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AB STRACT

¶ The effect i veness of two methods of presurg ica hand preparation -

10 m m .  routine scrub and 90 sec. Hydroscrub - in reduction of microbial

numbers under fingernails was determined . Bacteriological cultures of

292 subungua l areas of 20 subjects revea l ed prescrub microbial counts

of up to 9.5 x IO~ colony forming Unit s (CFU) per area . Following the

surg i ca l scrub , bacterial concentrations were reduced to a different

degree among the individuals tested . The means of 3.0 x i~~- 3.2 x

CFU immediately after scrub indicated tha t neither of the two method s

tested reduced the microbial population under fingernails of most ind i-

vidua ls to “acceptable ” levels. The finding of hig h postscrub microbial

counts under fingernails is of particular interest and si gnificance in

view of the results relat ing to the relatively low counts on fingertips.

The extremely hi gh number of microorgan i sms remaining in the subungual

areas should alert every member of the surg ical team to the possible

danger of (until now) unrecogn i zed failure of proper hand degerming prior

to surgery. On the basis of the results of this study, it is concluded

that: (1) Degerming of the area s under the fingernails by present methods

is not satisfactory ; (2) Evaluation of the efficacy of various antiseptic

agents and scrub techn i ques should include determination of the microbial

counts in the subungua l areas in addition to the assays of microbial popu-

lat ion on the skin of hands ; and (3) The possible implication of the

subungua l microorganisms in the deve l opment of postsurg ical infection

should be investigated ; and (se) A modif icat ion of the methods currentl y

used or , possibly, a new app roach to the e f f e c t i v e  reduction of microbial

population under the fing ernails is necessary. 
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INTRODUCTION

Dissemination of pathogenic bacteria to patients by the hands of

med i ca l personnel was recognized by Semme l weis  and Lister more than

100 years ago. Since that time various antiseptic agents have been

int roduced for the purpose of cleansing the hands before patient care ,

especially prior to invasive surg ica l procedures. To further insure

tha t bac ter ia would not g a i n  access to su rg ica l wound s f ro m su rgeons ’

hands , in 1 889 Halsted recommended the use of rubber gloves. Although

several modification s of the method s of presurg i cal preparat ion of

hands have been made , and newer , more effective , and non-irritating

su rg i cal scr ub prepara tions eva l uated and accepted , the surg ic a l scr ub

has no t changed si gnifican tly since those earl y days. Only recently

a new , ra p id met hod for su rg ical  prepara t ion of hands has been developed

and shown to be at least as effective as conventional scrub.6

Any accented method should not be followed blindly, but re-examined

from time to time , and possible fallacies and misconceptions recognized

and , i f  poss ib le , rectified . Indeed , during the sur g ical scr ub studies

in this laboratory we have observed and reported one such misconception

pertaining to the use of sod i um thiosulfate . This iodine inactivating

agent has been frequently incorporated into the culture media in the

investi gations of the effectiveness of the iodine-containing scrub

preparations . In sp ite of the fact that we have shown sod i um thio-

sulfate to have an inhibitory effect on bacterial growth , and have

i ndicated that use of this neutralizer may have led to mis lead i ng 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
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resu l ts; ’2 and a l thoug h our results have been confirmed ’’ and con-

sidered to be important enough to warrant caution when eva l uating

i od in e ~~~~~~~~~~~~~~ there is still insistence by ~~~~~~~~ to con-

tinue the use of sod i um thiosul fate. It should be pointed out aga i n

tha t povidone- lodine preparations are water soluble and any residual

iod ine on the skin can be effectively removed by rinsing the hands

thoroughl y. ’” Therefore , i ncorporation of iodine inactivators is

not necessary.

There is vo l um inous literature concerning surgical scrub. Corn-

par i son of results is rather difficult because of the different tech-

n iques and sampling methods used . Most frequently used methods for

determination of the extent of microbial contamination on the skin

in clude the mul t ip le basin technique ,’9 glove juice technique ,6 ’’7

H swabbing techn i que ,’° f i n g e r t i p im p ressio n met hod ,6 ’’” combination of
f i n g e r t i p impress ion and Rodac p la te me thod ,’3 tape stripping method ,2 3

finger tip impression with drawing f i n g e r s  across the contac t p la te ,2°

g lass cu p ~~~~~~~~~~~~ and modification of these techniques. Most of

these methods have been discussed by Ulrich . 22

It is apparent from the extensive literature rev i ew that the

eval ua t io n of the e f f i cacy  of surg ical scrub has been based on deter-

mina tion of microbial counts on the skin of eithe r the fingertips or

of the palma r or dorsa l parts of the hand , or the total area of the —

hands.

I t  appears that no a ttempt has been made to assess the m icrobial

S 
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contam i na t ion  of an area of the hand with possibly the most abundant

microbial flora , namely, the subungua l areas. It was , therefore , the

purpose of this study to determ i ne the microbial counts underneath the

fingernails and to evaluate the effectiveness of two method s of pre-

surg ica l prepa ration of hand s in an attempted elimination or reduction

of the microorganisms from the subungua l areas.

METHODS AND MATERIALS

V 
Part 1.

Members of the U. S. Army Institute of Dental Research laboratory

staff participated in this stud y. Prior to the beginn ing of the tests

they were taug ht the conven ti onal scr ub tech n i que. They then scrubbed

their hands using the following two methods.

The f i r s t method was a conven ti onal sur g ical scrub of 5 m m .  dura-

tion using individually packaged E—Z Scrub surg ica l scrub brush—sponge

wi th nail cleaner and containing a detergent with iodophor. Eleven

individuals scrubbed this way on three different days.

The same individuals also used another method developed at this -

institute , and shown to be at least as effective as routine 10 m m .

surg ica l brush scrub. 6 ’7 The device emp l oyed for  th i s  pu rpose , and

ref erred to as Hydroscrub , utilizes the high pressure pulsating water

jet p rinci p le , and d e l i v e rs water wi th an appropr ia te an t i sep t ic scrub

preparation at 120 psi (Fig. 1). It has been described in more detail

earlier. 7 Ei ght individuals had their hands and arms lavaged for 90

sec. on two different days using this device with a 200X dilution of

Betadine Solution .

S~
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Prescrub cul tures of the subungua l areas of the first (index)

and second fingers (all areas cultured are shown in Table 1) were

ob ta i n e d  us i ng ste r i l e  sma l l  swabs tha t were made by wrapping cotton

tigh tly around the end of a flat wooden toothpick. The cotton tip

was mois tened with sterile 0.1% peptone water , place-i under the nail ,

and bro ught across the nail three times. Each tip was then cut off

and dro pped int o a tes t tube con ta i n i n g  10 ml of 0.1% peptone water.

The t- ..~s agitated with Vortex for 30 sec., s e r i a l  d i lu t ions were

made , aid 0.1 m l aliquots of each dilution were spread on Brain heart

infusion agar plates.

Immedia te l y af ter the scrub by ei ther method , the hands and ar ms

were r insed thoroughly  under tap wa ter , dr i ed w i th a ster i le towe l ,

and cultures of the hands were obtained using the fingertip impression

method and Brain heart infusion agar as a culture medium as described

earlier. 6 ’’3 Postscrub cultures of the subungua l areas were taken in

the same manner as before the scrub.

All cultures were incubated at 37°C for 48 hours; then the colony

form ing units (CFU) on the surface of the agar plates were counted .

Part 2.

Since the majority of the subjects tested in the first part of

this study were labora tory personnel w i thout  prev i ous experience in

the rou t ine surg i cal scrub techniques and , therefore , the resulting

bacterial counts following the routine 5 m m .  scrub could be attributed

in part to the poor scrub technique , it was considered app rop r i a te  to

S
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extend the testing to the additional group of participants. This group

consis ted of nine staff dentists who did have previous instruction and

experience in proper surgica l scrub procedures. They used both methods

of pres urg ica l preparation of hand s on three separate occasions , in the

same manne r as described in Par t 1 , except that duration of the routine

scrub was changed from 5 to 10 m m .

Bacteriolog i ca l cultures were obtained as described above; but in

addition to postscrub fingertip counts , p rescrub cou nt s of f i nger t i ps

were also determ i ned. All areas cultured are shown in Table 2.

RESULT S

Part 1.

Postscrub microbial counts on hands and counts underneath the finger-

nails before and after surg ica l preparation of hands are shown in Table 1.

Following the routine 5 m m .  surg ica l scrub microo rgan isms could  be

recovered from the hands of all eleven subjects. Colony form i ng units

(CFU) counts ranged from 4 — 4i with a mean of 14.3 per hand . After

90 sec. Hydroscrub the same individuals yielded somewhat l ower counts

ranging from 0 to 8.5 with a mean of 2.8 CFU/hand . These results ind i-

cate that scrubbing by either method did not consistentl y degerm ha nds

as effectivel y as would be desired .

The prescrub microbial counts of the subungual areas showed great

variab ility. The lowest value of 0.5 x iø~ (Subj. #6) differed markedly

from the highest of 756 x iø~ (Subj. #1).

The data relating to the effectiveness of both methods in reduc i ng

V.
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subungua l levels of microorganisms is shown in Table 1. The post—

scrub counts were decreased to different degrees in different m di- V
v iduals. While in some subjects the microbial counts were relatively

low (rang ing from 0.05 x lO~ 
- 7.0 x ~~ in Subj . #6), i n othe rs ,

postscrub cultures yielded 99.0 x iø~ (Subj . #8) and even 447.7 x

(Subj. #9).

Par t 2

:1 I n th i s  par t bo th prescrub and pos tscr ub m i crob i al count s on

five fingertips of both hands were determined . The mean counts before

presurg i cal preparation of hands of 114.0 and 113 .7 and postscrub counts

of 8.3 and 9.0 CFU for both groups were almost identical (Table 3) m di-

cating both methods to be equally efficient or deficient in hand degerm-

ing. The va l ues for each subject in Table 3 also show that concentra-

H tion of microorganisms on the hands vary among i n d i v i dua l s  and tha t the

deger m ing  of hands , although not complete , i s  no t necessar i l y  depende n t

on the prescrub levels  but appears to be due rather to some other fac tors

controlling the ease of remova l of microorganisms from skin. -

Microb ial counts underneath the fingernails of participating dentists

(Table 3) we re found to be l owe r than in the group participating in the

f i r s t part of the study. However , great d i f fe rences  in counts among

indiv i duals were again observed . The low prescrub counts in Subjects 2,

4, and 7 contrasted sharpl y with much higher counts in Subjects 3, 5,

and 8. The microbial concentrations following the scrubs differed

not only among the individuals but also among subungua l areas of

Li ~~~~~~~ j V .~~~~~~~~
f
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diff erent fingers in the same individual.

As shown in Table 4, the means for prescrub counts of 13.0 x 10’

for 10 m m .  routine scrub group and 20.7 x iO ’ fo r H ydroscr u b gro up

were decreased to 3.0 x 10~ (76.9%) and 7.8 x iO ’ (62.3%) respectively,

by the two methods tested .

D I S C U S S I O N

We have obtained convincing evidence tha t surg i cal scr ub does no t

reduce the microbial population under fingernails of most individuals

to “accept a b l e ” l evels. It is obv i ous tha t the microbial counts in

subungual areas rema i ned very hi gh , par t ic u l a r l y  in some indiv i duals.

The mean microb ia l coun ts af ter scr ub i n bo th grou ps ra nged f ro m

3.0 x 10~ 
— 3.2 x 10” CFU /a rea wh i ch , in comparison with the prescrub

counts , represents 62.3 - 86.5 percen t reduction . This percent reduction

however , shou ld not be cons i dered an ind i cat io n of the eff ect iveness of

scrub techniques , since the counts , al thoug h reduced , must be considered

excessive .

Only very scanty information is available in the literature on this

aspect of hand degerming in spi te of the fact that Arnold , et a l . , ’ in

the study of the se i f-disinfecting power of the skin almost half a cen-

tu ry ago , showed that the fingernail reg ion was an area of the hand and

fi ngers with the least efficient capability to disinfect itse I~~. These

invest i ga tors considered the f i n g e r n a i l  area f rom the stand po i n t of

body defense to be a very interes t ing reg ion of the body surface , wi th

an almost inexhausbible reservoir of bacteria. They also pointed out

S 
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tha t expe r i enced sur geon s harbor many bact e. - i a  under f i n g e r n a i l s  af ter

a thorough scrub.

In another study , Connell , et a l . , ” obtaine’l cultur es from under

the physicians ’ f i nge rna i l s  f o l l o w i ng the scrub;  unfor tu na tel y the

results of this procedure were not reported in the paper. Also , the

following points of interest were not explained : The methods of obtain-

ing the cultures from under the nails and from the palma r surfaces wh ich

were dried while still lathered ; and procedures necessary for inactiva-

tion of the residual antiseptic agents.

The finding of high postscrub microbial counts under fingernails

is of particular interest in view of the results relating to the rela-

tivel y low counts on fingertips which resembled those reported ear lie r

for nonc l i n ica l personn el ,6 ’1’ med i ca l obstetric personnel ,7 and for

operating room nurses and other operating room personnel (unpublished

data). It may be assumed , on the basis of these last two reports with

data from studies on clinical personnel experienced in scrub techniques ,

that s i mi lar  hi gh pos tscr ub count s under f i n g e r na i l s  could have been

present.

The counts on fingertips cannot be compared directly with those

under f i n g e r n a i l s , because of d i f f e r e n t methodology used for th e i r

r determination and the surface areas cu l tured . The surface areas un”Jer

finger nails from which bacteriolog i ca l cultures were obtained were

considerably smaller than the areas of the fingert ips , ye t the subungual

counts exceeded those on fingertips. This finding is due to the

ii
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variab ility in bacterial concentrations on different areas of the hand .

The microbial numbers on the pa l ms and dorsa of the hands are normally

ra ther low , bei ng h ighe r  on the arms , and much hi gher under f i nge rna i l s

and in the recesses of the nail folds. ’5

During our investigation s dealing with the effectiveness of the

sur gi cal scrub ,6’7’13 including this study, we have observed repeatedly

that the extent of microbial colonization of the skin of hands varies

among individuals. Generall y, individuals exhib iting high numbers of

organ i sms did so from day to day, wh ile others regularly yielded low

numbers. This observation is in agreement with findings of ~~~~~~

and Blank. 2 The factors tha t regulate the bacterial colon i zation of

the cutaneous surfaces are not comp lete l y understood ; however , pH ,

ex ten t of hydra t io n , presence of microbial growth inhibitory substances ,

L and i norgan ic  sal t concen t ra t io n s are thoug ht to be involved in the

regulation of the surv i va l of organisms on the skin.

I n this labora tory, we are p resen t ly  inves t iga tin g the poss ib le

role of cutaneous fatty acids in the regulation of microbial flora , in

an attempt to correlate the microbial numbers on hands with the presence

and concentration of endogenou s fatty acids on skin.

Similar to the differences in the degree of microbial concentra-

tions on fingers of various individuals we have also observed indiv i-

- - dua l differences in difficulty with which microorgan i sms on the skin

of f i nge rs and su bungua l  areas cou ld  be reduced by degermi ng me thod s

used . The reduction in the microbial population on fingers follow i ng

S
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the scrub d i d  no t genera l l y ap pear to be corre la ted wi th the p rescrub

coun t s , since in some subjects w i th  consis tent ly hi gh p rescrub count

the bacterial numbers were decreased effectivel y and poss ib ly  el i m ina ted

(Subj. #2, 3,and 6 in Part 2). In others , (Subj. 7) relat ively low num—

bers of mic roorgan i sms , although reduced by the sc rub , could not be

diminished as effectively.

Even greater variability in results was evident from the data of

V subungual areas. While in some individuals the scrubs marked l y reduced

the m i c r o b i a l  concen tra t ion s , i n others no such effect could be observed .

Occas iona l l y, the postscrub counts even exceeded the prescrub counts.

We can only speculate about the implication of our findings , si nce

no studies  have been repor ted on the infec t io u s poten ti al  of sub ungua l

microorganisms remaining follow i ng the surg ica l scrub. There is not

even genera l agreemen t on ma i n  sou rces of the wound infec t ions af ter

var i ous surg ica l p rocedures. While some postsurg ical wound infections

are attributed to infecting microorgan i sms from the operating room

personne l 9 and to the neg lect of strict adherence to aseptic techn i ques ,

i nc l u d i n g  proper presurg ica l pre para t ion of hands of opera t ing room

personnel , in other postsurg ica l comp l i c a t ions an endogenous sou rce of

infecting bacteria from the patient himself has been implicated .3 ’8

There is no doubt that strictl y aseptic techniques are necessary

d u r i n g  surg ica l procedures. Preparation of surgeons ’ hand s is an

im portant link in the chain of asepsis and rendering the hands of

surg i cal personnel as free of bacteria as possible is absolutely V

essen t i a l .  Con tam i na ted hand s are the source of wound in fect ion , and

S
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preven tion of wound contamination by wear ing  of g l oves is not always

effective since puncture or tear occurs in about 25% of gloves. 9 The

danger associa ted w it h the g l ove punc ture  is  su ppor ted by the f i n d i ng

of three time s higher infection rate following operations accompanied

by g love tears than after those without glove breaks .5

In  v iew of f i nd i n g  excessive m i c r o b i a l  concent ra t ion s und er the

f i n g e r na i l s  f o l l o w i n g  the presurg ica l scrub , we be l ieve  tha t eva l ua t ion

of the effectiveness of various antiseptic agents and scru b techniques

shou ld  i ncl ude de term i na t ion of the m i c r o b i a l  n umbers in  the su bungu al

areas i n addition to the assays of microbial population on the skin of

hands.

Add i tional studies by other investigators , preferably in a clinica l

environmen t , are needed ; and the possible implication of the subungual

microorgan ism s in the development of postsurg i cal i n fec ti on shou ld be

inves t i ga ted .

Also , a new approach to the effec t ive reduc t ion of microb i al l eve l s

under f i n g e r na i ls  should be considered in  order to e l i m ina te or m i n i m i ze

the potent ia l  danger of complications arising from the neg lec t of

s t r i c t  adherence to asep t i c  techniques.

* * * * * * *
Commercial materials and equ i pment are identified in this report

to specify the I nvesti gative procedures. Such identification does not

impl y recommendation or endorsement or that the materials and equ i pment

are necessaril y the best available for the purpose. F~~r thermore , the

opinions expressed herein are those of the authors anc- are not to be

construed as those of the U. S. Army Medica l Department.
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