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Summary 

In this cluster-randomized quality improvement study of 26 inpatient units across five hospitals, 

introduction of electronic monitoring of hand hygiene resulted in nearly doubling of hand 

hygiene adherence associated with a trend toward reduced healthcare-associated transmission of 

methicillin-resistant Staphylococcus aureus.   
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Abstract 

Background: The current approach to measuring hand hygiene (HH) relies on human auditors 

who capture less than 1% of HH opportunities and rapidly become recognized by staff, resulting 

in inflation in performance.  Group electronic monitoring is a validated method of measuring HH 

adherence but data demonstrating the clinical impact of this technology are lacking.   

Methods:  A stepped-wedge cluster randomised quality improvement study was performed on 

26 inpatient medical and surgical units across five acute care hospitals in Ontario, Canada. The 

intervention involved daily HH reporting as measured by group electronic monitoring to guide 

unit-led improvement strategies. The primary outcome was monthly HH adherence (percentage) 

between baseline and intervention. Secondary outcomes included transmission of antibiotic 

resistant organisms such as methicillin resistant Staphylococcus aureus (MRSA) and other 

healthcare-associated infections.   

Results After adjusting for the correlation within inpatient units and hospitals, there was a 

significant overall improvement in HH adherence associated with the intervention (IRR 1.73, 

95% CI, 1.47-1.99; p<0.0001).  Monthly HH adherence relative to the intervention increased 

from 29% (1395450/4544144) to 37% (598035/1536643) within 1-month, followed by 

consecutive incremental increases up to 53% (804108/1515537) by 10-months (p<0.0001).  

There was a trend toward reduced healthcare-associated transmission of MRSA (0.74, 95% CI, 

0.53-1.04; p=0.08).  

Conclusions The introduction of a system for group electronic monitoring led to rapid, 

significant improvements in HH performance within a two-year period.  This method offers 

significant advantages over direct observation for measurement and improvement of HH.   

Keywords:  hand hygiene, healthcare-associated infection, nosocomial infection, electronic 

monitoring, quality improvement 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciaa412/5818269 by M

acquarie U
niversity user on 13 April 2020



Acc
ep

te
d 

M
an

us
cr

ipt

 

3 
 

Introduction 

Healthcare-associated infections (HCAIs) affect 3-8% of hospitalized patients, resulting in 

prolonged hospital stay, increased healthcare expenditure, high cost for patients and their 

families and preventable deaths [1,2].  Hand Hygiene (HH) is widely considered one of the most 

important interventions for prevention of HCAIs and is recognized as one of the top 10 patient 

safety strategies that should be encouraged for adoption [3].    

Direct observation remains the gold standard for measurement of HH adherence as 

recommended by the World Health Organization (WHO), yet the limitations of this method for 

benchmarking performance are well recognized [4].  First, direct observation is subject to 

sampling bias since auditors capture less than 1% of all HH opportunities and generally only 

measure daytime weekday activities [5, 6].  Second, results of these audits are inflated due to 

changes in behavior that occur when healthcare workers know they are being audited known as 

the Hawthorne effect [5-9].  Many hospitals reporting adherence rates above 85% in reality have 

rates of 10-50% and the limitations of direct observation make it an invalid method for 

benchmarking performance [5, 6, 9, 10].   

Inflated HH adherence rates have given hospitals and front-line staff little reason to 

invest in further improvements, even though true HH performance remains suboptimal [4].  

There is an urgent need for a more accurate method for measuring HH adherence to prevent 

HCAI.  Group electronic monitoring is a validated method that works by measuring 100% of all 

HH events by counting hand sanitizer and soap dispenser activations via a wireless signal to a 

wireless hub.  The HH adherence is calculated per 24-hours using estimates of the number of 

daily HH opportunities per patient bed multiplied by the hourly census of patients on the unit 
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which have been derived and validated across many countries including the United States, 

Australia and Canada [11-14].   

We hypothesized that this system, which provides ward-level estimates of HH adherence 

on a daily basis could be used to facilitate unit-led improvements.  We conducted the following 

multicenter quality improvement to assess the impact of electronic monitoring driven 

improvement on HH adherence and incidence of HCAIs.    

   

Methods 

Study setting and design 

Five hospitals participated in this stepped-wedge cluster-randomized quality improvement study 

including three university academic hospitals (Sunnybrook Health Sciences, Sinai Health 

System, St. Michael’s Hospital) and two community academic hospitals (Michael Garron 

Hospital, Lakeridge Health).  Prior to the intervention, all participating hospitals had established 

multifaceted hand hygiene programs in accordance with Canadian provincial guidelines [15] 

with a mean HH adherence of 83.0% (63.2-93.6%) using the direct observation method during 

2016-17.   

In April of 2017, group electronic HH monitoring (DebMed SC Johnson) was installed 

on 26 in-patient units (14 medicine, 10 surgery, 1 mixed, 1 chronic care) including all alcohol 

and soap-based dispensers associated with 746 inpatient beds across the five hospitals.  Units 

were selected for inclusion based on stability of the patient population admitted on these units 

across the entire study period in order to minimize confounding of secondary outcomes.  

Initially, HH was monitored without reporting performance.  Each unit was then randomly 

assigned to one of three possible dates when reporting of results and program interventions 
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would begin:  June-July 2017, October-November 2017, or January-February 2018.    One 

hospital (St. Michael’s Hospital; 8 units) only randomized units to the first two dates due to 

tighter timeline for implementation.  The intervention was continued until December 31st, 2018 

when all units had completed a minimum 10-months of the intervention.  Research Ethics Board 

approval was received at each participating hospital.   

 

Intervention 

The study intervention included re-enforcing the multimodal strategy recommended by the 

World Health Organization [15], using group electronic HH monitoring instead of direct 

observation, including the 5 recommended components: (1) System change where healthcare 

providers could modify the location of alcohol-based hand rub anywhere on the unit to facilitate 

access; (2) Training and education where each unit received a brief presentation on how the 

group electronic HH system works and how many HH opportunities are being missed; (3) 

Measurement and feedback where the group electronic monitoring system provided minimum of 

weekly email push reports to unit managers and any interested staff on their HH performance;  

(4) Visual reminders that included posting of weekly results on a quality board on the unit that 

was visible to staff, patients and families;  (5) Creation of a safety climate within the institution 

through corporate reporting of each unit’s monthly HH performance where hospital leaders sent 

congratulatory communications when improvements were observed.   

 In addition to this established multimodal HH improvement strategy, inpatient units were 

encouraged to organize a minimum of weekly unit huddles to review and discuss their HH 

results to come up with their own change ideas.  Finally, leadership, educators and HH 

champions from all participating units were strongly encouraged to attend weekly 20-miniute 
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webinars which provided education on Quality Improvement methodology and an opportunity to 

share successes, challenges and lessons learned across all the hospitals.   

 

Outcome measures 

The primary outcome was the absolute change in monthly HH adherence (percentage) between 

control and intervention months after adjusting for the correlation within inpatient units.  The 

baseline was defined as the period from April, 2017 where group electronic monitoring was 

installed but not reported to units until the first day the unit was informed of their monthly HH 

adherence measured by group electronic monitoring based on the date randomly assigned.  

Intervention period was defined as the start of the intervention until December 31st, 2018.   

Other pre-specified secondary outcomes included incidence of healthcare-associated 

acquisition of antibiotic resistant organisms (AROs) including methicillin resistant 

Staphylococcus aureus (MRSA) and vancomycin resistant enterococci (VRE), as well as HCAIs 

including the development of hospital-acquired Clostridioides difficile infection (CDI) and 

nosocomial bloodstream infection (BSI).  For these analyses, the control period consisted of 

April 1st, 2014 to the start of the intervention for each unit, while the intervention period 

extended from the start of the randomly assigned intervention start date to December 31st, 2018.  

Nosocomial MRSA, VRE, and CDI was prospectively adjudicated by each hospital’s Infection 

Prevention & Control program throughout both baseline and intervention periods based on 

epidemiologic exposure and typing by pulsed-field gel electrophoresis when available [16].  

Nosocomial MRSA and VRE included both colonization and infection combined.  The definition 

of hospital-acquired CDI was based on Society of Healthcare Epidemiology of America 
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surveillance definition [17].   BSIs were identified retrospectively using hospital microbiology 

databases with chart abstraction to identify those meeting a standard surveillance definition [18].    

   

Process measures 

To assess the degree to which each unit engaged in Quality Improvement, process measures were 

recorded prospectively including the number of huddles held, and the content of these 

discussions.  Two independent reviewers (NC and TA) reviewed documented discussions to 

determine the number of completed Plan-Do-Study-Act (PDSA) cycles during the 10-months 

following the intervention.  Since all units were actively studying (S) their HH performance, 

minimum evidence of PDSA was defined additionally as at least two of the following: (P) 

Formulating a prediction to improve Hand Hygiene, (D) Implementing a test of change, or (A) 

Making an iterative change or new prediction based on the results [19,20].  Where any 

disagreement existed (n=8) regarding whether units met minimum evidence of PDSA, consensus 

was reached after discussion with a third reviewer (JAL).   

 

Statistical Analysis 

Descriptive statistics were calculated for all variables of interest. Continuous measures 

were summarized using means and standard deviations whereas categorical measures were 

summarized using counts and percentages. 

Aggregate HH adherence (percentage) and incidence of healthcare-associated ARO 

acquisition or HCAI per 1000 patient days in baseline and intervention periods were compared 

using a generalized estimating equation (GEE) model adjusting for the correlation within 

inpatient units and hospitals.  Overall monthly HH adherence relative to the start of the 
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intervention was also assessed for the minimum number of months of baseline for all units (3-

months) out to the minimum number of intervention months for all units (10-months).   

Finally, to assess for factors associated with the greatest improvements in HH adherence, 

bivariate regression analysis was performed between the overall unit-level change in HH 

adherence and the following covariates:  hospital, academic or community, patient population 

(medical, surgical, mixed), unit size (<20 beds, 20-30 beds, >30 beds), order of randomization, 

change in unit leadership during intervention period, and number of minimum PDSA cycles 

based on pre-specified criteria.  To further assess the association between the number of 

minimum PDSA cycles and change in HH adherence, a scatter plot was generated with 

calculation of Pearson correlation coefficient (r).   

 

Results 

Characteristics of the 26 inpatient units and overall HH adherence in control and intervention 

periods is summarized in Table 1.  Each unit improved its HH adherence significantly with a 

median relative and absolute improvement of 52% (interquartile range, IQR 36-113%) and 18% 

(IQR 11-20%), respectively.  After adjusting for the correlation within inpatient units and 

hospitals, there was a significant overall improvement in HH adherence associated with the 

intervention (IRR 1.73, 95% CI, 1.47-1.99; p<0.0001).   

Figure 1 depicts monthly aggregate HH adherence relative to start of the intervention.  At 

baseline, overall HH adherence was 29% (1395450/4544144) and did not change during 3 

consecutive months pre-intervention.  Within 1-month of intervention, aggregate HH adherence 

improved to 37% (598035/1536643, p<0.0001) followed by consecutive monthly incremental 

increases up to 53% (804108/ 1515537) by 10-months following the intervention (p<0.0001).  
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Daily HH adherence by hospital is depicted in Figure 2 which showed improvement following 

each stepped introduction of group electronic monitoring.   

Table 2 summarizes the infection rates before and after the intervention.  After adjusting 

for the correlation between inpatient units, a trend was noted in reduction in nosocomial MRSA 

transmission (0.74, 95% CI, 0.53-1.04; p=0.08).  There was no significant decrease in the rates of 

healthcare-associated VRE transmission or the incidence of healthcare-associated BSI or C. 

difficile infection.    

Examples of PDSA cycles meeting pre-specified criteria are included in Supplemental 

Material.  One hospital was excluded due to incomplete documentation.  The number of PDSAs 

completed by the unit was significantly associated with greater improvement in HH adherence 

(p=0.0001).  Figure 3 depicts the positive correlation between the number of PDSA cycles 

completed and the degree of improvement observed in HH adherence (r=0.74, 95% CI, 0.42-

0.90, p<001).  Conversely, changes in unit leadership (n=18) was associated with a trend toward 

reduced improvement (p=0.07) while there was no significant association identified between 

hospital, patient population, unit size, or order of randomization.   

 

Discussion 

 In this multicenter quality improvement study, we measured nearly a doubling in HH 

adherence within two years of introducing group electronic monitoring to drive unit-led 

improvement strategies.  We also observed a trend towards reduced healthcare-associated MRSA 

transmission which was 26% lower compared to baseline consistent with the expected reduction 

resulting from significant improvements in HH adherence [21,22].   
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Due to the inherent flaws in directly observed HH measurements, many automated 

methods of measuring HH adherence are under development to overcome these limitations but 

few have been validated and systematically evaluated to assess their feasibility for measuring 

HH adherence and preventing HCAIs.  Group electronic monitoring of HH was validated and 

adopted at one centre in the United States where a significant reduction in nosocomial MRSA 

was observed [12, 13, 23].  Our study involved five different hospitals spanning community and 

academic institutions in the Canadian healthcare context where rates of MRSA are much lower at 

baseline.  This approach was adopted over solutions that measure individual HH performance 

because of implementation challenges associated with providing feedback to individual 

healthcare providers [10].   

Every unit participating achieved improvements in HH adherence owing to the ability of 

this technology to provide accurate feedback on HH performance.  The speed of the 

improvement observed occurred over months rather than over years which differs from prior 

studies that have relied primarily on direct observation methods [24,25].  Observational HH 

audits are labour-intensive and require many weeks to months to accrue a sufficient sample size 

to be fed back to units on their performance whereas group electronic HH monitoring allowed 

each unit to be continuously monitored with next day results available.  This near real-time 

feedback created more meaningful feedback to units and also facilitated rapid-cycle changes to 

practice [26].      

Some units achieved greater improvements in their HH performance than others.  In our 

analysis of unit-led improvement activities, we found that the magnitude of improvement was 

positively correlated with the number of PDSA cycles performed.  This finding highlights the 

role of rapid-cycle change methodology in achieving HH improvement [19].  Other factors may 
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have also played a role including staff engagement and patient safety culture on the unit but these 

were not formally measured.  Our experience suggests that, while accurate measurement of HH 

adherence is necessary for improvement, the largest improvements are seen on units with stable 

engaged leadership that are actively implementing a formal quality-improvement approach.   

While the role of HH in interrupting the transmission of healthcare-associated infection is 

indisputable, its relative impact varies based on pathogen and type of HCAI.  Nosocomial 

acquisition of MRSA is most commonly the result of transmission from patient to patient via the 

hands of healthcare workers and prior systematic reviews have demonstrated that the MRSA 

transmission rate decreases inversely with the volume of hand sanitizer used [22].  Similarly, we 

identified a trend toward a decrease in rate of nosocomial MRSA transmission.  In contrast, we 

did not identify any reduction in nosocomial VRE or Clostridioides difficile infection, which 

may reflect the role of environmental contamination and antimicrobial use in the spread of these 

organisms [17,27].   

Our study has a number of strengths including being a multicenter evaluation where 

improvements in HH adherence were seen across both university and community-associated 

hospitals.  The group electronic monitoring system captured HH activity continuously during the 

study period including over 1.5 million HH opportunities per month and over 19 million 

throughout the study period.  The prospective data collection regarding unit huddle content, 

healthcare-associated transmission and infection surveillance allowed us to assess the 

relationship between unit-led PDSA cycles and the magnitude of HH improvement, and 

improvements in patient outcomes.   

Our study also has several important limitations.  First, group electronic monitoring 

generates an overall unit-level estimate of hand hygiene compliance that does not discern 
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adherence to specific WHO moments of hand hygiene.  Second, the intervention was deployed 

during a limited time horizon which likely prevented us from assessing the full impact of HH 

improvement on healthcare-associated transmission and HCAI.  Month over month improvement 

in HH continued until the end of the study period, suggesting that the maximum improvement 

achievable through this approach had not yet been reached.  Third, the assessment of infection-

related outcomes was limited to before-after comparisons which are subject to the potential for 

confounding by other factors including changes in patient characteristics and other infection 

control practices that were not accounted for.  However, the trend towards reduced healthcare-

associated MRSA transmission observed is consistent with what has been seen associated with 

hand hygiene improvement in other studies [21,22].  Fourth, there are many other HCAIs that 

may be prevented through improved HH that were not assessed in this study which may lead to 

underestimate of the overall benefit of the HH improvements achieved.  Finally, study findings 

should not be applied beyond acute care inpatient units as the impact may differ across other 

healthcare settings.   

Introduction of a group electronic HH monitoring system coupled with unit-led quality 

improvement resulted in a rapid improvement in HH adherence.  This method offers significant 

advantages over direct observation for measurement and improvement of HH.   
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Table 1.  Baseline characteristics and hand hygiene performance of units randomized to 

introduction of group electronic Hand Hygiene monitoring. 
Order 

 

Hospital 

 

Patient 

population 

Beds Unit 

leader-

ship 

change 

No. of 

PDSA 

Control Hand Hygiene 

adherence 

(num/denom, %) 

Intervention Hand 

Hygiene adherence 

(num/denom, %) 

June-July 2017 

1 C Medical 20 Yes - 14958/82096  

(18%) 

201610/780251 

(26%) 

2 C Mixed 33 Yes - 20966/165338 

(13%) 

350390/1076498 

(33%) 

3 C Mixed 26 No - 12153/70375 

(17%) 

145869/505114 

(29%) 

4 E Surgical 24 Yes 15 25366/88413 

(29%) 

422893/878552 

(48%) 

5 A Medical 26 No 3 58837/176381 

(33%) 

507204/1035962 

(49%) 

6 D Surgical 30 Yes 12 49911/137617 

(36%) 

503825/925097 

(54%) 

7 C Mixed 40 No - 43850/244346 

(18%) 

741079/1065897 

(70%) 

8 B Surgical 30 Yes 9 34859/166176 

(21%) 

382289/938686 

(41%) 

October-November 2017 

9 C Surgical 36 Yes - 58530/374649 

(16%) 

391561/1118426 

(35%) 

10 C Medical 20 Yes - 21813/191846 

(11%) 

159327/548743 

(29%) 

11 C Medical 15 Yes - 19561/82080 

(24%) 

124231/218442 

(57%) 

12 A Surgical 38 No 6 264202/504590 

(52%) 

797081/1287202 

(62%) 

13 A Mixed 36 No 5 174818/444264 

(39%) 

615848/1166303 

(53%) 

14 C Medical 24 Yes - 23854/236358 

(10%) 

160198/559209 

(29%) 

15 E Medical 42 Yes 8 152455/410656 

(37%) 

579443/1276534 

(45%) 

16 E Medical 32 Yes 9 161063/469868 

(34%) 

462099/1089508 

(42%) 

17 D Medical 30 Yes 13 131318/393725 

(33%) 

436271/871074 

(50%) 

18 D Medical 30 Yes 6 124378/313897 

(40%) 

456592/901554 

(51%) 

19 E Medical 28 Yes 8 142178/492140 

(29%) 

309952/735662 

(42%) 

January-February 2018 

20 D Medical 30 Yes 4 193611/551200 

(35%) 

307335/727069 

(42%) 

21 A Surgical 36 No 9 369938/722854 

(51%) 

694142/994109 

(70%) 

22 E Medical 27 Yes 4 137414/453843 

(30%) 

213109/565639 

(38%) 

23 D Chronic 

care 

24 No 17 112140/342932 

(33%) 

257383/422149 

(61%) 

24 A Medical 17 Yes 11 131890/369489 

(36%) 

279069/477126 

(58%) 

25 E Medical 30 Yes 11 166686/572140 

(29%) 

308700/708584 

(44%) 

26 B Surgical 22 No 16 112219/510749 

(22%) 

237478/450840 

(53%) 
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Table 2.  Incidence of nosocomial transmission of Antibiotic Resistant Organisms (AROs) 

and Healthcare-Associated Infection (HAI) before and after introduction of group 

electronic hand hygiene monitoring.  

 Control 

(per 1000 

patient days) 

Intervention 

(per 1000 patient 

days) 

Incidence Rate 

Ratio* 

(95% Confidence 

Interval) 

p-value* 

Antibiotic 

Resistant 

Organism  

    

     Methicillin-  

     Resistant    

     Staphylococcus  

     aureus 

0.26 0.19 0.74 (0.53-1.04) 0.08 

     Vancomycin   

     Resistant  

     Enterococcus 

0.23 0.24 1.03 (0.67-1.55) 0.88 

Healthcare 

Associated 

Infection 

    

     Clostridioides   

     difficile    

     infection 

0.34 0.33 0.95 (0.68-1.33) 0.78 

     Nosocomial  

     bloodstream  

     infection 

0.61 0.70 1.15 (0.93-1.43) 0.19 

* Based on generalized estimating equation model comparing baseline versus intervention 

periods adjusting for the correlation within inpatient units.   
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Figure 1.   Monthly Hand Hygiene adherence relative to start of intervention, as measured 

using group electronic monitoring across 26 inpatient medical and surgical units.  

 

 

Figure 2.  Daily Hand Hygiene adherence by hospital captured by group electronic 

monitoring from control to launch of unit-led quality improvement intervention.  

 

 

Figure 3.  Association between the number of unit-led Plan-Do-Study-Act Cycles 

performed and absolute change in Hand Hygiene adherence. 
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Figure 1 
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Figure 2 
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Figure 3 
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