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INTRODUCTION
The problem of determining quantitatively the bacterie
t

bacteriologists in their investigations of the flora of the
human ckin.
Theoretically, the number of bacteria on the skin should
be proportional to the source of the contamination, frequency
of contact with this source, and the condition of their site
on the skin. It ig bacteriologically accepted that each organism
removed from the skin in a viable stzte is able to produce a
single colony when grown on the proper media under proper conditions.
Therefore, if a given area of the human body should be sub-
jJected to a physical means of bacterial removal for a given
length of time and a measured fraction of the removed sample
be grown on a proper medium, the number of colonies derived
would be proportional to the number of organisms removed.
Evidence partially substantisting these conclusions has been

furnished by the work of Pricel.



History of bacterial studies of the human skin has 1ts

origin mainly in the field of surgical asepsis. The initial
inspiring work was performed by such great scientists asg
Semmelweis, Pasteur, Lister, Gordon and Haller®. These men
advanced certain fundamental bzesic orinciples for surgical
asepsis. Semmelweis® was one of the earliest workers to

show clinically that the hands of the surgeon were potential
sources of wound infection and that the flora of the hands
could be, and frequently were, composed of viruvlent organisms.
He suggested the use of chemical hand disinfectants as a means
of eliminating the virulent organigsms.

Louis Pasteurz, the father of bacteriology, acutelly proved
experimentally that pathogenic bacteria were the cause of post-
operative wound infections. He elearly described the mieroscopic,
grape-like clusters of the staphylococcus and the chain formation
of the streptococcus.

Joseph Lister2 proved clinically that the disinfectant asction
of certain chemicals was of essential importsnce in proper
surgical asepsis. He was one of the first to demonstrate that
phenol destroys bacteris.

Late in the nineteenth century, the surgeons began to avply
the technic of preoperative hand preparation &s a routine.

Wyeth!s® Textbook of Surgery in 1888 advanced the principles of



personal cleanliness. He was one of the earliest to advocate
specifically a preoperative hand treatment. Briefly, he states
that the surgeon's finger nails should be cut short and clesned
before every operation that hands and arms should be scrubbed
with a brush in soap and water, and that this procedure should
be followed by the rinsing of the hands in a 1:3000 sublimate
solution.

DaCosta's? Textbook of Surgery of 1912 gives several methods
of preoperative han iratio
cleansing of the hands and forearms by brush, soap and hot water
as follows: "Scrub for five minutes with soap and hot sterile water,
giving special attention to the nails and cresres in the skin.

The water should be as hot as can be borne with comfort, as hot
water stimulates the sweat glands and the flow of sweat washes
out the ducts before the operation; during the operztion then,
secretions will be slight. The brush is rubbed in the long

axls of the extremity and alsc transversely. The creases on

the backs of the hands and fingers will be partially opened by
flexing the fingers and transverse scrubbing will clean the
furrows. Creacses on the palm'surface will be opened by extending
the fingers and will be best cleaned by transverse scrubbing.

An excellent soap is the ethereal soap of Johnston which is a

8olution of castile soap in ether." DaCoste relates additional



methods of hand cleansing end sterilization, where he in
detail describes specific hand treatments advocated by certsin

operators in surgery. Four methods are described: (1) Furbinger's

Methbd--Essentially this is a chemical sterilization of the
hands and forearms following a specific soap and water serubbing
routine. He advocates the use of a 95% alcohol dip for three
minutes, which is followed by scrubbing with hot mercuric
bichloride (1:5000) for at least one minute. (2) The Welch-Kelly
Method ~--Involves mechanically soap and water cleansed hands and
forearms followed by lmmersion into a warm saturated potassium
permanganate, then oxalic acid, followed by én immersion in a
1:500 corrosive sublimate. Hands are than rinsed in sterile

water and dried on a sterile towel. (3) The Weir Stimson Method

-~Involves the scrubbing of the hands in hot running water with
a brush and green soap. No specific time limit is given. The
hand-scrub is followed by a three-to five-minute wash in a
creamy mixture of washing soda. Hands are rinsed in hot sterile
water and then immersed in ammonia water, one-half per cent.

(4) The Sublimate Alcohol Method--Preferred by DaCosta; the hands

are to be scrubbed in soap and warm water followed by immersion
in 70% alcohol. This is then followed by an immersion in 70%
»alcohol containing corrosive sublimate. The forearms'are rubbed
thoroughly with a wet gauze pad while immersed in the slcohol

sublimate solution . The cleansed parts are then washed in sterile



water. Wyeth5 in 1908 suggested that in operator's hand
preparation, the hands should be soaked in warm soap and
water for several minutes. They should then be scrubbed
with a sterile brush fof several minutes and rinsed in sterile
saline. This procedure is followed by éleansing the finger
nails, scrubbing the hands again in soap and water, and
concluding with a second rinse in sterile saline and a two
or three minute immersion in mercuric bichloride solution.
Ochsnerts® method of preoperative hand preparation in
1204 suggested that every evening before retiring, the
surgeons and assistants should secrub their hands with the
same care as that which is employed in disinfection before
operation. His basichethod of preoperative hand cleansing
involved the scrubbing of the hands in a porcelsin bagin full
of warm water, using green soap with a moderately stiff brush.
Finger nails are then cleaned with the point of a dull scalpel.
The hands are then scrubbed again and rubbed with a piece of
gauze. The gauze seems to rub off all the loose epithelium.
The hands are then rinsed under the faucet with boiled warm
water and immersed in a 1:2000 mercuric chloride solution for
a few minutes. This treatment is followed by a rimse with
strong commercial aleohol. Empirically, Ochsner found that
the above treatment of the surceon's hands resulted in aseptic

wounds. He found no appreciable clinical difference between



washing with soap and water alone and this treztment followed
by chemical disinfection. Ochsner insisted that all personsg
who were not free from breaks in the skin but who were
connected with the operative ovrocedure should wear rubber
gloves. He required all his assistants to wear gloves, but
wore gloves himself only when operating in an infected field.

Tinker’ in 1932 worte that the early work of Lawson Tait of
Birmingham, England, Joseph Price of Philadelphisa, Schleich of
Berlin and others showed that the skin may be freed sufficiently
from pathogenic bacteria by mechanical methods alone to give
excellent operative results in major surgery. Schleich used
marble dust soap as an adjunct to scrubbing. Tinker's method
recommends that the hands should first be washed to remove the
ordinary contamination. The nails should then be cleaned and the
arms scrubbed thoroughly at least twice with soap and tap water.
The brush is then discarded, a fresh sterile brush substituted
and the hands gone over twice more, scrubbing in sterile running
water. The hands are finally disinfected by rinsing them in
1:1000 bichloride of mercury, followed by another rinse in 95%
ethyl alcohol.

Meleny's8 technic of preoperative surgical hand preparation
recommends five minutes as an appropriate time for the cleansing
procedure. Starting with soap and warm running water , using

a sterile scrubbing brush, this process is followed by rinsing



five minutes by the clock in lime and soda and then in a
70% alcohol solution. He modifies the chemical disinfection
by suggesting ten minutes 1n the alcohol solution if the
soda lime is found too irritating to the operator's hands.
Richardson® in 1924 advocated a soap, water and brush
scrub followed by immersion of the hands and arms in seven
per cent tincture of iodine, and then in a saturated solution
of sodium thioeyanate in 70% alcohol .
Elman and ColelQ state that a soap, water and brush
serub should be'performed for five to ten minutes and followed
by the use of a germicide. Theyvalso say, "Serubbing the
hands for ten minutes is a much more effective method of
sterilization than the use of antiseptics.” Coombsll, however
states that two minutes in 70% alcohol is equal to six and
one-half minutes of scrubbing. He believes that the
important stage of the procedure is the germicidal treatment.
In"ractice of Surgery,"edited by Dean Lewis, the article
on Aseptic Surgical Technic written by Urban Maesl® states
that the method most commonly employed by many modern surgeons
is to scrub thoroughly with soap and water for ten minutes, then
rinse in a thin stream of alcohol, dry with sterile talecum and
put on sterile rubber gloves. A further method proposed by
Maesl® consits in the treatment of the hands after scrubbing,

as follows: Immerse them in a solution of 1:2000 mercuric



chloride or in a saturated solution of KMnOg which has

been decolorized by a saturated solution of oxalic acid.

He e2lso gives a method used in a New York hospital wherein
the hands are scrubbed in the usual manner then treated with
a commercial chloride df lime rubbed into a paste with sodium
carbonate crystals. This is followed by rinsing in sterile
water.

Coombs'1ll method of hand cleansing is:(1) The hands are
scrubbed with soap and water for at least seven minutes,
remoﬁing the gross dirt, transient bacteria, fats and
according to his reports, incidentally about one-half of
the basic flora. (2) Resident flora is much more effectively
removed by germicide than by scrubbing, which is contradictory
to the claims of Elman and Colel®. Coombs follows the hand
scrub by rubbing the extremities with gauze soaked in 70%
ethyl elcohol. The hands and forearms should be dried with a
sterile towel before the alcohol wash so as not to dilute the
alcohol solution and lessen its germicidal powers. Time spent
in the alcohol solution is an imvortant point as stressed by
this author. The alecohol wash should consume a2t least three
minutes, or two minutes in the alcohol mixture solution, which
is composed of 50 parts of ethyl alcohol, Sd parts propyl
aleohol and 20 parts water. The author estimates that the
scrub and alcohol treatment will effectively reduce the skin

flora to less than two per cent. () Coombsll further advocates



that the hands between operations should be washed in a
germicidal solution in order to counteract the increase of the
cutaneous bacteria which has taken place beneath the gloves.

A useful rule is a one minute wash in 70% ethyl alcohol for
every hour the gloves have been worn. He stresses the fact
that the hands of the operator can be the habitat of very
virulent bacteria if they have come in contact with purulent
wdunds in the ungloved condition, According to this author's
conclusions, the bacteria are reduced by 50 per eent when the
hands are washed in 70% alcohol for three minutes. He also
believes that six minutes of hand scrubbing is sufficient for
preoperative hand ?reparation.

ThoreklZ in 1928 reported that 1liquid green soap or ordinary
bar soap containing powdered pumice, when used with warm running
water was found to be very effective in removing superficial
bacterlia. The hands and arms should be scrubbed to zbove the
elbow with soap and hot water and the subungual dirt removed
with an orange stick or file. With a soft brush, scrub first
the thumb of the left hand, then in order, the index, middle,
third and little fingers and then the palm across the nails up
to and including the wrist. The person scrubbing should rinse
frequently in the process which is then repeated on the right
hand, each finger being scrubbed on all four surfaces. The

arms should be kept flexed as much as possible at all times,

following a thorough rinsing in cold water. Thorek allows a
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minimum of five minutes for each hand preparation, the whole
cleansging process requiring a minimum of 15 minutes. Too much
scrubbing can be detrimentzl as 1t may be injurious to the

skin and, since Staphlococcus albus organisms can never be
completely removed by our present preoperative hand preparation
methods they could become infectious for the operatorts own
tissues if the deeper epithelial structures were exposed, whilch
is physically possible by excessive scrubbling. The chemical
disinfection is carried out by scrubbing in a 14 Lysol solution,
sterile water and a 50% alcohol solution. FEach solution 1s
placed in a properly labelled basin and the hands soaked one
minute in each. Finally, the fingers are dipped in a 1:100
metaphen solution.

Pohle and Stuartl® carried out further experiments with a
modified Pricel technic. Their method used no brushes, but
each of the ten basins contained a measured quantity of water
and granulated soap. Each subject weshed his hands for two
minutes, rinsed the extremities, and then repeated the process
in the succeeding nine basins. Cultures taken quantitatively
were then plated on plain agar and the colonieg counted. They
were able to plot curves very similer in nature to those which
Pricel obtained. The introduction of 70% ethyl alcohol in the
fifth basin increzsed the speed of reduction of bacterizl counts
very decidedly. They alsoc found that the uge of sulphuric ether
in the fifth basin did not spprecisbly reduce the bacterial count

in succeeding basins.
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In evaluating the foregolng surgical preoperative hand
preparation methods it may be stated that not one is specific
in the length of scrub required hefore the chemicals may be
applied. The imprecticability of many of the listed disinfect-
ants is readily realized when considering the irritative and
corrosive effects to the operator's hands. Furthermore, thelr
efficacy in removing the flora of the skin is bacteriologically
unproved. Quantitatively, dié the cleansing process destroy
all the bacterisl flora or only part of it?

Bacterlologically, modern methods of preoperative surgical
hand preparation have net been subjected to thorough experimental
tests. Much literature is available in regard to the antiseptic
value of certain chemical preprations in vitro, but the actual
number of bacteria destroyed on the skin has not been solved
by these authors. Investigations usually find clinical evidence
of postoperative infection and this serves as the only guide
of contamination. The actual source is searched for in many
instances, but the number of successful searches are very few.
The impracticability of evaulating an antlseptic by the absence
of growth in a test tube is obvious when one observes the
histology and physiology of the human skin. Whether the absence
of growth in the culture tubes is due to the transference of

some antiseptic ions into the culture tube or complete destruction
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of the bacteria is not taken into congideration by many
workers. Furthermore, if they do obtsain growth in the
culture tube, the queztion of how many bacteria were
involved in the production of the growth and how many were
destroyed is not answered. Simmonsl4 used the cultural
findings after contaminating the hands with live bescteria
and then subjecting them to certain disinfectants. Just
why the bacteria present at all times on the skin and in
the skin pores were not satisfactory for the experimental

work

FaVa kol
TS U

is not made clear.

It may be accepted mmibacteriologicaily sound that certain
chemicals destroy the bacteria in varying numbers on the human
skin. It has also been proved that complete sterilization
of the sgkin is impossiblelg. Grossly the prineciple of
preoperative hand preparation may be divided by basic procedﬁres:
flrst, the mechanical cleansing and second the chemical
disinfection. The mechanical portion of the proéedure has
never been subjected to a bacterial quantitative analysis,
except by the work of Price . Just why @veryone accepted
the mechanical prineciples as a routine cleansing process
which removed the dirt, grease and some of the bacteria,

without really investigating the actual efficiency of such

a procedure, ls an unsolved problem. Same surgical textbook
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authors advocate five minutes of scrubbing, whereas others
favor ten‘to 15 minutes. The chemical treatment of the
scerubbed hands is also subject to these considerations:
(1) does the chemical destroy the bacteria on the skin?
(2) is the disinfectant tolerated by the surgeon's skin?
In the mechanical treatment of the operator's hands |
Pricel found that the bacterial flora could be classified
into transient and resident varieties. The former were

ron

e to a constant change, being almost wholly determined
by the operator's environment. He regards resident flora

& more constant form, being practically the same on the skin
of all individuals. The transient flora being the type
usually aecquired by environment association should therefore
be more superficial and the more subject to mechanical
removal. It therefore is a logical conclusion that serubbing
the hands and arms with a mechanical means would serve as a
mechanism for removing the transient flora, and should serve
as a means of not only freeing the skin of the operator of
grease and dirt, but also of reducing the transient and resident
flora,

Pricel

claimed that he could mathematically calculate the
bacteria removed by progressive one minute serubs. Hisg

method briefly involved the placing of a series of basins in
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a row and having each basin filled with a2 measured
guantity of water. This he followed by a routine one
minute soapless scrub in each basin. Being very adept
in his personal scrubbing routine, he believed that he
could be uniform in each basin scrub. From plate counts,
he was able to calculate the total numnber of bacteria in
each basin and then, by plotting his counts graphically
he was &able to show thet there was a progressive reduction
in the bacterial counts as the time of the scrub was
lengthened until the eight minute basin count was reached.
Followling basine showed no increacse in the number of
bacteria removed by scrubbing.

Consciously or subeonsciously, two motives are before
the surgeon in carrying out hand preparstion technics.
First, he wishes to free hils hands completely from any
chance contaminants of a definite pathogenic nature and,
second, he desiresbthe normal flora of the skin to be recduced
to the lowest possible 1limit quantitatively., A third factor
affects his choice of a method for attaining these objectives,
namely the necessity of keeping his hands in the bést possible
physical condition. There is some justification, in consider-
ing methods, for separating the two objectives mentioned.
.Pathogenic bacteria that have only very recently been picked

up on the hénds undoubtedly are very superficially attached
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and may be removed or destroyed by methods that would have
little effect in reducing the total number of organisms on

the skin. However, even recently acquired bacteria may

find lodgment under the nails, in the nail creases, or

even in dameged hair follieles or other invisible abresions,
end hence require for their complete dislodgment more

vigorous trestment. Furthermore, it seems clear (Pricel) that
it is far from impossible for pathogenic organisms to ezstablish
themselves with some degree of permanence on the skin and

&

become in effect a part of the indigenous flora.Though both

of the gbove cases may Ee considered as the exception rather than
the rule, it is obvious that since the exception can be
detected only by laborious bacteriological investigation, the
only safe attitude is to regard them as the rule when selecting
methods of hand preparation. The general premise remains that
that technic of hand preparation is safect which most nearly
reduces the total germ content of the hands to zero, Within
certain limits the corollary of this may also be accepted,

viz., that two methods are comparable in efficiency on the

basis of their effect in reducing quantitatively the skin flora.
But both premise and corollery appear purely academic when it

is realized that there is no practical method of determining

the total germ content of the skin. However, purely academic
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reasoning has often led to practical values. Perhaps we

may be still more academic, therefore, and say that the
surgeon, after all, is interested not in the bacteria that
remain on his hands, but in those thét come off and reach

the field of operation. May we not then restate our premise
thus?--That method 1is most efficient which reduces to the
greatest extent the removeble bacteria on the hands. Actually,
of course, we must regard all of the bacteria on the skin as
capable of coming off under some circumstances. If, therefore,
for practical purposes a method of removal is chosen which is
both vigorous and capable of being fairly accurately standard-
ized, and which permits the quantitative estimation of the
removed organisms, we should not only be justified in accent-
ing the numbers obtained as indicating the efficiency of hand
preparatién technics, but we should expect those numbers to
have a constant relationship to the total germ content of

the hands. If such a standard procedure is applied‘to the
hands before beginning and agaln after finiching hand prep-
aration, the ratio between the two counts obtained should give
a figure that Indicates, at least for purpose of comparison,

the efficiency of the hand preparation technic.
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EXPERIMENTAL

On the bagis of the reasoning advanced in the
preceding section, the following procedure was cselected
as the method best fitted to our objective. The subject
under study first scrubbed his hands end arms to the elbow
for one minute in a basin of sterile water, using a sterile
brush and a previously standardized technic. He then
applied the particulzr hand-preparative procedure which
was to be studied snd concluded with another one-minute
scrub in a second basin. A plate count was made on each
basin and the total number of countable bacteris in each
basin calculated. These flgures were called "total counts".
Subjects must not have serubbed their hands surgically or
subjected them to chemical disinfectior for at least 24 hours
previous to the test. Before each test the individual was
given thorough instruection regarding the routine to follow.
The serubbing surface involved ineluded the hande and forearms.
Stress was given to the following of & definite process in
the application of the brush; the dorsum of the hand =znd
forearm were usually covered in one complete stroke, the
same method being employed on the volvar surfece. Each

interdigital space and finger nail was given individual
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attentlon. One extremity was serubbed for one-half minute.
The initial test-gerub was performed without soap in a basin
containing a known quantity of sterile tap water. The subject
wvas fhen required to scrud beneath running tap water with a
non-alcoholic liquid soa» and brush for various lengths of
time, after which the extremities were rinsed thoroughly

in running water. The subject next scrubbed for one minute
with another sterile brush in a second basgin contaihing a

measured quantity of sterile water without soap. Measured

sample

14+

were taken from the first and second basins, diluted
properly, plated-out, and counted in 48 hours,

Approximately Z00 tests were performed in this manner. The
running-water portion of the scrmb was the portion of the
test that vas subjected to veriations in time. The scrubs
utilized the following time periods: two, three, four, six,
eight, ten and twelve minutes.

After performing 20 or more individual tests for each time
period the figures obtained were arrenged In tabular form.
Mathemetically a figure of vercentsge reduction was obtained
by subtracting the second basin count from the first basin
count and dividing this figure by the first basin count.

It is obvious that in a procedure of this kind there are many

variable factors that cannot be eliminaeted or adequately
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controlled, sueh as the texture of the skins of different
people, the character of brushes used, the amount of pressure
exerted in scrubbing, the initial number of bacteris on the
hands, the particular distribution of the bacteria, and the
kinds of bacteria present. Tt seemed, th:refore, that the

only way to obtain eVidence regarding the actual reliability

of ouf method would be to try it in germ-removing vrocesses

that differ from each other only in a single quantitative factor
that is known to influence the process in some relstion to its
guantity. Among such factors j;gg may be accepted as fulfilling
the conditions. If, then, we apply some constant process of
removing bacteria to the hands for varying lengths of time,
determining by our method the supposed percentage of reductién
attained in each time interval, and the figures obtained show
the expected relation to the length of the time interval, the
experiment will constitute evicence in favor of the validity of
our method of measuvrement.

If mechanical cleansing of the hands results in decreasing the
bacterizl flora present on the scrubbed extremities, then would
not the aprlication of = disinfectant to the same area further
recduce the flora pre=ent? The application of a chemical agent

to the skin in the above-mentioned mechaniczl procedure, followihg
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the running water-soap portion of the test, should result

in further reducing the number of bacteria obtained in the
second basin. If this supposition were found to be true

in experimental test, then it would appear to validate further
our method of measuring the bacteria removable from the hancs.
With the foregoing ideas in mind the author conducted s series
of experiments with several well-known antiseptics, the results
of which are given in Table XII.

The method of introducing a2 chemical disinfectant was as
follows: The hands were serubbed in the first basin as described
above, then scrubbed under the running tec-water with soap snd
rinsed in clear running tap-water. The antiseptic was then
applied following the tap-water rinse 1t being placed in a
non-feacting container and applied by a handwashing process
with z one minute duration of action. The extremities were
again rinsed in tap water and finally scrubbed in the usual
manner in the last test basin. Qualitative tests were conducted
on samples from the last water basin at freQuent intervsls to
determine the presence of growth-inhibitory concentrations of
the particular antiseptic used.

In discussing the tables, it was decided to approach the
mechanical cleansing recsults first. Several tables are then
introduced which Present some interesting comparisons of mech-

anical cleansing plus antiseptics is discussed.
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The figures in Table I show that a wide variation
exists when individuals are péfmitted to perform but one
serub, for a two minute period. The unusually wide range
of the percentasge reduction figures do not permit any

accurate conclusions to be drawn.

TABLE I
Data Obtained for Two Einutes of Mechanical
Cleansing
NUMBER OF TWO PER CENT
SUBJECT MINUTE SCRUBS REDUCTION
Neilson,R. 1 0
Russell 0
Fearl ) 4 0
Scales 1 1%
Anderson a1l 0
Larson, R. b 3 18
Davis ; 2
Peacse 5 4 5]
Johnson 1 10
Ito 1l 0
Humphreys B 4
Larson, V. i 2
Smick ¥ 4 (average)
Hubert 2 2.5 "

Taeble II again does not permit any definite conclusions
to be drawn. Even though the time of scrub is incressed to
three minutes, there is a marked variation when the same
individual repeats his serub tests. It is seen however,
that the percentage reduction figures in Table II tend to
be somewhat higher than those of Table I.
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TABLE II

Data Obtained for Three Minutes of Mechenical Cleansing

NUVMBER OF THREE PER CENT
SUBJECT MINUTE SCRUBS REDUCTION
Holcomb 1 10
Burr : 1k
Cottrell ;4 20
Davis 1 11
Pease 1 10
Judd 2 21
RBussell 2 5
Neilson, R. 2 18
Fearl 2 2 1) % S
Scéles p 8% =
Anderson 2 15.5
Hubert T 9
Smick 1 5

Table III shows that the veriation of percentage
reduction figures for individual scrubbing is becomming
less as compared to the similar figures in Tables T and LIl
There is a definite tendency toward a grouping level.

In Table I there was an average reduction of 4.1 per cent,
whereas; in Table IT the average percentage reduction was
10.4 per cent. The 45% average in Table IITI indicates

a masgsive removal of bacteria by the cleansing process.



TABLE III

Data Obtained for Four Minutes of Mechanical Cleansing

NUMBER OF FOUR PER CENT MAX. & MIN. PER
SUBJECT MINUTE SCRUBS REDUCTION CENT REDUCTION
Russell 3 41.¢€ : 48 35
Scales 2 a7 72 62
Hurad 2 43 ‘ 47 &9
Johnston 1 53 -
Nellson 4 48,7 63 26
Judd 5 35.8 5% 20
Fearl 6 41.6 g3 19
Davis e &1. 38 24
Pease i 4 28
-Larson 2 &7 .5 e 83
Cottrell 2 44 50 38
Wooliver il £9
Smick 8 42.5 64 18
fears, H.J. 8 38 65 30
Aumann 4 Bl.8 69 42
Wynia 5 7.8 78 42

Tables IV and V present definite evidence that there is a
higher percentage of bacteria when scrubbing time is lengthened.
This is further substantiated by the counts recorded in Table VII.
The average percentage reduction in Table III was 45%,in Table IV
the average reduction percentage has increased to 62%, agaln
showing that there is a progrescsive increase in bacteria removed
per unit time. It should also be noted that the individual
variations of subjects in percent reduction is less extreme as

the time is lengthened.
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TABLE IV

Data Obtained for Six Minutes of Mechanical Cleansing

NUMBER OF SIX PER CENT MAX, & MIN. PER
SUBJECT MINUTE SCRUBS REDUCTION CENT REDUCTION
Aumann 4 €0, 2 79 5%
Schauffler 1 67
Smick 8 58.2 85 26
Sears, H.J. 3 61.2 82 41
Nurses-one scrub ea. 2 80.5 88 73
McConnell 1 48
Wynia " 82.2 85 28

Table V significantly shows that the average variation
in percentage reduction for different individuals scrubbing
elght minutes 1is wider than those performed for shorter
durations of time. Another fact shown by this table is
the only relatively slight advantage of the eight- over the
six-minute serub. A similar decrease at thise point in
removal efficiency per unit of time was alsgo observed by
Pricel, and by Pohle and Stuartlb, Price proposed the therapy
that this decrease was due to the removal of the transient
flora whieh is displaced early and much more easily in the

scrubbing process.
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TABLE V

Data Obtained for Eight Minutes of Mechanical Cleanging

NUMBER OF EIGHT PER CENT MAX., & MIN.PER
SUBJECT MINUTE SCRUBS REDUCTION CENT REDUCTION
Fearl 1 31
Davis . | 48
Anderson 1 77
Lundy 1 72
Pease 1 51
Johnston " o 89
Hubert 3 67 80 57
Smick 1 44
MeConnell 4 0l.8 - 69 50
Table VI shows a marked increase in the "average percent-

age reduction value when scrubbing is continued for a ten-
minute period. Furthermore, the variation in the figures

for different individuals is less than for any other time period.

TABLE VI

Data Obtained for Ten Minutes of Mechanical Cleansing

NUMBER OF TEN PER CENT MAX, & MIN. PER
SUBJECT MINUTE SCRUBS REDUCTION CENT REDUCTION
Anderson 1 85
Fearl 1 55
Neilson 1 86
McConnell b 67 i d 4 58
Smick 4 50 6e 38
Vynia L g1
Youmanns 1 66
Aumann 1 7
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It would appear frdm Table VII that the percentage
reduction following twelve minutes of scrubbing is no
greater than that following ten minutes. Although an
Insufficient number of subjects were studied to Justify
any broad assumptions, this table suggests that there is
maximum time of mechanical ¢leansing beyond which very

1ittle will be accomplished,

TABLE VII

Data Obtained for Twelve Minutes of Mechanical Cleansing

NUMBER OF TWELVE PER CENT

SUBJECT MINUTE SCRUBS REDUCTION
Aumann b 85
McConnell 1 60
Smick 1 i

Table VIII demonstrated the constancy of results
obtained by the same subject in a given Procedure repeated
several times and the individual variations among subjects
using identical technics. In presenting this information
i1t shows that the difference in per cent reduction figures
obtained from the same individual in different trials 1is

too great to permit the attachment of much significance
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to the results of a single test. It also exhibits the fact
that neither the variations of percentage reduction for the
same subject In different tests, nor those oceurring among
different individuals in the same test, bear any relation
to the actual number of organisms on the hand at the time
of beginning test.

Two types of averages are used in Table VIII. One is the
average of the "per cent reductions" obtained from s number
of tests on the same subject, the other is the average of
the figures obtained from one test on each of a number of
subjects. The first can be called individual averages, the
second the group averages. Comparing the individual averages
in Table I, calculated from the results of a maximum of
slx tests only, it is apparent that the figures for the gix
subjects vary over a narrow range. It suggests that if
averages were obtained from a very large number of tests

individual differences would become insignificant.

(TABLE VIII) here

Table IX suggests, as did also Table VIII, that the
average of the results of a simultaneous test on seven
subjects falls near the middle of the range of the
individual results.
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Table VIXIX

DATA OBTAINED ON SUBJECTS FOR FOUR MINUTES OF MECHANICAL CLEANSING

jects Test No. Total Count Total Count Differ- Percent- Average per
first basin second basin ence age cent reduc-
Millions Millions Millions reduction tion
;| 4.05 ReR3 1.82 45
2 S S 8.65 4.06 32
3 371 " 3. 85 66 18
IOS- 4- 4059 2-88 '71 38
5 4499 : 2.79 2.20 Ly
‘s 0 e 3,83 3.49 &7
- TalSh 4+ 65 2.89 38
> 6.49 o3 226 34
o 4 6.53 455 1.98 30
2 217 2.83 535 65
6 - W I 2.5 1.98 38 4R
i w0 sl ad 4
- 5 5 3 .04 .69 29
i . 3 « 40 . s 22 54
A 1.5Q0 32 Ll T 78
2 2.07 .90 ¥ B 5 56 57
1 170 .94 <19 4y
& 25 14 L0 AR
R = , 1.26 61 05 50
L 12.24 2452 Pl 69 ok
i wlBE P 3 .66 38
- 1.89 1.38 .51 <
o 3 4,10 R el ‘ 1.89 L6
e .l <59 ¥ s 20
o | .70 51 .19 o Lt
1 b 54 1.99 184 4dy
2 2.70 l.26 l.44 53
3 2.79 » S 1.98 il
. 4 2:16 L+39 2ha 36
5 3.82 2.7% 1.04 'y
6 95 .6 .18 1% 41
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TABLE IX
PER CENT REDUCTION
DUE TO FOUR MINUTES

SUBJECT SCRUBBING
A.0O, 58
D.J. 538
B.P, 28
W.W. 29
L.M. 47
H.V. 45
A.C. 35

Average for
all subjects 42

In Table X the real test of the method which is being
proposed appears by caleculating the effect produced upon
the average bercentage reduction figures by altering the

time of application of the degerming process.
TABLE X

AVERAGE PERCENTAGE REDUCTION GIVEN BY DIFFERENT
PERIODS OF MECHANICAL CLEANSING

Average percentage reduction for various
minutes of scrubbing (individual serubs
vary from £-10 individual tests)

[ d

Uinutes 2 Z 4 5 8 10 12
W.E.S, 4 5 42 o8 44 50 L
H.JOS. = = 4:8 61 e 79 -
F.W. 5 18 57 62 76 71 -
K.A. - - 51 60 57 77 85
H.H. 0 0 &7 74 72 - -
G .M, 0 10 33 48 61 &7 60




Table XI shows a trend similar to Table X. That is,
there is a definite progressive increase of "percentage
reduction" proportionate to increases in time of s=crubbing.
These figures represent an average of single tests on all
or part of a group of six subjects. It may be concluded
that the method of "mechanical cleansing® results in a
definite ratio between the length of a process and the
"Average percentage reduction'. It should be noted however,
that large varlations in the results in a procedure so

andardize may be significant.

TABLE XI
AVERAGE "PER CENT REDUCTION" SHOWN BY 4 GROUP
OF SIX SUBJECTS AFTER SCRUBBING FOR VARIOUS TIME PERIODS

Minutes of
serubbing 2 A 5 8 10

Per cent
reduction
(average of
six subjects) 7 47 50 67

It may be accepted without dispute that treatment of hands
with a disinfectant of known germicidal potency, after a
perlod of mechanical cleansing will further reduce the number

of live organisms on the hands, and the amount of this further



reduction will have some relation to the germicidal power of
the disinfectant. Table XII shows the effect of a number of
such treatments on the individual average per cent reduction
figures obtzined from two subjects by our method. The figures
in parentheses give the number of tests from which the averages
were calculated. 1In each test, following the use of a chemical
substance, the hands were rinsed briefly, without rubbing, in
running water before the final standard one-minute serub.
This eliminated any effect that introducing traces of growth-
inhibiting disinfectants into the wash water may have made
on the count;

The results of these tests again reflect the validity of
the proposed technic of measurement in that they correlate
roughly with the well-known efficiencies of the various
disinfectants. Seventy per cent alcohol, for example, is
distinctly superior in germ removing power to 1—8000 Hg 012
since, in spite of the greater germicidal potency of the latter,
1ts poor penetrating power and its tendency to combine with
albuminous matter make it a relatively inefficient skin
disinfectant. Cyanide of mercury showg a comparable efficiency.
It is interesting to note that the method seems to show a lower
efficiency for mercury bichloride followed by alcohol than for
aleohol alone. This result seems not unreasonable. It is

easy to believe that bichloride could produce a film of
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coagulated albumen which would somewhat protect the

bacteria of the underlying skin from the action of the

alcohol.

The high germicidal potency and penetrating

power of tincture of iodine is reflected in the results

with both half and full strength of this drug.

i

ABLE XII

THE EFFECT OF "AVERAGE PER CENT REDUCTION" FIGURES

OF FOUR MINUTE MECHANICAL CLEANSING FOLLOWED

BY CHENIC

SUBJECT

Iﬁfr.ECSl

MeC.

CHEMICAL DISINFECTION USED
No Disin- Rinsing Rinsing Rinsin§ Covering
fectant one min, one min. with 2334 with Tr.
in 704 in 1-2000 iodine Iodine
ethyl aq.Hg012 followed followed
alcohol by Sed. by U.S.P.
thiosul- aleohol
phate one min,
42.5%(8) 179.7%(4) 65.3%(3) 94.5%(2) 99.9%(4)
90.6%(6) 60.3%(3) 96.2%(4) 99.9%(4)




SUMMARY

In the foregoing thesis the efficiency of a surgical
preparation method was proposed and subjected to a
series of experimental tests. It was found that this
method bears a direct ratio to the quantitative germ-
removing or germ-killing effect, and that this effect
could be measured by calculating the number of bacteria
in a random sample of the germ population of the hands
at the beginning and again at the end of the process,
A standard method of taking these samples and making
bacterial counts was developed. From the counts a
factor called "average percentage reduction" was calculated.
This factor was found to be roughly constant in its
relationship to the known efficiency of the cleansing
process.

In a series of 220 test scrubs ranging from two to
twelve minutes, it was found that the maximum removal range
was in the six- to ten-minute level. The results in the
two-and three-minute series of scrubbings were inconstant in
many instances. Ten to twelve minutes of hand scrubbing are

very irritating to the skin, with no appreciszble increase in
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the bacteria removed by the increased time of scrubbing.

Total removal of bacteria from the skin is impossible by

hand serubbing. Using the same method of guantitatively
measuring the number of bacteria removed per unit time, it
was decided to test the value of several antiseptics which
could possible be used in conjunction with the soap and water
serub. The scrubbing portion consisted of four-minute serub
with brush, soap and water, followed by a one-minute rinse in
the antispetic being tested, and concluded with a2 three-minute
rinse uader tap water.

Antispetics tested were: mercuric chloride, 1:2000; 70%
ethyl alcohol; 1:000 mercuric cyanide; 334 tincture of iodine
plus 70% aleohol saturated with sodium hyposulphite. It was
found that the iodine combination was the most effective, both
as a disinfectant and as a skin irritant. Alcohol 70% was
found to be the next most effective, probably due to its

cleansing properties as well as its antiseptic property.



CONCLUSIONS

From the experimental work performed the following

conclusions are drawn:

1. That a method for measuring the removable
bacterla per unit time was devised and proved.

. In a series of 270 test scrubs ranging from
two to twelve minutes, it was found that the
maximum removal range was in the six to ten

minute level,

[0}
®

Two to three minutes of scrubbing in meny
instances is inaccuratea

4, Ten-to tWelve—minut; periods of hand scrubbing
are very irritating to the skin, with no marked
increase in the bacteria removed by increasing
the time of scrubbing.

5. The total removal of bacterial flora from the

skin is impossible by hand scrubbing or disinfection.
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The efficiency in removing or reducing the
bacterla present following mechanical soap
cleansing is definitely increased by the
application of an antiseptic.

Seventy per cent ethyl alcochol is an effective
antiseptic agent and simultaneously is only a
very low-grade irritant to the human skin.
Tincture of iodine, three and one-half per cent
Or seven per cent are the most effective anti-
septic agents, but also the most irritating to

the human skin.
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