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<

| “The efflcacy of hygienic hendrwash procedures\?Sr tood
v;ihandlers, usxng germ1cida1 hand weshes and dzps, was studxed
,by meesur;ng changes in numbers of mxcroorgenlsms released

s N

from hands before end after 15 s wash treatments. The 4%

‘ ‘chlorhexidxne gluconate end 1odophor (p»qsx eveilable .
*\,, f'}‘uxodzne) products were the onljxegents that gave s1gn1t1cant
f .) .:~ :de;reaaes 1n numbets of bacter1e released from hands. o
“]Q?~}37 .,ProdUCts contaznxng 0. 25} Itgasen DP 300¢(2 4- 4 tr:chioro-‘ .
5 : "-hydroxy diphenyl ether) 0. 5% trzbtomosallcylanilxde or |

0. 325% para-chloro-meta-xylenol (PCMx) were no better than'L
 the non- germzcidal Boep against the resident mxcrotlora. The
aQuaternery Ammonxum (QAC). hand dzp uas the only hend d1p

| ‘that gave a. teduced count Identxficet1on of 3 591 aerobxc
f”jsoletes from the bacterial pletes 1ndicated thet i
Staphyl _ epldermldis ‘and Ml&r'oooccus spp. were \:he '

.,predomineting Oti{nxsms (85 3%) released from the hands..'rhe?=

.fagents wefe\eleolteste:;xor 1mmediate end residu&l

5 ~{_. ;? ff(substentive) germicxdel effecn'égeinst tbe resxdual hend

‘icroflore. Chlorhexidxne g)uconete J7e; diquid detetgent t‘
”fifgeve en immedxete end eubstentive reduction e}lnumber of 2

"iieffﬁ}microorgenisme releeeed.;The 1odoph°: p,gduct (0‘7-15-;;ffvf”'*

. LN H R

'feyfififﬁEV‘il'hl° iodine) gavo ﬁompareble reeulte £or the xmmedxeteijep”f"
>Nﬂ‘3??freduction of microorgenisme released but it d;dinot give a.Vif ;

J'i”iﬁ:'ubetentive ef!bct. Othet products Ieiled to give en gfifeif;ﬁ




'
A

”'thffetfxcacy of low and 1ntermed1ate strength 1odophor proi?cts

‘rubbed onto the hands. Most of the agents tested, including

‘ﬂtgermicidal agents. gave simxlar results.‘ : R f ?"53?

Tf{fend ‘a. 2% chlorhexxdxne gluconete product “The eff1cacy was

u*%ffjmeasured against transxent bacterxa (Escherlchia coll and

:
y 2 ‘, .
. . e
. =

“

The efficacy of germicidal hand-wash agents~was'also
- R f

tested against transient bacteria (Escherichia coll and

o

‘ Pseudqmonas fluorescens) inoculated into ground beef and .

Y thornexidine gluconate, iodophor (0.75% available '/%'

<&

1od1de) Irgasap DP 300, PCMX as well as the non- germ1c1dal

50ap gave, marked reductlon in the counts of E. coI! and) P.

‘fIUOPescenS (>90% reductxonk after one 15-s wash The hand

dip treatments with 1odophor, hypochlor1te or QAC were
generally less effect1ve than hand wash treatments,
especxally against P f luorescens. The 4% chlorhex1d1ne
gluconate and 1odophor (0. 75% avazlable 1od1ne) products
_geve szgn:fxcantly greater decrease in number of E. coll on
}hands, ébmpared to the other agents. Two barrier creams for
use on hands were compared with germ1c1dal agents to

determine their'ability to reduce the number of ®

¢ °

' mlcroorgan1sms released from skin. Barrier creams resulted

1n a sxgnxfxcant dJErease in the number of m1croorgan1sms

'/released, equivelent to the reductlon ach1eved vhen 4% .
‘:chlorhexzdlne gluconate or 1odophor (0 75% ava1lab1e 1od1ne)
\:‘fwere used Sequent1a1 ringing of‘hands with tap water, after

r't'treatment with the’ barrzer creams or with the e££ect1ve :nv

fﬁnal etudy vae done to determ1ne the germ1c1dal



)
Pseudomonas fluorescens) 1noculated onto hands, and the ,.’
re51dent type microflora on, hands. Cfﬁy 4%- chlorheybdlne
gluconate and 1odophor (0.7 %»avaxlable 1od1ne) gave a

{

sxgn1f1cént1y be%ter reduct1o$ ?f the ttansient bacter1a
than other agents. Jowever, all other aden S, 1Qc1ud1ng
non germ1c1dal soap were sxgn1f1cantly better than the tap
water rlnse. The data for gpe re91dent type bacterza were
less dxst1nct, but they indicated that many of the agents
‘were better -than the-tapvwater.r1nse, non-germicidal soap
and the lower cohcent:gtion iodophor p:qdudts.

S
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~ 1. INTRODUCTION

’
A. Microbiology of the Skin ,
Human, skin is a good medium and environment~for the-
' ‘grthh of certain types of microorganisms. Price (1938a)
divideé skinibacteria into‘tyo groups: transient and
resident flora. He defined the t@%néient flora as those
microorganisms acquired from extraneous sources,
superficially located on the skin, easily removed by
washing, relatively ssarce on c¢lean, unexposed skin, whi&e
abundant on exposed‘skin. They cén be pathogenic or
non-pathogenic. The jresident fibfa were defined as the )
relativekz:;:abiﬂ/ﬁférbbial population,.moré/g;eply situated
on the skin, less susceptible té~removaloby washing, and
that can grow on the skin. Mgre recently; Somerville-Millar
and Nogle~(1974), added a category of skin bactFria that
they refer to as "nomads”, to inélude those bacteria that
" might e only temporarlly ;e51dent on the sE%n, or that
mxght represent repeated contamlnation from external
sources. |
It was shown by Kligman (1965) that the aérobic

staphylocdcci and diphtheroid bacteria formed the majority
"of the resident flora of normal skin, while gram-negative

bacilli, such as Mlmé, Herel lea and Aerobacteb formed the -
minor comgpnents of this flora. Woodroffe and Shav (1974) .

indicated that .errors céuld be made in as#;gn1ng an organ1sm

to the resident or transient flora. Such }rrors have been’
w ) B ) . . \ ) . b



_ascribed‘to: differences in sampling methods fordakin
‘bacteria, complexities of the natural features of the skin,
'and the fact that some spec1es of sk1n mzcroorganxsms \
requ1re special culture techn1ques ../ o .

There have been several revievs of‘the l1terature on
the normal flora of human sk1n'(Evans et al 1950; Kllgman,
1965; Marples, 1969 1974; Noble and Somervxlle, 1974) The
“domlnant resident_ flora of the sk1n Aare cited as genera of
the’ family Micrococcaceae, in particular staphylococc1-and
Micrococcus spp., lipophilic and non-lipophilicvdiphtheroidsr
and gran—negative bacilli, whicn may achieve residentkstatus
on some humid areas of the skin, such as the axiilae |
(Woodroffe and Shaw, 1974),

The susceptibility of ghejskin surface to different
microorganisms ds influenced by several external gactors,
1nclud1ng. age, sex, race, c11mate, occupatzon, health and :

1hygxene (K11gman, 1965). Blank (1965) cxted several 1nternal
factors that affect the surv1val of m1croorganzsms on skin,
.including: degree of hydrat1on and water ava 1ab111ty, pH,
presence of toxic metabolites and concentrat1on of 1norgan1c
salts. He reported that apy of these factors can cause the
death of skin bacterla. The degree of hydration also affects

the proportions: of the dxfferent bacterxa on . the sk1n

(Marples, 1965; Woodroffe and Shaw, 1974) An ;ncreased

e‘level of hydratzon resulted 1n an 1ncrease in dxphtheroide R

at the expense of the Micrococcaceae and gram-negatxve
bac1111. o b :



Nutrients on'the.skinrsurface are derived from
extreneous seurces, es well as from apocrinefand eccrine
 sveat, the stﬁatum corneum, and the 11p1d secretions of the
r_sebaceous glands (Noble and Somerville, H974 W%odroffe and
‘, Shaw, 1974). M1crob;al~populatxon density and antagonlsm |
between the(drﬁferent skin microorganisms \are important
factors determining their ecology. Inhibition may be
attributed to bacter1oc1ns produced by the resident flora,
but it may also be attr1buted to phage, antﬁbxotlcs,v.
bajéerlolytxc enzy&%s and depletion of essential nutrients
(Wr}ght and Terry, 1981)., Some fatty acids act as
vinhib{tors, discouraging the colonization oﬁ"undesirable
t<m]proorganisms on the skin. o - ’
Different Segions of the skin suppOrtidiﬁferent,Eypes
and densities of micrdorganisnsr However, the same types of
B ,mmcroorganxsms occur over most areas of the skifi. Loc txon

& b-

of bacter1a on skin was studzed by Kl1gman (1965), an

'local1zat1on of the reszdent flora was shown to be in the
vailzfdepth of the hair foll1c1es. Stud;es u51ng 11ght and
"ft{electron mxcroscopy (Montes and‘W11born, 1969) revealed that'
':éﬁﬁ:bacter1a were located on the skxn surface, beneath the

72ﬂsuper£ic1al cells of the stratum corneum, and that numerous

eiigf;ggfgtam-pcsitlve]cocc1 were located at the open:ng of the halr,;
dd‘“f‘follicles._Studxes on human and pxg 8k1“ (BGXbY and

| “ngFWoodroffe,_1965) supp0tted the fact that not only tbe o

:Tgtollicles, but also the 91and8. acted 39 ‘°3°’V°f‘°‘ ' dj, -

(

}‘t Hfbrovid1ng a cont1nuous supply of bacterxq to the sklnff{;'uﬁnn-“



ceicgbacterja h8ve been 1solated trom the skin of chaldren,:f']

surface. Their study indicated that ba;:;;:;\EE?e\\\\;

concentrated in the surface layers, and that their num;ers\
- became progress1ve1y less in the deep layets of the skin. \

Marples (1974) revxewed the literatyre on the location
of the cutaneous flora, and concluded t at the pr1nc1pal
foc1 for skln m1croorganlsms are the superf1c1al layers of
the stratum -corneum and~¢he upper portion of the ha1r
follicles. Somerv1lle (1969a 'b) studled the normal flora of
‘the skin of different age groups, and observed that -

Y

coagulase negatxve staphylococcx and m1crococc1 occurred'

frequently.on\all sites of all subjects; however,
streptococci were alsovfound on infant skin,idiphtheroid
b&cterxa on/the skin of adults, and both dxphtheroxd
bacterxa and strptococc1 weré found on the skzn of older
people. Noble (1969) studzed the . d1str1butxon of -
Micrococcaceae on the ‘skin, based on Ba1rd Parker S. (1963)
taxonomzc cla851f1catxgn. The schema enabled.a breakdown of
the coagulaszﬁnegatxve, gram-p031t;ve, catalase pos1t;ve .

‘ cocc1, formerly consxdered as a s1ng}e group 1nto several
eubgroups (specxes) of Staphylococcus and Mlcroccccus._

‘The 11terature on Ehe 1nc1dence of gram-negatxve
‘bacterxa on skxn has b:en rev1eved (gpittle et al., 1975’.
wabury, 1969. Noble and Savxn, 1971‘ Noble and Somerv111e,‘
"‘1974) From these reviews 1t was concluded that | |

"gram-negat1ve bacteria are rare on normal sk1n although

"lvarxous speczes can be :solated sporadacally. Gram-negatzve o




(Soherbille,v1969a) In a study of 30 normal subjects,
Lowbury (1969) reported that 50 percent carried
gram negat1ve(bac1111 among the skin flora. Pseudomonas
: aenuginosa.ls considered a transient mxcroorganlsm,on skin..
‘Infections due to thysL and other gram-negative organisms,
are common in hospitals. Nurses and other hosp1tal personnel
" have been shown to carry such oroanlsms on thelr hands
‘(Bruun and Solberg, 1973, Kn(rtle et al., 1975; Lowbury,
18969). P. aenupinosa/is currepgly one of the most important
~bacteria in nosocomial infection§ (Lowbury, 1969; Noblep'
1981) |

The ~gram- negative enteric bacteria, such as Escherichia
coli, Proteus spp., Klebsiella 'spp. and Enterobaater spp.
can be present on the skin as part of the trans1ent flora,?
" usually as 3 result of self- contamination from the intestine

“(W1111ams,‘1965). These bacteria are poorly adapted to the
it ¥ ac

skin (Kligman, 1965); and hospital_acéﬁiged infections are
‘ : '

‘usually caused by antibiotic resistant E. coll and
| KIebSiefIa spp. {salzman et al., 1968). It was reported by

«these workers that 20 percent of hospital personnel carry

¢

‘”‘antzb;ot1c res1stant coliform bacterxa on their hands.

lggf‘Casewell and Ph1111ps‘(1977) reported that klebs1e11ae

"[fsurvived for up to 150 min, on- art1f1C1a11y contam1nated

¢ ’L;hands, and they concluded that hbnds are an 1mportant route

'r<gof transmissxon 1n hosp1ta1 acq@lred Klebslella 1n£ectton of~

mﬁTﬂob3cure ep;demxology. ;} . f i
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©  Other bacteria associated with skin include the
d1phther01ds, ‘streptococci, Bacillus SPP-, aeroble and
anaeroblc corynebadterla Staphylococcus auneus and yeasts

and m0u1ds. Corynebacterium acnes has been reported to be

‘dispersed all over the skin surface (Kllgman, 1965). The

most common site of the lépophlllc dlphtheroxds is the

anter1or nares (Somerv1lle, 1973). Streptococc1, especially

 the B-haemolytic group, do not form part of the hormal Skin

‘fffthe carr;age of S aureus by a random sample oé pw)ormal

- flora. However, Other-groups of streptococci may be found in
" ’-\ .
~Qerta1n s1tes or,;nlcertazn groups of individuals,

KN

especlally 1nfants (Noble and Somerv111e, 1974; Somerv111e,

1969a)7’KE?§E:c spore forming bacteria have been reported in

small numbers'on the skin of,certaln individuals (Kligman,

“

1965 Marples, 1974), especially as one of the variable

<

types of bacter1a isolated from children (Somerv111e,

1969a). .. - } §

| Williams.{1965)‘reviewed the i:formation arailable on
pathogenic mictoorganisms found on'the skin.-S aureus vas
the only accepted pathogenxc bacter1um that occurred
naturally on the sk1n. The carr1age of S. auneus on- the skin
was revzewed by W1111ams (1963) Noble et 87..(19%7ﬁ studied

| ‘european populatxon. They 1nd1cated that the nose, throat )

and, fxngers were sites for carrxage of S aureus. W1111ams

‘(1969) stated that larqe proportzon of S aureus found o0,

. k- .
the skxn were transxent mxcroorgan1sms that originated from{,-

'_the hose. In a study of 26 subjects ftom whom S auneus hadf:fsf

Y
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been regovered (Vos3, 1975) it was found»thet approidmately
60 percent of the subjects were nasal carriers of S. aureus,
‘confirming the relationship between nasal carriage_and
occurrence of §. aureus. ‘

Yeasts and moulds are also found on the skin, Moulds
such as Aspergillus spp and Penicillijum spp. are wldespread
in the environment ahd are considered to be transient
microorganlsns on the skin (Noble and Somerville, 1974),
Candida albicans, is commonly aSSOciated with the migroflora
of the mouth. It is not able to colonize dry skin (Noble,
1981)'. | | . .

There is a scarcity of'informatfon on the carriage of
viruses on the skin. Viruses have been recorded on skin in
cases of viral disease (Noble and Somerville, 1974)a

“ ' ‘ ; .
B. Hand Wash Agents . ’

Personal hygiene is an important aspect of pub}{c\
health.~}tais ﬁrimarily based on frequent cleaning of the
skin.- The nece551ty 'of hand washlng to maintain desirable

"1evels of hygiene is generally accepted. The use of ‘a wide
krange of soaps, detergent preparatlons and germicidal agents
‘[e'has been recommended over a long per1od of tlme. Soaps.

~prepared from different fatty aczds dszer markedly in -

'*'getm1C1dal propertxes, vhile sod1um or potassxum salts of

n',*actxvxty (Walker, 1924) One of the most effectxve -

”fcommerc1al soaps agaxnst gram-negat1ve bacteria is soap

'1the same fatty acids do not d1ffer in thers germ1c1da1
o



prepared exclu§1ve1y from coconut 0il. The thorough washlng
of hands with the formatlon of a good lather removes ‘a large
number of different tYpes of bacter1a from sk1n (Walker,
1925). The 1mportance of soap in removal of recent: Sk1n

contam1nants was c1ted by Bettley (1960).

ot

'D;fferent types of liquid soaps vere st/daed by

Ojajarv1 (1981). thtle dlfferénce was observed in the total
Ry
number of bacter1a, S. aureus, and gram-negatlve bacilli on

the hands as a resylt of u51ng dszerent soaps. Soap

T

acceptab111ty by personnel was c1ted as an 1mportant fadtor

»

in promotxng proper hand wash1ng and hyg1ene. Non- germ1c1dal
or non-medicated soaps are usually included 1n.exper1menta1
trials as negative controléhfor'comparison withzgermicidal
agents (Ayliffe et al.,A1975: Bibel, 1977; Joress, 1?62;
Jungermann and Taber, 1971; Lilly and Lowhdry, 1971; Wilson,
1570) c , | ‘“ o
Alcohol is a widely accepted germxczdal agent. It has
been ‘used to d1sxnfect wounds and as a degerming agent on h
':hands and ‘on sk1n of operatlng sites (Hatf1eﬂd and Lockwood #ﬁ%
1943; Lowbury et al., 1974) The use of 7Q% ethanol was “
rclaxmed by Prxce (1939) to. be more effectxve than 95% -
‘ethanol, whzle Hatf1eld and Lockvood (1943) reported that
:’951 ethanol for 1 min, exposure vas more effect1ve. '
_‘Nonetheless, ethanol is an effectlve sk1n germ1c1de, and 1ts
,deusedld\conjunct1on thh other germxczdal gents has been o
e ishown to be h:qhﬂy effectxve, for example- 0 5%

' fchlorhex1d1ne 1n 70% or 95% ethanol (Ay11££e et al., 1975 .

‘ o ‘
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Lowbury et.al.,‘1974); also &(5% chlorhexidine in 70%
~isopropanol (Aiy and Maibach, 1979, 1980; Lowbur§ et al.,
1974). .

| Hexachlorophene was 6robably the most Qidely used skin
germicide. ft,regeived wide acceptanoe despite comparatine .
studies indicating that it'was notlas effective as some
other agente.(bavies et al., 1977; Joress, 1962; Mag?herson
et al., 1965; Peterson et al., 1978;.Smylie eﬂ al.,'1973).
However,’Gibson (1969) reported that in a soap gel,
hexachlorophene was effect1ve agalnst several types of
mlcroorganlsms, espec1ally gram p051t1ve kocc1 Although
Weatherall and Wﬁnner (1963) reported that intermittent use
of a 2% hexachlorophene soap gave no_i?proVement over
‘non-germicidal soap, the repetitive use of;hexachlorophene
gave improved resulgs compared to non-germicidal soaps. This
residual or substantive effect of this agent was widely
reported (Hall, 1980; Smylie et al., 1973; Van der Hoeven
and Hlnton, " 1968). |
| . Hexachlorophene was con51dered to be relatively
non t0x1c, until its dermal absorption in 1nfants was
reported (Curley et al., 1971), and it was ‘shown that
exten51ve absorptlon and storage of the h xachlorophene in
ﬁffat t;asde may cause fatal encyphalopathy (Chllcote et al.
"1977) Many}governments changed the 11cense for use of
'rhexachloropgfne, and in. Canada and other countr1es the ‘V -

‘_maxzmum alIowable use is 0. 75% w1thout a med1ca1

’ffpteSCtlptlon (Nat10na1 Health and WelfaFe, 1980) The

A
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adverse pub11c1ty and the reduced allowable use <
‘concentration in non- prescr1pt1on items has lead to.a
decrease in use of hexachlorophene, and alternatN/agents are

beifig used as active -ingredients in germicidal soaps.
. * \
”~ ‘ , .

A 4% chlorhexidine digluconate preparation in detergent -
solution has been descr1bed as one 6f the most effective,-
immediate skin . degermlng agents, and it -is reported to
ma1nta1n its efficacy upon repeated use (Hall, 1980). The
use of chlorhexidine and its m1crob1c1dal effect on’
different types of bacterla“and fungl was rev1ewed by .
Beeuwkes (1958). He reported thatathrs ‘agent had a bgead
antibacterial spectrum, as well‘ag.fungiétatic and A,-
fungicidal activity for varipus’medical purposes.
Chlornexidine_hasybeen used and compared withwbtherf
germicidallagents (Davies et aT., 1977; Ojajarvi, 1976;
Peterson et al. 1978; Smilie et al.. 1973) it has:.also
been studied in different formulations and concentratlons
(Aly and Maibagh, 1979, 1980; Lilly and Lowbury, 1971;° . *
Lowbury et aT ’ 1974). Chdorh#égidine has a broad spectrum
‘antlbacter1al action, wh1ch 1ncludes S aureus and P..
| aeruglnosa. The safety of chlorhex1d1ne has also been

| evaluated (Butler and Iswaran, 1980) and no 1nd1cat10n of

tox1c1ty or hazard for man . was suggested A 4% chloﬁhexldlne .f"

‘solutlon is mostly used'ln hosp1tals and laboratbr1es for
'hyg1en1c dlsznfect1on (ojajarv1; 1976) hOWever 1ts use in f#‘_
alcohollc formulat1on as a surgrcal scrub 1s also o “sfbff

‘o

:recommended (Ayllffe et al 1975 Lowbury et al., 1974)



o
irgaSan DP 300 (2—4—4‘{richloro—2'-hydroxy diphenyl
ether), also C;jled triclosan, is another germicidal agent,
which has been introduced in the last decade (Bodey and
Rosenbaum, 1973). It has been reported to be active agalnst
.gram-positive and gfam~negative microorganisms (Anonymous,
1979: Furia and Schenké], 1968?. Irgasan DP 300 has been

used in comparative studies with other germicidal agents at

2% concentration or less, and it has generally been shown to

o
T ¢

be less effective than 0.5% alcoholic éhlorhexidine and 4%
chlorhexidine liquid detergent (Ayliffe et al., 1975) and to
have a relatively small residual effect upon repetitive use
(Lowbury et al., 1974; Ojajarvi, 1976). However, 2% lrgasan
DP 300 showed a significant reduction in total numbers ot
bacteria on hands after six applications, compared to a
Anoﬁ;germicidal control so;p (Ayliffe et al., 1975). A bar
soap incorporating 1% Irgasan DP 300 and 1% tribromosali-
cylanilide has been reported to be very effective (Bodey and

Rosenbaum, 1973).

A phenolic compound, chloroxylenol, has also been

"\, studied for use in germicidal agents. The use of

\ dettol) was reported by Colebrook and axted (1933). It was

\

N
\paﬁa-chloro—meta—xylenol (PCMX, the a:i;;ﬁ ingredient of

shown to be active against haemolytic streptococcl and E.
coli. It has also been reported to be active against S.
aureus (Beath, 1943; Colebrook, 1941) and against
Pseudomonas spp. (Lowbury,’1951). However, in comparisons of

2.5% PCMX in aqueous. solution with other germicidal agents,



PCMX waé less active than most of the agents tested,
including aicoholic preparations of 0.5% chlorhexidine, 4%
chlorhexidine gluconate liquid detergent and povidone iodine
(iodophor) containingnO.Qé% ava'ilable iodine (Lowbury et

al., 1974). .
Other antibacterial agenté for use ds germicides are
the salicylanilides and carbanilides. These agents were
reviewed by Stecker (1977) and t}eir efficacy has been
studied by other workers (Duncan et al., 1969; Jungermann,
1968; Kooistra et al., 1966; Lemaire et al., 1961; Molnar
and Baron, 1964; Stecker and Faust, 1960; Vinson et al.,
1961). One of the more popular germicides within this family
of chemicals is 3,4,4'-trichlorocarbanilide (TCC). TCC has
been incorporated at different concentrations, with and-
without other agents in soap, to determine the most
effective antiﬁi;pogial product (Jungermann and Tabér, 1671;
MacKenzie, 1978). TCC was compared with unmedicated soap
(Wilson, 1970), and 2% TCC was found to give a significant
reduction of the number of microorganisms on the skin. In ﬁ
contrast, Bibel (1977) reported no significant difference gmfﬁ
the number of microorganisms on the 'skin when using 1.5% TCC
or unmedicated soap, however an alteration in the skin
microflora was reported with TCC, resulting in increased
numbers of Ac inetobacter calcoaceticus and Micrococcus
luteus.

Iodophors are widely used for disinfection, and they

are also used as skin germicides. Iodophors are produced by
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/
using polyvinyl-pyrrolidone (PVP) as the carrying agent for

the iodine, .and they é}e re@é}red to as Povidone‘or“PVP
iodine. The chemical, physiological, pharmacologiéal and
toxicological aspects of these agents, 1n comparison with
traditional iodine compounds, were ogiginally reviewed by
Shelanski and Shelanski (1956). Iodophors have been used in
different concentrations for hygienic disinfection of hands
of hospital personnel, as well as for food handlers in food
service establishments. Povidone iodine containing 0.75%
available iodine has been used as a surgical hardd scrub and

/

for degerming operation sites (Joress, 1962; Smylie!et al.,
1973). Many trials have been done including Povidon iodine
with 0.75% available iodine and other germicidal agents such

) .
as .chlorhexidine in alcoholic or detergent formulation,

4
hgxachlorophene, Irgasan DP 300 and Quaternary Ammon ium

mepounds (Davies et al., 1977; Joress,- 1962; Peterson et -
//él., 1978; Van der Hoeven and Hinton, 1968). In most of
,’these studies, the chlorhexidine and iodophor preparations
gave significantiy better decrease in the skin microflora.
j No residual effect was reported with the repetitive use of
/ iodophor (Peterson et al., 1978; Smylie et al., 1973),
/ Hypochlorite has also been used for hygienic hand
j disinfection. Although it is most commonly used for water
j treatment and swimming pools, Krusé (1980) reported the use
of hypochlorite as a hand dip at 200 p.p.m. available

chlorine, after washing with a non-germicidal soap.
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Quaternary Ammonium compounds (QAC) are wideiy used for
disinfection and. sanitizing of inanimate surfaces in food
handling areas. These products are not commanly used as hand
germicides, but they have been included‘in some'éomparative
studles with other hand germicides (Bruun et al., 1968; \
Joress, 1962). However, QAC's are generally con51dered to be
poor detergent and germicidal agents for use on the skin
(Blank and Coolidge, 1950). This has been attributed to the
electrical charge on the keratin surface of the skin.
Bacteria are held onto the skin when the charge is positive

and released when the charge is negative (Blank and -

Coolidge, 1950).

C. Methods for Evaluation of Hand Wash Agenfs

There are two Lasic aéproaches for determining the
efficacy of germicidal hand wash agents, in vitro and in
vivo tests. Although the simplest method of”evaluatihg
antimicrobial agents is by in vitro testing: for example the
phenol coefficient, the results do not bear any relationship
to these (agents when they are tested in viQo. This is
attributja\to the fact that the skin has a marked effect on
germicidal efficacy. Therefore, practical in vivo test
results are essential to account for such variables as
hydration of the skin, skin seéretions and natutalh
inhibitors.

In vivo methods generally'involve the apgiicationAof

the germicide to the skin, followed by microbiological
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sampling. This is_acﬁieved either by applying‘the germicides
to the skin for certain exposure times and éonditions,
followed by différent ways of micrébiologiEal sampling
(Marples and Kliqman, 1974; Quinn et al., 1954;'Se1§yn and
Ellis;,1972; Shylie et al., 1959; Wilson, 1970), or by
excising pieces of skin as a biopsy‘(SeIQyn and Ellis,

1972). Nunéester and Kempf (1942) used a bizarre technique
in which pathogenic bacteria were“applied to the tails,of
mice. The tails were treated with disinfectants, the end of
the tail was amputated and implanted into the peritoneal
cavity of the animal. ngectivegess of the disinfectanté was
measured b§ the mortality rateAéf the mice.

‘ Price (1938a) developed the mulgiple basin technigque,
in an effort to quantitate the number of microorganisms on
skin. Hands were scrubbed in a uniform manner using
non-germicidal soap and seven different basins, one for eack
of ;he seven successive washes. He reported a successive
decrease in the number of'michnganisms released from-
hands, and when fhe log of tﬁe cumulative total of
microorganisms released from hands was plotted against time
(reptesented by the number in the sequencé of basins) a
linear relationship was'reported Although linearity has
subsgguently been disproved (Hurst et al., 1960), thisiétudy
by Price (1938a) formed the basis of much of the research on
hand and skin germicides that followed. Cade (1950, 1952)
modified the multiple basin technique to test germicidal

L "
soaps. Subjects used the test soap for a specified period (1

A
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to 2\weeks), and then’ used -the control (non-germicidaly soap
in the laboratory to coliect rinse waters for B
bacteriological sampling. Cade (19505 defined the degermihg'
actxon of germicidal soaps as the combined effect of k1111ng
the bacterla, removing them mechanlcally from the skin and
suppre551ng the1r multiplication.

Many studies have been‘done using thelﬁrice-Cade
multiple basin technique or yerioﬁs modifications (Hurst et
al., 1960; Peterson, 1972; Quinn et al., 195&; Van der
Hoeven and Hinton, 1968; Wilson, 1970). Many of these
modifications involved the "standardized” washing procedure.
However, Quinn et al. (1954) de&elobed the split-use
ptocedure, in which two basins were used for each washing,
one for each hand. In this way, each subject seryda as their
own control in the experiment. One hand was washed at a
txme, wh11e the other was covered by a glove. Because of the
virtually simultaneous use of non-germicidal control and
germicidal test soaps, th1s method ‘was cons1dered to be
:highly sen51t1ve,for efflcacx\testlng -This was subsequently
handled by-use of the Latin Square statlstxcal deslgn~(Hur§t
et.al 1960; Lowbury et al., 1960 1963) in which"each
subject used each of the test and control soaps over . the
course of the exper1ment. L AR

Hurst et al. (1960). made further mod1f1cat1ons to the
Prxce Cade techn1que, in wh1ch subjects USed a- control soap
at least three t1mes daxly for ‘one: week, before commencing a

'tr;ale-SubJects were d1v1ded 1nto two groups, durxng the

-~
IR .
Y}

-
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secénd week one group used a germicidal soap waile the other
group used the control soap. Duriag the third week the
groups were reversed. Data were analyzed on the basis of
percentage reduction over the week of using the germicida{v
soap, and by calculating the percentage reduction for the
two éroups and pooling the means. This method still only
allowed one germicidal soap to be tested at a time. Hurst et
al. (1960) introduced the_use of a Latin Square design which
allowed several soaps to bepcompared at once rather- than
sequentially. An Open Cross Over design was used by Dineen
(1978) in which subjects used a non-gerhicidal-soap on day 1
of the experiment, they used a germicidal agent on days 3 ’
and ¢4, and 'crossed over' to another germicidal agent on
days 5 and 6. This design might be suitable for certain
studies, but it dacks the‘flexibility of the Latin Square
design.’ |
In studies by Lilly, Lowbury and co-workers (Liliy and

Lowbury, 1971; 1974, 1978; Lowbury. et al., 1960; Lowbhry and
Lilly,'1973)'short exposure times for germicidal hand
washlng were used to study the eff1cacy of the agents for
\hand hygxene of nurses and ‘hospital personnel These stud1es
contrasted markedly‘wzth stud1es of hand and skin
d151nfect10n for surgical ‘use and wound d151nfect1on. Short
B exposure studies are ‘more appropriate to. con51deratxons of
’hand hygxene for food handlers. In general, ‘exposure times, .
var1ed from 15 sec to 2 min (Ayl1ffe et al., 1975 Dlneen,

1978 Ojajarv1, 1976) Exposure t1mes in excess of 30 sec
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would generally be‘consldered excessive in hand hygiene for
rfood handlers.

. Methods oi'micfobiological Sampling of hands after
~washing also vary between studies. Difect samplingbby-finger
tio imprint onto an dgev%5urface has been used, for example °
by Ojaj%;vi, (1980) ano Sprunt et al. (1973). A finger tip
streak plating technique has also been used (ayliffe et al.
1975' émylie et al., 1959, 1973) in which flnger and thumb
tips are,drawn across the surface of an agar plate. Ay11ffe
et al. (1975) recommended this method for use with transient
microorganisms. Other methods 1ncluded swabbxng of the skin
surface, followed by ag1tat10n of the swab in.a broth for
plat1ng onto agar plates (Story, 1952); adhesive tape
appfled %@ the skin.to remove microorganisms and then
applied to an agar surface (Wilson, 1970); and rinsing the
hands in a sampling fluid in a plastic bag (Salzman et al.
1968; Sprunt et al.; 1973). An adaptatlon of the plastic bag
techniqee was the.uSe of plastic gloves for hand sampling
(Aly and Maibach, 1979; Dineen, 1978; Lowbury and Pilly,
1?60- Michaud et al., 1972; Peterson et'al ~1978),;using
_dszeren% sampllng flu1ds to rinse the hands.,Peteonn
(1972) used the Qu1nn et al (1954) spllt use method, but,
after washlng, a sterlle surg1ca1 glove wes placed on the
hand and 75 ml of sampllng f1u1d added 1nto ther glove The_

gloved hand vas massaged for one m1nute, thereafter the

“f1u1d from’the glove was used for mxcroblologxcal testxng. g

o .
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Selwyn and Ellis (1972) did a cqmparative study of
several -hand sampling techniques including: direct contaﬁt
piates, velvet pad transfer, self-adhesive tapes,
standardized swabbing, cylinaer scrub gechniques, as well as
>excising of skin specimens. They reported that the different
sampling technigues yielded different percentages of
bacteria compared to counts from biopsies: by scrub
techniques 4 to 15% of accessiblé bacteria were recovered,
by swab techniques 3 to 20%, adhesive tape <0.5%, direct
contact <0.2% and velvet pad <0.1%;

For indirect saﬁpling techniques (plastic bag;, plastic
‘gloves or stainléss steel bowls) a rinse fluid fs.required.
A range of solutions has been used including physiological
saline solution (Lowbury and Lllly, 1960} Michaud et al.,
1972), Rin;er's solution (ayliffe et al., 1975; Lowbury et
al., 1960), 0.1% Triton X-100 in\phosphate buffer (Aly and
Maibach, 1979; Marples aﬁd Kligman, 1974), 10% nutrient
bfotg in saline (Ojajarvi, 1980; Wilson, 1970) and
trypticase soy broth (Sprunt et al., 1973). Depending on the
germicidal agent useé, it might be necessary to neutralize
the germicidal‘agent. Neutralizers are added either to the
rlnse fluid used to sample the hands and/or to the |
bacterlologxc7l platxng medlum used to grow the organisms. A
range of neutrallzers at varying concentratlons have been |
}used by dlfferent :esearchers, for example Tween 80,

‘ ’lec1£h1n,- Lubrol W and sodium th1osulphate (Aly and Ma1bach

'1979;'Ay11£fe et al., 1975;-Lowbu:y et al., 1960; Marples
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and Kligman, 1974; Smylie et al., 1973; Sprunt et al.,
1973).

Marples and Kligman (1974) developed a more definitive
in vivo testing procedure, which did not s1muI“Ee practlcal
use conditions.‘The agents were applied topically to the
skin of the volar (lower surface) forearm. The treatment
site was covergé‘with 5 cm? of plastic film, and sealed with
impermeable plastic tape to occlﬁde the area. Skin that 1s
occluded so that moisture cannot evaporate, develops an
ideal envirgzﬁentvfor growth of the r;sidént skin
microflora. Within 48 h the number of microorganisms on
occluded skin increases from 100/cm* to 10°*/cm*. In the
occlusion test, effective skln germ1c1des prevent the growth
of the resident microflora, giving a bacter1ostat1c effect
Marples and Kligman (1974) also developed the Expanded Flora
test. For thise test the skin was occluded prior to the
application of the antibacteria% agents, SO thét the ability
of the agent to decrease the number of microorganisms on the
skin could Qe{determined.

Oth%r workers added "transient” microorganisms to the
skin, and then tested the germicidal efficacy of the agents,
for example by applying bacterial suspensions to small areas
of the forearm (Gardner, 1948;: Gardner and Seddon, 1946;

. Lowbury et al 1960, 1964a; Story, 1952; Wedderburn, 1960)
or by applying the bacteria to the hands (Dineen, 1978;
~ Koller et al 1978 Peterson et al., 1978 Rotter et al.

[
1974), then carry1ng out the standardlzed hand washxng



procedures. In these studies the type of trénsient
microorganism aﬁaﬂzﬁé/nethod of inoculation varied,
depending on the interests and purpose of the study.
However, there has been a trend to inoculate hands using
material that forms the natural substrate for the
microorganisms. Sprunt et al., (1973) used soilled diape;s in
a neonatal nursing unit as a means of contaminating hands
with transient microorganisms, and Ojajérvi (1980) usea
gauze moistened with a bacterial suspension for a laboratory
;tudy, and 1n é clinical study used moist contamination from
dressings or compresses and dry contamination from patients
cloths and bedding as the source of contamination‘with
transient microorganisms.

The types of bacteria used for the transient inoculum
has also varied. Staphylococcus aureus (Lilly and Lowbnfy,
_1538) and Serratia marcescens (Aly and Maibach, 1980;
. Peterson et al., 1978) as single bacterinm inocula. \Ayliffe
et ql.‘(1978) used a range of .single cultures to contiaminate
hands, including: E. coli, P. aeruginosa, S. méncescens,
Staphylococcus saprophyt icus, S. aureus and a’KIebsieIIa
isolated from a urologiéal ward. They observed that S.
aureus and the Klebsiella aenogenes'survived better on the
skin. than the cher bacteria, making them a more significant
challenge for hand disinfection studies; E. coli also
remained'constant after an initial decrease during a 2 min.’

E drying period. Other researchers have used multiple strains

of bacteria as inocula. Dineen (1978) used a mixture of gram

Y
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lnegative oacilli, including: E. coli, Providencia stuartii,
P. aeruginosa and S. marcescens, but concentrated on P.
stuartii and S. mancescens because of their particular
concern in thelr‘lnstltut1on.

The method ofideposition of transient contaminating
microorganisms on hands was studied by.Koller et al. (1978)
and Lilly and Lowbury (1978). The comparisons of the
inoculation of the bacterial suspension onto each finger
tip, followed by rubfing the inocula against the thumb and
air drying (as proposed in the guidelines of the Deutsche
Gesellschaft fur Hygiene und Mikrobiologie), with a hand
immersion technique (Kolier et al., 1978) revealed that
despite dlfferences in the number of bacteria released from
finger tips, the results of the efflcacy tests were not

sign;f;cantly dlfferentlbetween methods of dep051t10n on the

g;re are no standard in vivo techniques for evaluating
_;f1cacy of germ1c1dal hand wash agents. As a result,
5ethods estab11shed for this study vere’ based on the
frch stud1es reported in this review of the literature.
?{:guse the orientation of the study was to reduce the
a;irob1al contamination of foods, the cr1ter1on of
“,obzolog1cal efficacy was the ab1l1ty of the germ1c1da1
_’t to reduce the number of mlcroorg nisms released from
-‘hands after washing. Hence, the Prlce- ade (mult1p1e basin

sampl1ng) teéhn1que was not su1ted to this study. Indlrect
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sampling by hand rinsing in a plastic bag, and direct
sampling by finger tip imprint onto an agar surface, were
ueed in.tﬁis stedy, where appropriate.

The experiments were based on the Latin Square design
(Myers, 1972) allowing simultaneous tomparison‘of several
agents, Neutralization was achieved by the use of letheen
broth (Difco) as the sampling fluid for hand rinsing, and
letheen agar (Difco) was used'for,the finger tip imprint

technique. These media contain Tween 80 and lecithin as
: A

neutralizers.

The study included experiments on botﬁ resident and
transient types of microorganisme. In the case of transient
microorganisms, Esgherichia coli and Pseudomonas fluorescens’
were used because of their significance to public health and
spoilage aspects of foods, respectively. These organisms
wvere suspended in ground beef as the vehicle for
contamination of the hands. The specific methods used for’
each study are outlined in the appropriate chapter. The
chapters represent separate research publications (published
or submltted for publication) to the Journal of Food
Protection or the Journal of Hygiene, Cambrldge, wlth minor

mod1f1cat1ons to f1t the the51s formatn



II. OBJECTIVES OF THE STUDY

The_principal objective of this study was to evaluate
commercially aﬁaiiable,/germicidél hand wash agents for
theireebility to reduceetag/ﬁgmber of microoganisms released
freﬁ hands after short-ebegpée, hygienic hand washing. The
study was~divided into five parts, each part having a
specific objective.

1. A range of germicidal hand wash agents and
disinfecting hand dip techniques was tested for their
ability to reduce the number of resident microorgagisms «
released from hands.

2.'Since only the iodophor hand wash agent containing
0.75% available iodine and the 4% chlorhexidine gluconate
.liquia detergent effectively reduced the number of residene
microorganisms released from hands, this study was designed
"to compare the,immeaiate and residual (substantive) efficacy
of IrgasannDP300 and para—chloro~meta—xylehel (PCMX)
products compared to cilorhexidine gluconaté\(4%3.liquid )
detergent :

3. The germ1c1dal hand wash agents and dlslnfectleg
hand dip technigues  vwere tested for their ablllty to reduce
tran51ent (E. coli and P. fluorescens) mlcroorganlsms
suspended in ground beef ‘and 1noculated onto .the hands.

- 4, The possxble use of commerc1al barrier creams to

reduce the numbe: of mlcseoxgenlsms released from hands was

;I
I
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studied by comparison wi;h a non—germicidalxliquié hand
soap, iodophor containing 0.75% available iodine and
chlorhexidine gluconate (4%) liquid detergent. »

5. Since the iodophor hand wash agént containing 0.75%
available iodine and the chlorhexidine gluconate (4%) liguid
dete%gent remained the only hand wash agents effectively
reducing resident and transient microorganlsms released from
hands, a final study was undertaken to determine whether
specially prepared, intermediate and lower concentration
iodophor products and a 2% chlorhexidine gluconate product
would be as capable of reducing the number of microorganisms

released from hands. A

.m



111. EFFICACY OF GERMICIDAL HAND WASH AGENTS IN HYGIENIC

HAND DISINFECTION

This chapter is the text of a paper published by
A. Z. Sheena and M. E. Stiles,

Journal of Food Protection 45:713-720(1982).

A. Introduction

Many food industries use germicidal hand washing,
especially for workers handling ready-to-eat foods. These
agents are used either as a hand dip, in which hands are
placed in a prepared germicidal solution, or as hand washes
using liquid or soliad germicidal soaps. The reduction of
microorganismf on skin using germicidal agents has been
referred to as "degerming", and more recently, as "hygienic”
hand disinfection, to distinguish it from "surgical” hand
disinfection (Ayliffe-et al., 1978; Lilly and Lowbury, 1978;
Ojajarvi et al., 19%7; P;ice, 1938a). A concept of "virtual"
disinfection was suggested by Gardner (1948), if at least
99.9% of the microflora was removed or killed. The extent of
skin disinfection depends on the method Gégwashing.
Pre-operative surgical scrubs are intended to remove both
resident and transient microflora from the hands, whéreas
intermittent washing wi%h”germicidal soaps is expected to
remove primarily the transien& microflora (Ayliffe ét.al.,

~—
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1978; Lowbury et al., 1964a; Ojajarvi, 1980). .

Most researchers have attempted to evaluate skin germi-
cides for éurgeons and operating sites (Davies et al., 1978;
Lilly and Lowbury, 1971, 1974; Lowbury et al., 1960, 1964b) .
Experiments in which hand washing was carried out with less
thoroughness than surgica1ﬁ£and disinfection have been
conducted on hospital statf (Bruun et al., 1968; Ojajarvi,
1976, 1980; Ojajarvi et al., 1977; Sprunt et al., 1973).
Some of these studies relate closely to needs for food a
hygiené, whereas studie; specifically designed for food
handling are limited (Brodie, 1965; Green, 1974; Horwood and
Mjnch; 1951; Post and Balzer, 1963; Seligmann and
Rosenbluth, 1975). A review of the literature on
antimicrobial hand soaps for use in food service
establishments was published by Crisley and Foter (1965).
Singé‘then, the use of hexachlorophene as a germicidal agent
has'been severely limited because of concerns for toxicity
from dermal absorption (Pines, 1972).

Many comparative studies have been conducted on the
efficacy of gerﬁﬁcidal agénts (Bruun et al., 1968; Lilly and
Lowbury, 1974; Lilly et al., 1979; Lowbugy and Lilly, 1973;
Ojajarvi, 1976, 1980; Smylie €t al., 1973). A recurring
problem is the methodology for testing product efficacy.
There are, no official methods for these agents comparable to
thé A.O.A.C. Use-Dilution method for sanitizer efficacy on

inanimate surfaces (Association of Official Analytical

Chemists, 1975). Multiple basin technigues to measure the
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1

rate of mechanical removal %f microorganisms from the skin
have been established (Cade, 1952; Price, 1938a). Evaluation
of sfin germicides has been conducted on the natural skin
microflora and by applying test microorganisms to the skin
(Ayliffe et al., 1978; Lowbury et al., 1964a; Marples mund
Kligman,“1974; Story, 1952). Recently, Ojajarvi (1980) used

4
contaminated gauze as a methdd of contaminating finger tips.

Several skin sampling technique ve also been used, such

as finger tip imprints onto agar plate containing germicide
inactivators (Ayliffe et al., 1975; OjajaNi, 1980; Ojajarvi
et al., 1;77; Smylie et al., 1973; Sprunt etwl., 1973);
rinsing techniques using rubber gloves (Aly and Maibach,
1979; Lowbury and Lilly, 1960), bowls (Ayliffe etval., 1978;
Hurst et al., 1960; Lowbury et al., 1960), or plastic bags
(salzman et al., 1968; Sprunt et al., 1973) and the rinsings
plated for bacteriological analysis; adhesive tape (Wilson,
1970); and by mdist swabbing of the skiﬁ surface, followed
by agitation of the swab in broth for plating or streaking
onto an agar plate (Story, 1952). .

The object of this study was to determine the efficacy
of various hand wash and hand dip treatments to reduce the
number of microorganisms released from the hands after

washing, and hence to reduce potential contamination of

foods.
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B. Materials and Methods

Two methods of microbiological sampling were follcwed:
sampling by rinse solution (Salzman et al., 1968; Sprunt et
al., 1973) in which the hands were immersed in 100 ml of
Sterile letheen broth‘(LB), and by imprints of finger tips
(0Ojajarvi et al., 1977; Sprunt et al., 1973) on 1etheén agar
(LA) plates using a 5-s contact time for thumb and finger
tips. The problem of confluent growth of colonies on finger
imprint plates was avoided by streaking the inocula with a
sterile glass hockey stick.

The experiment was based on a Latin Square design
(Table 3.1). Two separate experiments were run
simultaneously, eéch consisting of a 6 X 6 design. In each
experiment, six agents (including a non-germicidal control
soap) wefe used by each of six subjects (male and female
volunteers) over a period of six weeks. The experiments were
réndom;zed for subjects and sequence in which agents were ,
used. Each subject used the assigned agent once a day, for
two succeésive 15-s washes, on four consecutive days of the
week. For the remaining thrée days of the week, no treatment
was dpplied so that any carry-over effect frem one agent to
another would be eliminated, as well as torallow the skin
microflora to bgcome re-established. A different agent was
used by each subject, each week, according to a randomized

procedure.

The two experimente allovwed ten germicidal agents or

’

washing p;bcedures to be studied. All products were liquid,
_ _
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Table 3.1. Latin Square designs (before randomization) for
germicidal hand wash experiments A and B, each containing
six subjects, and six agents used for six weeks. -

Experiment A -
Week I I 111 v v VI

Subject ~Agent

1 Ax B C D E " F
) 2 B C D E F A
3 C D E F A B
4 D E F A B o
5 E F A B C D
6 F A B C D E
Experiment B
Week I . 11 I11- v v V1
Subject Agent
1 G* H I J K L
2 H I J K L G
3 I J K L G H
4 J K L G H I
5 K L G H I J
6 L G H 1 Jd K

+ agents A and G = non-germicidal soap (control)

See Tables 3.3 and 3.4 for identification of product codes.

§
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except agent F, which was a germicidal bar soap. The agents
were grouped based on their use as hand dip {in which hands
were placed in 1.5 ] %ﬁ freshly prepared germicidal

solution) or hand wash (using 5 ml of liguid soap). The
iodophor (0.75% available iodine) a;d 4% chlorhexidine
gluconate hend wash agents were incorporated as reference
agents comﬁbnly ﬁsed in surgical practice.

In the first experiment, hand dip ageﬁts and a germi-
cidal bar soap (F) were evaluated with a non-germicidal
control soap. The agents inclyded: \

A. non-germicidal liquid hand soap;

B. nonegermicidal liquid hand soap (15-s), followed by

a 15-s hand dip in sodium hypochlorite solution |

containing 50 p.p.m. available chlorine;

C. sodium hypochlorite (50 p.p.m. available chlorine);

D. quaternary ammonium (QAC) solution containing 930

p.p.m. benzalkonium chloride;

E. iodophor solution with 25 p.p.m. available iodine;

-~
N

and
F. germicidal bar soap containing 1.0% trichloro—
carbanilide (TCC). ’
In the second experiment, all the agents were used in the
wash procedure.'The agents 1ncluded. ' ]
" G. non-germicidal soap (same as A above);
H. iodophor "tamed iodine" scrub containing 0.75%
titratable 1od1ne (West Chemical Products Ltd.,
g

Montreal, Canada);

Ty
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| I. Cﬁlofhexidine gluconate (4%) liguid detergent

(Hibitanee, Aygrst Laboratorieé, Montreal, Canada);

J. germicidal ligquid soap containing 0.5%

2,4,4'-trichloro-2'-hydroxy diphenyl ether (Irgasan DP

300), diluted to 0.25% active ingredient at the use

concentration;

K. antiseptic liquid hand soap (40%) containing 0.65%

para-chloro-meta-xylenol (PCMX), diluted to 0.325%;

L. synthetic liquid hand soap containing 0.5% tribromo-

salicylanilide (TBS).

A standard hand washing procedure was establiShed;‘and
supervised throughdut the study. Hands were—moistened under
running tap water, then washed for 15 s either by dipping in
gerhicidal solution or by washing with hand wash agent
poured onto the palm of the hand, or with the bar soap held
in the hands. During this period, féur different movements
were each repeated five times: rubbing palms and finger§
together, followed by the left palm over right dorsum, then
right palm over left dorsum, and finally interlacing the
fingers. The washing was carried out to include the hands up
to tpe wrist.‘After precisely 15 s exposure, the hands were
rinsed under running tap water until all of the feeling of
soap{ness had been removed (ca. 15 to 20 s). Microbiological
sampling was done, and the process repeated with a second
15-s wash and microbiological sampling. )

| The twd sampling techniques were carried out

concurrently: hand rinse (X) and finger imprint (¥). In the

I
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“hand rinse technigue, 100 mIAof DIFCO letheen broth (LB)
containing 35 g of 4 mm diam. sterile glass beads were
placed in a plastic bag (28.5 X 12.5 X 7.5 cm, 1.25 mil,
Polyrama Plastics Ltd., Edmonton, Canada) for use as the
rinse solution. In the finger imprint technique, prepoured
plates of DIFCO letheen agar (LA) were used. The hand to be
sampled was placed in LB and rinsed in a st?ndard manner by
rubbing the glass beads over the palm of the hand 20 times.
The hand was blotted on a sterile paper towel, then the
finger tips were placed on a LA plate for 5 s. The hands
were minsed under running water to remove any residules of
LB, as well as to wet the hands for the washing proceduré.
The second and third samplings were done after the first and
second 15-s treatments, respectively.

- Because of the experimental procedure, left and right
hands had to be used interchangeably. An example of the
sampling protocol is shown in Table 3.2. Sampling from the
left or the right hand was randomly assigned for each
subject on day | of each week, then alternated on following

days. Initial samples (before\washing) for both hand rinse
»

‘and finger imprint techniques/were always taken from the
same hand, thereafter, hand rinse samples were taken from
the other hand, and finger imprint samples were taken from
the same hand as the initial sample (see Table 3.2).

| Appropriate serial dilutions of the hand rinse samples

in 99 m] of 0.1% sterile peptone water were surface streaked

onto\?repoured plates of DIFCO standard plate count agar
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Table 3.2. Example of left and right hand sampling protocol

used for four successive days of a week.

Day

Sampling
times'

2

3

l=before treatment,
2=after 15-s treatment,
3=after second 15-s treat

L=1left hand, R=right hand

Sampling method

hand
rinse

LZ

R

ment

finger
imprint

L

L

D



(SPC). Duplicate plates of each dilution were incubated at
35 C for 48 h. The finger imprint (LA) plates were
immediately spread using a sterile glass "hockey stick"™ and
incubated under the same conditions as de§cribéd above.

A total of 3,591 cultures were isolated from the finger
imprint plates for each treatment on days 1 and 3 of each
week over the six week testing period. Colonies growing on
the plates were selectéd based on the numbers and types of
different bacterial colonies, similar to the procedure used
for detecting coagulase-positive Staphylococcus aureus
(Health Protection Branch, 197&). For colony types with an
average count of-less than five, all colonies were picked;
for 5 - 25 colonies, five were picked at random; for 25 - 99
colonies, 8 were picked; and for >99 colonies, the sguare
root of tﬁ@ﬂtotal’number were picked. Isolates were streaked
onto SPC plates and incugated at., 35 C for 24 h to check 4/
their purity. A single colony was picked and inoculated onto
a nutrient agar'slant and subjected to the following
screening tests: Gram stain and microscopic morphology,
catalase and oxidase tests. The cultures were subdivided
according to the results of the four screening tests and
subjectedAto appropriate identifying tec%{iques based on the
eighth edition of Bergey's Manual (Buchanan and Gibbons,
1974)- and Holt's shorteseversion of Bergey's Manual (Holt,
1977). The differentiation of the Micrococcaceae was based
on several additional references (Baird-Parker, 1974;

Baird-Parker et al., 1976; Kloos and Schleifer, 1975b;
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‘Mitcheli and Baird-Parker, 1967; Schleifer and Kloos, 1975;

Whittenbury 1964). For the Enterobacteriaceae, Edwards and

dditional bases €0r identification.

standard strains of bacteria was used to

iyticus U24423 (Alberta Laboratory of Public Health,
bn, Canada), Aerococcus viridans BC420 (Alberta

jory of Public Health), Streptococcus faecalis ATCC
gBcudomonas aeruginosa ATCC 27853 and Escherichia coli
ATCC 11229. 1

Stagistical analysis of the data was carried out using

xnpl package adapted to the Latin Squar% design

. Bibmedical Computer Programs. P-series. 1979.
Univers{ty of California Press). Data were calculated as
ratios based on the number of organisms released after the
first and second 15-s treatments relative to the initial
numbers released. For a normal disgribution of the ratio

data, log transformed ratio data were used in the analyses.

C. Results
Initial studies were carried out to verify the
procedures. The protocol required interchangeable use of

left andnright hands. Samples'were taken of each hand and



Fa

37

analyzed for differences in microbial load of the most and

least frequently used hand. A Student t-test for paired data

indicated no significant difference (P>0.05) in
miéroorgan%sms released from each hanq.

The ;?fect of different rinse solutions for hand
sampling on microbial counts was studied. The rinse
solutions’included distilled wate;; normal (0.85%) saline,
0.1% peptone water, 10% nutrient broth (NB) in distilled
water or normal saline, and full strength NB. When
microorganisms isolated from hands were suspended in these
sclutions, there was no significant change in the microbial
counts duripg 2 h at 20 C. .

The need for rinse‘solutions to inactivate the
germcidal agentsjwas also studied. The rinse solutions
included 0.1% peptone w;ter,.}O% NB in distilled water, and
full strength NB. Only NB gave an indication of inactivating
the germicile agénts. Furt;er study showed that the
chlorfexidine and Irgasan DP 300 agents were not adequately
inactivated by NB. |

Residues of chlorhexidine and Irgasan DP 300 released
from hands after the standard wasﬂgand finse procedure were
determined. It appeared that residues equivalent to between
0.01% and 0.001% of their use concentrations were released
in the rinse solUtiOn. As a result, 0.1, 0.01, and 0.001%
concentfations of the psgﬁﬁilutipn of these agents were

, .

.added to NB and LB. NB failed to inactivate chlorhexidine at

0.007% and Irgasan DP 300 at 0.01% of their use

4
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concentrations. In contrast, in LB there was slight
inhibition of cells at 0.1% chlorhex1dlne, but not at 0.01%;
while Irgasan DP 300 was inactivated in LB at all
concentrations tested. LB and LA were therefore used as the’
rinse solution and growth medium for the hand rinse and
finger imprint techniques, respectively.

The mean counts of the number of microorganisms
released using the hand rinse or.finger imprint sampling
techniques, before and after washing with the various
agents, were calculated for each agent used by six subjects
for four consecutive days (24 observations per agent).vThese
data,and the percentage change in number of microorganisms
reieégii'afterbthe first and second 15-s washes are shswn in
Tables 3.3 and "3.4. Results for total hand sAmpling (hand
rinse technigue) generaily gave counts of 10° per ml of LB
rinse solution, pepresenting about 10° organisms released
from the hands, compared to the finger imprint technique
that generally ga&e counts of 102 organisms on the LA
plates. Correlation coefficients calculated between the two
sampling methods fanged from 0.23 to'0.58,~showing a weak
linear relationship betWaénfthe two methods. “

From the data iﬁ'Tables-3.3;an§;3.4 it can pe seen
Rhat the non-germicidal hand wash genef%lly resulted in an
increase in number of m1croorganlsms releaf!? from the hands
after the first 15 s wash, compared to a moderate. decreasew |

after the second 15-s wash Some of the hand d1p agents

appeared to reduce the number of mlcroorganlsms‘releasad,
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Table 3.3. Mean count and percentage change in colony
forming units released from hands after each of two
successive 15-s treatments with HAND DIP agents using two
sampl ing techniques.

Hand rinse technigue

AGENTS & Initial Ist wash 2nd wash

o mean count x10° (percent)

A. control soap 9.0 10.50117) 8.1 (90)

B. soap * hypochlorite 7.2 9.5(132) 6.2 (86)
' (50 p.p.m.)

C. hypochlorite (50 p.p.m.) IQ.S 9.4 (87) 9.0 (83)

D. QAC (930 p.p.m.) 9.3 8.9 (96) 5.8 (62)

E. iodophor (25 p.p.m.) 7.0 g.2(117) 6.3 (90)

F. bar soap (%.0% TCC) H.ol 6.5(128) 5.9(116)

Finger imprint technique
Initial Ist wash 2nd wash
mean count x10* (percent)

A. control soap 9.7 13.6(140) 8.6 (89)
\ B. soap + hypochlorite 6.3 9.3(148) 8.8(139)
(50 p.p.m.) i
S
Ki\
C. hypochlorite (50 p.p.m.) 11.8 5.2 (44) 5.8 (49)
D. QAC (930 p.p.m.) 7.7 4.0 (52) 1.7 (22)
E. iodophor (25 p.p.m.) 6.3 4.6 (73) 2.6 (41)

F. bar soap (1.0% TCC) 2.8 3.6(:129) 3.4(121)
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Table 3.4. Mean count and percentage change in colony
forming -units released from hands after each of two
successive 15-s treatments with HAND WASH agents using two
sampl ing techniques.

Hand rinse technique
AGENTS Initial st wash 2nd wash
mean count x10°> (percent)
e

G. control soap 8.9" 10.4(117) 8.4 (94)
H. iodophor 13.3 2.4 (43) 1.7 (30)
1. chlorhexidine 3;7 2.2 (60) 1.8 (49)
J. lrgasan DP 300 6.8 8.2(121) 7.4(109)
K. PCMX 8.3 7.5 (90) 5.3 (64)
L. TBS 8.5 8.2 (97) 5.8 (68)

Finger imprint technique
Initial st wash 2nd wash
mean count x10* (percent)

G. control soap 8.1 6.7 (83) 10.5(130)
H. iodophor 6.4 2.1 (33) 0.6 (9)
1. chlorhexidine - 4.8 0.6 (13) 0.2 (4)
J. Irga;an DP 380 9.8 8.3 (85) 6.6 (67)
K. PCMX' ‘ 11.5 8.9 (77) 10.4 (90)
L. TBS?® 5.9‘ 6.8(115) = 9.1(154)

'Para-chloro-meta-xylenol
:¢ribromosalicylanilide
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especially when compared by the finger imprint technique,
but the bar soap containing 1% trichlorocarbanilide appeared

to be ineffective. Of the hand wash agents, only

—~- ~

chlorhexidine and iodophor (agents H and 1) appeared o be
effective in reducing the number of microorganisms released
"from the hands.

Analyses of variance tor the Latin Square designs were
carried out on the log transtormed ratio data, representing
the change 1in the numberlof microb}ganisms released after
the two successive 15-s washes. In the hand dip experiment,
using the hand rinse sampling technique, no significant
difference (P=0.%9) could be attributed to the germicidal
agents. However, by the finger imprint sampling techniqge,
agents had a significant effect (P<0.001). Further study ot
this effect using Duhcan's multiple range test indicated
that U;e difference could be attributed to the QAC dip after
the first and second 15-s treatment, and the iodophor after
the second treatment.

In the hand wash experiment, agents had a significant
effect (P<O:OOI) by both sampi&ng technigques. Results of the
Duncan's multiple range test at the 95% confidence level are
shown in Table 3.5. Using data for the hand rinse sampling
technique, after‘the first 15-s exposure, the iodophor hand
wash agent was significantly better than all agents except
4% chlorhexidine. However, after the second 15-s treatment,

both iodophor and chlorhexidine agents gave a significant

decrease in number of microorganisms released from the
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Table 3.5. Summary of Duncan’s multiple range test (95%
conf idence level ) for comparison between log ratio means for
the hand wash agents. ' °*

(i) Hand rinse technigue (rank order of means)

After first 15-s wash H I J K L G

EJ‘ -

After second 15-s wash H 1 L J K G

~

(ii) Finger imprint technique (rank order of means)

After first 15-s wash 1 H G L K J

After second 15-s wash 1 H L J G K

' Hand wash agents:
G non-germicidal ligquid hand wash (control),
H Iodophor (0.75% available iodine),
1 4% chlorhexidine gluconate (Hibitane),
J Irgasan DP 300 (0.25% use concentration),

K para-chloro-meta-xylenol soap
(0.325% use concentration),

L tribromosalicylanilide socap (0.5%

use concentration).

: pgents underlined with an unbroken line are not
statistically different at the 95% confidence level.
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hands. Using data for the finger imprint sampling technique,
both chlorhexidine and iodophor agents caused a significant
decrease 1in microorganisms released from the Hands, after
both the first and second treatments. Analyses for a time
sequence effect were not significant, indicating that there
was no cumulative or persistence (substantive) effect for
these agents with this protocol over the four-day testing
period.

A total of 3,591 isolates were selected from finger
imprint plates before and after the two 15-s tgeatments, on
days 1 and 3 for each week of the study. The types of
organisms isolated based on the four screening tests are
shown in Table 3.6. There were five main groups (I-V) that
could be identified. Group I, gram-positive coccus-shaped,
catalase-positive, oxidase-negative organismq predominated.
Group I organisms accounted for 85.3% of all isolates; 79.9%
of the 1,935 isolates from plates of finger imprint samples.
beforer hand washing, and 91.5% of 1,656 isolates from plates
after the two 15-s hand washes. The other groups (11-V) oﬂ
microorganisms each represented less than 3.0% of the totai
isolatesFQbut these groups of organisms were generally |
present in slightly greater concentration before than after
washing with germicidal agents.

Since the gram-positive coccus-shaped,
catalase-positive, oxidase-negative (group I) microorganisms
were such a large group; a randomized sample of .264 (8.6%)of

these -isolates, representing each sub-group based on colony
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Table 3.6. Freguency of different screening test groups

(gram stain, morphology, catalase and oxidase tests) of

microorganisms isolated from finger imprint samples from
hands. :

Screening Frequenﬁy
Group test’ Total Before wash After wash
No. % No. % No. %
1 1112 3062 85.3 1547 79.9 1515 91.5
Il 1122 46 1.3 34 1.8 12 0.7
I11 $ 212 91 2.5 64 3.3 27 1.6
1v 2211 38 1.1 28 1.4 10 0.6
\ 2212 60 1.7 43 2.2 17 1.0
Others 90 2.5 74 3.9 16 1.0
No growth 208 5.6 145 7.5 59 3.6

'"Numerical codes refer, in sequence, to:
Gram stain l=positive, 2=negative;
Cell morphology t=coccus, 2=rod;
Catalase and Oxidase tests l=positive, 2=negafive.



45

size and appearance, was subjected to furthér
identification. Based on the idemFification criteria:
oxidative and fermentative reactions on glucose ahd ’
“mannitol, motility, novobiocin sensitivity and resistance,
hydrogen peroxide formation and coagulase production, these
isolates were identified as shown 1in Tabls 3.7. A total of
,“520 (83.3%) of these isolates were S. epidermidis and 44

" (16.7%) were Micrococcus spptrNo S. aureus, S. saprophyticus
or Aerococcus spp. were detected among these isolates.

The 46 group II isolates were grown on 5% sheep blood
agar plates and inoculated into nutrient broth for
incubation at 45 C. The results indicated that these
organisms were non-group D, gamma-hemolytic Streptococcus
spp. The 91 group 1II isolates were checked for spore
production and motility, and were identified as 50% Bacillus
Spp.- and 50% Corynebacterium spp.

The group IV isolates were oxidase-positive,
gram-negative rods. Using oxidative and fermentative
reactions on glucose, motility and growth in nutrient broth
at 42 C as differentiatiné tests, the 38 isolates were
identified as Moraxella spp. (44%), Flavobacterium spp.
(28%) and Pseudomonas spp. (28%). The group V isolates were
oxidase-negative, graﬁ-negative rods. They were also
identified using oxidative and fermentative reactions on
glucose and motility tests, and in the case of possible

Enterobacteriaceae by the BBL Minitek technique (Becton

Dickinson Canada, Mississauga, Ontario). These 60 isolates



46

Table 3.7. Differentiation Of Microcoécéceae (gram positive
cocci, catalase-positive, oxidase-negative). ”

Glucose Mannitol Novo- Hyd. Coagul-
biocin? perox. ase

Ox. Ferm. Ox. Fgrm.

S. aureus + + + + S - +
S. epidermidis + + - - S - -
S. saprophyt icus + weak + - 'R - -
Micrococcus spp. v - \Y - \V - _
Aerococcus spp. + + \Y - + -

» Based on Baird-Parker, 1974;: Baird-Parker et al.,
1976: Holt, 1977; Schleifer and Kloos, 1975; and
whittenbury, 1964.

* S=gensitive to 0.6 ug novobiocin/ml;

R=growth in the presence of 1.6 ug novobiocin/ml
(Kloos and Schleifer, 1975a).
» v=variable positive or negative reaction.



were identified as AcﬁnetoBacter spp. (70%), Pseudomonas
spp. (15%), and Enterobacteriaceae (15%) whigh included one
Escherichia coli isolate and four Klebsiella pneumpniae

1solates.

“a
5

The inciaence of isolates that failed to grow (Table
3.6) at time of identification was attributed to the length
of time that they were stored on nutrient agar under
refrigeration. However, this did not affect theg results for
the screening tests because they weré carried oﬁt at the
]

t:g@ that the isolate was originally taken from the plating

medium,

D. Discussion

This evalua;ion of germicidal hand dips and hand washes
for use by food handlecs was based on the ability of the
agents to reduce the number of bacteria released from the
hands after washing, hence reducing the potential for food
contaﬁination with bacteria from this source. The two
methods for assessing the bacteria released could have
different practical implications. Although the hand rinse
sampling technique is generally considered to be more
feliable, it might be argued that in many cases the finger
tips are more significant to food contamination than the
complete hand. The finger imﬁrint metflod is often used for
field studies because it is time saving and conducive to

céllaboration of workers (Smylie et al., 1973), however it

is generally considered to be less reliable than other

v
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sampling techniques (Ayliffe et al., 1975; Ojajarvi, 1980; )

Ojajarvi et al., 1977; Sprunt et al., 1973). In our s»udies,
the finger imprint data gave more favorable efficacy data
than the hand rinse data. .

It has been suggested that germicidal hand wash agents

should be evaluated by in-use tests, which closely resemble

o
O

practical conditions (Ojajarvi, 1976). An important aspect
of practical conditions fof this study was the time of
exposure to germicidal agents. Short exposure times have
been reported to range from 10 to 30 s (Hurst et al., 1960).
Many hospital oriented studies have used 30 s to 2 min
exposﬁre times, some have used 15 s (Ojajarvi, 1980). For
this study, two successive 15-s washes were used, because a
15*§‘wash was considered more likely to be achieved in
practice. The results indicated Fhat the second 15-s wash,
included to indicate whether a total 30 s wash should be
recommended, did not have a marked influence on the efficacy
of the germicidal agents.

The correlation between the results for the two testing
techniques in this study was relatively poor, representing a
weak linear relationship between the two tests. Other
workers (Ayliffe et al., 1975) reported "fairly good
correlation” between finger imprint and hand rinse |
techniques, bht the correlation coefficients were not given.
From this study it appears that the two sampling technigues

are measuring different microbial parameters. However, there

are possible differences in exposure times of the different
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areas of the héné in the hand wash experiment, as opposed to
the hand dip experiment. In hand washing, a 5 ml aliquof of
germicidal agent was applied to the palm of the hand, and
timing was begun. The agent was then spread progressively
over the hand, commencing with the finger tips. Furthermore,
the hand wash technigue only used four different movements
within the 15-s wash time, and represented a practical type
of hand wash that/might be expected of food handlers. Other
procedures have been more exhaustive, including rotational
rubbing of the thumb and fingers in the palm of the hand
(Ayliffe et al., 1978). Nonetheless, similar opiﬁﬁons o( the
value‘of agents have been reported by different workers
using different teéhniques (Lowbury and Lilly, 1973).

The results were initially analyzea on the basis of the
’log number of bacteria released from the hands. 'The
significant differences between sbbjebts and the same
individual from day to day made such analyses meaningless.
Similar results have been reported by other workers (Hurst
et al., 1960) and hence analyses were based on the 15 s and
total of two treatments (30 s) "reduction factor”™ as used by
Lilly et al. (1979) and described by Rotter et al. (1974).

Some agents, notably tg; non-germicidal soap, resulted
in higher counts after the first 15-s wash than before
washing. Similar increases in count have been reported for
non-germicidal soaps (Ayliffe et al., 19}8; Brodie, 1965;

Lilly et al., 1979), while others reported moderate

decreases in counts after one and six applications (Lilly
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| and-Lowbﬁry, 1971, 1974). Bar soap has been cited as
effective for control of transient microorganisms (Lowbury
et al., 1964a), so that little added value may be expected
from germicidal hand washes for 30 s. In our studies some
agents produced a significant reduction in the number of
microorganisms released from the hands aftér the first and
sécond 15-s exposures.

The hand dips used in the first experimeﬁt were
generally unsatisfactory, because they failed to give a
reduction in number of bacteria released compared to
non-germicidal soap. The only exception to this was the QAC
hand dip. The positive electrical charge of the QAC on the
skin is considered to account for the retention of bacterla
on the cutaneous surface (Blank and Coolidge, 1950). The use
of QAC (1.2% benzalkonium cﬁioride) was discontinued 1in
another study (Bruun et al., 1968), because of skin
irritation and poor reduction of microbial counts. The
iodophor hand dip with 25 p.p.m. available iodine gave poor
reauction of microbial counts compared to the iQdoph9r hand
wash containing 0.75% titratable 1odine. L

The bar soap containing 1% tri¢hlorocarbanilide (TCC)
was includsﬁ/yn these studies because it was the only form
in which this germicide was commercially available. Results
with this agent were disappointing, resulting in overall
increases in number of bacteria released from the hands. A
similar result was observed (Bibel, 1977), but a change in

rom S. epidermidis to Acinetobacter and Micrococcus
: * >
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was reported. Successful studies have been reporte% with 1%
and 2% concentrations of TCC (Roman et al., 1958; Qilson,
1970) . ;hese concentraﬁions of TCC were reported to give
results similar to those for the same concentrations of
hexachlorophene (Hurst et al., 1960).

Many studies of germicidal agents have been designed to
determine immediate and persistent (substantive)‘éfficacy of
the agents (Hurst et al., 1960; Lilly and Lowbury, 1971,
1974; Lowbury and:Lilly, 1973; Ojajarvi, 1976) by testing
for bacterial reduction after one wash and after six
successive washes, usually over a two day test period. In
this study, the "immediate" efficacy was studied. However,
ghe occurrence of a substantive effect over the four day
test period was checked, but no substantivity was observed
with any of the agents. Hexachlorophene used exclusively
(Cade, 1952; Lowbury and Lilly, 1960), and other agents
including 4% chlorhexidine gluconate (Lilly and Lowbury,
1971; Lowbury and Lilly, 1973; Ojajarvi, 1976), and Irgasan
DP 300 (Lilly and Lowbury, 1974) have been reported to give
cumulative effects.

Hexachlorophene was excluded from our studies because
it's use has been discontinued by many manufacturers, and
Canadian regulations 1imi£ it's use to 0.75% without medical
prescription (National Health and Welfare, 1980) .
Chlorhexidine was included as a medical reference agent, and

the iodophor was marketed both for medical use and as a

germicidal hand wash agent for food handlers. These were the
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only products that resulted in a significant decrease 1n the
number of bacteria released from hands in the hand wash
experiment. Other researchers have reported even greater
reductions in microbial contamination of hands with one
application of 4% chlorhexidine glucoﬁéfe (Ayliffe et al.,
1975; Lilly et al., 1979; Lowbury and Lilly, 1973; Ojajérvi;
1980; Smylie et al., 1973) than we observed, however some
marked differences have béen noted between diffe;ent types
of chlorhexidine preparations (Lilly and Lowbury, 1971;
Lowbury and Lilly, 1973; Lowbury et al., -1964b; Ojajarvi,
1976). lodophor was reported to give 50 to. 70% réduction of
microflora on the hands (LoWb&ry and Lilly, 1973; Ojajarvi,
1976) with poor cumulative action (Lowbury et al.,‘1964b),
yet up to 90% reduction after 6 successive treatments
(Lowbury and Lilly, 1973). In guf studies, theé iodophor hand
wash gave 60 to 70% reduction of the bacteria released after
15-s exposure by the two techniques. None of these agents
achieved levels of "virtual disinfection”, i.e. 99.9%
reduction in the number of bacteria released from the hands.
The other agents, including the paPa;chloro—meté—
xylenol (PCMX) |, Irgasan DP 300 and tribromosalicylan;lide
.gave poor germ1c1dal results in this experlment PCMX 1s a
well known antiseptic agent, but there have been conflicting
reports about its efficacy (Dankert and Schut, 1976),
especially related to formula£ion and in-use concentrétion»

Irgasan'DP 300 at a use concentration of 0.25% in this study

gave poor results. Use of 0.6% of this agent was reported to



be pooer an teducing number of bacteria on the hands, and not
much better than ordinary soaps (Ojajarvi, 197¢.), whale
0. /%, use cohcentiation gave 20.9% reduction after one
application aind Ho.2% atter s1x applications (Lally and
Lowbury, 1974). A concentration of 2% lrgasan Db S0U was
reported to be necessary to achieve comparable iesults with
those observed using 3% hexachlotophene o 43 chlorhexidine
gluconate {(Lilly and Lowbury, IR
The piredominatl 1y miciootdganlsms 1solated and

identitied 10 these studies were Sooepldermidis and
MICPrOCOCCUS spp ., typrcal of resident bacterla on skin, t hat
are harmless commensals (Evans ol al., 1950; Noble and
Somex'\fille, 1974: Someiville, 190Ya,b). Anaerobilo
Corynebacteriumn acnes, which has been shown to predominate
on skin of some individuals (Evans et al., 1950), would not
be detected by our methods. The subjects selected ter these
studies were laboratory workers and tood handlers, howeve:
the food handlers were not woiking in a commerclal food
operat ion, and did not have high levels ot transient
bacteria such as desciibed by Seligmann and Kosenbluth
(1975). The transient-type bacterla identitied amony the

. }
isolates were reduced atter washing, in agreement with other
reports (Ayl%f}e et al., 1975; Sprunt et al., 1973). The
incidence of enteric-type organisms (coliforms and faecal £.
col i) on hands has been associated with meat and food

handling (Brodie, 1965; Seligmann and Rosenbluth, 1975) and

on hands of nurses in nurseries (Sprunt &t al., 1973), but



they are readlly removed by hand washing, even with soap and
water (Brodie, 1965).

From the standpoint of the reduction of microorganisms
released from the hands, many of the germicidal agents
tested in this study were no better than the n0n~germicidad
soap. Notable exceptions to this vere thé\hand wash agents
containing ¢hlorhexidine gluconate and the :odophor. The
former is not a product that would find ready acceptance 1mn
the food i1ndustry 1n 1ts present tofm, howaver the latter 1is
marketed tor both medical and tood industry %se. The
microbiological studies indicated that most bacteria
identified were resident type ratﬁgr than transient type
skin microorganisms. It is generally considered that
transients may not act like resident (normal) skin flora in
the washing process, and that tsansient microorganisms
tepresent the major concern 1n cross-contamination \
(Ojajarvi, 1980). It has been suggested that soap and water
might be adequate for general hand washing, and that germi-
cidal agents would only be required for aseptic procedures
(Aylitte et al., 1975). Our results, based on the
desirability of reducing contamination ot foods with
microorganisms from hands, did not support this attitude.
However, a study specifically related to the control of
transient-type bacteria on hands would add to this

information on the efficacy of germicidal hand wash agents

for hygienic hand disinfection.



IV. IMMEDIATE AND RESIDUAL (SUBSTANTIVE) EFFICACY OF

GERMICIDAL HAND WASH AGENTS

This chapter 1s the text of a paper published by
A. Z. Sheena and M. E. Stales,

Journal of Food Protection 46:629 6320198 4¢)

A. Introduction

The retention of germicidal residues on the skin afte:
washing 1s referred to as residual effect or substantivity.
This characteristic is attributed to the physicochemical
binding of the agent to the uppermost horny layer of the
skin (Marples and Kligman, 1974). Substantivity gives the
advantage of reducing the skin microflora and preventing 1ts
colonization with pathogenic microorganisms. This effect may
last for a few days depending on the type of germicide and
the freqguency and exclusivity of use (Duncan et al., )%EQ;
Hall, 1980; Ojajarvi et al., 1977).

Hexachlorophene was one of the most common germicides
in use. It relied heavily on substantivity for 1its
Qermicidal efficacy (Lilly and Lowbury, 1974:; Van der Hoeven
and Hinton, 1968). However, the use of hexachlorophene_has
decreased because of its toxicological implications, and
regulations restricting its use concentration to 0.75%

without medical prescription (National Health and Welfare,

: 55
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1980;: Pines, 1972). Alternative agents have been 1introduced
to replace hexachlorophene, such as, chlorhexidine, which

has a dramatic, immediate effect on the resident and

transient microflora of the skin (Ayliffe et al., 1975;
Hall, 1980; Lilly and Lowbury, 1974; Lilly et al.. 1979:
Lowbury and Lilly, 1973), and an excellent residual effect

(Lilly and Lowbury, 1974; Lowbury and Lilly, i973; Ojajarv:,
1976) . '3

Other germicidal agents with a reported residuaa effect
include various phenolic derivatives, such as chloroxylenol
and S5S-chloro-2-(2,4-dichlorophenoxy)phenol (Triclosan or
Irgasan DP 300). Chloroxylenol formulated with EDTA
(ethylenediaminetetraacetic acid) was shown to be highly
bactericidal for skin microflora, and the effect persisted
for a minimum of 2 hours {(Dankert and Schut, 1976). Irgasan
DP 300 used at 2% concentration was shown to have a residual
effect (Lilly and Lowbury, 1974}, but\at 0.6 and 0.75% use
concentrations this effect was poor (Ayliffe et al., 1975;
Lilly and Lowbury, 1974; Ojajarvi, 1976). ‘

lodophor is widely used as a germicide for disinfection
of the skin of hands and operation sites (Joress, 1962;
Lowbury and Lilly, 1973; Smylie et al., 1973). It is
génerally used at 0.75% available iodine (Lowbury and Lilly,
1973; Ojajarvi, 1976), and it is one of the most effective
germicidal agents for removal of Staphylococcus aureus from

the skin (Lowbury et al., 1964a). Iodophor markedly reduces

» . )
the number of bacteria on hands after six washes over two
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successive days (Lowbury and Lilly, 1973#, however 1t does
not have a residual effect (Ojajarvi, 1976; Peterson et al.,
1978; Smylie et al., 1973; Van der Hoeven and Hinton, 1968).
in an earlier paper (Sheena and Stiles, 1982), we
reported the efficacy of commerciai hand washes and hand

washing regimes used by fqod handlers. Only the 1odophor

(0.752 available iqdine) and 4% chlorhexidine gluconate gave

a2 significant dectease in the number of microorganlsms
8"

released from hands after washing for short exposure times.
The purpose of this stud%/gas to determine the immediate and
residual (substantive) e&tect ot various germicidal agents
in commercial preparations, in particular, products
containing Irgasan DP 300 or para-chloro-meta-xylenol,
(PCMX) .
a—

B. Materials and Methods

. The study consisted of two separate experiments, both
\wé;e Latin Sguare designs, one a 4 x 4, the other a 6Ax 6
design. The agents in Experiment I (4 x 4 design) included:
(A) chlorhexidine gluconate (4%) liguid detergent
(Hibitanee, Ayerst Laboratories, Montreal, Canada) as a
reference agent; and three products containing
2,4,4"-trichloro-2'-hydroxy diphenyl ether (Irgasan DP 300,
‘Ciba-Geigy Ltd., Swlitzerland) as the active ingredient; (B)
an antibacterial 1 skin cleanser containing 0.3% Irgasan
DP 300, (C) germicidal’ liquid soap containing 0.5% Irgasan’

DP 300, and (D) agent C diluted to 0.25% Irgasan DP 300. The
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égents in Experiment II (6 x 6 design) included: (A') the
chlorhexidine gluconate (4%) reference; (E) an iodophor héﬁd
wash containing 0.005% available iodine and CFQ‘iodophor
("Tamed Iodine"” Scrube, West Chemical Products Ltd.,'
Montreal, Canada) containing 0.75% available iodine; and
three products contalning para-chloro-meta-xylenol (PCMX) as
the active ingredient, (G) a gel containing 3% PCMX, (H)
antiseptic\liquid hand soap (40%) containing 0.65% PCMX and
(1) agent H diluted to 0.325% PCMX. Products D and 1
corresponded to products J and K in our earlier study
(Sheena and Stiles, 1982).

Washing procedures in both experiments were ;dentical
and followed the method previously described (Sheena and
Stiles, 1982), with two SucceSSiV; 15-s exposures and the
finger tip sampling technique, using separate plates for
each hand. Finger tip imprints were made onto letheen agar
(Difco) plates, and the inocula were épread using a sterile,
glass "hockey stick". All plates were 1ncubated at 35 C for
48 h. Hands were washed threeatimes per day on two
succes§%ye days, as performed 1in studies by Ayliffe et al.
(1975) iilly and Lowbury (1974) and Lowbﬁry and Lilly 3
(1973). No testing was carried out for the following f;ve
days, to allow any residual effect to be dissipated, and for
the skin microflora to become re-established.

Samples were collected before and after the first and

sixth washes, before each intermediate wash, and finally,

without further treatment, the morning after the final wash
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had been completed, as illustrated in Table 4.1. Subjects
were instructed to avoid the use of any other germicidal
hand wash agents during the course of the é%periments. They
were permitted to use non-germicidal soaps, and no control
was exercised over the contamination of hands.

The data were calculated as ratios of the number of
organisms released from the finger tips after washing,
compared to the number released before washing. The data
were analyzed in three different ways using 10g,o
transformed ratios in a statistical computer package for
Latin Square designs (BMDP2V, Biomedical Computer Programs,
P-Series, 1979, University of California Press): (1)
immediate reduction effect, based on the cme in number of\
bacteria released during the first treatment, Y,/Y, and
Y,/Yo; (11) fhe reduction effect after six succes§ive
treatments over two days, Ye/Y; &nd Yo/ Yr; anp {i111) the

day to day residual (cumulative) effect based on Ys/Yo, and

YiO/YO-

C. Results

" The mean number of microorganisms and the percentage
change as a result of the germicidal hand wash treatments
are shown in Table 4.2. The 4% chlorhexidine gluconate and
iodophor (0.75% available iodine) hand washes gave a marked
reduction in the number of microorganisms released from the
finger tips. In most other cases, the washing procedure

resulted in an increase in the number of microorganisms

v
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Table 4.1. Washing and sampling protocol to detebmine the
residual efficacy of germicidal hand wash agents.

Day (time) Wash Treatment Sampling
sequence
1 (8 am) st No treatment Y, - initial count
1st 15-s wash Y, - after 1st wash
2nd 15-s wash Yy, - after 2nd wash
(11 am) 2nd 2x15-s washes Y, - before washes
(2 pm) 3rd | 2x15-s washes Y, - before washes
2 (8 am) 4th 2x15-s washes Y, - before washes
(11 am) 5th 2x15-s washes Y, - before washes
(2 pm) 6th Before treatment Y, - before washes
tst 15-s wash Y, - after 1st wash
2nd 15-s wash Y, - after 2nd wash

3 (8 am) No treatment Y,, - final sampling



Table 4.2. Percentage mean change in colony forming units
released from finger tips after one and sSix washing
sequences with germicidal hand wash agents.

Mean number (percent)

survivors after each treatment’

61

Agent First wash sequence Sixth wash sequence
Init 1st 15-s 2nd 15-s Init ‘1st 15-s 2nd 15-$§
Number of microorganisms x10°
Experiment 1.
A B4.4 8.6 (26) 1.6 (2) f. 0.3A418) 0.1 (8)
B 17.0 16.2 (90) 16.1 (89) 47. 64.1(152) 60.4(151)
C 24.5 27.0(144) 43.6(251)  25. 16.9 (70) 17.4 (72)
D 16.8. 23.6(173) 27.4(219) 17. 17.9(278) 21.2(332)
Experiment I1.
A' 13.8 5.9 (61) 1.4 (13) 3. 0.3 (14) 0.2 (8)
E 11.7 19.9(157) 20.8(179) 13.0 7.7 (45) 9.6 (53)
F 9.4 4.8 (51) 3.5 (37) 9. 4.8 (40) 4.1 (32)
G 14.4 23.4(140) 24 .3(148) 10. 13.1(134) 14.4(145)
H 13.4 20.4(198) 21.7(193) 1. 10.8 (90) 19.3(122)
I 15.6 20.0(161) 21.8(206) 24.4 29.5(136) 31.3(139)

' Hand wash agents:

A and A' 4% chlorhexidine. gluconate (Hibitane);
B,C,D Irgasan DP 300, 0.3% gel, 0.5% and 0.25%
hand washes;
E and F iodophor products, 0.005% and 0.75%
available iodine;
" G,H,1 para-chloro-meta-xylenol (PCMX)

3% gel, 0.65% and 0.325% hand washes.

. 2Mean counts and mean percentage survivors calculated from
individual changes in count for each subject after the first
and sixth wash sequences: :



-

First wash seqguence compared to first sampling, before

treatment (Yo);
Sixth wash sequgnce compared to sampling before sixth
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released, except for the low concentration iodophor (0.005%
available iodine), which caused a reduction 1in number of
microorganisms released in the sixth washing sequence. The
results of the analyses of variance indicated a highly
significant effect attributable to germicidal agents
(P<0.01). The results for the Duncan's multiple range tests
for these data are shown in Tables 4.3 and 4.4. The analyses
confirmed that the 4% chlorhexidine gluconate and iodophor
(0.75% available iodine) products resulted in a significant
reduction 1n t%e numbe: of microorganisms released from the
finger tips, compared to other agents. The 1odophor wash
(0.005% available iodine) was not significantly better than
the PCMX agents.

The day to day residual or substantive effect 1is
indicated by the initial number of microorganisms released
from the hands, prior to treatment with the germicidal
agents. This was determined initially (Y,), before each
subsequent treatment (Y, to Y,) and on the third day, the
morning after the sixth treatment (Y,,). The mean percentage
number of microorganisms released from finger tips before
each washing, compared to the initial count (Yo), are shown
in Table 4.5. The.only product that gave a residual effect
was 4% chlorhexidine gluconate. The initial number of micro-
organisms released fr&m the fihger tips was always less than
the initial number reléasea (Yo), 1.e. before the first
treatment. The iodophor (0.75% aevailable iodine) gaQe

slightly reducéd initial counts. The other agents failed to



Table 4.3. Summary of Duncan’s multiple rangée test (95%
conf idence level ) for differences among tréatment means
for the initial (first) hand wash sequence (Immediate
Efficacy’). ' ?

(i) After 1st 15-s wash y

Experiment 1: A B C D

ExpeL&ment 1i1: A" F G I E H

(11) Atter 2nd 15-s wash

Experiment 1: A B C D

Experiment-11: A" F G H E I

‘Explanation of product codes given in Table 4.2.

:Agents underlined with an unbroken line are not

statistically different at the 95% confidence level.

@?X
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Table 4.4. Summary of Duncan’s multiple range test (95%
conf idence level ) for differences among treatment means for
the final (sixth) hand wash sequence. ' *?

(i) After 1st 15-s wash

Experiment I: A C B D

Experiment 11: A" F E H G 1 /

(ii) After 2nd 15-s wash

Experiment I1: A C B D

Experiment II: A" F E H G I

'Explanation of product codes given 1n Table 4.2.
:pgents underlined with an unbroken line are not

statistically different at the 95% confidence level.
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Table 4.5. Percentage mean change in colony forming units
released from finger tips before each hand wash treatment

and the day after the final treatment (Residual Efficacy).

Percent microorganisms released before each
treatment, compared to initial count (Yo).

Treatment: 2nd 3rd 4th 5th 6th Next
. day
Agent Ys/Yo Yo/Yo Ys/¥Yo Ye/Yo Y3/Yo Yi0/Yo

Experiment 1.

A 36 43 38 14 10 20
B 133 96 189 161 252 170
C 245 199 112 74 205 164
D 156 203 164 87 94 304

Experiment II.

A’ 89 73 63 45 35 74
E 108 119 . 134 132 132 138
F 73 9¢ ¥ 84 84 92 108
G | 179 142 151 144 144 115
H 227 172 176 238 151 193
I 131 1410 141 168 131 144
'See Table 4.2 for agent C0d¢§. .
i
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achieve o genelal reduction an an the number of  Oiganlsms

Iy

released from the tinger tips.
- ’

Analyses ol varlahce were done on the 1og,,. tiranstormed
ratio data tor 24 h (Y, Yo)and 48 h (Y, Y. ":.IH*:
tieatment was initiated. Levels of sigmiticance weie P00
tor Expe: 1;1|c~nt I, compating brgasan DP 300 product s to 4y
chlorhexidine gluconate; and P-0.001 for Experiment I,
comparing PCMX and 1odophot products to 4% chlorhexidine
gluconate. Dhitlerences amony the means were not as
significant as might be expe ted. Duncan's multiple rabye
test for ditferences among tireatment means ate shown 1n
Table 4.6. ln bExperiment |, there were no significantly
ditterent products at 24 b, and only 4% chlothexidine '
gluconate and 0.25% ligasan P 300 dittered :aanivtlvanlly’ at
48 h. 1n Bxperiment 11, 4% chlorhexi1dine gluconate gave a
significant reduction in number ol microorganisms released
compared to the low concentrat1on (0.32% and 0.65%) PCMX
products, for both the 24 and 48 h tests. The results
ohserved for 3% PUMX gel and the 1odophor products were not

signiticantly different from tthe tor 4% chlorhexidine

gluconate.

D. Discussion

-

This study enabled both the short- and longer-term
(residual) efficacy of these germicidal hand wash agents to
be a§sessed. The results @6% the immediate effect were 1n

agreement with the results of our previous study (Sheena and



Table 4.6. Summary of Duncan’s multiple range test (95%
conf idence level ! for differences among treatment means 24
and 48 h after the initial wash sequence (Residual
Efticacy!. ' °

(i) After 24 h (before 4th wash Y./Y.)

Experiment f: A C D B

Experiment 11: A’ F G E 1 H

(i1) After 48 h (morning atter sixth treatment Y.o/Yo)

Expet 1meni 1: A C B D

Experiment I1: A G F E 1 H

‘Explanation of product codes given in Table 4.2.
*Agents underlined with an unbroken line are not

statistically difterent at the 95% confidence level:

s



Stiles, 14982), 1in which only 4% chlorhexidige gluconate and
rodophor containine 0.75% available 10dine gave a
significant reduction in number of microorganisms released
trom finge: tips atter washing tor short exposure time.

In this study, the higher concentrations of the lrgasan
DP 300 and PCMX products and the gel based tormulations
failed to give significant reductions 1n number of micro
organisms released trom the finger tips. This indicates that
the poor results that we reported tor lrgasan DP 300 and
PCMX, under our testing conditions (Sheena and St 1les,

1982), were not attributable to the lower use concentrations
selected, and were pirobably not a problem With tormulation.
The experimental protocol involving six hand wash
treatments over two successive days has been used by other
researchers (Aylifte et al., 1975; Lilly and Lowbury, 1974;
Lowbury and Lilly, 1973) to assess the efficacy of repeated

use of germicidal hand wash agents. For chlorhexidine
gluconate a resiéual etfect was observed, which agreed with
other reports (Ayliffe et al., 1975; Lilly and Lowburyiv_
1974; Lowbury and Lilly, 1973; smylie et al., 1973). The
‘I*"'*-.
icdophor (0.75% available iodin?) reduced the number OF
microorganisms released from hands, but the effect was not
significantly different, and a residual effect was not
indicated. The low concentration iodophor (0.005% available
iodine) deserves further agtention. Although it did not
result in a significant reduction in number of micro-

organisms released from the hands on initial usage, after



the sixth use a signifigént effect was observed. For the
Irgasan DP 300 and PCMX products, no residuyal effect was
noted. However, literature references indicated a residual
effect.for>this agent under various conditions of use and
concentration (Bodey and Rosenbaum, 1973; Dankert and Schut,
1976: Lilly and Lowbury, 1974 : Russell and Furr, 1977) .

The only agents that could be considered effective 1n
reducing the number of microorganisms geleased'trom finger
tips, under these conditions of hygienic hand disintection
using short exposure times, were the 4% chlorhexidine
gluconate and iodophor‘(0.75% available iodine) products.
The low concentration lodophor (0.005% available iodine)
showed some promise, and warrants fturther study, because of

the practical disadvantages of higher concentration |
/
iodephors, namely color and odor. This study indicated that
alternative agents for hand washing with short exposure
times are more likely to be found among the iodophor and

chlorhexidine gluconate products, than the Irgasan DP 300 or

PCMX products.



V. EFFICACY OF GERMICIDAL HAND WASH AGENTS AGAINST TRANSIENT

BACTERIA INOCUL@TED ONTO HANDS

This chapter is the text of a paper published by
A. Z. Sheena and M. E. Stiles,

Journhal of Food Protection 46:722-727(1983).

A. Introduction

Ear}ier studies by Sheena and Stiles (1982, 1983a)
assessed the efficacy of a range of germicidal hand wash
agents against the total microflora occurring naturally on
hands. The division of the skin microflora into transient
and resident microorganisms has long been accepted (Price,
1938a). Transient microflora are those organisms acquired
from‘the surroundings, which are superficially located on
the skin, generally do not colonize the skin to become part
bt the resident microflora, and are readily removed by

WAShing (Lowbury et al., 1960, 19b4a; Seligmann and

VKRosenbluth, 1975). Aerobic isolates identified after

S
‘s

germicidal hand washing (Sheena and Stiles, 1982) revealed
85% Staphylococcus epidermidis and Micrococcus spp- .

indicating that the principal survivors after washing were
organisms typically associated with the resident microflora

of skin (Roskey and Hamdy, 1972; Seligmann and Rosenbluth,

1975) . * .
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The method of application of transient micrgorganisms
to the skin (Lilly and Lowbury, 1978; Ojajarvi, 1980) and
the species or strains of test organisms selected (ﬁyliffe

et al., 1978) play an 1mportant role in efficacy testing.

-
4

Koller et al. (1978) observed differences in level af-
. : . . . s
contamination between finger tip and hand immersion

contaminating techniques, but no significant difference 1n
the efficacy of hand disinfection attributable to the method
of contamination. In earlier studies, the transient
microorganisms were spread on the skin (Aly and Maibaéh,
1980; Dineen, 1978; Gardner and Seddon, 1946; Lowbury et
al., 1964a; Story, 1952), more recently, the natural work

1Y

environment , has been used to contaminate skin with a

N

transient microflora (Ojajarvi, 1980; Sprunt ef ai., 1973).
This natural environment appréach wés u;ed in this study
with meat as the suspending agent.

Most studies have used germicidal products intended for
medicale use, including 70% ethyl alc?pol, 70% isopropanol,
alcoholic Qreparations of chlorhexid&é&&éﬁ% cﬁlorhexidine
gluconate liguid detergent, 0.75% pOVidOﬁéfiodine, 2%
Irgasan DP 300 and 3% hexachlorophene (Aly and Maibach,
1980; Ayliffe et al., 1978; Lilly and Lowbury, 1978; Lowbury
et al., 1964a; Ojajarvi, 1980). Information on the use of

these agents in food handling, using short exposure times,

is scant. Crisley and Foter (1965) revieved an;ibacteriaﬁb

. soaps for hand washing in food service establishmen

concluded that hand washing with non-germicidal %bﬁlww



required to prevent transmission of possiblp pathogens from

haﬁds to foods during handling and preparation. Freguent

hand washing by food handlers is considered mandatory to

maintain hygienic conditions (Davis et al., 1969; Pether and

Gilbert, 1971; Seligmann and Rosenbluth, 1975). &
" The object of this study was to evaluate and compare

the efficacy of germicidal hand wash agents for control of

transient microorganisms inoculated onto hands from meat.

B. Materials and Meth;as

Two separate experiments were conducted, a 7 x 7 and a
5 x 5 Latin Square design, involving the exposure of each
subject to each agent included 1n the“experiment. The
sequence in which agents were used by subjects was randomly
assighed by a specified E€5cedure (Myers, 1972). Each
subject was exposed to all of the agents over the period of
the experiment..Subjects used the assigned agent on two
occasions, one 15-s exposure in the morning, and two
successive 15-s exposures 1n the afternéon. Tﬁe hand washing
procedure was detailed in our previous study ($keena and
Stiles, 1982). The;; were two testing days per week (Monday
anr Thursday), so that two different products were tested on
each subject, each week.

In the first experiment, seven agents were tested (A)
non-germicidal liquid hand soap; (B) chlorhexidine gluconate

(4%) liquid detergent (Hibitanee, Ayerst Laboratories,

Montreal, Canada) as a positive control; (C) an
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v
antibacterial gel skin gleanser containing 0.3%

2,4}4'—trichlo;o—2'—hydroxy diphenyl ether (Irgasan DP 300);
(D) germicidal liquid soap diluted to 0.25% lirgasan DP 300;
(E) antiseptic liquid hand soap containing 0.65%
para-chloro-meta-xylenol (PCMX), diluted to 0.325% active
ingredient at the use concentration; (F) iodophor ("Tamed
lodine™ Scrube) containing 0.75% available iodine; (G)
germicidal bar soap containihg 1.0% trichlorocarbanilide
(TCC) .

In the second experiment, flve agents were tested: (A")
non-germicidal l;quid hand soap (same as "A" abgve); (H)
iodophor bhand wash containing 0.005% available iodine; and
three hand dips consisting of (1) iodophor solution
conta&ning 25 ppm available iodine, (J) sodium hypochlorite
solution containing 50 ppm available chlorine, and (K)
quaternary ammonium (QAC) solution containing 930 ppm
benzalkonium chloride. Hand wash agents were used in 5 ml
amoungs, the hand dip solutions were fresh1; prepared in 1.5
1 deionized water. |

Two bacterial strains were isolated from ground beef
for use in this study: Escherichia coli and Pseudomonas
fluorescens. The E. coll isolate was identified and
confirmed by comparison with a starndard strain of E. coli

“from the Amerlcan Type Culture Collection (ATCC) strain
11229, and a strain (1840) previously 1solated from ground

beef (M.E.S.). The P. f luorescens isolate was similarly

compared to a strain of P. fluorﬁfcens from the National



Collection of Type Cultures (NCTC) strain 10038 and a strain
(R639) from the Alberta Laboratorv for Public Health
(Edmonton, Canada). Cultures were carried in nutrient broth.
£. coli was incubated at 35°C tor 18 h, and P. fluorescens
was incubated at 20°C for 30 h for use in the experiments.
Final concentrations_for f . ¢colf averaged 5 x 10° .t ou./ml,
and . fluorescens averaged 1.1 x 10* c¢.t.u./ml.

A ground beef 1noculum was prepared to inoculate the
test organisms ONto subjects' hands. Freshly prepared ground
beef from a local retail store was inoculated with the [.
coli and P. fluorescens test cultures, to give counts of 10°
and 10’ c.f.u./g ot ground beef, respectively. This
neceséitated a 10 * dilution ot the £. coll culture 4n 0.1%
peptone water, while the P. fluorescens culture was
inoculated without dilution. The ground beef was checked
each day to détermine its microbiological quality, including
total aerobic plate count, coliform, £E. coli, P. fluorescens
and total ;gram positigg cocci”™ counts. The levels of F.
coli and P. fluorescens inocula in the ground beef were also
determinea..The inoculated ground beef was dispensed 1n two
50 g amounts in separate petri dishes to use as inocula for
the fingertips. ‘ Q .

To reduce the microbial load on the hands,- in
preparatibn for the experiment, subjects’ finsed their hands
with 5 ml of 95% ethanol containing 1% glycerol, and the
hands were rubbed together qntig they were dry (Ayliffe et

al., 1975; Ojajarvi, 1980% The finger and@nhumb tips were
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pushed into and held i1n the ground beef inoculum for 5 s,
and the inoculum was distributed over the hands by rubbing
up to the wrists, until the hands were dry. The hands were
washed on two separate occasions with the same agent
(morning and afternoon wash). One of the hands was randomly
s€lected for sampling for the initial count (Xo), by rinsing
in 100 ml letheen broth (LB, Difco) in a plastic bag (28.5 ;
12.5 x 7.5 cm,‘25 mil, Polyrama Plastics Ltd., Edmonton,
Canada) using the standard hand rinse method describéd in
out previous study (Sheena and Stiles, 1982). Hand washing
and dipping were also done according to the procedures
previously deséribed (Sheena and Stiles, 1982). The sample

£y

for the first 15 s wash (X,) was taken at the morning wash.

s

The sample for the two successive 15-s washes (X;) was taken

at the afternoon wash, and compared with the initialr(xo)
§ p

A

count for the afternoon testing period. Subjects rinsed

their hands with the glycerol in ethanol solution after the
f
sampling procedure had been completed.

Bacteriological testing of the hand rinse saﬂgies was
» «
done by plating in duplicate onto the(following Difco media:
standard plate count agar (spC), violet red bile agar -
ﬁ)d

(VRBA}, Pseudoqo as égam F ? F) and Baird-Parker medium
(B-P). Two sets 6f VRBAﬁplates were prepared for comparlson
of the dlfferentlal 1ncubatlon temperatures. After washing
hands with germicidal agents, such as chlofhexidine

gluconate (4%) liquid detergent or ﬁodophor (0.75% available
¥

1od1ne)L injury levels between 50 and 90% were observed when



the organisms were grown on selective media, compared to
growth on Tryptic Soy agar (TSA). Hclding the LB samples at
room temperature for one to two hours allowed resuscitation
ot the 1njured organisms for girowth op the SeléctiVe medla.
Holding the LB samples for greater than two hours resulted
in the growth of the microorganlisms.

The X. LB samples were plated lmmediately onto the agar
media; the X, and X, LB samples were held 1.5 h at 20°C for
recovery of any  injured cells. Initial studies indicated
that this tireatment ot the samples teduced the level of
injury roqurQWth 5% the selective media. X, samples were
diluted 1:10 with 0.1% peptone water for pour plating with
VRBA and overlayered with 5 ml of the VRBA medium. X, and X,
samples were pour plated on VRBA without dilution. Prepoured
plates ot SPC, PAF and B-P were surface streaked with 0.1 ml
aliguots of the samples. The two sets of VRBA plates were
incubated separately at 35 and 45°C for 24 h. SPC and B-P
plates were incubated at 35°C for 48 h, and PAF plates were
ingubatgd at 20°C for 72 h. _

The data were calculated as ratios of the number of
organisms released from the hands after washing, compared to
the number released before washing. Mean counts and mean
peréentage change in number of bacterié released from hands‘
were based on individual changes in count for each subject.
The data were analyzgd using log,, transformed ratios in a

statistical computer package for Latin Square designs

[
)

(BMDP2V, Biomedical Computer Programs, P-Series, 1379,

1

e b s B 1 me a nlw
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University of California Press).

C. Results

The microbiological technigues allowed five microbial
parameters to be monitored, including transient and resident
microflora. The SPC count was intended to determine the
total transient and resident flora. The VRBA counts
determined the efficacy of the agents against £. coll
(incubated at 45°C) and\total coliform-type bacteria
(incubated at 35°C). The correlation between VRBA counts at
45 and 35°C was r-0.98, indicating that the transient [.
colf strain inoculated onto the hands predominated the VRBA
counts at both temperatures. Only the data for VRBA at 35°C
are presented. PAF counts were used to indicate the efficacy
of the agents against P. fluorescens. The P. f luorescens
strain grew as distinctive fluorescent yellow colonles bn
the PAF medium. Only typical colony types on the PAF meéium
were included in the presumptive P. fluorescens count.
Initially, typical colonies were isolated from the PAF
plates and confirmed as P. fluorescens by comparison with
the reference strains. The B-P medium was used to monlitor
Micrococcaceae-type organisms released from the hands, which
were considered to represent typical resident microflora, as
well as orgaﬂisms possibly acquired from the ground beef. A
summary of the probabilities of a significént effect

attributable to agéents ils shown in Table 5.1. a



Table 5.1. Summary oOf probabilities (P) of a significant
effect attributable to agents as a result of Latin Square
design analyses of varijiance.

}

Medium' Experiment 1. A Experiment 11.
Atter. Aftter ’ Afte: Atter
1x15 s 2x15-s tx15 s 2x15°s
wash washes wash washes

SPC (0.04152 " 0.0468* O.4.18 0.494¢6

VRBA (35) 0.0239% 0.0290+ 0. 1612 ().3188

VRBA (45) 0.045072 0.00614+2 O.5113 0.5211

PAF 0.1743 - OL§33b 0.987¢6 0.0246%

B-P 0.3382 0.4651 02402 0.0534%

» Significant at the 9%i contidence level (P~0.05)
x+ Significant at the 99% confidence level (P-0.01)

-

»
andard plate count adar;

—_—

' Microbilologlical media: SPC = s
VRBA = violet red bile agar; PAF = Pseudomonas agar F; B-P =

Baird-Parker medium.

B
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The data tor the percentage ynean reduction in total

.

count of transient and resident flora on the hands, .
monitored using SPC counts at 35°C, are shown in Table 5.2.
The reduction in number of bacteria released from hands as a
result of one and two successive 15-s washes was not

impressive. All products gave reduced counts as a result of

the treatments, implicating the trénsient flora in®this
measure. Only three agents (4% chlorhexidine gluconate, and
the i1odophor products ;ontaining 0.75 or 0.005% availlable
iodine) achieved 80% or slightly greater réductionhin count
yith one 15-s wash. Non-germicidal séap achievedba 75%‘
reduction. After two successive 15-s washes, most agerits
(including the non~ge§micida1 soap) achleved virtually 80%

reduction in SPC counts. Ouly the 4% chlorhexidinékgluconate

i

and the Irgasan DP 300 (0.25%) washes gave better than 90%
. *

o

reduction. In‘Experiment 1 there was a significant effect .
| Ay

. : |

attributable to agents (see Table 5.1).
. !

Duncan's multiple range tests!tor differences among

treatment means -are shown in Table 5.3. On SPC medium, after

»

one 15-5 wash, only 4% chlorhexidine gluconatz/and 10dophor

|

(0.75% available iodine) showed a significant y greater

/

decrease in count compared to the Irgasan DP/3OO wash and

‘the TCC bar soap. After two succe551v¥

PCMX gave a 51gn1T1cantly poorer result than the

chlorhexldlne and iodophor (0.75% avallable iodine)
! !

products. The rest\of the agents, including the |

.. ‘ . s os A .
non-germicidal soap, were not significantly different from

PR Y
!
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\ _
Table 5.2. Reduction in colony forming units (count on SPC -
medium) released from hands as a result of one or two
successive 15-s hand wash treatments. ‘

A

Agent ' - Initial  After Initial . After’
count 1x15-s count 2x15-s
wash washes
Experiment I. mean count x10* (percent) °
A. Control soap .0 2.9 (75) 0.0 - 2.1 (79)
B. Chlorhexidime  11.0 1.8 (85) 9.4 0.3 (96)
C. 1Irgasan gel 7Lé 2.7 (66) JBTSA‘ 1.6 ('80)
D. Irgasan wash 9.9, 4.3 (58) 9.4 1.0 (90)
E. PCMX . 8.1 3.2 (65) 7.8 2.4'(74)
F. lodophor 11.0 1.8 (81) 8.2 0.7 (88)
G. TCC - 714 3.0 (56) 8.6 -8 (80)
Experiment II.
~A'. Control soap 8.5 3.5 (48) - 11.0 1.6 (éZ)
.H. Iodophor wash 12.0 é.S (BO) 9.9 0.9 (84)
1. Iodophor dip 12.0 3.4 (66) 11.0 1.8 (84)
J. Hypochlorite dip 8.7 3.4 (62) 13.0 2.4 (81)
K. QACddip 9.9 3.3 (67) 10.0 2.6 (76)
. ' Hand wash -agents:
A and A' non-germicidal liquid hand soap;
"B 4% chlorhexidine gluconate (Hibitane);
C and D Irgasan DP 300 (0.3%) gel and 0.25%
hand wash;
E Par;-chloro-meta4xylenol
(PCMX) 0.325% hand wash;
F Iodophor (0.75% avallable iodine);
G 1% Trichlorocarbanilide (TCC) bar soap;
H Iodophor hand wash (0.005% available

iodine);
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)

1 Iodophor hand dip containing 25 ppm
<§i:i}able iodine; '
J Sédium hypochlorite dip containing 50 ppm

available chlorine;

K Quaternarj.ammonium'(QAC) dip containing
930 ppm pgnzalkonium chloride. e

P
2
Ed

: Mean counts and mean percentage change in number of
bacteria released from hands are based on individual changes

in count for each subject. .

- | -

~

"

.
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Table 5.3. Summary of Duncan’s mlfiple r'ahbe test (95%

conf ldence level ) for differénces amongd treatment mean§§pn. |
different microbiologicial media. ! z/a e ;

Experiment I

(i) spCc . : A | T
After fg15-s.wash ~F B A C E D G-

. N .
r ' ¥ §

After 2x15-s washes B F D A C G E

(ii) VRBA L S
- After 1x15:zﬁyash F B E G D A‘ C

' After.2x15-5 washes B F C E D G A

~
~

Experiment II : _ r

N
(1) PARY .
. After 2x15-s jiéﬂzs H A"K I J

\f 5 —

»
(ii) 'B-P .
After 2x15-s washes K J H I A

'3

'For key to produét'codes see Table 5.2.
’Micfobiologicai media: SPC = standard plate count agar;

VRBA = violet red bile agar; PAF = Pieudomqhas agar F;

B-P = Baird-Pafkér medium.

///’Agents underlined with an unbroken liné,aré not

statistically,differedt at the;§sx;confidenc§lévelf_-j

& .



these two agents
v The results for the efficacy of the germic1dal agents
\< agalnst E. coll\sre shown in Table 5.4. All agents,
‘1nc1ud1ng the non- germ1c1da1 soap, gave greaterlthan 90%
redyction in count. Only 4% chlorhex1d;ne gluconate achleved:
© 99% reduction after Evo succe551ve 15-% washes. A
| "\51gn1f1qant effect was attrlbuted to égents in Experlment I
- (see Table 5.1). thcan.s ‘multiple range tests for
differences among treatment means (see Table .5.3) revealed
that, afa;r one 15-s wash, the 1odophor (0.75% avallable
1od1ne) gave a. significantly greater reduction than all
other agents. except 4% chlorhexld1ne gluconate. After the
two 15-s wash seQUences, smgn1f1cant differences were
observed. However,.Q% chlorhexld1ne gluconate was not
S1gn1£1cantly more effectlve against E. coli than ‘the
1odophor (0.75% available jodine), 0.3% Irgasan DP 300 gel
" and the pCMX (0. 3?5%) antiseptie hand soap. These agents,
except PCMX, gave a sxgnxflcantly greater reduct1on of E..
coll compared to the non- germ1c1da1 soap. '
The data for P. fluorescens, are shown in Table 5. 5.~
: *Sxm1lar tesults to those for E. coli were observed, except
~ that the TCC bar soap (one 15-s wash) ‘and the dip methods of‘
. hand wash;,pg ‘only gave B0 to.90% reduction in P. f luongscens '
count, whereas other agents gave greater than 90% reductxon.
The only SJgnxfxcant effect attrxbutable to agents in

- Experiment II vas against P. fluonescens (see Table 5.1).

Duncan's multiple range tests on these data 1nd1cated a

4
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rable 5.4, EFficacy of germicidal hand wash agents against ’
Escherichia coli artificially inoculated onto hands from
| ggoqu meat (based on count on VRBA medium’ incubated at
: oC). 1V . ) . L . o L
. LI . - “' .

- hgent . ~ Initial. After ~  Initial - - After - |

count . 1x15-s” ' " count 2%15-s
wash . - 'vashes '
bxp?rimenF; .. - { “‘wean coun x10’.(pérceﬁt). ' . f{
A. éontrcl»soap_' 8.4 0.6 (94) 6.0 0;4_(§5) ,v¥§
B. Chlorhexidine  y 7.9 0.2 (57)' C 6.5 - o,1f199) g
Ct Irgasan ge% > 6.3 .O.S;LBZY% 1.0 O.é (98) R
~ D. .Irgasan wash '}7 6.8- 0.4,193) 5.7 0.2 (97) 4
' E. PCMX 7 s 0.2 (95) 3.4 0.1 (98) G o 6
F. Iodoplor 6.3 0.1(98) 3.6 0.1 (%8)
G;‘ Tcé7 S 6.1 0.3;(9;)4 _ 7,8"§ 0.2 (97) ‘
\ L s e | o
‘Experiment II. | ) |
_A'. Control soap 7.2 0.3 (95) 8.8 - 0.2 (97): .
H. Iodophor vash 9.7 *9;4 (96}, L 5.8 6.1_(98) °
1. loddphor dip  11.0 0.5 (967 8.4 0.2 (97)
3. ﬁypocplorite dip 5.7 0.4 (93) 0.0° 0.4 (96)

K. OAC dip -« 8.9 (0.3 (97)  8.2. 02797 .

. .
< . .

Y

'See footnotes to Table 5.5.
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'i Table 5.5, Efflcacy of . aermicfdal hand wash agents agafnst
Pseudomonas fluorescens: artificially - inoculated onto hands :
_from ground meat (based on count on PAF meddum) e

. Agent_ . "Inxtlal After o In1t1al ’ After5
Lo coe counR 1x15-s count.  2x15-s .+
wash 0 - ~ washes
Expériﬁgng' 1. '.‘ y'f ﬁean-c6uﬁt x102 (percent).
- ’ : o . ’., . ) \’ _‘ ‘ ’
_A. Control scap ~ 4.3 @0'2 (96) - 3.4 0.1 (98) /J

ﬁ;-fChlorhexi&iné.. 3.2 <0.1 (98).  ~ <0.1 (98)

8

&

5
 \tCh ‘Irgasan gel © 2.4 0.2.(93) */ . 3.3 0.2 (95)
7 0.2 (93)
6 .<0.;'(99) |
P, lodophor . 2.6 0.1 (96) - 5 <0.1 (99)
2

: Df.IIrgasan wa'sh 2.9 0.2 (95)
B, POME 2.9 0.1 (97)

‘f; fffﬂﬁ*' gxperlme;E i .
,;ji? ; jbihi. Control soap 'ﬂ'_3;§ f 0.2 (93) ';4%“¢3f€f' 0-2 (96)
s  ﬁ%j%ff*f*ﬂﬁ7?1°a°Ph°f wash “’4J1 0.2 (95) L ~3f1 . °$1'(96)'
L _jff;#ﬂ;3Iodophor dip '_.'3‘9 0.3 (90) ’:v“'-,v:“i.’.BA'.(kl..f'r-(,afa‘y)".:f
'»4*f;?@¥fﬁ“yp°°h1°r1te aip 3.9, 0.6 (B1)* . 4.2 0.8 (80)

Lo

”7l’ﬂ5;-1 AC dip s o e 4 0.5°(90)

ee footnotes to Table 5.2. - .
7;;“ - ,}if [ - 8
: P B )
. R i 1
. ‘ - : .} ;:;o.»
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sxgn1f1cant1y greater decrease in P fluorescens count-'

-

‘attrlbutable to ‘the 1060phor wash (0. 005% ava1lab1e 1od1ne)
and. non—germ1c1da1 soap compared to 1odophor and . "~‘-‘

"”hypech;orite dips (Table 5 3)._”_-g}f-; '7fF.'a}

Chenges in the “res1dent" mlcroflora measured on B-P ?

:.d1£terehce to ‘the trends for the "trans1ent" mzcroflora

»

med1um are shown in Table 5. 6 These changes showedha marked )
7 ,

-(Tables 5 2 5.4 and 5, 5) The non- germ1c1da1 soap caused a

. 4 &)
' marked 1ncrease in the number of mxcroorgdnlsms released

-

£rom hands after one or tvo. succe851ve 15 § - washes.-Thxs

applxed .also to most of the germ1c1dal washes or 4ips except .

’f4% chlorhex1d1ne gluconate, 1odophor (0 75% ava1labre

’

»‘1od1ne) and the QAC dxp. ‘The QAC d1p treatment gave a .
esxgnxflcant reduct1on 1n ECB:Zr of m1croorganxsms released

A;from hands compared to iodophpr d1p and non- germlcxdal soap.

o " ¥ ‘\ ' " ' .. LT
D:eculexon S R _ v A

‘ The resultf of thxs study ondtrans1ent bacterza _

‘ 1noculeted onto hends from meats contrasts markedly w1th our
;fgnear11er results for the total hand mxcrpflora (Sheena and
;:;;Stxles,,1982 1983;) Hoﬁever, the preJxous stud1es 1nvolved

hf{;prxmar1ly the resident mxcroflore. Both of the test o

ff;7bactegie, originelly ieoleted from meet E\ coll vas

dw”,;}a poeeibie:ﬁn eetion of whet mzqht}zeppen to related

ﬁjgﬁpathggen1c h‘ctgrxa, such as Selmonelra (Pether andvaxlbert.

’“3ffjee1ected'beeaue: ot ite role ae an:indicetor organism end es fqu

.,i'ﬁforganiems included in this study vere grem negetave -;5 ;i._y i

)
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| . Table 5.6. Mean count'and percentage change in residual -type
N " Microcpccaceae colony formipg units réleased ffrom hapds ‘
. -~ agfter use of germicidal hand wash agents, measured bx growth

'~ on’Bairg-Parker medium (ba on count on B-P medium).. ' .

_7)L - Agent. ° Initial \After Initial  After
E ‘ . count x15-8s count 2x15-s
S . ST ¥ wash - washes
e - .BExperiment I. mean cagnt x10° (percent) //
A. Copirol sdap - 0.9 1.2 (291) 0.7 0.4 (113)
B. . Chlorhexidine 1.5 0.5 (83) 0.2 <0.% (57)
C.  Irgasan gel‘ 0.6 0;4 (88) 0.2 0.3 (119)
; . v : ' TR _ %
i D. Irgasan wash - 0.4 0.6 (246) »0.1 0.3 (192)
| a e P - IR |
" E. _?CMX SRR P 2.4 (275) - 0.6 ~. 0.7 (160)
© p. 1odophor 2.1 1.4 (83) 0.5 - 0.2 (74)
T e mec, 1.5 2.6 (134) 0.4 - 0.9 (158)
; _ : ) e .o,/.“ . . ’ .
, RY \ Wt " . ~ - \\
. v . - ) \
. hExperiment_II.
15::" .A'. Control soap. ; 0.9 2.3 (313) -~ 0.2 0.7 (263)
., . H. Todophor vash 0.7 1.5 (226) © 0.4 0.7 (155)
1. Todophor &ip- 1.3 1.5 (137) 0.1 0.4 (242)
.. J. Hypochlorite dip 1.6 1.7 (246). 0.7 0.4 (234)
. K. Qacdip - 1.5 . 1.9 (84) 0.7 0.2 (68)
“
375¥$§3 §09tnotes‘tb Table;ﬁ;z;'« - | S owm
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R
1971). P. fluorescens was selected to indicate act1v1ty .

- i

against spozlage-type bacterxa. This partlcular stra1n was

AF that )gade it

[N

selected because of its P, gmentaeﬁzl‘
oth re.

easy to detect in mixed ‘
] These transzent bacterfa 1nocu1ated onto hands from
'meats were matked{y reduced by the shg?%dexpo;ure washes
used 1n this study. The effect1ve reduct:on or e11m1nat1on |
of the ttan51ent m1croflora by non- germ1c1dal soap has. been
w1dely reported (Ayl1ffe et.al. 1978 Lowbury et al.

1964a; ojajarv1, 1980 ‘Sprunt et al. 1973), however more
recent studies with agents such as alcohol pov1done iodine
and chhorhexldlne have given better results than -
non-germiczdal soaps (Aylefevet al 1975 -D1nee,“1978;
Lilly and Lovbury,‘1978 ojajarvz, 1980) Our results

b confxrmed tEﬁ 1mproved Pctzon of 4% chlorhex1d1‘i gluconate
‘and 1odophor (0.75% avaalable 1od1ne) against E. coli

compared to the non-germxcxdal s0ap. o : W

4
In our stud1es on reszdent mlcroglora (Sheena and

'St11es, 1982 1983a), the eff1cacy of germ1c1da1 products
,contaxnzng Irgasan DP 300 or para—chloroemeta-xylenol (PCMX)-
for - short—exposure hand nashxng was- not satxsfactory.
’~However, agaznst the transxent bacteria 1n th1s study, the::of‘
1agents were £ar more effectzve.:The trlchlorocarbq lide

| (TCC) ‘bar- soap and the hand dzps gave the 1east effect1ve ‘

| ‘4resu1ts agalnst the transzent bacterxa. The results of thas

af]; study, and our éirl;er study (Sheena and Stxles, 1982’va

i .
tavor hand waahmg above han\dlppmg teChﬂlq““r b°th f°‘
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the bacteriolodica results as well as practicél‘qontrol.
The use of Baird- Parker (B-P) medium to monitor
reg%dent flora was ]UStlfled bZ.the similarity of tg\\e \
resulss compared to those obtalned on the non-selective
medlumqused in our previous stugy (Sheena and St1les, 1982).
Coagulase negative staphylococé1m5re part of the re51dent
m;croflora of skin g?rlce, 1938a' Seligmann and Rosenbluth
1975). The preferent1a1 act1v1ty of QAC'S gpénnst gram
p051t1ve bacterla mlght account for the favorable result for

the QAC d1p agaxnst the "resident"” flora. This conf1rmed our

previous observation of the efficacy of a QAC dip (Sheena

. o A
‘ and Stiles, 1982). . & X
| Coleorm bacteria and assoc1ated enteric pathogéhs are .
) _ generally "absent from skin, egsept in some spec1al studies . .
*/)_ | of food handlers (Pether and Gilbert, 1971). Staphylococcus

aUPeds is geﬁerally associated with the nasal cavity
f(W1lf:;ms, 1963) but it may be carried on skin as part of . -
the trans1ent mxcroflora (Léﬁbury et aj.. 19643) The
1nc1dence of coagulase positive staphylococci is g?éater
;among meat handlers, with a tendency for these organxsms to
- become part of the res1dent skin mzcroflora (Roskey and
:'Hamdy, 1972; Selxgmann and Rosenbluth 1975). This we;ghs in
favor of the select1on oﬁ-germzc;dal hand washes as opposed

to non germ1c1dal soaps for hyg1en1c hand dzsxnfectxon of

; ‘food handlers. Bacter1olog:cally, 4% chlorhex1d1ne gluconate :

r,.and 1odophor (0 75% ava1lablg iodine) remain the agents of

S n
’gfcholce for thexr better actlon aga1nst re51dent and ~

I




-

‘trans1ent glln bacterza.'

9t

!
The 4% éhlorhe‘1d1ne gluconate product (Hlbzﬂanee) was

I3 -~

elected as a reference agent for th1s study becausf of 1ts

]

use in medlcal practlce. It is probably unsuitable fbr food
handlers in this formulatlon. However, our stud1es w1th 4%

chlofhexrdlne gluconate detergent so%pt1on conflrmed 1ts

«

marked resxdual (substantlve) effect (Sheena and Stl%gs,

o

1983a), and a need ﬁor spec1a1 care in neutrallzlngs1ts

-

,antlhgcterlal act1vrfy for efficacy testlng (Sheena and

Stlles;\1982) Iodophor (0s75% ava1lable 1od1ne) and
equzvalent products w1th relatively high concentratlons of

iodine are used in medical practice and by food handlers.

. There i$§ re91stance to the latter products because of color

and odor, hence the low 1od1ne products, -such as product H

(0.005% avallable iodine), warrant further study.

-

# . :
’ A
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Vi. COMPARISON OF BARRIER CREAMS AND GERMICIDES FOR HAND

. -\7\

a o HYGIENE-
) -

fa \ : ) o
. \
This chapter i's the text ‘'of a paper published by

‘A. 7. Sheena and M. E. Stiles,

Joufﬁal of Food Pfothtidn,46: In Press (1983).
v ’ ! . \' ’_ J : . N

&)

~

© A, Introdub;ion
Considerabie émphasis is placed on hand hygiené in - .
hospitals, nutserles and food handling establishments
(Brodie, 1965; Ojajarvi, 1981; Sellgmann‘and Rosenbluth
1975; Steere and Malllson, 1975) . Hand washing w1th ordxnary _
soaS“Tiowbury et al’. \1964a- Sheena and Stlles, 1983b' '
Sprunt et al., -1973) as well as hygienic ‘hand d151nfect1pn

(Ayliffe et al., 1978; Ojajarvi, 1976; SheenaDand Sti

1982) are recommended to reduce the~number.of microorgan mS"

on hands and to prevent cross—contam1nat10n or infection -
*

(Berman and Knight, 1969). Germ1C1da1 hand wash agents
cpnta1n1ng 4% chlorhexidine gluconate or aodophor w;th 0 75%
'avaxlable iodine effect1vely reduce. the number of bacterxau

;.released from hands {(0jajarvi, 1976; Sheena- and stiles;

‘D -t B . 3

1982, 1983a). Frequent use of germ1c1da1 hand wash agents

o has caused skin ptoblems, 1nc1ud1ng dry skin, - 1rr1tat10n,’

; chapp1ng and dermat1t1s (Food and Drug Adm1nt§traélon, 1974-
f;;Qjaja:v; et al., 1977) @s a result, alternat1ves to these

.‘v‘_f . . v . . l.

.n ‘. f;:Q V “‘ . ‘. ‘ - ’ e.
, SN T 92 A
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4 ' ‘ 't;ﬁ' o
agents have been sought, such as emuilsion-typé soaps

»(0jajarvi, 1981) or sterile pfastic gloves f{Lowbury and
Lllly, 1960 Price’, 1938b). The latteraare not considered
satléfactory because the skin becomes occluded by the glove,

leading to 1ncreased bacterlal counts on the skinn and
N

1ncreased chances of contamlnatlon from pdnctured or cracked
37

‘gloves (Dyett, 1971; Lowbury and Lilly, 1960; Price, 1938b;
' o . oot ’ .
Steel, 1980).

Barrier creams are widely used for skin protection K

¢(Green, 1974° Wedderburn, 1960). hydrophobic barrier creaims

'create a thin,-water repellant layer over the skin

(Wedderburn, 1960). This prevents agueous liquids from

°

contactlng the skin, and may prevent m1croorganrsms from
. [}
h belng released from the skin, ‘Some.barrier creams are

N

formulated w1th germicidal agents, for example benzalkonium ~

chloride (Wedderburm, 1960), to reduce bacterlal §

- \

contam1nat10n of hands. Barrler creams are, generally applled 1
to clean, dry hands, follow1ng’regu1ar hand washlng w1th '
ordinary sdap (Anonymous, 19783 Green, 1974; Wedderburn, e
1960). Althdhgh barnler creams are removed by hand wash1ng .
the1rruse is considered a useful adjunct to\hand washing
(Wedderburn, 1960) o R | | | {
The objectwof thlS study was to compare the ab111ty of
| two commerc1al barr1er creams to reduce the number of |

'

microorgan1sms released from hands Wlth selected germ1c1dal

hand wash agents. - . }':j < e
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B. Materialsmand Methods

Two separate experiments using a replicated 4 x 4 and a
singlé‘7 x 7 Latin Squaré design were done. The sequence 1n

! |

which agentsgwere used by subjects was randomly assigned by
a specified procedure (Myers, 1972). Each subject was
exposed to each agent over tYR period of the experiment;
according to the designs shown in Table 6.1. The agents used

1 ’

in Experiment 1 included: (A) non-germicidal liguid hand

*

soap; (B) iodophor containing 0.75% available iodine ("Tgmed
jodine” Scrube, West Chemicals Ltd., Montreal); (C) '
Protective Hand Cream #311e (West Chemicals Ltd., Montreal)
(barrie; 1); and (D) "Debba” Wet Work Barriér Creame (Deb
h swarfega Ltd., Waterford, Ontario, Canada) (barrier 11).
Agent D was specially prepared by the manutacturer without
the addit}on of 0.5% guaternary ammonlum compound (QAC) as a
bacterial inhibitor. The agents for Experiment Il included
agents A, B, C and D (above), (E) chlorhexidine gluconate
(4%) liquid detergent (Hibitanee, Ayerst Laboratories Ltd.,
Montreal), (F) 1odophor hand wash containing 0.005%
available 1od19e; and (G) an antibacterial sk1n cleanser
conﬁaining 0.3% Irgasan DP 300 in gel.
. -~

Washﬁng procedures in both experiments were identical
and followed ﬁhe methods previously described by Sheena and
Stiles (1982) using 15-s exposure time. Barrier cream was
applied as an adjunct treatment to non-germicidal hand

i - &

washing. Hands were washed for 15 s with non-germicidal

soap, dried, and approximately 0.3 g of the barrier cream



Table 6.1. Latin Square desigﬁs used for this study.

(i) Experiment 1 (replicated 4 x 4 design)

Day I 11 111 18Y
Subjects Agents
11 and 21 B D # C A
12 and 22 A C B D
13 and 23 D B A C
14 and 24 C A D B

Subject

1

2

Experiment 11 (7 x 7 design)

Day I 11 111 Iv \Y V1 VII
Agepts )
C D B F E G N A
\ D B A G C E F
E C D A B F G
G F C B D A E
F G E D A B C
B A G E F C D
A E F C G D B

'Hand wash agents and barrier creams:

A

B

C

Non-germicidal liquid hand soap;

Iodophor (0.75% available iodine);

Protective Hand Cream #311 (barrier I);
"Debba" Wet Work Barrier Cream (barrier 11);

Chlorhexidine gluconate (4%) liquid detergent
(Hibitane);

Iodophor hand wash (0.005% available iodine);

0.3% Irgasan DP 300 in gel.

1

95
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was applied to the clenched finger tips of each hand. In a
procedure resembling the 15-s hand wash technique, the cream
was spread over the hands, and allowed to dry for sp

additional 15 s.

Sampling' was done by finger imprint technigue onto
separate Letheen agar (LA; Difco) plates for each hand
(Sheena and Stiles, 1982, 1983a). Samples were taken before
treatment (Y,), and after treatment (Y,). The inocula were
spread using a sterile, g%ass "hockey stick", and the plates
were incubated at 35°C for 24 h. The mean number of
microorganisms released from the finger tips was calcufgted
ffom the plate counts for the left and right hands after
each treatment.

The persistence of the effect of barrier creams was
measured by finger tip sampling after two additional
treatments: (i) after a 15-s rinse under running tap water
(Y,);: and (ii) after a 15-s wash with non-germicidal soap
(Y,). Based on the results of these experiments, an
additional stud$ was done to determine the persistence® of

‘viarrier cream and germicide treatment effects. Hands were
expoSed to age€nts A to E above, and subjected to 12
consecutive 15-s rinses under running tap water. Finger tip
imprints on LA were done after each rinse. The plates were
handledvas described'ébbve and changes in the counts were
determined relative to the initial number ofﬁmicroorganisms

-

released from the finger tips. A total of ten subjects was

: N

involved in this experiment. Each subjéct used each agent on
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onet occasion during the experiment.

Data were calculated as the ratio of the number of
microorganisms released from finger tips after treatment
compared to the numbef released before treatment. Mean
counts and the mean percentage of microorganisms released
from finger tips were based on the individuglichanges in
count for each subject. Data were anélyzed using 10910
transformed ratios ih a statistical computer package for
Latin Squgre designs (BMDP2V, Biomedical Computer Programs,

\P series, 1979, University of Ca11forn1a Press).

C. Results

The mean number of microorganisms released from finéer
tips and the percehtage released after treatment with tﬁe
barrier creams or germicidal hand wash agents are showg\in
Table 6.2. In both experiments a significant effect
(P<0.001) was attyibuted to treatments. The. barrier treams,
iodophor (0.75% available 1od1ne) and 4% chlorhexidine
gluconate treatments resulted in a significant decrease in
number of m1croorganlsms released. ’fhls is 1llustrated by
the results for Duncan's multiple range test shown in Table
6.3. The other agents, including non- germicidal soap,
1odophor hand wash containing 0.005% available -iodine and
‘the Irgasan DP 300 gel resulted in an increase in the>number“
of microorganisms released from the flnger tips.

Per51stené§ of the barrier creams measured by release

of microorganisms from the finger tips after a water rinse
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¢
¢

fable 6.2. Mean change in cofony forming units released from
finger tips after 15-s hand washing or barrier cream ' °
application. ! ; , .

.

Agent Initial After treatment

’ Number of microorganisms x;O (percen%) 2
' Experiment I < ‘ P
A Control soap 4.6 21.4(155)
B Iédophor 12,2 &;.8( 42)
C Barrier cream I | 7.9 1.7L’41)~
D Barrier cream’ Ll 6.4 - 3.7( 59) .

Experiment II

A Control sgéﬁﬂ ' 'f\“ 8.9 _j3’1(148)
B Iodophor . 1.9 , 6.5( 54)
C Barrier cream I : 9}2 “ t 4.5( 48)
D- Barrier cream II 9.8 RO 6.0( 56) ;
£ Chlorhexidine 7.7 3.8(42) "
F Ilodophor wash 6.8 'l, 7.5(116)
G plrgasan gel - 8.7 / 10.5(126) /
o,

. ExplanationAof product codes given iﬁ‘Tablg 611/

- = Mean counts and mean percentage survivors calqélated from
individual ‘changes in count for eachvsub;ect_afier 15-s hand
- washing or barrjer cream application (Y,) copipared to first

sampling, before treatment (Yo). . /

.
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Table 6.3. Sumahy of Duncan’s mult iple' range test (95%
conf idence level) for differences among treatment means for
15-s hand washing or barrier cream application. ' ? ’

Experiment\ I: C - B D ai A

Experiment II: E C B D F G A

' Explanation of product codes given in Table 6.1.

* Agents underlined with an unbroken line are not *
statistically different at 95%,c9nfidence level.

{
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and a subsequent wash with"non—germicidal soap are shown‘in\
Table 6. 4‘ The analy51s of varlance 1n 1cated a significant
effect (P<0.01) attributable to treatménts (water rinse and
soap wash). The effect df the barrxer\creams was d1m1nlshed
after rinsing with water, and atter‘washing with soap,'the
number of microorganisms released &és’ arkedly inc$eased.
This was confirmedgby_the results for Duncan's multiple
range test shown in Table 6.5. A‘significant increase in the
number of microorganisms released from handsloccurred as a
f;SUlt of the waé%r rinse and soap wash. - o ‘
' Per51stence of the barrier creams and effective -
germ1c1des was studied by determining the change in . number

‘Qof m1croorgan15ms released from finger tips after each‘%f
the twelve consecutzve'hater rinses. The mean percentages of
the number of mlcroorganlsma’released from the finger tips
of the ten sUbjects are plotted in Figures 1 and 2§ The

non- germzczdal soap caused an qncrease in number ‘o

.v- mxcroorganxsms released from finger t1ps. SubSequent ter

A rinses gave counts greater than the initial: numger relea
(Yo) In contrast, a marked reduct1on in count vas observed
after adjunct treatment w1th the barrxer creams. The
reductzon oﬁ th1s effect was confxrmed by the 1ncrease in

number of mxcroorgan1sms released after r1nsxng with water.

‘]? This was more marked w1th barr1er 11 than WIth barrxer I.
”‘However, after 51x rinses the number of mxcroorgan1sms v

J‘

released from fxnger tlps usxng elther barrxer cream was'

’"f}ﬁ equxvalent._ '1:’»'f e ‘é,.fi gt e
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Table 6.4. Persistence of barrier cream effect tested by
water rinse and soap washing after treatment. !

Initial Percent of microorganisms
number ‘ released :
3 released After . Water Soap
Agent v (x10) treatment rinse wash
. ‘ b
Experiment I'
Barrier cream I 7.9 41 . 67 86
.Barrier cream II ~6.4 59 86 106
Experiment II
. Barrier cream I 9.2 . j48 73 ‘92

Barrier cream I1I 9.8 56 . 83 96

\

' See fbotnotes for fdble 6.2

]
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Table 6.5. Summary of Duncan’s multiple r;ange test (95%
conf idence level ) for persistence of treatment effects. ' 2

f . B . . ;

¢ .
Experiment I3 Y, Y, Y; -

Experiment If+/ Y, Y, Y,

' Explanation of codes: Y, = application of barrier cream;
Y, = hand rinse with tap wafer for 15-s; ¥, = hand wash with

non-germicidal soap for 15-s.

1 preatments underlined with an unbroken line are not
statistically different at 95% confidence level..

-
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“0-1
150-

140 -

- 801

Microorganisms Released (%)
3
o
—

| . '
| 7°‘\ ' o \'4\. \5"3\5‘--3/6‘ o
‘ ‘\‘u‘J / \"."—.ﬂ”’
. 601 \ . a ’
o ./ o ' - (]
AV g
) 40 -t T l =Y | S S S )
0T 1t 2 3 6 7 8. 9.0 1 12
39*' o '59"‘“"95‘qm'”'1;*lﬁ.
v ' ' o ' S \ & . .
s "F1gure 6.1, mcroorgamsms relund (petcent‘i rom finger
" tips as a result .of initial non-germicidal llaa &sh -and
. barrier cream applicatxon, folloved by sui:g»nvg vater
' ]tmses. o E
. . -(non-gerncxdal hquid hand soap: : '
@ .= Protective Hand Cream #311 (barricr ﬂ
\ a =."Debba" Wet: Work Barrier Cream’ (hr:ier II)
- ___o-.j-.,initul sample in’ mpling nqucnce, e ‘
T =.sample: taken: a!ter treatunt ‘ be!ore the sequence _

lL,i°£ 'ater¥r1nﬁﬁs-_ﬁgﬁm
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Released (%)

croorganisms

e
Mi

40 .T T 'T. T T T T ’\1 —
0o T 12 3 45 6 7 8 9 10 n 12.
Sampling Sequence

d B
v 4
Fxgure 6.2, chroorganxsms released (percent) from finger -
_ tips -after treatment with germzczdal hand wash agents,
< followed by successive water rinses. ,
\.. ® = Iodophor (0.75% available iodine);
.o Bo= Chlorhexxdxne gluconate (4%) lzquxd detergent
' (beltane) '
' ‘0 = initial sampl in sampling sequence, '
. T = sample taken after treatment, before the sequence
- of water rinses. -

a

e



~

. ~—
. 108
This apparent loss of the "barrier" effect prompted a
similar studykpf the persistence effect of iodoehor (0.75%
available iodine) and 4% chlorhexidine dluconate during
successive rinses (Figure 2). The marked decrease in
microorganisms released is ebparent; hewever, with both
ger&icides a subseduent increase in.counts was obSer;ed.
This was equivalent to the inerease in count observed for‘i’
c - -« B e

barrier cream I. ‘ L
. A

.

D. Discussion ’
| previous studies indicated only a limited number of
germicidal hand wash agents that were likely to reduce the

number of microorganisms released from hands after short

vexpdsure (15-s) hand washes (Sheena and Stiles, 1982,

L .
1983a) The barrier creams used in this study wvere designed
to protect hands from dicect contact w1th m01sture. It was

assumed that they m1ght also prevent or reduce the release

\-of mlcroorganlsms from hands. Since these products are

intended to protect hands from dryness, chapping and

dermatitis (Green, 1974),‘if the release of microprganisms‘ﬁ§

is reduced' a dual protective effect of skin and foods mightl

c : i B
2 s E ' )

be achleved
The barrxer creams reduced the number of mxcroorgan1sms
released from faner tlps,’equlvalent to the most effect1ve

germ1c1de products (1odophor with 0.75% avaxlable 1od1ne or

'14%\chlorhex1dine gluconate), reported in our prev1ous ,<:“i

studles (Sheena and Stxles, 1982 1983a b) Further

-

I

.

]
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evaluation of the efficacy of the barrier creams depended on

r K . 2 : <
their continued prevention of microorganism release from .
finger tips. Water rinsinghwas selected as the treatment to

challenge the persistence of the "barrier". This was

predicated on successive water rinses simulating handling of

foods.

The water rinses reyealed an unexplained difference
between‘the;barrier creams, suggesting that differences :
might occur as a result of product formulation; #wever, the
“two harrier creams gave an equivalent protective effect
after the sixth successive water rinse, and their effect was
similar to that of the effective, germ1c1dal agents.

Wedderburn (1960) used barrler cLeam as an adjunct to

. hand hygiene and noted that a valuable antiseptic effect
could be ach1eved with 0.5% benzalkonzum chlorlde in the
cream In our study, barrfer creams were selected that
specifically excluded antiseptic agents such as QACs. The
marked reduction in microorganisms released from flnger t1ps
suggests ‘the p0551b111ty that effective hand -hygiene and
skin . protection might be ach1eved for food handlers w1th
spec1ally prepared barrier creams Transient bacter1a were

; ,not Spec1f1ca11y 1ncluded in this study, however our earl1er
‘report (Sheena and Stlles, 1983b) 1nd1cated that transient

4

bacterxa on hands are fore readily. redyced than resident

;bacter1a. : . | /~,'

. . 3
{ -~
. - : o
Lo )

I3
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. VII. LOW CONCENTRATION IODOPHORS FOR HAND HYGIENE

» ) -

o -

This chapter is the text of a paper to ‘be submitted for
: publlcatlon in the Journal of Hyglene, Cam@tldge, by

A. Z. Sheena and M. E. Stiles. r T

A. Introdpction
Iodophors havetbeen recomm;nded for use as
~antibacterial agents for many purposes,_including hand
dlSlhfeCtlon (Shelanski and Shelanski, 1953) Davis (1971)
in g rev1ew of the use of 1odophors 1n food and beverage
manufacture, reported that 1odophors are su1table fey hand
hyglene Several studles on the germ1c1da1 efflcacy of.
1odophors have evalJZted the effldlency of hlgh
concentratlon (0.75% available iodine) products (Dav1es et
al., 1977;’goress, 1962; Ojajarvi, ﬁ976;.Petersqn et al.,
- 1978; Van der Hoeven! and Hinton, 1968). Ear%ier'studies by
Sheena and Stiles (1982,1983a) indicated that the only.q

s I
effective hand wash agents&for the reduction of the resident

L

- skln mlcroflora released from hands after washlng were an
1odophor hand wash contalnlng 0. 75% available 1od1ne and 4%
chlorhexxdxne gluconate 11qu1d detergent. Slmllarly, the

tran51ent mlcroflora (E coll) 1nocu1ated onto hands in ®

.® o .

ground meat was more effectlvely reduced by’ these two agents R

than by other agents tested (Sheena and Stlles, 1983b)

0

g
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élthough the 4% chlorhexidine gluconate product might be
acceptable for use 1n food ha ling, its principal
orientation 1s for hSSpital ybke. The i1odophor products were
also developed for hospital use, but they have been more
broadly adapted for various agricultural and food handling
applications.

lodophor products containing 0.75% iodine create some
user resistance, because of odor and color ot the product
when it is applied to the skin. As a result, a new
generation of low avallable iodine iodophor products have
been developed (Berkelman et al., 198z2; U. S. Patent, 1981) .

{

One of these products was included in our earlier studies
(sheena and Stiles, 1983a,b,c), but the results achieved
were equivocal. The igééphor product containing 0.005%
available iodine was not signiticantly different from the
0.75% iodophor product under some conditions, but this could
not be generally concluded (Sheena and Stiles, 1983a). In
seeking a germicidal hand wash agent for food handlers, the
testing criteria were: that the agent should reduce the
number of micrOOIganisms'releasedgé;g@ hands; that transient

microorganisms inoculatgd onto handsg should be more
effgctively reduced by the agent than by non-germicidal
soap;qand that products should be readily accepted for use
by food handlers.

The objective of this study was to determine the

efficacy of a range of iodophor products, containing 0.75,

0.5, 0.3, 0.1 and 0.005% available iodine compared to a



non-germicidal soap and chlorhexidine gluconate liquid
detergents containing 4 og 2% active ingredient.

°
B. Materials and Methods

The methods used in this study were similar to those
described in an earlier study by Sheena and Stiles (1983b).
A repeated 9 x 9 Latin Square design wa; done, using’
different subjects in each of the experiments. The sequence
in which agents were used by each subject was randomly
assigned by a specitied procedure (Myers, 1972), and each
subject was exposed to all of the agents over the course of
the experiment. Subjects used the assigned agent for one
15-s exposure using a standardized hand washing procedure
(Sheena and Stiles, 1982). There were three testing days per
week (Monday, Wednesday and Friday) so that three products
were tested on each subject, eath week.

The nine agents were: (A) non-germicidal liquid hand
soap; (B) and (C) chlorhexidine gluconate 4% and 2% liquid
detergents, respectively (Ayerst Laboratories, Montreal,
Canada); (D) to (H) iodophor hand wash agents containing
0.75, 0.5, 0.3, 0.1 and 0.005% available iodine,
respectively, (West Chemicals Ltd., Montreal, Canada); and
(1) tap water.

Hands were contaminated with E£. coli and Pseudomonas
fluorescens that had been inoculated into ground beef to
give 10¢ and 10’ c.f.u./g, respectively, for the first

experiment; and 10’ and 10° c.f.u./g, respectively, for the

4 ) "\ Q
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second experiment. Counts were increased in the second
£

experiment to give an increased level of contamination of

) |
the test organisms on hands. The ground beef was checked
each day to determine its microbiological guality, including

total aerobic plate count, coliform, E. coli, P. fluorescens

and total "gram positive cocci™ counts. The levels of E. = «

coli and P. fluorescens inocula in the ground beef were also
determined. The inoculated ground beef was dispensed 1n two
50g amounts in separate sterile petri dishes for use as the
inoculum for the finger tips.

Subjects rinsed their hands with 5 ml of 951 ethanol
containing 1% glycerol, and hands were rubbed together until
dry. Finger and thumb tips were pushed into, and held in the
ground beef inoculum for 5 s, and the inoculum was \
distributed over the hands by rubbing up to the wrists,
until the hands were dry. One of the hands was randomly
selected for sampling:for the initial count (X,), by rinsing
in 100 ml letheen broth (LB, Difco) in a plastic bag (28.5 x
12.% x 7.5 cm, 25 mil, Polyrama Plastics Ltd., Edmonton,
Canada) using the standard hand rinse method (Sheena and
Stiles, 1982). Hand washing was also done according to
standardized procedures that were previously described
(Sheena and Stiles, 1982). After the initial sample (X,) had
been taken, the hand was rinsed under flowing tap water to
remove residues of LB. The sample after the 15-8 wash (X;)

was taken from the alternate hand by rinsing in LB. Subjects

rinsed their handg with the glycerol in ethanol solutien

1



after the sampling period had been completed.
Bacteriélogical testing of the hand rinse samples was

done by plating in duplicate onto the folloying Difco, media:
violet red bile agar (VRBA), Pseudomonas agar F (PAF) Pnd
Baird-Parker medium (B-P). The X, LB sa;ples were plated
without delay onto the agar media; howéver, the X, LB
samples were plated after they had been held at 20°C for 1.5
h, for resuscitation of injured cells. VRBA plates were
incubated at 45°C for 24 h, B-P plates at 35°C £or\48 h, and
PAF plates at 20°C for 72 h. .

. The data were calculated as ratios of the number of
microorganisms released from hands after washing, compared
to the number releaged before washing. Mean counts and
percentage mean-reduction or change in number of
microorganisms released from hands were based on individual
changes in count for each subject. The data were analyzed
using 1ocj10 transformed ratios in a statistical computer
package for Latin Square designs (BMDP2V, Biomedical

Computer Programs, P-Series, 1979, University of California

Press).

C. Results

The available iodine content of the iodophor germicides
was confirmed by titration. Most agents contaiﬁed a slight
excess of available iodine, compared to the manufacturér's
listed concentration, however the 0.005% p%oduct contained

0.01% available iodine (see Table 7.1).

AN
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Table 7.1. Available iodine concentration of iodophor
germicides for hand hygiene. ; ’

Manufacturer's Titratable: Percent
label iodine difference'
(%) (%) '
0.75 0.78 4.0
0.5 : 0.56 12.0
0.3 0.32 3 6.7
0.1 | 0.13 30.0
0.005 . 0.01 -~ . 100.0

'Percentage deference bewtween titratable iodine and
\

manufacturer's iﬁdicated iodine concentration.

.
x\
v _ .
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" The mlcrobxolog1ca1 techn1ques allowed three microbial
parameters to be measured, 1nc1ud1ng E coll onAVRBA.
" fluorescens on PAF and M1crococcaceae-type_ resident'
bacteria on B-P med1um.
The reduct1on of E.-coli on hands as a result of

exposure to the hand wash agents is shown in Table 7. 2. All
agents, including nonrgerm1c1da1-soap, gave a mean reduct1on
in E, coll of greater than 95%: The tap vater rinse,
‘however, resulted in less than 80% reduction in E. coli
Analyses of J&riance 1nd1cated a 51gn1f1cant effect
(P<0.001) attributable to agents. The Duncan's mu1t1p1e‘

range test {95% conf1dence levels)\for\dlfferences among

treatment means are shown in Table 7.3. Sllgh\\aréierences
\

.

~—

were observed'between the two exper1ments. In.bbth cases, .
however, all agents gave a 51gn1f1cantly better reductlon in
E. colf than thk tap water rinse. The greatest decrease in

E. coli was observed w1th 4% chlorhexldxne gluconate 11qu1d
detergent and 1odophor conba1n1ng 0. 75% avaxlable 1odlne. In
exper1ment I, these products were 51gn1f1cantly better than
non- germ1c1da1 soap and 1odophor conta1n1ng 0. 1% available
'1od1ne. In exper1ment 11, the chlorhexidxne (4%) and

1odophor (0 75%) were szgnifxcantly better than all other
agents. - . R |

: The equ1valent data for P fluorescens are shown 1n
Tables 7 4 and 7. 5. Washlng hands w1th any of the agents,»"; o

~1nc1udzng the non-germ1c1da1 soap, resulted in greater than

‘_490$ reduct1on in P fluorescens. Only the tap water r1nse »lej
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Table 7.2. Effijcacy of germicidal hand. wash agents against
Escherichia coli artificially inoculated onto hands from
ground meat (based on count gn VRBA medium) .’

Experiment I \Experiment II
Agent v Initial Count Initial Count  °
‘ count after 15-s court after 15-s

wash \ wash

, . \ | :
mean count x102 (%)  mean coynt x10° (%)
3 X

A. Control Soap 4.8 0.2 (95.5) 5.0 6\2 (96.3)
B. Chlorhexidine (4%) 5.5 0.1 (98.0) 6.0 o.BQ“(ge.s)
C. Chlorhexidine (2%) 5.0 0.2 (97.4) 6.0 0.2 \(97.0)
D. Todophor (0.75%) 4.6 0.1 (87.9) 6 0.05 (99.2)" .
E. Iodophor (0.5%) 3.9 0.2 (96.4) 1 0.1 (9N\9)

0.2 (97.

F. Todophor (0.3%) ' 5.0 0.2 (96.3)

G. lodophor (0.1%) 5.0 0.3 (95.2) .2 0.1 (97.9)

L]
w

H.  Jodophor (0.01%) 5.0 0.2 (96.3) .3 0.2 (97.3)

1. Tap water 4.1 1.1 (72.1) 4.6 1.0 (78.4)

' Mean counts and mean percerftage reduction in number of
bacteria inoculated onto hands are based on individual

changes in count for each subjéct.



Table 7.3. Summary of Duncan’s mul trple range test (95%
conf idence level ) for differences among treatment means -
(based on count on VRBA medium).® * ,

Experiment k: | . . .
' B D CETFHAG I

Experiment II:

; D BEGTFHCAI

‘For key to product codes see Table 7.2.

U i .
1pgents underlined with an uribroken line are not
statistically'different at the 95% confidence level.
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rTable 7.4. Efficacy of germicidal hand wash agents against

‘Pseudomonas fluorescens artificially inoculated onto hands .

from ground meat (based on count on PAF medium).'

Experiment I Experiment II
Agent Initial Count -Initial Count °
count after 15-s count after 15-s
wash . wash

mean count x10? (%) meah couht x10° (%)

A. Control soap 5(0 0.4 (92.8) 3.0 0.1 (96.5)
8. Chlorhexidine (4%) 6.2 0.1 (98.8) 4.0 0.04 (89.1)
C. Chlorhexidine (2%) 4.7 0.2 (95.6) 3.6 0.1 (9;.1?
D. Iodophor (0.75%) 5.7 0.1 (98.8) 3.4 0.02 (99.5)
E. lodophor (0.5%) 4.9 0.4 (95.4) ~ 3.2 0.06 (97.8)
F. Iodophor (0.3%) 6.2 0.6 (96.1) 3.5 0.1 (97.4)
G. lodophor (0.1%) 5.2 0.3 (9a.1) = 3.3 0.1 (97.2)
H. Iodophor (0.01%) 5.4 0.4 .(93.2) " 4.1 0.07 (97.8)
1. Tap water | " 4.1 1.5 (63.1) - 3.0 6.9. (71.3)

' gee footnotes to Table 7.2.

R

R
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Table 7.5. Summary of Duncan’s multiple range test (95%
conf idence level ) for differences among treatment means
(based on count on PAF medium).' *

Experimeﬁt I:
‘B D F C E G H A I

Experiment II: 4 .
: D B EHU F G C A 1

o ———————— n

'For key to product codes see Table 7.2.
:pgents underlined with an unbroken line are not

statistically'different at the 95% confidence level.



failed to achieve a 90% reduction in P. fluorescens.

Analyses of variance indicated a significant effect

(P<0.001) atéributable to agénts. This was contributed in
part by the Qifference between the tap water rinse aﬁd handy,
wash treatmeS&s, however 4% chlorhexidine gluconate liquid
detergent and iodophor containing 0.75% available iodine

were generally significantly better. than all other agents.
In experiment 1I, 4% chlorhexidine gluconate was not‘
significantly better than the lodophor agents containina\O.S
and 0.01% available iodine. . .

The change in 'resident’ micr organisms released from
hands as a result of the 15-s waslf are shown in Table 7.6.
The mean percentage change in numbrr of‘microorganisms
released from hands increased with the non-germicidal soap,
the tap water rinse and iédophor products containing 0.1 and
0.01%. For some agents there wereemarked differences between
subjects, for example with 2% chlorhexidine gluconate, 7
subjects had decreased counts while‘10'subjects had
increased counts and one pad no‘change as a result of
washing. In contrast, with 4% chlorhexidine gluconate 15 out
of the 18 subjects had decreased counts of microorganisms
released from hands after washing (2 subjects showed no
change in count), with }odophor containing 0.75% available
1od1ne 10 out of 18 subjects had decreased counts (4
subjects showed no change in count) while washing with the
nonfgefmicidal soap resulted in 14 out of 18 subjects had

increased counts (3 subjects showed no change 'in count).



Table 7.6. Mean count and percentage change in residual -type
Micrococcaceae colony forming units released from hands
after Use of germicidal hand wash agents, measured by growth
on Baird-Parker medium (based on count on B-P medium) .’

Experiment I . Experiment II

Agent Initial Count Initial Count
count after 15-s count after 15-s

wash wash

mean count x10? (%) mean count x10° (%)

A. Control Soap 2.0 12.6 {(166) 1.8 3.2 (167)
5. Chlorhexidine (4%) 1.5 0.8 (46.4) 2.6 1.4 (46.8)
C. Chlorhexidine (2%) 2.7 1.9 (69.5) ‘2.0 1.8 (95.8)
b. Iodophor (0.758) . 1.2 1.0 (73.5) 1.3 0.8 (68.5)
E. Iodophor (0.5%) 2.1 1.5 (72.4) 0.9 0.6 (68.8)
F. lodophor (0.3%) 2.3 1.5 (60.8) 2.1 1.2 (57.2)°
G. Iodophor (0.1%) 1.4 2.1 (148) ~ 1.2 1.5 (130)
H. Iodophor*(0.01%) 2.0 2.2 (109) 1.7 1.4 (77.0)
1. Tap water o 0.8 1.8 (227) 1.2 2.8 (24b)

n counts and mean@percentage change in number of

jria released from hands are based on individual changes

ounts for each subject.



Analyses of variance indicated a significant effect
attributable to agents (P<0.01). The results of the Duncan s
multiple range test are Shown in Table 7.7. Differences,.
betwe?n agents were less distinct for the resident
microflora than for the transient microflora (see Tables 7.3
‘and 7.5). The only differences that’céh be intérpreted for
these daté are that the 4% chlérhexidine gluconate wash
significantly reduced the numbe}.of resident microorganisms
released, compared to non-germicidal soap, iodophor
containing 0.1% available iodine and the tap water Pinse.
Iodophor containing 0.3% available iodine significandly
reduced the number of microorganisms released from hands
comparéa to non-germicidal soap and the tap water rinse.

. .

'However, there was no significant difference between the

iodophor products.

D. Discussion

Many Studies on the efficacy of éermicidal agents fof
hand hygiene have used the resident microflora of tﬁé skiﬁ4
‘as the basis for evaluation. Ojajarvi (1950) ehbhasized the
importance of the transient microflora in such evaluations,
" because of the1r significance t6 the ‘transmission of
pathogens. Ip this study, an attempt has been mgde ts
consider bothvthe re51dent and transient microorganisms.
Potentlally pathogen1c or 1nd1cator mlcroorganlsms ar;
mrepresented by E. Coll and potentlal spoilage mlcroorganlsms

-

 by P fluorescens. Although resident mlcroorganlsms might



Table 7.7. Summary of Duncan’s multiple range test (95%
“conf idence level ) for differences among treatment means

(based on count on B-P medium).‘ 2
O

Expériment I o
B F C E D H G A I \

‘Experiment II:
B F D E H C G A 1

" For key to product codes see Table 7.2.
* Agents underlined with an unbroken line are not

statistically different at the 95% confidence level.
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include SraphyIOCOCCUS aureus, most resident skin N
microorganisms detected by aerobic culturing technigues are
t%e non- pat hogenic, Micrococcaceae type bacteria that would
be expected to grow on Baird Parker medium for S. aureus
(Noble and Somerville, 1974: Sheena and Stiles, 1982: Stiles
and Ng, 1981). As a tesult, £ . colfi and P. tluorescens vere
inoculated into meat 1o contaminate hands, and samples wele
cultured not only onto selective media for £. coli and P.

f luorescens, but also onto Baird-Parker medium.

A washing time of 15 s was used in this study, because
it was considered more likely fo- represent hand hyglene
practice in food handling than the longer 30 s washing time
used in many hand hygiene studies involving hospital workers
(Aylitfe et al., 1978; Lilly and Lowbury, 1978; Lowbury et
al .. 1964a; Ojajarvi, 1976). Ojajarvi (1980) also used a
15-s wash in a study of hand hygiene of nurses, beceuse 15 s
was observed to be more representative of hand washing times
in ward practicéf A water rinse was included in our study

because many food handlers were observed to forego a soap
A

wash in favour of a brief water rinse. B
i . N

The study was designed as a repeated 9 x 3 Latin
Square, using different subjects for each experiment. The
only other change 1n the second experiment was a ten-fold
increase in the number of E. coli and P. fluorescens used to
inoculate the ground meat, and hence thé hands. This
resulted in an increased sensitivity of the test, from

oy

95-99% to 99.5-99.9%. The repeated experiment served as a
: L

o

N
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useful confirmation of the data. The reductions of E£. coli
and P. fluorescens and the changes in number of 'resident’
microorganisms released from hands after washing were
consistent with earlier observations (Sheena and Stiles,
1983b) .

Chlorhexidine gluconate (4%) liquid detergent
(Hibitane) and an iodophor hand wash containing 0.75%
available iodine (Prepodyne or "Tamed lodine Scrub™) had
been shown to be etfective against both of these transient
bacteria (Sheena and Stiles, 1983b), and they also reduced
the number of (resident) bacteria released from hands after
short exposure hand washing (Sheena and Stiles, 1982). They
we;e the only agents tested that met the criterion of
reduct 1on of both transient and resident microflora released
from hands after washing. The iodophor product containing
0.75% available 1odine arouses some usSer resistance, because
of its strong odour, colour and short term staining effect.
As a result, a ney generation of iodophor products, with
lower availablé\iodine contents have been developed (West
Design Chémical Group, West Agro-Chemical Inc., Westwood,
Kansas, U.S.A.). These products are intended to overcome
user resistance to iodophors. ~

Earlier‘studies, incorporating an iodophor with 0.005%
available iodine, gave equivocal results (Sheena and Stiles,
1983 a,b). Diluﬁe preparations of iodophor solutions were
shown to be more effective against certain microorganisms

than high concentration (10%) solutions in in vitro studies
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(Berkelman et al., 1982). New iodine germicidal compostions
with low available iodine contents down to 0.01% have been
patented (U.S. Patent, 1981) for various purposes including
germicidal hand wash agentgl A range of iodophor products
with available iodine concentrations ranging between 0.75
and 0.01% were incluged in this study to determine their in
viva efficacy, according to the system used in our earlier
studies. A 2% chlorhexidine gluconate liquid detergenft
which is used in general hospital hygiene, was also
incorporated into the study as a possible alternative to 4%
chlorhexidine glucon;te or the 1iodophors.

All agents markedly reduced the transient bacteria
inoculated onto the hands. Only 4% chlorhexidine gluconate
and iodophor containing 0.75% available iodine gave improved
reduction of E£. coli and P. fluorescens compared to the
other agents. With all other agents significantly better
than tap water, but not significantly different from
non-germicidal soap, the value of intermediate and low
concentrafﬁgn iodophor products, as well as the 2%
chlorhexidine gluconate product, might well be guestioned
compared to use of a non-germicidal sodp. The |
differentiation of the products could rely on control of the
resident microflora.

‘Unfortunately, the counts on Baird-Parker medium‘as a
measure of resident microflora were not clear. It appeared

that the non-germicidal soap and the lower concentration

jodophor agents were egquivalent to the water rinse, actually



125
£
g

increasing the number of microorganisms released from hands
after a 15-s wash. However, many other agents, including
iodophor agents and 2% chlorhexidine gluconate were not
significantly different from 4% éhlorhexidine gluconate in
their effect on thel'resident' microflofa. The Baird-Parker
mediumscounts, representing the resident-type microflora,
had a high variance, making the distinction between products
difficult. This differed from earlier results (Sheena and
Stiles, 1982}, ig which the resident microflora was tested
by pl?ting onto a non-selective growth medium. The high
variability of the data for resident-type microflora on.
Baird-Parker medium and use of a non-selective Tigium
requires resolution. The results of this Study/&nd}gete that
the best choice of hand wash agent would pé a% chlorh?xidine

gluconate liquid detergent or iodophor cdntaining 0.75%

available ieodine.



VIiII. CONCLUSIONS

Hand washing is an integral part of sanitatilon
programmes® for food handlers. It is necessary, not only to
reduce the possibility of contaminating foods with potential
pathogens and spoilage microorganisms, but also for
aesthetic reasons. It is often assumed £ha: any hand
germicidé will ?chieve the required control of
microorganisms on hands. Iﬁdeed, this expectation may be
heightened by the requirement for germicidal hand wash
agents 1n Canada to carry a Drug Identification Number
(D.1.N.) issued by National Health and Welfare. This
registration relies more on in vitro test results than in
vivo efficacy test results. D.I.N. registration, therefore,
is not an assurance of an efficacious product. .

The probiem is further influenced by the fact that haﬁd
washing for food handlers differs markedly from the rigid-
requirements for surgeons in preoperative scrubs or for
nurses in control of cfoss-infection-of high risk patients.
Nonetheless, nurging practice can be more closely identified
vith food handling requirements than surgical practice. Many
studies of nurses have involved relatively loﬁg wash times,
from 30 seconds to 2 minutes duration. Such times wouid be .
cons1dered impractical for food handlers, and Ojajarv1
(1980) reduced the exposure time in a nursxng st%dy to 15 s,

"because the average washing time in wards is ¢loser to that

126
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time" )

The best method of sampling hands for bacteriological
analy51s remains unresolved. The finger tip imprint
technique and the hand rinse method used in these studies
are known to represent a small percentage of bacteria on the
skin. A study by Selwyn and Ellis (1972) indiceted that 0.2%
of bacteria were released by a direct aéa%_contact
technique. However,'the criterion for jud%ing efficacy of
germicidal agents was not the reduction of the bacteria on
the hands, but the reduction of the numer of bacteria
released frOm,hands.after washing. The sampling technique
(finger tip imprint or hand rinse) used/in these studies was
selected qecording to the design and nkeds of the
experiment. In the first experiment, both sampling
techniques were used. The bacterial counts"frem the two
methods were not highly correlated, however;§gents that were
considered gbod\by the one sampling method were\similarly
good by the o;heé\sampling method. Over the series of i

\
experiments, the megﬂods used were judged to be sutcessful
because of their reproduc1b111ty -} \\

In studies of the resident microflora on hands, letheen-
agar (Difco) was esed to sample and grow the bacteria by the
finger imprint technique, and letheen broth (Difco) was usé&\
as the rinse in the hand rinse technxgue, and dxlutlons were\
plated onto standard plate count agar (D1fco) 'The use of
- letheen agar or broth was shown to neutrallze the active

compounds in the hand wash agents. The‘bacterxa able to grow

\
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under these conditions would be the aerotolerant mesopha}es.
The majority’bf the bacteria growing on the plates after.the
washing tgchhiqueggwere the Micnocéccaceae-type bacteria,
associatéd &ith the resident aerobic microflora of the skin.
Studies of transient bacté}ia inoculated onto.hands
involved the use of relétively large numbers of bacteria and
seléqtive media for the detection of these bacteria. As a
result; non-selective media could not be used to determine
the changes in resident microflora released from hands at
the same time that transient bacteria were being monitored.
The‘use of Baird-Parker to monitor the Micrococcacéae—type
resident microflora gave similar results to earlier studies,
but the variation in the aatq between subjects resulted in
the data having a higher variance than previously observed.
The value of Baird-Parker medium to‘monitor the
fesident-type‘microflora requires further study.
Throughoutrthe.stﬁdies, the most effective agents
against resident and transient microorganisms wefe 4%
chlorhexidine gluconate and iodophor containing 0.75%
available iodine.-These agents generally‘gave a
statistically significant :greater reduction ih number of
bacteria released from hands compared to other agents. The
4% chlorhexidine gluconate product also had a residual
effect, significantly reducing the number of bactéria
o releaséd from hands with successive hand washes. Other

agents, with active ingredients that 1nc1uded Irgasan DP

-300, para-chloro meta-xylenol (PCMX), trxchlorocarban111de

?
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or trlbromosallcylanlllde, in various formulations, were in
general no better than a non- germ1c1dal soap wash. This also
applled to low ‘and intermediate strength 1odophor products
and a 2% chlorhexidine gluconate product. Because the
evaluation of the latter agents against the resident
microflora depended on the growth of this microflora on
Baird-Parker medium, the results cannot be considered
conclusive. |

The use of hand dipping procedures as a method of hand
hygiene was tested with quateruary ammonium compound‘(QAC,
930 p.p.m.), hypochlorite (50 p.p.m. available_chlorine) and
jodophor (25 p.p.m. available iodine). ‘Hand dipping was not
considered as valuable as the hand washes to achieve
. rednction in microorganisms released from hands, however the
QAC dip did show some improvement over othef dip techniques.
In contrast, the use of protective barrier creams on hands
showed that they might be a means of controlling bacteria
release from hands. The use of these agents as an adjunct
for hand hygiene requires further study. h

The 4% chlorhexadlne gluconate liquid detergent
(Hibitane e, Ayerst Laboratories, Montreal) is a product
nproduced for hosp1ta1 and clinical use. At present its cost
might be a 11m1t1ng factor to its acceptance for use by food
handlers. The iodophor prqduct containing 0.75% available
- iodine (Prepedyne dr'"Tamed.iodine Scrub” o, WesydChemicals'
Ltd., Mont%eél);is also a product used for medical practice

(Prepodyne), but it is aléo‘nafketed for use by‘food‘,
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handlers ("Tamed Iodine Scrub"). The iodophor product
creates some userifesistance, recorded in our studies, as
well as by other workers (Davis; 1971; Saggers and Stewart,
1964). Further stddy of ‘the intermediate strength 1odophor
products as well as the 2% chlorhexidine gluconate product
could be valuable for conclusive recommendations regarding

hand germicides for food handlers.
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