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Abstract
Objective: To assess the effect of a multimodal intervention on hand hygiene compliance (HHC) in nursing homes.
Design, setting, and participants: HHC was evaluated using direct, unobtrusive observation in a cluster randomized controlled trial at publicly
funded nursing homes in the Netherlands. In total, 103 nursing home organizations were invited to participate; 18 organizations comprising
33 nursing homes (n = 66 nursing home units) participated in the study. Nursing homes were randomized into a control group (no intervention, n = 30) or an intervention group (multimodal intervention, n = 36). The primary outcome measure was HHC of nurses. HHC was
appraised at baseline and at 4, 7, and 12 months after baseline. Observers and nurses were blinded.
Intervention: Audits regarding hand hygiene (HH) materials and personal hygiene rules, 3 live lessons, an e-learning program, posters,
and a photo contest. We used a new method to teach the nurses the WHO-defined 5 moments of HH: Room In, Room Out, Before
Clean, and After Dirty.
Results: HHC increased in both arms. The increase after 12 months was larger for units in the intervention arm (from 12% to 36%) than
for control units (from 13% to 21%) (odds ratio [OR], 2.10; confidence interval [CI], 1.35–3.28). The intervention arm exhibited a statistically
significant increase in HHC at 4 of the 5 WHO-defined HH moments. At follow-up, HHC in the intervention arm remained statistically
significantly higher (OR, 1.93; 95% CI, 1.59–2.34) for indications after an activity (from 37% to 39%) than for indications before an
activity (from 14% to 27%).
Conclusions: The HANDSOME intervention is successful in improving HHC in nursing homes.
(Received 6 March 2020; accepted 11 June 2020)

Clinical trials identifier: Netherlands Trial Register, trial NL6049
(NTR6188):https://www.trialregister.nl/trial/6049.
Nursing home residents, like patients in hospitals, are at
increased risk of developing infections from microorganisms such
as norovirus and pneumonia-causing pathogens.1 To avoid transmission of pathogens, the World Health Organization (WHO)
recommends following their hand hygiene (HH) guidelines.2 We
already knew that hand hygiene compliance (HHC) in hospitals
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and child care centers is often suboptimal, but we did not have
much insight into (Dutch) nursing home compliance and what
methods could increase compliance.3,4
Only a few rigorous HHC studies have been conducted in
nursing homes.5–9 In a recent Cochrane review on HH interventions, 90 articles were considered for inclusion, and only 5 of
these clearly referred to nursing home care, 3 of which had
inadequate days of data collection.6,10–14 Although these studies
showed that HHC could increase after an intervention, none were
a large-scale study.
We hypothesized that HHC in Dutch nursing homes (skilled
nursing facilities with residential care) could be increased through
a multimodal intervention specifically designed for nursing homes.
We developed the HANDSOME intervention using literature,
interviews at nursing homes, and intervention mapping principles
to identify relevant determinants, methods, and strategies.15
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The effect of this intervention in nursing home units in the
Netherlands was assessed in a cluster randomized controlled trial.
Here, we report the primary outcome measure of the trial: HHC
of nurses to the WHO guidelines. The secondary outcome measure of the HANDSOME study, the incidence of healthcare
associated infections in residents, will be reported elsewhere.
Methods
Trial design
The HANDSOME intervention is a cluster randomized controlled
trial in Dutch nursing home units, designed to increase nurses’
HHC after a multimodal intervention. Nursing homes in the intervention arm received the intervention at a predetermined moment.
Nursing homes in the control arm received no intervention. The
trial was conducted from October 2016 through October 2017.
HHC was measured through unobtrusive direct observation.
Observations took place during weekdays, starting at 8 A.M. and
lasting ~4.5 hours. Observations started during the mornings
because we expected to see the most care activities during this
period and to observe the most nurses per unit. All measurements
were recorded at the same time of day to foster homogeneity
between the observations. At least 3 nurses were observed in every
unit, each for a maximum of 1.5 hours. When there were <3 nurses
working at the unit, either the observers continued observations at
an additional ward (who also received the intervention if in the
intervention arm) or they stopped observing. We did not necessarily observe the same nurses at every observation period;
the goal was to see an overall behavioral change and not behavioral
change per nurse. We also did not collect identifying information
about the nurses so they would not be concerned about us reporting their behavior to their supervisors and therefore would exhibit
their regular behavior. The turnover rate of nursing staff in the
year before intervention commencement was 13% (n = 28 nursing home units). Nursing homes were observed at baseline
(October 2016), after completion of the first lesson in the intervention units (February 2017), after completion of all lessons in
the intervention units (May 2017), and 1 year after the baseline
(October 2017) (Fig. 1).
All HHC opportunities were registered according to the WHOdefined HH moments (Fig. 2).2 HH was only registered as compliant if the HH occurred immediately before (ie, moments 1 and 2)
or after (ie, moments 3, 4, and 5) an HH opportunity without
touching another object, such as a door handle. HHC, along with
at which HH moment it occurred, was registered in an application
on a computer tablet. Consecutive opportunities, such as touching
a resident (moment 1) and performing an aseptic task (moment 2)
without any activity in between, were only registered once and
according to a protocol (Fig. 2).
Study setting and eligibility criteria
We invited 103 nursing home organizations in 8 provinces in the
Netherlands to participate in this study. The nursing homes were
required to commit 2 nursing home units to the study. Study participants were nurses working in publicly funded skilled nursing
facilities in the Netherlands providing intense psychogeriatric
and/or somatic care to geriatric residents. Low-care residential
facilities (verzorgingshuizen) were excluded from the study.
Units were defined as one or multiple wards within a nursing
home. When necessary, wards were linked to create units containing the minimum of 3 nurses working during the observation hours
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(8 A.M. to 1:30 P.M.). Nurses all attended or were attending a
3- or 4-year nursing program (verzorgenden or verpleegkundigen).
HHC of other healthcare workers, residents, and visitors was not
recorded.
Intervention
The HANDSOME intervention included activities for changing
nursing home policy and individual behavior. Nursing home
policy changes were achieved through an audit with explanations
about HH materials and personal hygiene rules. Nurses and other
healthcare workers were subject to 3 different live on-site HH lessons, access to an e-learning program, posters for the nursing home
wards, and the opportunity to participate in an HH photo competition (Table 1). The details and background of this intervention
can be found elsewhere.15 During the lessons, nurses were taught
the 5 moments of the WHO recommendations using a novel
method, namely Room In (moment 1), Room Out (moments 4
and 5 combined), Before Clean (moment 2), and After Dirty
(moment 3).15 This method comprises the same 5 HH moments
as the WHO standard, but it is more suitable for to the nursing
home setting, is easy to remember (ie, 1 slogan), and is easy to visualize (Fig. 2). All intervention units participated in all aspects of the
intervention, except those that withdrew from the study.
Outcome measures
The primary outcome measure was HHC of nurses to the WHO
guidelines. HHC is defined as the number of times that HH is
performed at a WHO-defined HH opportunity, divided by the
total number of times that it should be performed, expressed as
a percentage. We registered HH as compliant if hand sanitizer
was used, or soap, water, and a paper towel.
Sample size
The HH intervention was expected to increase HH compliance
from 35% during the preintervention period to 50% in the postintervention period. We made a sample size calculation based on
80% power with a 2-sided α of 0.05, taking into account the clustering of observations within nursing homes, assuming an intraclass correlation of 0.1. We determined that a sample size of
15 participating nursing homes in each arm (30 units per arm)
would be sufficient.
Randomization
The nursing home was the unit of randomization. Each nursing
home was assigned an identification number and was then computer randomized to one of the arms by the primary investigator.
All nursing homes in the control arm also had a nursing home
from the same organization in the intervention arm. We used a
cluster-randomized design because certain aspects of the intervention were aimed at the entire nursing home.
Blinding
It was not possible to blind the primary investigator to the intervention arm because this researcher also taught on-site lessons.
Nurses were blinded by giving distinct names to the lessons
(The New Way of Working) and the observations (HANDSOME),
so that they appeared to be different projects. Furthermore, nurses
were told that the observers were registering the frequency of health
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103 NH organizations
invited to participate

Enrollment

Excluded (85 organizations)
- Not meeting inclusion
criteria (4 organizations)
- Responded after
enrollment was closed
(1 organization)
- Declined to participate
(80 organizations)
18 organizations
committed to the
study (n=124 NH
units)
Baseline observation
(n=118)
- Refused
observations (n=6)

Baseline

Allocation
- Allocated (n=116)
- Refused further
observations (n=2)

Allocation

Follow-up

Analysis

Allocated to Intervention
(n=36)

Allocated to Control (n=30)

Allocated to Conditional
intervention (n=50)

4-month follow-up (n=34)
No follow-up:
- Refused further
observations (n=2)

4-month follow-up (n= 28)
No follow-up:
- Refused further
observations (n=2)

Prematurely terminated
(n=50)

7-month follow-up (n=31)
No follow-up:
- Unable to arrange a
training room (n=2)
- Other priorities (n=1)

7-month follow-up (n=28)

12-month follow-up (n=29)
No follow-up:
- Organization disagreed
with intervention (n=2)

12-month follow-up (n=26)
No follow-up:
- Organization disagreed
with intervention (n=2)

Analyzed (n=36)

Analyzed (n=30)

Fig. 1. Study design flow diagram.

care activities, rather than HHC. HH observers were not informed
which nursing homes received the intervention.
Statistical analyses
Background characteristics of all randomized nursing homes
were tested for statistically significant differences between the
study arms. We computed HHC for each arm for every observation round, as well as for the total follow-up. Analysis was on
intention-to-treat basis through multilevel analyses, controlling for

statistically significant differences (P < .05) in background characteristics between the study arms and for clustering of observations
within nursing homes and nurses. We calculated odds ratios (ORs)
for HHC in a multilevel model with 95% CIs, comparing baseline
with each follow-up round and the total follow-up in each arm,
and comparing the intervention and control arms at each round.
Additionally, we calculated overall odds ratios comparing the
increase in HHC in the intervention arm with the increase in
the control arm. This was calculated for total HHC and per
WHO-defined HH moment. HH moments before and after a
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Table 1. Overview of Most Important HANDSOME Intervention Componentsa
Component

Description

Meeting with management (45–60 min) Discussion of necessary facility and policy changes for efficient hand hygiene (HH) practices. Management is
informed that they can receive a “good hand hygiene” certification if they achieve a minimum HH compliance.

a

Lesson 1 (20 min)

A manager introduces the lesson. Teaching of Room In, Room Out, Before Clean, After Dirty. Teaching and
discussing how to do HH when handling pills, food, and laundry, when to use hand sanitizer/soap/gloves. Team
creates a group HH goal. Showing the nurse’s watch that they can earn by completing the e-learning.

Presentation personal hygiene policy
(10 min)

A senior nursing home manager presents the personal hygiene policy. Consequences for noncompliance are made
known.

Lesson 2 (30 min)

Making an inventory and finding solutions to barriers for HH compliance.

Lesson 3 (20 min)

Participants “wash” hands with paint and see where they miss. Participants learn how to disinfect their hands.
Participants see that they get paint on hands after glove removal and that the paint represents invisible
bacteria/viruses.

E-learning (40 min)

Videos are used with correct and incorrect behavior to show HH moments, common HH actions, how to work
efficiently, and when to use gloves. Teaching how to do HH when preparing food and pills. Dripped learning with
quizzes is used, so that the e-learning is done in small modules over 14 weeks.

Poster (10 posters)

Multiple copies of a new poster are hung throughout the nursing home every month.

Photo competition

Nursing home employees are informed that they can win a prize for the best photo of hands.

Arts and crafts project

Residents do an activity involving hands. Nursing home displays artworks.

The full intervention is outlined in Teesing et al.15

Fig. 2. Comparing the WHO method and the HANDSOME method and protocol for registering combined hand hygiene opportunities.
Note. WHO, World Health Organization.

HH-indicated activity were also statistically compared. We also examined the difference between nurse and student nurse HHC. All calculations were done in SPSS version 25 software (IBM, Armonk, NY).
Adjustments after commencement of the trial
This study originally had an additional “conditional” intervention
arm to test a separate hypothesis that implementing a HH intervention following an infectious disease outbreak would have a
higher and/or more sustained effect than implementation at a predetermined date, due to an increased sense of infection risk and
urgency after an outbreak. The conditional arm was randomized,
along with the control and conventional intervention arms, in
November 2016, and received the same intervention as the conventional intervention arm, but only after an infectious disease outbreak.
In September 2017, we terminated the conditional intervention
arm prematurely for the following reasons: (1) Two nursing homes

in this arm were not able to implement the intervention after an
outbreak because they had no funds for paying wages for
employees to attend the lessons. (2) In 4 cases, the intervention
would have taken place during a spring or summer holiday season,
during which all available staff was needed at the wards. And
(3) observers were not available for some projected observation
periods. Due to the premature termination, only half of the nursing
home units we aimed to include participated (15 instead of 30 nursing home units), and no 12-month follow-up observations were
performed. We did not perform analyses of observations in this
arm because we did not achieve the necessary cohort size and
because of selection bias.
Ethical considerations
Ethical approval for the study was waived by the Medical Ethics
Review Committee of Erasmus MC, University Medical Center
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Rotterdam (reference no. 58158) because it was not a medicalscientific investigation and because no experiments were conducted
on human subjects. A manager at each nursing home approved
the study before randomization, including observations. No identifying information was collected about the nurses or residents. We only
observed nurses when the residents receiving care did not object to the
observations.
Results
Nursing homes were recruited from April through August 2016,
and 18 nursing home organizations joined the study, yielding 36
intervention units (938 beds) and 30 control units (865 beds)
(Fig. 1). Reasons for dropout were refusal to admit observers,
inability to schedule lessons in an appropriate room, other priorities, and disagreement with the intervention content.
We compared background characteristics between the study
arms. The only statistically significant difference between the study
arms was the size of the nursing home with the control arm having
more large nursing homes (P = .01) (Table 2). The size variable was
therefore incorporated in all multilevel calculations.
HHC increased over time in both study arms (Fig. 3): HHC
increased from 12% to 36% in the intervention arm and from
13% to 21% in the control arm. The largest increase in HHC in
the intervention arm occurred after the first lesson (at the 4-month
follow-up), whereas the control arm steadily increased by 3% at
every observation round.
We observed ~1,000 HH opportunities with 100 nurses per arm
per observation round (Table 3), totaling 8,671 potential HH
moments with 782 nurses, of which 17% were nursing students.
We detected no significant difference in HHC at baseline between
the study arms. For the intervention arm, HHC was statistically significantly higher during all follow-up measurements than at the baseline, and the OR increased gradually from 3.48 to 4.29. The control
arm had a statistically significantly higher HHC during the
7- and 12-month follow-ups than at baseline, but with lower ORs
than the intervention arm (ORs, 1.55 and 1.79, respectively). The
control arm received no intervention; 60% of the nursing homes
in the control arm took their own initiatives to increase HHC (data
not shown). Overall, the intervention nursing homes showed a statistically significantly higher increase in HHC during the total followup versus the baseline period than the control nursing homes (OR,
2.28; 95% CI, 1.67–3.11).
In the intervention arm, HHC increased for both nurses (from
12% to 34%) and students (from 11% to 32%). Similarly, we saw an
increase in the control arm for both nurses (from 14% to 21%) and
students (from 11% to 14%, data not shown).
HHC per WHO-defined moment during the 4 observation
rounds is depicted in Figure 3. HHC increased more for the intervention arm than for the control arm for each moment, except for
moment 2. HHC at moment 2 appeared random and retained a low
compliance (with a low sample size).
For each of the 5 WHO-defined moments, we compared HHC
for the total follow-up with the baseline measurement, for
both arms (Table 4). HHC per WHO moment ranged from 8%
to 14% at baseline, indications before an activity (moments 1
and 2) showing a lower HHC than indications after an activity
(moments 3, 4, and 5) (OR, 2.05, 95% CI, 1.63–2.57, data not
shown). We detected no statistically significant difference in
HHC at baseline between the intervention and the control arms
at each WHO moment. For the intervention arm, HHC statistically
significantly increased (19%–25%) during follow-up versus

5

baseline at 4 of the 5 WHO moments, except for the sparsely
observed moment 2. HHC in the control arm increased significantly at moments 3 and 4. HHC was statistically significantly
higher during follow-up at 3 of the 5 WHO moments in the intervention arm compared to the control arm. The largest increases in
HHC in the intervention arm compared to the control arm
occurred at moment 5 (OR, 3.30; 95% CI, 2.04–5.32) and moment
1 (OR, 3.20; 95% CI, 1.95–5.26). At follow-up, HHC for the intervention arm remained statistically significantly higher (OR, 1.93;
95% CI, 1.59–2.34) for indications after an activity (37% to
39%) than for indications before an activity (14% to 27%) (results
not shown).
Discussion
The HANDSOME intervention demonstrates that a multimodal
intervention can increase HH in nursing homes. Adherence to
HH guidelines increased significantly during the intervention
and remained higher 6 months after the intervention but remained
suboptimal. HHC in the intervention arm increased significantly at
3 of the 5 HH moments compared to the control arm, and HHC
was better after an HH-indicated activity than before an HH-indicated activity.
This study has several strengths: (1) It is one of the first randomized controlled HH trials in a nursing home. (2) It registers
HH moments using direct observation. (3) It is a large-scale study,
registering >8,500 HH opportunities. And (4) we studied the
long-term effect of an HH intervention. The strengths of the
HANDSOME intervention include the following: (1) It involves
a minimum time commitment from the nurses for lessons. (2)
It provides an audit of the prerequisites for HH at nursing homes.
(3) It is tailored to nursing homes. And (4) it includes supplementation with online learning.
The study also has several limitations. We only observed HH on
weekday mornings and early afternoons. HHC in all study arms
may have been influenced by a national HH campaign in 2016–
2017 for nursing homes.16–25 There may also have been some contamination from the intervention nursing homes to the control
nursing homes, since all control nursing homes had a nursing
home from the same organization in the intervention arm.
Although the nursing homes in the control arm did not receive
any intervention, 60% of nursing homes in the control group took
their own action to increase HHC. Nevertheless, we saw better
HHC in the intervention arm than in the control arm. Another
possible limitation is bias. First, ward managers sometimes refused
to keep observations blinded, so some nurses in both trial arms
were informed of the purpose of the observations. Secondly,
observers could figure out which units received the intervention
if they saw the HANDSOME posters, causing potential observer
bias. Lastly, the Hawthorne effect may have affected different
nurses in different ways, depending upon the number of observation rounds that each nurse experienced.26 At the same time,
because this is an RCT, we believe that the biases were generally
equal in both arms, with the possible exception of observer bias.
In this study, HHC increased in the intervention group from
12% to 36%. The highest increase came directly after the first
HH lesson. The continuation of the HH intervention (with
expanded explanations and repetition) may have been instrumental in capturing a long-term effect and possibly a culture change,
considering staff and student turnover.
Although HHC tripled, it remained well below the idealized
100%. At the same time, this is comparable with 3 other Dutch
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Table 2. Comparison of Baseline Characteristics Between Study Arms (n = 66 Nursing Home Units)
Characteristics

Intervention (n = 36) (%)

Control (n = 30) (%)

P Value (Intervention
vs Control)a

Total No.

.50

58

.01

66

.75

66

.46

66

.35

58

.89

60

.74

66

.07

66

.86

64

.30

62

.59

66

.94

60

.10

59

.81

66

Organization
Size of organization
Small (<800 beds)

38

31

Medium (800–1,199 beds)

25

23

Large (≥1,200 beds)

38

46

Nursing home
Size of nursing home
Small (<88 beds)

36

27

Medium (88–118 beds)

47

13

Large (≥119 beds)

17

60

Extremely, very or somewhat urban

53

57

Mildly or not urban

47

43

Self-organized teams

28

20

Hierarchical

72

80

Yes

66

77

No

34

23

Urbanization

Management style

HH reminders hang somewhere

HH trainings in the past 5 years
Yes

38

36

No

63

64

Small (<20 beds)

25

27

Medium (20–29 beds)

33

37

Large (≥30 beds)

42

37

Unit
Size of unit

No. of nurses per bed
<1 nurse per bed

72

50

At least 1 nurse per bed

28

50

Hand sanitizer available in bedroom
Yes

41

43

No

59

58

Faucet in every bedroom
Yes

77

64

No

24

36

Psychogeriatric/joint geriatric-psychiatric care

50

43

Somatic care/combination psychogeriatric and somatic care

50

57

None

69

68

Some

31

32

Type of unit

Residents
Washes him/herself

Goes to the toilet without assistance
<20%

77

57

≥20%

23

43

How intense is the care
Only high level of care

89

87

All levels

11

13

Pearson χ test.

a

2
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Table 3. Hand Hygiene Compliance in Nursing Homes per Trial Arm, During Baseline and Follow-Up
Compliance

Intervention Arm, % (No./Total)

Control Arm, % (No./Total)

Intervention vs Control Arm,
OR (95% CI)a

Baseline

12

(189/1,620)

13

(166/1,254)

0.92 (0.55–1.55)

4-mo FU

33

(340/1,045)

16

(146/921)

1.79 (0.93–3.46)

a

OR (95% CI) 4-month FU vs baseline

3.48 (2.45–4.93)

Baseline

12%

7-month FU

33%

ORa (95% CI) 7-month FU vs baseline

1.14 (0.80–1.62)

2.62 (1.68–4.08)

(189/1,620)

13%

(166/1,254)

0.92 (0.55–1.55)

(318/977)

19%

(181/942)

2.37 (1.42–4.00)

3.89 (2.78–5.44)

1.55 (1.09–2.21)

2.43 (1.62–3.67)

Baseline

12%

(189/1,620)

13%

(166/1,254)

0.92 (0.55–1.55)

12-month FU

36%

(373/1,024)

21%

(187/888)

1.87 (1.12–3.14)

a

OR (95% CI) 12-month FU vs baseline

4.29 (2.92–6.31)

Baseline

12%

Total FU

34%

ORa (95% CI) Total FU vs baseline

1.79 (1.23–2.60)

2.10 (1.35–3.28)

(189/1,620)

13%

(166/1,254)

0.92 (0.55–1.55)

(1,031/3,046)

19%

(514/2,751)

1.98 (1.30–3.02)

3.81 (2.86–5.08)

1.45 (1.09–1.93)

2.28 (1.67–3.11)

Note. OR, odds ratio; FU, follow-up.
a
OR was corrected for size of the nursing homes as well as clustering of observations within nurses and nursing homes in a multilevel analysis. The intraclass correlation (ICC) for the level nurse
was 0.25 and the ICC for the level nursing home was 0.01.

Fig. 3. Hand hygiene compliance and in nursing homes per
trial arm during baseline and follow-up, overall and per WHOmoment.
Note. FU: follow-up; WHO, World Health Organization.
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Table 4. Hand Hygiene Compliance in Nursing Homes per Trial Arm, During the 5 WHO-Defined Moments (n = 8,671 Hand Hygiene Opportunities)
Moment
1) Before touching a resident

Intervention Arm, %
(No./Total)

Compliance
Baseline

8

(30/381)

6

(19/276)

1.16 (0.62–2.18)

27

(207/763)

9

(62/683)

2.97 (1.67–5.29)

1.32 (0.71–2.44)

3.20 (1.95–5.26)

Baseline

14

(12/84)

8

(4/53)

3.02 (0.55–16.41)

Total FU

14

(22/162)

18

(22/121)

0.64 (0.20–2.06)

2.35 (0.68–8.08)

0.64 (0.26–1.59)

OR (95% CI)a FU vs baseline
3) After body fluid exposure risk

0.86 (0.35–2.08)
13

(70/540)

14

(52/415)

0.81 (0.47–1.39)

Total FU

38

(356/947)

24

(203/864)

1.80 (1.17–2.76)

OR(95% CI) FU vs baseline

3.90 (2.68–5.67)

1.88 (1.27–2.78)

1.82 (1.28–2.60)

Baseline

14

(40/319)

17

(49/295)

Total FU

39

(263/674)

25

(152/621)

1.76 (1.00–3.09)

1.56 (1.01–2.41)

2.03 (1.30–3.17)

OR (95% CI)a FU vs baseline
5) After touching a resident’s surroundings

4.67 (2.81–7.75)

Baseline

a

4) After touching a resident

Intervention vs Control Arm,
ORa (95% CI)

Total FU
OR (95% CI)a FU vs baseline
2) Before a clean/aseptic task

Control Arm, %
(No./Total)

4.10 (2.58–6.51)

0.74 (0.37–1.49)

Baseline

13

(37/296)

17

(37/215)

1.06 (0.37–2.98)

Total FU

37

(183/500)

16

(75/462)

2.78 (1.71–4.55)

0.93 (0.51–1.67)

3.30 (2.04–5.32)

a

OR (95% CI) FU vs baseline

4.00 (2.54–6.31)

Note. WHO, World Health Organization; OR, odds ratio; CI, confidence interval; FU, follow-up.
a
OR was corrected for size of the nursing homes as well as clustering of observations within nurses and nursing homes in a multilevel analysis. The intraclass correlation (ICC) for the level nurse
was 0.25 and the ICC for the level nursing home was 0.01.

intervention studies in hospitals, which also had a low baseline
compliance (20% to 22%) and yielded a 15%–33% increase in
HHC.27,28
Studies in nursing homes outside the Netherlands showed a
baseline compliance of 6% to 27%.5–9 Two of these studies
also demonstrated the effectiveness of HH interventions (HHC
increased from 6% to 46%, 27% to 61%, and 22% to 49%).5,6
Studies investigating the long-term effects of one-off HH interventions in nursing homes remain scarce.6
The 5 HH moments have distinctive infection prevention
goals. Moments 1 and 2 prevent contamination not only from
the nurse’s topical flora to the resident but also prevent contamination of microorganisms from other residents. Moment 2 is considered a high-risk moment for the resident because the nurse
has contact with the resident’s open skin or mucous membranes.29 Moments 3, 4, and 5 prevent contamination from
the resident to the nurse. Moment 3 is also important for the
resident because it reduces the chance of microorganisms going
from a colonized site on the resident to a noncolonized site. In
the literature, primarily regarding hospital care, moment 4 generally has the highest compliance, followed by moment 3.29–38
These are both moments after an HH-indicated activity.
These moments may be prioritized because the healthcare provider wants to protect himself or herself.
In the HANDSOME intervention, the highest compliance at
baseline occurred at moment 4, followed by moment 5, the two
moments that protect the healthcare provider and prevent the
spread of disease to other residents. These results are comparable
to results from other Dutch studies showing that HHC is better
after a HH-indicated activity than before such an activity.3,4,7
A few other intervention studies distinguished differences in
HHC at the different HH moments, although none of these studies
had a control arm.35–38 The HHC in the HANDSOME intervention was consistently low for all moments at baseline, whereas

the other studies showed high fluctuations among the different
moments.29,35–38 The largest gains in other studies were generally
at moments 1 and 5. In our study, the largest differences between
the control and intervention arms occurred in the follow-up period
at moments 1 and 5, but the largest absolute gains in the intervention arm occurred at moments 3, 4, and 5.
In conclusion, the HANDSOME intervention yielded a substantial increase in HHC 4 months after the beginning of the intervention, and this improvement was sustained in the long term.
Part of its success may be due to our slogan: Room In, Room
Out, Before Clean, After Dirty. This slogan is easy to remember,
evokes imagery, and contains all the WHO moments. Nursing
homes can easily implement the intervention, and it requires little
time commitment from the nurses. Because we included a balanced
mix of large and small nursing homes and in urban and nonurban
settings, we believe that our results could be duplicated in other
nursing homes.
Acknowledgments. We thank Jennifer Bloem for her coordination work and
assisting in the observer training. We also thank Elise Van Beeck for assisting
with detailed specifications of the hand hygiene moments, and we thank the
nursing homes for allowing us to perform this RCT.
Financial support. This study was funded by the Netherlands Organization for
Health Research and Development (ZonMw, grant no. 522002010). Essity provided small bottles of sanitizer for the hand hygiene lessons during the study.
Conflicts of interest. The authors state that they have no conflict of interests
related to this article.

References
1. Juthani-Mehta M, Quagliarello VJ. Infectious diseases in the nursing home
setting: challenges and opportunities for clinical investigation. Clin Infect
Dis 2010;51:931–936.

Downloaded from https://www.cambridge.org/core. 28 Aug 2020 at 10:36:15, subject to the Cambridge Core terms of use.

Infection Control & Hospital Epidemiology
2. Hand hygiene in outpatient and home-based care and long-term care
facilities: a guide to the application of the WHO multimodal hand hygiene
improvement strategy and the “My Five Moments for Hand Hygiene”
approach. World Health Organization website. https://www.who.int/gpsc/
5may/EN_GPSC1_PSP_HH_Outpatient_care/en/. Published 2012. Accessed
March 3, 2020.
3. Zomer TP, Erasmus V, Looman CW, et al. Improving hand hygiene compliance in child daycare centres: a randomized controlled trial. Epidemiol
Infect 2016;144:2552–2560.
4. Erasmus V, Vos M, Richardus J, et al. Hand Hygiene of Physicians and
Nurses: Equally Low Compliance Rates, But Other Determinants. Department
of Public Health, Erasmus MC; 2010.
5. Chuang VW, Tsang IH, Keung JP, et al. Infection control intervention on
meticillin resistant staphylococcus aureus transmission in residential care
homes for the elderly. J Infect Prevent 2015;16:58–66.
6. Ho ML, Seto WH, Wong LC, Wong TY. Effectiveness of multifaceted hand
hygiene interventions in long-term care facilities in Hong Kong: a clusterrandomized controlled trial. Infect Control Hosp Epidemiol 2012;33:
761–767.
7. Liu WI, Liang SY, Wu SF, Chuang YH. Hand hygiene compliance among
the nursing staff in freestanding nursing homes in Taiwan: a preliminary
study. Int J Nursing Pract 2014;20:46–52.
8. Pan A, Domenighini F, Signorini L, et al. Adherence to hand hygiene
in an Italian long-term care facility. Am J Infect Control 2008;36:495–497.
9. Smith A, Carusone SC, Loeb M. Hand hygiene practices of healthcare
workers in long-term care facilities. Am J Infect Control 2008;36:
492–494.
10. Gould DJ, Moralejo D, Drey N, Chudleigh JH, Taljaard M. Interventions to
improve hand hygiene compliance in patient care. Cochrane Database Syst
Revs 2017;9:CD005186.
11. Huang TT, Wu SC. Evaluation of a training programme on knowledge and
compliance of nurse assistants’ hand hygiene in nursing homes. J Hosp
Infect 2008;68:164–170.
12. Yeung WK, Tam WS, Wong TW. Clustered randomized controlled trial of a
hand hygiene intervention involving pocket-sized containers of alcoholbased hand rub for the control of infections in long-term care facilities.
Infect Control Hosp Epidemiol 2011;32:67–76.
13. Schweon SJ, Edmonds SL, Kirk J, Rowland DY, Acosta C. Effectiveness of a
comprehensive hand hygiene program for reduction of infection rates in a
long-term care facility. Am J Infect Control 2013;41:39–44.
14. Vinci C, Bunson J, Govednik J, McGuckin M. Hand hygiene rates for rehabilitation and long-term care facilities: one hospital’s journey through the
national goal and benchmarks. Am J Infect Control 2012;40:e88.
15. Teesing G, Erasmus V, Petrignani M, et al. Improving hand hygiene compliance in nursing homes: protocol for a cluster randomized controlled trial
(HANDSOME study) JMIR 2020. 2020;9(5):e17419.
16. Drie tips voor gebruik handschoenen. Zorg voor beter website. https://www.
zorgvoorbeter.nl/nieuws/tips-gebruik-handschoenen-zorg. Published 2016.
Accessed November 14, 2019.
17. Presentaties voor voorlichting antibioticaresistentie. Zorg voor beter website.
https://www.zorgvoorbeter.nl/nieuws/voorlichting-antibioticaresistentieinfectiepreventie. Published 2017. Accessed November 14, 2019.
18. 3 tips voor hygiënisch smartphonegebruik in de zorg. Zorg voor beter
website. https://www.zorgvoorbeter.nl/nieuws/hygienisch-werken-smartphonetablet. Published 2017. Accessed November 14, 2019.
19. Hygiëne en zorg thuis: Handschoenen. Zorg voor beter website. https://
www.zorgvoorbeter.nl/nieuws/handschoenen-thuiszorg-infectiepreventie.
Published 2017. Accessed November 14, 2019.

9
20. 10 tips voor hygiënisch smartphone—en tabletgebruik in de zorg. Zorg voor
beter website. https://www.zorgvoorbeter.nl/nieuws/hygienisch-gebruiksmartphone-tablet. Published 2017. Accessed November 14, 2019.
21. Zo werk jij hygiënisch. Zorg voor beter website. https://www.zorgvoorbeter.
nl/nieuws/animatie-hygienisch-werken-antibioticaresistentie. Published 2017.
Accessed November 14, 2019.
22. Hygiëne vs. Huiselijkheid in het verpleeghuis. Zorg voor beter website.
https://www.zorgvoorbeter.nl/nieuws/hygiene-huiselijkheid-verpleeghuis.
Published 2017. Accessed November 14, 2019.
23. Inspectie gaat toetsen op hygiëne en infectiepreventie. Zorg voor beter
website. https://www.zorgvoorbeter.nl/nieuws/inspectie-infectiepreventieverpleeghuizen. Published 2017. Accessed November 14, 2019.
24. Gratis e-learning infectiepreventie. Zorg voor beter website. https://www.
zorgvoorbeter.nl/nieuws/gratis-e-learing-hygiene-infectiepreventie. Published
2017. Accessed November 14, 2019.
25. Goed handen wassen is onderdeel van je vak. Verpleegkundigen en
Verzorgenden Nederland website. https://www.venvn.nl/Artikelen/ID/
1393528/Goed-handen-wassen-is-onderdeel-van-je-vak. Published 2016.
Accessed November 14, 2019.
26. Larson E. Monitoring hand hygiene: meaningless, harmful, or helpful? Am J
Infect Control 2013;41:S42–S45.
27. Huis A, Schoonhoven L, Grol R, Donders R, Hulscher M, van Achterberg T.
Impact of a team and leaders-directed strategy to improve nurses’ adherence
to hand hygiene guidelines: a cluster randomised trial. Int J Nursing Studies
2013;50:464–474.
28. Beeck Ev, Vos G, Beeck Ev, Boog M, Erasmus V, Polinder S. Accomplish
symposium. Accomplish website. https://www.accomplish-handhygiene.nl/
download/ACCOMPLISHresultaten.pdf. Published 2014. Accessed March
6, 2020.
29. Report on hand hygiene compliance in acute hospitals. Health Protection
Service Centre website. https://www.hpsc.ie/a-z/microbiologyantimicrobial
resistance/infectioncontrolandhai/handhygiene/handhygieneaudit/hand
hygieneauditresults/previousreports/File,14481,en.pdf. Published 2013.
Accessed March 6, 2020.
30. Moghnieh R, Soboh R, Abdallah D, et al. Healthcare workers’ compliance to
the my 5 moments for hand hygiene: comparison of 2 interventional methods. Am J Infect Control 2017;45:89–91.
31. Løyland B, Wilmont S, Cohen B, Larson E. Hand-hygiene practices and
observed barriers in pediatric long-term care facilities in the New York metropolitan area. Int J Qual Health Care 2016;28:74–80.
32. Haac B, Rock C, Harris AD, et al. Hand hygiene compliance in the setting of
trauma resuscitation. Injury 2017;48:165–170.
33. Sunkesula VC, Meranda D, Kundrapu S, et al. Comparison of hand hygiene
monitoring using the 5 moments for hand hygiene method versus a wash
in-wash out method. Am J Infect Control 2015;43:16–19.
34. Woodard JA, Leekha S, Jackson SS, Thorn KA. Beyond entry and exit: hand
hygiene at the bedside. Am J Infect Control 2019;47:487–491.
35. Grayson ML, Stewardson AJ, Russo PL, et al. Effects of the Australian
national hand hygiene initiative after 8 years on infection control practices,
healthcare worker education, and clinical outcomes: a longitudinal study.
Lancet Infect Dis 2018;18:1269–1277.
36. Arntz P, Hopman J, Nillesen M, et al. Effectiveness of a multimodal hand
hygiene improvement strategy in the emergency department. Am J Infect
Control 2016;44:1203–1207.
37. Anwar M, Elareed H. Improvement of hand hygiene compliance among
healthcare workers in intensive care units. J Prev Med Hygiene 2019:E31–E35.
38. Kuruno N, Kasahara K, Mikasa K. Hand hygiene compliance in a universal
gloving setting. Am J Infect Control 2017;45:830–834.

Downloaded from https://www.cambridge.org/core. 28 Aug 2020 at 10:36:15, subject to the Cambridge Core terms of use.

