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Background: Hand hygiene is crucial to avoid healthcare-associated infections
and the transmission of COVID-19. Although the WHO has issued global hand
hygiene recommendations for healthcare, adherence remains challenging. Consid-
ering social-cognitive theories such as the health action process approach (HAPA)
can help to improve healthcare workers’ adherence. This study aimed to observe
adherence and to assess determinants in obstetric hospitals during and after the
onset of the COVID-19 pandemic. Methods: In all, 267 observations of beha-
viour were conducted in two German obstetric university hospitals over three time
periods (pre-COVID-19 pandemic, heightened awareness, and strict precautions).
In addition, 115 healthcare workers answered questionnaires regarding social-cog-
nitive determinants of hand hygiene behaviour. Multiple regression and multiple
mediation analyses were used to analyse associations. Results: Adherence to
hand hygiene recommendations increased from 47 per cent pre-COVID-19
pandemic to 95 per cent just before lockdown while simple measures against the
pandemic were taken. Self-efficacy was associated with the intention to sanitise
hands (b = .397, p < .001). Coping self-efficacy mediated the association of inten-
tion with hand hygiene adherence. Conclusions: Obstetric healthcare workers
seem to adapt their hand hygiene behaviour to prevent infections facing the global
COVID-19 pandemic. To further improve interventions, social-cognitive determi-
nants should be considered, especially intention and (coping) self-efficacy.

Keywords: COVID-19, hand hygiene behaviour, health action process approach,
observations, obstetrics and gynaecology, social-cognitive determinants

*Address for correspondence: Christina Derksen, Jacobs University Bremen gGmbH, Research
IV, Germany Campus Ring 1, 28759 Bremen, Germany. Email: c.derksen@jacobs-university.de
The research project “TeamBaby – Communication and patient safety in gynecology and
obstetrics” was registered as clinical trial (ClinicalTrials.gov Identifier: NCT03855735). The
current paper is part of the first phase of this research but not registered as a clinical trial.
We have no conflicts of interest to disclose.

APPLIED PSYCHOLOGY: HEALTH AND WELL-BEING, 2020, 12 (4), 1286–1305
doi:10.1111/aphw.12240

© 2020 The Authors. Applied Psychology: Health and Well-Being published by John Wiley &
Sons Ltd on behalf of International Association of Applied Psychology
This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

https://orcid.org/0000-0002-4663-1882
https://orcid.org/0000-0002-4663-1882
https://orcid.org/0000-0002-4663-1882
https://orcid.org/0000-0002-7728-9709
https://orcid.org/0000-0002-7728-9709
https://orcid.org/0000-0002-7728-9709
https://orcid.org/0000-0002-8272-0399
https://orcid.org/0000-0002-8272-0399
https://orcid.org/0000-0002-8272-0399
mailto:
http://creativecommons.org/licenses/by/4.0/


INTRODUCTION

Thorough hand hygiene is the most important method to avoid healthcare-
associated infections (HAI; Sickbert-Bennett et al., 2016). HAI are among the
most prevalent (preventable) adverse events (pAE) in healthcare, having a
severely negative effect on patient outcomes and thus patient safety. In 2016,
Cassini et al. estimated that more than 2.5 million new cases of the six most
common HAI occur each year in the European Union (EU). Taken together,
these infections cause a burden of 501 disability-adjusted life years (DALYs) per
100,000 general population. This is among the highest disease burdens of com-
municable diseases and illustrates the need to prevent HAI worldwide (Cassini
et al., 2016). Adherence to hand hygiene recommendations has gained even
more significance since the beginning of the COVID-19 pandemic. The 2019
novel coronavirus (SARS-CoV-2) is transmitted mostly via projection of aero-
sols, but can be transmitted by physical contact or contact with infected surfaces
and material as well (Asadi et al., 2020). To manage the pandemic, different
actions need to be taken to stop its spreading. Since hospitals are a crucial source
of infections, appropriate actions concerning hand hygiene need to be imple-
mented according to the World Health Organization (WHO, 2020). It is yet
unclear whether hand hygiene behaviour changed over the progression of the
pandemic or to what extent the COVID-19 pandemic influenced social-cognitive
determinants of behaviour such as attitudes and perceptions.

The WHO had issued global guidelines and recommendations for hand
hygiene in healthcare long before the start of the COVID-19 pandemic. They
identify five moments when to wash or sanitise hands in clinical routines which
include (1) before touching a patient and (2) after touching a patient, (3) before
aseptic procedures, (4) after touching patient surroundings, and (5) after body
fluid exposure risk (WHO Patient Safety Alliance, 2009). These recommenda-
tions have been applied in different countries worldwide (Sax et al., 2017).

A main cause of HAI is the lack of adherence to these standards (WHO
Patient Safety Alliance, 2009). Measuring adherence to hand hygiene recom-
mendations is challenging, and there are different approaches from low to high
technology. Although automated hand hygiene monitoring systems seem promis-
ing to enhance adherence to hand hygiene recommendations, they require more
financial and human resources and might be perceived as intrusive by healthcare
workers (HCW; Masroor et al., 2017). However, self-reports of hand hygiene
behaviour have been found to be unreliable in several studies when compared to
standardised observations (Alshammari et al., 2018; Jenner et al., 2006). Social
desirability accounts for a substantial part of answering biases, but dissonance
and encoding/decoding processes also explain why self-reports are insufficient
(Contzen, Pasquale, & Mosler, 2015). Additionally, self-serving biases can lead
to an overestimation of one’s adherence to hand hygiene recommendations (Fo�a
et al., 2017). Thus, observation by trained personnel is currently considered the
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gold standard for hand hygiene measures, if possible in combination with pro-
duct usage monitoring to ensure measurement objectivity (Boyce, 2008).
Observed adherence to hand hygiene recommendations has been found to vary
from 5 per cent to 89 per cent, with an overall average of 38.7 per cent (WHO
Patient Safety Alliance, 2009). Especially in obstetrics, hand hygiene adherence
is often poor (Cantrell et al., 2009; Santosaningsih et al., 2017). However, giving
birth can leave mothers and children vulnerable for postpartum infections.
Today, standards are put in place for all areas of healthcare, but adherence to the
regulations and hand hygiene recommendations remain a relentless challenge
(Boyce, 2019).

In Germany, the Coalition for Patient Safety adapted the WHO guidelines and
started an initiative called “Aktion Saubere H€ande” (“Clean Hands Campaign”)
to prevent up to 150,000 infections per year (Reichardt et al., 2008). The first
results have shown a positive effect of the campaign on sanitiser use and reduc-
tion of infections; nevertheless, achieving compliance continues to be problem-
atic (Reichardt et al., 2014). Identified hindering factors are time pressure and a
high workload (Houghton et al., 2020), but attitudes, social support, and inten-
tion to wash hands frequently can be important as well (Pessoa-Silva et al.,
2005). In a systematic qualitative review, Smiddy et al. (2015) identified crucial
motivational factors such as social influences, emergencies, and use of cues. The
work environment including resources, knowledge, and organisational culture
also influenced adherence (Smiddy et al., 2015). Resources that can facilitate
hand hygiene behaviour are availability of dispensers and other disinfectants,
information and training seminars, reminders, and social support (Sadule-Rios &
Aguilera, 2017). All of these factors may be associated with hand hygiene beha-
viour even in the time of the COVID-19 pandemic.

Given these social determinants, adherence to hand hygiene can be explained
with regard to social-cognitive models considering motivational factors and per-
ception of resources. Especially in the recent years, promising hand hygiene
interventions have been based on psychological frameworks of behaviour
change, even outside of the clinical context (Contzen, Meili, & Mosler, 2015;
Reyes Fern�andez et al., 2016). In the clinical context, Srigley et al. (2015) only
identified three studies in which social-cognitive theories were specifically used
to predict hand hygiene behaviour as well as four intervention studies that aimed
to change hand hygiene behaviour among HCW based on explicitly named psy-
chological theories in 2015. The results were mixed: Hand hygiene behaviour
appears to be unrelated to attitudes and intention, but associated with decision-
making and knowledge as well as stages of change. Thus, it remains rather
unclear which social-cognitive processes determine effective hand hygiene beha-
viour, and theoretical models need to be applied.

The health action process approach (HAPA; Schwarzer, 2008) integrates and
advances previous health behaviour change theories. The HAPA model distin-
guishes behaviour change in two phases: in the motivational phase, risk
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perceptions (i.e. feeling at risk when handwashing is not carried out appropri-
ately) start a contemplation process to form an intention to change a specific
behaviour while outcome expectancies (i.e. expecting that changing to better
hand hygiene has certain outcomes) as well as self-efficacy (i.e. being confident
in one’s ability to change to better hand hygiene) help to form this intention
more proximately (Lippke et al., 2010). In the volitional phase, the gap between
an intention and actually enacting the respective behaviour is bridged by action
and coping planning (i.e. planning one’s own behaviour in detail even if a bar-
rier occurs; Schwarzer et al., 2011). Maintaining self-efficacy also helps to medi-
ate between intention and behaviour (Sniehotta et al., 2005). Since coping plays
an important role during the pandemic and self-efficacy can facilitate behaviour,
we will investigate coping self-efficacy as a possible mediator synonymously
with maintenance self-efficacy.

Recently, researchers have used the HAPA model to inform an intervention to
enhance hand hygiene behaviour in intensive care units with promising results,
showing that psychological interventions tailored to unit characteristics increased
hand hygiene adherence long-term and thus reduced HAI (Lengerke et al., 2019;
Lengerke et al., 2017). However, they did not measure which predictors influ-
enced self-reported hand hygiene behaviour directly in clinical practice (Porst
et al., 2012).

Therefore, we aim to investigate two objectives with this paper. First, we aim
to examine to what extent the COVID-19 pandemic is related to hand hygiene
behaviour among obstetricians and midwives, and second, which social-cogni-
tive factors determine their hand hygiene behaviour. To test if self-reported
adherence among obstetric employees was accurate, we aim to compare self-re-
ported behaviour to observed adherence. Our hypotheses are:

(1) Observed adherence to hand hygiene recommendations improves after the
outbreak of the COVID-19 pandemic in Germany. (2) Social-cognitive factors
explain hand hygiene behaviour. This includes forming an intention and showing
according to behaviour: (2a) Self-efficacy, risk perceptions, and outcome
expectancies are associated with the intention to wash and sanitise hands accord-
ing to WHO standards. (2b) Intention to wash and sanitise hands is associated
with self-reported hand hygiene behaviour, mediated by coping self-efficacy,
coping planning, and perceived resources.

METHODS

Setting

This study was conducted as part of the research project “TeamBaby—Commu-
nication and patient safety in gynecology and obstetrics” (ClinicalTrials.gov
Identifier: NCT03855735). Data were collected in two obstetric university
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hospitals in Germany. Both hospitals had large perinatal clinics providing the
highest level of care with approximately 2,800 to 3,200 deliveries every year
and affiliated neonatal intensive care units (NICU). About 50 per cent of deliver-
ies were medium-to-high risk.

Data were collected from 2 January to 15 March 2020. The data collection
period included a “pre-COVID-19 pandemic period” in January (the first
COVID-19 case in Germany was registered on 28 January), a period of “height-
ened awareness” in which the first measures were taken such as displaying pos-
ters as well as setting up more disinfectant dispensers (February), and a period of
“strict precautions” in which standard operational procedures regarding COVID-
19 were implemented via email and personal meetings (24 February to 15
March). Operational procedures included testing and isolating patients who
scored >0 on a COVID-19 symptom questionnaire, wearing face masks at all
times, and taking special precautions during delivery. In one hospital, fathers
were still allowed into the delivery rooms, which was not the case in the second
hospital. On 16 March, researchers were prohibited from accessing the delivery
rooms and postpartum units due to COVID-19 regulations issued by the local
health authorities. Only HCW who were crucial for patient care and safety were
granted access to the hospitals. An overview of data collection is provided in the
supplementary materials (Table S1).

Recruitment and Procedure

At both hospitals, a research associate and a study nurse recruited participants.
Affiliated personnel from both hospitals (e.g. the assistant medical directors,
senior consultants, and head midwives) helped the recruitment in team meetings
and via personal contact. Departments of quality management were involved to
ensure adequate participant enrollment and to avoid a selection bias. HCW were
informed about the research project in group meetings and were handed contact
details of the on-site researchers in case they had additional questions. They were
given additional written information and informed consent forms.

Observations

Eligible participants for the observations were HCW (physicians, midwives, and
nurses) in the two obstetric university hospitals that are part of the research pro-
ject “TeamBaby”. Trainees were included as well as HCW occupying a higher
role at either the labour and delivery units or the postpartum care units. The aim
was to observe all HCW who worked at least part-time in any obstetric unit or in
a gynaecological unit which was closely affiliated with the delivery rooms
(n = 140). First non-participatory observations were conducted in the first uni-
versity hospital from 21 January until 2 February (pre-COVID-19 pandemic
period) and in the other university hospital from 18 to 21 February (heightened
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awareness period). In the first hospital, more observations were conducted with
the same HCW who were observed in the first time period from 9 to 13 March
(shortly before lockdown, period of strict precautions) to control for influences
of the COVID-19 pandemic. Observations were conducted with an emphasis on
the pre-COVID-19 pandemic (148 observations) and heightened awareness per-
iod (98 observations). In the third period, only 21 moments could be observed
before the lockdown on 16 March.

Healthcare workers were informed that their communication, teamwork, and
adherence to patient safety recommendations including hand hygiene behaviour
were going to be observed (data on communication and teamwork will be pub-
lished elsewhere). Researchers used the German adaptation of the WHO gold
standard, namely “Clean Hands Campaign” observation sheets (see Appendix S1
for further description). The observers were asked to position themselves in the
corners of the delivery rooms or to walk behind HCW to be less obtrusive.
Observation periods ranged from 1 to 2.5 hr. HCW knew that their communica-
tion, teamwork, and hand hygiene behaviour were observed but they did not
know which one was being observed at any specific observation period. In each
observation, up to three HCW were observed simultaneously when possible.
However, the researchers started observing different HCW in the same observa-
tion period if a HCW was unlikely to have moments to wash their hands within
the next few minutes (e.g. when documenting). Thus, approximately 3–10 HCW
were observed during an observation period. There were 19 observation periods
(two in the strict precautions time period).

Analysis of Observations. Observations are presented as total numbers and
percentages of adherent reactions to moments to wash or sanitise hands. Differ-
ences between the two hospitals’ observed time periods were tested without con-
trol variables via v2-tests if the cell count was >5. A v2-test was also conducted
to test for differences between occupational groups. The observations from the
first two time periods were conducted in different hospitals.

Self-reported Data

Participants who were eligible for observation were asked to provide question-
naire data independently from the observations. They were occasionally
reminded to fill in the questionnaire via personal contact, email, or WhatsApp
messages from the head midwife and short notes. N = 115 HCW provided self-
reported data concerning hand hygiene behaviour and its social-cognitive deter-
minants. Of all HCW, n = 53 came from the first hospital and n = 62 from the
second. A detailed overview of socio-demographic data is provided in Table 1.

Paper-and-pencil questionnaires were collected during the first two time peri-
ods at both hospitals simultaneously (n = 77 in the pre-COVID-19 pandemic
and n = 21 in the heightened awareness period; n = 17 questionnaires were
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unclear since participants did not provide a date on their informed consent form).
The HAPA hand hygiene questionnaire was an adapted version of the “PSY-
GIENE” questionnaire developed for a tailored intervention study by von Len-
gerke et al. (Lengerke et al., 2017; Porst et al., 2012). The questionnaire was
adapted to the five WHO moments so that observations and self-reported data
could be compared in greater detail. Intention and motivation scales were split
according to the WHO moments to wash or sanitise one’s hands. A self-con-
structed behaviour scale for self-reported adherence to hand hygiene moments
was added.

The questionnaire included short scales regarding intention (e.g. “I intend to
wash my hands before aseptic procedures”, five items, Cronbach’s a = .65), pos-
itive and negative outcome expectancies (e.g. “If I wash or sanitise my hands
before and after each contact with a patient, I’ll reduce the risk for healthcare-as-
sociated infections”, positive: five items, Cronbach’s a = .68; negative: three

TABLE 1
Overview of Socio-Demographic Data and Experience among Health Care

Providers

N = 115

Physicians
(n = 44,
38%)

Midwives
(n = 38,
33%)

Nurses
(n = 12,
10%)

Trainees
(to become
nurses or a
midwives)
(n = 10,
9%)

Other
(specified,
e.g. medical
assistant, and
unspecified)
(n = 11,
10%)

Sex Women
(n = 105,
91%)

38 (86%) 38 (100%) 12 (100%) 9 (90%) 8 (73%)

Men (n = 8, 7%) 5 (11%) 0 (0%) 0 (0%) 1 (10%) 2 (18%)
Age <26 years

(n = 24, 21%)
0 (0%) 11 (29%) 2 (17%) 10 (100%) 1 (9%)

26–40 years
(n = 63, 55%)

36 (82%) 17 (45%) 5 (42%) 0 (0%) 5 (45%)

>40 years
(n = 23, 20%)

5 (11%) 9 (24%) 5 (42%) 0 (0%) 4 (36%)

Experience <1 year (n = 14,
12%)

4 (9%) 4 (11%) 0 (0%) 5 (50%) 1 (9%)

1–5 years
(n = 47, 41%)

18 (41%) 19 (50%) 2 (17%) 5 (50%) 3 (27%)

>5 years
(n = 48, 42%)

20 (45%) 14 (37%) 9 (75%) 0 (0%) 5 (45%)

Note: Frequencies and percentages are shown for each occupational group. Up to 6 participants did not provide
information on sex, age, and/or level of experience.
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items, Cronbach’s a = .73), coping planning (e.g. “I’ve planned how to maintain
good hand hygiene even if I forgot hand disinfection in the first place”, three
items, Cronbach’s a = .82), coping self-efficacy (e.g. “I’m confident that I’ll
manage to wash or sanitise my hands even if it takes time to adjust”, three items,
Cronbach’s a = .81), hand hygiene behaviour (e.g. “I wash or sanitise my hands
after body fluid exposure risk”, five items, Cronbach’s a = .73), and perceived
resources (e.g. “I get a lot of information and training about good hand hygiene”,
three items, Cronbach’s a = .79). Self-efficacy was assessed with a single-item
scale (“I’m confident that I’ll manage to wash or sanitise my hands before and
after each contact with a patient”), as was risk perception (“How high do you
think is the probability that you’ll spread healthcare-associated infections?”). All
items were measured on a 6-point Likert scale (1 = “Absolutely not” to 6 =
“Absolutely”) except for risk perception which was measured on a 5-point Likert
scale (1 = “Highly unlikely” to 5 = “Highly likely”).

Furthermore, the questionnaire included socio-demographic questions regard-
ing sex, age, and profession. All were assessed as categorical data due to the
requirements of data security of the quality management department. In particu-
lar, age needed to be assessed in four categories to ensure that on-site researchers
could not identify participants based on their demographic data in the question-
naire. There was always the option “I’d rather not say” if participants were not
comfortable with one or more of the socio-demographic questions. Age and pro-
fession were categorised into four groups each (“younger than or 25 years old”,
“26–40 years old”, “41–55 years old”, “56 years old or older”, and “physician”,
“midwife”, “nurse”, “other”, respectively). Sex was categorised into three groups
(“men”, “women”, “diverse”).

Statistical Analyses

All data analysis was conducted using IBM SPSS Version 26. The association
between outcome expectancies, risk perceptions, self-efficacy, and intention was
analysed using a standard multiple regression analysis with dummy-coded con-
trol variables for hospital, time period, sex, age, and profession. For age,
“younger than or 25 years old” was chosen as the reference group and compared
to “26 to 40 years old” and “41 years old or older”. Concerning profession,
“physicians” were used as the reference group and compared to “midwives”,
“nurses”, and “other”. A multiple mediation analysis examining the association
between intention and hand hygiene behaviour was conducted with bootstrap
analyses using Process macro for SPSS version 3.4. Time period, hospital, sex,
age, and profession were added as dummy-coded covariates and thus adjusted
for in all independent and mediator variables (Hayes, 2012). Coping self-effi-
cacy, coping planning, and perceived resources were added as mediators.
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Ethical Approval

Ethical approval was granted from both hospitals and the Ethics Committee at
Jacobs University Bremen (dated 17 September 2019). All study participants
provided written informed consent to participate in the study. Data security did
not allow for correlations between observed and self-reported data.

RESULTS

Adherence to WHO Hand Hygiene Recommendations
over Time and Hospitals

Observations. In total, 267 moments to wash or sanitise hands according to
the WHO standards were observed in both hospitals, including 75 (28%) before
touching a patient and 91 (34%) after touching a patient, 39 (15%) before
aseptic procedures, 37 (14%) after touching patient surroundings, and 25 (9%)
after body fluid exposure risk. We observed nurses in 95 (36%), midwives in 73
(27%), and physicians in 64 (24%) moments. For some moments, midwives in
training (n = 20, 7%) and physicians in training (n = 7, 3%) were observed.
Finally, a few observations regarded physiotherapists (n = 8, 3%). Observations
were made either in the delivery rooms (n = 163, 61%) or postpartum units
(n = 104, 39%).

During the first episode (pre-COVID-19 pandemic), HCW in the first hospital
had an overall adherence of 47 per cent (70 of 148), ranging from 35 per cent
concerning after touching a patient to 62 per cent after body fluid exposure risk.
In the second hospital during the heightened awareness period, observations
showed an overall adherence rate of 79 per cent (77 of 98). The lowest adher-
ence was found for the moment before touching a patient with 46 per cent, the
highest adherence was seen after body fluid exposure risk (100%). In the last
period (strict precautions), observations can only be reported for total adherence
following the WHO recommendations to interpret hand hygiene observations.1

HCW adhered to hand hygiene recommendations in 20 of 21 moments, leading
to an adherence rate of 95 per cent. An overview over all moments is provided
in Figure 1.

Adherence to hand hygiene recommendations differed significantly between
the first and second hospital/time periods with adherence being higher in the sec-
ond hospital/time period (v2(df = 2) = 35.02, p < .001). Adherence to recom-
mendations did not differ significantly between occupational groups
(v2(df = 5) = 4.2, p < .52).

1 According to the WHO, at least 20 observations should be conducted to interpret single indica-
tions. Due to the lockdown, this was not possible in the current study.
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Self-Reported Hand Hygiene Behaviour. Healthcare workers from both
hospitals reported good hand hygiene behaviour during the first two time periods
(M = 5.03, SD = 0.75). The highest adherence to recommendations was
reported for the moment after body fluid exposure risk (M = 5.66, SD = 0.67).
Lowest adherence was reported after touching patient surroundings (M = 4.5,
SD = 1.26); other moments were before touching a patient (M = 4.63,
SD = 1.04), before aseptic procedures (M = 5.16, SD = 1.04) and after
touching a patient (M = 5.17, SD = 0.87).

Social-Cognitive Determinants of Hand Hygiene
Behaviour

To test the association between outcome expectancies, risk perceptions, and self-
efficacy with intention to wash or sanitise hands, a multiple regression was cal-
culated (adjusted R2 = .267). Controlling for hospital, time period, sex, age, and
profession, only self-efficacy (b = .469, p < .001) was associated positively
with the intention to wash or sanitise hands. Outcome expectancies and risk per-
ceptions were not associated significantly with intention. The regression analysis
showed gender differences in so far as women reported better adherence
(b = �.255, p = .022). 38.4 per cent of the variance of intention could be

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Before touching a
patient

After touching a
patient

Before aseptic
procedure

After touching
patient surroundings

After body fluid
exposure risk

Hospital 1, first time period Hospital 2, second time period Hospital 1, third time period

FIGURE 1. Observed adherence to hand hygiene recommendations over time.
Note: The figure shows 148 observations from the first hospital during the pre-
COVID-19 pandemic period, 98 observations from the second hospital in the
heightened awareness period, and 21 observations from the first hospital in the last
time period (strict precautions). Due to the low number of moments, the last period
(strict precautions) needs to be interpreted with caution. There were no observed
moments concerning after touching patient surroundings due to the lockdown on
16 March.
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explained (R2 = .384). Post-hoc power analyses again showed an adequate
power only for medium-to-large effect sizes (1 – b = .882, f2 = .2). Results are
shown in Table 2.

A multiple mediation analysis was conducted to test the association between
intention and hand hygiene behaviour when controlling for hospital, time period,
sex, age, and profession. HCW who were 25 years of age or younger reported
slightly better hand hygiene than HCW who were between 26 and 40 years old
(b = .406, p < .001). The analysis revealed a total standardised effect (c = .596,
p < .001) as well as a smaller direct standardised effect (cʹ = .432, p < .001)
between intention and hand hygiene behaviour. Intention had significant associa-
tions with coping self-efficacy (a = .327, p = .002) and coping planning
(a = .254, p = .023), but not with perceived resources (a = .119, p = .264).
Further, coping self-efficacy (b = .294, p = .002) and perceived resources
(b = .250, p = .006) were significantly associated with hand hygiene behaviour
in the mediation model (Figure 2).

TABLE 2
Multiple Regression Analysis on Intention to Wash or Sanitise Hands According

to WHO Recommendations

Unstandardised coefficients
Standardised
coefficients

t p (two‐tailed)B SE β

Intercept 3.13 .67 4.71 <.001
Self-efficacy .25 .06 .47 4.03 <.001
Risk perceptions .04 .04 .09 .90 .371
Positive outcome
expectancies

.11 .11 .11 1.02 .314

Negative outcome
expectancies

.05 .06 .11 .98 .330

Hospitala .16 .15 .14 1.08 .286
Time perioda .04 .14 .03 .31 .756
Sexa �.52 .22 �.26 �2.35 .022
Age 1b �.10 .18 �.08 �.54 .589
Age 2b �.22 .21 �.15 �1.04 .302
Profession 1c .07 .15 .06 .46 .646
Profession 2c .22 .22 .13 1.01 .318
Profession 3c �.01 .26 �.01 �.05 .962

Note: Self-reported data were collected in two hospitals simultaneously over two time periods. The table does not
show repeated measures/panel data.
a Hospital, time period and sex (0 = “woman”, 1 = “man”) were added as dummy-coded control variables.
b For age, “younger than or 25 years old” was chosen as reference group and compared to “26–40 years old” (con-
trast age 1) and “41 years old or older” (contrast age 2).
c Concerning profession, “physicians” were used as the reference group and compared to “midwives” (contrast pro-
fession 1), “nurses” (contrast profession 2), and “other” (contrast profession 3).

1296 DERKSEN ET AL.

© 2020 The Authors. Applied Psychology: Health and Well-Being published by John Wiley &
Sons Ltd on behalf of International Association of Applied Psychology



Bootstrap analyses showed a significant standardised indirect effect for coping
self-efficacy (a*b = .096, 95% CI [0.02, 0.199]) and a significant standardised
total indirect effect (a*b = .164, 95% CI [0.049, 0.312]). Overall, 62.6 per cent
(R2 = .626) of variance could be explained.

DISCUSSION

In this study, we aimed to investigate hand hygiene behaviour in obstetric HCW
during the COVID-19 pandemic. The first objective was to examine to what
extent the COVID-19 pandemic related to a hypothesised increase in adherence
to hand hygiene recommendations among obstetricians and midwives. We
observed 267 moments to wash or sanitise hands according to the WHO obser-
vation recommendations in three time periods (pre-COVID-19 pandemic,
heightened awareness, and of strict precautions). The results support the
assumption that the COVID-19 pandemic has affected hand hygiene behaviour.
However, we were unable to observe hand hygiene behaviour in both hospitals
during all time points. Therefore, differences in adherence at baseline may have
influenced the observed adherence. The second aim of this study was to deter-
mine social-cognitive factors that are associated with self-reported hand hygiene

FIGURE 2. Mediation analysis between intention and hand hygiene behaviour.
Note: The figure shows the multiple mediation analyses between self-reported
intention to wash or sanitise hands and handwashing behaviour. The figure
does not show repeated measures panel data. Time period, hospital, sex, age,
and profession were controlled for using dummy-coded covariates for all
variables. * significant at the .05 a-level; ** significant at the .01 a-level; ***
significant at the .001 a-level.
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behaviour. The findings support the theoretical predictions in part. To see if self-
reported adherence was accurate, we compared self-reported and observed hand
hygiene behaviour in the same HCW and detected discrepancies.

In further detail, observations revealed that adherence to hand hygiene in the
first hospital during the pre-COVID-19 period (before the first official registered
case in Germany on 28 January) was 47 per cent. This is slightly above the glo-
bal average of 38.7 per cent in 2009 put forward by the WHO when they warned
of low compliance worldwide based on more than 1,100 reviewed sources
(WHO Patient Safety Alliance, 2009). Since then, many studies have focused on
improving hand hygiene adherence. Interventions have increased adherence to
50–80 per cent using different methodologies such as automated feedback or
video cameras. However, the ideal monitoring or intervention method has not
yet been found and improper hand hygiene continues to be a problem (Boyce,
2019). In accordance with the available literature (Alshammari et al., 2018; Jen-
ner et al., 2006), observed hand hygiene adherence was lower than self-reported
adherence in this study. The initial high levels of self-reported adherence could
reflect social desirability or a self-serving bias (Contzen, Pasquale, & Mosler,
2015; Fo�a et al., 2017). Thus, our results support earlier findings that self-re-
ported hand hygiene behaviour needs to be assessed as objectively as possible
(WHO Patient Safety Alliance, 2009). Seeing that adherence to hand hygiene
recommendations has been found to be lower in obstetrics and gynaecology
(Cantrell et al., 2009; Santosaningsih et al., 2017), the adherence we found in the
baseline period is relatively good. However, there is still a clear need for
improvement to meet the recommended target adherence level of 100 per cent to
avoid HAI (WHO Patient Safety Alliance, 2009).

It seems that HCW adapted their observable behaviour after the outbreak of
COVID-19 in Germany. In the period of heightened awareness, observed adher-
ence in the second hospital was 79 per cent. Our v2-test revealed that this was
significantly higher than hand hygiene adherence in the pre-COVID-19 period in
the first hospital, which is in line with our first hypothesis. It must be kept in
mind, however, that the baseline for the second hospital was not known so we
cannot construe the higher adherence as being an increase due to the COVID-19
pandemic without alternative explanations. The effect might have been due to
baseline differences or general measures in the clinics such as setting up dis-
pensers and spreading information material. In the short period of strict
precautions just before lockdown on 16 March, standard operational procedures
regarding COVID-19 were implemented, including testing and isolating patients,
wearing face masks at all times, and taking special precautions during delivery.
In this period, only a small number of observations could be made (n = 21 with
five different HCW) due to the precautions. Our observations revealed an excep-
tionally high adherence of 95 per cent. Thus, observed adherence to hand
hygiene recommendations seems to have improved after the outbreak of the
COVID-19 pandemic in Germany as we expected in our first hypothesis. This is
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in line with other preliminary findings examining hand hygiene during the
COVID-19 pandemic (Israel et al., in press), suggesting that HCW adapted well
to new requirements. This increase in hand hygiene adherence could prove to be
a unique chance to improve hand hygiene in the future since positive habits can
be formed (Diefenbacher et al., 2020).

A possible psychological explanation is that HCW experienced a higher need
to prevent infections specifically caused by the SARS-CoV-2 virus. Fear of
infecting oneself or one’s family has been found to be associated with better
adherence among HCW (Houghton et al., 2020) and to drive public health
responses (Harper et al., 2020). In terms of the HAPA model, fear and the per-
ceived need to prevent infections translate to risk perceptions, outcome expectan-
cies, and intention. However, a behavioural intention can only translate into
better hand hygiene behaviour when HCW also feel confident to adapt. A num-
ber of barriers can affect their self-efficacy, including constantly changing poli-
cies, high workload, and insufficient space to isolate patients. The COVID-19
pandemic has been characterised by a rapid progression and accordingly chang-
ing guidelines. Consequently, barriers that could threaten the quick adaptation of
hand hygiene behaviour need to be addressed. An adequate workplace culture,
training, and support from managers as well as addressing knowledge and deci-
sion-making processes is needed (Houghton et al., 2020; Srigley et al., 2015).

To test the determinants of observed behaviour, we investigated the link
between social-cognitive factors and hand hygiene behaviour in light of the
HAPA model (Schwarzer, 2008) in our second hypothesis. In the regression
model, only self-efficacy and sex were significant predictors when we controlled
for hospital, time period, age, and profession. Higher adherence among women
has been described before and is thus not surprising (Suen et al., 2019). The
results only partly fit our hypothesis, since risk perceptions and outcome
expectancies were not associated significantly with intention. In non-clinical
samples, outcome expectancies were found to be associated with the intention to
wash or sanitise hands which stands in contrast to our results in a clinical setting
(Reyes Fern�andez et al., 2016). Self-efficacy showed a strong association with
the intention to wash or sanitise hands. This stands in agreement with prior
research on the HAPA model (Lhakhang et al., 2015; Schwarzer et al., 2011).
Probably all HCW in our study perceived a high need for adequate hand
hygiene, but only those with high self-efficacy seemed to have formed the inten-
tion to change their behaviour.

The second part of the second hypothesis focused on actual hand hygiene
behaviour. A multiple mediation analysis was conducted to test for mediation
effects of coping self-efficacy, coping planning, and perceived barriers between
the intention to wash or sanitise hands and hand hygiene behaviour. Only coping
self-efficacy was a significant mediator. This emphasises its role for hand
hygiene behaviour and shows how crucial self-efficacy is for behaviour change
in general (Lhakhang et al., 2015; Lippke et al., 2010). In behaviour change
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theories, the “intention–behaviour gap” means that the decision to change beha-
viour does not necessarily lead to action. This gap can be bridged by planning
and maintenance/ coping self-efficacy (Sniehotta et al., 2005). Although per-
ceived resources (availability of dispensers, training, and social support from
superiors) were positively associated with hand hygiene behaviour, they did not
mediate the effect from intention to actual behaviour. This result is still in com-
pliance with the literature which has shown that perceived and objective
resources can promote hand hygiene unrelated to prior intention (Sadule-Rios &
Aguilera, 2017). Higher adherence could thus be achieved by addressing barriers
such as time constraints and the unavailability of resources (Pittet et al., 2017).
In the mediation model, age was also significantly associated with hand hygiene
behaviour. HCW between the age of 26 and 40 reported better hand hygiene
behaviour than those under the age of 26. It is possible that these HCW have
formed a greater routine and thus a better habit in sanitising hands. Diefenbacher
et al. have confirmed that habits are crucial for maintaining good hand hygiene
(Diefenbacher et al., 2020).

Our study has several limitations as well as some implications for future
research. Most importantly, we could not conduct observations in both hospitals
during all three time periods but only in the first hospital for the first (pre-
COVID-19 pandemic) and third (strict precautions) time periods, while the
observations during the second time period (heightened awareness) were con-
ducted in the second hospital. It is possible that the baseline adherence to hand
hygiene recommendations was already higher in the second hospital before the
heightened awareness period, so we cannot conclude that there was actually an
increase in adherence. Only self-reported data were not confounded as they were
collected at both hospitals for both time periods. Future research should conduct
observations in a longitudinal design at multiple sites, especially during a possi-
ble second wave of the COVID-19 pandemic. During the third time period, only
a very small number of handwashing moments (n = 21) could be observed in a
small number of participants (n = 5). Thus, it is not possible to compare adher-
ence rates from this period with the pre-COVID-19 pandemic beyond description.
More observations during the period of strict precautions would have been valu-
able for conclusions but, practically, it was not feasible. On the descriptive level,
adherence improved since all HCW in this period showed nearly perfect adher-
ence. Nevertheless, this conclusion should be drawn with caution considering
that we might have unconsciously observed more adherent HCW again in the
third period. However, the results speak for a general increase in hand hygiene
due to the COVID-19 pandemic. Secondly, we did not directly assess any speci-
fic changes in self-reported hand hygiene adherence and social-cognitive factors
regarding the COVID-19 pandemic. When we started data acquisition, the
COVID-19 pandemic had not reached Germany. Most of the HCW had already
answered the questionnaire when strict precautions started so we refrained from
adding a direct question regarding perceived changes of HCW’s hand hygiene.
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Further research should aim to account for changes over time within self-reported
data directly. Thirdly, we have a hierarchical data structure which we aimed to
control for by using dummy-coded variables. Using hierarchical linear modelling
might be more accurate for data from multiple hospitals but was not applicable
due to the small number of level-2 units (hospitals). Future studies could aim for
more recruitment sites. Finally, some methodological issues emerged due to prac-
tical and data security requirements. We used behavioural observations to gener-
ate more reliable data on hand hygiene adherence during the beginning of the
COVID-19 pandemic. However, these data cannot be integrated statistically with
the self-reported data since we cannot match participants. We did not assess any
correlation between observed and self-reported data which would be valuable in
further research. Since HCW were often working under time pressure, we needed
to use single-item scales to ensure acceptability. Single-item scales need to be
treated with caution because they might not be appropriate for heterogeneous
constructs and have a lower reliability. For the same reason, we also did not
assess action planning. We assumed that behavioural recommendations for hand
hygiene behaviour were quite specific. We instead focused on coping planning.
However, action planning is an important construct from the HAPA model and
should be considered in the future (Schwarzer et al., 2011). Age needed to be
assessed in categories to ensure anonymity although every categorisation causes
a loss of information. In the analyses regarding self-reported data, we aimed to
control for age which would have been more accurate with a continuous variable.
Since age and profession needed to be added to the analyses as multiple dummy-
coded covariates, the number of predictors increased. Due to this increase and the
small sample size of HCW at the two hospitals, only medium-to-large effect sizes
could be detected. For mediation analyses, the power also depends largely on
effect sizes (Schoemann et al., 2017). Thus, smaller but still important mediation
effects (e.g. for coping planning) might not have been found and need to be re-
examined with a higher and previously planned sample size. In addition, we used
mediation analyses on cross-sectional data which violates model assumptions.
Since longitudinal processes cannot be depicted using data from only one time
point, the behaviour change over time might be more complex than we found in
our cross-sectional model. Behaviour change regarding hand hygiene should be
examined in a longitudinal design and with observed hand hygiene adherence to
ensure validity.

Nevertheless, this study is to our knowledge the first to examine hand hygiene
behaviour in HCW during the COVID-19 pandemic while simultaneously inves-
tigating social-cognitive determinants. We had a theory-based approach in two
sites using self-reported data as well as more objective, unobtrusive observations
so that results can be generalised to other obstetric university hospitals. Our
results indicate that hand hygiene behaviour in two obstetric hospitals improved
in the face of a pandemic threat. At this time, only low-cost interventions were
used such as posters about COVID-19, more sanitiser dispensers, and finally
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issuing operational procedures. Future research should examine the underlying
psychological processes of the increase in adherence to hand hygiene recommen-
dations. As the HAPA model was applicable to this behaviour even during the
pandemic, interventions should make use of the theory and its assumptions to
ensure evidence-based interventions towards patient safety. In particular, (cop-
ing) self-efficacy should be addressed in future interventions. Another interesting
aspect is the effect of gradually terminating COVID-19 regulations issued by
local health authorities. It would be valuable to see whether adherence to hand
hygiene recommendations remains on a high level or if it drops back to its initial
baseline. The pandemic could prove to be a unique chance to improve hand
hygiene in the long term, so research should focus on how to maintain high hand
hygiene adherence after the COVID-19 pandemic. Interventions should be the-
ory-driven, tailored to the individual, and consider intention and coping self-effi-
cacy. Future interventions should also provide resources such as sanitiser
availability and support from superiors as well as organisational culture and psy-
chological barriers relating to coping self-efficacy.

ACKNOWLEDGEMENTS

The authors would like to thank all TeamBaby members, senior consultants and
head midwives at both hospitals for their valuable help with data collection. The
authors appreciate all study participants’ contribution to this study, and Lukas
K€otting and Nellie Siemers for proofreading a previous version of this manuscript.
Open access funding enabled and organized by Projekt DEAL.

REFERENCES

Alshammari, M., Reynolds, K.A., Verhougstraete, M., & O’Rourke, M.K. (2018). Com-
parison of perceived and observed hand hygiene compliance in healthcare workers in
MERS-CoV endemic regions. Healthcare (Basel, Switzerland), 6(4), 122. https://doi.
org/10.3390/healthcare6040122

Asadi, S., Bouvier, N., Wexler, A.S., & Ristenpart, W.D. (2020). The coronavirus pan-
demic and aerosols: Does COVID-19 transmit via expiratory particles? Aerosol
Science and Technology: The Journal of the American Association for Aerosol
Research, 54(6), 635–638. https://doi.org/10.1080/02786826.2020.1749229

Boyce, J.M. (2008). Hand hygiene compliance monitoring: Current perspectives from the
USA. Journal of Hospital Infection, 70, 2–7. https://doi.org/10.1016/S0195-6701(08)
60003-1

Boyce, J.M. (2019). Current issues in hand hygiene. American Journal of Infection
Control, 47S, A46–A52. https://doi.org/10.1016/j.ajic.2019.03.024

Cantrell, D., Shamriz, O., Cohen, M.J., Stern, Z., Block, C., & Brezis, M. (2009). Hand
hygiene compliance by physicians: Marked heterogeneity due to local culture?
American Journal of Infection Control, 37(4), 301–305. https://doi.org/10.1016/j.ajic.
2008.05.001

1302 DERKSEN ET AL.

© 2020 The Authors. Applied Psychology: Health and Well-Being published by John Wiley &
Sons Ltd on behalf of International Association of Applied Psychology

https://doi.org/10.3390/healthcare6040122
https://doi.org/10.3390/healthcare6040122
https://doi.org/10.1080/02786826.2020.1749229
https://doi.org/10.1016/S0195-6701(08)60003-1
https://doi.org/10.1016/S0195-6701(08)60003-1
https://doi.org/10.1016/j.ajic.2019.03.024
https://doi.org/10.1016/j.ajic.2008.05.001
https://doi.org/10.1016/j.ajic.2008.05.001


Cassini, A., Plachouras, D., Eckmanns, T., Abu Sin, M., Blank, H.-P., Ducomble, T., . . .
Suetens, C. (2016). Burden of six healthcare-associated infections on European popu-
lation health: Estimating incidence-based disability-adjusted life years through a popu-
lation prevalence-based modelling study. PLoS Medicine, 13(10), e1002150. https://d
oi.org/10.1371/journal.pmed.1002150

Contzen, N., de Pasquale, S., & Mosler, H.-J. (2015). Over-reporting in handwashing
self-reports: Potential explanatory factors and alternative measurements. PLoS One, 10
(8), e0136445. https://doi.org/10.1371/journal.pone.0136445

Contzen, N., Meili, I.H., & Mosler, H.-J. (2015). Changing handwashing behaviour in
southern Ethiopia: A longitudinal study on infrastructural and commitment interven-
tions. Social Science & Medicine, 1982(124), 103–114. https://doi.org/10.1016/j.socsc
imed.2014.11.006

Diefenbacher, S., Pfattheicher, S., & Keller, J. (2020). On the role of habit in self-reported
and observed hand hygiene behavior. Applied Psychology: Health and Well-Being, 12
(1), 125–143. https://doi.org/10.1111/aphw.12176

Fo�a, C., Tura, G.A., Camelli, C., Silingardi, R., Malavolti, M., Kuenzer, E., . . . Sarli, L.
(2017). Hand hygiene in health care settings: The citizens’ point of view. Acta Bio-
Medica: Atenei Parmensis, 88(1S), 40–53. https://doi.org/10.23750/abm.v88i1-S.6283

Harper, C.A., Satchell, L.P., Fido, D., & Latzman, R.D. (2020). Functional fear predicts
public health compliance in the COVID-19 pandemic. International Journal of Mental
Health and Addiction, 1–14. https://doi.org/10.1007/s11469-020-00281-5

Hayes, A.F. (2012). PROCESS: A versatile computational tool for observed variable
mediation, moderation, and conditional process modeling [White paper]. Retrieved
from: http://www.afhayes.com/public/process2012.pdf

Houghton, C., Meskell, P., Delaney, H., Smalle, M., Glenton, C., Booth, A., . . . Biesty,
L.M. (2020). Barriers and facilitators to healthcare workers’ adherence with infection
prevention and control (IPC) guidelines for respiratory infectious diseases: A rapid
qualitative evidence synthesis. Cochrane Database of Systematic Reviews, 4,
CD013582. https://doi.org/10.1002/14651858.CD013582

Israel, S., Harpaz, K., Radvogin, E., Schwartz, C., Gross, I., Mazeh, H., . . . Benenson, S.
(in press). Dramatically improved hand hygiene performance rates at time of coron-
avirus pandemic. Clinical Microbiology and Infection: The Official Publication of the
European Society of Clinical Microbiology and Infectious Diseases. Advance online
publication. https://doi.org/10.1016/j.cmi.2020.06.002

Jenner, E.A., Fletcher, B.C., Watson, P., Jones, F.A., Miller, L., & Scott, G.M. (2006).
Discrepancy between self-reported and observed hand hygiene behaviour in healthcare
professionals. Journal of Hospital Infection, 63(4), 418–422. https://doi.org/10.1016/j.
jhin.2006.03.012

Lhakhang, P., Lippke, S., Knoll, N., & Schwarzer, R. (2015). Evaluating brief motiva-
tional and self-regulatory hand hygiene interventions: A cross-over longitudinal
design. BMC Public Health, 15, 79. https://doi.org/10.1186/s12889-015-1453-7

Lippke, S., Schwarzer, R., Ziegelmann, J.P., Scholz, U., & Sch€uz, B. (2010). Testing
stage-specific effects of a stage-matched intervention: A randomized controlled trial
targeting physical exercise and its predictors. Health Education & Behavior: The
Official Publication of the Society for Public Health Education, 37(4), 533–546.
https://doi.org/10.1177/1090198109359386

HAND HYGIENE IN OBSTETRICS DURING COVID-19 1303

© 2020 The Authors. Applied Psychology: Health and Well-Being published by John Wiley &
Sons Ltd on behalf of International Association of Applied Psychology

https://doi.org/10.1371/journal.pmed.1002150
https://doi.org/10.1371/journal.pmed.1002150
https://doi.org/10.1371/journal.pone.0136445
https://doi.org/10.1016/j.socscimed.2014.11.006
https://doi.org/10.1016/j.socscimed.2014.11.006
https://doi.org/10.1111/aphw.12176
https://doi.org/10.23750/abm.v88i1-S.6283
https://doi.org/10.1007/s11469-020-00281-5
http://www.afhayes.com/public/process2012.pdf
https://doi.org/10.1002/14651858.CD013582
https://doi.org/10.1016/j.cmi.2020.06.002
https://doi.org/10.1016/j.jhin.2006.03.012
https://doi.org/10.1016/j.jhin.2006.03.012
https://doi.org/10.1186/s12889-015-1453-7
https://doi.org/10.1177/1090198109359386


Masroor, N., Doll, M., Stevens, M., & Bearman, G. (2017). Approaches to hand hygiene
monitoring: From low to high technology approaches. International Journal of
Infectious Diseases: IJID: Official Publication of the International Society for
Infectious Diseases, 65, 101–104. https://doi.org/10.1016/j.ijid.2017.09.031

Pessoa-Silva, C.L., Posfay-Barbe, K., Pfister, R., Touveneau, S., Perneger, T.V., & Pittet,
D. (2005). Attitudes and perceptions toward hand hygiene among healthcare workers
caring for critically ill neonates. Infection Control and Hospital Epidemiology, 26(3),
305–311. https://doi.org/10.1086/502544

Pittet, D., Boyce, J.M., & Allegranzi, B. (Eds.) (2017). Hand hygiene: A handbook for
medical professionals. Hoboken, NJ: John Wiley & Sons.

Porst, R., Lenzner, T., & Neuert, C. (2012). Psygiene (H€andedesinfektion im beruflichen
Alltag): Kognitiver Pretest: (GESIS-Projektbericht, 2012/03). GESIS – Pretest Lab.
https://doi.org/10.17173/pretest34

Reichardt, C., Bunte-Sch€onberger, K., Behnke, M., Clausmeyer, J.-O., & Gastmeier, P.
(2014). Krankenhaushygiene - Wo stehen wir im 6. Jahr der "Aktion Saubere H€ande"?
[Hospital hygiene: Where are we in the sixth year of "Operation Clean Hands"?].
Anasthesiologie, Intensivmedizin, Notfallmedizin, Schmerztherapie: AINS, 49(1), 30–
34. https://doi.org/10.1055/s-0033-1363910

Reichardt, C., Eberlein-Gonska, M., Schrappe, M., & Gastmeier, P. (2008). Kranken-
haushygiene–"AKTION Saubere H€ande": Keine Chance den Krankenhausinfektionen!
[Clean hands campaign: No chance for healthcare associated infections].
Anasthesiologie, Intensivmedizin, Notfallmedizin, Schmerztherapie: AINS, 43(10),
678–679. https://doi.org/10.1055/s-0028-1102985

Reyes Fern�andez, B., Knoll, N., Hamilton, K., & Schwarzer, R. (2016). Social-cognitive
antecedents of hand washing: Action control bridges the planning–behaviour gap.
Psychology & Health, 31(8), 993–1004. https://doi.org/10.1080/08870446.2016.1174236

Sadule-Rios, N., & Aguilera, G. (2017). Nurses’ perceptions of reasons for persistent low
rates in hand hygiene compliance. Intensive & Critical Care Nursing, 42, 17–21.
https://doi.org/10.1016/j.iccn.2017.02.005

Santosaningsih, D., Erikawati, D., Santoso, S., Noorhamdani, N., Ratridewi, I., Can-
dradikusuma, D., . . . Severin, J.A. (2017). Intervening with healthcare workers’ hand
hygiene compliance, knowledge, and perception in a limited-resource hospital in
Indonesia: A randomized controlled trial study. Antimicrobial Resistance and Infection
Control, 6, 23. https://doi.org/10.1186/s13756-017-0179-y

Sax, H., Allegranzi, B., & Pittet, D. (2017). My five moments for hand hygiene. In D. Pit-
tet, J.M. Boyce, & B. Allegranzi (Eds.), Hand hygiene: A handbook for medical
professionals (pp. 134–143). Hoboken, NJ: John Wiley & Sons.

Schoemann, A.M., Boulton, A.J., & Short, S.D. (2017). Determining power and sample
size for simple and complex mediation models. Social Psychological and Personality
Science, 8(4), 379–386. https://doi.org/10.1177/1948550617715068

Schwarzer, R. (2008). Modeling health behavior change: How to predict and modify the
adoption and maintenance of health behaviors. Applied Psychology: An International
Review, 57(1), 1–29. https://doi.org/10.1111/j.1464-0597.2007.00325.x

Schwarzer, R., Lippke, S., & Luszczynska, A. (2011). Mechanisms of health behavior change
in persons with chronic illness or disability: The Health Action Process Approach
(HAPA). Rehabilitation Psychology, 56(3), 161–170. https://doi.org/10.1037/a0024509

1304 DERKSEN ET AL.

© 2020 The Authors. Applied Psychology: Health and Well-Being published by John Wiley &
Sons Ltd on behalf of International Association of Applied Psychology

https://doi.org/10.1016/j.ijid.2017.09.031
https://doi.org/10.1086/502544
https://doi.org/10.17173/pretest34
https://doi.org/10.1055/s-0033-1363910
https://doi.org/10.1055/s-0028-1102985
https://doi.org/10.1080/08870446.2016.1174236
https://doi.org/10.1016/j.iccn.2017.02.005
https://doi.org/10.1186/s13756-017-0179-y
https://doi.org/10.1177/1948550617715068
https://doi.org/10.1111/j.1464-0597.2007.00325.x
https://doi.org/10.1037/a0024509


Sickbert-Bennett, E.E., DiBiase, L.M., Willis, T.M.S., Wolak, E.S., Weber, D.J., &
Rutala, W.A. (2016). Reduction of Healthcare-Associated Infections by exceeding
high compliance with hand hygiene practices. Emerging Infectious Diseases, 22(9),
1628–1630. https://doi.org/10.3201/eid2209.151440

Smiddy, M.P., O’Connell, R., & Creedon, S.A. (2015). Systematic qualitative literature
review of health care workers’ compliance with hand hygiene guidelines. American
Journal of Infection Control, 43(3), 269–274. https://doi.org/10.1016/j.ajic.2014.11.
007

Sniehotta, F.F., Scholz, U., & Schwarzer, R. (2005). Bridging the intention–behaviour
gap: Planning, self-efficacy, and action control in the adoption and maintenance of
physical exercise. Psychology & Health, 20(2), 143–160. https://doi.org/10.1080/
08870440512331317670

Srigley, J.A., Corace, K., Hargadon, D.P., Yu, D., MacDonald, T., Fabrigar, L., & Garber,
G. (2015). Applying psychological frameworks of behaviour change to improve
healthcare worker hand hygiene: A systematic review. Journal of Hospital Infection,
91(3), 202–210. https://doi.org/10.1016/j.jhin.2015.06.019

Suen, L.K.P., So, Z.Y.Y., Yeung, S.K.W., Lo, K.Y.K., & Lam, S.C. (2019). Epidemio-
logical investigation on hand hygiene knowledge and behaviour: A cross-sectional
study on gender disparity. BMC Public Health, 19(1), 401. https://doi.org/10.1186/
s12889-019-6705-5

von Lengerke, T., Ebadi, E., Schock, B., Krauth, C., Lange, K., Stahmeyer, J.T., & Cha-
berny, I.F. (2019). Impact of psychologically tailored hand hygiene interventions on
nosocomial infections with multidrug-resistant organisms: Results of the cluster-ran-
domized controlled trial PSYGIENE. Antimicrobial Resistance and Infection Control,
8, 56. https://doi.org/10.1186/s13756-019-0507-5

von Lengerke, T., Lutze, B., Krauth, C., Lange, K., Theodor Stahmeyer, J., & Freya Cha-
berny, I. (2017). Promoting hand hygiene compliance: Psygiene—A cluster-random-
ized controlled trial of tailored interventions. Deutsches €Arzteblatt International, 114
(3), 29–36. https://doi.org/10.3238/arztebl.2017.0029

WHO (2020). Rational use of personal protective equipment for coronavirus disease
2019 (COVID-19): Interim guidance, 27 February 2020 (No. WHO/2019-nCov/
IPCPPE_use/2020.1). World Health Organization. WHO reference number: WHO/
2019-nCov/IPC PPE_use/2020.1.

WHO Patient Safety Alliance (2009). WHO guidelines on hand hygiene in health care:
First global patient safety challenge: Clean care is safer care, Geneva, Switzerland:
World Health Organization.

SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Infor-
mation section at the end of the article.

Table S1. Overview over data collection.
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