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H and hygiene is a routine practice that should be 
applied universally in the provision of health care 
to prevent transmission of infections, including 

SARS-CoV-2.1,2 Despite its importance, reports on hand 
hygiene performance throughout the pandemic are lacking 
as most hospitals continue to rely on direct observation 
to measure this quality indicator, a method that is widely 
recognized to be inaccurate because of sampling and 
observer biases.3–5

A single inpatient unit in France, using an automated mon-
itoring system, observed small improvements in hand hygiene 
on room entry and exit during the COVID-19 pandemic.6 
Similarly, a single-centre study in a University of Chicago 
hospital that used a different automated system measured 
nearly 90% hand hygiene adherence on dedicated COVID-19 
units, but employee practices reverted to baseline after the 
first wave of the pandemic.7

Our hospital quality improvement network, Hand Hygiene 
Improvement Preventing and Controlling Transmission 
(HH-IMPACT) is composed of 12 Ontario university and 
community teaching hospitals; it introduced a group elec-
tronic hand hygiene monitoring system before the COVID-19 
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Background: Reliable reports on hand hygiene performance throughout the COVID-19 pandemic are lacking as most hospitals con-
tinue to rely on direct observation to measure this quality indicator. Using group electronic hand hygiene monitoring, we sought to 
assess the impact of COVID-19 on adherence to hand hygiene.

Methods: Across 12 Ontario hospitals (5 university and 7 community teaching hospitals), a group electronic hand hygiene monitoring 
system was installed before the pandemic to provide continuous measurement of hand hygiene adherence across 978 ward and 
367 critical care beds. We performed an interrupted time-series study of institutional hand hygiene adherence in association with a 
COVID-19 inpatient census and the Ontario daily count of COVID-19 cases during a baseline period (Nov. 1, 2019, to Feb. 29, 2020), 
the pre-peak period of the first wave of the pandemic (Mar. 1 to Apr. 24, 2020), and the post-peak period of the first wave (Apr. 25 to 
July 5, 2020). We used a Poisson regression model to assess the association between the hospital COVID-19 census and institu-
tional hand hygiene adherence while adjusting for the correlation within inpatient units.

Results: At baseline, the rate of hand hygiene adherence was 46.0% (6 325 401 of 13 750 968 opportunities) and this improved 
beginning in March 2020 to a daily peak of 79.3% (66 640 of 84 026 opportunities) on Mar. 30, 2020. Each patient admitted with 
COVID-19 was associated with improved hand hygiene adherence (incidence rate ratio [IRR] 1.0621, 95% confidence interval [CI] 
1.0619–1.0623). Increasing Ontario daily case count was similarly associated with improved hand hygiene (IRR 1.0026, 95% CI 
1.0021–1.0032). After peak COVID-19 community and inpatient numbers, hand hygiene adherence declined and returned to baseline.

Interpretation: The first wave of the COVID-19 pandemic was associated with significant improvement in hand hygiene adherence, 
measured using a group electronic monitoring system. Future research should seek to determine whether strategies that focus on 
health care worker perception of personal risk can achieve sustainable improvements in hand hygiene performance.
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pandemic.8,9 Equipped with this more accurate method of 
measuring hand hygiene performance, we sought to assess the 
impact of the COVID-19 pandemic on hand hygiene adher-
ence. We hypothesized that the global spread of SARS-CoV-2, 
coupled with widespread public awareness of COVID-19 pre-
vention strategies, would augment hand hygiene practices. We 
performed an interrupted time-series study to assess the impact 
of both provincial COVID-19 case counts and hospital-level 
COVID-19 admissions on hand hygiene adherence.

Methods

Study design and setting
We conducted a multicentre, observational, interrupted 
time-series study in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) principles.10 HH-IMPACT is a hand hygiene 
quality improvement network of acute care hospitals in 
Ontario, Canada. This network introduced a group elec-
tronic hand hygiene monitoring system for 1345 inpatient 
beds (978 ward and 367 critical care) across 51 inpatient units 
(31 wards and 20 critical care units) spanning 12 acute care 
hospitals (5 university and 7 community teaching hospitals). 
One site had no critical beds, and 6 sites had no electronically 
monitored ward beds. 

The study time period was Nov. 1, 2019, to July 5, 2020, 
divided into the following 3 time periods for analytical pur-
poses: the baseline period (Nov. 1, 2019, to Feb. 29, 2020); 
the pre-peak period of the first wave of COVID-19 (Mar. 1 to 
Apr. 24, 2020) and the post-peak period of the first wave 
(Apr.  25 to July 5, 2020). Study sites were in southeastern 
Ontario, southwestern Ontario and northern Ontario. All 
31  wards received feedback on hand hygiene performance 
throughout the entire study period, and the 20 critical care 
units received feedback from Jan. 6, 2020, onward.9 This feed-
back was provided in the form of automated email reports, 
posters and in-person huddles on the unit.8,9

Exposure and outcome variables
We used 2 separate exposure variables. The first exposure 
variable was the daily hospitalized COVID-19 census, which 
included all patients admitted to HH-IMPACT hospitals with 
laboratory-confirmed SARS-CoV-2 infections requiring addi-
tional precautions, counted at the start of each day. The sec-
ond exposure variable was Ontario’s daily number of new 
laboratory-confirmed SARS-CoV-2 infections in the province. 

The outcome variable was overall hand hygiene adherence, 
calculated as the proportion of all hand hygiene events divided 
by hand hygiene opportunities for each electronically moni-
tored bed at each hospital site. 

Data sources
We measured hand hygiene adherence using the DebMed Hand 
Hygiene Monitoring System (DebMed SC Johnson Profes-
sional), which was installed on all alcohol hand sanitizer and sink 
soap dispensers inside and outside each patient room between 
2017 and 2019. This system measures 100% of all hand sanitizer 

and soap dispenser activations via a signal to a wireless hub. Total 
dispenser activations at a unit level are divided by a previously 
validated estimate of the number of hand hygiene opportunities 
per patient-hour, multiplied by the hourly census of patients on 
the unit to derive an estimate of hand hygiene adherence.8,9,11 
Hand hygiene data were collected and stored on a secure server, 
and were accessible via an online dashboard for all units through-
out the study period. We ended the study in July 2020, when a 
pandemic-related shortage in hand sanitizer occurred. 

Each hospital’s infection prevention and control team pro-
spectively recorded the daily number of hospitalized patients 
with COVID-19. We calculated COVID-19 bed days based 
on the number of days that each patient with a laboratory-
confirmed SARS-CoV-2 infection remained in additional pre-
cautions. We obtained Ontario’s daily case count from pub-
licly available data published by Public Health Ontario.12

Statistical analysis
We compared aggregate peak and nadir hand hygiene perfor-
mance over time in association with the COVID-19 hospital 
census and Ontario’s daily COVID-19 case count. We used a 
zero-inflated Poisson regression model to assess the associa-
tion between the hospital COVID-19 census and institutional 
hand hygiene adherence. Using segmented regression analy-
sis, we performed a hospital-based analysis across the 3 time 
periods (study start to first COVID-19 inpatient in March 
2020, first COVID-19 inpatient to peak COVID-19 inpatient 
census, and peak COVID-19 inpatient census to study end). 
The model accounted for clustering within units and incor-
porated an autoregressive component for days within a unit 
to capture the serial nature of the data. Results were 
expressed as incidence rate ratios (IRRs) and their associated 
95% confidence intervals (CIs).  

We repeated analyses using a date-based analysis of 3 time 
periods (baseline period from Nov. 1, 2019, to Feb. 29, 2020; 
the pre-peak period of the first wave from Mar. 1 to Apr. 24, 
2020; and the post-peak period of the first wave from Apr. 25, 
2020, to July 5, 2020). We created separate models for both 
exposure variables. For each exposure variable, we created a 
group variable with an interaction term between the 2 vari-
ables to assess statistical differences between each predictor in 
relation to the outcome of hand hygiene adherence.

Ethics approval
This study was approved by or was granted a quality improve-
ment designation by the research ethics board at each of the 
participating sites.

Results

Table 1 provides baseline characteristics of the 12 acute care 
hospitals. Table 2 provides the hand hygiene adherence 
across the 3 study periods by hospital site. Admission of 
patients with COVID-19 varied across hospital sites, with a 
maximum daily census ranging from 3 to 84 inpatients. One 
site did not have any admissions of patients confirmed posi-
tive for SARS-CoV-2. 



 CMAJ OPEN, 9(4) E1177

Research

Table 1: Baseline characteristics of 12 acute care hospitals with group electronic hand hygiene 
monitoring system

Hospital
Hospital 

type
No. of beds 
monitored

No. of critical 
care units

No. of critical 
care beds

 No. of 
wards

No. of 
ward beds

1 University 391 6 83 9 308

2 University 230 2 45 7 185

3 University 56 3 56 0 0

4 University 26 2 26 0 0

5 University 30 1 30 0 0

6 Community 120 1 20 3 100

7 Community 166 1 27 4 139

8 Community 29 0 0 1 29

9 Community 235 1 18 7 217

10 Community 24 1 24 0 0

11 Community 24 1 24 0 0

12 Community 14 1 14 0 0

Table 2: Hand hygiene events by hospital, measured using group electronic hand hygiene monitoring system, and COVID-19 patient-days

Hospital

Baseline 
(Nov. 1, 2019–Feb. 29, 2020)

Pre-peak 
(Mar. 1–Apr. 24, 2020)

Post-peak
(Apr. 25–July 5, 2020)

IRR 
(95% CI)*

Patient-days 
(maximum 

bed census)†
No. of HH 

opportunities
No. (%) of 
HH events

No. of HH 
opportunities

No. (%) of 
HH events

No. of HH 
opportunities

No. (%) of 
HH events

1 3 784 445 2 043 422 
(54.0)

1 335 290 1 057 932 
(79.2)

1 972 242 1 422 267 
(72.1)

1.467 
(1.464–1.471)

1250 
(24)

2 1 756 196 770 695 
(43.9)

736 718 424 965 
(57.7)

1 093 721 472 466 
(43.2)

1.314 
(1.310–1.319)

846 
(36)

3 991 155 226 530 
(22.9)

364 609 161 631 
(44.3)

537 770 170 035 
(31.6)

1.940 
(1.927–1.952)

1427 
(34)

4 565 189 131 557 
(23.3)

176 885 79 958 
(45.2)

245 002 76 319 
(31.2)

1.942 
(1.925–1.959)

215 
(11)

5 566 904 255 363 
(45.0)

262 389 173 352 
(66.1)

409 390 239 565  
(58.5)

1.467 
(1.458–1.476)

4588 
(84)

6 1 186 495 492 062 
(41.5)

438 997 304 884 
(69.5)

592 434 345 649  
(58.3)

1.675 
(1.667–1.682)

2268 
(47)

7 1 616 146 808 862 
(50.0)

647 672 448 435 
(69.2)

783 123 501 270  
(64.0)

1.383 
(1.378–1.388)

868 
(21)

8 220 249 108 022 
(49.0)

77 008 60 489 
(78.5)

56 919 47 480 
(83.4)

1.602 
(1.586–1.618)

1515 
(35)

9 1 877 432 1 101 387 
(58.7)

624 400 517 998 
(83.0)

853 476 635 549 
(74.5)

1.414 
(1.409–1.419)

734 
(17)

10 419 724 173 564 
(41.4)

187 240 145 737 
(77.8)

223 312 165 288 
(74.0)

1.882 
(1.869–1.895)

1920 
(38)

11 498 056 170 078 
(34.1)

196 217 116 608 
(59.4)

273 144 115 411 
(42.3)

1.740 
(1.727–1.753)

123 
(3)

12 268 977 43 859 
(16.3)

96 811 33 784 
(34.9)

117 783 42 152 
(35.8)

2.140 
(2.110–2.171)

0

Total 13 750 968 6 325 401 
(46.0)

5 144 236 3 525 773 
(68.5)

7 158 316 4 233 451 
(59.1)

1.490 
(1.488–1.492)

15 754

Note: CI = confidence interval, HH = hand hygiene, IRR = incidence rate ratio.
*Baseline to pre-peak of the first pandemic wave.
†The aggregate number of days that patients with laboratory-confirmed SARS-CoV-2 infections were managed in additional precautions and the maximum census of 
patients with SARS-CoV-2 infections in precautions on the same day, between Mar. 1 and July 5, 2020.
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Figure 1 depicts changes in daily aggregate hand hygiene 
adherence, plotted against the aggregate hospital COVID-19 
census and daily case count across Ontario. Aggregate hand 
hygiene adherence remained stable until the end of February 
2020, with an average rate of hand hygiene adherence of 
46.0% (6 325 401 events of 13 750 968 opportunities) and a 
monthly range between 42.5% and 50.6%. From Mar. 1, 2020, 
onward, we observed a positive inflection in hand hygiene 
adherence, which peaked at 79.3% (66 640 events of 
84 026 opportunities) on Mar. 30, 2020, before the peak in the 
Ontario daily COVID-19 case count on Apr. 24, 2020, and the 
peak in the aggregate COVID-19 inpatient census on Apr. 28, 
2020. After this peak, hand hygiene adherence declined 
steadily until the study end and reached a nadir of 45.5% 
(44 193 events of 97 164 opportunities) by July 5, 2020.

Figure 2 depicts hand hygiene adherence relative to each 
hospital’s first patient admitted with COVID-19 in March 
2020. The absolute hand hygiene adherence was higher on 
wards than critical care units, but without significant differ-
ences in changes over time. Peak hand hygiene adherence was 
78% (67 169 events of 86 141 opportunities) by day 20 from 
the first COVID-19 case, followed by a decline to the nadir of 
50.0% (50 776 events of 101 638 opportunities) by day 99.

Between the first inpatient with COVID-19 and the peak 
inpatient census, each patient admitted with COVID-19 was 
associated with improved hand hygiene adherence 
(IRR  1.0621, 95% CI 1.0619–1.0623). Increasing Ontario 
daily case count from start of community transmission to 
peak was similarly associated with improved hand hygiene 
(IRR 1.0026, 95% CI 1.0021–1.0032).

Interpretation

Using a validated group electronic hand hygiene monitoring 
system that was implemented across 12 Ontario hospitals, we 
observed marked practice improvements in hand hygiene that 
reached nearly 80% adherence during the first wave of the 
COVID-19 pandemic. During peak hand hygiene perfor-
mance rates, this improvement was equivalent to over 
10 000 additional hand hygiene events per day. These results 
show that high levels of performance are achievable in a con-
text that enables practice change.

Across most Canadian hospitals, direct observation by audi-
tors continues to be used to measure hand hygiene performance, 
even though this methodology is recognized to be inaccurate.3–5 
As a result, reliable reports on hand hygiene performance 
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Figure 1: Hand hygiene adherence across 12 acute care hospitals, hospital census of patients with COVID-19 and new daily cases of  
COVID-19 in Ontario from Nov. 1, 2019, to July 5, 2020, including the pre-peak (Mar. 1 to Apr. 24, 2020) and post-peak (from Apr. 25, 2020, to 
July 5, 2020) periods of the first wave of the COVID-19 pandemic in Ontario.
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throughout the pandemic are lacking. The significant improve-
ment we saw using more accurate methodology is consistent 
with the known enablers of hand hygiene practices. Previous 
studies have highlighted that health care workers are more likely 
to clean their hands after contaminating tasks than before critical 
tasks associated with risk of transmission to others.13,14 Infection 
outbreaks on hospital units have also been shown to be associ-
ated with a sharp increase in hand hygiene performance, again, 
likely because of heightened self-preservation behaviours.15 

There are 2 notable differences in the improvement in hand 
hygiene observed with COVID-19 compared to what is 
observed with other outbreaks. First, the rise in hand hygiene 
performance was over threefold higher than what has been 
observed with group electronic hand hygiene monitoring sys-
tems during hospital outbreaks unrelated to SARS-CoV-2.15 
The accentuated improvements in response to SARS-CoV-2, 
observed in our study and in previous single-centre studies,6,7 
may be related to the higher degree of fear associated with this 
novel pathogen, especially early in the pandemic. Second, the 
improved hand hygiene performance observed in our study was 
likely associated with the perceived risk of COVID-19 as 
opposed to the actual risk, since hand hygiene adherence 
peaked before the highest COVID-19 case numbers.

The factors that most strongly influenced health care 
worker risk perception can be gleaned from our study. We 
found a significant association between the number of patients 

admitted with COVID-19 and hand hygiene practices. This 
finding suggests that the local experience of health care work-
ers within their hospital influenced practice, either through the 
tightened infection control protocols of caring for patients 
with COVID-19 or because of their overall risk perception. 
The latter may have played a more important role, given the 
generalized improvement in hand hygiene adherence that we 
observed, and its association with daily cases of COVID-19 
reported across Ontario.

Unfortunately, the improvements in hand hygiene adher-
ence were not sustained across our 12 hospitals as performance 
returned to baseline levels within 90 days. Most strikingly, this 
decay in adherence began while COVID-19 case numbers were 
still increasing. This finding is similar to the single-centre study 
in the United States that used automated hand hygiene moni-
toring during the first wave of the pandemic.7 We hypothesize 
that the novelty and perceived risk of caring for patients with 
COVID-19 most likely decreased over time as health care 
workers became accustomed to caring for these patients.6,13,15 
Another potential contributor to this decay in performance is 
the COVID-19 pandemic itself, which has caused higher levels 
of health care worker burnout, a situation that is known to con-
tribute to suboptimal hand hygiene rates.16,17 

Our study has several strengths. It was conducted across a 
dozen institutions, including both academic and community 
teaching hospitals. The amount of data collected through 
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the group electronic hand hygiene monitoring system is very 
large, with over 26 million hand hygiene opportunities 
throughout the study period. Our regression model adjusted 
for correlation within units, and findings were consistent 
across both wards and critical care units, which suggests a 
generalizable behaviour change in response to COVID-19. 
Our study underscores the importance of adopting more 
accurate methodology for measuring hand hygiene perfor-
mance across Canadian hospitals to enable iterative 
improvement in this important patient safety indicator.

Limitations
As an observational interrupted time-series study, we cannot 
fully exclude confounding factors; however, the changes 
observed are significant and temporally associated with the inci-
dence of COVID-19 during the first wave of the pandemic, 
which strongly suggests a causal inference. Group electronic 
hand hygiene monitoring systems provide a unit-level estimate 
of hand hygiene adherence that cannot differentiate the specific 
moments of hand hygiene. This is particularly important as the 
system cannot distinguish whether the rise in adherence was 
from additional hand hygiene events outside of appropriate 
moments of hand hygiene. Finally, the study period was limited 
because of shortages in hand sanitizer that began in July 2020, 
which limited our ability to assess the impact of further waves 
of the COVID-19 pandemic on hand hygiene performance.

Conclusion
The high levels of hand hygiene adherence achieved during the 
first wave of the COVID-19 pandemic show that substantial 
improvements in hand hygiene performance are achievable in a 
context that enables practice change. Health care worker risk 
perception is a strong enabler of hand hygiene practice changes, 
but may not reflect actual risk. Future research should seek to 
determine whether improvement strategies that focus on health 
care worker perception of personal risk can achieve sustainable 
improvements in hand hygiene performance.
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