to 

the natural death of the germs employed on a skin surface 

in the periods during which their presence was tested, fur- 

ther to estimate the effect of friction on such exposed a 

areas as the hands present, and al so t fttwortwin if it was 

possible for "accidental" Or r ni.i4ur6 to become more or less 

pern:an( .f, epiphytes of the ._'c:h . For these purpose,; 

tests were made on the skin of the upper arm and forearm, 

and friction was excluded by cev erir g the infected surface 

with a deep sterilised watch -,glass affixed in position by 

means of sticking plaster. In this way the skin was pro- 

tected for the desired time from rubbing., the effects of 
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any outward influences as air and from washing. 

In Exp. 29 the skin was washed and W mixed bouillon 

culturesof B.Prod. and B.Pyocy. were then painted on and 

permitted to dry. The infected portion was then covered 

over as described and inoculations made every 12 hours 

up to 4 days (96tours), the glass being temporarily lifted 

for this purpose. The results were except in one instance 

uniformly positive. The exception is probably due to the 

fact that only a very. minute portion of skin was scraped a 
each inoculation (about -1 q.cm.) and in this case a part 

to which no germs had adhered was tested. 

Exp. 20 was similar, but after the skin had been covers 

for fouk days the glass was removed and inoctretions were 

made from the now unprotected skin surface at intervals of 

two or three days till 24 days had elapsed. The skin was 

now of course exposed to the effects of friction and it 

was washed with soap and water once a day. The results 

were in this instance more erratic, for while both Prod. 

and Pyocy. were present,naturally,at the end of the first 

four days, only 3 of the subsequent 8 inoculations were 

positive and the number of colonies appearing was limited 

to two or three of Prodigiosuis,and in the last positive 

result on the 21st. day one colony was detectible. It 

should be mentioned that probably some of the negative 

results, at least the earlier ones, are to be accounted 

for by the irregular adherence of organisms to the normal 

(fatty) skin, frjr the bouillon did not spread on the skin 

of the arm so readily es on that of the hand and even whey . 

firmly.rubbed Mn as in this case tended always to collect 

in droplets unless constantly spread. 

In Exp. 21 on the other hand the surface was first de- 

cleated by washing and then rubbing with aether soaked 

swabs. The cultures now lay evenly on the skin and it was 

rubbed in till a2!y. After the glass was removed on the 

fourth dap inoculations were made every second day up to 

22 days; but on the 14th. day after the first inoculation 

the skin was cleaned with aether andgauze for three min- 
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utes. The inoculation made ir;fi,eCietc3y thereafter and 

all succeeding orre.s were negatives whereas al] previous 

ones proved positive. The growth in this experiment was 

as compared with the one just described extremely profuse, 

the plates generally becoming completely liquefied with th 

characteristic colour formation wita ir, a few days. It is 

interesting to note thpt.at first the B.Prod. was the pre- 

dominant organism, while later the B.Pyocy. became so and 

overgrew all others. 6n the 9th. day for instance there 

could be counted some 250coloi;ies of B.Ppocynneuc and 

only one area of red liquefaction of B.Prodigiosug, and on 

the 12th. day in the last plate previous to the aether 

cleansing there occurred a diffuse liquefaction throus_sboet 

the whole of the gelatine from countless thousands of B. 

Pyocy. colonies. These scrapings were all made from but a 

minute area of skin (so that the scraping itselfShould not 

produce a premature removal cf the bacilli frog the infec- 

ted surface), but the' last one or two of each experiment 

was made from the whole area of skin. 

The last two experiments which may be included in this 

series (32,23) were made upon deoleated skin on which how- 

ever lanoline had been rubbed in previous to infection, 

thus returning to it, as it were, its normal fatty coverin.. 

One was tested on the upper arm , the other on the forearm 

they showed a complete disappearance of the bacilli even 

by the time of the first inoculation on the first or secon 

day, except in one case when two colonies appeared in an 

inoculation made on the fifth day. in these two experimen s 

the skin was not covered as in the others during the first 

few days. 



Factors of importance with 

regard to the incidence and 

duration of bacteria on the skin. 

Friction. Normal mechanical removal 

Washing. affected by position of skin. 

Sweat stream. Removal by natu- 
. 

Growth of epithelium. rai processes. 

Condition of the skin:- 

smooth or rough- 

dry or moist(-from sweat)- 

hairy or otherwise- 

fatty or deprived of fat. 

Artificial removal:- 

aether with rubbing 
removal of fat. 

water with rubbing 

perspiration with rubbing 

Drying on if on deoleated skin 

Tenacity of life and resistance of germs. 

Factors of apparently no importance. 

Disinfectant action of normal skin. 

Drying on on normal skin. - 

Stroking painting or energetic rubbing. 

Removal by rinsing or washing without simultaneous 

friction 



The conclusions which I would feel inclined to draw from 

the experiments described, I have placed ir, a tabular form 
indicating tho.e factors whose importance has been indic- 
ted by the results. In another list I have placed such 

as la ve in so far E.s the experiments go apparently no sig- 

nificance,although they are factors which one might a priori 

be inclined to put stress on. 

As will be seen the factors which seem to influence the 

incidence of germs on the skin are very numerous and an 

a.nalyeds of them is a complicated matter. I shall endeav on. et`v 
elucidate them as far as p.oisible considering them in turn,. 

One feature at once obvious on glancing over the diff- 

erent series is the striking contrast between the results 

shown by the hands, -and by other portions of skin as the aria. 

Under otherwise similar conditions. the hands free themselw4s 

of germs very much: more rapidly. The most outstanding dif- 

feY_ence between the cond iti.on3 affecting them is in regard 

to the amount of friction and rubbing to which, they are 

exposed. Therefore I would be inclined to place friction) 

the rubbing of the skin surface to which it is so constant- 

ly subjected in the course of our daily occupations, as 

perhaps the most important factor in removing the f oreign 

germs. One would be inclined at f irst to suppose that 

washing with soap and water might account for this differ- 

once between the two skin surf aces. The experimeits in the 

2nd, and 7rd, series show however how little effect this 

really has. Friction and washing may however be classed 

together as the two processes et work which effect the 

me. :hanical removal of germs. 

Another striking f act with regard to the hands themselves 

is that except withn perhaps the first hour or two the 

organisms have completely disappeared from the palm while 

they may be still present on the dory. ir!. I think that this 

is best accounted for by the stream of sweat which itself may 

may carry cff any germs. But it also no doubt. produces thil 

result by preyenting the adherence of them to the surface. 

The palmar aspect of the hand is rarely quite dry for any 



great length of time. It is possible also that Nature 

effects a remo.Aal of germs by-the growth and casting off 

of epithelial scales. This may have more effect on the less 

exposed portion of skin, but on the hands germs are probate 

ly removed by other means before this has had time to take 

place. 

The condition of the skin surface is a matter of the 

utmost significance. That a rough skin surface holds the 

germs longer than a smooth is e well recognised fact, and 

is probably because the germs lying under raised up epithet - 

ial scales are less exposed to the factors at work which h tie 

just been mentioned. But 0:0 the comparative roughness of 

the dorsum of the hand as compared with the palm is per- 

haps less the reason for the longer persistence of germs t ere 

than is the absence of a profuse stream of perspiration. 

That the hairs are supposed to attach bacteria to them 

very readily is generally believed, but my experience has 

not proved it to be so. In inoculations made from the dor- 

sum of the band usually numerous hairs Ltere brought away, 

but a growth of germs directly from them in the medium 

was the exception rather than the rule. 

The comparative dryness or moistness of the skin is 

important in determining whether organisms become attached 

firmly to its surface.But while the sweat as I have stated 

acts in this way, the natural fatty matter of the hand and 

skin generally acts also efficaciously. This probably 

ekplains the persistence of germs on the dorsum of the 

deoleated hand, while the palm though similarly treated 

freed itself so much sooner from infection. This observat 

ion in regard to the deoleated skin is of great signifi- 

cance for that is the conditior of the opeAator's hand 

after di_infection,and there is usually su$eradded to this 

a roughening of the skin from the energetic treatment. 

It is intere.eting to note that the length of time which 

the bacilli persisted on the hand under these circumstanbe . 

exactly corresponds to the ayerage time required for abeti - 

encF to be observed by such authorities as I have above qu 

ted,viz.,48 hours. But the abstinence time necessary on t e 

basis of these ekperiments for the normal hand is nothirg, 
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like so much,. In the case of the skin other than that of the hand 

the band the matter it different, but it must not be lost 

sight cf. The experiments of Series V show how very much 

longer bacilli persitt upon, especially,the deoleeted skin 

in this situation. Perhaps this is to be accounted for by 

the more readily produced scaliness as a result cf vigorous 

mechanical disinfedtion of the thinner skin. In exp.P1 

the use of aether completely remo.y ed germs which had per - 

sisd.ed for about a portnight in spite of repeated soap 

and water washings. The action of the aether was probably 

to remove the desquamated scales which were giving the 

germs shelter. In this connection one may ncte that there 

was no indication that the germ: had any real tendency to 

become permanent skin epiphytes. Yet according to 

busch the B.Pyocy. is a normal tenant of the skin in cer- 

tain situations,sach as the axille and the flexures. This 

observation would seem to show therefore that only special 

ly favoured organisms can obtain a hold on the skint. altho13gh 

others as with the B.Pyocyaneus in this situation m.a.ittai 

a mechanical existence for a considerable period if not 

removed. 

A.s concerns the drying on of organisms a n interestinf 
point is brought ott, that while it makes little difference 

on normal skin it makes a considerable one on deoleeted 

skin, and the natural instinctive tendency of the surgeon 

whose hands become infected during an operation to prevent 

drying has support from the experimental side. That it makes 

no difference on the normal hands,is probably because a 

layer of fatty matter intervenes between the germs and the 

epithelium, or else as in the case of the palm an early ou 

pouring of sweat has the same effect. Again between the 

effects of rubbing in of infectious material end simple 

contact there would seem to be no difference as to the 

final results which implies I suppose that it i . difficult 

or impossible to produce a greater or less penetration of 

the germs.. 

With regard to the various methods of removal of the or- 
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ganisms Series II and III show how ineffective soap a.rd 

water wasting,unaided by friction with some rough material 

and still less so presumably .simple rinsing, are in effectL- 

ing the removal of germs. This suggests that the common 

practice of rinsing the hands at intervals during an opera" - 

tion is worse that useless, for it has the disadvantage of 

keefing the skin macerated which as already pointed out 

allows of a very much more ready separation of germs 

of the skin not already removed in the disinfection. 

The explanation of why this apparently useless .rinsing 

seems tc affect the ultimate. duration of germs on the hands 

(vide exps.22 and 23) i. not at once obvious. Perhaps it 

acts by maintaining the surroundings of the germs moist 

and preventing their immediate adhesion to the epidermis. 

Exps. 18 to 2o brir..g out the value of a mechanical 

cleansing in re of ing germs from the ski which is protected 

by a fatty covering, and secures results which would be 

impossible by this is:imple means were the bands not so 

protected. 

The question of the significance of the power of resis- 

tance of various germs is shown to be slight as far as the 

hands are concerned, for their early disappearance from 

that situation was proved by the experiments on the arms, 

not to be due to any death of the specific bacilli nor to 

any capacity of the skin or its segretions to unfavourably 

influence the life of these germs: and as for their e»entu,1 al 

disappearance from the skin of the arm I found by ctntrol 

experiment that these bacilli were able to remain in exis- 

tence apart from the skin ( bouillon culture dried on ster- 

ile filter paper) for at least a very much longer period 

than their duration on that portion of skin. 

The experimental investigation described above was 

carried out in the bacteriological laboratory of the 

Pathologisch -Anatomisches Institut under the charge of 

Professor Weichselbaum in the §reneralHospital, Vienna* 

To him and to Professor Ghon I am much indebted for the 

permission to work in the laboratory and for their kind 

interest in the progress of the work. 



SECTION III. 

The nature of the permanent skin epiphytes from the 

surgical ascect. 



In the previous section I have dealt with the condi- 

tions affecting what I have called the temporary or f oreig 

organisms of the skin. It has been shown that in all prob 

ability the majority of germs find .but a comparatively 

short- lived existence on the skin surface and only under 
hold 

exceptional circumstances obtain a prolonged'upon it. That 

any organisms at all,other than those of a very limited 

variety,beoome permanent epiphytes is extremely doubtful. 

The explanation of this is not so easy and the question 

does not lend itself so readily to experimental investi.- 

gatior, as that concerning the temporary skin inhabitants. 

Tt has been indicated in the foregoing section how great 

an influence friction has in removing organisms from the 

skin and how important the skin secretions are in preven- 

ting or limiting an invasion by them. One may almost ima- 

gine that the flow of these secretions forms a constantly 

streaming tide,which drives away before it any would -be 

invaders, while,behind this tide as it were,there exists 

undisturbed an army of bacteria of a specially favoured 

kind, which for reasons to be presently Considered are 

able to maintain a permanent colonisation of the skin. It 

is conceivable that this stream may also in som 
't nefiree 

hinder the egress as it undoubtedly checks the ingress ad 

germ life. 

Inoculations made from skin have given me growths of 

an enormous variety of organisms, including moulds of many 

kinds, white and pink torulae, sarcinae of various kinds, 

bacilli of putrefaction, bacillus coli, bacillus subtilis, 

streptococcus pyogenes, staphylococcus pyogenes albus, 

citreus, and aureus, census album, cereus flavus, and many 

others which were not without more extended -investigation 

identifiable. Tt is of course patent that an illimitable 

choice of germs may be found, depending of course on what 
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the environment may happen to be, but out of the many kinds 

I bave only found representatives of one kind constantly 

and that is staphylococci. Except in cases of cultures 

containing some very rapidly growing organism, as for 

instance in my own experiments on infection with B.Prod. 

or B.Pyocy., I may say that I have invavviably found staph- 

ylococci present and usually in large numbers. It is a 

fact that soon becomes apparent in making experiments on 

the skin that the more it has been cleaned (mechanically 

disinfected) the more limited is the variety of organisms 

to be obtained from it; and if the surface has been 

cleansed with the greatest mechanical thoroughness possible 

only staphylococci are to be found, if any growth at all 

results. This demonstrates quite clearly that these have 

a deeper situation in the skin and a more constant ekis- 

tense there than any other forms of germ life. We may 

therefore take it that they are alone to be regarded as 

the natural or permanent epiphytes of the skin. 

Why this should be so is far from clear, that is to say 

it is not at once evident why they should not be affected 

by the conditions which are found to affeìt other types of 

organism. Certainly it is not to be expected that any .germ 

would find the circumstances surrounding it in the skin 

suitable for its own existence, not to mention its multi- 

plication: the skin surface is acid,unless perhaps this 

acidity is neutralised by an excessivb flow of swear. 

Heuss ii), and the secretion from the sebaceous glands, while 

not perhaps inimical, is at least not favourable to germ - 

growth. Gottstein 53) found that germs died out in lano- 

line. Haegler ¡loc.cit,p.21) found that while no increase 

of various germs tested took place in lancline,in some 

cases they remained alive for months, and he also found 

that staphylococci failed to develop on the surface of co- 

medones. It is obvious then that organisms must have a 

considerable power of res6sbance and -of adaptability in 
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order to maintain an existence on the skin. This tenacity 

of life staphylococci of course possess in the first degree; 

still there are other organisms of great resistance which 

perhaps may be even better suited to the environment, 

which however are not known to take up their abode there. 

Two explanations present themselves to account for thi 

predominence of the staphylococci. One, that these batter 

is are constantly being brought to the skin from the atmo- 

sphere and. the general surroundings and that they in virtu 

of their powers of resistance perpetuate. their existence 

longer in an environment which is sooner or from the first 

fatal to other kinds. The other, that they on account of 

their greater adaptability are able to reproduce themselve . 

and from the time of their first arrival i5 constantly 

form new generations, thus appearing as permanent inhabi- 

tants-of the skin. The former theory naturally implies 

that any one coccus though remaining some time is eventu- 

ally cast off as the epithelium grows and the scale to whit h 

it has become attached is loosened and removed. The latte 

postulates an existence independent largely of the casting 

off of the epithelium. Both propositions present -diffi- 

culties. In the former case it is difficult to understand 

the indisputably deep situation in which the cocci are to 

be found. The commonest coccus or other organism on the 

skin would be that most commonly present in the surroun- 

dings. That these skin cocci are not of a single kind 

as is sogenerally accepted I shall have.occasion to point 

out later. In the second explanation the chief difficulty 

is that of the multiplication of the organism and evidence 

is wanting to prove that this takes place: 

Many authorities deny that under normal circumstances 

any increase occurs. Haegler(loc.cit.pp.20 -28) denies tha 

germs lying in the orifices of the hair follicles can mul- 

tiply. He examined microscopically skin into which cultur -s 

had been rubbed immediatel$ before and at intervals of 24, 

48, or 72,hours before its removal from the body. Contras 



tiny; the results in each,pe fouäd that in the latter cases 

the number of contained germs was very considerably dimir.- 

-ished or negative. He concluded that they were therefore 

to some extent removed by the stream of secretion. That 

germs are as little able to grow down into these openings 

of the skin he deduced from the fact that- virulent yellow 

staphylococci kept applied to the skin on moist wool com- 

presses covered with guttepercha tissue failed to produce 

impetigo or furuncle. his of course assumes that such 

must necessarily follow from the mere presence of these in 

the hair follicles, which is not perhaps altogether certai 

But microscopic sections made from the skin after 24 hours 

application of such cocci failed to show any downward grow 

into the follicles. With regard to the germs which may be 

present on the surface of the epithelium or between the 

partly loosened horny lamellae, he assumes that if suitabl 

nutrient material is there, such as pus or blood or other 

organic substances, and is kept in a moist condition on 

the hands for a considerable time, there is notheng to pre 

vent a multiplication: a constant profuse perspiration, 

principally by producing a maceration of the epidermis, ma 

also permit of germ -growth. He tested this by inoculation 

made from the well cleansed hands covered for 48 hours wit 

sterile rubber gloves. YWhilein the first .4 hours the in- 

crease of the germs was insignificant and principally due 

to deeper ones reaching the surface, after 10hours the nub 

ber had increased many thousand times (45,000), and after 

this period the growth was so rapid that within 2 -8 hours 

20- 40,000 germs were obtainable by the-inoculation, even 

though the hands had been thoroughly cleaned in the inter- 

val. It was then evident in his opinion that like those 

of the atmospheric dust the germs required a period to 

elapse before they were able to multiply, and therefore in 

all probability the bulk of the germs on the hands come 

directly from the dust and dirt of our surroundings.- Be 

h 



considers that on the hands of a cleanly person and especi 

ally on those _of a surgeon a multiplication of germs is not 
probable, as the frequent washing deprives them of nutrien 

material and the surface is usually dry, conditions in Pao 

which are unfavourable to the growth of germs. 

If these views are accepted then the second of the theo- 

ries put forward is not tenable, and we must accept the 

idea that all so- called permanent shin germs are in a conste. 

ant state of renewal from without, as they are also bonstan 

tly being detached from the skin. 

If this is so then it is hardly permissible to believe 

as so many do that there are organisms on the skin which 

are of so constant a character as to warrant a special 

designation, as for instance the Staphylococcus Epidermidi: 

albus described by Welch,or the Staphylococcus Gilvus de- 

scribed by Bossowski, as well as certain bacteria associated 

with some diseases of the skin; for such constancy of char- 

acter as is attributed to these organisms is not to be ac- 

counted for if they are one and all derived from the envir 

onment. It is unfortunate that,in the description of the 

experiments on the hands just referredto,Haegler did not 

state the nature of the germs which appeared in such num- 

bers under the rubber glove, but it is important to note 

that these observations off the similarity of the mode of 

growth of these organisms with that of the dust germsycon- 

cerns especially the hands, and it is conceivable that the 

external circumstances affecting them are not quite the sale 

as those affecting other portions of the body surface: the 

more covered skin surfaces are not so directly exposed to 

the drying action of the air, nor are they subjected to 

such frequent attacks with soap and brush as to remove to 

the some degree the materials required for germ growth, an 

lastly as a result of these artificial and of normal con- 

ditions the epithelial covering of the skin is considerabl 

thicker on the hands. It is however desitable to consider 

the general skin surface as well as the hands-in dealing 

with the question from a practical point of view, as the 

skin of the patient at the site of operation and also the 



skin of the arms of the operator enter into the prob'ems 
requiring solution. 

With the hope of obtaining further light on these 

matters I carried out a series of experiments based on the 

idea that if no multiplication of the germs in depth take 

place on normal skin, and such germs as are present can 

only reach it from outside, then if one protects the skin 

surface from renewed infection it must eventually free 

itself from them in the process of the growth of epithelia 

carrying the attached microbes to the surface. If now the 

shed epithelial scales were removed as they were cast off, 

then the skin must in process of time become steriile by 

this sort of auto -disinfection. If on the other hand it 

were found that the skin did not sooner or later become 

germ free, one would be entitled to cone to the conclusion 

that a multiplication of the germs must be taking place 

in its depths. 

A whole series of experiments were accordingly perform 

on this principle. The skin usually of the arm or leg was 

cleansed well by purely mechanical means, washing it with 

soap and water and finally cleaning it with aether on ster 

ile gauze follcwed by a douching with sterile water. The 

procedure was carried out on the strictest possible asepti 

lines to avoid reinfection of the skin surface. After the 

cleansing process the area experimented on was covered 

over to exclude air infection with either a sterilised 

watch glass or if a larger portion of skin was tested with 

sterilised protective -silk, in one ease lanoline was tried 

as a covering. Inoculations were made ,at intervals of 

usually two or three days, one immediately on removing the 

covering and the other after the skin had been once more 

cleansed so as to remove all desguamated epithelial squame 

and at the same time such bacteria as might have been brou 

to the surface or might have multiplied there in the pre- 

ceding interval. This procedure was repeated again and 

again till the experiment had lasted over a period of up t 

ed 

ht 
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in some cases 17 days, within which time it was thought it 

might reasonably be expected the epithelium had grown ,up 

to the surface from the deepest level at which bacterial 

epiphytes might be present. Ins no case was it found that 

even after the lapse of this time sterility had been att- 

ained. The results in each succeeding inoculation were 

indeed wonderfully constant, and allowance must be made, in 

comparing numerically the colonies present,gor the impos- 

sibility of getting the same effect at each scraping of th 

skit with the knife, which, as ir former experiments, was 

employed for making the inoculations. Of course uniformity 

it this respect was aimed at as far as possible. From an 

area of skin covered with a watch glass as a. rule from 

about 90 to 200 colonies resulted from the inoculation 

preliminary to the scraping. The second inoculation in 

some cases gave but a very small and almost disappearing 

number of colonies. that is to say that within an inter- 

val days one or hundred staphylococci 

had appeared on the surface of this small area. I specify 

staphylococci as the germs present as after the first 

cleansing of the skin no other germ forms appeared. The 

small number of colonies in the second inoculations cannot 

be taken as an indication that the skin was becoming steri e 

below the layer of shed epithelium on the surface, as it 

was found inadvisable to scrape the part too firmly lest 

excoriation be produced, and the number of epithelial cell 

brought away with the knife was comparatively very small 

once the surface had been thoroughly cleansed with gauze a d 

aether. So far from the colonies diminishing as time went 

on an increase was rather obser'Aable, but as already ex- 

plained f should not care to lay too much stress on thin 

numerical difference. 

These results were rather surprising and seemed to 

point fairly conclusively to the possibility of the epiphytes 

reproducing themselves at depth, and as the skin very rap- 



idly became dry and somewhat slightly scaly on the surface 

as a result of the cleansing with aether, et.c., and conse- 

quent removal of fat, there was no reason to suppose that 

the conditions at this level were favourable to germ growt . 

In case however the scraping might have resulted in micro- 

scopic abrasion and effusion of serous floid which would 

provide nutrient material for the organisms, further exper - 

ment was made,but in this instance the intervals between 

the inoculations ware' prolonged to about a week each, so 

that no irritation of the skin could occur from tam frequent 

processes of cleansing. The result was however similar; n 

evidence was forthcoming that the skin could free itself 

of organisms in the absence of infection from outside. 

I felt myself therefore forced to the conclusion that 

the regular epiphytes of the skin were permanent in virtue 

of their capability of reproducing themselves in its depth 

and so persisting in spite of the fact that many were car- 

ried to the surface and there cast off along with the epi- 

dermic squames. This being so,one can understand how tiler 

is a certain uniformity in the character of the constant 

skin organisms even on the hands of the surgeon ,frequently 

cleansed and scrubbed though they be. 

These observations throw an interesting side -light on 

the preparation of the skin of the patient for operation. 

even repeated mechanical cleansing of the skin fails to 

rid it of Aerms,excepting those which may happen to lie on 

the surface, and on the tenderer portions of skin which 

are those most commonly operated on, e.g. the abdomen, a 

too thorough mechanical treatment some time before operatics 

may indeed lead to an actual increase of the cocci, instead 

of a diminution, especially if, as is almost inevitable in 

such a case, microscopic abrasions of the surface have been 

produced. Nor can one look for much assistance from the 

application of antiseptic coverings in view of our present 

extended knowledge of the lamentable inability of antiseptic 

agents to act on the deeper parts of the skin. Still worse 
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results are only to be expected if the skin is kept mdiat 

and macerated by the preliminary ap5tication of wet «soaksi'. 

of any kind. 

With regard to the nature of the cocci which form the 

permanent epiphytes of the skin, I ha'\e already mentioned 

above that I have met in various inoculations with all the 

varieties of Staphylococcus usually described. While I 

Referred to them under the several names under which they 

are commonly classed, I must here state that they very 

frequently presented differences in their culture growth 

which led to great difficulty if one attempted to give 

them a definite description, as the classification being 

based upon colour distinctions I have met with every con - 

ceivable shade of colour in staphylococcus colonies, varying 

from the purest white to the richest orange, those in the 

interval showing all varieties of buff,primrose or lemon 

yellow, yellowish and reddish orange, so that in many case 

it would have been impossible to say whethem a colony 

should be described as albus,citreus or aureus. This was 

also the fact with the non -liquefying colonies on gelatine 

which fall under the heading of Staphylococcus cereus, all 

shades between white and yellow being found. 

I have in certain series of experiments come across 

staphylococci growing in colonies differing essentially 

from any of whose description I have read, and which fail- 

ing more extended investigation of their characters I am 

unable at.present to describe in detail. Yet these cocci 

appeared with regularity throughout a whole series of in- 

oculations and in more than one experiment, suggesting 

that these might also be considered as permanent epiphytes, 

Did these variations appear at different times in differen 

inoculations one might justly attribute them to some diffe - 

ence in the nutrient media, but in one and the same cultur 

plate one might often find colonies presenting widely div- 

ergent characters. It was found that gelatine gave the 
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most characteristic growths of these various staphylococci 

on agar it was less easy to note variations and it was in- 

deed found that there was really less readiness of devel- 

opment of colour on agar media. Gelatine is of course 

more valuable in that the liquefying powers of varicus 

colonies may be compared. In this respect too it sho»ld 

be stated that great differences were noted among emlonies 

not otherwise distinguibhable growing mn the same plate. 

That there should be such great difficulty if differen 

tia.ting staphylococci from their mere cultural appearance, 

makes one wonder if any hard and fast line can be drawn 

as a distinction between different kinds. Haegler has also 

called attention to this question (loc.cit.pp.183-4). He 

remarks that anyone who has had much to do with examining 

pus and suchlike must have noticed that between tl.e pure 

white and the intensely golden yellow coloured colonies of 

staphylococci there exists an unbroken series of so fine 

nuances of colour that a classifìoation according to this 

is often difficult, and if one is to go by this one must 

recognise not 3-4 but 10 -20 varieties. Lubinski 54) has 

produl:ed a lasting growth of white colonies from a race of 

yellow staphylococci after he had grown several generation 

anaerobically, and Haegler had obtained similar results 

from the effects of chemical antiseptib agents. To return 

to the white cocci their original colour proved much harder 

as was found by Eertoye 55 ), Courmont 56), Rodet 67), and 

Netter 5S). Haegler however succeeded in doing this, rec- 

ognising that as the golden staphylococcus is essentially 

an organism associated with the human body. He rubbed into 

the skin of his thigh or forearm white staphylococci partly 

obtained from normal skin, and from the resulting inflam- 

mations was able to cultivate colonies with allshades up t 

an intense golden colour. This would seem to demonstrate 

fairly conclusivily that no sharp line can be drawn betwee 

the different varieties. tt may of course be said that th 



growth colour is indicative of the virulence of the organ- 

ism as the aureus is more virulent than the albus, but 

while the former-is certainly more frequently present -in 

pus than the latter, it fails to explain the differenc4 

in virulence between the latter and the Staphylococcus 

Epidermidis Albus of Welch. 

I have already mentioned the generally accepted belied 

in the prevalence of the white staphylococci as the common 

est form to be found on the skin. The conclusions of Welc 

5'4) who worked up this question I will here quote. "A coc e s 
which may hppropriately bib called the staphylococcus epi- 

derm:id'is albus, is a nearly if not quite, constant inhabi- 

tant of the epidermis, lying superficially and also deeper 

than can be reached by present methods of disinfebtion of 

-the skin. This coccus is found frequently in aseptic woun s. 

It may be the cause of disturbances, usually of a relative 
ly slight degree, in the healing of the wound, especially 
when drainage tapes are inserted. Ìt is the most common 

cause of stitch absce';ses in wounds treated antiseptically 

or aseptically." #fie considered that this coccus was to be 

distinguished from the staph. pyogenes albus of Rosenbach 

of which it was perhaps an attenuated form. It was charac 

acterised by much greater slowness of liquáfaction of gela 

tine an:J of coagulation of milk, and by far less virulence 

than the aureus when inoculated into the circulation of 

rabbits.. He stated that it may be present in graver suppu 

rative inflammations, but that then it was nearly always 

associated with some other pyogenic organism, or has assu- 

med the form of the typical staphylococcus pyogenes albus. 

In the writings of many.workers on hand disinfection 

such a kvhibe coccus is frequently ref erred to, eg. Schumache 

4), tauenstein 13), and it is seldom credited with much 

virulence. 

It is quits likely that in many observations the absenc 

of colour in colonies may have been referable to antiseptic 

substances employed in the investigations. For my own part 



I cannot substantiate the belief in the uniformity of the 

character of all the apparently permanent staphylococci 

of the skiai. The numerous inoculations I have had occas- 

ion to observe from many very ing portions o? skin show a 

wonder? al variety in the ap peanance of the colonies presea 

tea with regularity in a whole eerier of cultures. These 

have all been male from skia unar f ected by antiseptics so 

that the reeult3 could not he preju.3icea by such means. 

In many case:; I have round yellow (not olden) staphylococ 

in very large numbers with perhaps complete absence of any 

white cocci, ana the gelatine was rapidly liquefied by 

them. In pláte cultares showing numerous white cocci gréa 

differences have been observed; some colonies have grown. 
rapidly to a fairly large sire and havé pro.iuoeal early 

liquefaction, while others of identical colour have re- 

maiael miaate ana only slowly softened the surrounding 

gelatine. These larger nos vigorous colonies have in suc 

cases usually been in the minonity, but while no micros 

copie di['i.'erenee was detectible there were apparently two 

quite distinct varieties of white coccus Growing simultan- 

eously.- Of other sorts there have been found the most 

diffuse shades as I have already described, but while in 

the absence of contact with pus aureus éolonies were not 

so uncommon, there was, apparently no constancy in their 

presence in any series, so that one was not justified in 

looking on them as representatives of permanent epiphytes 

With regard to variations according to site from which the 

plates were inoculatéd, there is little to be said except 

that from the hands, more especially the flexor. aspects, 

tinted éoïonies were relatively uncommon and from the palm 

the white coccus was found to preaominate,and it seemed th 

the number to be obtained from it was distinotly smaller 

than from the dorsal surfaces or other parts of the body. 

It is possible that the yellow tinted cocoas so com- 

monly net wit_i, corresponds to the Staphylococcus Gilvaas 

of Bossowski 60), which to quote ;4elch,» seems to bear 

t 
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but the same relation to the pyogenic gelloh staphylo- 

coccus which our epidermal white coccus does to the typi- 

cal pyogenic white staphylococcus." 

I am incline] to conclude on the basis of what I have 

stated above that there is not one but several varieties 

of staphylococcus settled on the skin as permanent epiphytes, 

which probaby are inaeei but modifications of a general 

staphylococcal type, but whose constancy of charaater is 

to be explained by the constancy of the nature of their 

environment in which they are capable of multiplication 

and in succeeding generations perpetuate their own special 

peculiarities. 

But of whatever nature these various races may be, there 

would seem to be but little reason to doubt that one feat- 

ure cornmon to them all is their slight virslenoe,during 

such tine,at any rate, as they may exist on the skin. 



SECTION I4'. 

Co the value of the use of 1 anolir.e as a protection 

to the skir. of the operator. 



Gl. 

In the course of the foregoing investigations one 

thing has been wade specially prominent and that is the 

wonderful power the skin seems to possess of protecting 

itself against any perrna.ient bacterial invasion, in virtue 

of the secretions with which it covers its surface. This 

has been brought out both in the course of the experiments 

ors "normal" skin and on skin which had its natural catty 

covering replaced by the nearest practically available 

substitute for it,viz.,lanol:ine, even when the surface had 

been subjected to a process of deoleation. Indeed the per- 

haps greater amount of fatty matter present on the skin in 

the latter oircuaust3nces seemed to result in an earlier 

removal of organisms than it was naturally able to attain 

when unaided by the artificial oleation. 

On the other hand it has been made evident that germs 

may persist on the skin for a great length of time if 

reaching it when deprived of its natural protection, especi- 

ally those parts less exposed to the effects of friction. 

As this Condition is produces on every o. casion on 

which the operator thoroughly disinfects himself, the obvi 

ous practical conclusion which one must draw is that he sh,uld 

should if possible protect his skin by some artificia mean 

from intimate contact with organ isms. This is not only of 

importance in regard to the handling of such ar'±s:ibLe irifec 

tious materials as pus or the secretions from the septic 

canals of the body, but also in regard to the not only 

possible but probable though less observable infection 

from the atmosphere or already deposited dust of hospital 

wards or theatres. The work of aeler and others have sho ?n 
shown this to be equally important. 

The protection of the hands from intention is a compara- 

tively new development in the practice of aseptic surgery, 

and it is interesting to note that the use of such protee- 
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tive c©verings of the hands during operations, as rubber 

gloves, has really developed out of the surgeon's desire . to 

protect the operation ground from infection coming from his 

"disinfected" hands. 

The surgeon who in this respect does not consider pre- 

vention better than cure, of necessity puts an implicit 

trust in his capacity for disinfesting his hands. As so 

much experimental resear:h has shown this is not to be 

relied on with certainty, though perhaps the removal of 

accidental infection is more readily attained than is that 

of the permanent skin epiphytes. But in any case the fact 

remains that the mora the hands are disinfected, the more 

probably infective they may become, as a result of the more 

aggravated roughening of the skin surface. 

The prophylactic protection of the hands can however 

be completelysecured for the time by the use of rubber 

gloves. But the protection only exists for the period 

during which they are worn, and this is most commonly limi- 

ted to the carrying out of septic operations. as soon as 

they are discarded the handsare again exposed to infection 

from any of an infinite number of sources. What is also 

significant is that while the wrists, forearms,and elbows 

are disinfected and deoleated, they are afforded no protec- 

tion by the gloves, and notÁare they thus specially liable 

to infection but they are less easily disinfected as they 

cannot, even if it ins always kept in view, be submitted to 

such a thorough mechanical treatment as the tougher skin of 

the hands. 

The disadvantages of rubber gloves from an operating 

point of view are familiar to those who use them and severa 

substitutes have been suggested to more conveniently replan 

them, all of them as with the gloves themselves at first, 

proposed in order to prevent the separation of organisms 

from the hands and consequent wound infection during oper- 

ation. 



Thus Schleich 61) recommended a wax paste which he 

claimel,used in conjunction with his marble soap, woulçl 

oc:_ :lude the orifices of the skin glands and so prevent 

the escape op germs fron these sources 

Unna 62) suggested leaving a layer or. soap on the hand 

after washing to prevent the separation of epithelial (bell 

and attached bacteria. 

Menge 63)proposed paraffin dissolved in sylol. 

Haegle:r (1oc.cit.cap.VI) tested these devices experi- 

mentally and also tried a solution of gutta percha, but 

cane to the conclusion that all were unsatisfactory. The 

wax became emulsified and removed by the alkaline fluids 

in the wound, the paraffin and the guttaperoha cracked 

too readily or were rubbed off. The paraffin was if any - 

thing the most reliable. But none of them was capable of 

preventing entirely the separation of germs from the skin. 

If they were as compared with rubber gloves unsatis- 

factory for this purpose, one may presume they would be 

equally unsuited to protect the sur;seon's hands from the 

patient, and which in view of the slight virulence or the 

deep skin germs may really be considered of more importanc 

than the protection of the patient *s wound from the sur- 

geon's hands. 

Arguing from my own experiments it struck me that the 

best procedure in. this direction would be to imitate natur 

as far aà possible, and that therefore the use of lanoline 

as .the nearest approach to our own skin fat must pe the 

best possible means of protecting the skin. My experiments 

demonstrated that unaided natural.causes freed the skin 

from infection very rapidly if after mechanical disinfecti 

it was covered with but a thin coating of this agent, wher 

as if nmt so protected the germs persisted for an enorm- 

ously longer period. No doubt this result could be has- 

tened by active cleansing and olisinfection, still the ad- 

vantage of avoiding the necessity of this if possible is 

obvious. 
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If the operator is to make use of this safeguard it 

o»ght to be applied to the skin as soon as the process of 

disinfection praparatory; to an operation is at an end. 

If now the hands may become infected all that is necessary 

is a removal of the lanbline which will bring away with it 

the adventitious bacteria. The lanoline has also this 

advantage that not only does it prevent the adhesion of! 

germs to the cells of the. skin but infectious material, 

which is usually of a fluid nature,tends to run off from 

a surface covered with it. It forms a uniform coating 

which is only with dif;' iculty rubbed off, and which does 

not crack in places as do most other substances used in 

this way, and it fills up all the crevices and grooves in 

the skin. At the same ttme it is the ideal application 

to the skin deprived of its fat and saves it from becoming 

dry and fissured. It does not make the hands slippery, in 

fact they are rather less so than otherwise and this is 

a distinct advantage during an operation, and of course 

in contrast to gloves the tactile sensation is in no way 

interfered with. 

It must of course itself be sterilised,and this rather 

improves it for the purpose,as it renders it anhydrous and 

it is then firmer in consistence and not so greasy as in 

the ordinary state. 

If it is to be used as a protection to the hands etc. 

against infection it is naturally desirable that it should 

be capable of easy removal if for instance it has been 

brought in contact with pus. With this object in view I 

carried out a series of experiments in order to ascertain 

by what means it could be most quickly removed. - 

The hands were thoroughly scrubbed as for an operation 

and treated with aether or bran to remove all fat from the 

skin. Sterilised lanoline was then rubbed well in and the 

surplus wiped off till hardly any was visible. The whole 

contents of a bouillon tube containing actively growing 

culture of B.Prodigiosjas and then another of B.Pyocyaneus 

were rubbed all over the hands tUi then had dried on.- 
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The hands were then treated in various ways in the differ- 

ent experiments and finally inoculations were made from 

the palmar surface of the hand and fingers,and from the 

dorsu.m of the hand and fingers and the inter- digital aspec s, 

of first one hand and then the other. A sterilised knife w 

used for the purpose and the whole surface of the hand and 

fingers was tested on each occasion. 

To effect the removal of the lanoline reliance was 

placed on the use of bran which has a striking power of 

extracting the fat from the skin. The bran was employed 

for washing as with soap,and aided in some cases with a 

nail brush or gauze swabs, and during the process the hand 

were held under a tap of running werrn water. 

Three minutes washing failed to completèlyremove the 

germs from the hands when the bran alone was used, When 

prolonged to five minhtes,of the four inoculations one, 

from the palmar surpace of the left hand was sterile, the 

other three plates showed 1,2,and 2 colonies. Better 

results were obtained in three minutes ifthe washing with 

bran was aided by the use of gauze or a nail brush. The 

best results were obtained by the use of a soap composed 

of braze mixed with soap in an excess of water and made 

somewhat alkaline. ':ith this alkaline bran soap the deoleal 

tion was rapid and 'satisfactory and, of ter treatment with it 

and á,auze for five minutes,sterile results were obtained. 

As will be seen this constitutes a very severe test for 

but rarely in practice dce.the hands infected to such an 

ektreme extent as is represented by the rubbing in of a 

pure culture over the whole of both hands and fingers till 

dry. The results must therefore be considered satisfactory 

for by no other such simple procedure could hands be disin- 

feeted in the ordinary way and that without any injury to 

the skin. The process of course simply consists in a re- 

moval of the lanoline which brims along with it the con - 

tained germs. It does not probably.act on any more deeply 

located germs but as there is every reason to suppose that 



the lanoline prevents the deeper penetration of bacteria, 

the desired object.is attained. 

After this treatment the skin is of course as liable 

as before to the risks of infection and the sterile lano- 

line should be reapplies. 

Further experiments are being made with a view to 

improving on the method of deal cation and disinfection 

though it is hardly to be hoped that it can be shortened 

with safety. 

It is another possible benefit obtained by the use of 

lanoline that it may hinder deeper organisms being given 

off from the hands during an operation, but this has not 

been tested by experiment so far. 



SEE6tION V. 

The microscopical evidence as to the localisation of 

bacteria on the skin under certain circumstances. 



7 0. 

Section V. Table or microscopic preparations made. 

A. Skin from middle line of abdomen, elderly male corpse, 

moderately hairy. 

1. Normal skin. 

2. Normal skin rubbed 5 minutes with the end of a test 

tube, skin moistened with water. 

3. Normal skin rubbed 5 minutes in similar way with 

mixed bouillon cultures of B.Pyocyaneus and Prodig. 

4. Skin deoleated by rubbing 5 minutes with aether and 

gauze; then treated as in 2. 

5. Skin deoleated as in 4; then treated 5 minutes with 

alcohol and gauze; then cultures rubbed in as in 3. 

B. Skin as in A, but from just above pubis, very hairy. 

1. Normal skin rubbed 5 minutes with glass rod and sur- 

face of agar culture B.Pyocy. mixed with water. 

2. Skin deoleated as in A 4; then treated as in 21. 

C. Skin from middle line of abdomen,.female corpse,slightly 

hairy. 

1. Normal skin rubbed 5 minutes with surface of agar cu 

tare mixed with lanoline. 

2. Skin deoleated' with aether as in A4,then treated as 

in 01. 

2. Skia deoleated with aether and alcohol;then treated 

as in Cl. 

D. Skin from middle line of abdomen, male corpse, rather 

hairy. . 

1. Skin washed clean, then lanoline well rubbed over 

surface and then surplus wiped off. Then agar growth 

of B. Prodig. and B.Pyocy. rubbed in with glass rod. 

'E. Skin from axilla. Hairs extracted. 

1. Agar surface growth of B.Pyocy. and B.Prod. rubbed 

in fairly firmly. 

F. Skin as-in E. 

1. Surface scarified by scratching with a sharp pin. 

Then 4gar surface growth od Staph. Aur. B. Prod._4 Pyoc 
7+ubbed i o 
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With the object of correcting or confirming the result 

obtained by the experimental methods described in the pre - 

vious sections, a large number sections of skin treated 

in various ways was examined microscopically. The skin 

was obtained from recent corpses and was then dealt with 

in the manner detailed on the Table. In most instances 

from about 30 to 100 sections were made and as far as pose 

ible serially. 'After numerous tests it was found that for 

investigation of the bacterial incidence in or on the skin 

the best and simplest results were obtained by staining 

the paraffin sections with carbol- thionin blue, and after 

thorough washing in water staining with a 2% solution in 

water of methyl Veen. Any bacteria retained the dark 

blue staining of the thionin and the nuclear elements of 

the tissues took up the bluish green colour of the methyl 

green. By this means the stained organisms stood out quit 

distinctly from their surroundings,and as the horny lager 

of the skin was not deeply coloured but only very slightly 

and delicately tinted, there was no obscuring of any germs 

present in this region. 

Al. 

The sections made from this nornal skin, untreated in 

any way, showed but a sparse number of organisms in any 

one section. The predominant forms present were cocci 

occurring usually isolated but not infrequently in diplo- 

coccal form. They seemed to lie for the most part on the 

free surface of the epithelium and were often enclosed in 

such debris as was present on the skin, and which was ofte 

found to be collected in the grooves and furrows. 

In no instance were any organisms detected in the swea 

gland ducts. In the hair follicles they were but occasion 

ally to be detected near their orifices. The majority of 

sections implicating the follicles were apparently free 

from germs. 



Sketch of a section in Series A2 showing position of germs in a hair follicle. 

Sketch of a section in Series Si showing position of germs lying ori wall of a 

hair folli3le. 



A2. 

The conditions here were much as in Al. No deeper 

per,e.trAtion'of organisms was detectible,but, as in the pre - 

viocs case,the total number of them present was but small. 

A sketch made with the camera lucida eyepiece of the micro 

scope will give an idea of the position of germs in the 

hair follicles and their scarcity in this situation. 

A^. 

As would be expected in this case the number of bacter 

is present was considerably increased as the result of the 

artificial infection. There was no evidence of increased 

penetration of the bacteria into the depths of the skin. 

Possibly the fatty matter of the skin hindered the entranc 

of the germs contained in a watery medz;um(bouillon). 

A4. 

As a result presumably of the treatment of the skin 

with aether and gauze with the object of removing fatty 

matter, it was found that the stratum corrneum was in many 

places separated off at the level of the stratum lucidum. 

In such cases as is to be expected the organisms were 

to be found lying in direct contadt with the deeper eüc- 

posed layers , i. e. tie stratum gaanulosum. It is prob- 

able that this separation occurred rather more readily in 

the skin of aeorpse than it would in living skin, still 

as I have had occasion to point out before the skin of 

such portions as here on the abdomen have but a compara- 

tively thin and delicate eprface epithelium is easily Ab- 

raded. Organisms then reaching the deeper strata would 

probably find here a suitable nidus for development, and 

may perhaps remain protected by theseparated but still 

overhanging epithelium. 

In the mouths of the heir -follicles the surface someti: 

presented a broken up appearance as a result of the fricti 

but this action did not seem to reach very deeply, at any 
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rate the contents of the follicles were not remof ed ana, as 

the fatty matter in the deeper portions was probably also 

undisturbed,the organisms were not found at a deeper level 

here than in the previous cases. None were detectible in 

the sweat ducts. 

A5. 

I have previously referred to the action of alcohol 

as observed on the skin and the orifices of its ducts by 

Haegler, and in this case the skin examined had been treat 

cd with alcohol as well as aether. That little difference 

was to be seen between these and other sections is probabl 

to be accounted for by the subsequent immersion of the 

portion of skin in alcohol to fik it having producted a 

similar result in all the sections examined. 

B1 and 62. 

The purpose of this examination was to ascertain if 

the nature and medium of the infecting agent made any 

difference in the penetration of germs. In this series 
of 

the infection was produced by meansAan agar growth in 

a watery mixture. As might be expected the organisms 

were more richly 'present than when bouillon was employed. 

The penetration of germs in hair follicles reemed to be 

deeper than in series 'A, but it is possible that this fact 

is to be attributed to the follicles of the skin being 

considerably larger as the hairs incthis situation, just 

above the pubis, were much larger and more numerous. 

The skin showed in the sections a considerable a cu,nulatio 

of debris, which commonly though not always filled up the 

folds. The bacteria sere contained in large numbers in th 

apparently fatty detritusand by its 
- intervention prevented 

from reaching the epithelial surface. It was noted that 

the germs were often caught against the upper margin of th 

skin folds without reaching to the bottom of it. 

Here also I was unable to convince myself of the presence 

of germs in the sweat ducts. 



C 1, 2, and C. 

In this series the bacteria were rubbed in contained 

a fatty medium,the agar surface growth being mixed with 

lanoline. The germs in sections were found to be commonly 

aggregated together and very many lying at a distinct 

distance from the epithelial surface. In the folds of the 

skin, which were very numerous, was always to be found fatty 

material mixed with debris and containing numbers of organ -f 

isms. It was difficult to say if the fatty medium allowed 

the bacteria further penetration as the hair follicles were 

in this skin comparatively small. 

Dl. 

The skin had here been treated first with lanoline 

preliminary to the infection. The germs seemed to be usu4 

ally contained in fatty :natter and lying many of them at 

some distance from the surface, as if the lanoline had prob- 

ably them off from it. On the more prominent or super 

ficial :.àspects of the skin margin,the bacteria appeared to 

be lying in contact with the epithelium. As far as one 

could judge from such sections,the lanoline seemed to pro- 

tect the surface from the access of the germs,but as of 

course the bulk of the lanoline was wiped away it was impo; 

sibie to say from the microscopical appearance if a layer 

of it,perhaps extremely thin,had at all points intervened 

between the germs and the stratum corneum. In any case it 

does not invalidate the arguments in favour of the methods 

proposed in the preceding section (IV), as any bacterium 

even if in seemingly close contact with the skin would 

inevitably be enveloped in fatty matter and thus prevented 

from becoming f ir.nly adherent to the surface, and should 

therefore be readily removed in the cleansing. u 

El. 

From this portion of skin taken from the hairy axilla t 

hairs were extracted before infection. In sections the 

e 
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organisms seemed to have reached a distinctly deeper situ- 

ation in the hair follicle but were not found in any very 

l arse numbers 

Pl. 

These sections afforded a confirmation of the observa- 

tion of Haegler of the enormous collections of germs which 

were to be found in accidental scratches or abrasions of 

the skirl. This state of affairs was probably largely due 

to a growth of organisms in these clefts; my own sections 

showed, apart from any growth of the germs, very large accu- 

mulations of them as far as the innermost recesses,follow - 

ing rubbing in of pure cultures. It was noted that the 

cleft produced by the scratching was almost always bifid a 

the bottom like an inverted k. 

The investigations described in Sections III, ICJ, and 

were carried out in the Surgical Laboratory of the Univer- 

sity of Edinburgh and I am gratefully indebted to Professo 

Chiene for kind permission to make use of it for this obje 
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. vou. Mickulicz u. Kausch (W): Antiseptik der Laparotomie.- 

Handbuch der praktischem Chirurgie 1900, III Band, 

I. Teil. 

. von Mickulicz: 

3. Opitz (E): 

Ueber Versuche die 'aseptische' Wundbehandlung 

zu einer wirklich keimfreien Methode zu vervollk- 

ommnen. - 

Deutsche med. Wochenschrift, 1897, 409 - 413. 

Recommends use of gloves, avoidance of coughing 

etc.; sees some danger in air infection. 

Bemerkungen uber ;liändedesinfection and Operations 

handschuhe.- Berl, K1in. Wochenschrift 1898, 

.n KXV, 861 - 863. 

Suggests that frequent washing in very hot water 

suffices to clean infected hands by setting in 

activity the skin glands etc. 

4. Schumacher (H): Beitrag zur Frage der Desinficíeròarkeit der 

5. Kocher: 

Hand.- Beitr. z. klin. Chirur. Túbingen. 1901, 

XXIX, 690, 702, 

Chirur gische Operationslehre.- 1902. 

Results of Mohaupts' experiments on infection from 

sweat mentioned. 

6. Nagelschmidt,(F): Veber Hand - Desinfection.- Fortschritt d. Med., 

7. Döderlei 

Berlin, 1901 XIX, 909 - 912, 1011 - 1019. 

Points out value of aether as by its action on 

fat it lays open and cleans out the skin glands. 

Urges value of prophylaxis and says no case should 

be touched for 1 - 2 days after handling an 

erysipelas or a section. 

Der gegenwärtige Stand der Hä ndedesinfectionsfrage 

und die nächstem Probleme derselben.- Deutsch. 

med. Wochenschrift,1900, XXVI, 669 - 670. 
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Schiei 

II 

10. Sarwey 

Speaks of the urgent necessity of further study 

of the normally and abnormally present skin germ 

and of determining the length of time they may 

remain and their situation. (Abstinence time) 

h: (G. L. ): Neue Methoden der Wundheilung.- 1899, 97, 105 - 

109. 

(0): 

Hygiene der Hand and chirurgische Prophylaxe.- 

Deutsche med. Presse. Berlin 1901 V. 55 - 56. 

Questions use of aiming at absolute sterility 

as his researches show that an <.ae''ptically 

healing wound can contain numerous virulent 

bacteria. No really sterile wound. Defends 

the use of his marble soap and utmost care of 

hands. 

Bemerkungen zu dem Aufsatz des Herrn Prof. G.L. 

Schleich "Hygiene der Hand etc." Dr. N.Blumberg. 

Erwiderung auf Herrn Dr.N.Blumberg's Bemerkungen 

liber die Marmorseife in Nr.12 dieser Zeitschrift 

G. L. Schleich. 

Schlusswort zu der Entgegnung des Herrn Prof. 

Schleich auf meinen Artikel in No.12 dieser Zelt 

schrift. Dr. N. Blumberg. 

With Prof. Dr. Paul: Experimental- untersuchun- 

gen über Händedeslnfection.- Verhandlungen der 

deutsch. Gesellsch'..f. Chirur. Berlin 1900 

XXIX, Th. 2. 121 - 130. Discussion.- Verhánd. 

d. Deutsch Naturf. und Aerzte, 71, Ver. 1899, 

1900, 2 Th., 2. Hal f te. 205 - 209. 

11. Haegler (C.S.): Händereinigung, Händedesinfection und Hände= 

Schutz.- Eine Experimentelle und kritische Studie. 

Basel, Schwabe, 1900, 8° XI. -211 S. 



12. Mohaup 

13. Lauens 

14. Krönig 

(M): Beiträge zur Frage der Bedeutung der Mautdruaen- 

secretion auf den Sterilisationseffect bel der 

Hautdesinfection. - Deutsche Zeitschrift f. 

Chirurgie, 1900 LVIII 2. Heft, 141 -171. 

ein: 

15. Geneve t (E) : 

16. Eberth: 

17. Brunner: 

Untersuchungen über die Möglichkeit die Hand des 

zu operierenden Kranken zu desinficieren. - Archi 

kiln. Chirur. 1896, LIII, 193. 

Versuche über Spiritus desinfection der Hände - 

Centralblatt fur Gynäkologie, 1894, No. 52. 

De l'infection suderdle des plaies chirurgicales 

pair les mains du chirurgien. - Gaz. hebd. de Mid. 

et Chir. Paris, 1901, XLVIII, 205 -207. 

Untersuchungen über Bacterien. I Bacterien im 

Schweiss. - Virchow's Archiv. 1875, LXII. 

Chiefly of a historical interest. 

Ueber Ausscheidung pathogener Mikroorganismen 

durch den Schweiss. - Berliner kiln. Wochenschr. 

1891, 505. 

Brunner found organisms in sweat of septic cases 

and also in similar fashion obtained B. Prodigios- 

us after injecting it into the vein of an animal. 

18.von Eiseisberg: Nachwels von Eiterkokken im Schweisse einer Pyaem 

schen. - Berl. klin. Wochenschr. 1891, 553. 

19.Gärtner: Versuch der praktischen Verwertung des Nachweises 

von Eiterkokken im Schweisse Septischer. 

Centralbl. f. Gynälol. 1891, XL. 

Considered that good results of sweating in sept- 

icaemia is due to bacteria being expelled from th 

body by means of the sweat. 



O. Geister: 

1. Ziegelroth: 

2. Petrusch 

33. Samter: 

Veber Ausscheidung der Typhusbacillen durch den 

Schweiss.- Wratsch, 1893. Reference in 

Centralbl. f. Bakt. XIII 767 

Deber den prophylaktischen wert des periodischen 

Schwitzens.- Deutsche med. Wochenschr. 1898, 

XXIV Therap. Beil. 29; 37. 

ky: Untersuchungen über Infection mit pyogenen Kokken. - 

Zeitschrift f. Hygiene, 1894, XVII, 57. 

Prüfung der Hautdesinfection nach antiseptischer 

Methode.- Archiv f. klin. Chirur., 1896, LIII, 

440. 

24. Schimmelbusch: Veber die Ursachen der Furunkel.- Archiv f. 

Ohrenheilkunde, 1889, XXVII, 252. 

Suggests that the cork -screw windings of the sweat 

glands prevent entrance of bacteria. Boils are 

most frequent where there is most friction and 

sweat -glands are least numerous - neck and back 

(here only 400 sweat -glands per sq. inch.) 

25. Longard: 

26. Wasmrìth: 

27. Ziegler (E): 

Archiv. f. Kinderheilkunde. 1887. 

Veber die Durchganglgkeit der Haut fur Bakterien.- 

Centraiblatt fur Bakt. 1892 XII, 824, 846. 

Found no difference in results when bacterial 

growths were rubbed in with the aid of lanolin. 

Veber den Fettgehalt der ausseren Haut and einiger 

Drüsen, nach Untersuchungen von Sata.- Verband- 

lungen der path Gesell.. 1900, S. 238. 

Sata has determined presence of fat in all sweat - 

glands, of small fatty particles in the epithelial 

cells and deeper layers of the epidermis. 



29. Unn 

Lehrbuch der bdcteriologischen Untersuchung und 

Diagnostik.- Stuttgart, 1894, 423. 

Describes a method of collecting sweat for 

examination. 

P.G.): Histopathology of the Skin. Trans. Dr. Norman 

Walker, Edin.. 1896. 



14.-W i e n ;e 

Section II. 

Desinfektion oder Aòsti i e,iz.-Centr. a1.b1.. f. Cyzrikolo- 
die. 1993. No.°1. 

Discussion. Gesel ls::h. f . eburtshilf er zu Lainai_` - 
Centrilbl.f.Gy.nak. 1998. p,519. 

n(H. ): Hat dice zceitweiss Abstinent der t?rtte von der gebur 
hilfli.,3hen Thäti_ske t eine wesentliche 9edeutunj 
fur lie Prochylaxe des .'l ochenbettf iebers ?- Ce- ttralb 

f.GyaLz. 199 ?. No.? 

Re:nerurigen zum vorstehenden Aufsatz.- Ditto. 

Darf der Arzt nach 9erührun_g .infektiSser Stoffe 

ohne :'leiteres Gebubten übernehmen. ? - Centralb.f.Gyn 

äkol . 1992.N0.21. 

i.c,_ i: Ob und eventuelL gaie lange soll man nach einer Sek - 

ticn oder nach Abl,aaf einer Pueroeralfieberfalles 

in der geburtshilflichen Thätigkeit pausiren ?- 

Centralbl. f ..ynk. l?9?.No. 1h. 

26..Wir2, ._. Feri.2nte and Sti3ie..-..I u IIf.,..?? 11.140. 

Lehrbuch. - . . u. 1 1 

28.Scrrö er: Lehrbu,i ier lebur.tshil'e.-7 

29,l.rarti : bion.f.Geb.S.XVI, 1980,1).17?. 

4O.Soies.lber: Lehrbuch der Geburtshilfe.-1 Aufl.p.195 u.71F5. 

.Kustner: 

.:Ahlf e d: 

VoLkm Fann: 

Fqïrbr 

Ditto,? A.uf1.o.G77. 

In this second edition he has diveri uo otservation 

of abstinence in favour of disinfection. 

Centr. albl.f. ;.ynal=..1890,o.e1. 

Centralbl . f .9ynäk. 19Q0, No. 1h. o. ?7ES. 

Centralbl. f .Chir.1880, No.2ri. 

nger u. 

an: Neue Untersuchungen aber die Desinfektion der Hg.:.- 

Deutsche med. '9ochenschr.1895. Alo.7,p.81 -95. 

Über die Desinfektion infizierter Hände und die Not 

wenlidkeit dar jeburtshi1fiichen Abstinenz.- Inaug. 

Dissertation. Tübingen. 1895. 

s- 

- 

é: 



8 Snerl n ('1.): Zur Tra_e c3HL. Abstinenz und der 

Desia e ctiOa ,.per E33n:ie. ti . Kritik der Disserta- 

tion von ^riedrich Henk, Tübináen, 199 ?.- Centralbl 

f . Gy.r k. 1991, No. 22. 

(0): aber die in klinischer Lehranstalten bestehende 

Notfrendiokeit einer seburtshilrlichen Abstinenz- 

zeit fur "infizierte" Staaentea.- Sammlung klirr. 

Vortrüoe. Neue Folge, 1.22. 1895. 

t7. 5arw o 

tS.Binas 

9.Heile 

60Fürbri 

51.Fürbr 

i: aber aie Desinfaktior, und die desinriziersnae Kraft 

der ,nersohlic.hen Haut :- Polictinioz.Nov- Dez.1997. 

Experimentelles zur Trage der Operationshandschuhe 

nebst nitr en zur 3edeutund der Luftinfektior:.- 

P'ei tr. Zur klirr. Chir. Túbingen, 1901.XXXII, 72:5 -7Q15. 

er: Unt er.uc.hun._en und Vorschriften über die Desinfekt- 

ion der ande des .5rzte::.- iesbaden,1899. 

n=er: Die neuesten exoeri es:itellen rauila_`en der H3anae- 

desinfektion.- Dnutsshe mei. ? +'o3henschr. 1995,No._. 



Section III. 

52.Heuss Die Reaktion des Schweisses beim ?esunden ,4enschen. 

Monatshefte f.nrakt.Dermat. B.11,1992. 

5 .Gotts ei:i( A. ): Das Verhalten der Mikroorganismen legen Lanolin.- 
Beri . kl i r.. n ochensch .r. 1837, No. ?.ß. 

51.L D ubin ki: btir die Anäerobiose bei riterand. Centralbl.F.ßakt 

9.11. No.19.1991. 

Sri.Berto.J .: Microbes or infective o5teon.yelitis.-11.anocet,19. 

: Société de biologie, juillet, 1ßa1. 

57.F2odet et 

Courlont: SociétQ de biolosie,avri1,1890. 

58.Netter: Sociéte médicale des [5on itaux, 18 mai, 189?. 

59. Welch Int.=.rnat. jour.nal of ined. scienes. 1891, 102,09.429- 

FO.Bo::,o s:,i: 4'iieaer 'icchenschr. 


