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SECTION I,

7o

The significeance of the skin glands and their secre-
ticns in the practice of eseptic surgery.




Since the days when Listerism was fiest inaugurated
the importance of the disiafection of the skin both of
operator and of patiéent has always been prominent, and of
all the problems involved in the practice of antisepsls
this has proved the most troublesome of solution, It
cannot in fact be sald to be yet settled, if by disinfect-—
ion of the skin is to be understood 2 production of a
condition of absolute sterility in the bacteriologists'
sense of the word. That a degree of sterility whieh
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 cannolb 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 naturs, or of both
combined, has yet been devisad which by common consent is
acknowledded 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 stats the ideal
result has nolbt been arrvivaed at. The surZeon may well
perhaps gquestion whether such an ideal is at all necessary
or of importance in view of the probably small pathogenic
activity of such germs as may ordianarily remain. The
frequent possibility of the 1nfection of the surgeon's
skin with virulent microbes however is sufficlent reasoan
for alming at the bacterlological ideal.

On consideration of the causes of this paramount
difficulty in disinfection the reason is not far to seek.

The skin pr2seats a most irregular surface with countless




2.

macroscopic and microscopic crevices and openings, Its

surface is still further roughened by accidantal abraslons€

or by the natural process of the casting off of epithelial
scales as is constantly takiang place, all of which afford
to the minute mierobe a comparatively enormous resting- i
place in which to lie and possibly reproduce itself.

If the presence of germs were quite superficial a
thorough disinfection ought not be impossibdls; the fact
that they must lie deeply and firmly imbedded in the skin
however, has long been r2cognised as the main reason for
the fallacies of a skian-disinfection, Moresover in recenf
years the belief has gained acceptance that the natural
openings of the skin, the sweat-glands and hair-folllicles
furnish a ready nidus for the deposit of bacteria which,
as might be expectad, in such a situation are unaffected
? by antiseptics even of penetratiang properties. This '
view is generally approved and mentlioned by most recent
writers on the subject, among others von Mickuliez 1), 2),;
Opitz 3), Schumacher 4), Kocher 5), Nagelschmidt 6),
Doderlein 7), Schleich 8), 9), These authors, many of
them foremost authorities on hand-disiafection, refer as a

fact to the impossibllity of a complete disiafection of

the skia on account of the dedply seated position of skin
germs in the sweat—-glands and frequent mention is made of
the likelihood of these gZerms again reaching the surface.

V. Mickulicz and Kausch 1) for instance in 2 recent

textbook stats that "the reason for the difficulty of

1
|
|
|
|
|
i
sterilisinog the skin is on account of its containing, in ‘
the deeper layers of the epidermis and in the effaerent l
ducts of the glaands, bacteria which appear to be regular ‘
eplphytes (staph. albdus), Disinfectant methods remove [

or kill the germs of at most the superflicial layers.

come to the surface, The skin is consequently in the

|
During the operation the bacteria of the deeper layers sooi
|
i
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 agencles who knows how deep in the gland ducts ...|
| »o» the regular epiphytes of the skin lie", he continues,
"On a hand which as that of the surgeon is so often infectdd
with virulent bacterlia, into whose pores through rubblng
and pressiag manipulations, the germ-containing secrations
are driven, the bacteria may often for a long time remaln
so fast that they resist the best methods of disinfection.
_ suech a hand may be proved by culturss to be almost Zerm-—

free on its surface; in the course of a2 prolonged operat—

ion through pressing and rubbling, in a manner massaging,
| manipulations the concealed germs are agaia urgded to the

| surface and so can produce an infection",

|

Schleich 8), mentions that Mickulicz and his pupils
have pointed out how the bacteria whiech gn every skin find
hiding-places in the glandular apparatus cannot be gZot at.
Doderlain 6) is even more explicit. He speaks of the
"sebaceous and sweat glands whose canals give entrance to |
bacteria, They settle down in these ungetatable spaces,
|probably also increase in the recesses, defy dislnractantsi
and in inoculation expsrimsnts ars carried over to the
lculture mediam in greater or less number accordiag to the l
condition of the skin, or else remalin behind in the skin !
sooner or later, dependiang on the external conditions, to }
again reach the surface: it is these skin-parasites whichl
ars deposited at operatlions in great number by the uncovereé
hands in the wound where we can always readlly demonssrate%
thanm". He considers these skin-parasites however to be :
usually non-pathogenic, while virulent organisms accldent- |
ally brought to the skin do not settle down as constant !
parasites. i
I might gquote many others giving expression to similan

oplanions, Sarwey and Paul 10), whose work on hand-disin-
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fection has been one of the most complets and comprehenslve
accept this view, and say that if, as has been suggested,
deep seated germs possibly lyiang in the wriankles of the

Skin perhaps in the glands and hair-follicies are enablad

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

|
cannot be considered sterilse,

There is unfortunatsly in all these writings but i

scanty reference to the actual authorities for this bellef‘

| and, as a matter of fact, of practical research to demon- .
steate it thers has been extremely little, It is howeveé
so plausible a view that it finds ready acceptance and i
would seem to furnish an explanation to many experimentorsi
on skin-disinfection of the impossibility of attaining 1deq1
results, In so far as actual research is concerned I ca&
quote but two or three writers whose work has dealt special}
ly with this particular problem. 5
Haegler .1), in a very elaborate and painstaking
:monograph on hand-disinfection states that under certain !
'cioaumstaaces he has found bacteria lying in the halr-
folliclas and sweat-gland-duects.,, in sections of skia
axamined with the microscop=. I shall refer to this more

fully later.

In 1900 Mohaupt 12) published an account of an

experlmental research, "Zur Frage der Bedeutung der

Hautdrlisensecration auf den Sterilisationseffect bei der |
Hausotusensectoslonani_de v 28 |
Hautdesinfection". I may be excused if I refer to this in

|some detail as it is the most important experimental work ]
so far which méy be held to demonstrate that, as the resulf
of germs lyiang in the sweat—glands being brought out with
the stream of perspiration, a2 skin surface after a thorough
disianfection apparently stecrile can be again infectad from
#ithin, quite apart from any external source of infection.
Mohaupt carried out four series of experiments. Ini
the first a skin surface was shaved ,cleaned with scap, hot

water and brush and finally with aether. The skin was then
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scraped with a piece of stsrilised hard wood and a bouill-
on tube or Petri-dish inoculatzad 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 rarsly was the surface pr0ved!
to be sterile, but that, while aftar the lapse of one houy
hardly any difference was noticgatlein the number of derms
present, after some 24 hours a very great increase wWas
observed. The Ariter attribdbuted this lancrease chiefly
among obther possible causes to a growth of the gZerms under
the sterile covering,
To determine the origin of the miecrohes a second !
series of experiments was carried out in which the skia
was made to perspire by means of 2 steam bath at a teamper—

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

soap and hot water for 10 minutes. The process of clesanls-
ing of the portion of skia chosen consisted in a scrubbing
|
with sterile brush and soap and hot water for periods \
varyling from 5 to 10 minutes, and immediately after the [
soap was rinsed off a rubbing with pads soaked ian aether
frequently changed during periods of 3 to 5 mianutes,
The skin was then coverad as before with a plece of |
protective, Two successive inoculations were made with
a plece 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 minutss, Inoculations wer2 then twice made with
wood as before and the 4 wood chips covered over in separ—
ate dishes with ligquefied agar. 0f 8 experiments 5 were
on the sol2 of the foot and 1 on the forearnm. Of the
inoculations made before the sweating 3 showed the presence
of miecrobes, on sach respectively 1, 2, and 6 to 8 colonie
Of the inoculations after the sweating all showed growths
varyling from 1 to 50 colonies, In these experliments a
maceration of the skin was observed as a result of the
effect of the st2am aand perspiration,

Accordingly a third series of expasriments was inaug-
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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 compr954

|

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

ed dry. Inoculatlions were again made with wood.,? 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 substitutsd for asther but used in similar fashion for
5 mins. 0f the first inoculations 4 of the experiments
shoned growth of germs (8 plates infected), one "strongly
infected" and the rest with from 1 to 15 colonies. The
period of sweating lasted from 10 to 40 mias. Of the
inoculations after this 4 were sterile (in one experiment
both plates). The rest had colonies varying in number
fron 2 to 50, In one platz2 mould only was prasent,

The case in which both plates remalned sterile after the
sWweating, Mohaupt mentions was just the one ("accidently
perhaps") where the cleansiag 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-

lvely small.

Recognising howsever that it was impossible to exclude

a cerftain even if slight degree of maceratlon 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 penformed a fourth series of experi-
ments, In these the electric incandescent l1ight 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 belng surrcounded with wetted muslin.
Control experiments on the air showsd only a small number
or an absence of germs on Petri-dishes. laid out in the
room for 15 mins,

The sweat was collescted with a platinum loop, in

|
|

|
|
i
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later tests with a piece of gauze, The skin experiment—|
ed on was aelthar tha dorsum (11 times) or palm (5 times)
of the hand, More profuse sweatliang 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 aether 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 mins. The alcohol, used alone, was
rubbed on for 4 or 5 mins, In 4 cases a cultura of
Bacillus Prodlgiosus was lightly rubbed over the skin sur-
face before the cleaning with the point of the fiager or
the end of a test tube for 4 mins, In 8 cases the skin
was moistened before2 hand and rubbed with the test tube
without using any bacterial culture. In the majority of
cases the first inoculatlon after the sweabting was follow-
ed by another rubbling with aether or alcohol and a rapet-
ition of the sweating for varyiag periods of time. In the
most prolonged experiment ths 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 inoculatlons before the swealling proved sterile
and 16 inoculations after the sweating in these cases show+
ed growths. In 2 cases there were preseant 9 and 5
colonies respectively; in the others one or at most two
colonies, Of the 4 expariments on Bac. Prodiziosus out
of 12 inoculations following the various periods of sweat-
ing 3 dishes showed a growth of the speclific bacterium,

In tha 5 experiments on the palm of the hand the
10 inoculations bafore the periods of sweating wers sterilg
After these periods growth was present in 4 dishes.

These results of the last three series might well be
accepted as proviang the truth of the already adopted beliaf
in th2 constaant presence of germs in the swealb-gZlands.

As all of them had bgen carried out with an artificially
produced sweating I was curlous to know if the force of tha
str2am in any way determinad the readiness with which the

gdernys were washed out and also their numbers, and I resolv-

]




i but during this washing’the palm to be exparimentad on

8.

ed to test the results with what may be called a nornaal
degree of perspiration with a view to mora definitely
judging the practical significance of this for the operat-
ing surZeon. His hands are without doubt freguently
moistened with perspliration but the conditlons are la no
way approximate to those involved in the artifiecial pro-
duction of sweabt by the aid of heat or light.

The methods adopted In my experiments differ con-
sidsrably from those of Mohaupt and were chosen with a view
to avolding several obvious possible fallacies, The
portion of skin made use of was the palm of the hand, choss
on account of its convenlently smooth surface, entire
absence of hale follicles and glands, and bscause here the
sweat glands are more numerous than ia any other part,

It is also the source from whilch possible infection from
sweat 1is most likely to arise for the surgeon, as it sweabs
the most freely and so constantly comes in contact with
instruments, gauze, or In fact anythiang held 1a the hand.

The whole of both hands and wrists ﬁsra given in
each case for fully five mins. a preliminary serubbing

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

was nol scrubbed. A space of five mins, was then given
to scrubbing ian similar way the palm alone and its immed-—
fate neighbourhood using all possible energdy. 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
sterilisad, The soap foam was then rinsed off with
sterile watar and an obther 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 princlpally to remove as far as
possible any traces of soap that might still remalian and
posslibly interfera with the culture experiments, A

Petri dish with agar was thar2upon inoculated along numerou

n
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strokes with a sterilised knife with which the whole paln
surface was scraped with sufficlient force to remova count—
| less epithellal cells. The skia surface was wiped care-
| fully to remove aany loosensd scalss still left behind by

‘ the scraping. A sterilised double fold of muslian, about
two squarz2 inches in size, was then lald on tha palm, the

| fingers—-covered over with another plece 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 muslila at once soaks up any swealt as soon as
it is excretad, any maceration is completely avoided and
the sterile gauze covering over the fingders as far as the
web 1a front and behind effectually protects the muslia

‘ square from coantamination by any other part of ths skina, .
| Provided that the Jauze is sterile and the skia surface 1
! likewise, the only possible infection of the muslin square

\ can come from the sweat. All friction ©OF rubbing of the
|

|

surface was avolded so that no epithelium could be brought

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

| method. After fixed periods of time varyiog in each ex-
l periment 5 mins., 10 mins., etc., durlag which the dauze

| was held in the hand, it was then rsmoved to a Petri dish,
| the palm then cacefully wiped clean with a molst swab and

a fresh piece of muslln clasped on the palm. Lijuefled

agar was finally pour=sd over the gauze sguares in the |
various dishes,

It may be objected that the parspiration thus produc-
ed was insufficient to give results of value. It was
found however by pravious eXperiment that with the hand
clasped and kept warm in this way a ready and guite 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 tha skin of the palm, except where in
|contact, with the gauze was found covered with molsture.

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

pepreseat the coandition of the surgeon's hands during an
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operation,

The results expressed in tabular form are shown on
a separate page (seriss I). |

It might well be thought at first sight that thess
experiments confirm to some exteant the rasults obtained
by Mohaupt. I ecould not however feel so convinced of
this, in view of the very great possibility of alr infect-—
ion having occursd, either during the manipulations or
previously, of the accessorles used in them. The pres-—
ence in the first experiment of the coceci which never re-—
occurad in any subsgquent 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 alr a growth
of anything up to eizhteen colonles, and alwags the
presence of bacillus subtilis, which it will be noted was
the microbe pra2sent 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 gZauze taken dirsct at the
end of an:experiment from the box containing it and flowed
over Wwith agar showed similar growth. In such an atmos-
phere of a bacteriological laboratory and with so numerous
opportunities of accidental infectlon of the gauze, etc.
inothe complicated manlpulations aand having only the rather
inadequate asslstance of a labgratory servant, I could not
but have doubts that these bacteria should have originated
from the skin itself, It 1s 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 a2 furthar 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 gdauze
had been clasped in the hand, the arm up to the elbow wWas
laid in a laboratory "inspissator" an open shallow rectan-—

gular copper jacket, contalning water which was kept at a
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t temparature 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 aie bath the

forearm within a few minutes was dripplag with persplirat-

ion, the palm however w@was kept dry as the gauze a2t 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 wﬁs
determined by control agar plates that the air here was
distinctly freer of germs. In addition to this the

experience gainad both by the assistant and myself in

carrying out the manipulations, and some minor improvements

in the details, such, for ianstance, 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,

i The results are again shown in a table (series II).
i As will be seen the only infection present on the

i knifs strokes or gauze was in t#o cases a growth of B,

i Subtilis. This rather tends to indicate the orizZin of
!the miecrobe from an outside source, as the possibilities
%ér the air infection of the gauze had been coasiderably

| lass in this second row of experiments — thers was not Gthe
isame frequent opening and closing of the gauze--box as was

ginavinable in the former series, every time that the paln

Ewas wiped, and again when each fresh piece of muslia was

|required. The table however on the other hand fails to
!demonstrate that the sweat, profuse though it was and last-

‘iug for from 10 to 30 mins,, contained any organisms broughr
[from the depth of the sweat-glands, and this though in all

i
\casas the water used for washlag was cold to avold as far
|

]as possible any antlielpatory perspiration and flushing of
!the gdlands,

|

To mor2 certalnly arrive at the truth a third series

of tests was made in all of which was attempted an artific-—
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ial infe2ction by rubbiag in to the skin for a considerable
time a pure and active culture of a specific bacterium,
The organism chosean for several reasoans was the bacillus
predigiosus. It is of very prolific Zrowth, its colonies
and microsplie appearances are characteristic allowiag of
ready identification, it grows most actively at a temperat-
ur2 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 2a
larger bacillus, and what 1s of importance, 1ts presence
had never been observed in any of the numerous coatrol
experiments on the air and on the undisiafected skin.

An active culture in bouillon was rubbed with all firmness
for ten minutes into the skin of the palm usiang elither

the end of a test tube or a finger of the other hand pros
tected with a rubber stall, This was done immediately
before or elses at a definite time previous to the cleanslind,
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 washaﬁ
with soap, alcolhol or aether, or combinations of these,
with the idea of removiang fatty matter as far as possible
from the skin whliech might oppose the entrance of the
microbes but on each occaslon a free douching with cold
runniag water followed to remove 1ln turn these various
agents,

In all other respacts the processes as regards
cleansing =2te. were the same as in series II. The
results ars given in table III.

These rasults show that the even prolonged and pro-
fuse sweating failed to briang out from sweat-glands any
of the organisms which had been rubbed so thoroughly over
their orifices, and the gquestlon must naturally arise from
this as to whether any had ever entered the ducts; for

it is hardly possible to concelve that not a single




| in the matter, And fiest of all the experiments of
| Mohaupt are open to several serious fallaclies which must

| be consideread. These had not struck me so forcibly

' epithelium itself brought away by seraping the skia after,

| perspliration,

Iunsatﬂsfactory as the plates were inoculated with the

13,

bacterium which may have found entrance to the gland

canals should fail to be brought out with the flow of

I think 1t is thersfore 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

previously to my own experiments, but my own experience
had shown me more clearly the enormous possibilities of
error ia a Wwork of this maturs, His first series of

tests is avowedly no dirset 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 ilx eminently

as the writer himself says, it had been macerated by the
sweat., This is an insuperable objection to my mind,
although a sayisfactory enough proof perhaps of the possib—
ility of an apparently st2rile skian surface becoming infecti
ed after a time, which is quite a different question how-
ever,

The maceration of the epithellial surface was all but
praventad, 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 1t was not the wadding
which was tested but a scraping from the skin from which
the sweat had thus been removeaed. 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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iagent , or by L'4tis" being carried over on to the culture
!meﬁium, dilut2d as it would also be by the skin moisture.

' But more significant still is the influence of aether
iand alcohol in dryigg and hardening the skin surface whiech
[interferes with a satlsfactory inoculation by means of a
éscraping method, and any one who has studied such experi-
[ments knows that tha results of successive inoculationsfron
lflrsb dry, and then, molstened skin are absolutely different.
'This action of alcohol has already been shown to be asourcé
:of fallacy in ths appatently favourable results in its use
'as a disinfsctant (14), and would similarly. account for the
relatively small numbers of colonies following its use to
which Mohaubt refers, while of course its hardening effect
would be diminished after sweating had taken place for
some tims. On the other hand if the germs had come fron
the skin pores a larger ﬁumbec 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 here2 the swealt was collected without)

presumnably removing any epithelium (a2 wiping of the surface
Irollowing the wood-scraping is not however mentioned), and
ihere there is a very striking difference in the numerical
results as I have above described. The enormous number
of coloniss seen in the earlier results are absent -

| numerous tests remafian sterilea. Mohaupt. explains this
ipartly by the smaller areas of skin tested, and thete con-
dition being better suited physically for-:a cla2ansing nro-
cess, and further suggests that the greatar 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

namely that the majority of the experiments were made on

pressure,
In this series there is an other important fallacy,

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

iecles which afford, theoretically at least, a still larger

* Haeglar;- loc. cite. p.97,




| of Genevet (15) as well, He held one of his fingers

. which had been vigorously mechanlcally disiafected in a
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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
more2 fully of those in the cultures from the hands,

I must make reference here shortly to the experimentd

suitable vessel with an aperture in the side, and through
another aperture he pourzd. bouillon medium into the glass
leaving 1t ian contact with the finger for one minute.

The fluld was abstracted and fresh bouillon poured in,
The hand and the vessel were then introduced into a hot
chapber with a view to producing a flow of sweat which woulad
pass into the bouillon. This was continued for 5 minutesg.
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 disiafectlion. He found incident}Xly that a
hand after alcohol treatment, appatently starile, if bathed
in sterile serum at the body temperature invariably gave

off germs in constantly increasing number the longer the

soakiang lasted, and this had already commenced after & i
minutes had elapsed. The fallacy of Genevet's method i
is obvious thea, and, as the cultures were made in bouillo#.
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 coantact with the newly disinfect-
ed finger for one minute - as contrasted with five minutes
at a conslderagf; higher temperature in the se;;;E instance
— should prove stsrila. The remarks I have made above

in criticism of Mohaupt's third series apply equally well

here.

If I wer2 to sum up the conditions necessary for |
a satisfactory test of the infectivity of the sweat and th?

sweat alone, I would postulate a method which collects the




18,

| sweat free from any epithelial cells, which is proved on 2
skin surface free fron all except sweat glands, a surface
| by preference which affords a criterion for the surgeon,

|
' which avolds the use of all antiseptics for the clezansing

process or at any rats removes these agaian as completely
| as posslbdle; and further that the air infection must be

ptested in all cases to compars with the germs obtained from

' the hand, As of interest it may be mentioned that the
‘only eXperlnents of Mahaupt on the palm of the hand after

5rubb1ng in B, prod, showed ho growth of this organism.

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

But to turn from this to other evidences, So long

| (17), v. Eiselsberg 18) and Gartner 19) had found bactaria
in sweat. That ©occi should be capable of demonstration
! by these authors in the sweat of pyaemlec or septicaemic
patients has little practical significance for the operat-
| ing surgeon. In correspondiang way it may be mentlioned !
‘Geisler 20) found typhoid bacilii present in a severe case
of that diseasa. As regards normal skin Ziegiegdelroth 21)

carried cus an experiment demonstrating the increase of

| bacteria on the skia surface after free perspiration.

| His experiments which were widely published at the time in
the lay press wer2 as follows. A bath of 200 Ltr. water

was found to contaia 240 germs per cea, i.e. 48 millions

!in the whols, After one person had used it, the gera-

icounb showed 80 millions. Another bather, freely per-
spiring as the result of a hot air bath, entered the water
for the same period and thersaftsr the gera count amounted
| to 144 nmillions., The sweating skin had therefore given
off double the number of germs given off by the previously
dry skin. Such a demonstration however 1s hardly con-
vinelng, but the writer argues from 1t the deslrabllity of
a sweatbt bath for all parts of the body to be operatsd 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
cleened with aether and alcohol and then shaved, the
epidermal scales removed rarely dave growth on agar, only
exceptionally a growth of large cocci and never streptococe
or staph.. pycgenes. Lauenstein 18), examined bacterioclogi-
cally in 147 cases patients’ skin in healthy and inflered,
undisinfected and disinfected conditions, He found the
starh. pyog. albus to be the microbe most frecuently presen
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 glend
have little influence on disinfection as he noticed no
difference in the freoguency of microbes in different parts
of the skin, even though verying so greatly in the number

of contained sweat glands.

Samter 238) at the same time published the result oﬂ

an examinetion of the skin removed from the site of operati
following & disinfection with socap, alcohol, aether,
carbolic acid and sublimate. Out of these only 2C proved
sterile. In 12 cases B. prodig. was rubbed in after the
use of scap alcohol and aether. On 8 occcasions cultures
showed the bacillus. Once nothing was present and in the

other & coceci alone.

* My foregoirg experiments show the possibility of

e merely mechanical sterilisation of a smcoth skin surface
being achieved. They cannot of course be taken as a

criterion for & similar steriliseticn of the whole hand.

x

on
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Schumacher 4) more recently bhas published some simil-
ar investigations. He starts wilh 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« 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 epldermic scales over an area
of & x 2 cm. The shavings were placed in an agar-tube,
Then a portion of skin %cgm. was taken from the incision
and mineced 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 grovwth of staph, p&og. 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 breocught to the sur-—

face with the stream of out flowing secretion. But while

l

these demonstrate the difficulty of a deep disinfection the

actual situation of bacteria in the skin 1s still undecidedq

Obviously only a microscopic demonstration is of value.

. Schimmelbusch 24) dealt with this in an important
iresearch on the cause of furuncull, He found by experiment
Ethat folliculitis might be produced by rubbing a growth of
istaph., pyog. aureus into the skin. Two things were necess-
ary for its production, the presence of casual microktes and
a process of rubbing. Cocel merely laid on the skin pro-
duced no result. Microscopically the hair folicles and

glands showed numerous microbes, the sweat glands never,
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| |
i 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 coceil in the hair
folicles 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
ias observed by Longard 25) were only of secondary occurence.
Wasmuth 26) after similar researches came to a like
conelusion. He believes that the bair glands (though not
the follicles) and the sweat glands do not afford an
entrance for germs. o |
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

IT is devoted to a consideration of the localisatlon of the

micro—-organisms on the hands, and I must review it in some |
detail especially as he is, in the few references of writer%
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
Egerm localisation to the great difficulty and tedlousness
of an investiigation ihvolving. as it does, a careful exam-—

ination of hundreds of sections. His first hundred sect-

ions of cleaned and uncleezned skin showed only surface

orfanisms, passing no deeper than under a2ny raised up or
loosened epldermic lamellae. As the detecticn of

organisms, was found, however to be unsatisfactory, he

|
1
|
|
i
employed Indian ink, whose minute particles are readily see%
lwith 2 microscope, and the preparations were carried out on
|11ving skin previous to the amputation of various extremit-
|ies, He found that if the ink was painted with a brush oJ
Ethe skin, or if ink soaked compresses were kept molist on [
|the skin up to 24 hours, the sections showed the particles
!never deeper than the outer epldermic 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 cf the finger for
|2 -~ 2 minutes, the sections were identical except that the
epidernis being perhaps slightly roughened by the rubbing
jadmitted the ink particles "one cell — layer deeper"., The
;halr follicles also showed particles as far as to about the
iopening of the sebaceous glands; in the sweat dglands they
| were found in the first, at furthest, 1n the second spiral.

The numbers present were as nothing compared to those

found in an accidental microscOPic injury of the skin.
Haegler attributes this to the resistence offered by the
fatty nature of the glandular secretions. With micro-
ocrganisms 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 exceptionel. Having

now acquired experience in the technic, Haegler made some

| further exeminations - over 500 — of "unprepared" skin.

|

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

‘found sparingly in numerous preparations but quite super-

|ficia11y and in the sweat glands they were never found.
Haegler discusses the question of pOS;IEE; multipli-
cation of the organisms in the halir follicles. He con-
siders the fatty secretion an unfavcurable medium for their
growth, but to test it experimentally he 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 seeat ducts were found to be empty, and in the hair
folllcles the organlsms were found to be much more super-—

| ficial and more infrequent (often entirely absent) as

|
| compared with control preparations from same cases frnbbing

in immediately before the removall, That the organisms
ion the surface of the skin do not grow down into the depths
he demonstrated by keeping virulapt cultures of staph.
aureus, in contact with the skin for several days, after
which no inflammation resulted, and also by microscopical 1

|
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exemination of sections of skin covered with the whole
contents of a Petrl dish of staphylococcus culture for 24
hours, In these not once were the germs found to have
penetrated the peripheral ends of the hair folliecles.

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
irto all these natural skin openings do not grow but are
brought there from outside by rubbing; that once there
they do not under normal clircumstances develope but -
though through the stream of secretion likely - are again
driven out; that the accidental skin openings, the minute
injuries, present 2 difference, in that germs can be re-
gulerly found there and it may be accepted that they can
increase in the depth as alsc grow in from the skin surface
towards the bottom of the small wound-canals,"

It is somewhal 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 sigpnificance to the surgeon
of sweat gland infection has been grossly exaggerateq if
it is not even entirely fallacious. Its general accept-
ance by workers on hand disinfection is probably a welccme
explapation of the impossibility of obtaining complete
sterility by any of their methods, In any case most
confusing are the views -anunciated.

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 a2 matter of fact 2 simple test cf this point can be made
If a normal hand, most conveniently the hypothenar emlinence
carefully wiped dry from all apparent moisture is stroked
slowly and firmly with, say, a glass slide, 1t is found
that a considerable quantity of moisture is brought away
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E from the skin, It may really be 8ccepted that ordinarily

| the glapds are in constant activity and constantly full of

| secretion, The "insensible perspiration" is a recognised

fact, but apparently often forgotten in this connection;

| already
quoted that nothing stands in the way of a minute coc

cus |
entericg a duct and wandering into the subcutaneous tissue,

|

! and to a statement such as that of Schuimacher 4)

|

|

[ I would unhesttatingly reply that a constant stream of fluild
 of comparatively enormous vblume stands in its way, not

!to mention a very tortuous course to be followed were it

leven able to stem the tide. If this stream as is so often
said 1s able to wash out the supposedly deep-lying cocel

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

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

rcontinually opposing their entrance. Some writers will

random statements, that the bacteria lie in wait till the
surgeon has commenced his operation. and then only come out

|

|

|

|

|

|

!almost have us to believe, 1f we accepted their rather
|

|

[with the now flowing stream, on purpose to upset his best
Eialﬁ 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 recognlised, (Ziegler 27) and afford a natural resistence
to the entrance of germ-containing fluld, and it is also
questiconable whether its re-action is favourabtle 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 surprlsin%ntnat in my own |
experiments, after a2n energetic rubbingaor B. prodigiosus,

not one could be recovered from something like 6000 glands

* Tests with litmus paper during my own experiments showed
a distinet acid re—action of the normal sweat secretion

from the palm.




i

| (i,e. starting from the skir surface ) infiammatory

| paratively slow and feeble flow of secretion from the

hair follicle, is constantly washed by a centrifugal stream
|

23.

ip full activity (in the palm of the hand Krause estimates
the number of sweat glands at about 2800 to the square
ineh), and this too though the fat had been removed to some

extent from the skin by alcohol ete.

If for the sake of argument however it be admitted
that germs lie in the outermost parts of the efferent duct
at certaln times, I am positive that their duration there
can be but short, and as soon as the skin resumes its norma
activity the germs must be driven out, How otherwise
would Haegler, Schimmelbusch and others have failed to
find cocei in the sweat glapds of normal skin after examin-—
ations of scores of sections? The absence of primary

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-

sebaceous glands. As skin pathology throws some interest—
ing side-lights on this question I may with advantage

guote here certain opinions expressed by one of its foremos
exponents. Unna (29, p. 348),speaking of the Dpeep
Inflammations of the Bpidermis, says "while the immigration
of bacteria and fungl from the surface into the entrance of
the hair follicle has been proved to demonstration,
elinically, experimentally, and histologically, one cannot|
vet regard Spiradenitis, (the primary inflammation of the
coil glands), as a definitely established facteseecocannans
Here the anatomical nature of the entrance, and the

relatively long narrow canal, which, in contrast to the

and therefore presents the greatest resistence to a
centripetal entrance of organisms, opposes not a few
difficulties. For we see, that these very orgdanisms,
whiech are exceptionally well adapted to the acid re-zction

and other peculiarities of sweat, tlhe flora of the flexures

»
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|
show no tendency to wander into the sweaﬂ

| pores, against the sweat streap," Again ( loc. eit. p. |

_and the genitals,
.
257) speaking of Impetigo Staphylogenes he makes the |
striking observation,"There was never in these cases any
é penetration of the cocci into the sweat pores, and I was
! never so fortunate tc be able to follow, even from the
| densest layers of cocei 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 to this 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 digd r;nd entrance, as that

they did enter and were subsequently removed in the washing.

I Muech still remains to be learnqp regarding the
; bacteriology of the skin and the comblicated problems
| involved in the question of the "abstinence time" necessary
; for the coperator to observe afier handling infectious
! material, No one will presume to deny that virulent germsg
may find a resting plgce on the skin and in spite of all
disinfection still remain capable of infecting fresh wounds
in whiech the surgdeon may unhappily deposit them. Here
again the experimental evidence 1s slight, and clinical

observation is the chief source of knowledge. The im-

| portant gquestion whieh one naturally wishes an answer to
i is where do the germs find their nidus, Is it in the
glandular sLEuctures or on the outer epithelial surface
layers?

I have dealt above with the significance of the
sweat-gland ducts and the sweat gland secreticn on
an experlimental Dbasis. There remain the halr 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
caleculations even if 1t be assumed to be heavily laden
with germs, since it is in all probability not excreted
sufficlently 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
microscoplcal evide;c;_zﬂaz this retention of organisms
is considerable.

I wished first however before drawing any conclusionsg
to test the bacterizl incidence in the hair follicles, or

at the same time perhaps determine their facility for bein
sterilised by mechanical means, by means of a cultural j
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 convenlent area of skin. In three
cases an active DPouillon culture of B, Prodigiosus was
rubbed in after the surface had been cleansed In various
ways with the idea of removihg 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
Isuch preparation was made, The washing processes were the
same as in the other experiments already detaliled, 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 arez
previously shaved, and also Hairs.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 heirs cut off above the surface is & good indicstion
Imost- likely of the difficulty of sterilising these by a

|purely mechanical process, which as just mentioned could not
ihe sc vigorously carried out as on a tougher portion of skin.
Heagler in referring to experiments on the presence ol
igerms on hairs pulled out from their sheath (loc.cit.p.18)
Ial]udes to the possible fallecy that such have merely been
|eollected by the hair as it passed the surface layers; but
!the disinfection and the control tests on the skin avoid this,
|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 wcoculd in at least some instances
have brought witih them germs already lying in the hair
folliele or introduced into them by the artificlal infection

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 il furnishes the final answer to the
guestion above propounded regarding the nidus of the germs
on the skin of the operator, thet is to say the reel source
of danger for infection lies wholly in connection with the
epithelial scales themselves.

It should therefcre be the surgeon’s object to avoid
all macersation or scftening of the hand during the operation.

The sweat is of some significence in this connection, that

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

‘epidermic squames. The hands should accordingly be kept dry

[should be carefully wiped dry thereafter. The use of spirit

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

Ifor this washing may be a useful substitution but apt to
lprove uncomfortable,

‘ The conclusion drawn from the foregoing T may finally
sum up in the following manner: -

1. There is no evidence to show that the sweat glands or
their ductg of normal skin afford a resting place for germs.

2. EBExperimental evidence to prove this is uvnsatisfactory,

and microscopic examinstion has always been negative.
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2, There is every reason for supposing that the stream

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

afford & complete protection ageinst the entrance of germs.
4, Under certsin abnormsl conditions, for instance, on a
very dry rough skir wanting in the usual fatty material,
and by rubbing in of organisms the glend ducts at their
orifices may perhaps be mede to admit a few such, btut these
very rapidly are eliminated.

5. The surgeon can afford to disregard the sweat secretiop
as being it=elf a source of re-infection of the skin.

8. It is comparatively more easy for orgaenisms to enter
the superficisl parts of the bair follicles but not the bhaipr
glends., Here alsc an elimingtion takes place and the con-
tained secretion is inimicel to germ=growth.

T The process of ruhbitg'considerably influences the

presence of germs in these follicles.

| B There is tittle if any evidence to show that thie se-
:cretion from the hair follicles is of practical signific- |
;ance to the operating surgeon.
? The experiments descritbed in this investifdation were
carried out in the laboratory of Dr. Piorkoweki, Luisenstr-
asse, Perlin, It gives me much pleasure to record here

my greteful thenks to him for the active interest he has alll
along taken in the course of the work and for his always

ready and valuvable expert sdvice.




SECTICN II.

. The circumstences determining the incidence end dur-

aticn on the skin of cther theh the permanent epiphytes.




It can hardly fazil to strike gnyone who has read
through the literature on the subject of the disinfection
of the skin thet, despite the enormous smount ¢f work that
bas been brought to bear on this questicn, prectically
nothing hes beer done to elucidate the problems of primery
importence connected with the circumstencess which deter~
ming the incidence end existence on the skin of the bacters
ia whose complete and certain removel or destrucltion no {
process yel devised hes atteired to. Yet it must be obyi=-
cus that to arrive st a satisfactory methecd of disinfec_
tion a proper understsnding of the nature of the infection
of the skin is desireble. The difficulty of settling the
matter, as so many different factors are st work, is possi-
bly one reascn for its neglect, but any further progress
tecwerds the ideal must rest on & better kncwledge of the
facltors to be contended with,

Déderlein 7) has given expression to a similar view in
an admireble review of “The present position of the hand
disinfection glestion and the next problems cf the same,”
which merite quoting at some length. Speaking of the germsg
whiclh probebly tecome indigenous in the follicles and the
sweet ducts, he says, “of what nature these skin bacteria
are, whet sorts sre here presenti,whether certein hands
cultivate particular varieties or if rather we also here,
as on other parts of the body, as for inslence the veging,
grow specisl kirds through eciectic selective breeding froq
the variegated mixture which we day by day catch up, these
are a2l1) unsolved questions which aweit & grateful but dif-
ficult investigetion. But one might te induced to accepil,
& priori, thet these normal &nd ineradiceble irnhabitants
of ibe skin are,es & rule at leest, not of pathcgeqic neat-
ure, for the dresm of entisepsisc bas indeed been profound -
ly disturbed; we never operate free from germs and have

never coperated germ free. If we then--and there is no rea-

< o,




son presumably to doubt it--hecld fast to the belief in the
evil results of irtroducirg pathogenic germs and in spite
of tbis infection of the bends observe as o rule quite
faultless becling of wounds, then the factl is eviéent that
it must be perssites, relstively Larnless, and eesily
de&elt witbh by the body and its tissues whicl we give off
during the sc-cslled aseptic operations. From these“nor-
mel”tenants of the skin we must strictly separate the for-
eign but pathcgenic germs et times trought cn to the skirn
of our hends, such es those the physician end midwife pick
up frem cccasicnal contect with poisonous materials, To
whet extent ncw can such strengers become indigencus? How
deecr ere they capsble of penetrating into cur skin, into

its secret recesses and gland ducts? Can they increase in

our skin, cen they really become ineradicable skin dwell-

ers? Here alsc we hit upon A purely open questions which!

admit of experimenteal sclution. Practicel experience al-
lows us here zlsc to anticipete and leads us to the conclul
sicn that such fereign bacteria sre not able to become ]

permanently indigencus, else had we medical men never bhad

non-infective hends, espécislly at that time when one &igd
nol yet so strictly aim et evoiding infection of the hands
as ncw with every resson the watch-word is., But of the

greatest importance ncw for the practical activity of sur-
gecns is before everything the que.stion, how long such

pathogenic germs asccidentally caught up adhere to aup sking

The gifficrlt guestiod of the cBstetrical 2bstidence after

septic contaét demands urgedtly an experimental investiga-
tion of the adherence of pathbogenic germs to the skin; the
avoicdance of the touching of septic matter bas indeed be- |
come & serious guestion of conscience from the moment when
the non-disinfectibility of the bands beceme dogma.®

It was with somewhat similer idess ip mind thet ilbe

following work wes underteken. The guestion of the sbsti-
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nence time as is evident depends on an extended knowledge
of the duraticn on the skin of other than the regulaxr e;im
phytes. A considereble amcuxnt has been written on this
subject cf abstirence based chief'ly on purely clinicsl ex-
perience, meny writers sctuelly decry the value of any ex-
perimentel evidence, end naturally ss the clinical obser—
vations of eech have veried the result hes been quot bhomi-

—— e ————

nes, tol senilentize. Curiously the matter hes been prin-
cipelly teken up by the obstetriciens end gynsecclogists,
though 1t must be of equal importence to all engaged in
operative work, Probably tbis is because in the practice
of obstetrics the scurces of esny infeecticn sre more readi-
ly observed and controlledé tban is possible to the generel

surdeon who soc freguently hes to ceme in contect with sep~-

tic matters, and egein the obstetlricien is usually in a

- . - . ~ |
surgeon who is perheps reguired deily to underteke opera-

better position to observe an abstinence time than the

tive measures. The consequence has been that, while sur-
geons have come to place & very greet relisnce on methode
of Ldsinfection, there hes erisen a considerable emount of
scepticism cof their value among obstetricians,especially
those in charge of lying-in institutions azttended by stu-
dents. For many cases of puerpersal infection have been
treced to exeminations made by studentis who in spite of
the use of disinfectants bave evidently failed in ridding
themselves of infection. In the csse cof students this is
no doubt very largely due to an inadeguate acqueintence
with the best methods of disinfection or a lasck of that
conscientiousness which the responsible physician must
feel) but nevertheless it has been recognised by many that
it is not permissitle to rely on a single disinfection of

the bands.
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The term ebstinence time itself suggests the idea that
time cen sccomplish what disinfectants fail to do. But

scme autbhorities have come to regerd it rather ae merely

implying an extended périod in which to carry out repsated
disinfectsnt procedores. It will be &s well here to brieﬁ
ly quote the most authcritstive expressions of opinions :
which have been published.

Goth 20), writing in 1882, looks upon the hands as the
most dangerous source of infection of wemen in child-bed.
While cleansing end disinfection are indispensable,if the
doctor has touched infecltious matier es efter exemirnation
of women with carcincmsa, handling of cadavera, etc., this
is not enough end be must pause in his obstetric sctivity,
as clinical experience has shown that one does not slweys

succeed in rendering infectious stuff on the fingers harm-

less. The durstion of this pasuse must te decided by nmmert

cus cbservetiong, it must probebly vary according to the

intensity and the nature of the infection. He recommends

the use of each hand slternately. If both hends are infect

ted then one must wait till the upper laeyer of the epider-
mis to whieh the infecticus matters cling is rubbed off.

How long this resquires canncot be stated as conditions very,

but undouttedly freguent weshings (mechanicel disinfection)

will essist the result., The auther deoes nct however give
even a suggestion bhow long sctually ebstinence should be

obseryed.

ZEweifsl 31) spaa&ing at a discussion in 1898 recallsd the .
fact that already twenty gpears before he had sxpressed hie
belief that not rapid disinfection buqonty EET?,“an inde-

finabvle something”,frses the hands from gerams.

Lohlsin 22) considers it impractiblse to carry out ab-

tinence for & long tims,and it affords no guarantes against

later infection. He thinks one may rely on disinfsection.
Pritsch 32)supports LShlein’s views and rsmarks that,
“as nobt tims but the disinfectant kills the bacteria, 80 hi

absbtinence little sense.
Wiener 24) approves of abstinence especlially for those

L3
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incompetent to disinfsect themselves properly,6 as midwifes

(8

1

o

articular, and looks upon the sense of smell as a goo
test of success of disinfection after handling ssptic

atter.

=]

v.Bwiecleki 85) gives a rsview of the visws of variou

authoritiss. Winckel 28),¥weifs127), Schroder 28), Martin

sity of observing an abstinsnce time, based chisfly on the
J 2 ’ 7

29¢),and Spiegelbarg 40) had written in favour of the neceﬁ—

clinical experieace and the times given ranged from 1 to
11 days, On the other hand Rdstaer 41),Ahlfeld 42),and
Yolkmann 43) looked upon it as uncalled for, v.Swiecicki
himsel? is in favour of it and puts it at 8 days at lsast

Parbeinger and Arsyhan 44) poiat out that even the

"

4

most condcientious operators get bad results, but the prag-

titiouer cannob wait a number of days till the epidermis
of his hands has renewed itsel?. He must thersfore dis-
infect them. Unavoidable misfortunes should not lsad to
pessimnism.

Henke 4;) attempted to sstlle the guestion of ths
possgibility of disinfecting the hands at one sitting by
experimental metheds., The experiments led to the condlu-
sion that artificially infected hands were more easily
disinfected than“normal” not specially iafectz2d hands, the
same process veing used for both. This paradoxical result
induced him to decry the observance of abstinence time as
uaslass,

His rasults were severely cribicised by Sperliang who
pointed oubt the Pallacies in the methods of experiment
and the conclusions.48)

Sarwey 47) in an admirable rasvies of the whols gues-
tion also criticised Henke's work very adversely. He dealt
with the subject from the point of view of the lying-in
institutions atbtended by students and gives an intesresting
table showing the methods in vogue at twsaty one suzh
places in Germany. At 21l of them the students were rasqu

to avoid infection for from 1 to 4 days before examining

ar

ired
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patients in child-bed; 1 or 2 days wasrsguired in the maj-
ority of cases. The reasons for this enforcement aee also
given and these are usually on disciplinary grounds or

in order to give the students opportunity for rspeated
diginfection.

Of the writings of others dealing with the guestion frpm
a more gensral poinh of views, to determine the length of
time that organisms might remaia on the skin there is not
much to be referred to. Binaghi 48) found that,il pure
cultures or such septic matter as fasces,purulent urine,
or sputum was spread over the skin and allowed to dry on,
after 8 days the germs had diminished in number and virua-
lence. Hs ascribes to the skin a certain disinfectant
power, but this is hardly & legitimats conclusion as he
had previously disinfescted the skia.

Haegler (loc.cih.p.I?T)exgerinanted #with virulent staph-
ylococei on the skin of his thigh but found no diminiutienfin
their virulence after 8 days. He alsos found that an
artificially infected hand, if clsaned immediatesly,could
be readily freed from the specific ordanisms employed; if
however they wers allowed to dry on and the hand was nobl
washed for several hours, but especially if the skin was
at all rowgh or cracked, then even three days later isolated
colonies of the germs could be obtained in spits of frequengt
mechanical clesansing. Haesgler however expresses bthe opinign
that the question of the abstinence does not admit of solur

tion by experimental methods.

Heile 49i in an article on operation gloves mentions
incidentally that he had once found B.Prodigiosus to persist
on bthe hands for 15 days although 15 times disinfected in

the meantims,




While admitliivg the greet possibilities of experimental
fallecies, in spite of the freguently uttered opinion of
the uselessness of experiment on such a subject, it seemed
to me thet the unsstisfectory results obtained by experi-
mentors have been due to their tsking & too restricted
view of the objects of investigetion. It seemed clesar
that in consideration of the nct to be excloded personal
element, it was desirable to aim et determiring the prin-
ciples at work andé the relative impcrtance of the factors
involved, Only witbh a kncwledge of these could cne arrive
at conclusicns epplicavle to special points, as, for inst=-
ance, the sgbstinence time. But not only has it proved
necessary to weigh the relatiye significence of these ftm—I
tors, but experimental work has been necesssry in some
cases to determine whet factors ectuvelly required considert
aticn, &8s these ere not all &t first obvious. On the other
bend some which one weuld bave imagined importent proved
nct to be so, and again it was found thet some cnly come
into prominence in the presence of certesin other factors.
All this has made the work 2 somewhat complicated matter
and the results have in certein instences been surprising,
It is not pretended that absclutely idemtical results
would be cbtained by eny other experimentor on similar
lines, but by aiming only at & settlement of the principles
involved, it may be permissible to presume thai any prac-
tical deductions made from them may justly be zpplied to
special cases,

It is necessary to premise here that I agree with the
opinion of Ddderlein already quotled that the derms found

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

permanent and the temporary dwellers. When I speak of peest

manent organisms I refer to those micro-orgenisms belong-
ing to a group, representstives of which are alweys to be

found in incculations made from the skin, nesmely stephylo-
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coceci of varicwskinds. In hundreds of inoculeticns made
I nave I may say inveriebly found stephylococci giving col-
onies either white or of & great variety of shades of yel- |
lcw., What determines the existence of these eas reguler
epipbytes is considered in a subszeguent section. As for
the temporary germs it is obvious that they may consist of
an innumersable variely depending entirely on what the skin
hes come in contezct with and so picked up. As naturally
the majority of these resch the skin from the air and dust
they are for the most part non-pathogenic, & smell minority
however may be of considerable virulence depending cn the
envircrment, as for instsnce in the case of the medicasl mean
who comes in contact with pus or infected materisls or air.

Baegler(loc.cit.p. 90) mentions heaving found tetanus bacill

[

on the firgers of working people.
How lcong such germs saojourn on the skin and what brinsgd
abtout their diseppeerance is tbe guestion ir pocint to be
settled, |
Bxperiments therefore necessitate an artificiel irnfec-
ticn of the skin. The choice of suitable organisms for
this purpose is of great importence. After considerstion
it was decided to employ Eacillus Prodigiosus and Bacillusg
Pyoccyeneus.* Theyp are both very actively growing, and
their zppearance is cherecteristic under the microsccpe
cr in coclory growth on ager or gelatine, even in presence
of other organisms, though as 2 matter of fact they ususlly
appeer on cultures,at room temperatues at eny rate, before
cther germ growth takes place. They &re of small size s0O
thbat one may assume that they are capeble of penetreting
into the recesses of the skin a& fer es any cther ferms.
While B.Pyocysneus grows perheps best at body temperzture
i .Prodigiosus grows better st a considerably lower one,
and sc the varying degrees of temperature of the expocsed |

skirn surfeces are fully sllowed for by the use of these

*In ‘cne experiment Bacillus Violaceus wes made use of.

it was found however that it wmes not so satisfactory és the
two others as ite colonies did not form the characteristic |

colour with sufficient rapidity.
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particuler orgdenisms. All cultures were made upon gelatin
at room tempersture (sbout 20°) at which B.Pyoeyeneus alsc
grows sufficiently rapidly end with the distinguishing
colour formation, and gelatine wes found to give the most
readily identified cultures. Another advantage of this
procedure was that the alweys numerous stephylococeci col-
cnies did not appesr till comparstively late and sc did
not mask the growth of these two bacilli.

It may be objected that as they ere not patbogenic,
tests made with them are of little praciical wvalue, but it
should bve kept in mind that in their saprophytic existence
on the skin surface this matters but slightly or not at
all; of prime importsnce is the power of resist@nce and
vitality. As these are features of the becilli chosen what
is demcnstrated by experiments witb them applies fully to
less resistlent even if peatbclogicsally very virulent pars-

sitic organisms.

2st. Series.

In this firsi series of experiments the palm and tthe
back of one or cther hand and in one case the nail-folés
and the spaces under the nails of &gll the fingers were
infected with an active bouillon culture of E.ProdigioBus
or E.Pyccyaneus. The skin of the bhands was normal--nct
prepsred¢ in any way, but smooth and well preserved-- éand
it isg impertesnt to note that they dié¢ nct come in contact
with any antiseptics during the course of the tests. The
infeclion was produced usually a short time af ter asn ordi-
nery weshing with soep and water, In one case (Exp.1i) the
skin wes soasked wilh water to scften it immediastely bsfore
inoculaticn., In the first case the cultures were firmly
rubbed into the skin for 5 minutes, but noct allowed to dry
at any point, and the hand wes at once thereafter well

rinsed under the cold water tep. In other four cases {Exp*.

2,5,4,5) the cultures were spread over thbe skin not using

6
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any great force butl were sllowed to dry on. The hands in
the last experiment (6) were rubbed firmly with the culture
till it had quite dried on to the skin. The bands were
used in the ordinery daily occupstions and no specizl atten-
tion was given to them., The enly precsution teken was that
gloves were not worn during an experiment to avoid & possi-
tle reinfection from this socurce. Incculetions were subse-
guently made from the skin at successive periods of time

varying zs & rule from 3 to 72 hours. This was performed Ly
by scraping the surface with & sterilised steel knife suf-
ficiently to remcve encrmous numbers of epitheliel sqguames,

a different porticn of skin being selected on each occasion
Liquefied gelatine in Petri dishes was inocluated end agi-
tated sc as to distribute the cells throvghout the fluid.
The geletine was then allowed to cool and kept at room tem-
perature (EG—~21°C.} under cbeervation for esbout. three
weeks., Thi® methed was Found by comparstive tests to giwe
the best results, The inocculaticns were made sonetimes
with, scmetimes witbout, sny scap end water washing of the
hands in 1the intervel§ scmetimes sfter & simple rinsing
with cold running water to remove any gross dirt that
might bave accumulated. The activity of the cultures used
was proved by subsequent recultures end as & rule a small
porticn of skir was scraped immediately after infection éend
alwey.s resulted in & profuse growth of the corresponding
bacillus.,

Full detsils of each experiment are shown in the Tsble
No.I., As msy be seen all results excepting in Bxps.5 end
8 were negative, even three hours after infection had teker

pléce. In exp. 4 the skin was infected et night and the

inoculetions maée in the morning on rising sc that the

-

hand had been subjected to a minimum of friction compared
with that whiech occurs during the daytime.

In exp.5 four ocut of six inoculations made 4, 13, and
3 hours after infection proved positive,several but noi

many colonies beirg present. As sll were not positive it




BEHIEE Tl:- ©On“normsl? skin of bands, right or left.

Mode of infection. culture " Hands Palm. DOrsum. No.
_ washed t i) 7
not dried on i
rinsed P * g
stroked
washed Pt + g,
drised on
rinsed + + AICYy
‘ washed e t A
Snol dried on ;
rinsed ki + o0
rubled
washed
drisd on )
rinsed
ete.

REMARKS: =

In 2ach experiment bouillen cul tures of E.Prodigiosyis and E.Pyccyaneus were emp—.
leyed for the infectron of the skin,

the Land,

the one culture for the palm,the cther for the dorsum of

and these were altermated as 2lsc was tbe particular band tested., All inocula-

tiope were made and incubated as in Series I.

“Stroked” implies that if the culture wes not sllowed to dry it remaineé 1 minute on the skiv
and wes constently dently painted over the surface to spresd it end prevent drying

Subseguent washing or rinsing at the end of 1 winute, Then inmediste incculatiin,If

culture dried on, inoculaticn made afbter about 2€ mins. to ensure thorough drping.

“Buobed” implies firm rubbing in of culture on the skin with the end of a test tube till dry
(2-5 ming) or for & mins. till hand washed or rinsed, e

“Fasbed” 1mplies iminvibsiwasBind with soep gnd cold weter.Then ringing ofl of soep under
cold running waterfor @ minute,then doucling with sterilised waler. =

“Binsed” implies 2 mins. rinsing with cocld running water. Then douching wilh sterilised water



would appear that tke orgenisms had disappeared from some
portions of the band surfsce socner than from others. In
exp.68 one single colony resuvlted in the p late inoculeated
from the palm 2 homes after infection.

The conclusicons which mep 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 previcus series had mostly proved
negative this one was planned in corder to demonstrate if
possible what circumstances had contrituted to effecting
this early diseppearsarce cof the bacilli from the surfeace o]
the hands, BHad the methods employed--the rinsing off of
the culture immediestely after infecticn, the subseguent
ringings or washings, remcved the bacilli; did the mere
stroking on of the culture not suffice to give the germs a
holdé on the skin or could forcible rubbing in of it make -
eny difference; a6id it affect the resvlt in any way if the
culture waes permitted to dry on the surfacet? These weae
guestions which reqguired soluticn. As each fzctor had to
be considered in each case it was found necesseary after a
few experiments to draw up a scheme in whiebh all the possis
ble combinaticns woulé be tested sc as 1o estimate their
relative significence. This was arrenged on the supposi-
tion that the bacilli were more likely to remein on the
skin if they were rubbed ‘in rather than being merely stroksd
over the surface, if they were dried on instead of being
immedistely rinsed off, and lestly if the skin was sinply
rinsed witb cold water subseguently and not washed with
S08p.

mhe scheme is shown on Table II. If the culture was
stroked on and not allowed to dry, il was kept a minnte on
the surfeace and constantly sprezd the while over the whole

srea with the pipette so that it did not dry at any point.
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phe hand was then immediately rinsed or washed as the case
might be. The inoculation followed at onee. It allowed
teo 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. Einsing impdied holding
the hand under the running cold water tap for 2 minutes
and subseguent douching with sterile water. By washing was

meant the use of ordinary househcld soep and cold running

water for 2 minutes, followed by 3 minute under the cold |
tap to remove the scap and fingl douching with sterilised !
waler; no brush was used nor was the skin rubbed with a
towel. 1In all cases the gelatine was Enoculated immediately
af ter the procedure was at an end and the metbhods were in
all respects the seme as in the first series.

As the Table shows, the result in every case was & pos-
itive one. The number cf thke colcnies is not given and it
is obviocus can have little relative walue, but it may be

by

said the growth was in every instence profuse and the plats
was found sometimes to be completely ligquefied within 24
hours with the charecteristic cclour fcrmaticn from the
active growth of countless coclonies., Hxp, 7 it is wortby
of mention showed innumerable colonies throughout the
whole medium inoculeted tfrom the pelm, although in tkis
case the culture of E.Pyocyaneus hed only been in contect
with the skin for 1 minute, bhad not dried anywhere, and had
been immedietely sulijected tc soap and water washing, that
is to say the combinaticn of circumstances which in this
series may be supposed to have given the becteris the least
chance of adhering to the surface.

As the results however were all positive they do noct
edmit of contrasting the relative importence of the six
factors concerned as had been hoped. Some 1light 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.




SERIES II1. Bxperiments on
lancléne.
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2rd. Series.

This set of experiments was carried out with the idea of
elucidating the effect produced by the presence or absence
of the fetty material which is elwsys demonstrable on skin
ir its normal condition. The belief that the fatty cover-
ing of the skin has an important bearing on problems con=-
nected witlk disintfection is of long stending. It has been
generally accepted that its removal in eny process of dis-
infecticn is desirable as it collects and conteins to e
considerable extent the dirt and dust and therefore the
germs of the skin. More especially in relestion to clean-
sirg and disinfecting methods with alcechol has stress been
lai¢ upon it,as the advantedges resulting from the use of
spirit have been attributed largely or entirely to its fat+
removing properties (Wﬁrbringerﬁﬁﬂﬂxrgnig 1). But the
exgct significance of the fatty materiesl has been but
vaguely understood as some writers rather appreciate the
deocleation »f the skin produced bp alcchol because it per-
mits other Aisinfectents to act upon the epidermis once th?
fat is cleaned away, than for any direct germ removing pro-

perties. This is in the main the view of the two authors
mentioned as alsc of Baegler 11). Many observers attributl
the unsatisfactory action of verious disinfectants to their
being unable tc attack bacteris, surrounded as they are on
the skin, by a fatty emvelope, and again some have supposed
that the fat in the ducts and follicles prevents disinfec-
tents reaching germs lying in such situations. It is evi-
dent therefore that the relation of this fatty material to
the skir derms has not been clearly defined.

In thie series in the first plece four experiments werg
made similar to those just described in the 2nd.Series,
but in this case after the skin hsad been artificieally
greesed with lancline. One idea present in trying this
procedure was as & control on the foregoing series,as it

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

4o



anytbing rather dry, probably as s result of frequent
handling of bandages of plaster of Peris which bhas a marked
effect in removing fat from the skin. The hands were
washed clean and sterilised lancline was then rubbed well
intc the surface, after which the surplus was wiped off
with muslin till ro obvious greasiness remained. phis was
suffiecisnt however to leave an appreciable amount of fat of
the skin as shown by the impossibility of geitting water

to lie eveanly on 1it, The bouilloa cultures wers then ap-
plied as before, being sither stroked or rubbed on ths skia
and either rinsed off after a definite time or elss alloweg
to dry on, On account of the grsasinsss of the skin ths
culturs reguirzd consbaat stroking to get it to spread,but
this may be considersd as approximating to ths condition

of normal skin(unaflechbed by frequent mechanical 4disinfsc-~
bion)as most of thes lanoline had been wiped away. The re-
sults howsver stowsd no diffesrence feon those of the pre-

in

Lo
=
b

C
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g saries, as in sgach case thsy turnsd out positive.
Eut in ths £iPth of these experianents (exp,17,18) after ths
rinsing, tbs palm aad back of the hand wsre clsaaned by
rubbing for aboult 2-8 minutes with gauze swabs soasked in
aethsre with the intention of deolsating the skin, and the
subszsquent final rinsing with walter proved that bthis haid
been accomplishsd as it now lay evenly on the surlace, The
inoculations made after this proved nedatbtive.

Bxp.12 was similarly performed, but after inlsctbion the

ry

two surfaces were each rubbel with frequent changes o
plain gauze under cold ranuing wabter. It was found that
after about two minubtes energebic rubbing the fat bedan to
disappear and at the end of three the water lay evenly on
the skin where treated thoudh not elsewhere. In this in-
stance the inoculatiom from ths palm was negative but thay
Fron the back showed thrze colonries of B.Prodigiosus.

In Exp.20 on the palm, th2 hand was held after iafsctbig
in a steam bath for 5 minates with the idea of promoting

the flLow of perspircation and the skin was rubbed frequently

3
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the ahile with gauze. It is probvavle that the most of the
moisburs bthat collected on the palm was rsally condensed
steam. Thie procedurs sultficed appeareotly to remove the
greater part of the fat and there resulited no groath of
the bacillus on the Petri dish.

It was next desirel to test comparatively ths power
posuessed by the skin when fably or obtherwise of atbaching
to itsell microbes which wight come in contagt wita “it. A
guantity of a bouillon cultbture of B.Proligiosus was laid on
tikz palm of ths nand aand left there without any strokians or

rabbiag for 2 minutes. The palm was thea riased is cold

running wabse for % minutes and an inoculation made. In exyp.

21 lanolins was rubbed in on “normal” skin aand ths surplus
wiped off as in previous experimeats of this series; in
exp.22 the palm was cleanal and deolesated with aether., The
result was in both casss poslitive, ths coloniss in the
latter being very much mora numarons, but in the former thg
lanol ine tended perhaps Lo produce some clumpiag of the

epivhelial scales broughb away on scraping and thus dimin-

ished the resuiting nuaber of separate colonies, so that one

cal: hardly deduce that bthe non-Patty skian necessarily codi-

lected more germs thaa the fabty.

A4th, Seriass.

The experiments in this series weas all made on the
hand $the skian of which by means of scrubbing and clsansing
with aether had been lraed as far as possible of its nor-
mal fat, a condition siwmilar in fact to that of the sur-
geon’s hands after disinfection prsparatory to an operatiod.

In the first two (Exps.22 and 2¥) ths culture was
rubbedd fiemly in with bthe end of a test tube for 5 minates
but not ellowed to dry on, thehand being rinsed with cold
water, While inoculations made immediately after the rin-
sing were positive showing that the germs had nob been

removed entirely {(cf.exps, in Series II) subsegusatl inocu-
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Estween the two inoculations on the

15th.day in Hxo.,S1, the skin wés

cleaned for % minutes zith daunze

soaked in asther,



latioas malds from 2 to 72 hours after provel asgabive.

In the next experimsat (24) the cultures were lightly
paintel oyer the surface bat allowed to drg on. fihile thsz
presence of fihe germs was of course demonstrable immadliate-
1y alfterwards, all later scraplags duringd similar periods
ave negabtive resulbs,

In thrse other experiments (25,28,27) the culturss were
rubbed on the surfaces till dry which requir2l from 3to 4
minubtss. Inoculations wers made from 8 hours to 7 days
thersaftar. In each experimeat ano result sas obtained fronm
the plates inoculated from th2 palm, put from the dorsum
of the hand positive reBults occurred up te 2 days (48 hrs,
afbter the infection. =

In the last exgerimeat of this series as a conbtrol ths
deoleated hand was trzatsd mith lanoline as in those of
Serigs III, Positive evideace was obtained of the parsis-
tence of the bacilli both on the palm and the dorsam 2
hours after infection but not later thaa that,(Exp.23).

5th.3eries.

In this it was endeavoured to clsar up several points
of interest which had arissen in the coursse of the investi-
dation; among others to delsemine,for instaace,whelher the
negabive results in other experiments wene atltribatable to
the natural death of the germs employed on a skin surface
in the periods during which their presence was testel, furs
ther to estimate the effect of friction on such expossd a
areas as the hamds present, and also t6 mscerlain if it wasg

possible for “accidental” organisms to becomwe more or less
permanent epiphytes of the skin. For these purposes Lhe
tests were made on the skin of the upper arm end forearm,
and friclion was excluded by covering the infected surface
with a deep sterilised watch-glass affixed in position by
means of sticking plaster. In this way the skin wae pro-

tected for the desired time from revbing, the effects of

—



any cublwerd influences ss gir and from washking,

In BExp. 22 the skin wes weshed and & mixed bouillon
culturescf B.Prod. end BE.Pyocy. were then painted on and
permitied to dry. The infected portion was then covered
over a& described and incculations made every 12 hours
up to 4 days (e6hours), the glass beingz temporarily lifted
for this purpose. The results were except in one instance
uniformly positive. The exception is probably due to the
fact that only & very minute portion of skin was scraped at
each inoculstion (about 3-1 g.cm.) &nd ir this case & part
to which no germs had adhered wes tested.

Exp. 20 was similéer, but &after the skin had been covereg
for foub days the glass was removed and incculetions were
made from the now unprclected skin surface gt intervals of
twe or three days till 24 days hbad elapsed. The skin was
now cf course exposed to the effecls of friction and it
was washed with sosp end water once & dey. The results
were in this instance more erratic, for while both Prod.
and Fyocy. were preseni,naturally,at the end of the first
four deys, only € of the subsequent € inoculstions were
positive and the number of colornies appeering was limited
to two or three of Prcodigiosus,and in the lasi positive
result on the 21st. dey one colony was detectible. It
should be mentioned that protably some of the negative
results, at least the earlier ones, are to be scccounted
for by %he irregular zdherence of organisms to the ncrmal
(fettyy skin, fér the bouillon did not spread on the skin
of the arm so resdily es on that of the hand and even whern
firmly rubbed 6n as in this case tended elweys to collectl
in droplets unlese constantly spread.

In Exp. 21 on the other hand the surface wes first de-
cleated by washing and then rubbing with acther sceked
swabs. The cultures now lay evenly on the skin and ‘it wes
rubbed in till @py. After the glass was removed on the
fourth dep inoculations were made every second day up to
22 days; but on the 14th. day safter the first inoculation

the skin wes cleaned with aetber &nd geuze for three min-
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utes. The inoculation mede immedistely thereuafier end
all succeeding ones were negetive,whereas all previocus
ones proved positive. phe growth in this experiment was

as compared with the one just described extremely profuse,

W

the plates generelly becoming completely liguefied¢ with th
characteristic colour formetion witain a few dayms. It is
interesting to note thet at first the E.Prod. was the pre-
dominant organism, while later the B.Pyocy. became so and
overgrew all others, _Gn the €th. day for instsasnce there

could be counted some E80colonies of H,Ppocysneus and

only one aresa of red liguefaction of B.Prodigicsu¥, and on
tbe 1I8th, day in the last plate previous to the aether
cleanging there occurred a diffuse liquefection throushout
the whole of the gelaetine from countless thousends of B,
BPycey. colonies. These scrapings were all made from but &
minute aree of skin (so thet the scrsping itselfshould not
producs a premature removal cf the bacilli frow the infec-
ted surface), but the' last one or two of each experiment
was made from the whele area of skin.,

The last two experiments whiclh may be included in this
series (2%8,23) were made upon deolested skin on which how-
cver lanoline bad been rubbed in previous to infection,
thus returning to it, as it were, its normsel fatty cevering.
One was tested on tbe upper asrm , the other on tbe foresrn
fhey sbowed a complete disappearence of the bacilli even
by the time of the first inceulation on the first or seconT
dey, except in one case when two colonies appeared in an
inoculstion mede on the fifth desy. Jn these two experiments
the skin wes not coversd ss in the others during the first

few deys,
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Factors of importance with
regerd to the incidence and

dursetion of bacteris on the skin.

Priction, )Normal mechanical removsael

Washing. affected by porition of skirn.
Sweat stresm. } Removal by natu-
Growth of epithelium.) ral processes.
Condition of the skin:-

smooth or rough-

dry or meistéfrom sweet)-

hairy or otherwise-

fatty or deprived of fat,

Artificial removal:-
aether with rubbing
water with rubbing grEeniLiol
perspiration wétbh rubbing

Drying on if on decleated skin

Tenacity of life and resistance of germs.

Disinfectent acticn of normal skin.
Drying on on normal skin.

SBtroking painting or energetic rubbing.

fat.

Removel by rinsing or washing without simultaneous

friction




The coneclusicns which I would feel inclined to draew £froh

the experiments described, I have placed in a tebular farh'
|
indicsling those factors whosge importance hes been indicaﬂ

|

ted by the results. In another list I have placed such

as have in sc far &s the experiments go epparently no sig-

nificance,although they sre factors which one wmight & priogi

be inclined to putbt stress on,

As will be seen the factors which seem to influence the
incidence of germs on the skin are very numercus &nd an
eanalysig of them is a complicsted matter. I shall endesvonp

elucidete them es far es polsible considering them in turn;
One fealure at cnce cbvious on glencing over the diff-

erent serieg 'is the striking contrast between the results

shown by the bands. and by_other pcrtions of skin as the erm,

Under cotherwise similar conditions the hands free themselwes

P d Svem e a ¥ _ . . ¥
ol germs very much nore repidly. The nmost cutstanding 4aif-
fexence between the condilions affecting them is in regerd
to the emount of friction and rubbing to whicl. they are

exposed. Therefore I would be ineclined to place friutio%

&be rubbing of the skin surface toc which it is so constant:
ly subjected in the course of our daily occcupations, as
perhaps the most importent factor in remcving the foreign
perms, One weould be inclined at first to suppose theat
washing with soap and water mighi eccount for this differ-
ence between the two skin surfaces. The experimeris in the
2nd, anrd frd, series show howevier hew little effect this
rezlly bas., PFricltion and weshing may however be classed
together as the two processes af work whieh effect the

mez hanical removel of gderms.

Another striking fact with redard to the hands themselyes

is that except with in perheps the first bhour or two the
organisme bave completely disappesred frow the palwm while

they may be still present on the dorsmm. I think that thie

is best esccounted for by the stream of sweat which itself day

may carry cff eny germs, But it also no doubt.produces thi
result bty preyenting the adherence of them to the surface.

The valmer espect of the band is rarely quite dry for eéeny

~

~



great length of time., It is possible slsc that Nature
effects & remoal of germs by the growth end casting off

of epiitbeliel sceles. This may bave more effecl on the lesls

exposed porticcs of skin,but on the bands germs asre probavl
ly removed by otbher mesans befcre this has haed time to take
place,

The condition of the skin sorfeace is a mstter of the
utmost significance. That a rough skin surface holds the
germs longer then e smooth is & well reccgnised fact, sand

is probably because the germs lying under raised up epitbel-

pty

ial scales are less exposed to the factors at work which bpie
just been mentioned. But AYEX the comperstive roughness of
the dorsuvw of the hand as compared witlh the pelm is per-
raps less the reeson for the longer peisistence of germs thexe
than is the absence of a profuse stresm of perspiration,.
Thaet the beirs are suppcsed to attech bacteris to them

very reedily is generally believed, but my experience has

not proved it to be so. In inoculeations made from the dor
sum of the band ususally numercus bairs nere brought zway,
but e growth of germs directly from them in the wmedium

was the exception rather than the rule.

The comparative dryness or moistiness of the skin is
impertant in deternining whether organisms become attached
firmly to its surface.Bul while the sweat ss 7 have stated
acts in this way,the natuvral fatty matter of the hand and
skén generslly acts eslso efficsciously. This probably
ekplains the persistience of germs on the dorsum of the
decleated hand, wbile the palm though similearly treated
freed itsell so much sccner from infection. Thisg observaets
ien ir regard to the deoleasted skin isg of great signifi-
cance for that is the conditicr cf the opeasator’s hand
af ter di.vinfection,snd there is usually superesdded to this
a roughening of the skin from the energetic treatment.

It is interesting to note that the lepgth of time which

the bacilli persistied on the hand under these circumstantesg
exectly corresponds to the esyerage time reguired for abstin-
gnce to be observed by such asuthborities as I have above quds
ted,viz.,48 bours. But the abstinence time necessary on the

basis of these ekperiments for the normal hand is nothing




other than bhat of

but it

like so much, In the csse of tbe skin

the band the matter i3 giflerent, rust not be lost

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

longer bacilli persist upon, especially,the decleczted skin

in this situition. Perhaps this is to be sccounted for by

the more resdily produced sceliness as & result cf vigerou

mechanical disinfetticn of the thinner skin.
the

sisded fTor

In exp.%1
use of ezether conpletely remoyed germs whitb had per-
ebout a fortnight in

The

spite of repeated socap

and water washings. scticn of the aether was probably
to remove the desguemeted scales which were giving the
this

that the germs

germs shelter, In ceoennection one may ncte thet there

wes . no indication had eny resal tendency to

become parmanent skin epiphytes. Yel according to Schimmel

buescli the BE.Pyocy. 18 & normal tenant of the skin in cer-

tain situeslions,sdch as the axilla esnd the flexures. This
observation would seem to show therefore that only speciald
altho

meiibei

a2 hold on
this

a mechanicel existence for a considerable periocd if not

ly favoured organisms csn coblein the skin,

obhers as with the B,Pyocyansus in situstion
removed.

A.s concerns the drying on of organisms a n interestin
that while it litlle differenc

it makes a considerasble one on deolested

peint is brought oxt, makes

on normal skin

skin, and the natural instinciive tendency of the surdeon

whose hands becowme infected dueing an operation

drying has support from the experimental side.

no ¢ifference on the normal Lkands;is probably becsuse a

layer of faetty matter intervenes between the derms and the

epithelium,

pecuring of sweat has the same effect. Again between the

effects of rubbing in of infecticus material end simple

contact there would seem to be no difference as to the
finel results,which implies I suppose that it ie difficult
or impossible to produce & greater or less penetration of
the gderms,.

With regard to the various methods of removal of the orx-

the hand

L4L)

to prevernt

That it makes

or else ac in the case of the palm an early oulr-
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geanisms Series II and II11 show how ineffective scap ard i
water washing ,unsided by friction with scme rough material+
and still less so presumably .simple rinsing, are in eff&ct}
irg the removal of germs. This suggests that the cocmmen
practice of rirsing the bands at intervale during en operar
tion is weorse that useless, for it has the dissdvantage of
keefing the skin macerated which &s slready pointed out

allows of & very much more ready separation of gderms
of the skin nct alresdy removed ir the disinfection.

The explanetion of why this apparently useless Trinsing

m

£1]

geme tc affect the ultimate duraticn of germs on the handg
(vide exps.22 and 28) il not at once obvious. Perhaps it
acte by meirteairing the surroundirgs of the germs mcist

and preventing their immediste adhesicn to the epidermis.

Exps. 18 to 20 brirg out the value of a mechanical

LA
Q

cleanginrg in rewmcying gergis from the skim whichk is protectpg

by a fatly covering, and securee results which would be
impossible by this simple mesns were the hands not so
protected. :
The questicn of the significance of the power of resis|
tance of vericus germs is shown to be slight es far as the
hands ere concerned, for their eerly disesppearance from
that situation was proved by the experiments on the arms,

nct to be due to any death of the specific bacilli nor to

any capacity of the skin or its sedretions to unfaycurably|
influgnce the life of these germs:and as for their enentuﬁl
disappeerance from the skin of the arm I found by céntrol

experiment that these bacilli were seble to remeipn in exis-

tence apart frowm the skin ( bouillon culture dried on ster
ile filter peper) for at least a very much longer pericd

than their duraticn on that portion of skin,

The experimental investigeticn described above was
carried out in the bactericlogical laboretory of the
Pathologisch-Anatomisches Institut under the cherge of
Professcr Weichselbaum in the BenerslHospital, Viennsag
To him and %o Professor Ghon I am much indebted for the
permission to work in the laboratory and for their king
interest in the progress of %be work.

/
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The nature of the permsnent skin epiphytes from the
surgicel aspect.




E

In the previous section I have dealt with the condi-
ticns affecting what I have celled the temporary or foreig
organisms of the skin., It has been shown that in all prob
sbility the mejoritiy of germs fird ‘but a compareatively
shobt-lived existence on the skin surfece and only under
excepltional circumstances cbiein a prolongednngD it. That
eny orgsnisms at all,other than those of a very limited
variely.,beccme permanent epiphytes ig extremelp doubtful.
The explenetion of this is not so essy and the questiicn
does not lend itself so reesdily to experimental investi-
getion as thel concerning the tempcrary skin inhabitants,
it has been indicested in the foregoing section how great
an influence fricltion has in removiug organisms from the
skin and bow importent the skin secreticns are in preven-
ting or limiting en invasicn by them. One may elmost ima-
gine thet the flow of these secretions forms & constandly
stresming tide,which drives away before it eny would-be
invaders, while,bebind this tide as it were,there exists
undisturbed an ermy of beacterie of e specislly favoured
kind, which for reascns to be presenily eonsidered are
able to maintain a permasnent coloniseaticn of the skin. It
is conceiveble thet this streem may elsc ir somg gégree
hinder the egdress as it undoubtedly checks the ingress of
germ life.

Inoculetions made from skin bhave given me growths of
ean encrmous veariety of ordgenisms, including moulds of many
kinds, white and pink torulae, sarcinae of variocus kinds,
bacilli of putrefazction, becillus coli, basillus subtilis,
strepvtoccccus pycgenes, stsphylococcus pyogenes albus,
citreus, and asureus, cersus albus, cereus flavus, and many
others which were nct without more extended investigation
identifiable., JFt is of course patent that an illimitable

choite of germs mey be found, depending of ccurse on wheat




the environment may happen to be, bubt cut of the many kinds
I bpave only found representatives of one kind consteantly
and that is stephylococeci. HExcept ir cases of cultures
conlaining some very rapidly growing organism, as for
instence in my own experimentis on infection witl B,Prod.
or B.Pyocy., I way say that I have invariably found staph-
ylocceci present and usually in large numbers. It is s
fact that scon becomes sppearent in making experimentis on
the skin that the more it has been cleaned (mechenically
disinfected) the more limited is the variety of orgsnisms
to be obteained from it; and if the surface has been
cleensed wilh the greatest mechanical thoroughness possible
only stapbylococei ere to be found, if any growth at all

resulte. This demonstiretes quite cleerly that these have

e deeper situetion in the skin ang s more constant egis-—

tence there than any other forms of germ life. We may
therefore take it that they are slone to be regarded as
the natural or permanent epiphytes of the skirn.

Why this showld be so is far from clear, that is toc say
it is nol at once evident why they skould not be affecled
by tbe conditicns which are found to affeét other types of
organism, Certeinly it is not tc be‘expected thet any germ
would find the circumstances surrounding it ‘in the skin
suitaple for its own existence, nct to mention its multi-
plicetion: the skin surface is ecid,unless perhaps this
aciéity is neutrelised by &en excessivé flow of swea}

Heuss %2), and the secreticn from the sebacecus glands, whi
not perhaps inimical, is at least not favcurable to germ-
growth. Gottstein 53) found that germs died out in lano-
line. Haeglerfloc.cit,p.21) found that while noc -increese
of verious germs tested took place in lancline, in some

cases they remained elive for months, snd he alsc found

that staphylocccei fa%led to develop on the surface of co-
medcenes., It is obvious then that orgeniems must have a

considerable power of resisbtance and -of adaptability in

le



order to maintain an existence on the skin. This tenacity
of life staphylococci of course possess in the first degreg;
still there are other orgenisms of greet resistence which
perbaps may be even better suited to the environment,

which however ere not known to teake up their sbode there.

Two explanations present themselves to account fer this
predominence of the staphylocceci., One, thaet ithese bacters
ia are constsntly being brought to the skin from the atmo-
sphere and the genersl surroundings and that they in virtue
of their powers of resislence perpeluate their existence
longer in an environment which 18 sooner or from the first
fatal to other kindes, The other, thet they on account of
their grecler sdaptability are able to reprcduce themselves
and from the time of their first arrivel Y7 constently
form new generatiors, thus appearing as permsnent inhabi-
tents of the skin. The former theory naturally implies
that any one coccus though remeining some time is eventu~
ally cast cff as the epithelium grows and the scale tc whic¢h
it hae become attazched ieg lbosened and removed. The lattier
pestulates an exislence independent largely of the cesting
off of the epithelium. Both propositions present Giffi-
culties. In the former case it is difficult to understand
the indisputably deep sitmation in which the cocei are to
be found. The commonest coccus or other orgsnism on the
skin would be thai mcst commonly present in the surroun-
édings. Thet : these skin coceci sre 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 thet under normal circumstances
any ‘increase occurs. Haegler(loc.cit.pp.20-26) denies that
germs lying in the orifices of the bair follicles can mul-
tiply. He exemined microscopicelly skin into whick culturgs
had been rubbed immed;atels before and at intervels of 24,

A8, or 72,hours before its removel fronm the body. Contras-—




ting tbhe results in each, pe fouldAd that in the latter cases
the number of comtained germs was very considerably dimin-
ished or negative. He ccncluded that they were therefore
to scme extent removed by the stream of secretions Thet
germs sre as little able to grow down ihto these openings
of the skin he deduced from the facé that virulent pellow
staphylococci kept epplied to the skin on moist wool com-
presses covered wilb gutteperchba tissue failed to produce
impetig¢o or furuncle, mhis of course assumes that such
must necesserily follow from the mere presence of these in
the hair follicles, which is not perbaps altogether certain.
But microscopic sectionshmade from the skir after 24 hours
spplicstion of such cocei failed to show eny downward growtph

into the fellicles, With regard to the germs whicl may be

present on the surface of the epithelium or between the !

partly loosened horny leamellze, he assumes that if suiteableé
nutrient materiel is there, suveh &s pus or blocd or other
orgenic substances, &and is kept in & moist condition on
the bands for a consiéerable time, there is notheng to pre-
vent a multiplication: a constant profuse perspiretion,
principally by producing e macerstion of the epidermis, may
alsc permit of germ-growth. He tested this by inoculations
made from the well clesnsed hands covered for 48 hours with
sterile rubber gloves., While in the first 4 hours the in-
crease of the germs was insignificent and principslly due
to deeper ones reaching the surface, after 10Ohours the nub-
ber had increased many thousand times (45,000), and efter
this periocd the gdrowth was so rapid that within 2-2 hours
20-4C, 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 opiricn that like those

of the stmospberic dust the germs regquired a period to
elapse before they were asble to multiply, and therefore in
all probability the bulk of the germs on the hands come

directly from the dust and dirt of our surrcundinge. Be




considers that on the hands of a cleanly perscn and especi-
ally on thnse ofa surgeon a multiplicstion of germs is not
probable, es the freguent weshing deprives them of putrient
materi=l end the surface is usually dry, conditicns in fact
which are unfavcurable to the growth of gderms.

If these views are accepted then the seccnd of the theg
ries put forwerd is not tensble, &and we must aécept the
idee that all so-called permsnent skin germs are in a ccnst
ant stete of renewsl from without, as they are alsc eonstan
tly being detached from the skimn.

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 &s to warrasnt a special

designation, as for instence the Stapbylococcus Epidermidis)

albus descrived by Weleh,or the Staphylococcus Gilvus de- I
scrited by Bossowski, as well as certein bacteris asscciat
with scme diseeses of the skin; for such constsncy of char-
cceter as is attrituted to these organisms is not to be ac-—-
cocunted for if they are one and all derived from the envir-
coment. It is unfortunate that,in the description of the
experiments on the hands just referredto,Hzegler dié¢ not
staete the nature of tbe gderms which appeared in such num-
bers under the rubber glove, but it is important to note
that these cobserwations ofi the similarity of the mode of
growth of these orgenisms with that of the dust germs,con-
cernse especielly the hands, and it is conceivable that the
externel circumstances affecting them are not quite the sap
as those affecting other porticns of the body surface: the
more covered skin surfsaces are not sc directly expesed to
the drying acticn of the air, nor are they subjected to
such freqguent attacks with soap and brush as to remove to
the same degree the materials required for germ growth, ang
lastly as a result of these artificiasl and of normsl con-—
ditions the epitheliel covering of the skin is considerably
thicker on the hands. It is however desiwable to consicer
the general skin surface as well as the hands ‘in dealing
withk the guestion from a practical point of view, as the

skin of the patient at the site of operation and alsc the
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skin of the arme of the operator enter into the problems
requiring sclution,

Rith the hope of obteiring further light on these
matters I carried out & series of experiments based on the
idea that if no multiplication of the germs in depth takes
place on normal skin, and such germs es are present can
only reech it from outside, then if one protectis the skin
surface from renewed infecticn it must eventually free
itself from them in the perocess of the growth of epithelium
cearrying the attached microbes to the surfece. If now the
shed epitheliel scales were removed as they were cast off,
then the skir must in process of time become sterile by
this scrt of suto-disinfection. If on the other hand it
were found that the skin did noct socner or later beccome
germ free, one would be entitled to come to the conélusion
that a multiplicaticn of the germs must be taking place

in its depths.

A whole series of experiments were accordingly performgd

on this principle. The skin usuelly of the arm or leg wes
cleansed well by purely mechanical means, washing it with
spoap snd water and finally cleening it with sether on ster+
ile gauze follcwed by & douching with sterile water. The
procsedure was oarried.out cn the strictest possible aseptie
lines to avoid reinfection of the skin surface. After the
cleensing process the aree experimented on was covered
over to exclude air infection with either & sterilised
watch glass or if a larger portion of skir was tested with
sterilised protective-silk, in one case lanocline was tried
as a covering. Inoculations were made atl intervels of
usually two or three days, ons immeﬁiately on removing the
covering and the other after the skin had been once more

cleznsed soc as to remove all desgusmated epithelial squameg,

and at the same time such bacteria &s might have been brought

to the surfeace or might have multiplied there in the pre-
ceding interval. This procedure was repeasted again and

agein till the experiment bhad lasted over a pericd of up t¢

-
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in some cases 17 days, witbin which time it was thought it
might ressconably be expected the epithelium had grown "ip
to the surface from the deepest level at which bacterisl ]
epipbytes mighkt be present. In nc case was it found that
even after the lapse of this time sterility had been att-
gired. The results in esch succeeding inoculaticon were
indeed wenderfully cohstant, and sllowsnce must bte made, in
compsring numerically the colonies present,for the impos-
sibility of getting the same effect at esch scraping of the
skirn witbh the knife,which, s ir former experiments,was
employed for making the inoculetions. Of course uniformity
it this respect was aimed at 2s far as possible, From é&n

aree of skin covered with a wetch glass as & rule from
about 80 to ROO colonies resulted from the inoculaticn
preliminsry to the scraping. The second inoculation in
sone cases gave but a very small and almost disappearing
number of colonies. That is to say that wethin an inter-
val of perbaps two days one or two hundred staphylococci
had appeered on the surface of this small ares. I specify
stapbylococci as the germs present as after the first
cleansinrg of the skin nc other gderm forms appeered. The
small number of cclonies in the second inoculations cannotl
be taken as an indication that the skin wes becoming steril
below the layer of shed epithelivm on the surface, as it
was found dinedviesble to scrape the part toc firmly lest
exccrietion be produced, and the number cf epithelisl cellsg
brought awey with the knife was comparatively very small
once the surface bad been thoroudhly cleansed with gauze an
aether. ©So far from the colonies diminishing as time went
on en incresse was rather obsermeble, but as already ex-
plained 1 should not cere to lay too much stress on thie
numerical difference.

These resvlts were rather surpriging and seemed to

peint feairly conclusively to the possibility of the epiphyt

reproducing themselves at 8epth, and as the skin very rap-
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idly became dry and somewhat slightly scaly on the surface
as a result of the cleansing witb sether,etc., and conse-
guent removal of fat, there was noc reascn to suppose that
the conditions at this level were favcurable toc germ growih.
In case however the scraping might have resulted in micro-
scopic sbrasion and effusion of serous floid which would

S
rovide nutrient material for the orgenisms, further experi-

o

ment was made, but in this instence the intervals between
the iroculations were'prolonged to etocut a week eacl, so
that nc irritetion of the skin could occur frcm tdd freguent
processes of cleansing. #¥he resvlt was however similar; ug
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 reduler epiphytes of the skin were permaznendy in virtue
of their capability of reproducing themselves in its depthbs
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 squsmes. This being so,ome can understand how therd
is & certzin unifcrmity in the charsascter of the constant
skin organisms even on the hands cof the surgeon ,frequently
cleensed and scrubbed though they Le.

These observations throw an interesting sicde-light on
the prevaration of the skin of the patient for operation.
Bven repeated mechsnical cleansing of the skin fails to
ri¢ it of derms, excepting those which may happen to lie on
tbe surface, and on the tenderer porticns of skin which
ere those most commcnly opersted on,e.g¢. the abdomen, a
tcec thorough mechanical treatment some time before operatidn
may indeed leed to an sctuel increase of the cccei, instead
of & diminution, especially if,as is alwost inevitable in
such e case, microscopic abrasions of the surface have been
prodvced. Nor can one look for much assistence from the =

applicaticn of antiseptic coverings in view of our present

(]

extended knowledge of the lamentable inability of antisepti
agents to act on the deeper parts of the skin, Still worse
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reésults are only to be expected if the skin is kept mdist
|

of eny kind.

and macerated by the prelimivnery applicetion of wet “Suaksr_
|
|

With regard to the nature of the cocei which form the i
permanent epiphytes of the skirn, I hae already menticned |
abtove that I have met in vericus inoculastions with all the|
variet ies of Stapbylococcus usually described, While I
peferred 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 3ed to grest difficulty if cne esttempted to give
them a2 definite description, as the classificaticn being
based upon colour distincticns I have met with every con-~

ceivable shade of colour in staphylccoccus colonies,varying

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

intervel showing all varieties of buff,primrose or lemon

i)

yellow, yellowish end reddish corange, sc that in many case
it would have been impossitle tc say whethem a colony
should be described as albus,citreus or aureus. Thie was
alsc the fact witbh the non-liguefying tolonies on gelatine
which fall under the heeding of Staphylococcus cereus, all
shades between white and yellow being found.

I bhave in certein series of ekperiments come across
stephylocoeci growing in colonies differing essentially
from any of whose description I have read, and which fail=-
ing more extended investigation of their charscters I am
unable at .present to describe in detail. Yeit these cocei
eppeered with regulerity throughout a whcle series of in-
cculaticns and in more than one experiment, suggesting
thet these might alsc be considered as permanent epiphytes;
Did these varistions appear at different times in dirrerenb

inoculations one might justly attribute them to scme differ-

ence in the nutrient medie, but in one and the sawme culture
plate one might often fird colonies presenting widely div-

ergent characters. It wes found that gelatine geve the
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most charecteristic growths of these various staphylococcij
on sgar it was less easy tp note variastions and it wes in-
deed found thsat there was reclly less readiness of devel-
cpment of coclour on agar medie, Gelatine is of course
more valuable in that the liguefying powers of varicus
¢olonies may be compared. In this respect too it shonld
be stated that grest differences were noted among cdlonies
nct otherwise distinguibbable growing on the same plate,
Thet there shoulc be such great difficulty if differen-
tieting stephylococci from their mere culturel sppeerance,
mekes one wonder if any hard and fast line can be drawn
as & distinction between different kinds. Haegler has also
called attention to this question (loc.cit.pp.182-4). Be
remarks bhat anyone who has bad much to do with exemining
pus and suchlike must have noticed thet between the pure
white and the intensely golden yellow colcured colonies of
staphylococci there exists an unbroken series of sc fine
nuances of colour that a classificetion according to this
is often difficult, and if one is to go by this one must
recognise not 2-4 but 10-2C varieties. Lubinski S%4) has
produked a lasting growth of white célenies from a race of
yellow staphylococci after he had grown several generationg
anaerobically, and Haegler had obtained similar results
fromthe effects of chemical entiseptit agents., To return
to the white cocci their original colour proved much hardern
as was found by Bertoye 55), Courmont 56), Rodet 57), and
Netter 58§). Hamegler however succeeded in doing this, rec-
cgnising that as the golden staphplococcus is essentielly
an orgenism associated with the human body. He rubbed intd
the skin of his thigh or forearm*aigie stephylococci partly
obteined from normal skin, and from the resulting inflam-
maticns was able to cultivate colonies with allsbades up tg
an intense goléen colour, This would seem to demconstrate
fairly conclusivély that nc sharp line can be dreawn between

the c¢ifferent varieties. it may of course be said that the
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growth colour is indicative of the virulence of the organ-
ism as the aureus is more virulent than the &lbus, but
while the former is certainly more freguently present in
pus than the latter, it fails to explain the differencs

in virulence between the latter and the Staphylococcus
Epidermicdis Albus of Weleh.

I have already mentioned the generally accspted belief
in the prevalence of the white sbBaphylococci as the commont
gat form to be found on tggnéiin. The conclusions of Welch

59 ) who worked up this guestion I will here quote.“A cocca
which mag Bppropriately be called the staphylococcus epi-
dermidis albus, is a nearly if aot guite, comsbtant inhapi-
tant of the epidermis, lying supérfiuially and also deeper
than can be rsached by present methods of disinfeotion of
the skin, This coeccus is found freguently #a aseptic wounll
It may be the cause of disturbances, usually of a relativer
ly slight degree, in ths healing of the wound, especially
when drainage tupes ars inserted, It is the most common
cause of stitch abscesises in wounds btreated antiseptically
or asepbically.,” He considered that this coccus was to be
distinguishsd from thsz staph.\pyogenes albus of Rosenbach
of which it was perhaps an attenuated form, It was charac+
acterizsed by much greater slowness of rigubPaction of selad
tins and of coagulation of milk, and by far less virulence
than the aursus when inoculated into the circulation of
rabbits, He stabted thabt it may be preseant in graver suppu-
rative inflamwmations, but that then it was nsarly always
associated with some obther pyogdenic ordanism, or has assu-
med ths form of ths typical sbaphylococcus pyogenes albus,

In the writings of many workers on hand disiafsction
such a wshike coccus is frequenbtly referred to,ed.Schumachar
4), Lauenstsin 18), and it is seldom credited with much

virulence.

It is quitas likely that in many observations the absenck

of colour in colonies may have Been referable to antiseptic

substances employed in the investigations. For my own part
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I cannob subsbtanbiate the beliecf in the uniformity of the
charactar of a2ll ths apparently permanent staphylococel
of the skia, The numercus inoculations I have had occas-
ion to observe from many verying portions of skin show a
wonlerlal variety in the appeanaance of the colonies present
ted with p2gularciby in a whole serizs of culiturea. These
have all been made fromn skin anaffected by antiseptics so
that the resulbts could nob be prejuldiced by sucsh msaans.
In many cases I have found gsllow {nobt soldean) staphylozocel
in very large numbers with perhaps complebe absence of any
white coecci, and the gelatlne was rapidly liguefied by
them, TIn plate cultures showing numergus white cocel Zrsap
dirrarences have been obssrved; some colonies have growa
rapjdly to a fairly larde size and havé produced earlp
liguslfaction, while others of identical colour have re-

n

mained minute and only slowly softsned the surrounding

=y

gelatine. These larger mors vigorous colonies have ian suc
cases usually beea in the miaonity, but while no micros—
copie dilfference was detectible there ware apparaatly two
guike distinet varietizs of white coccus growing simultan-—
cously., ©Of othsr sorts theres have been found the most

diffuse shades as I have alrsady described, but while in
the abscance of contact with pus aureus &olonies were not
so ungomuon, there was: apparently no constancy in bheir

presence in any series, so thabt one was nobt justifisd in

w

looking on them as represeantatives of permanent spiphytess
With regard to variations according to site from which the
plates wers inoculabted, thers is little to bs said except
thabt from ths hands, more especially the Pflesxor aspects,
tintsd ¢olonies were ra2lativsaly uncowmmon and Ffrom the palm
the shite coccuas was found to predominates, and it seemed thpt
the number to be obtainsd from it was distinctly smaller
than from bhe dorsal surfaces or olher parts of the body.
It is possible that the yellow tinted coccus so com=
monly met with,corresponds to the Staphylococcus Gilvaus

of Bossowski 60), which to guote Helech,’ seems to bear




Bbout the same relation to the pyogenic gsllowx staphylo-
coceus which our epidermal whibte coccus does to the typi-

cal pyodenic white staphylococcusg.”

-

I am ineclined to coneclude on the basis of whai I have

stabsd above bthat there is not one but several varietiss

Li#)

of staphylococcus settled on the skin as permaneal 2piphpt
ral

staphylococeal type, but whose coastancy of charaatsr is

whizsh probaby ars indeed buat modilications of a gene

to be explained by the constancy of the nature of their

environmeat in which theg are capable of multbiplication

and in succeeding generations pesrpetuate their own sgeciali
peculiaritiss. I

But of whatevsr naturs these various races may ba,ther$
would seem to be but little reasoa bto doubt that one feal-

EE L

are common to them all is their slight viraleace,durias

such time,at aay rabes, as they maey exist on bths skin.




SECTION IV,
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¢n the value of the use of lanclire as a protection

to the skin of the operastor,




In Lthe course of the foredoing investifations one
thinsg has been made specially prominsab and that is the
wonlerfal power bhe skin seeus bto possess of probechbing
itsel! agaiast aay permanenb bacbarial invasion, in viriue
of the secretions with which it covers its surlface. This
hag bsen brought out both in ths course of the experiments
on“normal” skin and on skian which had its natural fatby
covering rsplaced by the nearest practically available
substitute for ibt,visz.,lanoline, even when the surface bad
been subjectel to a process of deoleatioan., Indeed the per-
haps greaber amount of fatty matbtse preseant on the skin in
the lattesr clrcausbances ssemed to rosult in an eariise
remaval of orgacisms than it was aatubally abls to attain
whau unaided by the arfificial oleation.

On the obher hand it has been made evidsnt that germs

[1]=8

mey persist on the skin for a great lensgth of time if
reaching it when deprived of its natural protsction, especi
ally those parts less exposed to the effecta of friction,
As this ¢éondition is proluced on every ozeasioa on
which the operator thoroughly disinfsecbs himsgelf, the obvis
ous praczbtical conclusion which one must draw is that he sho
should if possible protesct his skin by some artificia mean
frouw intimats contact with organisms. This is not only of
impertance in regard to the handling of suech eisible infecH
tious materials as pus or the secretions from the septie
canals of the body, but also in regard to the not only
possible butbt probable though less observable inlection
from the abmosphere or already deposited dust of hospital
wards or theabrss. The work of Raegler aad others have sho
shown this to be equally important,
The protectidn of the hands from infection is a coampars
tively new development in the practice of aseptic surgery,

and it is interesting to note that the use of such protescz-

uld
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tive coverings of the hands during operatioans, as rubber
gloves, has really developed out of the surgeon’s desirs to
protect the operabion gound Prom infsction coming from his
“disinfected” hands,

phe surgeon who in this respect does nob consider pre-
vention bettsr than cure, of anecessity puts an implLicit
trust in his capacity for dzsinfscbting his hands. 'As so
muczh experimental ressarch has shown,this is not to be
relied on with certaiaty, though perhaps the removal of
aceidantal iafection is mors rsadily attaiansd than is that
of the permanent skin epiphytes. But in any case the {act
remaianas that the more the hands are disinfected, the more
probably inlsctive they may become,as a result of bhe more

agsravabted roughening of the skia surface.

The prophylactic protection of the hands can however
be completely secuced for the time by the use of rubber !
gloves, But the probtectiopn only exists for the period |
during which they are wora, and this is most commonly limi-
ted to the carrying out of geptic operations. as soon as
thay are discarded the hands are again exposed to infection
from any of an infinite number of sources., What is also
significaant is thet while the wrists, forearmns,aad slbows
are disinfected and deoleated, they are afforded no protec-
tion by the gloves, and notﬂgga they thus specially liable
to infection but they are less easily disinfsesctsd as they
cannob, even if it ie always kept in view, be submitted to
such a thorough mechanical trsabment as the tougher skin of
the hands.

The disadvantages of rubber gloves from an operating
point of view are familiar to thoste who use them and severa
substitates have been suggested to more conveniently replac
them, all of them as with the gloves themselyss at first,
proposed in order to prevent the separation of organisus
from the hands and conseguent wound ianfsction during oper-

stion.
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Thus Schleich 61) recommanded a wax pasts which he
claimel,used in conjunction with his marble soap, would
occlude bhe orifices of the skin glands and so prevegt
the escape op germs frou these sources

Unna 62) suggestsd lesaving a layer of soap on the hands

after washing to prevent the separation of epithelial setl

(7]

apd attached bacteria.

Menge 63)proposed paraffin dissolved in aylol.

Baeglee (loc.cit.cap.VI) tesbted these devices experi-
mentally and also btried a solution of gutta percha, but
canwe to the conclusion that all wers unsatisfactory. The
wax became emulsified and removed by the alkaline fluids
in the wound, ths paraffin and the guttaperchz cracked
too rzadily or were rubbed off. The paraflin was if any-
thing the most reliable, But none of them was capable of
preventing entieely the separatbtion of germs from the skin,

If they wers as compared waith rubber gloves unsabis-—
factory Por this purpose, one may presume they wouid be
equally unsuit=sd to protect the surgeon’s hands from the

patient, and which in view of the slight virualence of the

aw

decp skin germs may really be considered of more importanc
than the protsction of the patient?s wound from the sur-
geon's hands.

Arguing from my own experiments it struck me thabt the
best procedars in thisdirsction would be to imitate naturF
as lar as possible, and that therefore the use of lanoline
as bhe nearest approach to our own skin fat must be the
best possible means of protecting the skin. My experiments
demonsbtrated that unaided natural.causes freed the skin

from inlection very rapidly if after mechaaical disinfsctip

14

it was covered with but & thin coating of this agent, wher
as if net so protectsd the germs persistsd for an enarm-
ously longer period. No doubt this result could be has-
tened by acbive cleansing and disinfection, still the ad-
vantage of avoiding the necessity of this if possible is

obvious.
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It the operator 1s to make use of this safeguward it
onght to be applied to the skin as soon as the process of
disinfection preparatory to an operation is at aa end.

It now the hands may become infected all that is necessary
is a rzmoval of the landline which will bring away with it
th2 adventitious bactzaria. The lancline 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 2 fluid nature,tends to run off from

a surface covered with it. It forms a uniform coabing
which is only with 4iff iculty rubbed off, and which does
nob crack in places as do most other substances used in
this way, and it fills up all the crevices and drooves in
the skin. At the same time it is the ideal application

to the skin deprived of its fat and saves it from becomins
dry and fissured. It does not make the hands slippery, in
tact they arzs rather less so than otherwsise and this is

a distianct advantage during an operation, and of course

in contrast to gloves the tactile sensation is in no way
interfersd with,

It must of coumse itself be sterilised,and this rather
improves it for the purpose,as it renders it anhydrous and
it is then firmer in consistence and nol so greasy as in
the ordinary state.

It it is to be used as a protection to the hands elc.
against infection it is naturelly degirsble that it should
be capable of easy removal il for instance it has been
brought in contact with pus., With this object in view I
carried out a series of experimsnts in order to ascertain
by what means it could be most guickly removed.

The hands were thoroughly scrubbed as for an operabtion
and trsated with aether or bran to remove all fat from the
skin, Sterilised lancline was then rubbed well in and the
surplus wiped off till hardly any was viéibls. The wholse
contents of a bouillon tube contaiming actively drowiand
culture of B.Prodigiosus and then another of B.Pyocyaneus

wers rubbed all over the hands tkll thsy had dried on,
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The hands wers bthen trsated in various ways in the differ-
ent experiments and finally inoculations were made fron
the palmar surface of the hand and fingers,;and from the
dorsum oFf the hand and fingers and the inter-digital aspects,
of first one hand and then the other, A sterilised knifs was
used for the purpose and the whole surfacs 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 frow the skin., The bran was employed
for washing as wibth soap,and aided in sowme cases with a
nail brush or gdauze swabs, and during the process the handsg
nmere held under a tap of runaning warm watsr,

Three minutes washing failed to completélyremove the

germs frown the hands when the braan alone was used, #&fen

proionged to five minttes,of the four inoculations one,

from the palmar surpaceée ol the laft hand was sterile, the
other three platses showed 8,2,and 2 coloniss. Better
results were obtained in three minutes ifthe washing with
braa was aided by the use of gauze or a nail brush. The
best rssults were obtained by the use of a soap composed

of braa mixed with soap in an excess of water and made |
somawhat alkaline. Nith this alkaline bran soap the deolsay
tion was rapid and ‘satisfactory and;sfter treataent with it
and gauze [or five minutes,stsrile resulis were obtained,
As will be seen this constitutes a very severe test for
buat rarsly in practice dre .the hands infected to such an
ektrsme extent as is rspresented by the rubbing in of a
pure cualture over the whole of both hands and fingers till
dry. Ths rssults must therefore be congidered satisfactory
for by no other such simple procedars could hands be disin-
fected in the ordinary way end that without aay injury to
the skin., The process of course simply consists in a re-
moval of the lanoline which bringds along with it the con-
tained germns. It does nob ptobably - act on any morzs deeply

located gerws but as there is every reason to sappose that




the lanoliane prevents the deeper penetration of bactaria,
the desirsd object.is attained.

After this treatment the skin is of course as liable
as before to the risks of infsction and the sterile lano-
line should be reapplied.

Further experiments are being made with a visw to
improving on dhe method of deoleation and disiafection
though it is hardly to be hoped that it can be shortened
with safety.

It is enother possible benefit obtained by the use of
lanoline that it may hinder deeper organisms beins given
off from the hands during an operation, but this has not

been testsd by experiment so far,
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SBELION V,

- - ——

The microscopical evidence as %0 the localigstion of

bzcterie on the skin under certain circumstances.




Section V., Table of microscopic preparations made.,

A.

Skin from middle line of abdomen, elderly male corpse,
moderabely hairy.
1. Bormal skin.

9. Normal skin rubbed 5 minutes with the esnd of a test

tube, skin moistened with water.

o)

. Normal skin rubbed 5 minutes ia similar way with
mixed bouillon cultures of B.Fyocyaneus and Prodig.
4, Skin deoleated by rubbiang 5 minutes with aether and

3
.

gauze; then treated as ina

8kin deoleated a2s in 4; then treabted 5 minabtes with

(1]

elcobhol and gauze; then cultures rubbed in as ia 2.

Skin 23 in A, but from just above pubis, very hairy.
1. Normal skin rubbed 5 minutes with glass rod and sur-

face of egar culture B.Pyocy. mixed with water.

v ]

. Bkin deoleated as in A 4; then trsatsd as in Bi,

Skia from middls line of ebdomen,female corpse,slightly

hairy.

1. Normal skin rubbed 5 minutes with surface of agar cul
ture mixed with lanoline,

2. Skin deolsated with asther as in A4,then treated as
in Gd. ]

. 8kin deolesated with aether and alcohol; thean treatsd

as in Oi.

Skin Prom middls 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.

Skin from axilla, Hairs extractead.
1. Agar surface growbth of B.Pyocy. and B.Prod. rubbed
in fairly firmly.

Skin as ‘in B,
1. Surface scarified by scratching with a sharp pia.

Then agar surface growth o8 Staph. Aur,B.Prod.% Pyoc)
Yubbed I

/.




With the object of correcting or confirming the rssulbs
obtained by the experimsental methods described in the pre-
vious sections, a large number sections of skin trzated
in various ways was examined microscopically. The skin
was obtalned from recenbt corpses and was thean dealt with
in the manrer detailed on the Tabl s, In most instances
from about 30 to 100 sections were made and as far as poss¥
ible serially. After numerous tesbs 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 paralfin sections with carbol-thionin blue, and aftzsr
thorough washing in water staining with 2 2% solutioa in
N#aber of mesthyl dreen. Any bacteria rebtained the dark
blue sbtaianing of the thionia and the nuclsar elements of
the tissues took up the bluish green colous of the mebthyl
green. Ey this means the stained orgdganisms atcod out guite
distinctly from their surroundings, and as the horny lager
of the skin was not deeply coloured but only very slightly
and delicatsly tiated, there was no obscuring of any germs

preseat in this region.

Al,

The sections made from this normal skin, untreated in
any way, showed but a sparse number of organisms in any
one secbion, Ths predominant forms present were cocci
occurring msually isolated but aot infrequently in diplo-
coccal form. They seemed $o lie for the most part on the
free surface of the epithelium and were of tean enclosed in
such debris as was present on the skin, and which was of ten
found to be collectz2d in the grooves and furrows.

In no instance were any ordanisms detected in the sweaf
gland ducts. In the hair follicles they were but occasions
ally to bwe detectzd near their orifices. The majority of
sections implicating the follicles were apparently frse

from germs.

AT
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The conditions here were much as in Al, No desper
penebration ' of organisms was detectibla,but, as in the pre-
vious case,the total number of them preseabt was but small.
A sketch made with the camera lucida eyepisce of the micror
scope udll give an idea of the position of germs in the

hair follicles and their scarcity in this situation,

As would be expected ian this case the number of bacters
ia present was considarably incrsased as the result of the
artificial infection. There was no evidence of increased
penetration of the bacteria imbto the depths of ths skin.
Possibly tho fatty matter of the skin hindered the entranceg

of the germs contalaned in a watery medduam(bouillon).

A4,

As a result presumably of the treatmeabt of the skin
with asther and gauze with the objsct of removing fatty
matter, it was found that the stratum cornsum was in many
places separated off at the level of the stratum lucidum.
In such cases as is to be expectzd the organisms were
to be found lyiag in direct conbadt with the desper ex-
posed layers , i, e. tile stratum geanulosum. It is proob-
able that this separation occurred rather more readily in
the skin of acorpse than it would in liviang skKian, still
as I have had occasion to point out before the skin of
such portions as hers on the abdomen have but a compara-
tiyely thin and delicate eprface epithelium is easily Ab-
raded., Organisms then reaching the deeper strata would
probably find bhere a suitable nidus for development, and
may perhaps remain protectasd by the separatsd but still

overhanging epithelium,

In the mouths of the heir-follicles the surface sometimes

presented a broken uf appearance as a result of the frictig

but this actiocn did not seem to rsach very deeply, at any

n
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rate the contents of the follicles were nobt remoyed ana,aj
the fatdy mabtsr in the deeper portions was probably also
andisturbed, the organisms were not found at a deeper level
here than ia the previous cases. None were detectible in

the swsat ducts.

I have previously referred to the action of alcohol

as ovbserved on the skin and the orilices of its ducts by

Haegler, and in this case the skin examined had been treatir

2d with alcohol as well as sether. That little differecacse

was to be seen bebtween these and other sections is probably

to be accounted for by the subseguent immersion of the
portion of skin in alcohol to Fik it having produted a

similar result in all the sections exanined.

E1 and B2,

The purpose of this examination was to ascerdtain if
the nature and mediam of the infecting agent made any
difference in the penetration of ger?s. In this series
the ianfection was produced by means?an agar growth in
a watery mixture. 'As might be expected the organisms
were more richly preseat than when bouillon was employed.
The penetration of gerws in hair follicles reemsd to be
deeper than in series '8, bubt it is possibls that this fact
is to be attributed to the follicles of the skin being
considerably larder as thz hairs inctshis situation, just
above the pubis, were much larder and more numercas.

The skin showed in the sections a considerables atcumulatio
of debris, which conmonly thoudh not always filled up the
folds., The bacteria ®srs contained in largZe numbers in thi]
appar=antly fatty detritusand by i1ts intervention preventad
from reachiag the epithelial surface. It was noted that
the germs were often caught asaiasbt the upper marsin of the
skin Polds without reaching to the bottom of it.

Here also I was unabls to convince myself of the preseace

of 2germs in the sweat ducts.
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c f,2,and 8.

In this series the bacteria were rubbed ian contained ig

a fatty medium,the agar surface growth being mixed with
lanoline, The gerwns in sections were found to be commonly
agsregated togebther and very many lyiag at a distiact
distance Pfrom the epithelial surface. In the folds of the

skin,which were very numsrous,wéas always to be found featty

isms. It was difficult to say if the fatbty medium allowed

- ; A I
the bacteria further penetration as the hair follicles were
I

in this skia comparatively small.

Bl
The skia had here been treated fipst wikh lanoline

preliminary to the infection. The geras seemed to be usus
ally coatained in fatty wmetter and lying many of them at
som2 distance Prom the surface,as if the 2anoline had prob-
ably held them off from it. ©On the more prominsat or supeq
ficial aspects 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

sibls 1o say from the microscopical appearance if a layer
of it,perhaps extremely thin had at all points intervened
between the germs and the stmatum corneum. In any case it
does not invalidate the argumsnts in favour of the methods
proposed in the preceding secbtion (IV), as any bactariam
even if in seemingly close conbtaet with the skian woulad
inevitably be enveloped in fatty matter and thus preventead
from becowing firxly adhersnt to the surface, and showld

theraslore be readily removed in the clsansing. a

E1l.
From this portioan of skin taken from the hairy axilla t

hairs were extracted before infection, In sections the

material mixed with debris and coantaining numbers of organ+

course the bulk ol the lancoline was wiped away it was impog=

ne

|
|
|
i
|
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i
'
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organisms seemed to have reached a distinetly deeper situ-
ation in the hair follicles but were not found in any very

large numbers

1

These sections afforded a confirmation of the observa-
tion of Haeglesr of the enormous collsctions of germs which
were to be found in accidentel scratchee or abrasions of
the skia, This state of affairs was probably lardely due
to a growth of orgdanisms in these clefts; my own sections
shiowed, apart from any growth of the germs,very lards adcu-
mulations of them as far as the innermost recessss, follow-
ing rubbing in of pure cultures, It was noted that the
¢laft produced by the scratching was almost always bifid af

tke bottom like an inverted ¥y,

The investigations described in Sections III, IV, and Y
waere carried out in the Surgical Laboratory of the Univer-

siby of Ediaburgh and I am gratefully indebted to Professon

Chiene for kind permission to maks use of it for this objed
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