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Summary

2O [EEBEBICHIIFRELEDL-ODOHA FT1] 3 EBRBICHEIZFRVE
FEHEBICOVWTDT—2&5FA L. MAT. FEELEEOASEBEL. ERORFICHV
TREXERXZ v INORBEMENDEEERD S LB -0 DERNEE LTI, ABRET
I$. 19855FMNDCDCAH A KZ 1 > (Garner JS, Favero MS. F 3 & REERIBEEED /=0 DCDC
B4 KZ1 >, 1985%. Infect Control 1986 ; 7 : 231-43) &£1995FAPICH A KT 1 >
(Larson EL. APICH 1 K51 >FE8%. EEFBIZE 17 B3F 0 EFIEHED =HDAPICH
1 KZ 1>, AmJ Infect Control 1995 ; 23 : 251-69) HWH I h/-BICEKRIh/-ARER %R
Tl EEREEOFRAEFECHEEINIFRVAENVERIZ Y 7ICL)BFEA TV
B0, Tl BFRICVIFAOFEBEE5Z5ERICOVWILE2— LA, ZA—INXN=ZD
FRELEVLZDOAKICE IR E. ZTOFEAICEIEERARERIBNI EICDOVWTOH L
ERRICOVWTHLEL— L, REDMEICLY . FOHFEERDIEICHATZ7OE—Y
3>7077 LOMENGHEE FHEFEEROVEDH BIFTOTILI—ILN— DY)
RARFHEFERZOBENLREICOVWTHEL A ELE > TWVWD, BERIE (FiifFFIEEE.

O—>32®0U—4, DIHMOEHRLE) (ST 28IEHECHE L 1,
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Part 1. Review of the Scientific Data Regarding Hand Hygiene
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Historical Perspective

BEREKICEDFRND . FREEOFEFEE L
T ICH b EA5NTEE (1), FiEHES
o TFORSEEFTOEVIEZAAIF. $F5<
1otHiCHIBRICHIR L 2B bhbh B, 1822F(CIET T
IZ. 77 ZDEFMMHIE S5 LBV —FE2ETER
. EEDPSOERREHTMRIHY . 25 LIBR
EIRIBESET CENESEC L (HERTE 32 L%
AL TW3 (2), COEFIEDIF £/, 1825F (T
RULRNIC, ERREEEHEYT IERMPZOMD
25y 7N BRILEMBRICFERTIEOFRAM
ICDVWTHRRTWS (2),

Ignaz Semmelweis|E1846F (7 1 — > DI ERMT
B—T )=y VOEFEREMDNEAICLDIEL
FERORECTERS B2y VTEEDNRAIL
£BEFBLVDB—EBLTHEVWCEICEBLE 3, A
ERTE. BEIEDL SERANCEBEMICIE. ERIY
ZyJICABHICARBREKTFEVNE LEZICHEP DD
SYFICERNTZ->TWVWB I EIEFRE L. ZL DER
DEFEHOREIE. ChSEZEXEMOFEEL
T, BEEDL SEBMANCERIN: [EAENT] Th
% ERTE L 7=. SemmelweisiE T TICHI S h T -1
FIEEMOBEREERERULIC U T, 1847FE5A ) T,
TVZy 7ICBWTEEERXDh - EEFZE CERMIGIE
RBRCFOREETOLIICEFA - CThICEWEE
—J U=y VDERDODFETRIIEIMICSKD L. ZTDR
RURBMECHEDIE>TRERVWEEHBELE, 2D
SemmelweisiC & 2 Ald. BERB CFIEHEEEEE
STULopN EFREHEBTHIEY ., HEDSRAIRE
KIZEBFRNLY & LV HRMICEBBEEDZLER
DI ERVEEDZ EERTRMDIHE & > T
%,

1843 (1. Oliver Wendell HolmesH ¥ B IC. E
BHIIEBRREEOFICLVILASINS EMEHL -
(1) Holmesl3 Z DK &I Z 3 7= DFE % wAL

L7z, HOBERIEFEROREKICEHTTEE
5z%ho7, L L. Semmelweis&HolmesD Z 5
UMBIEICEALZREDORER. FhVIE. EFERE
ICHTBRERDIGEIBELET 2 - DHRHEELF
BOUVEDELTHRAICRITIANRSNEZ LD ICH S
7=

1961F (213, REARBERY . EREESERD
FHREONDAECDODWTEHR LML —Z2T T 1V LA
EER L7z (4), i, EEREEIBRE COZEHRO
AIRICI~2DERREKTFEVET>L28E S
THY ., FIEESETFEZIITCIER. FEVEY
HBMENLDZEEL SN TV, FIEEEEOFERIG
BRDHZEXFAEVADORELE (V27D ) OF
WATTOAHERZIh T,
19755 £ 1985 (CCDC & V) . fR/RRICH 1T B F AL
BEICETIERGHA RZ1 o ERS L (5
6o COHARFIALTIE, BEEEMTIITIEALE
DIFEE Z DEMOFIRICHEEDA > TWVWE VARR
TFehkn. REHFRERLAY. NMTUXTEE
DIr7EFTORRICIIMEEAVDORRTFEED
EEWELTWE, £ RKERAVWVEVWFEESE
(ZINA=IWNXN=ZDBHKRE E) OFERIE. RLED
WA THOAHEREI N T,

1988F £1995F (C 13, BEAEREFHEMRBS
(Association for Professionals in Infection Control
/APIC) 5. FHRWEFHESICEATSZI AR
PHRKINE (7,8, HEINDZFRVWAER.
COCOAA R4 U =DHDTH > 7= 1995FIC
EAPICOA A RZ4 24, 7IO—ILX—XDFIE
BEHBICOVWTEFMLEERZEML . LEIDA
1R THELAZSEE LY HEVERKRDE TOME
HEXHEFL /-, 1995F £1996F (C 1k, EEBRAEE
#EMZEES (Healthcare Infection Control Practices
Advisory Committee/HICPAC) #. ZHIMMKRER

[BEEREF Z]

1 EERL D SIS S UERIIC. EEORUBICAE U MEMEOMERNERRE, BREICIIERIOBE £ TIC2AMLIEISE > T38CRIENR
BMERLABE. ERBRELTVE, ERRFICEHUABRBAPBEBRREL ERE LV, LOYBESLITT RIBE, 77 LBEEREL

EPRRBEEL B,
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FESEERIE, R ER

(INraxAa Y CMEBEE [VRE] X F21 Uit
MEET KUBE [MRSA] #¢&) ODEBEDRELH
BHIC. MERBPEKFIRESECSLVFOHESE
TOCEEHELTVD (9 100, 2hHDAA KT
T W—FLDBET T2 EH. ZDMOERKIR
BICHEFIFREVEFRBESCOVWTHEHEET-
7=o APICEHICPACD A KT 4 > I3 KFEDIRRE THE
HahTuway, EEREEDEFEOHEFEVAE
DEFIIENVEETH-7 (11,12),

CORBFTOREDERARIBE & > T, FHEEE
ICET3RFNT—20RE L. EEBFICHEITZF
EHEREERETD-DDHLWAHA K14 > DE
B fTbhiz, COXBAEE ZhIFHBET 281515,
HICPAC. KEE®EZFF% (Society for Healthcare
Epidemiology of America/SHEA) . APIC. KEBEIE
%% (Infectious Diseases Society of America/IDSA)
DKL OB FIEEICETIEERRICLITH
hi=

REREER

Normal Bacterial Skin Flora

FIHEBENDIZ LT AT77O-FOENEERT
3701013, EEEEREOHRIEIRARTH D, BE
ABDEEICIEHEIERE L TV, BEDBARICE
ST, FRAMEOMRBHBIIRL S (BE—-1X
10°CFU (DB = - EM) /cm?. lRE—5X
105CFU/cm2, FE3EF—4X10CFU/cm2, HifE—1X
10‘CFU/cm?) (13), EEX 2 v 7 DF O EHEMAR
Tk, 3.9X10D 5AXI10E TDENI H S (14-17),
1938F. FHLHEMI N3 MR L. BBE & FEAER
D2ONAFI) =R o5nT (14, KEOXRE
BIiEET2RBEIE. L—FLOFEWVICL- TR
ELXTVHDTHD, 25 LEEIE. BEEDERE
DEMXP, BEDELICH D FLEINRE@E DIE

BCEy ., EEREEICEET S, RBEIEREICE
EUABEIIRDZEAETIHENTH D, KED
SNRVBIZHEL TV EAEREIE. EB8EICHEN
TRETIOREHZTIELE WV, MAT. BEERZ (2
TTI—ERMET RIBRE. BTV TREE) 1.
EEICREL ABREICEBET S L3P, EER
EEDOFICIREMME (FeJ FIHRELGE). 7
T LEMERE. BEORER L ENBATLIERL
TW3EEZLSNTVWS, BABATREE. BEE
BEOBIIELILS 22 H B3P . —A—ANERB &,
ZOEUEEVWFEVW—ELTWBZ EPAREICLY IR
LA TWB (14, 18),

[BEEREF E]

*2 Y7717 (diphteroid) : E#ih 5 < ABEI N B2 77U THEERLU. AURNIFUILERADOEY 77V T7H. tO—-YXEAEEE

B{U. YI7TUTHEREREET B,

3 BEHEE REMEREETEZEN L VABEDL S 593 (budding) IC&-> THEET ZBBEER . LHEBOEE - ARKOFTRKIC L
STHETIT7IANIVFILZIBEDEL ) BRIREN H 5, BEKERORRNARIZH >V H 7IVEH > X (Candida albicans) T&H %,



B8 FEEEORENT—Y(CDONT

IEETS R EDEERS

Physiology of Normal Skin

EEOEGHEEIR. KPDBKkEzRBII LI L.
B S VEBRNERPMEN D 5 DRE. S 5ICREBIC
HUBBMEDHZN)TELTECZETHD, BE
DERERIE. RHIMU» SREIDEBADIET. *
TERERE (AEB. H10~20umDEH#%#D). &
BB (E&#50~100 um) . EFE (B&E#I1~2mm).
BET#%% (BEE#1~2mm) &fE<, BEAIRIIC 3T
TEIN)T7IE. EEDEBRO L, TRDEVEEEA
Chd, AEEICIIAEMREIEIIATHY. Zhid
o TZEAKTE LEBZMRT. REBICH IR
I bdh 35 7 F kil (5FZ7F /941 1)
NEETHD, AEMIBIEEIC. TEREE L2
7%, £EEE U AEBETKELL HRIRICEE
NERBEDTZF RO D, AEBOALEMIE
EEWCIEETZDIE. BEEE (AETXEY—LA
HBE)THY I ABEBOEEICASL TV,

ABEEBOMBAREIZ. TICFSF /1 ORI
MEDBEDBREDOMBEBNA DB L) EESN/ZIEE
P55, MREEEIIEENVT7ELTERT S/
DICDETHY . ME—DERNLBERETKT 5, A
BEDTCTICHZDIIREETHY . AEEBDERK
ZHO10~20BD BBt LEMBEOEL > H 2, &
DEICIE. EEDEBRAEICEST 5 X5 = .
MAERPRERICICEL TEEL 7 7L\ X
fax, ELFEIDP 1222 CIEAIh TORVE
BESRICHEIBZANTILMAESEHEATWVNS, 75
F /YA M RBODMEDBIZICAZ &, FRIEL A
BHREOBEETHIAREIELED (Thabs, BRED
10~12 um#» 520~30 umIZZEIE L. BHEH10~20
EICHENTS), REBICOERIEENTHES T,
TIF/HA M BERTR L -SERIEEIC LY
TE»S>KREZHF TS,

BEEEEAFI v 7 GIEBENTHD, /N 7HEEER
TEOREDFEZEEHBIPS>OAESNDIHDTI

W, AIEEZERBD 7O AN FEICET DV THY) .,
AEEBDEKIIBRERLREI TIAHONATVS, KE
DN TREE . EENEHEFFIEObEICHDI L
W ZELDT—RICE VBRI TV (RERBERE
WICEWBREIN, NUTELEL LEBAEDREDIS
ERISICE VRSN S) JRRAVEHL T X 7 5F /4
1 NOEBREHD KEN TOREMICEERELT
WBZENPTRINT VWD, EERENSMICEN S &
1) RE (LEABHEBLEE) OEBIR 2) 2287 L
BOERK 3) EE/NY THEEICDELRIERYFOL
IPIC(HEZ DR PR T B R IETEDEHNEE H 1S
MR THINENITNSLIFEICH, BEND 7O
BEDZEALIC OB N 2L EDINIEKRERL P TIEHR L,
Lid > TRIEBMICE B/ THEEDET O & DF2
N, REMIEBICLZ2HDLHHD > TUVEL,
AEBOTMKICEAL THEDP o TWVWBZ L. K
BN T ADBEICHNT 2 REMBEBORICOMZICE
SVWTWB, FE/NU T 58157 5 ERAVIRMEICIE.
1) REEE  BHRMAEITHETS 2) #E57—7
FRHWCAEE#MIEMICHBET S 3) 1EFHICEH
BUERBEEZD. 8EOHENFMH D, TIHILEE
BRIWEBEOENEHVWTDH., BREMNKHSESLR
(TEWL) &L THEShZEE/ND) 7REEDIETIC
DEND, UL CHRINTVIRERFEEIG, ¥
ZDEEETE N TUEBTZ2H5ETHD, DX
2L 3 & TEWLY T CICHDIEZICHEML EE/NY
THEEDPET T3, 7TE ML BNBRIEEN»S T
DEOUEy REXTO—ILERIRMICEERET 3D,
ZDZER ZhBEFETETRERVZIALEVETDH,
2O UIBEY N THECVLETHDI I EEREL
TWVW3 FEEMES I MREEEERICSVWT 7 >
D& BIERE T 3 ,1E% &/3) THEREIC (3 2EXFE & 4%
TR /V) THEBED50%~60% |38 H6RFRE LA [
BT3P T2 EBHEDRIERICIIS~6HEET 3,

[BEEREF Z]

4 F LN ZMEBE (Langerhans cells) : BHRDREBEN—Ny VR EAET 5, £ (BE) RMETHERERELZED,
*5 XUVl (Merkel cells) @ XL ViBBRIZREE (/K CORERIEICAH T 2IEALM EEMIET. BHRBICHT 2 BESZESICH

553&E25nh T3,
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Definition of Terms

I T—=IN—=XDHEI) AKX FIgHEE (alco-
hol-based hand rub) : FIEIZDW/=HMEMDE % ik
597012, FRICEHTHEDICESNATILO—
NWEESTER, KETIE, 295 LAERICITEE0%
~95%NI R/ —IEEAVTOIN/ —IPEEFH
W3,

#LE AR (antimicrobial soap) : MEE % &6 AR
(FREEMEE)

FEZEZ (antiseptic agent) : MEMEEBS T
EHICKEBICZRT SREME, flaE. 73—,
JAMMNFI I OEBR AFH/O0BT7 1>, -
K. 7O0x<> L/ —J)b (PCMX). B4k 7>EZY
LEEH. MU vOY B ETH B,

HEZEEH O =FH (antiseptic handwash) : F
IEEEEEECABP T OMMOREEMEIEKTF £
EIZ &,

#21) ,AA X F 542 (antiseptic hand rub) : 4%
MEERS THIC. FOLTORAICFIEEEE.
BHhTd &,

EFE3E (cumulative effect) : RERMFE & #31) R
LZ#H U= RICER S h 2 MEM OB REAIE D
T52&,

FIEDERFrE (decontaminate hands) : #21)3A
ARFIEHESECHEEEZRAVWTFEVETOIZ LI
V) FICOVWLEHMEHERS T &,

FELEME] (detergent) : %H (W—T 778>
B 3. EREREHFDILEMTH B, FKEDES
EEFFRMMEOSE A5G BAA R B1F >
R, MER. LA LRD4TVL-TIIHETBE
NT&ED, EEOHEB TFREVWCHEHEELAVWAFE
WICHEASINBERICIEVWIVWAE 21 TOHERBD H
AW, CDHAHARZA4TlE. 25 LARmEmEH %
LT [RER] EWH EEEFERHL TV,

Fi587 (hand antisepsis) : HEZE#H=Fk
WE I3 AAXFIEEEDE S8,

FiE#4E (hand hygiene) . FHku. HEEEZHV
eFxV. BYIAAKXFIEES. FMEFHEESOV
ThhraiEL (EHDN 3 —MIEERE,

FiL (handwashing) : %@ GEREM) DGR
EKIZEDFREL,

H#E%1E (persistent activity) : SR & &, S
DZERBICMEY DIEIBXCETF Z AL % 72 (3 H0H] ¢
ZREMNGMEMDRE LTEREL TV S, ZOMRIE.
ZHBRBARE - IBERRICERTLOY T
JEiTV., WEME CHERIOME) &L T, #EIC
HTEIMBBMNRIHDZEICE->TEIFAE N D, 2D
B, [RER] cLEhd2ebH5, FEL
RICHEZ USRI S50 THNIE, EEMS L
VIERBENLEERTDOWT N THEREEEIFEDS
ENRIRET H B,

ZE AR (plain soap) : L BARRE X, MEAE%E
EEHVREEMEE. &3 VIdREFE BIESR) &L
TOA BN ELEOHEEEECHRE LD,

EE 4 (substantivity) : EEME X, BERBICH
BL (TTEXELROBICOEFELICEY). EFLE
ICERBT5MBOEFT 2 MFHIT2REHED. —ED
EERDDEMEE VD,

FiliktF15,H% (surgical hand antisepsis) : FIZ
DVWTW3BAREKREL. BERELRD S
OHICFMZ 2y THPWENCITIHEEELHOAFEN
X)) AARFIEES,

BICEZ T53& n/=F (visibly soiled hands)
BICRZ3BNX. 22 /NTHME. &, %Dk
B (EEPREE) L TRICRATELSINF,

HKEVEE LG VWFrEHEZE (waterless antisep-
tic agent) : BIEICKEDEE LEVWFIEHEEE, 2
TOE, ERTIETFER) HhE S,

KEEGBEZELEELR (FDA) DEGHTITU—
1994 FFDARTTOEEAFIHEEEXME TR
## (Tentative Final Monograph for Health-Care
Antiseptic Drug Products, I TTFMERET) (£, &5
E3DDAT IV —ICHELUTOLSICERZL TV
% (19),

- BEDWFEIE H#EZ (patient preoperative skin
preparation) : #BEDEVWEE EOMENE &K
MBS &2 RIED S V) R NRYT R T Lo



FIE FEHEORZENT—F(CDNT

T. BRMEDO» 2 EMEEE ST,

HEEEHOEFEOERF I IEBEEEEHF
FA VWS (antiseptic handwash or HCW hand-
wash) 3EBRICERTEI L EERL 24EMKHE
BEA)OHS, BEOLVWKEE EOMEME %
+RhER. TTE. ZIREOE. MEMEICE TR

DEED, LIBRANRT NI LTHY) . EHED S
. TENIE, FEREEED,

- FiifikxF15,HFZ (surgical hand scrub) : 181§

D7 WEE EOMENE E KIBISHKD S € 544
HEBEA ORGSR, KXY 8T LT, RIE.
FHREMED H B

[BEERE E]
6 REANY FT LI ZANT I LBRREPHBEIATAIRE HE) H30E. HEDROBICOENLS 2R IBFICHER SN 3 A
THd, [Rh] WBEWVEEMICHIEL TWS I EERL. BIC [$RE] BPaw Gfv) BEOHEMICLABRERSHVBSICHERSL

60
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FO_LEDKRAEDMGHES DELHL

F O _LDRFIFHGHES DL

Evidence of Transmission of Pathogens on Hands

—ADBEEIPSFDBENE. EEREEDOF &N
L TEEREOREHEIEET 3 ICIE. TENL 24
ZBNH B,

- BEOEBELOWMEN®. BEOHLICHEET S

MITES 1-EMDY . EEREFEOFICL )RR
T3,

- ZhSDOWEMIE. EEREZEOFICHEVT. D
L EBBRETEFT 2,

ORI, EREEEEDT I FRVPCFIEESITT
DTHo1), HLLIF, ToRELTWE
T2, H30VI3. FHEGFECFERLZEENR
BEEBHDTH B,

cRBIC. ERREFEOBFLEINLFEY. OBE
CHEHIEEMT . BEVEZEERETILON
MEEMT 3,

EEBENRERIE. BEOBREERBHMDTT
WBEIPSDAEST . ERTEBENDEVEBRDER
R LPTWEsD S bREEN S (20-31), SBEER
PEREBIPEEROZSEBL VBRI THIH.
BE. B. B (Fz258) BLELWEEBEEA#D &
nHB (23 25 26, 28, 30-32), BED. BEDHL
EEBAICHEET2WMEN (E&T KIHEA. 707
X 2ZEY X [Proteus mirabilis]). 7L 7T Z
BA. 72 M7 2 —-BELE) OFIL. 100~
10cmeDIEH & % (25, 29, 31, 33), FERIKEE . 18
MERLTENEZT I TVWIEE, BHERELOEE
. BECLEVWEBRTHEBT RUBREPEBL TV
BAREMEN BV (34-41), EBLEED S, MEM
FECHEBORFLEMRBEPERES L Z10ERH N
EbE (42 BEDAIL . Ny KUK Ny K
1 FORE, ZOMEZEOEOE) OHE. BEHEOE
ICEWREBLICER SN B (30, 43-46), 5 L7=iE%
BECIKT FUHERBECBHRERREICL S 2 &nE
(. ZhH5DEIBEZBICH LIETH 3,

BEOENP XLy TOFICABET I LICLZEE

TTTADEEICOVWTT—2IERsh=HD LA
W (26, 45-51), ChET. OBFDBRELDEE
TTITAERREMDPSVWIBICHEL LS ETEHAY
BANTEE (52, L L. 2O LAEREORAIL.
BELUCHEBEOREERELT 52 &ICK V) FER
ShTidwnwhw, EEfE. —R [iE%] £cBbh3
T8 (BEEHSLETS. ke &3, OEAE. ORN
REDAE. BEDOF. B. BXrtmMs45E) T.
F(2100~1,000CFUN I LTV IS BENDEL &5
\}BRIREMEN %D (48), RIS, BIOMZETIE. 7
ATJR IZEVRVEREICER (25 LTW3
BEOREDICH - -BEMOFEEE LA,
EEMOFOIO-—T 12 —ZXOY > TIL L )10~
600CFU/MLO 7OF X IZEYXPRHEEShZE
HWEL WD, RATIE, BEICEEAN 3 B1SERAL.
VAF—7Ib, SCEEEDST 7. L UBEDBHD
BB L DEBREEDFOFLEICOVTHEL
BN H B (51), BERFAREHICEEZR LT T
MEOEE.1THO &, B SEYS W -HEEUL.
0» 5300CFUDIEHI H > 7= COMBEDT —ZIE.
BEICEEMIAD S 7ERETTH. X2y TDIEE
BREEETIAEEI ROV EERL T,
DEEED15%IE T 7 LEMARETHY . 1M1 EET
ROBBE CH -7z BETTICELBEE. EERE
EEDOFOMAFLEEISE MR L Tz,
EEREEE. [FREFH] 2720 AREE
DEENDEVWEEBL Ef-/21) T2 EICE-T
b, JILEMER. BB T7 FUHE. BEE. 2
Wy aX b NYF 9L F a7 1 I (Clostridium
difficile) % E\Z& V) FEFLTBRIEMD H S (26,
45, 46, 53), & 5IC. MIREBRERET M IV (respi-
ratory syncytial virus : IFRST 1L X) (ZEEL T
WBARDr7HELEZR 29 76, —EDTTE FLREIC
SN BEEEZD, B DEBAD, ILREBEREL
&) TRSYAIAEEBTWS (49, LR T

[EEEREE]

7 JO—T7Ta1—X I HBEEOHEHBMROFEEN— D, MEHBETFEHBL . BEFE (JO-—7) 2EBELFRACH>TU >
TREFMBEAND, FRONMULPS+AFEY v Y —I L FOFR (P2 —ZX=W71) 2BMIHL. HEOESEEET .
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BERINEREEDHMEMOSH 7= 52y 7H, FIC
RSTAMIWZANDE, ChEBHOOXKBIROMIEIC
EMT52&CL) . RSUMIVAICEDBELEZ
BEEEMEN H D, ZTDMOMETH. EELEE LR
EAOMICENZ I TF (F-EFH) 2FETD
AIEEMN $H D 2 ENRESI N TWVWS (46, 53-56), L
THhOMERICENTH, BREXZ Y TOFOFLENS
BABREIREREGEI LN EINEHESES
HMEIRSN AL T,

fhicH . EETAICEEL ZRBEFICLIEERS
EDBENGCFOBREIRES N TVEY, gk L 7=
BEEOEMODIEERED T TWEW (15, 17, 57-
62), I-E A EERBEEDR CFROBRY —#
B9 2 B LUFT IS . BRBERIR CE < BERMIZ15% P FIC
FRIETIXI0'CFUNERBT R UBEE (61). /-
REARE TR BERMD. 29% N FICHEET NUKE

DfFEE L THY (FRfE :3,800CFU). 512, K
ERHRRT CB T 2 B TI378% N FICEBT K
HREDFE & &7- (hRIE  14.3X10°CFU) , RAEIC.
EEMD17%~30%ICFICT T LRRMEEI»FEL T
VW= (FRRE : 3,400~38,000CFU), &% 3% Tid.
ICUX & v 7D21%NDFEH SEE T RYIREHIIRH S
h, £/, ERD21% & EERMD5%I3F(21,000CFU
EBADEET FUHEEREAL TV (59, —A.
BOMETIE. HIFHRRICBHET 2 X429 TOFIC
. HE T NIBEHIFHICFU. 75 LBRMEEY
FH1ICFUMBE L TH Y. EREWEWT & 2 7R
LTWw3 (16), MGEHICEBEREEDNDFEEET S
CEICELT. EBEREENI00% PV ELL EH—FE
T LBEMEEREERBEL TS, £/, 64%1 D%
CEH—EREBTRFIVHAEZREL TWEZ EPE
FAL 7=,

FERNETHICHEETIV

Models of Hand Transmission

SEIFLERET NV TREERENDEEICON
TIADPDPRREL TWB, HBMETIE. BERMICK
LTI T LEMRENIERO (L EET 2 EBEIREBIC
(B7=DHKREEROMIAE & 5L DA< ) 15 AL
N3 &OERBRIMETNA (25, FEMIRICEER
BEK, HBNETILA—ILY DA TCEDREETTH
Feo FORESET /. TBEFESTERIT—TIV
D—HFICHh, YZHT—TIVHEOEENTHI T,
COMRETIE. BEDEITREHIPBIEDLEVEE
ol hd s TRAMREKTFENETH>TH.
RIEMICHT—TIVENDIEEE £ 2 DIC+HH B HE
MY EEMOFICBE T I EN DA o7,

FOEMEENE L, ATHISELS A [R#

10

H (UTFrFF—) ] ofmrs. &FRE [HREE (U
TLYEIC N ] OHBANOHMEMDEHEBARE S L
TW3, COMERERIE. ZMEFIC K F—DIWHLFD
mRLTWBRHBEICIE, BET 2MENBEI» SV L%
ALTW3 (63), &hE L TIE, BEINAERF—
DT 5 DWEMD0.06%D AHH . FDIEM % HN &
LTLYEIY FORHICE-STWD, BEMD SFR
HICFEENE L (B-AXE2 7039 HR H T
A7« 71 72X (Staphylococcus saprophyticus) . #%
BE. t7F7BEOHIL. KBEDZh LY HEZH
o7 (64), £/, BhA-FrosxSELREAICE
BT AWMEME (>104) F. BLICEWEFHLS5D
BEOELY) bZHh o7 (65),



FROGHE EERICEE UTTRREDTEDRE R

FROGE EERICEHE L IcRREDIGIEOER

Relation of Hand Hygiene and Acquisition of
Health-Care-Associated Pathogens

FIROEEIE. EEMEOBEARERERI I ED
(66, 67), BEHEILHERE L TIE, 1847FICT 1 — >
BEARRDOE—ER I =y VT THIRL ERDOET
KN R/REX 2y TP FIREEETCFOREET o /-
EEDHN, EBRBBEKTHEL>TVWAEEELYHT
SEBRWSEERLERENHD (3,

1960F R ICh - T, EMXARGEMREA E ARE
S RRESHERO%RIET ZaiM S HEREERARICE S
MECTIE. EETRIVHEOEENHSILEE2H-
ERIZHDPDPDOOT . FEADLEVWEERMICE ST
TInEARE. A¥H o007« > 2 FERALTFED
R ETo-BEMICT T INAARICENR, LWEE
BIZ, ¥, SURVRETEE T RUBEPEES
hizZE&PRENE (68, TOHRERIE. BEEDE
MEICFIEESETCFEROIC L. FaxbhWig
GEUABT I L. EERERREADEEERD S ED
ZERFIRAL 7=,

LB RREKICEDFERNE, BASHOHTHF
FEBLICOWT, EBEICEEL BEICRIETHER
DHEBMEL» LI hi=p (69, 70). HEEREHWE
FROWPITONEIFGEDHN . EREICEE L 2 BREXR
FED» -7 (69, RIDIAERTIE. HBICUICEH TS
HERFHAOAFENE L VEVERICEDE L 2B
KREMBRIFONAEY, MOWETIIREED TS5 i
h -7 (70),

EEICBE L ABEORE, 7OMNXFI T ES
CREmEMRIICE S ESEEAVWAEFRV] PTb
NEBOFN, TBARICLDFENR, 70—

N—ZDOFRHESENFEFRHDOBELY HEL o /=
(7)o LD L. EADHENIMHFEINTVWIEHETI.
TILA— I FIRESEIFEDNAE2EIFEE TV L <,
T, RUD—DEBEFIIIOMMNZIII U FELDE
EOAPED -, ZDEH., WThOER (T4b
5. FRODHED . BFDEND) PREEREEL
TEHRIERTH =P EHIETEDZEIEHRETH - 7=,
FROMAETIE. EEEEDMRSADIRIED . &Lt
HEECEHOMBABMAEEREINAZZ EICLWBDL
EFHEL TWAB (72 73),

RRER 2y TOFEMEEOS T A, BERETO
JULITVISBREDEERORY EEVURISNTVD
(48)s LD L. 25 LAEMRIE. X2y TOFENL
NIVEBETRTZER L TOWEW REDAE T,
REZX 2y TOFIREEDEEN LN > &I, &
F S LEBREEORBREDENBRD LI EHREL
TW3 (74) COMEH. £LHO2VEDOMER
(75) b, HEI N3 FHEFEODFEDAEICON T,
EEREAEOBREDEBRNIBI LA EEREL TV
3,

TIRTLAURABICLY) . BEEAFAEXE
TIRREE DEHEN TRIEIh T W3, ZOREDITIE.
—BLTFEFEEEBAET>TWVWAE VT & EEE
LT\, ibERS 7 — 7 I)VEED M R CR
2YURY Ty 2—DT7 7 TLA1URE (76) T.
THRATFDOREET- /2%, BENEEMOEESH
MARBEEDRIL LV T 77 8—LTHEY . R
FEEZTEZIZENDEEXZ Yy 7OHIEY . +97%

[BEERE E]

*8 FIMEMEBEERABRICEIIMR - MEDOT T A U IZIE, @ TERMICEGERE L AL TR EMAT 3 [RIAEMAR (prospective study) |
CEBICEINAERAEREL THRICKILTS [EAM@EME (retropsective study) | &% 3, MEDEMMEICRTRZMEH»BERL TV,
HMRICHZVHEACEEI TP E LV, ZOB. MROZUMEEFIAT 32010, BiEL 5 M S 5 L I3 H%E E 4 5 EEOTER £ ERICE <

ZENEETH B,

9 TYNILAY  RREBEORERIPEE CIEREREBEXLHINN—tL2MIVE) LUELEoEY, T4y v —DOIT A MG EICE
WERICEWMER [P MTL 17 (outbreak) ] #2W Ik [TEFI v T (epidemic) ] &5,

10 AT : & 2EREFOEFE CBFBEROBEEE X BHRIC.

ZDEREAFICHELRICIEENTWEWZOMOBREAF A EEESFIC

BEL. BIELTVWAEFRIEREINICEREEL TWEWEE%E [X#E (confounding) ] &E 5. BIAIE. H2BMEXBEORRERANDH.
EBRICIEHRET 2MORAFHIEZICEORELEERERHD LI BBETHD, COLIICBBEERICHEDIETE [HEAF (confounder % 7= 11

confounding factor) | EEZEL T3,
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HT—TNWNTTETELEL LEED. ZOTINTL
1IICFE5 U-rEMN H D, BEMDAFRE L.
BEARWBEEEFER (FHREEELE) "NOXENEUE
2BV ZhIZE - TICUIZH T DMRSADEHEIL K
ERET DI EICHED (77), HERICUICH TS T
>7FaNnNyg— 2707 —74 (Enterobacter cloacae)
D7 RTLA7 (78) DigE. ZTOHDARIALRE
PUEZFERICUDRANBABEBATEY ., 20
BRBEBHEICOH TP DONZAR—ZAPEEDOHEL AN
WETES> TWe, FITLT, 8BFI2y 78S,
HTEEHLPSPVPEBEEINZIABEXRZLTER-THY,

12

CDEDICHERNBEEERFEANDIEIVEEL L
S, HEEHFE-TICEL TWBBATOFRESE
DEFRIIB%ICTET. TP AFRENEHE LA
TIRREN BRI N 21RICIBT70%ICETLER L, Y —
NAZLRZEY) . COBBEDARE . EEICREEL
REDAMED )X T e o TW A ENREENT
W3, COMZRIE. TEEEBREOBFRERLAZOH
59, WEMOHADFRENERERE —7 &b 5FH
FEFR) D —DEFOFBE—% HFEREYICLTW
3,
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FiRHERmMONEEFFMDISHICEER U TcTE

Methods Used to Evaluate the Efficacy of Hand-Hygiene Products

ek E

FEV HEEZRVWAEFED. FiFFEES T
O k3—Jb®in vivo*"lIZ& 3 2%DEEEAET 540
I, SESELFEPFELDATVWS, SESEHMR
BIOHHEICIE., 1) ARBOFERORICHEICEY D
TEFEFRELED 2) BXFEFRETILHICH
WAt 3) FHRELHEDFADEHE 4) H&A
DB & DEMEER 5) HBRAROFEHADREICKEE
POMEERINT 2DICFEALAEAZE 6) HAEDH
REDRIAE (KEH» SENRL ZHEDBRIEE W&
N—t 2 MRIRT 2D, KED»SHE S -MEDR
VEEWNBRRTED). LENHD, 25 LHEE
EH3ICEE. MROXFEIR. BARERET 2420
DEBIZEREHTTIVDIHDE, BHERBREERET
21-0DNHRBIEREHTTCNVBIHEDED2DDHT
JU)—ICRI32ENTED, BBREZEBREED
FroBETH-OOHRIETIMREOKREIR. &
BAER., MEAR., £/-13. BKFRESECFERT
ZEIC. RBEA T TOEBICKBRMEN 2 HE
BEEL BRI ETVS, ZhiC L. FlirFFiE
HEBHICHEBRI N 2RI, BBRAZ7>71T70F %
AIHNCERT B &6 <. BERREKRET 28 M
RENEHERL TW3B,

KETE. EEREEROHESECRVAFENE
fnld . FDAO K REZEZZLFITHRAEI S h TV 3 EERE
EER T OFEVWEGE & FMFFIRHESZZEDIN vitro*"
AR Cin vivoiBRICRAT 2 B4 S FDADEERAFIE
HEBEFEHURATENWRKEE (Tentative Final
Monograph for Healthcare Antiseptic Drug Products,
TFM) (SRS hTW3 (19), EERSEERIFE
WEIEE L TOFERPERIE W 3 8&%IE. ZEE(ESh
AETFHMESI NS (19, HBREIHBMRES (A
BRELG) DEAFAAICTEVWTHN S, MEIEDCHED
Ho7) R ABRBERICE B3 FRVOFNICED.

5 F7 Ity X (Serratia marcescens) O
ZREBBARSMLE FICER L. FRESEISH L TR
Webed, RIC. ARHBEAMESEFICEH L.
FLEEFB1/3ICAETS, KEKEDEMA. FIE
DA% - T TF ERBI/BORAELEKEXSET 5,
RIZ, FERBEZE40CDKEKTIOMNET T EZ1T
5, 1EEB. 3@EEB. 7EHE. 10EBEDOFHEL\DE. ¥
CTYCTEOOLFRELERVIFLONY T &
EADFICIESH. EFRIC7TSMLOY LT > TBER
EMAD, FRIGFEDEZATEDHH>NTWS, F
KESFEZ1HE Yy - L. WEIIC L V) RE 5K
WMUESMEEETO>, 88T T L JBRICRE
FEOFRMFNEMA L WD 2TV TROHRICE
VIMBEEOFMBEI B SN WEEE. HERESA
DFFEIDH T TBRICMA SN S, BAKRSR
IZ2WTH, RAEOFIEFrHVS NS, TEFMORIEEE
#3, MEFERDOESD LA Z hZhDOF DIEZEN
EMH2-log KD T B & 10EIBEDESHLINICZ
hZhDOFOIERMEN D 3-log BRI T B L EH >
W3 (19,
FMEFFEEEEL L TEHSI W8S ZX(L
Shi-AERICEVEEEhD (19, HERZ > T«
TWRRANWNZIT 4y 7 TMOTEERWNIL, TEY)
3, INTOEMBEFEBmP»SIET T, FEailE
2/3% K&K (38~42C) TIOMRETF&. 51230
MREFEMEARR THE-> T, £/, 30WEKEKTTT
Co ZZ T MEMEDHMEMBERET 5, RIS, X
—H—OERFPBICHVARERZEFEA L. FilfaiF
IEHEEET Y, BRSOV TOEASEY £ VIEEI(C
. FLAESAHBEELTTICEVITEE 2
|75, EAED 5> DMERDDEIEZ. 5AR T
BIFEE2EToTHET 5, FOHTU T %1
HE. 2HEBE. 5HBICIE. RMDFIEHEED 15K,
3pFEIE. GRFERICIT O, DR, HBRAZ T«
TICFRE DI T, YTV L JBEKRISMLE —

[EEEREE]

*11 in vivo, in vitro : —fREGICTIZR L TR ABCEHNERICL 2EFRTERETOBEDRRE [in vivol. HEREARNTOEE% [in vitro]

ERBET B,
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FOFRICAN, FRA2KE1HE~Y -7 5%,
WEIIC L IRAEEHERL. TEMNEEETO, bI—
FOFRIFEEE DT AT FICL. RUAETHREE
EIT 5, TFMTId. #2RZHIDPLAICZAZID
FIZDOVWTWBHMEEE1 log, DS €5 &, 6BF
BLIRICZ W ZhOFOMEMIEE D MEAEE K= <
FRESHEWCEEERLTWD, T/, EAIEOEAE
EHE LT, 2HEDOE DY) £ TIC, EREHINREIC
EFOMENI &2-log, KPS €. SHEDEDY %
TIC. BREZHEZ1PLNICEFOMENE £ 3-log,,
BYEIEEFNERESEVWELTWVWS (19,
-0y NTFEFEERDOMEETM 2175 7=
BOLCEAINTUVWEDIE., FRMNIEIR1500-1997
(EN 1500*"2 —{bZFHEBE & FIRESE, FENFE
HRRREVERME) ThHD (79, ZOMEIETIL,
REBEARZ T 1 TH12~15 A& . KIBEKI12D7& KIS
BB L T18~24BEIDVEEL D, AR TF
ARV, RS Y, BERICFAFFEOFEE TS
WHERT, BERD SF 2RV T, BRI L&A & R
W, ZhT3NREEES S, RICEFDIRE %M
BlOA>TWEW MY TF o5 —XJ A #kikiE# (TSB)
10mLA CHll % (60 A T, B E /2@ EF D
HEREMEMES L TATEY 5, FaadtEthhr 5k
EEN . BESN2HFEENE) AKX FIEHEES
3MLTI0MEEET 5, #MHSEREI6NEZ AL
WEDIZLT, RUEMEE#RYIET, MF 2MAKTS
BETTE. KeiRkWE5, EFDEEE. FHF %
DA 7=TSB 10mMLAF THIZ ICHE T, ZDEERIIRE
EEBBDICERT 5, REURFEHRDIog, RIIDH
FREER L. BEETTO, SELAIC. RLKS
PTATEFELT. BEHESBE (60% 2-70/8/ —
W lqvzans—i]) cABREZEART 5,
36C THEE L. 24k5HE%. 48FERICID - %
BEL.AZEAOFOFH IO —H2HEICFERT 3,
MHEBREZEE L AHES JURBMECLERT S,
HERHUENERT B DI, CORKRIGREL L
BZ7INA—IN—IQEZ L) HEBATVWEI L, AE

THELTRESRV, BWPHBIHEICIE. REBRER
BN T Y UBECL Y RETERICHTT B,
HEEQTINIA—IN—Z2DEE ($94 log, DIER) 1
EER . SRR EAHLEOIGEICIE. Z DG IEE
WEBEIHEVBDEALIND,

REEICXE T D RREHP ELE S /20, 7IVOA—ILNX—2X
HEDZ T ANELETH ZFDADOTFMD EHE & Fr
EN 15000 E#EEH > T3 (1, 19, 79), TFMD
TEEREZH T TN A —IAN—XDFIEHESED .
%gULHEN 1500DREEREZH /- § £ IERR S &L
(80), %7-. EEMZICHVTRERDIEEE H/\R
ICHIEIS B 7212, FICHE L 2B X 2 DOMAE
MEEDREERDSEIVENH DD 0. FEMH
BICE->THRREICIh TWLWaE W (1, 8), FOMEL
%1 log,, (90%) BPEEZLENHZDH. 2 log,
(99%) ». 3 log,, (99.9%) ». &%\ 34 log,,
(99.99%) WHI B FNIETESHEVDIIEEREDDL -
TWEW, REFEICHT 2 FIEEEROMEELAE T
53EHICMICHEVNLDPOAENFEREATWS
(81-83)

WERITEDR R

EEREEICLIFEREEMNE SN - FREEEES
ICERAIh TVWBFHMEAEIE. KEDHETEHRS L
&I, ERORER 2 v 7 OFHFHVEREIL15
BWEYIZICHPPDHET . HBRAI T 7ICI3ESE
AERSH DV IEHMEARR EE > T30WH 25 W Id19EF
EHXEOIEEERLTVWS (52 84-89), 15 DFH%
WREEFERNTO M I =L ERAVWAHERIIES h
TWd (90-94), L= ->T. EEREEIVEEICT
IEHFDT TCOEBERBRPIMEOBRDIIEEICET 2T
—RIFEFEAETVEVS T LW, FAIC. EERESE
HICFEHEEEL L (ERSI M3 EEEEOFES
EH. 7ILT—IL3mLEIOMEFICERY fFF. RURF
BEGCOEEERV)RERTIEEBRLTWVWSY, &
DEOZ7ORI-LHERIE)EBREEDEBEOFER
INB—CERBLTWEL, & 512, SSEFHMEICSH

[BEEREF Z]

*12 EN 1500 : 1998F(CI3 T — A v /YD E - HEESZ—FE (LT, MNEERARZE CB) (CEL ToEE»FIITES iz, EN 1500 @ 1997
Chemical disinfectants and antiseptics-Hygienic handrub-Test method and requirements (phase 2/step 2) & Z M 5 5 DEEMFHREXFNICEAT
% European Standard (FRMIZ#KERE) (DPhase 2/step 2ICH =2 RBAETH D, BBRFAECOVWIRH L AEMEI I -0 v /MZEERER
(European Committee for Normalization, CEN: http://www.cenorm.be/default.htm) HMERREDIZEICEET 3K — LX— P AFRBFRBEEEL T

AFTEIENTED,

13 BCRER (RS & KBE(EF MU LAERE TIE L TESZZBOAERIE B £ 2 3RS H 5 ,KBIES ) LADOKD ) ICKEEIEH ) T LEE
S TSN B RIS GRAERHIRICE D . ChE [HUTLER] BELTHURREFV., —MAICIE [8ARKR] CFIEhDBE0ORRY v 7

—% AFERRERIE. O UERTH S,

14 T IWATIURE  JPINTA MYy TRREDI D, JCD & 22EHDMICDONT ., RREICED H 2 PIRET BMETFE DT 1L
AV CDOHESIRARE TR, 2EHDEBEDENTERECTE. PO, EDIBLAMHFFTELTNIEE S &L,

14
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THEIBEDRBRAT > T4 7 I EERXEENONIET — LN E 5B BMAEETV. MENFNETER.
HoT. ZOFOMETO7 « —IVIZEEDIRG THE MEDOBE e REGEICET 2IMEBGERABINET
CAZ Yy TDFOZTNERBEL TWAEWAJEEMED & ®H5 (51),

%, BEOERREEDR T, BEtdhz7a b0
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Review of Preparations Used for Hand Hygiene

B8 (GEhE) A

BRI T XTI LS W /- BRHEE L KBE(EF M) L
T I3KBIEA Y U L ECREEEERIN-XDER
THv) . B, EER. R, WRTEREZIhTW3,
ZOEFNDEIFEEEICEIZ2HDT, HH. Fh, %
ZBICh -2 BEMNEEF L SE R, TBAR
K. HoELTHIL DT HLPOMEER LA L,
L L. EBRBICLDZIFENT. ®BILMAFELTY
EBEEMIRS ZEETES, LEzIE, TBA
R K TISBREF RN ET B &, 0.6~1.1 log, &L
DMEHERVIED L. £/, 30 BFXEVETS
&.1.8~28 log BP &€ (1), L L. LBEAR
ICEBFHRVTIKRRZ R Y TOFH SKEFERY
R ENTELE L EEDHEDWVL DD H - /-
(25, 45), LBEABRIC L B FEVIE. B LOHEELE
NS E228bH5 (92 95-97), AR NDIE
DI> MEORMIREESI SR THEREZRD S E
0. FEMBERERIE. REREPTZIECHLVIEEL
TWABAJEEM BHIE I hTW5 (92, 96, 98), % 7-.
EFICERARISTFBLEIN, ZOEDICZXEZYTD
FICTI7LEMEREDPEET 5HBEHLH S (99),

ZIb3d=)b

KEDTINIA—INX—ZXDOFRHEEEICIE, 1V T
O/8/—=Jb, TR/ =) n-7O/IN=ILDWThD,
HBNEZDOIED2DOPMAEDEINTEETATY
%, n-7HIN/ —IVEREICHAY) I -0y /N GEME
T7ZNA—INR=—ZRDOFEESFEICFEFHINATWS
P, KETREEREERAFREVESCHREGFIEHE
EEOFMES ELTTFMICIEBE I TIEWE WL, 7
WIA—ILDOMEDKFIE, SESIEHEETOTIVD
—VERERICEE L T3, /2. BRRDE»ICIE.
REEOT7ILIA-ILDMAEHEX. AXH0OO7

1. BART > EZ Y LMEAW. RE R I — K,
NyzO#s, FNaACEI7OMNFI I ERRR
EEMALZTILI-VBERIIEREHTZHDHH D
(61,93, 100-119) ,
TILI—LOMBEAERIE. 2NV BEEEHSES
HCEBEVAD (120)6 60%~95% DT IV —Ib
EECTINI-LBRIBRDENTHY) . KPP Ewe
CATWRELINVEBRBRBICEELEWESD (120).
ZhE)HBFVEEDDHDIINANE S (120-122),
BROTILI-ILEBEIR. BEXZOMOEHICL
WEAEINhGEWEE/N—t> b (ww) &L TREL
h3GEEbhhi BE. E. RIDEEICLVFE
¥ZHEIBTHE/S—t> b~ (volvol) ELTREEH
3158653 (123), =& z2ld. EE/X—t> FT
70%D7ILI—ILiE, 15CTHRESN/BEICIITTE
IN—t > N TId76.8%. 25C CIRE I N HBEICIEE
HEIN—t > NTI380.5%TH 3 (123), FIHHEEED
7ILA—IVEEIR, BRE/NN—t> FTRREN TV
bOHFZW (19),

7=z, ZEIMMERER (MRSA. VREX &)
EE. B4OEREEED. EEHOT T LEE. 7
T LEMEICH U CRBRENTES CREERERL
TW3 (120-122, 124-129), ToNA—T&# 5 /-
(RERRFRFNME) T AL R*1e (BFEANILARZI T A IV
ErEERETAILZ [HIVI. 12700 ¥
WX, RSTANZ, TIIZTIANIBE) IF.
in vitroDREE TIE 7L —JLICH UBESMERL TV
% (120, 130, 131) (F&1). BRRFR VAL ZIET >
NOA—T&HSTAIWLZITHY . 60%~70%7 /L3
—IICH T IRTUEIRXREEDIHDDHEIND,
CRIFFRIAIWNZE, COBEEDTII—ILTHEES
hBAIEEMEN SV (132), HEEHERART S -0
DT ZBHFEET LTI, 70%IT &2/ —ILET0%A
V7O =)L, FILACEETOIAF S T 4%

15 TEUI > b (emollient) : FZ#RAbHEK. HEHILE

16 I ANA—TEFok (BHRIE) T2 Fihuw GRERRE) LI I UL ARICNO-T TN 2 BEEDIEE
B [IERRMET (V] cZhefFiehw [FEHRMETI (V] #PHsd, I>NA-TOFEGESEOEMMEICKEIFEL. TN

O—7%FHD2TAINADIEI N, HEFEICHTIBEIMEIRIFTH S,
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FEHERARRICDOVT

K1 EFESEOI/ANO—-TZHFHOEVAIVAICHT DHEDAIVRAENE

HERTTE
(379 ®iE HIV 19% EA LR=5%T2.0
(380) ] HIV 50% EA LR>3.5
35% IPA LR>3.7
(381) g HIV 70% EA LR=147T7.0
(382) w5 HIV 70% EA LR=30%T3.2B 5.5
(383) ] HIV 70% IPA/0.5% CHG LR=15%T6.0
4% CHG LR=15%T6.0
(384) ] HIV yaoox> L/ —lv 19 TREMAL
BN Hibaz=o L 19 TAREMAE
(385) B8 HIV RKERK>I—F RiEMHE
7OlAxST L NiEMAE
(386) ®E HIV FREEMH0.5% 30 TAEME
PCMX
(387) BB/ RmE HBV 70% IPA LR=10%T6.0
FoN T —HER
(3898) R/ R HBV 80% EA LR=2%T7.0
FN T —HER
(389 ] HSV 95% EA LR>14T5.0
75% EA LR>5.0
95% IPA LR>5.0
70% EA+0.5% CHG LR>5.0
(130) 5 RSV 35% IPA LR>14T4.3
4% CHG LR>3.3
(141) 3] A2ITNIH 95% EA 304 THRAAA]
R B iy 4 95% EA 309 CHRENARAT
(141) FHBR 47T Y 95% EA LR>2.5
R B iy 4 95% EA LR>2.5

EIHIV=E FEEARELTIINZ, EA=I %/ -, LR=Loguf&if. IPA=4 v 7O/N/ —JL  CHG=7 )L B Ol~x> T HBV=BH
PRI 1L, RSV=RST A L X HSV=BHINILRZX T AL X HAV=ABFLAT 1 ILX, PCMX=700%> L/ =)

EHMERREN D, JUEDCIANO-T%5#H-
NI TVAT 7= DOAMET IR Enbh ol
(133)0 25 L=WEMIIHT2ERECELPPDS
T, 7IIO-IVEMEOFR, BRA - X b, /2
HBIBBOI>ANO—T&$Eih v (GERERREMME) 7
IR BIiEMED R,

HZLOMET., 7ILA—IILOEFREERIP RE
ShTws, 7Ia—Jvid, FOMBHREBIED
S¥B (14, 121, 125, 134), EE. AIRIIZFEL S
h7=F» 5 DORBEORZFOMEERER L. BHE30
¥ TF3.5l0g,, TH V) . Z2HE19 T4.0~5.0 log,, T
H5 (1), 1994F (2. FDADTFMIZ60%~95%i= &
NDIZ/—NLEAHTI)— 1898 (—RISEESELH
WEFRWCEBREERTFEVERZELTEELT
BLEHBD) ELTHELTWS (19, £/, TFM
1370%~91.3%BENDA VY 7O/IN/ —IbEAT T —
NME (BRETBICET—2PR+5) ELTWVWBH,
-0y /NTIEIC, 60%1 YV 7O/ —=I)viE, 7
QA= IN—ZXDFEHSEOLEREEMRIE L U TRA

EhTW3 (79, ZIVA—IVIZEEICEH L EE
ICENRIDFEERNI B 20, HFWEHHEN (Thabb
HRER) EEEREV, LAl EEETOMENEIE
JEIE IV D —IILN—ZDOFEEHSEOFERDRIEIO -
KWTHD, hizHZ5<, ZIVI-IHPEBELED
HEOWL OPICH L THOEREMERAD D ERD
h3 (135 136), YOIAXT LI FAKT o E=
TLEEM. ATV HBH IWE N O %
TIWIA—INX—XDBFBRICANT B2 & T, HiEED
HEIMBEEEEB/DIZENTED (1),
TIWA—IN—ZADFEESEICAONDRETT
WA—WEFERTS E. WDOPDIANOA—T &4
EEVWTAILRICH L THEFRLETHEERAY %3
(R2), =& 2. 70%41 VTN —ILETO%I R
J=vid. ERAESXIEERAGRSLY . FELEOO
AYAIWZIDAME LV EMETEES (137,
138), AILHBRAKICL D LWREDHETIE.
60% T2/ — Ve ECHREZEFMEL THY ., T>
NA—T&HLEWVWIAILZ (AZIAIVR, 7T/
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B8 FEEEORENT—F(CDNT

K2 HEFHBZEOI/ANO—TEFEEVWIAIVAICTHT D501 ILAEE

(390) ®E aO274JLZ 4% CHG LR <14ET3.0
10%KRER>I—FK LR>3.0
70% IPA/0.1% HCP LR>3.0
(141) FHs 7T/ I4IVA 95% EA LR>1.4
RUFIALILZR 95% EA LR=0.2-1.0
Ay ¥y ¥— 95% EA LR=1.1-1.3
IREAER TTF/ 4R 95% EA LR>2.3
RUFIALILZR 95% EA LR=0.7-2.5
=R e 95% EA LR=2.9
(389 Bi5 Id—J4LR 95% EA LR>19T3.0
75% EA LR=1.0
95% IPA LR=0
70% IPA+0.5% CHG LR=0
(140 FE HAV 70% EA 87.4% KR
62% EA $58%) 89.3% K
ELERER 78.0% K35
4% CHG 89.6% KR
0.3% kU yOH> 92.0% K%
(105) it 7Y n-7"0/%/ —JL+IPA LR=30F[E 3.8
O%774JLX 70% IPA LR=3.1
70% EA LR=2.9
2% kU yOy LR=2.1
K (XHER) LR=1.3
75%RERNT—FK LR=1.3
ELERER LR=1.2
4% CHG LR=0.5
(137) FE E b 70% IPA 10 R T98.9% KR
A274JLA L EA 77.1%
(138) Fg E b 70% IPA 1070[E T99.6 % KR
mE Ay R @ 2% CHG 80.3%
LEA% 72.5%
(81) Fy O 4IJLX 60% EA 4L LR>10#/ T3.0
AR 60% EA 4 LR>3.0
T/ 4R 60% EA 7L LR>3.0
(139 FE RUFIALILZR 70% EA LR=10¥ T1.6
70% IPA LR=0.8
(200) % RUFTAILZR LERER LR=2.1
80% EA LR=0.4

EIEA=I %/ —Jl, LR=Logffifi. IPA=4 V7 O/X/ =)L  HCP=AXH V007 « > ABR/FEEER. CHG=7 /LI EBI/OlAxI T2

HSV=B#iNILRZ 71V X HAV=ATRF LT 1 IL X

DA, TAJIA4IVR) DR %S logskd
ERDE LB EEBAS,ICLTVWS (81), ARIRT
RYMNZRILTAYAILZ (RUFILILZEE)
DD NA—T&HLEVITAIVITIE, BEIC
FEEMIL X B B IC1E70%~80%D 77 )V I —ILiEEH
BLBENH B (82 139), L L. 70%IT 2/ —I
HBIEVIL NEEAEC2%IZ/ —ILD T+ — LE
R, FEARRICHERT S L. F2AFEELED
ABRFRIAIWZDOHEIE SV RELBD S, T2,
WITNH4% T NLaACBEI7OMNZTI I E2ECHRE
AREBRZEDFOLDTAIWIERDHREZRL 7=
(140)c ZORICHARERT. 70%IT R/ —ILE£62% I R
J=IDT 4 —LEIERIE, RVATANLIIIHHLT

18

b, FEMBEARBCA%TIILICEI/OLNAFI I LG
BREgRL ) BENZHREMRER L (140), LD
L. 7= IVORE. FETIL—)0 & DEMESRE.
YAIWZADERIZE > Tk, ABFAR Z DD g
FAMEDLEWT AR L TETILT—IVIZRIRD
BWBENH D, TNO—TEHLLEVISILAD
NEMEEE. BRE. HEENVALVIOBEEHE., 2>
INJEFICLEEIND (141), T8/ —ILi3A
V7O =IILENH AV T BEENSEN
TW3, F/. PILI—IAN—ZXQOER EHERRIC
DWT A 5(Zin vitrosRER & & Win vivoikBR & 75 2 &
IC&V), EEORS TEEDEMICELZ 71 ILADIE
B VWED B -HICREBELRFEREDIE T M IVRE



FEHERARRICDOVT

xR3 TEAHR MEARE 7 )VI—ILR—AFEESHIOF(CfiE U TR KRN RO LSRR

B ()

HEXTHIRHAEE

REDEZSE 7ytAiE
(143 1965 | BERALGFOMEE | BAEXRTIREE
(119 1975 | BREFOMESE | FRIILES
(106) 1978 | AIRYER g7V S
(144) 1978 | AIRYES g7 KEE
(107) 1979 | BRAEFOMESE | FBI(IEE
(145) 1980 | ATIKYER g7 EE
(53) 1980 | AIKYES R =g
(108 1982 | AIKYEL JA-7Y 1-25%
(109 1983 | AIRYER BETM A EE
(146) 1984 | AIHIHH RAEXRTRIES
(147) 1985 | BREFOMESE | BAERTRES
(110) 1986 | ATHYBL g7/ A S
(93 1986 | BERLFOMEE | AE7 132Ny TH%
(61) 1988 | AIKYEE BET A EE
(25) 1991 | BEEDEM JA-7Y 1-25%
(148) 1991 | BRAGFOMEE | EXTR/EHEHT
(1112) 1992 | ATHYEE RERKTIRES
(149 1992 | ATRYES g7 EE
(112 1994 | BRGFOMEE | EXTHR/EGHR
(150) 1999 | BRALFOMEE | EXTRES
(151 1999 | ATHYER JA-79 1-25%
(152) 1999 | ATIKYFL BEIT A EE

60

30
30
120
60-120
15
15
120
60
60
60
15
30
15
30
60
60
30
N.S.
20
30

EEARR<HCP<50% EA #iaH]

LE AR <95% EA

EFEARR<4% CHG<P-1<70% EA=alc. CHG

L EARR<4% CHG<70% EA
LEARR<0.5%aq. CHG<70% EA<4% CHG<alc. CHG
4% CHG<P-1<60% IPA

L FEAB<3% HCP<P-1<4% CHG<70% EA
P-l<alc. CHG

0.3-2% kU~ 04> =60% IPA=alc. CHG<alc. U7 O%>
7 1/ —IL%<4% CHG<P-I<EA<IPA<n-P
LEAER<70% EA<95% EA

7 1/ —JL%=P-l<alc. CHG<n-P

L E AR <IPA<4% CHG=IPA-E=alc. CHG

EFE A< b 1) 7 O 2 <P-I<IPA<alc. CHG<n-P
L@ AB<IPA-E

LEAER<1% b Y 7 OY > <P-1<4% CHG<IPA
ILFE AR <IPA<EA<alc. CHG

EERER<60% n-P

& AfR<alc. CHG
EFAR<HROT7IVI—IVE

EEANR<0.6% PCMX<65% EA

4% CHG<E @A <P-1<70% EA

I BREFOMEHE="VTVT7ICLZIAIHNEFOELNEZTH AV, alc.CHG=7/LI—ILRJILILEIOINFT YT aq.CHG=CHGK&
. 4% CHG=7 A BRI OMNF I I UHEI EA=T %2/ — )L  HCP=AXH o007 « > A&/ %Hl. IPA=1 v 70O/5/ —I)L, IPA-E=
AV 7RI —I+IEYI> b, n-P=n-70/X/ =)L, PCMX=708%> L/ —I%EHEl P-I=FRE K>3 — R%EHl. N.S.=2&4 L

MLNIVHPHEILEIND THA D,

FIaA—=iE, FFEICRZATENRTVDE EE X,
BUNTEMETHEREINTVWRIBEICITEY TR
WA, BB BN 2 LN IMHE (KL E) A
BLTWBBEICWE., T2/ —eqv7OnN/—b
3. BEARRCHEARE Y BFOLOMER B
ILBZZENHD (142),

T7ILaA—id, EEEAEOREFOBEEFHC I L
WT&ED (25 63 64), HHMETIE. 7IT—ILX
—ZDFIRHEEROB)AHKI L) FIEHEEETo 12
#BTEBLIVWSIBEDOEE, SBEMOFENLT
HT—TIVENT S LEMRREOEEYZED 5N /=0
EEBRDI7%ICEVNTDATH > 7= (25, ZThIZxd
L. T@AEREKICEDFRODREICIE. EERDI2%
THENOBENRBDOON, COEBRETIVIE. E
BEREEDFOFEIHLVE ZICIE, 7ILO—-ILNX
—ZDF/HEFEDOE)IAAKIZEL D FIRHESOHD.
IEBEAER EKICE D FRNEL Y HIRMISKEREDE
BEBIIET 2 ENTEBZEERLTWVD,

EEEEEDZENTF RV FIEESICEAL. 7
J—IN=XDOHER AR PIMEAEREL V) BRIRVT
$H3 (R3) (25 53 61,93 106-112, 119, 143-152)

T A—IN—XDBREMBE AR FEEEE D
EgxT-RBRTIE. 200015 &F % AxH 7
OA7«s>. RERI—=F, 4% 70X I
T2k, MOV A2 ECAEBRPAEEEEITOF
EWEWEH, PIO-IWDOAENENBZLLFICAHELT
WDHIEB R S €7, MEAMMED & 2 MEW &3t
RELEMETIE. AREKICEZFRVLY BTV
A—ILN—ZDEZDOHH L V)RS, EEREEE
DOF LAY L 72 ZEIHMEREEOE ZHD &€ Tu
% (153-155),

FMRA 2y 7HMENCF E2HSET 2RICH, 70
—IILIEERITH S (1, 101, 104, 113-119, 135, 143,
147, 156-159) (T4, &5), BEHROMRET. &Rz
FHLAERT C L 1~3F@RIC. FOLOMEEHRD
BEINRTWEH, ZD1~3EEEOBITE L. it
FOLETOMBEOBEREAMH I NN ESI L EAHD
EHDHDTH D, TRNTOMRBICHENT, 7Ia—
IWNR=ZDEEDHENPEBRERICEDFENEY 3D
RPEATHY ., T/ EBROKET. HEARPR
EEMEFELN S, FOLOMEHREZZHES LTWVWD
(101, 104, 113-119, 135, 143, 147, 157-159) , & 51(Z.
T A—=INX—ZXDOHEFZDOKEN, RERKI— KX
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B8 FEEEORENT—F(CDNT

x4 TEOR MEARE 7V I-IVEEREOFMRFEHSCERA LEROFH SERS NS HMEHIERIC ST SHExIE953)

BELLBHRER
YHES F 7y & HEXIHIRNEE
(143) 1965 e ERTIRIESE HCP<50% EA %;8%]+QAC
(157) 1969 B ERTARIEE HCP<P-1<50% EA %;8#&I+QAC
(101) 1973 FREERFIREE HCP F&<EA $#;8%1+0.23% HCP
(135) 1974 Ja A iEE E3EANE<0.5% CHG<4% CHG<alc. CHG
(119) 1975 FrqaCHR 3§ AR <0.5% CHG<4% CHG<alc. CHG
(118 1976 JA—7Y 12— ZHE 0.5% CHG<4% CHG<alc. CHG
(114) 1977 Ja-7Y 21 —-2HE P-I<CHG<alc. CHG
(117) 1978 IBAEERTFIRIEE P-1=46% EA+0.23% HCP
(113) 1979 FJ7ALEE 3§ AR <P-l<alc. CHG<alc. P-I
(116) 1979 -7 21— XHE 70% IPA=alc. CHG
(147) 1985 IEEERFIRIEE LB ARR<70%-90% EA
(115) 1990 ZTRITO-TT 21— IR EFEFER< b U ¥ OY > <CHG<P-l<alc. CHG
(104) 1991 JO—-7Y 12— 2HEB LB AIHE<2% b U 7 OY 2 <P-1<70% IPA
(158) 1998 f/EJ1a s 70% IPA<90% IPA = 60% n-P
(159 1998 JAa—7Y 21— ZHE P-I<CHG<70% EA

E I QAC=E4E T EZ I LMEEY. alc. CHG=T7/La—IRTILALEEIOINAXS T CHG=Z/L A EI7OIAXTS I UHEEl. EA=TI 4/ —IL,
HCP=AXx#s007 ¢ >¥#El. IPA=1 Y 70/ —Jb, P-I=KE K>3 — KEHl

RS FiRFFIEHSEDOBFREFH S OREEEROKEDERICHIT D3EE

— AR
BET (%) | BE (9)
. )
1 n-70/8/ —Jb 60 5 2.9** 1.6
2 5 2.7 NA
3 5 2.5* 1.8*2
4 5 2.3* 1.6*2
5 3 2.9* NA
4 3 2.0*? 1.0*2
4 1 1.1% 0.5*
6 P b= VAVES ) 90 3 2.4* 1.4*
6 80 3 2.3* 1.2*°
7 70 5 2.4* 2.1*
4 5 2.1* 1.0*2
6 3 2.0*° 0.7*°
5 3 1.7° NA
4 3 1.5% 0.8*
8 2 1.2 0.8
4 1 0.7** 0.2
9 1 0.8 NA
10 60 5 1.7 1.0
7 V7O =L+ 7aIAxS T2 (wiv) 70+0.5 5 2.5 2.7
8 2 1.0 1.5
11 IH8/—J 95 2 2.1 NA
5 85 3 2.4*° NA
12 80 2 1.5 NA
8 70 2 1.0 0.6
13 I4/=)b+700AXxST2 (wiv) 95+0.5 2 1.7 NA
14 77+0.5 5 2.0 1.5
8 70+0.5 2 0.7 1.4
8 FNaACEIOIAXS T (KiEkw/v) 0.5 2 0.4 1.2
15 RER>I—F (KiBKRW/NV) 1.0 5 1.9% 0.8
16 BEEER (W/v) 0.5 5 1.9 NA
E : NA=KH

Hi# © Rotter M. Hand washing and hand disinfection [Chapter 87]. In: Mayhall CG, ed. Hospital epidemiology and infection control. 2nd ed.
Philadelphia, PA: Lippincott Williams & Wilkins, 1999. £ 5 |4 Lippincott Williams & WilkinsDZ /EEXMRM TdH V) . % DFFA] & Manfred Rotler,
M.D., Professor of Hygiene and Microbiology, Klinisches Institute fur Hygiene der Universitat Wien, GermanyDEFrR] 8 T2 ZICIBHE T 5,

1 BIROEES & ThIERE (%),

*2 Deutsche Gesellschaft fiir Hygiene, Mikrobiologic (DGHM)-German Society of Hygiene and MicrobiologyikiC & ¥) E&,

"3 RRMARIRPrENIC & V) HER,

4 4REREITR,
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FEHERARRICDOVT

JOMNFI T LN HEITH - 7=,
TINA—=IN—XDOFEFERZORBER . FHS
NTWBT7ILD—ILOIERE, 7V I—IViEE. B
B, 7VI-ILOFERTE. £/, 7Ia-ILDOZET
WCEBLTEIBRATWELEILPEE, WDHDE
HICLWEEER TS, PE (0.2~0.5mL) DT
I—IWEFIIOHEGEE. TEABREKICELEDIFEN
SUHENEMRIEIBES>NE W (63, 64), &HDMHFE
Tld. 7Ia—JimLid, 3mL&Y) & EVINAICE
2EPMESINTVD (91), FICEH T HEENET
E3broTH5T. BREMEICL - TEL B AREMN
PHd, Lr L. 10~158EEY HbbE &, FH
BWERLTHNE, ZHEP FA+DTHoEWVZ
B3TCHA), PIVIA—ILEERI /NS R EEY
HNIREENETILA-NLEIPROINATWVBEDT.,
ZOEIMEFRREKDZNREED S KLV (63, 160,
161),
RETOFERAZENE L TWVWR7ILI—ILN—ZD
B)IAARFRESEIL. BEVEVEKR. 7ILIK,
T4+ —LRTEHREINTWVWS, WAWALERTEED
HESIBEIC DWW TR, HF W TF—2IEE WV, HDEH
AERTIE. EEREFEOFOMBERKDIC. T4/ —
IWOTFNVEEOENPREMT 2T 2/ —IViEdKRs) %
PEITH - EDPRENTWVWBY (162). £V
RIEDAERTIE. BRREZDODAIFHEE L =5 LEE &
WHEFOLOMERERI S EEZEERELTWVWD
(80) ., EERMERFEADEEOBDICH TZT7ILI—
N —Z DR & 47 IV LR DT BIXIEED HITE I
DVWTIE, SESSEIMREFOZEICE S,
FIGHEBICTILO—IIAN— DB R #5858 FERT
& IRV REE. HBVIEZDMORF
AT aZ JEINARMEI N TVWETNIE, K
BOEZRDERE B VED, 7L I—IILOFEERIRIL.
J) A= ZOMOIF LT a2 JE
E1%~3%AMT D EICEWBDEILBEELIES
h3 (90, 93, 100, 101, 106, 135, 143, 163, 164), L
PH, WOLPDREDFIREMETIE. TEVI >
REBDTILA—ILN— ZDREIREZXZ IV EEL T
AER L AR REMEO R mEMEE L Y) & EEORIE
RERES|IERI T EN PRV D EL 5 (96, 98,
165, 166), ERAADRGZ TITHON7/=Z 2 LARETIE.
SESEFLFENAFELBEBRNAEZERVTEEOX
FEXHIEEFHEL T3, MREDEL ZEZNPRED

BERELECHPEINICDVTDHER. 5HESED
MEEFOIZEILED S,

LA ZFANSNATWAIEYI L MEETT7ILD
—IN—ZXDOFIEHEEETS A, FEDEBES (1Y)
BXTNELRE) ICHLTE—BNICLAZBENH
%, EROBONTILI—IN—IOFEESEIL. |
B7LIWX-—DHIERREEICELILZITANLSN
BUWAJEEMN H D, LA L. ZILOA—-IXHIEDT
WA—VFRESEORMFICH T 2B8BEICLIS 7
LIV X — MM E B AP EMEEMRBERBEIEL 5
CEE®mTHD (167, 168),

TILA—ILIIAIRMETH D, 7IA—ILX—ZXDF
FEHBEENDREANAIF. 7ILO—IILOEEREREICH £
0. 21CH 524 CHEETH S (169, TN/,
TIA—IN—ZDOFEHEEFERF . 2RIK TS
DEIEICTEV.. EEXANDTY SBEN /=GR ICRE T
RNETHD, I—Oy/NTREFE7ZNLI-ILX=ID
FIREEENLFELNTETVWBY, 25 L85
EFRAE T H5REEERIEN (169, KETIE,
RIEB LWERMER L TR > ZBREBE L RRA
RBADPBESNTWVD, ZOEHRTIE. — ADERERE
EENPFICTLNI-NTIVERFT, TCICRYIXT
IWORRBEA Y ABE . 7ILI—ILHERET BHICED
BR7ICEMNhE (1700 RUIFLATERV
EEBIIPBYDHETPREEL., COEEREED
LEBR7ICHMNhA-EZICEICHC 2 31EDEEE X/~
JERESE, FIZERINTELERELTWEDL S
FT7IA=IIIEIKLEDTHD (170), ZDE
. ZIA—IN—2QOEZERH L AE. 7Ia—
W IRTCERTIETFeRHGDEDIDEIH D
CEETRERTDIHEDTH 2,

TIVOA—ILISIBERMED 2D, FeRIEREEH/IRIC
CWIEDBEDETHAUICESTWBERETH B,
FIWA—INX—ZDBEDFEPR/ESIND 2 &3
TH3P. HB3WETIE. NFILZX €LY X (Bacillus
cereus) DFERICLY I FILTILI-INPELEL., %
DI=-OFUBREOERMRBENG H > /-2 & &R LTV
3 (171),

g0)bNFII

1A MERETT7FHA RTHB 7N B0
WAXS T 19B50FERDHDICA ¥ X THE
SNh, 1970FRKICHE > TREICEAI N (8 172),

[EEEREE]

17 BRILNEHEHZFRIA I bHAETE. REHH —EXRI —CIOESEEERSEREBOFHFEMB., 65V TI v bTFrvPa

TIRDT «+ AREZBIRFTEI LTV B,
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B8 FEEEORENT—F(CDNT

JAIMNXT DI UBOKBEE DT I THZIN . V7
WALERRIIKBMETH D, 7OINT ST DOMEA
EMERBZS . MREANMTELILEREL T, M
fREOLBE5IERITEICLS (1,8, 7O
ANF DU CORIBNEMEERE 7L O -V L) iR
BTHZH. 77 LBERICH ULEN-FREZES.
o, TILBEMEXERICH L TIE. ZOERIES
PEBELEDODRIEH B, BEEEICHT B EMEIEIESE
IAhE W (1,8 172), 7AIAXT DI UICIIFREFR
gk (1,172), T>RXO-T&H>/E-T14ILX
(BFEAIANRZITAIVZ HIV, B4 X AHOTTIL
X, ATIVI Y RSTANREE) IZH LTI
in vitrop CISEMSERTH . ToNO—T&#H/k0
DA (ARZTAIVAR, PF/IJ4IVZX, T>70H
TAIWZBEE) ICHULTOERIE»ENE S (130,
131, 173), 7ANMANF I OMEEMIE. KL
ENEEMEDEFEHREICL-THHEIHEI QL L,
ZNEAR 7AMNZT O BBIF P FTH S
DT, ZOERRFF2I5)VY -7, ST TEDOEH
DA 7> 1 F EREEMER. B A+ 3L
HEEOCNCRI)—LICKYEETS (8 172,
174), ZVACEEI7OMATI I3 BHBLDF

BETESRAICERAINTVS, 0.5%% /2130.75%D 7
AAF S I e EUKERMBNPREEMERE. T
BABRE Y DEDIEICENTVWEY, 4% 70 B,
JONF DI EECFIRESREEMERIS Y S
% (135, 175) 0 2%DJIALEI7OMNZT S I %
ECHRIE, 4% EBHEL) OEDOTLIZZONNY
%3 (176),

TJOINFITUICIE, PREVDEKEBEEDNH S
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1982 (69) | EAICU EEREREEET N.S.
1984 (70) | BXAICU EEEERREEET N.S.
1990 | (296) | HAICU MREL (FPHNFHEHEETFOREPRAFNEEECELED 1) 1A
1992 (71) | BAICU 2DNELZFHRFLRIT. EEFEREEIRKEEE S 857 A
1994 (720 | NICU MOEHOBLEEFEREDHEAEGHE T, MRSAZ 8L 91 A
NaARA Y EROED

1995 (73 | HER=E MOEHOBLEEFEREDHEAEGHE T, MRSAZ [RE 3.5

2000 (75) | MICU/NICU | 7t AL 7-f"Be CIEVREA HXHY(C85%iK 4 . MERMREE T l344%im S 8»HA
MRSATI3Zb% L

2000 (74) | f=BE&F EERNEREDEBDLEFRER EMRSARECEELI K E (R 5%
BB LY —N1 52 ZABMDOEE & EMRR-FE%K % RFLAERE

i DICU=KEFAEE. NICU=#H4ERICU. MRSA=XF 2 U UitE#EE T R EE. MICU=AFHICU. N.S.=i# % L
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FREEICRAT D ZDMMDIRKY —

Other Policies Related to Hand Hygiene

MEDIFM

FOMTFICMEI»ZLC . EICTAT7T7—EEM%
TRIBREX T 7 LEMRE (Y2— FEFXEE%
EC). VRN TUTER. BEBIFEERENEEIC
BATWDZENWRESNTWD (14, 342, 343), &
SEEPDOY=ZF 2 T7HMEABROEEH SEINE
SZMENEHERTEVIZEELEVWY, Y ZX2T7H
P T3 & INEOWENE D ETET 2 AIREME D &
% (344, 345), FBERLSFHWVWE L2V FiiieEF
IBHEBET oW LTI A, MOTOREICHEAE
HREAZBUBRE L T3 I &N EL(346-348)

EREICBE L ABEOEEBIC O &L > TV
BHEIPEHLP>TVEVS, DIFMELTVWEE
BREEEIE. LTVWAEVWEICHERT, FEVORIEE
MHTMECT 7 LERMEEESE TV SAEEMIES
VY (347-349), MEDEEDIFEAEIE, ITTDOE
BHL51mmDEZATREIZ . MPO2UMOE
SHEALERTHINEIPIEDP>TULEL
(345, 347, 348) . =L, FMERICUTEE L RIRE
DF7IRTLAITIE. BEDY 21— KEFXBHEE
FIFREAL TW2ADEERM OAZREVT, H51
AFEVWOEIMN) APEREEEShE (350), BHEIGZ
D2ANDEEMICE > THTT7INTHREL /=RJEEMED
=54, RWIXD23 MDY 2 — KEFXBRETEEDL T
DRNITLAIVDEREE>-EEAD NS, T/, D
FMELTWBE X Zy 73DV D2Hh DT T LN
BREPEBEREREICLZ 7N ILI IJOMETDH.
FERBEIhTW3 (351-353), 25 L=MZRIED
TUEBLEDEREFEI DO THD I E AL TVD
. ESEBIMEDPFLNDS,

FLHERADKRY Y —

CDCTW. EBRHEEIE. 1) BAEFIBEN S
DBAEEES ISV VRS TLD 2) AHA
EOENBEGEETIOEMCD 3) BELD
BENEBET SARLO S 3HICL 3 FO—MER
ERDTBEDIC. FREBATHLIEMLTVS
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(354) , BRMRERSERE (AIDS) OHEIHEFTICIE.
HIROKREEIN EBE-IEBEL TVWEHEE, BE
HFRDODVZXIDEVNEEETT T3R8y INEEL
TFEREBEHAL TV, 1987F LK. HIVX® Z DD
MEHENREEDEBEL > EEREENDEEER
IET2-DICFRBERPELCEBML A (355), F
BRE2EER (OSHA) Tk, MEPMEDEL 316
BANDBRBEORREME P H2H 5O IBES 7ITAICE
WT., FREBATHZ BRI TS (356),
EEREEDFOFLEHLED-DDFROTIER L.
WL DD DERRRER TR I TWVWS (45 51, 58),
HIBARRBRTIE, BELOEMOE X, FREE
HUTW3EBRREEY. FEELTIOREEST
19 H . bEPFHICFUTH > =DICHF L.
FREBFEALTWEVEEREEDZNIF16CFUT
HolZEPRESNTWVWS (51), ZJUXNUTY
L T4 74 IWXNVREEFEDEBEDS T7ICH -1
22y 7EWRELERD2ODRBTH., BELE
ICIEMDSH 72X 2y TOREDN . FREAIVFDIE
FHERHIELAEZEEBESHICLTWVS (45 58), F
KOBRIEE /. BERINABREREICH > & XIS
b, X2y TOFICVREFRFETZDERFIEL Tu i
(58) FHVELBLINTVEE, FHRVRFIEY
ETCHINTOBENREFRENIERS I ENTES
WATREMD H D=0, FOEEDFLE[HIET S 2 &
BEETHDEROHNTWVWD (25 111),
EEDELZT. FROBAPREADEZEZHD S
BB EEIHMAT IV DOPOMENG H D, FREIR
DEZRICEDTEZ-—ILFREBERTILOICESEL
HBHRMAEI PO—ILAR TR, BEDOIZOX K
TIOL T4 T4 VIICEBTRORERL, NAH
DERE1,000 7.7 0 5 . A AFICIFERE1,000A
FISAICE TR L (226), FRERBETIE.
BIEGMEDOI VI NI TL T 14714 VIVORED
PR U, FREBRL TOEVWRERTIZRE
PULED >, VREXMRSANEIE L TWAICUTH.
BEIST7ICRVLTFREBRTSL2 X2y 728
EBRMIAEEZA. TOMNTLA 7 2 HITE /-A]EE



FIEEECEITDZTDMODRI > —

MEHrE» - 7= (357, 358),

22y TOFERFEEBZEBIFROBAN S5 2 25E
RS AR BE > TVHEVY, W DHDIETIE,
FREBEATZ2XZ2y 713, RENIPOLHDIEEILF %
EORBEMY LW EVERE L TWB (290, 320),
ZhiZH L. BID2DODMRETIE. FREFHATIX
2y 713, BETT7ORICFEESIFREMEYP LEV
ERELTWSB (87, 301),
EECEEOFR/ERICEAL TR, RO EEEE
LTHBLREYHD, $hbb. FRIIFDFELET
LICFHLETIHDTIEHEWC EE, XRZ Yy 7ICHLE
ZRNETHD, BEICEEL VWA HEDN. BEHEED
ERRICFREBEAL CVWAERREEDI0RU LY,
SEN I N BHZENH S (50, 58), T 5. FRD
BEAIE. BREFFRY AL ZIRBRAILNZY AL R
LFBBEICHL. BLEHHELEIDITTIELEY
(359, 360) . FRICHDELHR—IL*=p FREEFT
TEZIRBIDFOBLEICL - T, REGRYFICFE
THZEBEZOND (50,321, 359, 361),
EEUEEOERTIFRIE. &%, RRILFT
VIARER /T Ty UV REM (EZ—L, = bV
W xA 7L [Ryx—¢&7007L > 0OHES
F])**TTETVWD, EEREEPEEDNI T v I X
TUILE—HPEMLTWE D, FDAREZ > IN7ER
BEBOLAENYE—fFE NJE—-LLDITv 7
AFRP STYITATLILXE—DZ2y THDOERK
FRERRATHETZZEEEBOTWVD, ARSI
TWABMZRTIE, FEONY 7. FHMOEFEE &R
B, (FHEE. FREE. FRORNEMICERL -
HECEINWELEDELTWS (359, 361-366), % 7-.
EZ—IWFREIST v IXAFRELINDBARES T,
&L ICEREICZ DERP AV (359, 361, 364, 367)
LrL. MBICHBEOEVWEZ—ILFERIZ. 5Tv 7
ZFRICLEMT IhEANH D (359), = FUILF
RORBNEIZ, 79IV XFROZNERFIEBRLCTH
B52EERLTVWBIMRED. BIERS N TLBE DL
DHhFFhbh TV (368-371), EHEEOFR %+ H
BLTHZEE, Ry I TN EFNDOBET 71T

AIIRELFRIEELERTIIEHN TEINDTER
LW, REDHAETFROKEIN L A>EZ ENTR
ShTWaHD (366). FREETLARICIEIFOHE
EXFHEVETONETHS (8 50, 58, 321, 361),
FRIGEZE-2YD . BERALAENTZIXRETIEE W
(321, 361), AMRNL KO- 327 1) —LOfE
Rz, 57 v 7V XAFRELILS L ZHEMEY H D
(372) WY —FEFREFSA2FZICTILO—IN
—ZDFEHEEEEFEO &, BEICL > TREFICE-
TWB /NI Z—EDHEEERICEY . FICE5D0
Bt 5225NDbHD, INIE—FTEFEHI—HEIC
FHINTVAHBHRTIE. SOLIBEEFE LAWK
ISERITHAERRLAVWES . FREETLAE
CEELERTILOA-—IN—ZDFIEHEESEERAD
RETHD, AEZy7ICld, BEBTFREXMLE
WE. MENDIRBICOL Y BEREMNI H D L & H
BHER T 3XETH 3 (358 373),
I=Bfimn
IEWMOTOEEIL. 88z L TV EWEDRIUEE
BROMCLENR T, WEMDEBI B LW EHFVL DD
DR TIAFBIN T WS (374-376), H DR TIE.
EEMDI%N RO TOEEICT 7 LEMERE (K
BE. JLIYIZ. 7R bNT2—5(E) eftE
TEeTHY ., FEMCEL > TIERUEEIBHO T IS
HPAHBBREAL WA EPEREEINATWS (375,
BONEHA BICUBERMEZ MR E L2 &V EDHE
T. ZEEBMICLY . FEROBAIE. 77 LEMEE
PEET NIUHREOM—DERENI X777 72—T
HY). BIRSh-MEMDREILIEH TV EIEEHDE
ICHEBE L TWB ZEPEBASPICENhTWS (377),
BE#EL VWD ET. WEENI LW ZEEIID
PEINIEKRBIATH D, 2ODAETIE. B % L
TWBZXR2y 7ELTVWEWVWZZ Y TOFREDLLE
T, FICHFBFELTWAHEOFH IO —HIEED
ShMo7ELTWD (376, 378), BV EEIRS
TORBERGHEILKICEETI2IPELP EHET 2 (C
3. S5LZIMAEDPDLETH S,

[EEEREE]

24 EXER-IVIFRICEUCEXFESVHORESEFEOREHET ., FRICIEAL TV 3 ERFNICARTRIBETELVEEL S D/
BRAPHLZEPMENTHY  BRKTREREFMIFI2ENFREEB L CFMICEALY ., MIFICEL RV EREARR T 5 /-0 ICIETHEEE

&

DR WHHFRERE L 20 FNARPERE TFROMEE £ ROVEICH 54 EEBL TV 3,

25 ZMUNITIVAZNIIET R T > OEEEYT. M EERETSIL, 77UOZ M) ILENF15~450EET, K- F - 5=
FNUIWEDITLYPHY . ZFILVEOSVHDIEEMHEMEERS AV .. EHEPHEEN B L5, BIFEORIEKFEICH L TRRIFLIEMMEE S
STWVWBH, XotEr, MLILDED BERFEERERFRBFNCT b, TXFIVEICIIEREY T, £/, RIEEEERTA Y O HICZ LuwREaD
Hd, EEL UMMM ERLEE T ITERITLHARZICAVS NS,

26 XA FLr:vOAFL>IL (CR) EMIEhBERILT, 7087 L EEY, PREOTHME. MY HY) . THE. WAV 4d
BIFT. —MENMEEL LT, MHh. MEEEVLEE T2 —RILEAITLHNRECLCAVWSMS,
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Hand-Hygiene Research Agenda

MESRRSIN TV S FHEFEICEHTIMENIISIE EEHESTTOWEL, EXFROMAEE PERKAREY
MUTWEY, FEAERGCHEINLKRY - EIZ. FEELVODPOBZINTWVWBEIAICEY)
22y TICEBBEFOWEICDOVTDSZ L DFERIL F HEnErs5450 (—83),

—H3 FREEHRORE

HEE(RE
o FOBEPWENDIGEEBICIDEN BRAIREMDH ZEE T TITADERAICOVWTDR 2y THEDRE
o EMFEMFIRBE T OV T LDOERE E X
o FREBLTHICH T 2BEHUBE O EEME
o B LFREAZEETINZINAITHEVLIEETHINELICOVWTOMRDEE & X
CIEFT U RICEDEIFRASFNVWODENERTE (BEEDEMOLCICFRASETOLOBEFTHON
BRENTHENS L EERET D)
o FIREETEHE. X2y JTOBEHICH T3 FHEAERENETERR DM
o REVA FOXELEBILHODHEDKE
e VWAWNWALHETOFHERFEBEN2DDTOT I LDELZDIERER £ ER L 7 DFE £Vl

FIEEERE)\Y KT T
o FIREENEOR bEY A & HE
o« BERBERD 5 SRANHY . 2HEEADEALPEVER LY SBARESOBRIBEHE S »E
$U5E
o SRR THROF R & FIBBECRET 52 LOWE
o FIREARROMEA CED LR EIBET 5 1 HDEBEOIR
o R OIEL FHRATE RO
o FIREERIC LB REEMHT 51> KETO—S 3>, 7U—h, ZOMNY FOREOREE . HE
Ris % ¥4

SIRN—ABEZHA E R
o BEBDAEGEPLRIED SBEANDTIBOMED-ODEERETILORAZ
o FEICERIFAI RV EXEBEDEERE COEAEZRMT I EE L 2. BROEFEDIIEETHED
EHOFHFLWLWTORTI—ILORERE
e HLWEBDFEAPHEYGREDIBIBICLIZFEFHEDE=2) T & SBRBEBAAND T+ — KNy 7
o BARDFARIEEL U X VKR EERT 2 DIV ELFERAEEFTON—tE T - DAL EHE
o HREFIRAEDETHR ENBERICEZAZFEL L VEEICRTIE T > XDER
e BEX v >NR—PRINLBEE. RINL A D - 2HE DERMERFHED E
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Part II. Recommendations
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Categories

LUTO#EERREBRREEDFREAELEOXRBE 2HE
L. EERS TREMENDEER X2 v 7 NDI&HE
AERT A EEEMICKRESNTVWS, ZOHA K
SA L LEIEIR. BRIMIIBXLA NSV HEEDE
Y —EXBFATIE AV, /2. FDADEE R AR
# (Model Food Code*?) (Z & 2$EEICE - THKH

2HbDTHHEL,

LIgidDCDC/HICPACH 1 RS 4 > ERHRIC. &&D
HIIFET RPN T — 2 ERAOEE  ISHTTEEM.
BRENZEBICEDENFEIN T3S, CDC/HICPAC
HARIALDEELPES AT LIZLTORY TH
%,

(SRS NIzENS.

BANZ@E<HREL., BREBEIENIZRERR. BRIRNND D WVIFEFHIEIHFRIC L DR

BAZ@<HERL. LWDODDSRERR. FREREISH D WVFEZARIFIFRICLD. BN
EEREVARILIC K D STHFF S NTcEhS.

FH7ITY—1IC

KEDOMS UL (FHEFDMRA. RE. BETEHITONTCVDEIR,

SNEER,

BAZHEREL., RIEICEOMRKRIMS X (FEZHIMTTD D WIFIEEREVRILC K D3 H;

BEDRIhT
W g o B S

REERDRE. BRI+ DHDVEFHRICDVNTERDE EF 2 TUOIEWVREERD

[EEEREE]

*27 Model food code : AREE LDRE TP DHEIEICREEZHEE ICIRMET 3 20D HF A (http://www.cfsan.fda.gov/"dms/foodcode.html) o
HACCPH EMAELEER TN EBRFEICETEH1 KTHBDICX L. Foodcode & W EAVWERE GEIEBEEOXRE ZHHRICLTWVWS,
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o oo o o o o o dd

L FWn., FREENSEEL X T’é_’T‘ II |$2i 51 Ak
A. FPEICRZATENTWR EE, E2INTETELEINTWVWS EE,
T, MR ZOMDEFERTBICRATENRTVWS EXICIE. FERE o 66
ARREK. HIVWEIMBERBREKTFERED
B. FPHICRATENTVWAWVWEE, 1.C~JICEHINTWVWBERTANTOD 74,93,
BRER COMRITICH VT, 7L A—IA— ADFIEESEE AV TIL— o o
FLDFEOBLEGEEET 312, 396
HB3WVWIE AC~IIRBHINTVWBITARTOBERTORRICENT, ° oo 7
MERBREKTFERD ’
C. BEICEEEMTIFICFOBELEGRELTI, [ ) 68, 400
D. FLERD T — T IILOEARFIC IS, BEFREADANICFOERRKRE ° wor. 40
T2, ’
E. ABFRE2VDEBEE LEAVWEREBED T — TV, KEMLEHT—T I, ° 25 403
ZDfth, REMLEREEEATIENICIE. FOBLERBREET D, ’
F. BEOBEOEVWEBICEMLA%E (REed. MEDRTEET . 25,45, 48,
BEENELFB4Y) CHFEOBRBEERS, ¢ o
G. &, HEtY. *iE. EECAVWEE. AEEOKEM & DEMD % ° w00
. FHPEICRZATERTOWELTH, FOBFLEREETI,
H. BES 7RI, ROFBRIAD S ERRMUICBET 2158, FNER ° 55 55
fREE1TI. ’
| BEOTCGECOY) (EBEEREEST) EOEMORZICIEFOERR ° w6 55 5
EE1T5. o
J. FRERTUABICBFOBLREET, o 50, 58, 321
K. BRBFIX b LICFT- 2RI, FEMEABREK. B2V iE ° soidos
ARREKTFERES

L. MEEZERIEAHKED) G, FEMEAREKICEZFEVDR
BFEBREEZATHLVY., PLI-IAN—IDOFIEESECHE AR ° oo 161
EKICEDFREVEEFOMBAEBRDOREYP D, 72— '
N—ZDFHREBEPHEAERORBFELE LS &L,

M. REBENOBRBEIVREONDIZE. £/, BERIBAICIR. ERER
BREK, £/-ld. MBABREKTFERI, 2O LAERREDEHET. 0 172
TIA—Ib, JAIMNXTI T = RER—Ib, ZOMOBEERITEF o 224,225
FRICX L TRHIRPTE N, FEE-TT T EVIMEBHLUNEH
HREINS,

N. EERBTCOFIEGEEICEL. 7ILO—ILLSAOEI) AHXFIE NS
FEOI—F > DERIZEID ST, ®
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EIH & &
2. FHEET =y Y T’é—’ﬁ 11 |§§i 31
LI A ZLa—UAR—-ZOFIEESETFOBLRELTIBAICIE. —F
DFOVLHICHEZDOE ., RIC. MFEOLEKAICHAITET S L ° 258,410
JICLT. MFEEETIETEVEDE S,
SRFEHAEICOVTI., X —H—DIERICHED,
[]| B. REREKTFEEI & X, £ FEKTESL. A —H—0DIF
ARYIEQHREFICEY . MFEOLKRAICHENTEES L DI
LT, RESHEEFEH LB b3, FEKTTTE, For ) e
ZR=HFTNaFNLTH, OZFAD I EXICIE, 2F U THRRO%
BIZ2THDB,
BKEBR)RUFERTZEEBRADY X 7HIEINT 3729, BKDE ° 251255
38T 5,
L] C. EMERBEKICEBFERNCIE. BK. B, K. BROEER
BEAVWTEL, BERGmEERT 3 & EICIE. KThDLWERRE o 412-415
FENBDOAREFERINRNETH S,
[l D. EEBRHTIE. BHIRPAXROAELFERTIH LT IVIEED S ° 3 300
N, '
3. Fofvus e T’é—’ﬁ 1 |;’:§£i 3B
(1| A, f88. MBS, TL ALy REEFLTH D, FRBFIEES % B4 o 575,378,
'd‘éo 416
L] B. RADFTT. M7 U—F—%FE>TMOTOFNEIFRL , o 14,417
O] c. SBaFHET O Ch - . REFEEAONICHERRD 56 15 150
EEDHBZTINI—IN—XDFIEHEBET. FHRFFEESEZTO [ ] 232, 234,
ZENHESNSB, 237,418
(| . nEAR CFREFIEESETOHEICE. A —H—DOIERT 58 117 156
CBE2~6%) FEHIBOEYEWVETY, REFEOEY %W (109 o 205, 207,
KE) BBEEW, 238241
(| E. #EM0H 370 a—IN—ZADFEMEFIEESZ4EHT I & X
. XA—H—DIERICHED . ZILI—ILFIEHSEEHOEIIC., FEH
BAMR TF ERIBOFHES2ETV. FLAilizT2ICEZL T, BT o 159, 237
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O o o oo o

4. FHaEE DRR T’é—’?{ 11 |§2:§ 31

A. —EIOEHFEREEEICEHOFER IN 358, & ICREMIEL .

MEEN S WFIEEER L E X2y TICH VBT 3, 20&ESIE. B 90, 92, 98,
RIBIB COEE S 7 DRIZDFIEES ICHERT R, FiiX &2y ¢ 166, 249
THFMBFIEES CERTIRRAICHERT 5,

B. EEREHICL D FEFLEERNDZTUIANERZGARRICT S0, BA
*EE L TVWARIOEAR. TN . EENORML CICEHT3ER ° 1622’233
EEDD, HEERICHEVWTR, BRIAX M EELBRTHINE 276-278
TlEh Ly,

C. NEARR. MERR. 7L I—IN—XDOFISESELBINT I
(Z1E. FIRAPAE, XX 5 T78R. REETHERL TWBFEE 174, 372
DHEERISICDOWT A —H—ICRWEDE S,

D. T4 ANRHY—DBEOERRAEEZTOANIC. WAWLWALA—H—X
EEDDODEFFML., A EHEEL. HEEDHEEZEOSNDI N E 286
IDEWERT D,

E. ¥DICh AR T 4 AN —ICHEZLE LAV, 20 [#HEXE ° o7 410
L) 3. REBROMBEFLIC OGN B ENH B, ’

5. AF% VT 7T T'é—w‘ I |$2i B Ak

A. FIEEBXFRVIC L 2RIAMEZEMEERDORIE 2 RIERICH Z 3 /- ° 272 27
B, NP RO—2a %0 —LEEERESEICESRT 3, '

B./ \>RO—>3>, 7U—L, 7ILI—IN—ZXDOFIEHESEHI KR
THEAL TV A MERROEEEMICS A Z3HEBIIOVT, A —H— ) =
ICRVWEbE 3,

6. FIELED Z Ol T’é_]T{ II |$2fﬁ; b

A NAD)ZX7EE (ICUBEXFRENDEE) CEDICEMT SIHE(C ° s50-358
id. DUMXPERMEZEAL GV &,

B. MO%kikiE. 1/41 > F (6.35mm) FKidlfRDo 350

C. MKk, ZDMBREDRIEEMN H B AR, FhiE. BEL -KE & DiEM 55
DR[EEMD H BI5EICIETFREEBFHT 3,

D. BEDTTDRICIFRERT T, BRENOEEDSTTICRAUFKEME 50, 58,
BlLGw, £/, BERATRAUFRZMITEFE2EDEV &, ¢ 321,373

E. BREEL» SFREBCBRHTIRICE. ARCBEODSF 7 THFLEE 5051, 58
THT B, o

F. EERECORBWBIIOVTIE, BIETE LU, [
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7. BEEEZEOEE GRS v I 4

I wHS
Ao o] 1 S M

A EEREEOFIHRALEDEREIWET I -00LMRNTOT 5 LD—
BELT. FOBLOLNBAEERDH 5BE S TTEOEEL 74 200
WAWABEFEDEEFECDVNWTDA Yy FETF Xy MIDWTHE o 295, 299
BT %,
B. EIN TVWBFEFEENETEE=2) T L. ARy TIZT 1 74, 276,
AV AR B ® 292, 295,
299, 306,
310
C. BEXTDORIRIC, EEREENPFIEOHEBEERTSLIICEET ° 500 422
32 EEERMT B, '
8. W ERHT-BY T!é_!T‘ 11 |5lE | s
A. FREEDETEREDOEBESIEICL. EEY A RroEYLETIRE ° w75
B ERZRMT 3, ’
B. EINDZFIRFEEDZAZ Y TILLBEFEALEDAEDICKES N /- ° e 75
ZEMAMRTOT T LEERT D, ’
C. FEFEETHRENHDOZHPFIMRTATILO—EELT, §< 74, 166,
ICFZBT7IVIA—IFIEHEEEEZ X2y 7ICRHT 3, () 283, 204,
312
D. fEENZLBEITTOREVEBELZENP FASINZHLETHEH X
2y TDOFBHFEDETENRNET DO, BREPNY K1 K, % 11, 74,
DD ER LIBFRTT NI —IAN—IADFIEESEHPFEHETEE LS ® gﬁj
ICF 2, BBHVE. ZZ Y TICET v b A RZDRDESERB £ 318, 423
5&hE 5,
E. ZIOA—IN=—IXDFEEEEOREIF. FvER Y MP5NMERSR
ARICARR I NIGFRICT 5, ®
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Part III. Performance Indicators

53



SIEL REDIER

1

EBREEEDOFHEFEETOREEAEIC. UT
DIEIENVHERE SIS,
A. RIRRI. BEMABIIC. X2y 7075 FiEHE

EEEY. FHEEGEEZVEETIEHBCT. T
HRBOIC FIREEDETIRT SR LSS T %,
BRERIE, A2y TIZT1a— RNy 7T 3,

B. 1,000 8E8HEBO 7L a—IN—XDFIEH

BEFHE (FLRFREVPFREESEORE
EERERE) 28R T 5,

CDUNICET 3 AH0ETFTEE=2U T T

%o

CBEOTINT LA IDPRELEBE. X4

v 7 DFEHEBP TR TH o120 E S FHE
T3,

FIEEEREDCHDE SICFHFULMERIE. ITFOR—LR—IBIRTEL,
http://www.hopisafe.ch  (University of Geneva Hospitals, Geneva, Switzerland)
http://www.cdc.gov/ncidod/hip  (CDC, Atlanta, Georgia)
http://www.jr2.0x.ac.uk/bandolier/band88/b8-8.htiml - (Bandolier journal, United Kingdom)
http://www.med.upenn.edu (University of Pennsylvania, Philadelphia, Pennsylvania)
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Summary

The Guideline for Hand Hygiene in Health-Care Settings provides health-care workers (HCWs) with a review of data regarding handwashing and hand
antisepsis in health-care settings. In addition, it provides specific recommendations to promote improved hand-hygiene practices and reduce transmission
of pathogenic microorganisms to patients and personnel in health-care settings. This report reviews studies published since the 1985 CDC guideline
(Garner JS, Favero MS. CDC guideline for handwashing and hospital environmental control, 1985. Infect Control 1986;7:231-43) and the 1995 APIC
guideline (Larson EL, APIC Guidelines Committee. APIC guideline for handwashing and hand antisepsis in health care settings. Am J Infect Control
1995;23:251-69) were issued and provides an in-depth review of hand-hygiene practices of HCWs, levels of adherence of personnel to recommended
handwashing practices, and factors adversely affecting adherence. New studies of the in vivo efficacy of alcohol-based hand rubs and the low incidence of
dermatitis associated with their use are reviewed. Recent studies demonstrating the value of multidisciplinary hand-hygiene promotion programs and the
potential role of alcohol-based hand rubs in improving hand-hygiene practices are summarized. Recommendations concerning related issues (e.g., the use
of surgical hand antiseptics, hand lotions or creams, and wearing of artificial fingernails) are also included.

Part |. Review of the Scientific Data
Regarding Hand Hygiene

Historical Perspective

For generations, handwashing with soap and water has been
considered a measure of personal hygiene (1). The concept of cleansing
hands with an antiseptic agent probably emerged in the early 19t
century. As early as 1822, a French pharmacist demonstrated that
solutions containing chlorides of lime or soda could eradicate the foul
odors associated with human corpses and that such solutions could be
used as disinfectants and antiseptics (2). In a paper published in 1825,
this pharmacist stated that physicians and other persons attending
patients with contagious diseases would benefit from moistening their
hands with a liquid chloride solution (2).

In 1846, Ignaz Semmelweis observed that women whose babies were
delivered by students and physicians in the First Clinic at the General
Hospital of Vienna consistently had a higher mortality rate than those
whose babies were delivered by midwives in the Second Clinic (3). He
noted that physicians who went directly from the autopsy suite to the
obstetrics ward had a disagreeable odor on their hands despite washing

The material in this report originated in the National Center for
Infectious Diseases, James M. Hughes, M.D., Director; and the Division
of Healthcare Quality Promotion, Steve Solomon, M.D., Acting Director.
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their hands with soap and water upon entering the obstetrics clinic. He
postulated that the puerperal fever that affected so many parturient
women was caused by “cadaverous particles” transmitted from the
autopsy suite to the obstetrics ward via the hands of students and
physicians. Perhaps because of the known deodorizing effect of
chlorine compounds, as of May 1847, he insisted that students and
physicians clean their hands with a chlorine solution between each
patient in the clinic. The maternal mortality rate in the First Clinic
subsequently dropped dramatically and remained low for years. This
intervention by Semmelweis represents the first evidence indicating
that cleansing heavily contaminated hands with an antiseptic agent
between patient contacts may reduce health-care—associated
transmission of contagious diseases more effectively than handwashing
with plain soap and water.

In 1843, Oliver Wendell Holmes concluded independently that
puerperal fever was spread by the hands of health personnel (1).
Although he described measures that could be taken to limit its spread,
his recommendations had little impact on obstetric practices at the time.
However, as a result of the seminal studies by Semmelweis and
Holmes, handwashing gradually became accepted as one of the most
important measures for preventing transmission of pathogens in health-
care facilities.

In 1961, the U. S. Public Health Service produced a training film that
demonstrated handwashing techniques recommended for use by health-
care workers (HCWSs) (4). At the time, recommendations directed that
personnel wash their hands with soap and water for 1-2 minutes before
and after patient contact. Rinsing hands with an antiseptic agent was



believed to be less effective than handwashing and was recommended
only in emergencies or in areas where sinks were unavailable.

In 1975 and 1985, formal written guidelines on handwashing
practices in hospitals were published by CDC (5,6). These guidelines
recommended handwashing with nonantimicrobial soap between the
majority of patient contacts and washing with antimicrobial soap before
and after performing invasive procedures or caring for patients at high
risk. Use of waterless antiseptic agents (e.g., alcohol-based solutions)
was recommended only in situations where sinks were not available.

In 1988 and 1995, guidelines for handwashing and hand antisepsis
were published by the Association for Professionals in Infection
Control (APIC) (7,8). Recommended indications for handwashing were
similar to those listed in the CDC guidelines. The 1995 APIC guideline
included more detailed discussion of alcohol-based hand rubs and
supported their use in more clinical settings than had been
recommended in earlier guidelines. In 1995 and 1996, the Healthcare
Infection Control Practices Advisory Committee (HICPAC)
recommended that either antimicrobial soap or a waterless antiseptic
agent be used for cleaning hands upon leaving the rooms of patients
with multidrug-resistant pathogens (e.g., vancomycin-resistant
enterococci [VRE] and methicillin-resistant Staphylococcus aureus
[MRSA]) (9,10). These guidelines also provided recommendations for
handwashing and hand antisepsis in other clinical settings, including
routine patient care. Although the APIC and HICPAC guidelines have
been adopted by the majority of hospitals, adherence of HCWs to
recommended handwashing practices has remained low (11,12).

Recent developments in the field have stimulated a review of the
scientific data regarding hand hygiene and the development of new
guidelines designed to improve hand-hygiene practices in health-care
facilities. This literature review and accompanying recommendations
have been prepared by a Hand Hygiene Task Force, comprising
representatives from HICPAC, the Society for Healthcare
Epidemiology of America (SHEA), APIC, and the Infectious Diseases
Society of America (IDSA).

Normal Bacterial Skin Flora

To understand the objectives of different approaches to hand
cleansing, a knowledge of normal bacterial skin flora is essential.
Normal human skin is colonized with bacteria; different areas of the
body have varied total aerobic bacterial counts (e.g., 1 x 10° colony
forming units (CFUs)/cm’ on the scalp, 5 x 10° CFUs/cm’ in the axilla,
4 x 10" CFUs/cm” on the abdomen, and 1 x 10° CFUs/cm’ on the
forearm) (13). Total bacterial counts on the hands of medical personnel
have ranged from 3.9 x 10" to 4.6 x 10° (14-17). In 1938, bacteria
recovered from the hands were divided into two categories: transient
and resident (14). Transient flora, which colonize the superficial layers
of the skin, are more amenable to removal by routine handwashing.
They are often acquired by HCWs during direct contact with patients or
contact with contaminated environmental surfaces within close
proximity of the patient. Transient flora are the organisms most
frequently associated with health-care—associated infections. Resident
flora, which are attached to deeper layers of the skin, are more resistant
to removal. In addition, resident flora (e.g., coagulase-negative
staphylococci and diphtheroids) are less likely to be associated with
such infections. The hands of HCWs may become persistently
colonized with pathogenic flora (e.g., S aureus), gramnegative bacilli,
or yeast. Investigators have documented that, although the number of
transient and resident flora varies considerably from person to person, it
is often relatively constant for any specific person (14,18).

Physiology of Normal Skin

The primary function of the skin is to reduce water loss, provide
protection against abrasive action and microorganisms, and act as a
permeability barrier to the environment. The basic structure of skin
includes, from outer- to innermost layer, the superficial region (i.e., the
stratum corneum or horny layer, which is 10- to 20-ym thick), the
viable epidermis (50- to 100-xm thick), the dermis (1- to 2-mm thick),
and the hypodermis (1- to 2-mm thick). The barrier to percutaneous
absorption lies within the stratum corneum, the thinnest and smallest

compartment of the skin. The stratum corneum contains the
corneocytes (or horny cells), which are flat, polyhedral-shaped
nonnucleated cells, remnants of the terminally differentiated
keratinocytes located in the viable epidermis. Corneocytes are
composed primarily of insoluble bundled keratins surrounded by a cell
envelope stabilized by cross-linked proteins and covalently bound lipid.
Interconnecting the corneocytes of the stratum corneum are polar
structures (e.g., corneodesmosomes), which contribute to stratum
corneum cohesion.

The intercellular region of the stratum corneum is composed of lipid
primarily generated from the exocytosis of lamellar bodies during the
terminal differentiation of the keratinocytes. The intercellular lipid is
required for a competent skin barrier and forms the only continuous
domain. Directly under the stratum corneum is a stratified epidermis,
which is composed primarily of 10-20 layers of keratinizing epithelial
cells that are responsible for the synthesis of the stratum corneum. This
layer also contains melanocytes involved in skin pigmentation;
Langerhans cells, which are important for antigen presentation and
immune responses; and Merkel cells, whose precise role in sensory
reception has yet to be fully delineated. As keratinocytes undergo
terminal differentiation, they begin to flatten out and assume the
dimensions characteristic of the corneocytes (i.e., their diameter
changes from 10-12 ym to 20-30 xm, and their volume increases by
10- to 20-fold). The viable epidermis does not contain a vascular
network, and the keratinocytes obtain their nutrients from below by
passive diffusion through the interstitial fluid.

The skin is a dynamic structure. Barrier function does not simply
arise from the dying, degeneration, and compaction of the underlying
epidermis. Rather, the processes of cornification and desquamation are
intimately linked; synthesis of the stratum corneum occurs at the same
rate as loss. Substantial evidence now confirms that the formation of
the skin barrier is under homeostatic control, which is illustrated by the
epidermal response to barrier perturbation by skin stripping or solvent
extraction. Circumstantial evidence indicates that the rate of
keratinocyte proliferation directly influences the integrity of the skin
barrier. A general increase in the rate of proliferation results in a
decrease in the time available for 1) uptake of nutrients (e.g., essential
fatty acids), 2) protein and lipid synthesis, and 3) processing of the
precursor molecules required for skin-barrier function. Whether chronic
but quantitatively smaller increases in rate of epidermal proliferation
also lead to changes in skin-barrier function remains unclear. Thus, the
extent to which the decreased barrier function caused by irritants is
caused by an increased epidermal proliferation also is unknown.

The current understanding of the formation of the stratum corneum
has come from studies of the epidermal responses to perturbation of the
skin barrier. Experimental manipulations that disrupt the skin barrier
include 1) extraction of skin lipids with apolar solvents, 2) physical
stripping of the stratum corneum using adhesive tape, and 3)
chemically induced irritation. All of these experimental manipulations
lead to a decreased skin barrier as determined by transepidermal water
loss (TEWL). The most studied experimental system is the treatment of
mouse skin with acetone. This experiment results in a marked and
immediate increase in TEWL, and therefore a decrease in skin-barrier
function. Acetone treatment selectively removes glycerolipids and
sterols from the skin, which indicates that these lipids are necessary,
though perhaps not sufficient in themselves, for barrier function.
Detergents act like acetone on the intercellular lipid domain. The return
to normal barrier function is biphasic: 50%—60% of barrier recovery
typically occurs within 6 hours, but complete normalization of barrier
function requires 5-6 days.

Definition of Terms

Alcohol-based hand rub. An alcohol-containing preparation designed
for application to the hands for reducing the number of viable
microorganisms on the hands. In the United States, such preparations
usually contain 60%-95% ethanol or isopropanol.

Antimicrobial soap. Soap (i.e., detergent) containing an antiseptic
agent.

Antiseptic agent. Antimicrobial substances that are applied to the
skin to reduce the number of microbial flora. Examples include
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alcohols, chlorhexidine, chlorine, hexachlorophene, iodine,
chloroxylenol (PCMX), quaternary ammonium compounds, and
triclosan.

Antiseptic handwash. Washing hands with water and soap or other
detergents containing an antiseptic agent.

Antiseptic hand rub. Applying an antiseptic hand-rub product to all
surfaces of the hands to reduce the number of microorganisms present.

Cumulative effect. A progressive decrease in the numbers of
microorganisms recovered after repeated applications of a test material.

Decontaminate hands. To Reduce bacterial counts on hands by
performing antiseptic hand rub or antiseptic handwash.

Detergent. Detergents (i.e., surfactants) are compounds that possess
a cleaning action. They are composed of both hydrophilic and
lipophilic parts and can be divided into four groups: anionic, cationic,
amphoteric, and nonionic detergents. Although products used for
handwashing or antiseptic handwash in health-care settings represent
various types of detergents, the term “soap” is used to refer to such
detergents in this guideline.

Hand antisepsis. Refers to either antiseptic handwash or antiseptic
hand rub.

Hand hygiene. A general term that applies to either handwashing,
antiseptic handwash, antiseptic hand rub, or surgical hand antisepsis.

Handwashing. Washing hands with plain (i.e., non-antimicrobial)
soap and water.

Persistent activity. Persistent activity is defined as the prolonged or
extended antimicrobial activity that prevents or inhibits the
proliferation or survival of microorganisms after application of the
product. This activity may be demonstrated by sampling a site several
minutes or hours after application and demonstrating bacterial
antimicrobial effectiveness when compared with a baseline level. This
property also has been referred to as “residual activity.” Both
substantive and nonsubstantive active ingredients can show a persistent
effect if they substantially lower the number of bacteria during the
wash period.

Plain soap. Plain soap refers to detergents that do not contain
antimicrobial agents or contain low concentrations of antimicrobial
agents that are effective solely as preservatives.

Substantivity. Substantivity is an attribute of certain active
ingredients that adhere to the stratum corneum (i.e., remain on the skin
after rinsing or drying) to provide an inhibitory effect on the growth of
bacteria remaining on the skin.

Surgical hand antisepsis. Antiseptic handwash or antiseptic hand rub
performed preoperatively by surgical personnel to eliminate transient
and reduce resident hand flora. Antiseptic detergent preparations often
have persistent antimicrobial activity.

Visibly soiled hands. Hands showing visible dirt or visibly
contaminated with proteinaceous material, blood, or other body fluids
(e.g., fecal material or urine).

Wiaterless antiseptic agent. An antiseptic agent that does not require
use of exogenous water. After applying such an agent, the hands are
rubbed together until the agent has dried.

Food and Drug Administration (FDA) product categories. The 1994
FDA Tentative Final Monograph for Health-Care Antiseptic Drug
Products divided products into three categories and defined them as
follows (19):

« Patient preoperative skin preparation. A fast-acting, broad-
spectrum, and persistent antiseptic-containing preparation that
substantially reduces the number of microorganisms on intact skin.

* Antiseptic handwash or HCW handwash. An antisepticcontaining
preparation designed for frequent use; it reduces the number of
microorganisms on intact skin to an initial baseline level after
adequate washing, rinsing, and drying; it is broad-spectrum, fast-
acting, and if possible, persistent.

e Surgical hand scrub. An antiseptic-containing preparation that
substantially reduces the number of microorganisms on intact skin;
it is broad-spectrum, fast-acting, and persistent.

Evidence of Transmission of Pathogens on Hands

Transmission of health-care—associated pathogens from one patient
to another via the hands of HCWs requires the following sequence of
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events:

* Organisms present on the patient’s skin, or that have been shed
onto inanimate objects in close proximity to the patient, must be
transferred to the hands of HCWs.

* These organisms must then be capable of surviving for at least
several minutes on the hands of personnel.

e Next, handwashing or hand antisepsis by the worker must be
inadequate or omitted entirely, or the agent used for hand hygiene
must be inappropriate.

e Finally, the contaminated hands of the caregiver must come in
direct contact with another patient, or with an inanimate object that
will come into direct contact with the patient.

Health-care—associated pathogens can be recovered not only from
infected or draining wounds, but also from frequently colonized areas
of normal, intact patient skin (20-31). The perineal or inguinal areas
are usually most heavily colonized, but the axillae, trunk, and upper
extremities (including the hands) also are frequently colonized
(23,25,26,28,30-32). The number of organisms (e.g., S. aureus,
Proteus mirabilis, Klebsiella spp., and Acinetobacter spp.) present on
intact areas of the skin of certain patients can vary from 100 to 10%/cm’
(25,29,31,33). Persons with diabetes, patients undergoing dialysis for
chronic renal failure, and those with chronic dermatitis are likely to
have areas of intact skin that are colonized with S. aureus (34—41).
Because approximately 10° skin squames containing viable
microorganisms are shed daily from normal skin (42), patient gowns,
bed linen, bedside furniture, and other objects in the patient’s
immediate environment can easily become contaminated with patient
flora (30,43—46). Such contamination is particularly likely to be caused
by staphylococci or enterococci, which are resistant to dessication.

Data are limited regarding the types of patient-care activities that
result in transmission of patient flora to the hands of personnel
(26,45-51). In the past, attempts have been made to stratify patient-care
activities into those most likely to cause hand contamination (52), but
such stratification schemes were never validated by quantifying the
level of bacterial contamination that occurred. Nurses can contaminate
their hands with 100-1,000 CFUs of Klebsiella spp. during “clean”
activities (e.g., lifting a patient; taking a patient’s pulse, blood pressure,
or oral temperature; or touching a patient’s hand, shoulder, or groin)
(48). Similarly, in another study, hands were cultured of nurses who
touched the groins of patients heavily colonized with P. mirabilis (25);
10-600 CFUs/mL of this organism were recovered from glove juice
samples from the nurses’ hands. Recently, other researchers studied
contamination of HCWs’ hands during activities that involved direct
patient-contact wound care, intravascular catheter care, respiratorytract
care, and the handling of patient secretions (51). Agar fingertip
impression plates were used to culture bacteria; the number of bacteria
recovered from fingertips ranged from O to 300 CFUs. Data from this
study indicated that direct patient contact and respiratory-tract care
were most likely to contaminate the fingers of caregivers. Gram-
negative bacilli accounted for 15% of isolates and S aureus for 11%.
Duration of patient-care activity was strongly associated with the
intensity of bacterial contamination of HCWs’ hands.

HCWs can contaminate their hands with gram-negative bacilli, S.
aureus, enterococci, or Clostridium difficile by performing “clean
procedures” or touching intact areas of the skin of hospitalized patients
(26,45,46,53). Furthermore, personnel caring for infants with
respiratory syncytial virus (RSV) infections have acquired RSV by
performing certain activities (e.g., feeding infants, changing diapers,
and playing with infants) (49). Personnel who had contact only with
surfaces contaminated with the infants’ secretions also acquired RSV
by contaminating their hands with RSV and inoculating their oral or
conjunctival mucosa. Other studies also have documented that HCWs
may contaminate their hands (or gloves) merely by touching inanimate
objects in patient rooms (46,53-56). None of the studies concerning
hand contamination of hospital personnel were designed to determine if
the contamination resulted in transmission of pathogens to susceptible
patients.

Other studies have documented contamination of HCWs’ hands with
potential health-care—associated pathogens, but did not relate their
findings to the specific type of preceding patient contact (15,17,57-62).
For example, before glove use was common among HCWs, 15% of



nurses working in an isolation unit carried a median of 1 x 10* CFUs of
S aureus on their hands (61). Of nurses working in a general hospital,
29% had S. aureus on their hands (median count: 3,800 CFUs),
whereas 78% of those working in a hospital for dermatology patients
had the organism on their hands (median count: 14.3 x 10° CFUs).
Similarly, 17%-30% of nurses carried gramnegative bacilli on their
hands (median counts: 3,400-38,000 CFUs). One study found that S
aureus could be recovered from the hands of 21% of intensive-
care—unit personnel and that 21% of physician and 5% of nurse carriers
had >1,000 CFUs of the organism on their hands (59). Another study
found lower levels of colonization on the hands of personnel working
in a neurosurgery unit, with an average of 3 CFUs of S aureus and 11
CFUs of gram-negative bacilli (16). Serial cultures revealed that 100%
of HCWs carried gram-negative bacilli at least once, and 64% carried
S aureus at least once.

Models of Hand Transmission

Several investigators have studied transmission of infectious agents
by using different experimental models. In one study, nurses were
asked to touch the groins of patients heavily colonized with gram-
negative bacilli for 15 seconds — as though they were taking a femoral
pulse (25). Nurses then cleaned their hands by washing with plain soap
and water or by using an alcohol hand rinse. After cleaning their hands,
they touched a piece of urinary catheter material with their fingers, and
the catheter segment was cultured. The study revealed that touching
intact areas of moist skin of the patient transferred enough organisms to
the nurses’ hands to result in subsequent transmission to catheter
material, despite handwashing with plain soap and water.

The transmission of organisms from artificially contaminated
“donor” fabrics to clean “recipient” fabrics via hand contact also has
been studied. Results indicated that the number of organisms
transmitted was greater if the donor fabric or the hands were wet upon
contact (63). Overall, only 0.06% of the organisms obtained from the
contaminated donor fabric were transferred to recipient fabric via hand
contact. Staphylococcus saprophyticus, Pseudomonas aeruginosa, and
Serratia spp. were also transferred in greater numbers than was
Escherichia coli from contaminated fabric to clean fabric after hand
contact (64). Organisms are transferred to various types of surfaces in
much larger numbers (i.e., >10") from wet hands than from hands that
are thoroughly dried (65).

Relation of Hand Hygiene and Acquisition of
Health-Care-Associated Pathogens

Hand antisepsis reduces the incidence of health-care— associated
infections (66,67). An intervention trial using historical controls
demonstrated in 1847 that the mortality rate among mothers who
delivered in the First Obstetrics Clinic at the General Hospital of
Vienna was substantially lower when hospital staff cleaned their hands
with an antiseptic agent than when they washed their hands with plain
soap and water (3).

In the 1960s, a prospective, controlled trial sponsored by the
National Institutes of Health and the Office of the Surgeon General
demonstrated that infants cared for by nurses who did not wash their
hands after handling an index infant colonized with S. aureus acquired
the organism more often and more rapidly than did infants cared for by
nurses who used hexachlorophene to clean their hands between infant
contacts (68). This trial provided evidence that, when compared with
no handwashing, washing hands with an antiseptic agent between
patient contacts reduces transmission of health-care—associated
pathogens.

Trials have studied the effects of handwashing with plain soap and
water versus some form of hand antisepsis on healthcare —associated
infection rates (69,70). Health-care—associated infection rates were
lower when antiseptic handwashing was performed by personnel (69).
In another study, antiseptic handwashing was associated with lower
health-care—associated infection rates in certain intensive-care units,
but not in others (70).

Health-care—associated infection rates were lower after antiseptic
handwashing using a chlorhexidine-containing detergent compared

with handwashing with plain soap or use of an alcohol-based hand rinse
(71). However, because only a minimal amount of the alcohol rinse was
used during periods when the combination regimen also was in use and
because adherence to policies was higher when chlorhexidine was
available, determining which factor (i.e., the hand-hygiene regimen or
differences in adherence) accounted for the lower infection rates was
difficult. Investigators have determined also that health-care—associated
acquisition of MRSA was reduced when the antimicrobial soap used
for hygienic handwashing was changed (72,73).

Increased handwashing frequency among hospital staff has been
associated with decreased transmission of Klebsiella spp. among
patients (48); these studies, however, did not quantitate the level of
handwashing among personnel. In a recent study, the acquisition of
various health-care—associated pathogens was reduced when hand
antisepsis was performed more frequently by hospital personnel (74);
both this study and another (75) documented that the prevalence of
health-care— associated infections decreased as adherence to
recommended hand-hygiene measures improved.

Outbreak investigations have indicated an association between
infections and understaffing or overcrowding; the association was
consistently linked with poor adherence to hand hygiene. During an
outbreak investigation of risk factors for central venous catheter-
associated bloodstream infections (76), after adjustment for
confounding factors, the patient-to-nurse ratio remained an independent
risk factor for bloodstream infection, indicating that nursing staff
reduction below a critical threshold may have contributed to this
outbreak by jeopardizing adequate catheter care. The understaffing of
nurses can facilitate the spread of MRSA in intensive-care settings (77)
through relaxed attention to basic control measures (e.g., hand
hygiene). In an outbreak of Enterobacter cloacae in a neonatal
intensive-care unit (78), the daily number of hospitalized children was
above the maximum capacity of the unit, resulting in an available space
per child below current recommendations. In parallel, the number of
staff members on duty was substantially less than the number
necessitated by the workload, which also resulted in relaxed attention to
basic infection-control measures. Adherence to hand-hygiene practices
before device contact was only 25% during the workload peak, but
increased to 70% after the end of the understaffing and overcrowding
period. Surveillance documented that being hospitalized during this
period was associated with a fourfold increased risk of acquiring a
health-care—associated infection. This study not only demonstrates the
association between workload and infections, but it also highlights the
intermediate cause of antimicrobial spread: poor adherence to hand-
hygiene policies.

Methods Used To Evaluate the Efficacy
of Hand-Hygiene Products

Current Methods

Investigators use different methods to study the in vivo efficacy of
handwashing, antiseptic handwash, and surgical hand antisepsis
protocols. Differences among the various studies include 1) whether
hands are purposely contaminated with bacteria before use of test
agents, 2) the method used to contaminate fingers or hands, 3) the
volume of hand-hygiene product applied to the hands, 4) the time the
product is in contact with the skin, 5) the method used to recover
bacteria from the skin after the test solution has been used, and 6) the
method of expressing the efficacy of the product (i.e., either percent
reduction in bacteria recovered from the skin or log reduction of
bacteria released from the skin). Despite these differences, the majority
of studies can be placed into one of two major categories: studies
focusing on products to remove transient flora and studies involving
products that are used to remove resident flora from the hands. The
majority of studies of products for removing transient flora from the
hands of HCWs involve artificial contamination of the volunteer’s skin
with a defined inoculum of a test organism before the volunteer uses a
plain soap, an antimicrobial soap, or a waterless antiseptic agent. In
contrast, products tested for the preoperative cleansing of surgeons’
hands (which must comply with surgical handantisepsis protocols) are
tested for their ability to remove resident flora from without artificially
contaminating the volunteers’ hands.
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In the United States, antiseptic handwash products intended for use
by HCWs are regulated by FDA’s Division of Overthe- Counter Drug
Products (OTC). Requirements for in vitro and in vivo testing of HCW
handwash products and surgical hand scrubs are outlined in the FDA
Tentative Final Monograph for Healthcare Antiseptic Drug Products
(TFM) (19). Products intended for use as HCW handwashes are
evaluated by using a standardized method (19). Tests are performed in
accordance with use directions for the test material. Before baseline
bacterial sampling and before each wash with the test material, 5 mL of
a standardized suspension of Serratia marcescens are applied to the
hands and then rubbed over the surfaces of the hands. A specified
volume of the test material is dispensed into the hands and is spread
over the hands and lower one third of the forearms. A small amount of
tap water is added to the hands, and hands are completely lathered for a
specified time, covering all surfaces of the hands and the lower third of
the forearms. Volunteers then rinse hands and forearms under 40°C tap
water for 30 seconds. Ten washes with the test formulation are
required. After the first, third, seventh, and tenth washes, rubber gloves
or polyethylene bags used for sampling are placed on the right and left
hands, and 75 mL of sampling solution is added to each glove; gloves
are secured above the wrist. All surfaces of the hand are massaged for 1
minute, and samples are obtained aseptically for quantitative culture.
No neutralizer of the antimicrobial is routinely added to the sampling
solution, but if dilution of the antimicrobial in the sampling fluid does
not result in demonstrable neutralization, a neutralizer specific for the
test formulation is added to the sampling solution. For waterless
formulations, a similar procedure is used. TFM criteria for efficacy are
as follows: a 2-log, reduction of the indicator organism on each hand
within 5 minutes after the first use, and a 3-log, reduction of the
indicator organism on each hand within 5 minutes after the tenth use
(19).

Products intended for use as surgical hand scrubs have been
evaluated also by using a standardized method (19). Volunteers clean
under fingernails with a nail stick and clip their fingernails. All jewelry
is removed from hands and arms. Hands and two thirds of forearms are
rinsed with tap water (38°C— 42°C) for 30 seconds, and then they are
washed with a nonantimicrobial soap for 30 seconds and are rinsed for
30 seconds under tap water. Baseline microbial hand counts can then be
determined. Next, a surgical scrub is performed with the test
formulation using directions provided by the manufacturer. If no
instructions are provided with the formulation, two 5-minute scrubs of
hands and forearms followed by rinsing are performed. Reduction from
baseline microbial hand counts is determined in a series of 11 scrubs
conducted during 5 days. Hands are sampled at 1 minute, 3 hours, and
6 hours after the first scrubs on day 1, day 2, and day 5. After washing,
volunteers wear rubber gloves; 75 mL of sampling solution are then
added to one glove, and all surfaces of the hands are massaged for 1
minute. Samples are then taken aseptically and cultured quantitatively.
The other glove remains on the other hand for 6 hours and is sampled
in the same manner. TFM requires that formulations reduce the number
of bacteria 1 log,, on each hand within 1 minute of product application
and that the bacterial cell count on each hand does not subsequently
exceed baseline within 6 hours on day 1; the formulation must produce
a 2-log  reduction in microbial flora on each hand within 1 minute of
product application by the end of the second day of enumeration and a
3-log,, reduction of microbial flora on each hand within 1 minute of
product use by the end of the fifth day when compared with the
established baseline (19).

The method most widely used in Europe to evaluate the efficacy of
hand-hygiene agents is European Standard 1500- 1997 (EN 1500—
Chemical disinfectants and antiseptics. Hygienic hand-rub test method
and requirements) (79). This method requires 1215 test volunteers and
an 18- to 24-hour growth of broth culture of E. coli K12. Hands are
washed with a soft soap, dried, and then immersed halfway to the
metacarpals in the broth culture for 5 seconds. Hands are removed from
the broth culture, excess fluid is drained off, and hands are dried in the
air for 3 minutes. Bacterial recovery for the initial value is obtained by
kneading the fingertips of each hand separately for 60 seconds in 10
mL of tryptic soy broth (TSB) without neutralizers. The hands are
removed from the broth and disinfected with 3 mL of the hand-rub
agent for 30 seconds in a set design. The same operation is repeated

70

with total disinfection time not exceeding 60 seconds. Both hands are
rinsed in running water for 5 seconds and water is drained off.
Fingertips of each hand are kneaded separately in 10 mL of TSB with
added neutralizers. These broths are used to obtain the final value.
Log,, dilutions of recovery medium are prepared and plated out. Within
3 hours, the same volunteers are tested with the reference disinfectant
(60% 2- propanol [isopropanol]) and the test product. Colony counts
are performed after 24 and 48 hours of incubation at 36°C. The average
colony count of both left and right hand is used for evaluation. The log-
reduction factor is calculated and compared with the initial and final
values. The reduction factor of the test product should be superior or
the same as the reference alcohol-based rub for acceptance. If a
difference exists, then the results are analyzed statistically using the
Wilcoxon test. Products that have log reductions substantially less than
that observed with the reference alcohol-based hand rub (i.e.,
approximately 4 log, reduction) are classified as not meeting the
standard.

Because of different standards for efficacy, criteria cited in FDA
TFM and the European EN 1500 document for establishing alcohol-
based hand rubs vary (1,19,79). Alcohol-based hand rubs that meet
TFM criteria for efficacy may not necessarily meet the EN 1500 criteria
for efficacy (80). In addition, scientific studies have not established the
extent to which counts of bacteria or other microorganisms on the
hands need to be reduced to minimize transmission of pathogens in
healthcare facilities (1,8); whether bacterial counts on the hands must
be reduced by 1 log,  (90% reduction), 2 log,  (99%), 3 log,, (99.9%), or
4 log, (99.99%) is unknown. Several other methods also have been
used to measure the efficacy of antiseptic agents against various viral
pathogens (81-83).

Shortcomings of Traditional Methodologies

Accepted methods of evaluating hand-hygiene products intended for
use by HCWs require that test volunteers wash their hands with a plain
or antimicrobial soap for 30 seconds or 1 minute, despite the
observation in the majority of studies that the average duration of
handwashing by hospital personnel is <15 seconds (52,84-89). A
limited number of investigators have used 15-second handwashing or
hygienic hand-wash protocols (90-94). Therefore, almost no data exist
regarding the efficacy of plain or antimicrobial soaps under conditions
in which they are actually used by HCWs. Similarly, certain accepted
methods for evaluating waterless antiseptic agents for use as antiseptic
hand rubs require that 3 mL of alcohol be rubbed into the hands for 30
seconds, followed by a repeat application for the same duration. This
type of protocol also does not reflect actual usage patterns among
HCWs. Furthermore, volunteers used in evaluations of products are
usually surrogates for HCWs, and their hand flora may not reflect flora
found on the hands of personnel working in health-care settings.
Further studies should be conducted among practicing HCWs using
standardized protocols to obtain more realistic views of microbial
colonization and risk of bacterial transfer and cross-transmission (51).

Review of Preparations Used for Hand Hygiene

Plain (Non-Antimicrobial) Soap

Soaps are detergent-based products that contain esterified fatty acids
and sodium or potassium hydroxide. They are available in various
forms including bar soap, tissue, leaflet, and liquid preparations. Their
cleaning activity can be attributed to their detergent properties, which
result in removal of dirt, soil, and various organic substances from the
hands. Plain soaps have minimal, if any, antimicrobial activity.
However, handwashing with plain soap can remove loosely adherent
transient flora. For example, handwashing with plain soap and water
for 15 seconds reduces bacterial counts on the skin by 0.6-1.1 log ,
whereas washing for 30 seconds reduces counts by 1.8-2.8 log  (1).
However, in several studies, handwashing with plain soap failed to
remove pathogens from the hands of hospital personnel (25,45).
Handwashing with plain soap can result in paradoxical increases in
bacterial counts on the skin (92,95-97). Non-antimicrobial soaps may
be associated with considerable skin irritation and dryness (92,96,98),
although adding emollients to soap preparations may reduce their
propensity to cause irritation. Occasionally, plain soaps have become
contaminated, which may lead to colonization of hands of personnel



TABLE 1. Virucidal activity of antiseptic agents against enveloped viruses

Ref. no. Test method Viruses Agent Results
(379) Suspension HIV 19% EA LR =2.0in 5 minutes
(380) Suspension HIV 50% EA LR>3.5
35% IPA LR>3.7
(381) Suspension HIV 70% EA LR =7.0in 1 minute
(382 Suspension HIV 70% EA LR =3.2B 5.5in 30 seconds
(383) Suspension HIV 70% IPA/0.5% CHG LR =6.0in 15 seconds
4% CHG LR =6.0in 15 seconds
(384) Suspension HIV Chloroxylenol Inactivated in 1 minute
Benzalkonium chloride Inactivated in 1 minute
(385) Suspension HIV Povidone-iodine Inactivated
Chlorhexidine Inactivated
(386) Suspension HIV Detergent/0.5% Inactivated in 30 seconds
PCMX
(387) Suspension/dried plasma HBV 70% IPA LR =6.0in 10 minutes
chimpanzee challenge
(388) Suspension/plasma HBV 80% EA LR =7.0in 2 minutes
chimpanzee challenge
(389) Suspension HSV 95% EA LR > 5.0in 1 minute
75% EA LR>5.0
95% IPA LR>5.0
70% EA + 0.5% CHG LR>5.0
(130) Suspension RSV 35% IPA LR > 4.3in 1 minute
4% CHG LR>3.3
(147) Suspension Influenza 95% EA Undetectable in 30 seconds
Vaccinia 95% EA Undetectable in 30 seconds
(141) Hand test Influenza 95% EA LR>25
Vaccinia 95% EA LR>25

Note: HIV = human immunodeficiency virus, EA = ethanol, LR = Log,, reduction, IPA = isopropanol, CHG = chlorhexidine gluconate, HBV =
hepatitis B virus, RSV = respiratory syncitial virus, HSV = herpes simplex virus, HAV = hepatitis A virus, and PCMX = chloroxylenal.

with gram-negative bacilli (99).
Alcohols

The majority of alcohol-based hand antiseptics contain either
isopropanol, ethanol, n-propanol, or a combination of two of these
products. Although n-propanol has been used in alcohol-based hand
rubs in parts of Europe for many years, it is not listed in TFM as an
approved active agent for HCW handwashes or surgical hand-scrub
preparations in the United States. The majority of studies of alcohols
have evaluated individual alcohols in varying concentrations. Other
studies have focused on combinations of two alcohols or alcohol
solutions containing limited amounts of hexachlorophene, quaternary
ammonium compounds, povidone-iodine, triclosan, or chlorhexidine
gluconate (61,93,100-119).

The antimicrobial activity of alcohols can be attributed to their
ability to denature proteins (120). Alcohol solutions containing
60%—-95% alcohol are most effective, and higher concentrations are
less potent (120-122) because proteins are not denatured easily in the
absence of water (120). The alcohol content of solutions may be
expressed as percent by weight (w/w), which is not affected by
temperature or other variables, or as percent by volume (vol/vol),
which can be affected by temperature, specific gravity, and reaction
concentration (123). For example, 70% alcohol by weight is equivalent
to 76.8% by volume if prepared at 15°C, or 80.5% if prepared at 25°C
(123). Alcohol concentrations in antiseptic hand rubs are often
expressed as percent by volume (19).

Alcohols have excellent in vitro germicidal activity against gram-
positive and gram-negative vegetative bacteria, including multidrug-
resistant pathogens (e.g., MRSA and VRE), Mycobacterium

tuberculosis, and various fungi (120-122,124— 129). Certain enveloped
(lipophilic) viruses (e.g., herpes simplex virus, human immuno-
deficiency virus [HIV], influenza virus, respiratory syncytial virus, and
vaccinia virus) are susceptible to alcohols when tested in vitro
(120,130,131) (Table 1). Hepatitis B virus is an enveloped virus that is
somewhat less susceptible but is killed by 60%—-70% alcohol; hepatitis
C virus also is likely killed by this percentage of alcohol (132). In a
porcine tissue carrier model used to study antiseptic activity, 70%
ethanol and 70% isopropanol were found to reduce titers of an
enveloped bacteriophage more effectively than an antimicrobial soap
containing 4% chlorhexidine gluconate (133). Despite its effectiveness
against these organisms, alcohols have very poor activity against
bacterial spores, protozoan oocysts, and certain nonenveloped
(nonlipophilic) viruses.

Numerous studies have documented the in vivo antimicrobial activity
of alcohols. Alcohols effectively reduce bacterial counts on the hands
(14,121,125,134). Typically, log reductions of the release of test
bacteria from artificially contaminated hands average 3.5 log  after a
30-second application and 4.0-5.0 log  after a 1-minute application (1).
In 1994, the FDA TFM classified ethanol 60%-95% as a Category I
agent (i.e., generally safe and effective for use in antiseptic handwash
or HCW hand-wash products) (19). Although TFEM placed isopropanol
70%-91.3% in category IIIE (i.e., insufficient data to classify as
effective), 60% isopropanol has subsequently been adopted in Europe
as the reference standard against which alcohol-based hand-rub
products are compared (79). Alcohols are rapidly germicidal when
applied to the skin, but they have no appreciable persistent (i.e.,
residual) activity. However, regrowth of bacteria on the skin occurs
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TABLE 2. Virucidal activity of antiseptic agents against nonenveloped viruses

Ref. no. Test method Viruses Antiseptic Result
(390) Suspension Rotavirus 4% CHG LR < 3.0in 1 minute
10% Povidone-lodine LR > 3.0
70% IPA/0.1% HCP LR > 3.0
(141) Hand test Adenovirus 95% EA LR>1.4
Poliovirus 95% EA LR =0.2-1.0
Coxsackie 95% EA LR=1.1-1.3
Finger test Adenovirus 95% EA LR>23
Poliovirus 95% EA LR =0.7-2.5
Coxsackie 95% EA LR=2.9
(389) Suspension ECHO virus 95% EA LR > 3.0 in 1 minute
75% EA LR=1.0
95% IPA LR=0
70% IPA + 0.5% CHG LR=0
(140) Finger pad HAV 70% EA 87.4% reduction
62% EA foam 89.3% reduction
plain soap 78.0% reduction
4% CHG 89.6% reduction
0.3% Triclosan 92.0% reduction
(105) Finger tips Bovine n-propanol + IPA LR = 3.8 in 30 seconds
Rotavirus 70% IPA LR=3.1
70% EA LR=29
2% triclosan LR=2.1
water (control) LR=1.3
7.5% povidone-iodine LR=1.3
plain soap LR=1.2
4% CHG LR=0.5
(137) Finger pad Humap 70% IPA 98.9% decrease in 10 seconds
Rotavirus plain soap 77.1%
(138) Finger pad Human 70% IPA 99.6% decrease in 10 seconds
Rotavirus 2% CHG 80.3%
plain soap 72.5%
(81) Finger pad Rotavirus 60% EA gel LR > 3.0 in 10 seconds
Rhinovirus 60% EA gel LR>3.0
Adenovirus 60% EA gel LR>3.0
(139 Finger pad Poliovirus 70% EA LR = 1.6 in 10 seconds
70% IPA LR=0.8
(200) Finger tips Poliovirus plain soap LR =21
80% EA LR=0.4

Note: HIV = human immunodeficiency virus, EA = ethanol, LR = Log,, reduction, IPA = isopropanal, CHG = chlorhexidine gluconate, HBV = hepatitis B virus,
RSV = respiratory syncitial virus, HSV = herpes simplex virus, and HAV = hepatitis A virus.

slowly after use of alcohol-based hand antiseptics, presumably because
of the sublethal effect alcohols have on some of the skin bacteria
(135,136). Addition of chlorhexidine, quaternary ammonium
compounds, octenidine, or triclosan to alcohol-based solutions can
result in persistent activity (1).

Alcohols, when used in concentrations present in alcoholbased hand
rubs, also have in vivo activity against several nonenveloped viruses
(Table 2). For example, 70% isopropanol and 70% ethanol are more
effective than medicated soap or nonmedicated soap in reducing
rotavirus titers on fingerpads (137,138). A more recent study using the
same test methods evaluated a commercially available product
containing 60% ethanol and found that the product reduced the
infectivity titers of three nonenveloped viruses (i.e., rotavirus,
adenovirus, and rhinovirus) by >3 logs (81). Other nonenveloped
viruses such as hepatitis A and enteroviruses (e.g., poliovirus) may
require 70%—-80% alcohol to be reliably inactivated (82,139). However,
both 70% ethanol and a 62% ethanol foam product with emollients
reduced hepatitis A virus titers on whole hands or fingertips more than
nonmedicated soap; both were equally as effective as antimicrobial
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soap containing 4% chlorhexidine gluconate in reducing reduced viral
counts on hands (140). In the same study, both 70% ethanol and the
62% ethanol foam product demonstrated greater virucidal activity
against poliovirus than either non-antimicrobial soap or a 4%
chlorhexidine gluconate-containing soap (140). However, depending on
the alcohol concentration, the amount of time that hands are exposed to
the alcohol, and viral variant, alcohol may not be effective against
hepatitis A and other nonlipophilic viruses. The inactivation of
nonenveloped viruses is influenced by temperature, disinfectant-virus
volume ratio, and protein load (141). Ethanol has greater activity
against viruses than isopropanol. Further in vitro and in vivo studies of
both alcohol-based formulations and antimicrobial soaps are warranted
to establish the minimal level of virucidal activity that is required to
interrupt direct contact transmission of viruses in health-care settings.

Alcohols are not appropriate for use when hands are visibly dirty or
contaminated with proteinaceous materials. However, when relatively
small amounts of proteinaceous material (e.g., blood) are present,
ethanol and isopropanol may reduce viable bacterial counts on hands
more than plain soap or antimicrobial soap (142).



TABLE 3. Studies comparing the relative efficacy (based on log,, reductions achieved) of plain soap or antimicrobial soaps
versus alcohol-based antiseptics in reducing counts of viable bacteria on hands

Ref.no. Year  Skin contamination Assay method Time (sec)  Relative efficacy
(143) 1965 Existing hand flora Finger-tip agar culture 60 Plain soap < HCP < 50% EA foam
(179) 1975  Existing hand flora Hand-rub broth culture — Plain soap < 95% EA
(106) 1978 Artificial contamination Finger-tip broth culture 30 Plain soap < 4% CHG < P-1 < 70% EA = alc. CHG
(144) 1978 Artificial contamination Finger-tip broth culture 30 Plain soap < 4% CHG < 70% EA
(107) 1979  Existing hand flora Hand-rub broth culture 120 Plain soap < 0.5% ag. CHG < 70% EA < 4% CHG < alc.CHG
(145) 1980 Artificial contamination Finger-tip broth culture 60-120 4% CHG < P-1 < 60% IPA
(563) 1980 Artificial contamination Finger-tip broth culture 15 Plain soap < 3% HCP < P-I < 4% CHG < 70% EA
(108) 1982 Artificial contamination Glove juice test 15 P-l<alc. CHG
(1709) 1983 Artificial contamination Finger-tip broth culture 120 0.3-2% triclosan = 60% IPA = alc. CHG < alc. triclosan
(146) 1984 Artificial contamination Finger-tip agar culture 60 Phenolic < 4% CHG < P-l < EA<IPA <n-P
(147) 1985  Existing hand flora Finger-tip agar culture 60 Plain soap < 70% EA < 95% EA
(170) 1986 Artificial contamination Finger-tip broth culture 60 Phenolic = P-I < alc. CHG < n-P
(93) 1986 Existing hand flora Sterile-broth bag technique 15 Plain soap < IPA < 4% CHG = IPA-E = alc. CHG
(67) 1988 Artificial contamination Finger-tip broth culture 30 Plain soap < triclosan < P-I < IPA < alc. CHG < n-P
(25) 1991 Patient contact Glove-juice test 15 Plain soap < IPA-E
(148) 1991  Existing hand flora Agar-plate/image analysis 30 Plain soap < 1% triclosan < P-l < 4% CHG < IPA
(177) 1992  Artificial contamination Finger-tip agar culture 60 Plain soap < IPA < EA < alc. CHG
(149) 1992  Artificial contamination Finger-tip broth culture 60 Plain soap < 60% n-P
(1720 1994  Existing hand flora Agar-plate/image analysis 30 Plain soap < alc. CHG
(150) 1999  Existing hand flora Agar-plate culture N.S. Plain soap < commercial alcohol mixture
(1561) 1999  Artificial contamination Glove-juice test 20 Plain soap < 0.6% PCMX < 65% EA
(152) 1999 Artificial contamination Finger-tip broth culture 30 4% CHG < plain soap < P-l < 70% EA

Note: Existing hand flora = without artificially contaminatiing hands with bacteria, alc. CHG = alcoholic chlorhexidine gluconate, ag. CHG = aqueous
chlorhexidine gluconate, 4% CHG = chlorhexidine gluconate detergent, EA = ethanol, HCP = hexachlorophene soap/detergent, IPA = isopropanol,
IPA-E =isopropanol + emoallients, n-P = n-propanol, PCMX = chloroxylenaol detergent, P-I = povidone-iodine detergent, and N.S. = not stated.

Alcohol can prevent the transfer of health-care—associated pathogens
(25,63,64). In one study, gram-negative bacilli were transferred from a
colonized patient’s skin to a piece of catheter material via the hands of
nurses in only 17% of experiments after antiseptic hand rub with an
alcohol-based hand rinse (25). In contrast, transfer of the organisms
occurred in 92% of experiments after handwashing with plain soap and
water. This experimental model indicates that when the hands of HCWs
are heavily contaminated, an antiseptic hand rub using an alcohol-based
rinse can prevent pathogen transmission more effectively than can
handwashing with plain soap and water.

Alcohol-based products are more effective for standard handwashing
or hand antisepsis by HCWs than soap or antimicrobial soaps (Table 3)
(25,53,61,93,106-112,119,143-152). In all but two of the trials that
compared alcohol-based solutions with antimicrobial soaps or
detergents, alcohol reduced bacterial counts on hands more than
washing hands with soaps or detergents containing hexachlorophene,
povidone- iodine, 4% chlorhexidine, or triclosan. In studies examining
antimicrobial-resistant organisms, alcohol-based products reduced the
number of multidrug-resistant pathogens recovered from the hands of
HCWs more effectively than did handwashing with soap and water
(153-155).

Alcohols are effective for preoperative cleaning of the hands of
surgical personnel (1,101,104,113-119,135,143,147,156— 159) (Tables
4 and 5). In multiple studies, bacterial counts on the hands were
determined immediately after using the product and again 1-3 hours
later; the delayed testing was performed to determine if regrowth of
bacteria on the hands is inhibited during operative procedures. Alcohol-
based solutions were more effective than washing hands with plain
soap in all studies, and they reduced bacterial counts on the hands more
than antimicrobial soaps or detergents in the majority of experiments
(101,104,113-119,135,143,147,157-159). In addition, the majority of
alcohol-based preparations were more effective than povidone-iodine
or chlorhexidine.

The efficacy of alcohol-based hand-hygiene products is affected by
several factors, including the type of alcohol used, concentration of
alcohol, contact time, volume of alcohol used, and whether the hands
are wet when the alcohol is applied. Applying small volumes (i.e.,

0.2-0.5 mL) of alcohol to the hands is not more effective than washing
hands with plain soap and water (63,64). One study documented that 1
mL of alcohol was substantially less effective than 3 mL (91). The ideal
volume of product to apply to the hands is not known and may vary for
different formulations. However, if hands feel dry after rubbing hands
together for 10-15 seconds, an insufficient volume of product likely
was applied. Because alcohol-impregnated towelettes contain a limited
amount of alcohol, their effectiveness is comparable to that of soap and
water (63,160,161).

Alcohol-based hand rubs intended for use in hospitals are available
as low viscosity rinses, gels, and foams. Limited data are available
regarding the relative efficacy of various formulations. One field trial
demonstrated that an ethanol gel was slightly more effective than a
comparable ethanol solution at reducing bacterial counts on the hands
of HCWs (162). However, a more recent study indicated that rinses
reduced bacterial counts on the hands more than the gels tested (80).
Further studies are warranted to determine the relative efficacy of
alcohol-based rinses and gels in reducing transmission of health-
care—associated pathogens.

Frequent use of alcohol-based formulations for hand antisepsis can
cause drying of the skin unless emollients, humectants, or other skin-
conditioning agents are added to the formulations. The drying effect of
alcohol can be reduced or eliminated by adding 1%-3% glycerol or
other skinconditioning agents (90,93,100,101,106,135,143,163,164).
Moreover, in several recent prospective trials, alcohol-based rinses or
gels containing emollients caused substantially less skin irritation and
dryness than the soaps or antimicrobial detergents tested
(96,98,165,166). These studies, which were conducted in clinical
settings, used various subjective and objective methods for assessing
skin irritation and dryness. Further studies are warranted to establish
whether products with different formulations yield similar results.

Even well-tolerated alcohol hand rubs containing emollients may
cause a transient stinging sensation at the site of any broken skin (e.g.,
cuts and abrasions). Alcohol-based hand-rub preparations with strong
fragrances may be poorly tolerated by HCWs with respiratory allergies.
Allergic contact dermatitis or contact urticaria syndrome caused by
hypersensitivity to alcohol or to various additives present in certain
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TABLE 4. Studies comparing the relative efficacy of plain soap or antimicrobial soap versus alcohol-containing products in
reducing counts of bacteria recovered from hands immediately after use of products for pre-operative cleansing of hands

Ref. no. Year Assay method Relative efficacy

(143) 1965 Finger-tip agar culture HCP < 50% EA foam + QAC

(157) 1969 Finger-tip agar culture HCP < P-1 < 50% EA foam + QAC

(107) 1973 Finger-tip agar culture HCP soap < EA foam + 0.23% HCP

(135) 1974 Broth culture Plain Soap< 0.5% CHG < 4% CHG < alc. CHG
(119 1975 Hand-broth test Plain soap < 0.5% CHG < 4% CHG < alc. CHG
(118) 1976 Glove-juice test 0.5% CHG < 4% CHG < alc. CHG

(114) 1977 Glove-juice test P-1 < CHG < alc. CHG

(117) 1978 Finger-tip agar culture P-1 = 46% EA + 0.23% HCP

(113) 1979 Broth culture of hands Plain soap < P-I < alc. CHG < alc. P-I

(116) 1979 Glove-juice test 70% IPA = alc. CHG

(147) 1985 Finger-tip agar culture Plain soap < 70% - 90% EA

(115) 1990 Glove-juice test, modified Plain soap < triclosan < CHG < P-l < alc. CHG
(104) 1991 Glove-juice test Plain soap < 2% triclosan < P-1 < 70% IPA
(158) 1998 Finger-tip broth culture 70% IPA < 90% IPA = 60% n-P

(159) 1998 Glove-juice test P-1 < CHG < 70% EA

Note: QAC = guaternary ammonium compound, alc. CHG = alcohalic chlorhexidine gluconate, CHG = chlorhexidine gluconate detergent, EA = ethanol, HCP
=hexachloraphene detergent, IPA = isopropanal, and P-I = povidone-iodine detergent.

TABLE 5. Efficacy of surgical hand-rub solutions in reducing the release of resident skin flora from clean hands

Mean log reduction

Study Rub Concentration* (%) Time (min) Immediate Sustained (3hr)
1 n-Propanol 60 5 2.9* 1.6™
2 5 2.7 NA
3 5 2.5 1.8**
4 5 2.3** 1.6**
5 3 2.9 NA
4 3 2.0 1.0**
4 1 1.1** 0.5**
6 Isopropanol 90 3 2.4* 1.4
6 80 3 2.3" 1.2
7 70 5 2.4* 2.1
4 5 2.1 1.0**
6 3 2.0 0.7
5 3 1.7c¢c NA
4 3 1.5** 0.8**
8 2 1.2 0.8
4 1 0.7** 0.2
9 1 0.8 NA

10 60 5 1.7 1.0
7 Isopropanol + chlorhexidine gluc. (w/v) 70 + 0.5 5 2.5 2.7
8 2 1.0 1.5

11 Ethanol 95 2 2.1 NA
5 85 3 2.4" NA

12 80 2 1.5 NA
8 70 2 1.0 0.6

13 Ethanol + chlorhexidine gluc. (w/v) 95+ 0.5 2 1.7 NA

14 77 +0.5 5 2.0 1.5"
8 70+ 0.5 2 0.7 1.4
8 Chlorhexidine gluc. (ag. Sol., w/v) 0.5 2 0.4 1.2

15 Povidone-iodine (ag. Sol., w/v) 1.0 5 1.9** 0.8**

16 Peracetic acid (w/v) 0.5 5 1.9 NA

Note: NA = not available.
Source: Rotter M. Hand washing and hand disinfection [Chapter 87]. In: Mayhall CG, ed. Hospital epidemiology and infection control. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 1999. Table 5 is copyrighted by Lippincott Williams & Wilkins; it is reprinted here with their permission and permission from
Manfred Rotler, M.D., Professor of Hygiene and Microbiology, Klinisches Institute fur Hygiene der Universitat Wien, Germany.
*Volume/volume unless otherwise stated.
;* Tested according to Deutsche Gesellschaft fur Hygiene, and Mikrobiologic (DGHM)-German Society of Hygiene and Microbiology method.
Tested according to European Standard prEN.
" After 4 hours.
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alcohol hand rubs occurs only rarely (167,168).

Alcohols are flammable. Flash points of alcohol-based hand rubs
range from 21°C to 24°C, depending on the type and concentration of
alcohol present (169). As a result, alcoholbased hand rubs should be
stored away from high temperatures or flames in accordance with
National Fire Protection Agency recommendations. In Europe, where
alcohol-based hand rubs have been used extensively for years, the
incidence of fires associated with such products has been low (169).
One recent U.S. report described a flash fire that occurred as a result of
an unusual series of events, which included an HCW applying an
alcohol gel to her hands, immediately removing a polyester isolation
gown, and then touching a metal door before the alcohol had
evaporated (170). Removing the polyester gown created a substantial
amount of static electricity that generated an audible static spark when
the HCW touched the metal door, igniting the unevaporated alcohol on
her hands (170). This incident emphasizes the need to rub hands
together after application of alcohol-based products until all the alcohol
has evaporated.

Because alcohols are volatile, containers should be designed to
minimize evaporation. Contamination of alcohol-based solutions has
seldom been reported. One report documented a cluster of
pseudoinfections caused by contamination of ethyl alcohol by Bacillus
cereus spores (171).

Chlorhexidine

Chlorhexidine gluconate, a cationic bisbiguanide, was developed in
England in the early 1950s and was introduced into the United States in
the 1970s (8,172). Chlorhexidine base is only minimally soluble in
water, but the digluconate form is water-soluble. The antimicrobial
activity of chlorhexidine is likely attributable to attachment to, and
subsequent disruption of, cytoplasmic membranes, resulting in
precipitation of cellular contents (1,8). Chlorhexidine’s immediate
antimicrobial activity occurs more slowly than that of alcohols.
Chlorhexidine has good activity against grampositive bacteria,
somewhat less activity against gramnegative bacteria and fungi, and
only minimal activity against tubercle bacilli (1,8,172). Chlorhexidine
is not sporicidal (1,172). It has in vitro activity against enveloped
viruses (e.g., herpes simplex virus, HIV, cytomegalovirus, influenza,
and RSV) but substantially less activity against nonenveloped viruses
(e.g., rotavirus, adenovirus, and enteroviruses) (130,131,173). The
antimicrobial activity of chlorhexidine is only minimally affected by
the presence of organic material, including blood. Because
chlorhexidine is a cationic molecule, its activity can be reduced by
natural soaps, various inorganic anions, nonionic surfactants, and hand
creams containing anionic emulsifying agents (8,172,174).
Chlorhexidine gluconate has been incorporated into a number of hand-
hygiene preparations. Aqueous or detergent formulations containing
0.5% or 0.75% chlorhexidine are more effective than plain soap, but
they are less effective than antiseptic detergent preparations containing
4% chlorhexidine gluconate (135,175). Preparations with 2%
chlorhexidine gluconate are slightly less effective than those containing
4% chlorhexidine (176).

Chlorhexidine has substantial residual activity (106,114—
116,118,135,146,175). Addition of low concentrations (0.5%—-1.0%) of
chlorhexidine to alcohol-based preparations results in greater residual
activity than alcohol alone (116,135). When used as recommended,
chlorhexidine has a good safety record (172). Minimal, if any,
absorption of the compound occurs through the skin. Care must be
taken to avoid contact with the eyes when using preparations with >1%
chlorhexidine, because the agent can cause conjunctivitis and severe
corneal damage. Ototoxicity precludes its use in surgery involving the
inner or middle ear. Direct contact with brain tissue and the meninges
should be avoided. The frequency of skin irritation is concentration-
dependent, with products containing 4% most likely to cause dermatitis
when used frequently for antiseptic handwashing (177); allergic
reactions to chlorhexidine gluconate are uncommon (118,172).
Occasional outbreaks of nosocomial infections have been traced to
contaminated solutions of chlorhexidine (178-181).

Chloroxylenol

Chloroxylenol, also known as parachlorometaxylenol (PCMX), is a
halogen-substituted phenolic compound that has been used as a
preservative in cosmetics and other products and as an active agent in

antimicrobial soaps. It was developed in Europe in the late 1920s and
has been used in the United States since the 1950s (182).

The antimicrobial activity of PCMX likely is attributable to
inactivation of bacterial enzymes and alteration of cell walls (1). It has
good in vitro activity against gram-positive organisms and fair activity
against gram-negative bacteria, mycobacteria, and certain viruses
(1,7,182). PCMX is less active against P. aeruginosa, but addition of
ethylenediaminetetraacetic acid (EDTA) increases its activity against
Pseudomonas spp. and other pathogens.

A limited number of articles focusing on the efficacy of PCMX-
containing preparations intended for use by HCWs have been published
in the last 25 years, and the results of studies have sometimes been
contradictory. For example, in studies in which antiseptics were applied
to abdominal skin, PCMX had the weakest immediate and residual
activity of any of the agents studied (183). However, when 30-second
handwashes were performed using 0.6% PCMX, 2% chlorhexidine
gluconate, or 0.3% triclosan, the immediate effect of PCMX was
similar to that of the other agents. When used 18 times per day for 5
consecutive days, PCMX had less cumulative activity than did
chlorhexidine gluconate (184). When PCMX was used as a surgical
scrub, one report indicated that 3% PCMX had immediate and residual
activity comparable to 4% chlorhexidine gluconate (185), whereas two
other studies demonstrated that the immediate and residual activity of
PCMX was inferior to both chlorhexidine gluconate and povidone-
iodine (176,186). The disparity between published studies may be
associated with the various concentrations of PCMX included in the
preparations evaluated and with other aspects of the formulations
tested, including the presence or absence of EDTA (7,182). PCMX is
not as rapidly active as chlorhexidine gluconate or iodophors, and its
residual activity is less pronounced than that observed with
chlorhexidine gluconate (7,182). In 1994, FDA TFM tentatively
classified PCMX as a Category IIISE active agent (i.e., insufficient data
are available to classify this agent as safe and effective) (19). Further
evaluation of this agent by the FDA is ongoing.

The antimicrobial activity of PCMX is minimally affected by the
presence of organic matter, but it is neutralized by nonionic surfactants.
PCMX, which is absorbed through the skin (7,182), is usually well-
tolerated, and allergic reactions associated with its use are uncommon.
PCMX is available in concentrations of 0.3%-3.75%. In-use
contamination of a PCMX-containing preparation has been reported
(187).

Hexachlorophene

Hexachlorophene is a bisphenol composed of two phenolic groups
and three chlorine moieties. In the 1950s and early 1960s, emulsions
containing 3% hexachlorophene were widely used for hygienic
handwashing, as surgical scrubs, and for routine bathing of infants in
hospital nurseries. The antimicrobial activity of hexachlorophene
results from its ability to inactivate essential enzyme systems in
microorganisms. Hexachlorophene is bacteriostatic, with good activity
against S. aureus and relatively weak activity against gram-negative
bacteria, fungi, and mycobacteria (7).

Studies of hexachlorophene as a hygienic handwash and surgical
scrub demonstrated only modest efficacy after a single handwash
(53,143,188). Hexachlorophene has residual activity for several hours
after use and gradually reduces bacterial counts on hands after multiple
uses (i.e., it has a cumulative effect) (1,101,188,189). With repeated use
of 3% hexachlorophene preparations, the drug is absorbed through the
skin. Infants bathed with hexachlorophene and personnel regularly
using a 3% hexachlorophene preparation for handwashing have blood
levels of 0.1-0.6 ppm hexachlorophene (190). In the early 1970s,
certain infants bathed with hexachlorophene developed neurotoxicity
(vacuolar degeneration) (191). As a result, in 1972, the FDA warned
that hexachlorophene should no longer be used routinely for bathing
infants. However, after routine use of hexachlorophene for bathing
infants in nurseries was discontinued, investigators noted that the
incidence of health-care—associated S. aureus infections in hospital
nurseries increased substantially (192,193). In several instances, the
frequency of infections decreased when hexachlorophene bathing of
infants was reinstituted. However, current guidelines still recommend
against the routine bathing of neonates with hexachlorophene because
of its potential neurotoxic effects (194). The agent is classified by FDA
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TFM as not generally recognized as safe and effective for use as an
antiseptic handwash (19). Hexachlorophene should not be used to bathe
patients with burns or extensive areas of susceptible, sensitive skin.
Soaps containing 3% hexachlorophene are available by prescription
only (7).

lodine and lodophors

Iodine has been recognized as an effective antiseptic since the 1800s.
However, because iodine often causes irritation and discoloring of skin,
iodophors have largely replaced iodine as the active ingredient in
antiseptics.

Todine molecules rapidly penetrate the cell wall of microorganisms
and inactivate cells by forming complexes with amino acids and
unsaturated fatty acids, resulting in impaired protein synthesis and
alteration of cell membranes (195). Iodophors are composed of
elemental iodine, iodide or triiodide, and a polymer carrier (i.e., the
complexing agent) of high molecular weight. The amount of molecular
iodine present (so-called “free” iodine) determines the level of
antimicrobial activity of iodophors. “Available” iodine refers to the
total amount of iodine that can be titrated with sodium thiosulfate
(196). Typical 10% povidone-iodine formulations contain 1% available
iodine and yield free iodine concentrations of 1 ppm (196). Combining
iodine with various polymers increases the solubility of iodine,
promotes sustained release of iodine, and reduces skin irritation. The
most common polymers incorporated into iodophors are polyvinyl
pyrrolidone (i.e., povidone) and ethoxylated nonionic detergents (i.e.,
poloxamers) (195,196). The antimicrobial activity of iodophors also
can be affected by pH, temperature, exposure time, concentration of
total available iodine, and the amount and type of organic and inorganic
compounds present (e.g., alcohols and detergents).

Todine and iodophors have bactericidal activity against grampositive,
gram-negative, and certain spore-forming bacteria (e.g., clostridia and
Bacillus spp.) and are active against mycobacteria, viruses, and fungi
(8,195,197-200). However, in concentrations used in antiseptics,
iodophors are not usually sporicidal (201). In vivo studies have
demonstrated that iodophors reduce the number of viable organisms
that are recovered from the hands of personnel (113,145,148,152,155).
Povidone-iodine 5%—10% has been tentatively classified by FDA TFM
as a Category I agent (i.e., a safe and effective agent for use as an
antiseptic handwash and an HCW handwash) (19). The extent to which
iodophors exhibit persistent antimicrobial activity after they have been
washed off the skin is unclear. In one study, persistent activity was
noted for 6 hours (176); however, several other studies demonstrated
persistent activity for only 30-60 minutes after washing hands with an
iodophor (61,117,202). In studies in which bacterial counts were
obtained after gloves were worn for 1-4 hours after washing, iodophors
have demonstrated poor persistent activity (1,104,115,189,203-208).
The in vivo antimicrobial activity of iodophors is substantially reduced
in the presence of organic substances (e.g., blood or sputum) (8).

The majority of iodophor preparations used for hand hygiene contain
7.5%—-10% povidone-iodine. Formulations with lower concentrations
also have good antimicrobial activity because dilution can increase free
iodine concentrations (209). However, as the amount of free iodine
increases, the degree of skin irritation also may increase (209).
Iodophors cause less skin irritation and fewer allergic reactions than
iodine, but more irritant contact dermatitis than other antiseptics
commonly used for hand hygiene (92). Occasionally, iodophor
antiseptics have become contaminated with gramnegative bacilli as a
result of poor manufacturing processes and have caused outbreaks or
pseudo-outbreaks of infection (196).

Quaternary Ammonium Compounds

Quaternary ammonium compounds are composed of a nitrogen atom
linked directly to four alkyl groups, which may vary in their structure
and complexity (210). Of this large group of compounds, alkyl
benzalkonium chlorides are the most widely used as antiseptics. Other
compounds that have been used as antiseptics include benzethonium
chloride, cetrimide, and cetylpyridium chloride (1). The antimicrobial
activity of these compounds was first studied in the early 1900s, and a
quaternary ammonium compound for preoperative cleaning of
surgeons’ hands was used as early as 1935 (210). The antimicrobial
activity of this group of compounds likely is attributable to adsorption
to the cytoplasmic membrane, with subsequent leakage of low
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molecular weight cytoplasmic constituents (210).

Quaternary ammonium compounds are primarily bacteriostatic and
fungistatic, although they are microbicidal against certain organisms at
high concentrations (1); they are more active against gram-positive
bacteria than against gramnegative bacilli. Quaternary ammonium
compounds have relatively weak activity against mycobacteria and
fungi and have greater activity against lipophilic viruses. Their
antimicrobial activity is adversely affected by the presence of organic
material, and they are not compatible with anionic detergents (1,210).
In 1994, FDA TFM tentatively classified benzalkonium chloride and
benzethonium chloride as Category IIISE active agents (i.e.,
insufficient data exists to classify them as safe and effective for use as
an antiseptic handwash) (19). Further evaluation of these agents by
FDA is in progress.

Quaternary ammonium compounds are usually well tolerated.
However, because of weak activity against gram-negative bacteria,
benzalkonium chloride is prone to contamination by these organisms.
Several outbreaks of infection or pseudoinfection have been traced to
quaternary ammonium compounds contaminated with gram-negative
bacilli (211-213). For this reason, in the United States, these
compounds have been seldom used for hand antisepsis during the last
15— 20 years. However, newer handwashing products containing
benzalkonium chloride or benzethonium chloride have recently been
introduced for use by HCWs. A recent study of surgical intensive-care
unit personnel found that cleaning hands with antimicrobial wipes
containing a quaternary ammonium compound was about as effective
as using plain soap and water for handwashing; both were less effective
than decontaminating hands with an alcohol-based hand rub (214). One
laboratorybased study reported that an alcohol-free hand-rub product
containing a quaternary ammonium compound was efficacious in
reducing microbial counts on the hands of volunteers (215). Further
studies of such products are needed to determine if newer formulations
are effective in health-care settings.

Triclosan

Triclosan (chemical name: 2,4,4° —trichloro-2’-hydroxydiphenyl
ether) is a nonionic, colorless substance that was developed in the
1960s. It has been incorporated into soaps for use by HCWs and the
public and into other consumer products. Concentrations of 0.2%-2%
have antimicrobial activity. Triclosan enters bacterial cells and affects
the cytoplasmic membrane and synthesis of RNA, fatty acids, and
proteins (216). Recent studies indicate this agent’s antibacterial activity
is attributable to binding to the active site of enoylacyl carrier protein
reductase (217,218).

Triclosan has a broad range of antimicrobial activity, but it is often
bacteriostatic (1). Minimum inhibitory concentrations (MICs) range
from 0.1 to 10 ug/mL, whereas minimum bactericidal concentrations
are 25-500 ug/mL. Triclosan’s activity against gram-positive
organisms (including MRSA) is greater than against gram-negative
bacilli, particularly P. aeruginosa (1,216). The agent possesses
reasonable activity against mycobacterial and Candida spp., but it has
limited activity against filamentous fungi. Triclosan (0.1%) reduces
bacterial counts on hands by 2.8 log  after a I-minute hygienic
handwash (1). In several studies, log reductions have been lower after
triclosan is used than when chlorhexidine, iodophors, or alcohol-based
products are applied (1,61,149,184,219). In 1994, FDA TFM
tentatively classified triclosan <1.0% as a Category IIISE active agent
(i.e., insufficient data exist to classify this agent as safe and effective
for use as an antiseptic handwash) (19). Further evaluation of this agent
by the FDA is underway. Like chlorhexidine, triclosan has persistent
activity on the skin. Its activity in hand-care products is affected by pH,
the presence of surfactants, emollients, or humectants and by the ionic
nature of the particular formulation (1,216). Triclosan’s activity is not
substantially affected by organic matter, but it can be inhibited by
sequestration of the agent in micelle structures formed by surfactants
present in certain formulations. The majority of formulations
containing <2% triclosan are well-tolerated and seldom cause allergic
reactions. Certain reports indicate that providing hospital personnel
with a triclosan-containing preparation for hand antisepsis has led to
decreased MRSA infections (72,73). Triclosan’s lack of potent activity
against gram-negative bacilli has resulted in occasional reports of
contamination (220).



Other Agents

Approximately 150 years after puerperal-fever—related maternal
mortality rates were demonstrated by Semmelweis to be reduced by use
of a hypochlorite hand rinse, the efficacy of rubbing hands for 30
seconds with an aqueous hypochlorite solution was studied once again
(221). The solution was demonstrated to be no more effective than
distilled water. The regimen used by Semmelweis, which called for
rubbing hands with a 4% [w/w] hypochlorite solution until the hands
were slippery (approximately 5 minutes), has been revisited by other
researchers (222). This more current study indicated that the regimen
was 30 times more effective than a I-minute rub using 60%
isopropanol. However, because hypochlorite solutions are often
irritating to the skin when used repeatedly and have a strong odor, they
are seldom used for hand hygiene.

Certain other agents are being evaluated by FDA for use in health-
care-related antiseptics (19). However, the efficacy of these agents has
not been evaluated adequately for use in handwashing preparations
intended for use by HCWs. Further evaluation of these agents is
warranted. Products that use different concentrations of traditional
antiseptics (e.g., low concentrations of iodophor) or contain novel
compounds with antiseptic properties are likely to be introduced for use
by HCWs. For example, preliminary studies have demonstrated that
adding silver-containing polymers to an ethanol carrier (i.e.,
Surfacine®) results in a preparation that has persistent antimicrobial
activity on animal and human skin (223). New compounds with good in
vitro activity must be tested in vivo to determine their abilities to
reduce transient and resident skin flora on the hands of HCWs.

Activity of Antiseptic Agents Against
Spore-Forming Bacteria

The widespread prevalence of health-care—associated diarrhea
caused by Clostridium difficile and the recent occurrence in the United
States of human Bacillus anthracis infections associated with
contaminated items sent through the postal system has raised concern
regarding the activity of antiseptic agents against spore-forming
bacteria. None of the agents (including alcohols, chlorhexidine,
hexachlorophene, iodophors, PCMX, and triclosan) used in antiseptic
handwash or antiseptic hand-rub preparations are reliably sporicidal
against Clostridium spp. or Bacillus spp. (120,172,224,225). Washing
hands with non-antimicrobial or antimicrobial soap and water may help
to physically remove spores from the surface of contaminated hands.
HCWs should be encouraged to wear gloves when caring for patients
with C. difficile associated diarrhea (226). After gloves are removed,
hands should be washed with a non-antimicrobial or an antimicrobial
soap and water or disinfected with an alcohol-based hand rub. During
outbreaks of C. difficile-related infections, washing hands with a non-
antimicrobial or antimicrobial soap and water after removing gloves is
prudent. HCWs with suspected or documented exposure to B.
anthracis-contaminated items also should be encouraged to wash their
hands with a nonantimicrobial or antimicrobial soap and water.

Reduced Susceptibility of Bacteria to
Antiseptics

Reduced susceptibility of bacteria to antiseptic agents can either be
an intrinsic characteristic of a species or can be an acquired trait (227).
Several reports have described strains of bacteria that appear to have
acquired reduced susceptibility (when defined by MICs established in
vitro) to certain antiseptics (e.g., chlorhexidine, quaternary ammonium
compounds, and triclosan) (227-230). However, because the antiseptic
concentrations that are actually used by HCWs are often substantially
higher than the MICs of strains with reduced antiseptic susceptibility,
the clinical relevance of the in vitro findings is questionable. For
example, certain strains of MRSA have chlorhexidine and quaternary
ammonium compound MICs that are several-fold higher than
methicillinsusceptible strains, and certain strains of S. aureus have
elevated MICs to triclosan (227,228). However, such strains were
readily inhibited by the concentrations of these antiseptics that are
actually used by practicing HCWs (227,228). The description of a
triclosan-resistant bacterial enzyme has raised the question of whether

resistance to this agent may develop more readily than to other
antiseptic agents (218). In addition, exposing Pseudomonas strains
containing the MexABOprM efflux system to triclosan may select for
mutants that are resistant to multiple antibiotics, including
fluoroquinolones (230). Further studies are needed to determine
whether reduced susceptibility to antiseptic agents is of epidemiologic
significance and whether resistance to antiseptics has any influence on
the prevalence of antibiotic-resistant strains (227).

Surgical Hand Antisepsis

Since the late 1800s, when Lister promoted the application of
carbolic acid to the hands of surgeons before procedures, preoperative
cleansing of hands and forearms with an antiseptic agent has been an
accepted practice (231). Although no randomized, controlled trials have
been conducted to indicate that surgical-site infection rates are
substantially lower when preoperative scrubbing is performed with an
antiseptic agent rather than a non-antimicrobial soap, certain other
factors provide a strong rationale for this practice. Bacteria on the
hands of surgeons can cause wound infections if introduced into the
operative field during surgery (232); rapid multiplication of bacteria
occurs under surgical gloves if hands are washed with a non-
antimicrobial soap. However, bacterial growth is slowed after
preoperative scrubbing with an antiseptic agent (14,233). Reducing
resident skin flora on the hands of the surgical team for the duration of
a procedure reduces the risk of bacteria being released into the surgical
field if gloves become punctured or torn during surgery (1,156,169).
Finally, at least one outbreak of surgical-site infections occurred when
surgeons who normally used an antiseptic surgical scrub preparation
began using a non-antimicrobial product (234).

Antiseptic preparations intended for use as surgical hand scrubs are
evaluated for their ability to reduce the number of bacteria released
from hands at different times, including 1) immediately after scrubbing,
2) after wearing surgical gloves for 6 hours (i.e., persistent activity),
and 3) after multiple applications over 5 days (i.e., cumulative activity).
Immediate and persistent activity are considered the most important in
determining the efficacy of the product. U.S. guidelines recommend
that agents used for surgical hand scrubs should substantially reduce
microorganisms on intact skin, contain a nonirritating antimicrobial
preparation, have broad-spectrum activity, and be fast-acting and
persistent (19,235).

Studies have demonstrated that formulations containing 60%-95%
alcohol alone or 50%-95% when combined with limited amounts of a
quaternary ammonium compound, hexachlorophene, or chlorhexidine
gluconate, lower bacterial counts on the skin immediately postscrub
more effectively than do other agents (Table 4). The next most active
agents (in order of decreasing activity) are chlorhexidine gluconate,
iodophors, triclosan, and plain soap (104,119,186,188, 203,204,206,
208,236). Because studies of PCMX as a surgical scrub have yielded
contradictory results, further studies are needed to establish how the
efficacy of this compound compares with the other agents
(176,185,186).

Although alcohols are not considered to have persistent antimicrobial
activity, bacteria appear to reproduce slowly on the hands after a
surgical scrub with alcohol, and bacterial counts on hands after wearing
gloves for 1-3 hours seldom exceed baseline (i.e., prescrub) values (1).
However, a recent study demonstrated that a formulation containing
61% ethanol alone did not achieve adequate persistent activity at 6
hours postscrub (237). Alcohol-based preparations containing 0.5% or
1% chlorhexidine gluconate have persistent activity that, in certain
studies, has equaled or exceeded that of chlorhexidine gluconate-
containing detergents (1,118,135,237).*

Persistent antimicrobial activity of detergent-based surgical scrub
formulations is greatest for those containing 2% or 4% chlorhexidine
gluconate, followed by hexachlorophene, triclosan, and iodophors
(1,102,113-115,159,189,203,204,206—-208,236). Because hexa-
chlorophene is absorbed into the blood after repeated use, it is seldom
used as a surgical scrub.

Surgical staff have been traditionally required to scrub their hands
for 10 minutes preoperatively, which frequently leads to skin damage.
Several studies have demonstrated that scrubbing for 5 minutes reduces
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bacterial counts as effectively as a 10-minute scrub (117,238,239). In
other studies, scrubbing for 2 or 3 minutes reduced bacterial counts to
acceptable levels (156,205,207,240,241).

Studies have indicated that a two-stage surgical scrub using an
antiseptic detergent, followed by application of an alcoholcontaining
preparation, is effective. For example, an initial 1- or 2-minute scrub
with 4% chlorhexidine gluconate or povidone-iodine followed by
application of an alcohol-based product has been as effective as a 5-
minute scrub with an antiseptic detergent (114,242).

Surgical hand-antisepsis protocols have required personnel to scrub
with a brush. But this practice can damage the skin of personnel and
result in increased shedding of bacteria from the hands (95,243).
Scrubbing with a disposable sponge or combination sponge-brush has
reduced bacterial counts on the hands as effectively as scrubbing with a
brush (244-246). However, several studies indicate that neither a brush
nor a sponge is necessary to reduce bacterial counts on the hands of
surgical personnel to acceptable levels, especially when alcoholbased
products are used (102,117,159,165,233,237, 247,248). Several of these
studies performed cultures immediately or at 45-60 minutes postscrub
(102,117, 233,247,248), whereas in other studies, cultures were
obtained 3 and 6 hours postscrub (159,237). For example, a recent
laboratory-based study using volunteers demonstrated that brushless
application of a preparation containing 1% chlorhexidine gluconate
plus 61% ethanol yielded lower bacterial counts on the hands of
participants than using a sponge/ brush to apply a 4% chlorhexidine-
containing detergent preparation (237).

Relative Efficacy of Plain Soap,
Antiseptic Soap/Detergent,
and Alcohols

Comparing studies related to the in vivo efficacy of plain soap,
antimicrobial soaps, and alcohol-based hand rubs is problematic,
because certain studies express efficacy as the percentage reduction in
bacterial counts achieved, whereas others give log, reductions in
counts achieved. However, summarizing the relative efficacy of agents
tested in each study can provide an overview of the in vivo activity of
various formulations intended for handwashing, hygienic handwash,
antiseptic hand rub, or surgical hand antisepsis (Tables 2—4).

Irritant Contact Dermatitis Resulting
from Hand-Hygiene Measures

Frequency and Pathophysiology of Irritant
Contact Dermatitis

In certain surveys, approximately 25% of nurses report symptoms or
signs of dermatitis involving their hands, and as many as 85% give a
history of having skin problems (249). Frequent and repeated use of
hand-hygiene products, particularly soaps and other detergents, is a
primary cause of chronic irritant contact dermatitis among HCWs
(250). The potential of detergents to cause skin irritation can vary
considerably and can be ameliorated by the addition of emollients and
humectants. Irritation associated with antimicrobial soaps may be
caused by the antimicrobial agent or by other ingredients of the
formulation. Affected persons often complain of a feeling of dryness or
burning; skin that feels “rough;” and erythema, scaling, or fissures.
Detergents damage the skin by causing denaturation of stratum
corneum proteins, changes in intercellular lipids (either depletion or
reorganization of lipid moieties), decreased corneocyte cohesion, and
decreased stratum corneum water-binding capacity (250,251). Damage
to the skin also changes skin flora, resulting in more frequent
colonization by staphylococci and gram-negative bacilli (17,90).
Although alcohols are among the safest antiseptics available, they can
cause dryness and irritation of the skin (1,252). Ethanol is usually less

irritating than n-propanol or isopropanol (252).

Irritant contact dermatitis is more commonly reported with iodophors
(92). Other antiseptic agents that can cause irritant contact dermatitis
(in order of decreasing frequency) include chlorhexidine, PCMX,
triclosan, and alcohol-based products. Skin that is damaged by repeated
exposure to detergents may be more susceptible to irritation by alcohol-
based preparations (253). The irritancy potential of commercially
prepared handhygiene products, which is often determined by
measuring transepidermal water loss, may be available from the
manufacturer. Other factors that can contribute to dermatitis associated
with frequent handwashing include using hot water for handwashing,
low relative humidity (most common in winter months), failure to use
supplementary hand lotion or cream, and the quality of paper towels
(254,255). Shear forces associated with wearing or removing gloves
and allergy to latex proteins may also contribute to dermatitis of the
hands of HCWs.

Allergic Contact Dermatitis Associated
with Hand-Hygiene Products

Allergic reactions to products applied to the skin (i.e., contact
allergies) may present as delayed type reactions (i.e., allergic contact
dermatitis) or less commonly as immediate reactions (i.e., contact
urticaria). The most common causes of contact allergies are fragrances
and preservatives; emulsifiers are less common causes (256-259).
Liquid soaps, hand lotions or creams, and “udder ointments” may
contain ingredients that cause contact allergies among HCWs
(257,258).

Allergic reactions to antiseptic agents, including quaternary
ammonium compounds, iodine or iodophors, chlorhexidine, triclosan,
PCMX, and alcohols have been reported (118,167,172,256,260—-265).
Allergic contact dermatitis associated with alcohol-based hand rubs is
uncommon. Surveillance at a large hospital in Switzerland, where a
commercial alcohol hand rub has been used for >10 years, failed to
identify a single case of documented allergy to the product (169). In
late 2001, a Freedom of Information Request for data in the FDA’s
Adverse Event Reporting System regarding adverse reactions to
popular alcohol hand rubs in the United States yielded only one
reported case of an erythematous rash reaction attributed to such a
product (John M. Boyce, M.D., Hospital of St. Raphael, New Haven,
Connecticut, personal communication, 2001). However, with
increasing use of such products by HCWs, true allergic reactions to
such products likely will be encountered.

Allergic reactions to alcohol-based products may represent true
allergy to alcohol, allergy to an impurity or aldehyde metabolite, or
allergy to another constituent of the product (167). Allergic contact
dermatitis or immediate contact urticarial reactions may be caused by
ethanol or isopropanol (167). Allergic reactions can be caused by
compounds that may be present as inactive ingredients in alcohol-based
hand rubs, including fragrances, benzyl alcohol, stearyl or isostearyl
alcohol, phenoxyethanol, myristyl alcohol, propylene glycol, parabens,
and benzalkonium chloride (167,256,266-270).

Proposed Methods for Reducing
Adverse Effects of Agents

Potential strategies for minimizing hand-hygiene—related irritant
contact dermatitis among HCWs include reducing the frequency of
exposure to irritating agents (particularly anionic detergents), replacing
products with high irritation potential with preparations that cause less
damage to the skin, educating personnel regarding the risks of irritant
contact dermatitis, and providing caregivers with moisturizing skin-
care products or barrier creams (96,98,251,271-273). Reducing the
frequency of exposure of HCWs to hand-hygiene products would prove
difficult and is not desirable because of the low levels of adherence to
hand-hygiene policies in the majority of institutions. Although

“In a recent randomized clinical trial, surgical site infection rates were monitored among patients who were operated on by surgical personnel who cleaned their hands

preoperatively either by performing a traditional 5-minute surgical hand scrub using 4% povidone-iodine or 4% antisepsis antimicrobial soap, or by washing their hands for 1
minute with a non-antimicrobial soap followed by a 5-minute hand-rubbing technique using an alcohol-based hand rinse containing 0.2% mecetronium etilsulfate. The
incidence of surgical site infections was virtually identical in the two groups of patients. (Source: Parienti JJ, Thibon P, Heller R, et al. for Members of the Antisepsie

Chirurgicale des Mains Study Group. Hand-rubbing with an aqueous alcoholic solution vs traditional surgical hand-scrubbing and 30-day surgical site infection rates: a

randomized equivalence study. JAMA 2002;288:722-7).
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hospitals have provided personnel with non-antimicrobial soaps in
hopes of minimizing dermatitis, frequent use of such products may
cause greater skin damage, dryness, and irritation than antiseptic
preparations (92,96,98). One strategy for reducing the exposure of
personnel to irritating soaps and detergents is to promote the use of
alcohol-based hand rubs containing various emollients. Several recent
prospective, randomized trials have demonstrated that alcohol-based
hand rubs containing emollients were better tolerated by HCWs than
washing hands with nonantimicrobial soaps or antimicrobial soaps
(96,98,166). Routinely washing hands with soap and water immediately
after using an alcohol hand rub may lead to dermatitis. Therefore,
personnel should be reminded that it is neither necessary nor
recommended to routinely wash hands after each application of an
alcohol hand rub.

Hand lotions and creams often contain humectants and various fats
and oils that can increase skin hydration and replace altered or depleted
skin lipids that contribute to the barrier function of normal skin
(251,271). Several controlled trials have demonstrated that regular use
(e.g., twice a day) of such products can help prevent and treat irritant
contact dermatitis caused by hand-hygiene products (272,273). In one
study, frequent and scheduled use of an oil-containing lotion improved
skin condition, and thus led to a 50% increase in handwashing
frequency among HCWs (273). Reports from these studies emphasize
the need to educate personnel regarding the value of regular, frequent
use of hand-care products.

Recently, barrier creams have been marketed for the prevention of
hand-hygiene-related irritant contact dermatitis. Such products are
absorbed to the superficial layers of the epidermis and are designed to
form a protective layer that is not removed by standard handwashing.
Two recent randomized, controlled trials that evaluated the skin
condition of caregivers demonstrated that barrier creams did not yield
better results than did the control lotion or vehicle used (272,273). As a
result, whether barrier creams are effective in preventing irritant
contact dermatitis among HCWs remains unknown.

In addition to evaluating the efficacy and acceptability of hand-care
products, product-selection committees should inquire about the
potential deleterious effects that oilcontaining products may have on
the integrity of rubber gloves and on the efficacy of antiseptic agents
used in the facility (8,236).

Factors To Consider When Selecting
Hand-Hygiene Products

When evaluating hand-hygiene products for potential use in health-
care facilities, administrators or product-selection committees must
consider factors that can affect the overall efficacy of such products,
including the relative efficacy of antiseptic agents against various
pathogens (Appendix) and acceptance of hand-hygiene products by
personnel (274,275). Soap products that are not well-accepted by
HCWs can be a deterrent to frequent handwashing (276).
Characteristics of a product (either soap or alcohol-based hand rub) that
can affect acceptance by personnel include its smell, consistency (i.e.,
“feel”), and color (92,277,278). For soaps, ease of lathering also may
affect user preference.

Because HCWs may wash their hands from a limited number of
times per shift to as many as 30 times per shift, the tendency of
products to cause skin irritation and dryness is a substantial factor that
influences acceptance, and ultimate usage (61,98,274,275,277,279). For
example, concern regarding the drying effects of alcohol was a primary
cause of poor acceptance of alcohol-based hand-hygiene products in
hospitals in the United States (5,143). However, several studies have
demonstrated that alcohol-based hand rubs containing emollients are
acceptable to HCWs (90,93,98,100,101,106,143,163,164,166). With
alcohol-based products, the time required for drying may also affect
user acceptance.

Studies indicate that the frequency of handwashing or antiseptic
handwashing by personnel is affected by the accessibility of hand-
hygiene facilities (280-283). In certain health-care facilities, only one
sink is available in rooms housing several patients, or sinks are located
far away from the door of the room, which may discourage
handwashing by personnel leaving the room. In intensive-care units,

access to sinks may be blocked by bedside equipment (e.g., ventilators
or intravenous infusion pumps). In contrast to sinks used for
handwashing or antiseptic handwash, dispensers for alcohol-based hand
rubs do not require plumbing and can be made available adjacent to
each patient’s bed and at many other locations in patientcare areas.
Pocket carriage of alcohol-based hand-rub solutions, combined with
availability of bedside dispensers, has been associated with substantial
improvement in adherence to handhygiene protocols (74,284). To avoid
any confusion between soap and alcohol hand rubs, alcohol hand-rub
dispensers should not be placed adjacent to sinks. HCWs should be
informed that washing hands with soap and water after each use of an
alcohol hand rub is not necessary and is not recommended, because it
may lead to dermatitis. However, because personnel feel a “build-up”
of emollients on their hands after repeated use of alcohol hand gels,
washing hands with soap and water after 5-10 applications of a gel has
been recommended by certain manufacturers.

Automated handwashing machines have not been demonstrated to
improve the quality or frequency of handwashing (88,285). Although
technologically advanced automated handwashing devices and
monitoring systems have been developed recently, only a minimal
number of studies have been published that demonstrate that use of
such devices results in enduring improvements in hand-hygiene
adherence among HCWs. Further evaluation of automated
handwashing facilities and monitoring systems is warranted.

Dispenser systems provided by manufacturers or vendors also must
be considered when evaluating hand-hygiene products. Dispensers may
discourage use by HCWs when they 1) become blocked or partially
blocked and do not deliver the product when accessed by personnel,
and 2) do not deliver the product appropriately onto the hands. In one
hospital where a viscous alcohol-based hand rinse was available, only
65% of functioning dispensers delivered product onto the caregivers’
hands with one press of the dispenser lever, and 9% of dispensers were
totally occluded (286). In addition, the volume delivered was often
suboptimal, and the product was sometimes squirted onto the wall
instead of the caregiver’s hand.

Only limited information is available regarding the cost of hand-
hygiene products used in health-care facilities (165,287). These costs
were evaluated in patient-care areas at a 450-bed community teaching
hospital (287); the hospital spent $22,000 ($0.72 per patient-day) on
2% chlorhexidine-containing preparations, plain soap, and an alcohol
hand rinse. (287) When hand-hygiene supplies for clinics and
nonpatient care areas were included, the total annual budget for soaps
and hand antiseptic agents was $30,000 (approximately $1 per
patientday). Annual hand-hygiene product budgets at other institutions
vary considerably because of differences in usage patterns and varying
product prices. One researcher (287) determined that if non-
antimicrobial liquid soap were assigned an arbitrary relative cost of 1.0,
the cost per liter would be 1.7 times as much for 2% chlorhexidine
gluconate detergent, 1.6-2.0 times higher for alcohol-based hand-rub
products, and 4.5 times higher for an alcohol-based foam product. A
recent cost comparison of surgical scrubbing with an antimicrobial soap
versus brushless scrubbing with an alcohol-based hand rub revealed
that costs and time required for preoperative scrubbing were less with
the alcohol-based product (165). In a trial conducted in two critical-care
units, the cost of using an alcohol hand rub was half as much as using
an antimicrobial soap for handwashing ($0.025 versus $0.05 per
application, respectively) (166).

To put expenditures for hand-hygiene products into perspective,
health-care facilities should consider comparing their budget for hand-
hygiene products to estimated excess hospital costs resulting from
health-care—associated infections. The excess hospital costs associated
with only four or five healthcare —associated infections of average
severity may equal the entire annual budget for hand-hygiene products
used in inpatient-care areas. Just one severe surgical site infection,
lower respiratory tract infection, or bloodstream infection may cost the
hospital more than the entire annual budget for antiseptic agents used
for hand hygiene (287). Two studies provided certain quantitative
estimates of the benefit of hand-hygiene— promotion programs (72,74).
One study demonstrated a cost saving of approximately $17,000
resulting from reduced use of vancomycin after the observed decrease
in MRSA incidence in a 7-month period (72). In another study that
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examined both direct costs associated with the hand-hygiene promotion
program (increased use of hand-rub solution and poster production) and
indirect costs associated with health-care— personnel time (74), costs of
the program were an estimated $57,000 or less per year (an average of
$1.42 per patient admitted). Supplementary costs associated with the
increased use of alcohol-based hand-rub solution averaged $6.07 per
100 patient-days. Based on conservative estimates of $2,100 saved per
infection averted and on the assumption that only 25% of the observed
reduction in the infection rate was associated with improved hand-
hygiene practice, the program was substantially cost-effective. Thus,
hospital administrators must consider that by purchasing more effective
or more acceptable hand-hygiene products to improve hand-hygiene
practices, they will avoid the occurrence of nosocomial infections;
preventing only a limited number of additional health-care—associated
infections per year will lead to savings that will exceed any incremental
costs of improved hand-hygiene products.

Hand-Hygiene Practices Among HCWs

In observational studies conducted in hospitals, HCWs washed their
hands an average of five times per shift to as many as 30 times per shift
(Table 6) (17,61,90,98,274,288); certain nurses washed their hands
<100 times per shift (90). Hospitalwide surveillance of hand hygiene
reveals that the average number of handwashing opportunities varies
markedly between hospital wards. For example, nurses in pediatric
wards had an average of eight opportunities for hand hygiene per hour
of patient care compared with an average of 20 for nurses in intensive-
care units (11). The duration of handwashing or hygienic handwash
episodes by HCWs has averaged 6.6-24.0 seconds in observational
studies (Table 7) (17,52,59,84-87,89,249,279). In addition to washing
their hands for limited time periods, personnel often fail to cover all
surfaces of their hands and fingers (288).

TABLE 6. Handwashing frequency among health-care workers

Avg. no./
Ref.no.  Year time period Range Avg. no./hr
(67) 1988 5/8 hour N.S.
(89 1984 5-10/shift N.S.
(96) 2000 10/shift N.S.
(273) 2000 12-18/day 2-60
(98) 2000 13-15/8 hours 5-27 1.6-1.8/hr
(90) 1977 20-42/8 hours 10-100
(391) 2000 21/12 hours N.S.
(272 2000 22/day 0-70
(88) 1991 1.7-2.1/hr
(17) 1998 2.1/hr
(279 1978 3/hr
(303) 1994 3.3/hr

Note: N.S. = Not Stated.

TABLE 7. Average duration of handwashing by health-care
workers

Ref. no. Year Mean/median time
(392) 1997 4.7-5.3 seconds
(303) 1994 6.6 seconds

(52) 1974 8-9.3 seconds

(85) 1984 8.6 seconds

(86) 1994 <9 seconds

(87) 1994 9.5 seconds

(88) 1991 <10 seconds
(294) 1990 10 seconds

(89) 1984 11.6 seconds
(300) 1992 12.5 seconds

(59) 1988 15.6-24.4 seconds

(17) 1998 20.6 seconds
(279) 1978 21 seconds
(293) 1989 24 seconds

Adherence of HCWs to Recommended
Hand-Hygiene Practices

Observational Studies of Hand-Hygiene Adherence. Adherence of
HCWs to recommended hand-hygiene procedures has been poor, with
mean baseline rates of 5%-81% (overall average: 40%) (Table 8)
(71,74,86,87,276,280,281,283,285,289-313). The methods used for
defining adherence (or nonadherence) and those used for conducting
observations vary considerably among studies, and reports do not
provide detailed information concerning the methods and criteria used.
The majority of studies were conducted with hand-hygiene adherence
as the major outcome measure, whereas a limited number measured
adherence as part of a broader investigation. Several investigators
reported improved adherence after implementing various interventions,
but the majority of studies had short follow-up periods and did not
confirm whether behavioral improvements were long-lasting. Other
studies established that sustained improvements in handwashing
behavior occurred during a long-term program to improve adherence to
hand-hygiene policies (74,75).

Factors Affecting Adherence. Factors that may influence hand
hygiene include those identified in epidemiologic studies and factors
reported by HCWs as being reasons for lack of adherence to hand-
hygiene recommendations. Risk factors for poor adherence to hand
hygiene have been determined objectively in several observational
studies or interventions to improve adherence (11,12,274,292,295,
314-317). Among these, being a physician or a nursing assistant, rather
than a nurse, was consistently associated with reduced adherence (Box
1).

In the largest hospitalwide survey of hand-hygiene practices among
HCWs (11), predictors of poor adherence to recommended hand-
hygiene measures were identified. Predictor variables included
professional category, hospital ward, time of day/week, and type and
intensity of patient care, defined as the number of opportunities for
hand hygiene per hour of patient care. In 2,834 observed opportunities
for hand hygiene, average adherence was 48%. In multivariate analysis,
nonadherence was lowest among nurses and during weekends (Odds
Ratio [OR]: 0.6; 95% confidence interval [CI] = 0.4-0.8).
Nonadherence was higher in intensive-care units compared with
internal medicine wards (OR: 2.0; 95% CI = 1.3-3.1), during
procedures that carried a high risk of bacterial contamination (OR: 1.8;
95% CI = 1.4-2.4), and when intensity of patient care was high (21-40
handwashing opportunities — OR: 1.3; 95% CI = 1.0-1.7; 41-60
opportunities — OR: 2.1; 95% CI = 1.5-2.9; >60 opportunities — OR:
2.1; 95% CI = 1.3-3.5). The higher the demand for hand hygiene, the
lower the adherence; on average, adherence decreased by 5% (+ 2%)
for each increase of 10 opportunities per hour when the intensity of
patient care exceeded 10 opportunities per hour. Similarly, the lowest
adherence rate (36%) was found in intensive-care units, where
indications for hand hygiene were typically more frequent (on average,
20 opportunities per patient-hour). The highest adherence rate (59%)
was observed in pediatrics wards, where the average intensity of patient
care was lower than in other hospital areas (an average of eight
opportunities per patient-hour). The results of this study indicate that
full adherence to previous guidelines may be unrealistic, and that
facilitated access to hand hygiene could help improve adherence
(11,12,318).

Perceived barriers to adherence with hand-hygiene practice
recommendations include skin irritation caused by handhygiene agents,
inaccessible hand-hygiene supplies, interference with HCW-patient
relationships, priority of care (i.e., the patients’ needs are given priority
over hand hygiene), wearing of gloves, forgetfulness, lack of
knowledge of the guidelines, insufficient time for hand hygiene, high
workload and understaffing, and the lack of scientific information
indicating a definitive impact of improved hand hygiene on healthcare
—associated infection rates (11,274,292,295,315-317). Certain
perceived barriers to adherence with hand-hygiene guidelines have
been assessed or quantified in observational studies
(12,274,292,295,314-317) (Box 1).

Skin irritation by hand-hygiene agents constitutes a substantial
barrier to appropriate adherence (319). Because soaps and detergents
can damage skin when applied on a regular basis, HCWs must be better
informed regarding the possible adverse effects associated with hand-



hygiene agents. Lack of knowledge and education regarding this
subject is a barrier to motivation. In several studies, alcohol-based hand
rubs containing emollients (either isopropanol, ethanol, or n-propanol
in 60%—-90% vol/vol) were less irritating to the skin than the soaps or
detergents tested. In addition, the alcohol-based products containing
emollients that were tested were at least as tolerable and efficacious as
the detergents tested. Also, studies demonstrate that several hand
lotions have reduced skin scaling and cracking, which may reduce
microbial shedding from the hands (67,272,273).

Easy access to hand-hygiene supplies, whether sink, soap, medicated
detergent, or alcohol-based hand-rub solution, is essential for optimal
adherence to hand-hygiene recommendations. The time required for
nurses to leave a patient’s bedside, go to a sink, and wash and dry their
hands before attending the next patient is a deterrent to frequent
handwashing or hand antisepsis (11,318). Engineering controls could
facilitate adherence, but careful monitoring of hand-hygiene behavior
should be conducted to exclude the possible negative effect of newly
introduced handwashing devices (88).

The impact of wearing gloves on adherence to handhygiene policies
has not been definitively established, because published studies have
yielded contradictory results (87,290,301,320). Hand hygiene is
required regardless of whether gloves are used or changed. Failure to

remove gloves after patient contact or between “dirty” and “clean”
body-site care on the same patient must be regarded as nonadherence to
hand-hygiene recommendations (11). In a study in which experimental
conditions approximated those occurring in clinical practice (321),
washing and reusing gloves between patient contacts resulted in
observed bacterial counts of 0—4.7 log on the hands after glove
removal. Therefore, this practice should be discouraged; handwashing
or disinfection should be performed after glove removal.

Lack of 1) knowledge of guidelines for hand hygiene, 2) recognition
of hand-hygiene opportunities during patient care, and 3) awareness of
the risk of cross-transmission of pathogens are barriers to good hand-
hygiene practices. Furthermore, certain HCWs believe they have
washed their hands when necessary, even when observations indicate
they have not (89,92,295,296,322).

Perceived barriers to hand-hygiene behavior are linked not only to
the institution, but also to HCWs’ colleagues. Therefore, both
institutional and small-group dynamics need to be considered when
implementing a system change to secure an improvement in HCWs’
hand-hygiene practice.

Possible Targets for Hand-Hygiene Promotion

Targets for the promotion of hand hygiene are derived from studies

assessing risk factors for nonadherence, reported reasons for the lack of

TABLE 8. Hand-hygiene adherence by health-care workers (1981-2000)

Adherence
Before/ Adherence after
Ref.no. Year Setting after baseline intervention Intervention
(280) 1981 ICU A 16% 30% More convenient sink locations
(289) 1981 ICU A 41% —
ICU A 28% —
(290) 1983 All wards A 45% —
(281) 1986 SIcU A 51% —
MICU A 76% —
(276) 1986 ICU A 63% 92% Performance feedback
(291) 1987 PICU A 31% 30% Wearing overgown
(292 1989 MICU B/A 14%/28%* 73%/81% Feedback, policy reviews, memo, and posters
MICU B/A 26%/23% 38%/60%
(293) 1989 NICU A/B 75%/50% —
(294) 1990 ICU A 32% 45% Alcohol rub introduced
(295) 1990 ICU A 81% 92% Inservices first, then group feedback
(296) 1990 ICU B/A 22% 30%
(297) 1991 SIcU A 51% —
(298) 1991 Pedi OPDs B 49% 49% Signs, feedback, and verbal reminders to physicians
(299) 1991 Nursery and NICU B/A** 28% 63% Feedback, dissemination of literature, and results of
environmental cultures
(300) 1992 NICU/others A 29% —
(71) 1992 ICU N.S. 40% —
(301) 1993 ICUs A 40% —
(87) 1994 Emergency Room A 32% —
(86) 1994 All wards A 32% —
(285) 1994 SICU A 22% 38% Automated handwashing machines available
(302) 1994 NICU A 62% 60% No gowning required
(303) 1994 ICU Wards AA 30%/29% —
(304) 1995 ICU Oncol Ward A 56% —
(305) 1995 ICU N.S. 5% 63% Lectures, feedback, and demonstrations
(306) 1996 PICU B/A 12%/11% 68%/65% Overt observation, followed by feedback
(307) 1996 MICU A 41% 58% Routine wearing of gowns and gloves
(308) 1996 Emergency Dept A 54% 64% Signs/distributed review paper
(309) 1998 All wards A 30% —
(310) 1998 Pediatric wards B/A 52%/49% 74%/69%  Feedback, movies, posters, and brochures
(311) 1999 MICU B/A 12%/55% —
(74) 2000 All wards B/A 48% 67% Posters, feedback, administrative support, and alcohol rub
(312 2000 MICU A 42% 61% Alcohol hand rub made available
(283) 2000 MICU B/A 10%/22% 23%/48%  Education, feedback, and alcohol gel made available
CTICU B/A 4%/13% 7%/14%
(313) 2000 Medical ward A 60% 52% Education, reminders, and alcohol gel made availab

Note: ICU = intensive care unit, SICU = surgical ICU, MICU = medical ICU, PICU = pediatric ICU, NICU = neonatal ICU, Emerg = emergency, Oncol =
oncology, CTICU = cardiothoracic ICU, and N.S. = not stated.

* Percentage compliance before/after patient contact.

** After contact with inanimate objects.
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adherence to recommendations, and additional factors perceived as
being important to facilitate appropriate HCW behavior. Although
certain factors cannot be modified (Box 1), others can be changed.

One factor that must be addressed is the time required for HCWs to
clean their hands. The time required for traditional handwashing may
render full adherence to previous guidelines unrealistic (11,12,318) and
more rapid access to handhygiene materials could help improve
adherence. One study conducted in an intensive-care unit demonstrated
that it took nurses an average of 62 seconds to leave a patient’s bedside,
walk to a sink, wash their hands, and return to patient care (318). In
contrast, an estimated one fourth as much time is required when using
alcohol-based hand rub placed at each patient’s bedside. Providing easy
access to hand-hygiene materials is mandatory for appropriate hand-
hygiene behavior and is achievable in the majority of health-care
facilities (323). In particular, in high-demand situations (e.g., the
majority of critical-care units), under hectic working conditions, and at
times of overcrowding or understaffing, HCWs may be more likely to
use an alcohol-based hand rub than to wash their hands (323). Further,
using alcohol-based hand rubs may be a better option than traditional
handwashing with plain soap and water or antiseptic handwash,
because they not only require less time (166,318) but act faster (1) and
irritate hands less often (1,67,96,98,166). They also were used in the
only program that reported a sustained improvement in handhygiene

BOX 1. Factors influencing adherence to hand-hygiene practices*

adherence associated with decreased infection rates (74). However,
making an alcohol-based hand rub available to personnel without
providing ongoing educational and motivational activities may not
result in long-lasting improvement in hand-hygiene practices (313).
Because increased use of hand-hygiene agents might be associated with
skin dryness, the availability of free skin-care lotion is recommended.

Education is a cornerstone for improvement with handhygiene
practices. Topics that must be addressed by educational programs
include the lack of 1) scientific information for the definitive impact of
improved hand hygiene on healthcare —associated infection and
resistant organism transmission rates; 2) awareness of guidelines for
hand hygiene and insufficient knowledge concerning indications for
hand hygiene during daily patient care; 3) knowledge concerning the
low average adherence rate to hand hygiene by the majority of HCWs;
and 4) knowledge concerning the appropriateness, efficacy, and
understanding of the use of hand-hygiene and skin-care—protection
agents.

HCWs necessarily evolve within a group that functions within an
institution. Possible targets for improvement in handhygiene behavior
not only include factors linked to individual HCWs, but also those
related to the group(s) and the institution as a whole (317,323).
Examples of possible targets for hand-hygiene promotion at the group
level include education and performance feedback on hand-hygiene

- Physician status (rather than a nurse)

- Nursing assistant status (rather than a nurse)

- Male sex

- Working in an intensive-care unit

+ Working during the week (versus the weekend)
- Wearing gowns/gloves

- Automated sink

- Activities with high risk of cross-transmission

- Handwashing agents cause irritation and dryness
- Sinks are inconveniently located/shortage of sinks
- Lack of soap and paper towels

- Often too busy/insufficient time

+ Understaffing/overcrowding

- Patient needs take priority

- Low risk of acquiring infection from patients

- Lack of knowledge of guidelines/protocols

- Not thinking about it/forgetfulness

- No role model from colleagues or superiors

- Skepticism regarding the value of hand hygiene
- Disagreement with the recommendations

Observed risk factors for poor adherence to recommended hand-hygiene practices

- High number of opportunities for hand hygiene per hour of patient care

Self-reported factors for poor adherence with hand hygiene

- Hand hygiene interferes with health-care worker relationships with patients

- Wearing of gloves/beliefs that glove use obviates the need for hand hygiene

- Lack of scientific information of definitive impact of improved hand hygiene on health-care-associated infection rates

Additional perceived barriers to appropriate hand hygiene
- Lack of active participation in hand-hygiene promotion at individual or institutional level
- Lack of role model for hand hygiene
- Lack of institutional priority for hand hygiene
- Lack of administrative sanction of noncompliers/rewarding compliers
- Lack of institutional safety climate

* Source: Adapted from Pittet D. Improving compliance with hand hygiene in hospitals. Infect Control Hosp Epidemiol 2000;21:381-6.
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adherence; efforts to prevent high workload, downsizing, and
understaffing; and encouragement and provision of role models from
key members in the work unit. At the institutional level, targets for
improvement include 1) written guidelines, hand-hygiene agents, skin-
care promotions and agents, or hand-hygiene facilities; 2) culture or
tradition of adherence; and 3) administrative leadership, sanction,
support, and rewards. Several studies, conducted in various types of
institutions, reported modest and even low levels of adherence to
recommended hand-hygiene practices, indicating that such adherence
varied by hospital ward and by type of HCW. These results indicate
educational sessions may need to be designed specifically for certain
types of personnel (11,289,290,294,317,323).

Lessons Learned from Behavioral Theories

In 1998, the prevailing behavioral theories and their applications
with regard to the health professions were reviewed by researchers in
an attempt to better understand how to target more successful
interventions (317). The researchers proposed a hypothetical
framework to enhance hand-hygiene practices and stressed the
importance of considering the complexity of individual and
institutional factors when designing behavioral interventions.

Although behavioral theories and secondary interventions have
primarily targeted individual workers, this practice might be
insufficient to produce sustained change (317,324,325). Interventions
aimed at improving hand-hygiene practices must account for different
levels of behavior interaction (12,317,326). Thus, the interdependence
of individual factors, environmental constraints, and the institutional
climate must be taken into account in the strategic planning and
development of hand-hygiene campaigns. Interventions to promote
hand hygiene in hospitals should consider variables at all these levels.
Various factors involved in hand-hygiene behavior include intention,
attitude towards the behavior, perceived social norm, perceived
behavioral control, perceived risk for infection, hand-hygiene practices,
perceived role model, perceived knowledge, and motivation (317). The
factors necessary for change include 1) dissatisfaction with the current
situation, 2) perception of alternatives, and 3) recognition, both at the
individual and institutional level, of the ability and potential to change.
Although the latter implies education and motivation, the former two
necessitate a system change.

Among the reported reasons for poor adherence with handhygiene
recommendations (Box 1), certain ones are clearly associated with the
institution or system (e.g., lack of institutional priority for hand
hygiene, administrative sanctions, and a safety climate). Although all of
these reasons would require a system change in the majority of
institutions, the third requires management commitment, visible safety
programs, an acceptable level of work stress, a tolerant and supportive
attitude toward reported problems, and belief in the efficacy of

preventive strategies (12,317,325,327). Most importantly, an
improvement in infection-control practices requires 1) questioning
basic beliefs, 2) continuous assessment of the group (or individual)
stage of behavioral change, 3) intervention(s) with an appropriate
process of change, and 4) supporting individual and group creativity
(317). Because of the complexity of the process of change, single
interventions often fail. Thus, a multimodal, multidisciplinary strategy
is likely necessary (74,75,317,323,326).

Methods Used To Promote Improved Hand Hygiene

Hand-hygiene promotion has been challenging for >150 years. In-
service education, information leaflets, workshops and lectures,
automated dispensers, and performance feedback on hand-hygiene
adherence rates have been associated with transient improvement
(291,294-296,306,314).

Several strategies for promotion of hand hygiene in hospitals have
been published (Table 9). These strategies require education,
motivation, or system change. Certain strategies are based on
epidemiologic evidence, others on the authors’ and other investigators’
experience and review of current knowledge. Some strategies may be
unnecessary in certain circumstances, but may be helpful in others. In
particular, changing the hand-hygiene agent could be beneficial in
institutions or hospital wards with a high workload and a high demand
for hand hygiene when alcohol-based hand rubs are not available
(11,73,78,328). However, a change in the recommended hand-hygiene
agent could be deleterious if introduced during winter, at a time of
higher hand-skin irritability, and if not accompanied by the provision of
skin-care products (e.g., protective creams and lotions). Additional
specific elements should be considered for inclusion in educational and
motivational programs (Box 2).

Several strategies that could potentially be associated with successful
promotion of hand hygiene require a system change (Box 1). Hand-
hygiene adherence and promotion involve factors at both the individual
and system level. Enhancing individual and institutional attitudes
regarding the feasibility of making changes (self-efficacy), obtaining
active participation of personnel at both levels, and promoting an
institutional safety climate represent challenges that exceed the current
perception of the role of infection-control professionals.

Whether increased education, individual reinforcement technique,
appropriate rewarding, administrative sanction, enhanced self-
participation, active involvement of a larger number of organizational
leaders, enhanced perception of health threat, self-efficacy, and
perceived social pressure (12,317,329,330), or combinations of these
factors can improve HCWs’ adherence with hand hygiene needs further
investigation. Ultimately, adherence to recommended handhygiene
practices should become part of a culture of patient safety where a set
of interdependent quality elements interact to achieve a shared

TABLE 9. Stategies for successful promotion of hand hygiene in hospitals

Strategy Tool for change* Selected references**
Education E (M, S) (74, 295, 306, 326 ,393)
Routine observation and feedback S (E, M) (74, 294 ,306 ,326 ,393)
Engineering control
Make hand hygiene possible, easy, and convenient S (74, 281, 326, 393)
Make alcohol-based hand rub available S (74)
(at least in high-demand situations) S (74, 283, 312)
Patient education S (M) (283, 394)
Reminders in the workplace S (74, 395)
Administrative sanction/rewarding S (12,317)
Change in hand-hygiene agent S (E) (11,67, 71, 283 ,312)
Promote/facilitate skin care for health-care-workes' hands S (E) (67, 74, 274, 275)
Obtain active participation at individual and institutional level E,M, S (74, 75, 317)
Improve institutional safety climate S (M) (74, 75, 317)
Enhance individual and institutitional self-efficacy S (E, M) (74, 75, 317)
Avoid overcrowding, understaffing, and excessive workload S (11, 74, 78, 297, 396)
Combine several of above strategies E,M, S (74, 75, 295, 306, 317, 326)

* The dynamic of behavioral change is complex and involves a combination of education (E), mativation (M), and system change (S).
** Only selected references have been listed; readers should refer to mare extensive reviews for exnaustive reference lists (1,8,317,323,397).
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BOX 2. Elements of health-care worker educational and motivational programs

Rationale for hand hygiene
+ Potential risks of transmission of microorganisms to patients
- Potential risks of health-care worker colonization or infection caused by organisms acquired from the patient
- Morbidity, mortality, and costs associated with health-care-associated infections

Indications for hand hygiene
- Contact with a patient's intact skin (e.g., taking a pulse or blood pressure, performing physical examinations, lifting the
patient in bed) (25, 26, 45, 48, 51, 53)
- Contact with environmental surfaces in the immediate vicinity of patients (46, 51, 53, 54)
- After glove removal (50, 58, 71)

Techniques for hand hygiene

- Amount of hand-hygiene solution

* Duration of hand-hygiene procedure

- Selection of hand-hygiene agents
—Alcohol-based hand rubs are the most efficacious agents for reducing the number of bacteria on the hands of personnel.
Antiseptic soaps and detergents are the next most effective, and non-antimicrobial soaps are the least effective (1, 398).
—Soap and water are recommended for visibly soil hands.
—Alcohol-based hand rubs are recommended for routine decontamination of hands for all clinical indications (except when

Methods to maintain hand skin health

+ Acceptable lotions or creams to use

Expectations of patient care managers/administrators

Indications for, and limitations of, glove use

- Contamination may occur during glove removal (50)

another (373).

hands are visibly soiled) and as one of the options for surgical hand hygiene.

- Lotions and creams can prevent or minimize skin dryness and irritation caused by irritant contact dermatitis

- Recommended schedule for applying lotions or creams

- Written statements regarding the value of, and support for, adherence to recommended hand-hygiene practices

* Role models demonstrating adherence to recommended hand hygiene practices (399)

- Hand contamination may occur as a result of small, undetected holes in examination gloves (321, 361)

- Wearing gloves does not replace the need for hand hygiene (58)
- Failure to remove gloves after caring for a patient may lead to transmission of microorganizations from one patient to

objective (331).

On the basis of both these hypothetical considerations and
successful, actual experiences in certain institutions, strategies to
improve adherence to hand-hygiene practices should be both
multimodal and multidisciplinary. However, strategies must be further
researched before they are implemented.

Efficacy of Promotion and Impact
of Improved Hand Hygiene

The lack of scientific information of the definitive impact of
improved hand hygiene on health-care—associated infection rates is a
possible barrier to appropriate adherence with hand-hygiene
recommendations (Box 1). However, evidence supports the belief that
improved hand hygiene can reduce health-care—associated infection
rates. Failure to perform appropriate hand hygiene is considered the
leading cause of health-care—associated infections and spread of
multiresistant organisms and has been recognized as a substantial
contributor to outbreaks.

Of nine hospital-based studies of the impact of hand hygiene on the
risk of health-care—associated infections (Table 10) (48,69-75,296), the
majority demonstrated a temporal relationship between improved hand-
hygiene practices and reduced infection rates.
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In one of these studies, endemic MRSA in a neonatal intensivecare
unit was eliminated 7 months after introduction of a new hand
antiseptic (1% triclosan); all other infection-control measures remained
in place, including the practice of conducting weekly active
surveillance by obtaining cultures (72). Another study reported an
MRSA outbreak involving 22 infants in a neonatal unit (73). Despite
intensive efforts, the outbreak could not be controlled until a new
antiseptic was added (i.e., 0.3% triclosan); all previously used control
measures remained in place, including gloves and gowns, cohorting,
and obtaining cultures for active surveillance.

The effectiveness of a longstanding, hospitalwide program to
promote hand hygiene at the University of Geneva hospitals was
recently reported (74). Overall adherence to handhygiene guidelines
during routine patient care was monitored during hospitalwide
observational surveys. These surveys were conducted biannually during
December 1994-December 1997, before and during implementation of
a hand-hygiene campaign that specifically emphasized the practice of
bedside, alcohol-based hand disinfection. Individual-sized bottles of
hand-rub solution were distributed to all wards, and custommade
holders were mounted on all beds to facilitate access to hand
disinfection. HCWs were also encouraged to carry bottles in their
pockets, and in 1996, a newly designed flat (instead of round) bottle
was made available to further facilitate pocket carriage. The



TABLE 10. Association between improved adherence with hand-hygiene practice and health-care-associated infection rates

Duration

Year Ref.no. Hospital setting Results of follow-up

1977 (48) Adult ICU Reduction in health-care-associated infections caused by endemic Klebsiella spp. 2 years

1982 (69) Adult ICU Reduction in health-care-associated infection rates N.S.

1984 (70) Adult ICU Reduction in health-care-associated infection rates N.S.

1990 (296)  Adult ICU No effect (average hand hygiene adherence improvement did not reach statistical 11 months
significance)

1992 (71) Adult ICU Substantial difference between rates of health-care-associated infection between two 8 months
different hand-hygiene agents

1994 (72) NICU Elimination of MRSA, when combined with multiple other infection-control measurs. 9 months
Reduction of vancomycin use

1995 (73) Newborn nursery  Elimination of MRSA, when combined with multiple other infection-control measures 3.5 years

2000 (75) MICU/NICU 85% relative reduction of VRE rate in the intervention hospital; 44% relative reduction 8 months
in control hospital; no change in MRSA

2000 (74) Hospitalwide Substantial reduction in the annual overall prevalence of health-care-associated 5 years

infections and MRSA cross-transmission rates. Active surveillance cultures and
contact precautions were implemented during same perio

Note: ICU = intensive care unit, NICU = neonatal ICU, MRSA = methicillin-resistant Staphylococcus aureus, MICU = medical ICU, and N.S. = not stated.

promotional strategy was multimodal and involved a multidisciplinary
team of HCWs, the use of wall posters, the promotion of antiseptic
hand rubs located at bedsides throughout the institution, and regular
performance feedback to all HCWs (see http://www.hopisafe.ch for
further details on methodology). Health-care—associated infection rates,
attack rates of MRSA cross-transmission, and consumption of hand-rub
disinfectant were measured. Adherence to recommended hand-hygiene
practices improved progressively from 48% in 1994 to 66% in 1997 (p
< 0.001). Whereas recourse to handwashing with soap and water
remained stable, frequency of hand disinfection markedly increased
during the study period (p < 0.001), and the consumption of
alcoholbased hand-rub solution increased from 3.5 to 15.4 liters per
1,000 patient-days during 1993-1998 (p < 0.001). The increased
frequency of hand disinfection was unchanged after adjustment for
known risk factors of poor adherence. During the same period, both
overall health-care—associated infection and MRSA transmission rates
decreased (both p < 0.05). The observed reduction in MRSA
transmission may have been affected by both improved hand-hygiene
adherence and the simultaneous implementation of active surveillance
cultures for detecting and isolating patients colonized with MRSA
(332). The experience from the University of Geneva hospitals
constitutes the first report of a hand-hygiene campaign with a sustained
improvement over several years. An additional multimodal program
also yielded sustained improvements in hand-hygiene practices over an
extended period (75); the majority of studies have been limited to a 6-
to 9-month observation period.

Although these studies were not designed to assess the independent
contribution of hand hygiene on the prevention of health-
care—associated infections, the results indicate that improved hand-
hygiene practices reduce the risk of transmission of pathogenic
microorganisms. The beneficial effects of hand-hygiene promotion on
the risk of cross-transmission also have been reported in surveys
conducted in schools and day care centers (333-338), as well as in a
community setting (339-341).

Other Policies Related to Hand
Hygiene

Fingernails and Artificial Nails

Studies have documented that subungual areas of the hand harbor
high concentrations of bacteria, most frequently coagulase-negative
staphylococci, gram-negative rods (including Pseudomonas spp.),
Corynebacteria, and yeasts (14,342,343). Freshly applied nail polish
does not increase the number of bacteria recovered from periungual
skin, but chipped nail polish may support the growth of larger numbers
of organisms on fingernails (344,345). Even after careful handwashing
or the use of surgical scrubs, personnel often harbor substantial
numbers of potential pathogens in the subungual spaces (346-348).

Whether artificial nails contribute to transmission of healthcare
—associated infections is unknown. However, HCWs who wear
artificial nails are more likely to harbor gram-negative pathogens on
their fingertips than are those who have natural nails, both before and
after handwashing (347—-349). Whether the length of natural or artificial
nails is a substantial risk factor is unknown, because the majority of
bacterial growth occurs along the proximal 1 mm of the nail adjacent to
subungual skin (345,347,348). Recently, an outbreak of P. aeruginosa
in a neonatal intensive care unit was attributed to two nurses (one with
long natural nails and one with long artificial nails) who carried the
implicated strains of Pseudomonas spp. on their hands (350). Patients
were substantially more likely than controls to have been cared for by
the two nurses during the exposure period, indicating that colonization
of long or artificial nails with Pseudomonas spp. may have contributed
to causing the outbreak. Personnel wearing artificial nails also have
been epidemiologically implicated in several other outbreaks of
infection caused by gram-negative bacilli and yeast (351-353).
Although these studies provide evidence that wearing artificial nails
poses an infection hazard, additional studies are warranted.

Gloving Policies

CDC has recommended that HCWs wear gloves to 1) reduce the risk
of personnel acquiring infections from patients, 2) prevent health-care
worker flora from being transmitted to patients, and 3) reduce transient
contamination of the hands of personnel by flora that can be transmitted
from one patient to another (354). Before the emergence of the
acquired immunodeficiency syndrome (AIDS) epidemic, gloves were
worn primarily by personnel caring for patients colonized or infected
with certain pathogens or by personnel exposed to patients with a high
risk of hepatitis B. Since 1987, a dramatic increase in glove use has
occurred in an effort to prevent transmission of HIV and other
bloodborne pathogens from patients to HCWs (355). The Occupational
Safety and Health Administration (OSHA) mandates that gloves be
worn during all patient-care activities that may involve exposure to
blood or body fluids that may be contaminated with blood (356).

The effectiveness of gloves in preventing contamination of HCWs’
hands has been confirmed in several clinical studies (45,51,58). One
study found that HCWs who wore gloves during patient contact
contaminated their hands with an average of only 3 CFUs per minute of
patient care, compared with 16 CFUs per minute for those not wearing
gloves (51). Two other studies, involving personnel caring for patients
with C. difficile or VRE, revealed that wearing gloves prevented hand
contamination among the majority of personnel having direct contact
with patients (45,58). Wearing gloves also prevented personnel from
acquiring VRE on their hands when touching contaminated
environmental surfaces (58). Preventing heavy contamination of the
hands is considered important, because handwashing or hand antisepsis
may not remove all potential pathogens when hands are heavily
contaminated (25,111).
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BOX 3. Hand-hygiene research agenda

Education and promotion

- Provide health-care workers (HCWSs) with better education regarding the types of patient care activities that can result in
hand contamination and cross-transmission of microorganisms.

+ Develop and implement promotion hand-hygiene programs in pregraduate courses.

- Study the impact of population-based education on hand-hygiene behavior.

- Design and conduct studies to determine if frequent glove use should be encouraged or discouraged.

- Determine evidence-based indications for hand cleansing (considering that it might be unrealistic to expect HCWs to clean
their hands after every contact with the patient).

- Assess the key determinants of hand-hygiene behavior and promotion among the different populations of HCWs.

- Develop methods to obtain management support.

+ Implement and evaluate the impact of the different components of multimodal programs to promote hand hygiene.

Hand-hygiene agents and hand care

+ Determine the most suitable formulations for hand-hygiene products.

- Determine if preparations with persistent antimicrobial activity reduce infection rates more effectively than do preparations
whose activity is limited to an immediate effect.

- Study the systematic replacement of conventional handwashing by the use of hand disinfection.

- Develop devices to facilitate the use and optimal application of hand-hygiene agents.

- Develop hand-hygiene agents with low irritancy potential.

- Study the possible advantages and eventual interaction of hand-care lotions, creams, and other barriers to help minimize
the potential irritation associated with hand-hygiene agents.

Laboratory-based and epidemiologic research and development

- Develop experimental models for the study of cross-contamination from patient to patient and from environment to patient.

- Develop new protocols for evaluating the in vivo efficacy of agents, considering in particular short application times and
volumes that reflect actual use in health-care facilities.

* Monitor hand-hygiene adherence by using new devices or adequate surrogate markers, allowing frequent individual
feedback on performance.

- Determine the percentage increase in hand-hygiene adherence required to achieve a predictable risk reduction in infection
rates.

- Generate more definitive evidence for the impact on infection rates of improved adherence to recommended hand-hygiene

practices.

- Provide cost-effectiveness evaluation of successful and unsuccessful promotion campaigns.

Several studies provide evidence that wearing gloves can help reduce
transmission of pathogens in health-care settings. In a prospective
controlled trial that required personnel to routinely wear vinyl gloves
when handling any body substances, the incidence of C. difficile
diarrhea among patients decreased from 7.7 cases/1,000 patient
discharges before the intervention to 1.5 cases/1,000 discharges during
the intervention (226). The prevalence of asymptomatic C. difficile
carriage also decreased substantially on “glove” wards, but not on
control wards. In intensive-care units where VRE or MRSA have been
epidemic, requiring all HCWs to wear gloves to care for all patients in
the unit (i.e., universal glove use) likely has helped control outbreaks
(357,358).

The influence of glove use on the hand-hygiene habits of personnel
is not clear. Several studies found that personnel who wore gloves were
less likely to wash their hands upon leaving a patient’s room (290,320).
In contrast, two other studies found that personnel who wore gloves
were substantially more likely to wash their hands after patient care
(87,301).

The following caveats regarding use of gloves by HCWs must be
considered. Personnel should be informed that gloves do not provide
complete protection against hand contamination. Bacterial flora
colonizing patients may be recovered from the hands of <30% of
HCWs who wear gloves during patient contact (50,58). Further,
wearing gloves does not provide complete protection against
acquisition of infections caused by hepatitis B virus and herpes simplex
virus (359,360). In such instances, pathogens presumably gain access to
the caregiver’s hands via small defects in gloves or by contamination of
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the hands during glove removal (50,321,359,361).

Gloves used by HCWs are usually made of natural rubber latex and
synthetic nonlatex materials (e.g., vinyl, nitrile, and neoprene
[polymers and copolymers of chloroprene]). Because of the increasing
prevalence of latex sensitivity among HCWs and patients, FDA has
approved several powdered and powderfree latex gloves with reduced
protein contents, as well as synthetic gloves that can be made available
by health-care institutions for use by latex-sensitive employees. In
published studies, the barrier integrity of gloves varies on the basis of
type and quality of glove material, intensity of use, length of time used,
manufacturer, whether gloves were tested before or after use, and
method used to detect glove leaks (359,361— 366). In published studies,
vinyl gloves have had defects more frequently than latex gloves, the
difference in defect frequency being greatest after use
(359,361,364,367). However, intact vinyl gloves provide protection
comparable to that of latex gloves (359). Limited studies indicate that
nitrile gloves have leakage rates that approximate those of latex gloves
(368-371). Having more than one type of glove available is desirable,
because it allows personnel to select the type that best suits their
patient-care activities. Although recent studies indicate that
improvements have been made in the quality of gloves (366), hands
should be decontaminated or washed after removing gloves
(8,50,58,321,361). Gloves should not be washed or reused (321,361).
Use of petroleum-based hand lotions or creams may adversely affect
the integrity of latex gloves (372). After use of powdered gloves,
certain alcohol hand rubs may interact with residual powder on the
hands of personnel, resulting in a gritty feeling on the hands. In



facilities where powdered gloves are commonly used, various
alcoholbased hand rubs should be tested after removal of powdered
gloves to avoid selecting a product that causes this undesirable reaction.
Personnel should be reminded that failure to remove gloves between
patients may contribute to transmission of organisms (358,373).
Jewelry

Several studies have demonstrated that skin underneath rings is more
heavily colonized than comparable areas of skin on fingers without
rings (374-376). One study found that 40% of nurses harbored gram-
negative bacilli (e.g., E. cloacae, Klebsiella, and Acinetobacter) on skin
under rings and that certain nurses carried the same organism under
their rings for several months (375). In a more recent study involving
>60 intensive care unit nurses, multivariable analysis revealed that
rings were the only substantial risk factor for carriage of gram-negative
bacilli and S aureus and that the concentration of organisms recovered
correlated with the number of rings worn (377). Whether the wearing
of rings results in greater transmission of pathogens is unknown. Two
studies determined that mean bacterial colony counts on hands after
handwashing were similar among persons wearing rings and those not
wearing rings (376,378). Further studies are needed to establish if
wearing rings results in greater transmission of pathogens in healthcare
settings.

Hand-Hygiene Research Agenda

Although the number of published studies concerning hand hygiene
has increased considerably in recent years, many questions regarding
hand-hygiene products and strategies for improving adherence of
personnel to recommended policies remain unanswered. Several
concerns must still be addressed by researchers in industry and by
clinical investigators (Box 3).

Web-Based Hand-Hygiene
Resources

Additional information regarding improving hand hygiene is
available at

http://www.hopisafe.ch

University of Geneva Hospitals, Geneva, Switzerland

http://www.cdc.gov/ncidod/hip

CDC, Atlanta, Georgia

http://www.jr2.0x.ac.uk/bandolier/band88/b88-8.html

Bandolier journal, United Kingdom

http://www.med.upenn.edu

University of Pennsylvania, Philadelphia, Pennsylvania

Part Il. Recommendations

Categories

These recommendations are designed to improve handhygiene
practices of HCWs and to reduce transmission of pathogenic
microorganisms to patients and personnel in healthcare settings. This
guideline and its recommendations are not intended for use in food
processing or food-service establishments, and are not meant to replace
guidance provided by FDA’s Model Food Code.

As in previous CDC/HICPAC guidelines, each recommendation is
categorized on the basis of existing scientific data, theoretical rationale,
applicability, and economic impact. The CDC/HICPAC system for
categorizing recommendations is as follows:

Category I A. Strongly recommended for implementation and
strongly supported by well-designed experimental, clinical, or
epidemiologic studies.

Category |B. Strongly recommended for implementation and
supported by certain experimental, clinical, or epidemiologic studies
and a strong theoretical rationale.

Category | C. Required for implementation, as mandated by federal
or state regulation or standard.

Category 1. Suggested for implementation and supported by
suggestive clinical or epidemiologic studies or a theoretical rationale.

No recommendation. Unresolved issue. Practices for which
insufficient evidence or no consensus regarding efficacy exist.

Recommendations

1. Indicationsfor handwashing and hand antisepsis

A. When hands are visibly dirty or contaminated with proteinaceous
material or are visibly soiled with blood or other body fluids,
wash hands with either a nonantimicrobial soap and water or an
antimicrobial soap and water (IA) (66).

B. If hands are not visibly soiled, use an alcohol-based hand rub for
routinely decontaminating hands in all other clinical situations
described in items 1C-J (IA) (74,93,166,169,283,294,312,398).
Alternatively, wash hands with an antimicrobial soap and water
in all clinical situations described in items 1C-J (IB) (69-71,74).

C. Decontaminate hands before having direct contact with patients
(IB) (68,400).

D. Decontaminate hands before donning sterile gloves when
inserting a central intravascular catheter (IB) (401,402).

E. Decontaminate hands before inserting indwelling urinary
catheters, peripheral vascular catheters, or other invasive devices
that do not require a surgical procedure (IB) (25,403).

F. Decontaminate hands after contact with a patient’s intact skin
(e.g., when taking a pulse or blood pressure, and lifting a patient)
(IB) (25,45,48,68).

G. Decontaminate hands after contact with body fluids or excretions,
mucous membranes, nonintact skin, and wound dressings if
hands are not visibly soiled (IA) (400).

H. Decontaminate hands if moving from a contaminated-body site to
a clean-body site during patient care (II) (25,53).

I. Decontaminate hands after contact with inanimate objects
(including medical equipment) in the immediate vicinity of the
patient (II) (46,53,54).

Decontaminate hands after removing gloves (IB) (50,58,321).

K. Before eating and after using a restroom, wash hands with a non-
antimicrobial soap and water or with an antimicrobial soap and
water (IB) (404-409).

L. Antimicrobial-impregnated wipes (i.e., towelettes) may be
considered as an alternative to washing hands with non-
antimicrobial soap and water. Because they are not as effective as
alcohol-based hand rubs or washing hands with an antimicrobial
soap and water for reducing bacterial counts on the hands of
HCWs, they are not a substitute for using an alcohol-based hand
rub or antimicrobial soap (IB) (160,161).

M. Wash hands with non-antimicrobial soap and water or with
antimicrobial soap and water if exposure to Bacillus anthracis is
suspected or proven. The physical action of washing and rinsing
hands under such circumstances is recommended because
alcohols, chlorhexidine, iodophors, and other antiseptic agents
have poor activity against spores (II) (120,172, 224,225).

N. No recommendation can be made regarding the routine use of
nonalcohol-based hand rubs for hand hygiene in health-care
settings. Unresolved issue.

2. Hand-hygiene technique

A. When decontaminating hands with an alcohol-based hand rub,
apply product to palm of one hand and rub hands together,
covering all surfaces of hands and fingers, until hands are dry
(IB) (288,410). Follow the manufacturer’s recommendations
regarding the volume of product to use.

B. When washing hands with soap and water, wet hands first with
water, apply an amount of product recommended by the
manufacturer to hands, and rub hands together vigorously for at
least 15 seconds, covering all surfaces of the hands and fingers.
Rinse hands with water and dry thoroughly with a disposable
towel. Use towel to turn off the faucet (IB) (90-92,94,411). Avoid
using hot water, because repeated exposure to hot water may
increase the risk of dermatitis (IB) (254,255).

C. Liquid, bar, leaflet or powdered forms of plain soap are
acceptable when washing hands with a nonantimicrobial soap and

—

87



Guideline for Hand Hygiene in Health-Care Settings

water. When bar soap is used, soap racks that facilitate drainage
and small bars of soap should be used (II) (412-415).

D. Multiple-use cloth towels of the hanging or roll type are not

recommended for use in health-care settings (II) (137,300).

3. Surgical hand antisepsis
A. Remove rings, watches, and bracelets before beginning the

B.

C.

surgical hand scrub (II) (375,378,416).

Remove debris from underneath fingernails using a nail cleaner
under running water (II) (14,417).

Surgical hand antisepsis using either an antimicrobial soap or an
alcohol-based hand rub with persistent activity is recommended
before donning sterile gloves when performing surgical
procedures (IB) (115,159,232,234,237,418).

. When performing surgical hand antisepsis using an antimicrobial

soap, scrub hands and forearms for the length of time
recommended by the manufacturer, usually 2-6 minutes. Long
scrub times (e.g., 10 minutes) are not necessary (IB)
(117,156,205, 207,238-241).

. When using an alcohol-based surgical hand-scrub product with

persistent activity, follow the manufacturer’s instructions. Before
applying the alcohol solution, prewash hands and forearms with a
non-antimicrobial soap and dry hands and forearms completely.
After application of the alcohol-based product as recommended,
allow hands and forearms to dry thoroughly before donning
sterile gloves (IB) (159,237).

4. Selection of hand-hygiene agents

A.

Provide personnel with efficacious hand-hygiene products that
have low irritancy potential, particularly when these products are
used multiple times per shift (IB) (90,92,98,166,249). This
recommendation applies to products used for hand antisepsis
before and after patient care in clinical areas and to products used
for surgical hand antisepsis by surgical personnel.

. To maximize acceptance of hand-hygiene products by HCWs,

solicit input from these employees regarding the feel, fragrance,
and skin tolerance of any products under consideration. The cost
of handhygiene products should not be the primary factor
influencing product selection (IB) (92,93,166, 274,276-278).

. When selecting non-antimicrobial soaps, antimicrobial soaps, or

alcohol-based hand rubs, solicit information from manufacturers
regarding any known interactions between products used to clean
hands, skin care products, and the types of gloves used in the
institution (IT) (174,372).

. Before making purchasing decisions, evaluate the dispenser

systems of various product manufacturers or distributors to
ensure that dispensers function adequately and deliver an
appropriate volume of product (II) (286).

. Do not add soap to a partially empty soap dispenser. This practice

of “topping off” dispensers can lead to bacterial contamination of
soap (IA) (187,419).

5. Skin care

A.

Provide HCWs with hand lotions or creams to minimize the
occurrence of irritant contact dermatitis associated with hand
antisepsis or handwashing (IA) (272,273).

. Solicit information from manufacturers regarding any effects that

hand lotions, creams, or alcoholbased hand antiseptics may have
on the persistent effects of antimicrobial soaps being used in the
institution (IB) (174,420,421).

6. Other Aspectsof Hand Hygiene

A.
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Do not wear artificial fingernails or extenders when having direct

—_

E.

F.

contact with patients at high risk (e.g., those in intensive-care
units or operating rooms) (IA) (350-353).

. Keep natural nails tips less than 1/4-inch long (II) (350).
. Wear gloves when contact with blood or other potentially

infectious materials, mucous membranes, and nonintact skin
could occur (IC) (356).

. Remove gloves after caring for a patient. Do not wear the same

pair of gloves for the care of more than one patient, and do not
wash gloves between uses with different patients (IB)
(50,58,321,373).

Change gloves during patient care if moving from a contaminated
body site to a clean body site (II) (50,51,58).

No recommendation can be made regarding wearing rings in
health-care settings. Unresolved issue.

Health-care worker educational and motivational programs

A.

C.

As part of an overall program to improve handhygiene practices
of HCWs, educate personnel regarding the types of patient-care
activities that can result in hand contamination and the
advantages and disadvantages of various methods used to clean
their hands (II) (74,292,295,299).

. Monitor HCWs’ adherence with recommended hand-hygiene

practices and provide personnel with information regarding their
performance (I1A) (74,276,292,295,299,306,310).

Encourage patients and their families to remind HCWs to
decontaminate their hands (IT) (394,422).

. Administrative measures
A.

Make improved hand-hygiene adherence an institutional priority
and provide appropriate administrative support and financial
resources (IB) (74,75).

. Implement a multidisciplinary program designed to improve

adherence of health personnel to recommended hand-hygiene
practices (IB) (74,75).

. As part of a multidisciplinary program to improve hand-hygiene

adherence, provide HCWs with a readily accessible alcohol-
based hand-rub product (IA) (74,166,283,294,312).

. To improve hand-hygiene adherence among personnel who work

in areas in which high workloads and high intensity of patient
care are anticipated, make an alcohol-based hand rub available at
the entrance to the patient’s room or at the bedside, in other
convenient locations, and in individual pocket-sized containers to
be carried by HCWs (IA) (11,74,166,283,284,312,318,423).

. Store supplies of alcohol-based hand rubs in cabinets or areas

approved for flammable materials (IC).

Part lll. Performance Indicators

. The following performance indicators are recommended for

measuring improvements in HCWs’ hand-hygiene adherence:

A.

Periodically monitor and record adherence as the number of
hand-hygiene episodes performed by personnel/number of hand-
hygiene opportunities, by ward or by service. Provide feedback to
personnel regarding their performance.

. Monitor the volume of alcohol-based hand rub (or detergent used

for handwashing or hand antisepsis) used per 1,000 patient-days.

. Monitor adherence to policies dealing with wearing of artificial

nails.

. When outbreaks of infection occur, assess the adequacy of

health-care worker hand hygiene.

[References|dp.55~64(C 5]



Appendix

Antimicrobial Spectrum and Characteristics of Hand-Hygiene Antiseptic Agents*

Gram-positive

Gram-negative

Group bacteria bacteria Mycobacteria Fungi Viruses Speed of action Comments

Alcohols +++ +++ +++ +4++ +++ Fast Optimum concentration 60%-
95%; no persistent activity

Chlorhexidine (2% +++ ++ + + +++ Intermediate Persistent activity; rare allergic

and 4% aqueous) reactions

lodine compounds +++ +++ +++ ++ +++ Intermediate Causes skin burns; usually too
irritating for hand hygiene

lodophors 4+ 4+ + ++ ++ Intermediate Less irritating than iodine;
acceptance varies

Phenol derivatives +++ + + + + Intermediate Activity neutralized by nonionic
surfactants

Tricolsan +++ ++ + - +++ Intermediate Acceptability on hands varies

Quaternary + ++ - - + Slow Used only in combination with

ammonium alcohols; ecologic concerns

compounds

Note: +++ = excellent ; ++ = good, but does not include the entire bacterial spectrum ; + = fair; — = no activity or not sufficient.

* Hexachlorophene is not included because it is no longer an accepted ingredient of hand disinfectants.
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