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Abstract
Hand hygiene (HH) levels are predominantly enforced and monitored through the use of direct observation and audits. However, 
with today’s healthcare landscape where manpower is stretched, many institutions are looking into incorporating technology to 
improve efficacy in monitoring of HH. SKH is one institution in Singapore that incorporated the use of electronic HH monitoring 
with existing strategies to catalyse the sustainability of good HH culture and thereby, reducing hospital acquired infection (HAI) 
[1,2].
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Introduction
HAIare themost commonadverseeventsaffecting inpatients
[3].WorldHealthOrganisation(WHO)hasidentifiedHHasthe
most effectivemeans of reducingHAI [4]. Direct HH obser-
vation by trained observers is the gold standard recommended 
by WHO to monitor HH compliance [5]. Traditional direct ob-
servational audits are manpower resource intensive and can be 
subjected to biasness [5]. With the increasing healthcare needs, 
especiallyintimesofpandemic,healthcareprofessionalsareof-
tennotdispensablefromclinicalwork.Alongwiththat,withthe
spreadofCOVID-19,thereisalsoanimperativeneedforinfec-
tion control practices to be tightened, such as through HH audit.

Direct observational audits are also opportunistic, which can be 
apoorreflectionofactualhandhygienecomplianceinawork-
place.TheobservationalaspectoftheHHauditinevitablyleads
to confounding bias such as Hawthorne effect [6]. Electronic
monitoring ofHH has rapidly surfacedwith promising effec-
tiveness in measuring adherence and in presenting objective data 
to healthcare workers themselves [7]. 

They record HH events constantly in real time, apply consistent 
algorithms to monitor adherence and, in theory, should over-
cometheHawthorneeffectandothersourcesofbias(Srigleyet
al.,2014). Hence,electronicmonitoringofHHcouldprovide
support to direct observational HH audits in order to measure 
HHcompliancemoreaccuratelyinthemidstofthisendemic.

Background and Challenges
In Sengkang General Hospital (SKH), monthly cross-depart-
ment HH audits are carried out in clinical areas to monitor com-
pliancebasedon theWHO5moments (seeFigure1) (WHO,
2009) throughdirectobservationbyauditors.However,audits
maynotfullyreflectactualHHcompliancegiventhelimitations
ofdirectobservationsuchas:
• Limitedaudit sample sizeof50opportunitiesperclinical

unitthatisinadequateforstatisticalcomparisonandquality
assurance.

• HawthorneEffectthathadinfluencedgoodpracticesduring
audits only.

• Inter-observer variation between auditors may result in 
compliance scoring discrepancies.
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Since SARS in 2003, contact tracing has become the linchpin 
forinfectiousdiseasemanagementandcontrol.Asanewinstitu-
tionsetupin2018,SKHhasanintegratedten-levelcompound
consistingofamedicalCentre(1block),ageneralhospital(6
blocks) and a community hospital (3 blocks); it was determined 
thataradiofrequencysensorcapablesystemcouldservethepur-
poseof staffmovement tracking (contact tracing).A real-time
location system (RTLS) was installed and a card-sized sensor 
was issued to each SKH personnel. There were ideas explored 
onmorerobustuseoftheRTLStoservebetterpurposesbeyond
just contact tracing. 

Real-Time Location System for Hand Hygiene Surveil-
lance
HHcompliance is an ongoing concern for the SKH Infection
Prevention&ControlUnit(IPCU);surveillancethroughdirect
observationmayprovide temporaryvisual reminders toHCPs
on the need to keep up with HH however, in the long run and 
during non-surveillance, HCPs should ideally internalize HH
practices.TheIPCteaminitiatedaProof-of-Concept(POC)to
exploretheuseofthecampus-wideRTLSinfrastructure,RTLS
staffcardsensorsintegratingwithanelectronicHHcompliance
monitoring.A3-monthPOCwasconductedinJun2019toassess
thetechnicalaccuracyoftheelectronicHHmonitoringsystem
inactualclinicalsettings.ThePOCfindingsreflectedtechnical
viabilityof theelectronicsolutionwithcontinuousmonitoring
ofMoment1 (M1)andMoment4 (M4) (Figure1).ThePOC
outcome had encouraged the team to extend the solution to SKH 
inpatientwardsin2021.

Figure 1:The5WHOMoments–Moment1:BeforeTouching
aPatient;Moment 2:Before a procedure;Moment 3:After a
procedureorbodyfluidexposurerisk;Moment4:Aftertouch-
ingapatient;Moment5:Aftertouchingapatient’ssurroundings,
(WHO,2009).

Implementation and Methodology
LeveragingonthePOCfindings,IPCUconductedanotherim-
plementationinApr2021forapilotwardbetween14Aprto31
May2021.

The solution captures the interaction between the RTLS staff
card, patient tag and HH sensors installed by the patient bedside 
(Figure 2).

Figure 2: TheElectronicHandHygiene(Hh)MonitoringSystemRecordsHhPerformedbyStaffbyRecordingInteractionBetween
theRtlsStaffCardWornbyStaff(MiddlePicture)WithSensorsInstalledatHandSanitizers(FarLeftPicture)AndSoapDispensers
(farrightpicture).

M1andM4aremeasuredbasedon theproximityofstaffand
patienttoestablishstaff-patientcontact,whichalsoincludesre-
cordingthetimeanddurationofthecontact(Figure3).M1and

M4arecontinuouslycapturedforallwardstaff,generatingro-
bustdataforanalysistosupplementthemanualHHaudits.

Figure 3: HHCompliancePatternsforClinical,NursingandAlliedHealthstaffgroups–HHRatebyStaffTypefrom14Aprto31
May2021
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Results
DatageneratedfrompilotstudyinApril2021indicatedthatM1
(n=11,612)andM4(n=11,902)complianceswere44.4%and
53.0% respectively,with the overall (n = 23,514) compliance
rateat49.5%.

InFigure4,therewasdecreaseincomplianceforbothconsecu-
tivemonthsinAprilandMay2021forNursing,Clinical,Allied
Healthstaffgroups,with19,643momentsattributedtoNursing
(83.5%ofalldetectedmoments).

Month over month decrease for Moment 1 and 4 for all staff

Figure 4: HHCompliancePatternsforClinical,NursingandAlliedHealthstaffgroups–HHRatebyStaffTypefrom14Aprto31
May2021.

Assuch,theteamfocusedonanalyzingtime–basedpatternsforNursingacross24hours(Figure5).

Figure 5:InsightsinHHCompliancePatternsforNursingstaffgroupbetween14Aprto31May2021-3HourlyHHRate.

The data showed that the compliance in May was lower than Apr 
acrossall3–hourly timeperiods.Compliancewasalso lowest
(51.1%inApr,43.9%inMay)betweenthe9AM–12PMperiod
for bothmonths.These results suggested a decreased compli-
ancetrendandwouldallowIPCUandstakeholderstousethese
insightsfurthertoinvestigatepossiblerootcausesandformulate
strategiestoimproveHHcompliance.From1Jun2021onwards,
thesystemwasexpandedtotherestofSKHinpatientwards.

Conclusion
This insightful informationcouldnotbeachieved through the
manual HH audits. With the system expanded to all SKH inpa-
tientwards,IPCwillpreparetosupplementtheseinsightsinto
currentauditreportsandcollaboratewithstafftoformulatenew
strategies to strengthen the HH culture, which will be especially 
importantaswemovetowardsendemiclivingwithCOVID-19.
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