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Abstract Background: Hand hygiene with ABHR is more effective, time-saving and skin-
friendly than traditional handwashing. However, alcohol-based hand rub (ABHR) use can be
an obstacle for specific religions. The study aimed to test the effect of a modified hand hygiene
program featuring religion-relevant, culturally-specific interventions on compliance and be-
liefs about ABHR use.
Methods: A cohort study design was employed between August and November 2017 at a large
tertiary hospital in the United Arab Emirates. Hand hygiene audit data and a cross-sectional
survey were used to measure the impact of the modified hand hygiene program on compliance
with, and beliefs about, ABHR use.
Results: The intervention group had higher mean compliance with overt (p Z 0.002) and
covert (p Z 0.04) ABHR use post-intervention, and higher mean compliance with overt ABHR
use (p Z 0.002) than the control group. The intervention group had more positive religious
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beliefs (p Z 0.01) about ABHR use than the control group.
Conclusion: Implementing a hand hygiene program featuring tailored religion-relevant inter-
ventions in a culturally appropriate way had a positive effect on compliance with, and beliefs
about, ABHR use.
ª 2019 Australasian College for Infection Prevention and Control. Published by Elsevier B.V. All
rights reserved.

Highlights

� Religion-relevant, culturally-specific interventions had a significant positive effect on
compliance with ABHR use.

� Religion-relevant, culturally-specific interventions had a significant positive effect on be-
liefs about ABHR use.

� Strategies to promote compliance and beliefs should include religion-relevant, culturally-
specific interventions.
Introduction

Healthcare-associated infections (HAIs) are a leading global
preventable threat to safe healthcare [1]. Hand hygiene
with alcohol-based hand rub (ABHR) significantly reduces
the transmission of infection [2], and is more effective,
time-saving and skin-friendly than traditional handwashing
[3]. However, hand hygiene with ABHR can be problematic
for specific religions such as Sikhism, Hinduism and Islamism
given that the consumption of alcohol is prohibited [4,5].
This prohibition of consumption is widely considered to also
apply to general use due to fears of absorption via the skin,
making the adoption of best-practise recommendations for
use of alcohol-based solutions difficult [4,5].

Personal cleanliness is important in Islamic worship [6].
The Qur’an mandates personal hygiene including hand hy-
giene [7]. Although the 2002 Muslim World League deter-
mined that the Qur’an permits the use of medicinal agents
containing alcohol in any percentage to alleviate illness or
contribute to better health if there is no feasible substitute
[8], some Muslim HCWs are not willing to use alcohol-based
solutions due to religious concerns [4]. For example, a 2017
Iranian study demonstrated that 24.6% of nurses were
concerned about respiratory inhalation of alcohol during
ABHR use and 22.7% reported that possible alcohol ab-
sorption through the skin would be a problem, although a
majority were not concerned about either inhalation or
absorption presenting a possible religious conflict [9].

The hand hygiene program in one tertiary hospital in the
United Arab Emirates (UAE) improved hand hygiene
compliance between 2011 and 2015, but this was not sus-
tained at its highest level [10,11]. A previous mixed-
methods study in this setting demonstrated that religious
and cultural beliefs influence self-reported alcohol-based
hand rubbing behaviour [11]. Thus, the existing program
was modified to integrate religion-relevant, culturally-
specific interventions, where local Islamic scholars (Imams)
were invited to provide advice to Muslim healthcare
workers and support the religious interventions. The study
aims were to examine the effect of this modified hand
hygiene program on: 1) HCWs’ compliance with ABHR use,
and 2) religious beliefs in relation to ABHR use. The specific
research questions were:

1. What effect did a modified hand hygiene program
featuring religion-relevant, culturally-specific in-
terventions have on HCWs’ compliance with ABHR use?

2. What effect did amodified handhygieneprogram featuring
religion-relevant, culturally-specific interventions have on
HCWs’ religious beliefs about ABHR use?

Methods

Setting and study design

A cohort study design was used to examine the effect of a
modified hand hygiene program featuring religion-relevant
culturally-specific interventions on HCWs’ compliance with,
and religious beliefs about, ABHR use at a tertiary health-
care facility in Abu Dhabi, UAE. The modified program was
delivered to two intervention wards and the existing pro-
gram to two control wards between August and November
2017. The study was conducted in 2 parts. The first involved
collection of overt and covert hand hygiene audit data to
determine how the modified program influenced HCWs’
compliance with ABHR use, which was calculated as the
number of individuals with observed compliance with any of
the World Health Organization (WHO) Five Moments [5]
divided by number of observed opportunities for ABHR use
where the WHO Five Moments apply. The audits were
conducted across all types of shifts, i.e. day, afternoon and
night. Subsequently, a cross-sectional survey was conduct-
ed to determine how the modified program influenced
religious beliefs about ABHR use amongst HCWs.

Participants

Four surgical wards (Ward A e adult trauma, Ward B e adult
neurosurgical, Ward C e adult female, and Ward D e adult
male) that shared similar characteristics (Table 1), were
chosen as intervention and control groups. The availability



Table 1 Comparative statistics of intervention and control groups.

Ward Bed # Occupancy No. of
Healthcare
Workers

Mean overt alcohol-based
hand rubbing compliance
over previous 12 months
(August 2016eJuly 2017)

Mean covert alcohol-based
hand rubbing compliance
over previous 12 months
(August 2016eJuly 2017)

A 23 91.3% 54 83.58% 64.86%
B 22 90.9% 56 82.67% 63.16%
C 23 91.3% 54 83.66% 65.79%
D 24 91.7% 55 83.66% 64.86%
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and placement of ABHR in all four wards was consistent.
Since these wards shared similar characteristics, they were
not randomly assigned. Intervention wards A and B received
the 12-element modified hand hygiene program (Table 2),
while control wards C and D received the original eight
element hand hygiene program (Table 3).

Monitoring of compliance with ABHR use within and
between groups

Data collection
In both hand hygiene programs, the original and the
modified, a monthly overt audit of hand hygiene opportu-
nities was performed on HCWs by infection preventionists
and link practitioners, and a quarterly covert audit of hand
hygiene opportunities was performed by covert auditors.
The link practitioners and covert auditors were trained for
the observational audit by the infection preventionists, and
competency was assessed prior to data collection. The
covert auditors were regular HCWs visiting the units for
other tasks (e.g., case managers, medical residents) who
were conducting the audit at the same time. The auditors
were rotated around the wards. An audit tool and clear
definitions (supplementary file 1) were provided to increase
interrater reliability. The percentage overt and covert
alcohol-based hand rubbing compliance of the intervention
and control groups from August 2016eJuly 2017 (12 months)
was used as baseline data; post intervention comparison
data were collected over six months for both groups be-
tween December 2017 and May 2018.

Sample size. All personnel working in the intervention and
control wardsd118 nurses, 62 medical staff and 39 allied
health staff (Hospital Human Resources, 2017, pers.
comm.)dwere included in the audits (Table 1).

Data analysis
Frequencies and percentages were calculated for the audit
data. Due to different shifts and staff attrition there was a
mix of previously captured and never captured staff in the
pre and post intervention periods. Pre and post data were
therefore analysed as independent samples within and be-
tween groups. A Z-Test was conducted using the EpiTools
epidemiological calculator [12] to compare the mean overt
and covert compliance with ABHR use between two inde-
pendent samples (i.e., pre and post intervention periods;
intervention and control groups), as proposed by Field [13].
All tests were two-tailed. The alpha level for statistical sig-
nificance was set at 0.05. Higher mean compliance reflected
better compliance with ABHR use. Preliminary assumption
testing was not required for the Z-Test as the data are cat-
egorical (i.e., hand hygiene counts/percentage).

Evaluation of religious beliefs between
intervention and control groups

Data collection
Instrument. The survey (supplementary file 2) utilised the
previously piloted and validated ‘Hand Hygiene Behaviour
Determinants Questionnaire [11], which contained three
sections: respondents’ demographics; a five-item Religious
Beliefs Scale, and a four-item cultural factors scale on a
7-point Likert scale ranging from 1 (Strongly disagree) to
7 (Strongly agree); and the 13 item Marlowe-Crowne
Social Desirability Scale (MCSDS) short form C [14]. Two
infection prevention and control experts confirmed the
content validity of the survey, while reliability and face
validity were determined via inter-item correlations and
pilot testing. The demographic section examined
respondents’ age, gender, profession, and religion.
Respondents were asked if they participated in the
modified hand hygiene program to differentiate between
groups. The Religious Beliefs Scale and Cultural Factors
Scale measured the extent to which participants agreed
that the ABHR use was supported by their religion and
culture, respectively. The likelihood of socially desirable
responding (SDR) is based on the social value placed on
scale items [15]. For instance, those that referred to
religious beliefs were probably susceptible to SDR because
of social expectations that participants might want to
comply with. Thus, participants’ responses were more
likely to be influenced by SDR when they were being
asked to self-report on socially sensitive topics [16] such
as religious beliefs. Hence, the MCSDS was used to
determine, and provide the opportunity to control for,
respondents’ tendency to present themselves in a
‘socially desirable’ way [14].

Sample size. Assuming a 5% margin of error, a 95% confi-
dence level, and a 50% response distribution, the minimum
recommended sample size was 91, 54, and 36 for nursing,
medical and allied health staff, respectively [17]. The
number of respondents were 114, 57, and 28. The
minimum recommended total sample size was 181, and 199
staff responded reducing the margin of error (2.10%) [17].

Survey administration. The anonymous electronic survey,
which took w10 min to complete, was distributed to



Table 2 Modified hand hygiene program element and variables.

Element Description

1 Integration of facts about alcohol-based hand rub in
revised hand hygiene policy (Revised)

The existing hand hygiene policy was revised to incorporate
the following facts about alcohol-based hand rub:

� No objection is raised to the use of alcohol-based
products for hand hygiene, from any religious or cultural
perspectives. All religions and cultures permit the use of
medicines that contain alcohol in any percentage that
may be necessary for manufacturing if it cannot be
substituted (Muslim World League, 2002; World Health
Organization, 2009); and

� Published studies to date have shown that after using
alcohol-based handrubs, alcohol levels found in the blood
are insignificant (ethanol) or undetectable (iso-propyl)
(World Health Organization, 2009).

The revised hand hygiene policy was approved by the
infection prevention and control committee and only
shared with the intervention group through email. The
intervention group were alerted to, and educated about,
the alcohol-based hand rub facts in the revised policy by
the student researcher twice a week and the unit
managers of the intervention group daily during the
intervention period (August till November 2017).

2 Integration of facts about alcohol-based hand rub on hand
scanner during in-house hand hygiene education sessions
(Revised)

This element was modified by posting signage on the hand
scanner and adding the new facts into the standard
operating procedures for hand scanning. The signage and
standard operating procedures were shared during the in-
house hand hygiene education sessions held monthly during
the intervention period. The intervention group was
instructed to read the facts on the poster and raise any
concerns in the presence of the student researcher.

3 Integration of religious elements into hand hygiene
education workshop (Revised)

This element integrated two alcohol-based hand rub facts
(as delineated in element 1) into a hand hygiene education
workshop held for the intervention group in August 2017.

4 Hand hygiene direct observation audit Implementation
(overt)

A monthly hand hygiene audit of hand hygiene opportunities
was performed on healthcare workers and visitors by
infection preventionists and infection prevention and
control link practitioners. An audit tool and clear definitions
(supplementary material 1) were provided to the observers
to increase interrater reliability, so that different data
collectors interpreted hand hygiene events in the same
way.

5 Hand hygiene direct observation audit implementation
(covert)

The quarterly covert audit of hand hygiene opportunities
was performed on healthcare workers and visitors by covert
auditors. Data collectors were provided with an audit tool
and clear definitions (supplementary material 1) of what
constitutes hand hygiene to ensure that different data
collectors interpreted hand hygiene events in the same way
to increase interrater reliability.

6 Integration of facts about alcohol-based hand rub during
performance feedback to healthcare worker of concern
(Revised)

The alcohol-based hand rub facts (as delineated in element
1) were reinforced by the trained hand hygiene auditors
when providing performance feedback on hand hygiene to
healthcare workers of concern.

7 Consistent hand hygiene performance feedback to
department of concern

This element provided performance feedback on
departmental hand hygiene compliance status to unit or
department managers immediately after the overt audit.
The feedback was also shared with department chiefs and
chairs, the senior management team, the infection
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Table 2 (continued )

Element Description

prevention and control committee, and at the infection
prevention and control link practitioner meeting and daily
and monthly safety huddles.

8 Posting of alcohol-based hand rub facts on alcohol-based
hand rub hand hygiene agents (Revised)

The alcohol-based hand rub facts were posted on the
alcohol-based hand rub dispensers in the intervention units.

9 Educate hand hygiene auditors on facts about alcohol-
based hand rub (New)

The hand hygiene auditors in the intervention units were
educated and assessed for competency about the alcohol-
based hand rub facts.

10 Integration of alcohol-based hand rub facts in unit specific
infection prevention and control audit (New)

The facts about alcohol-based hand rub described above
were added into the hand hygiene section of the audit tool
and intervention group was tested whether they know about
the alcohol-based hand rub facts during the audits.

11 Academic Islamic scholars to highlight alcohol-based hand
rubbing (New)

The academic Islamic scholars were guided to understand
the scientific evidence underlying the recommendation to
use alcohol-based hand rub; Islamic scholars were invited
twice to the intervention units to promote hand hygiene and
highlight the facts about alcohol-based hand rub in
September 2017. The participants were allowed to openly
raise religious concerns regarding the use of ABHR in the
presence of the Islamic scholars. To ensure coverage, all
healthcare workers in the intervention wards (Table 1) were
required to complete the attendance sheet after attending
the session.

12 Alcohol-based hand rub facts on various changeable visual
reminders (New)

The facts about alcohol-based hand rub were displayed as
screensavers on electronic notice boards and computers/
laptops in the intervention units.
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eligible participants in December via an email containing a
web link and information sheet. Reminders were sent
weekly. Data collection was finalised a month after survey
initiation.

Data analysis
IBM SPSS Statistics Version 25 was used for statistical ana-
lyses. Scale mean total scores and standard deviation were
calculated. Higher mean scores on the religious beliefs and
cultural factors scales reflected greater religious and cul-
tural acceptance of ABHR, respectively. Higher scores on
the MCSD reflected socially desirable responding [18].

Reliability indices. Scale mean inter-item correlation was
calculated and a threshold of 0.20 was used to determine
internal consistency. The internal consistency [19] was
satisfactory; the mean inter-item correlation value of the
religious beliefs scale was 0.29. The alpha coefficient (K-R
20) of the MCSD Scale was much lower (0.31) than that in
Reynold [14] study (0.76), possibly due to the smaller
sample.

Inferential statistics. The General Linear Model (GLM)
was used to investigate relationships between a dependent
variable (DV) and independent variables (IVs). Model 1: The
dependent variable was religious beliefs, and demographic
variables (age, gender, profession and religion), cultural
factors, group (intervention/control) and MCSD score were
the IVs. Model 2: MCSD score was the DV and religious be-
liefs, demographic variables (age, gender, profession and
religion), cultural factors, and group (intervention/control)
were the IVs. All tests were two-tailed. The alpha level was
set as 0.05. Richardson [20] guidelines were used to
interpret effect size: 0.01 Z small; 0.06 Z moderate;
0.14 Z large. A Bonferroni Adjustment was not made as
analyses were pre-planned. However, the potential for
Type I error is acknowledged. Assumption testing was
performed for homogeneity of variance, normality,
linearity and multicollinearity [13]. After inspection of
normal Q-Q plots, plots of the residuals against the
expected values, histograms of the residuals, the
multicollinearity VIF and Tolerance statistics and the
distribution of error variance, the assumptions were
deemed plausible.
Results

Hand hygiene compliance

A within groups comparison (pre and post intervention),
found that the mean compliance in overt alcohol-based
hand rubbing (p Z 0.002) and covert alcohol-based hand
rubbing audits (p Z 0.04) was significantly higher in the
intervention group, following the intervention (Table 4).
Mean overt and covert alcohol-based hand rubbing
compliance did not differ significantly in the control group
over the same period (Table 4).

A between groups comparison found that the mean overt
alcohol-based hand rubbing compliance (p Z 0.002) was



Table 3 Original hand hygiene program elements and variables.

Element Description

1 Hand hygiene policy implementation and compliance The hand hygiene policy provided guidelines outlining the
indications and technique for proper hand hygiene to HCWs on an
ongoing basis. New healthcare workers were introduced to the
hand hygiene policy during induction. The hand hygiene policy was
accessible in the policy manager system where all policies were
stored. Once the healthcare worker had read the policy,
compliance was captured by the policy manager system.

2 The use of ultraviolet hand scanner with glow germ
solution during hand hygiene education sessions

The in-house hand hygiene education sessions provided education
on the importance of hand hygiene practise and reinforced hand
hygiene indications and technique to patients, healthcare workers
and visitors. It was carried out biannually. The healthcare
workers, patients and visitors signed to indicate their attendance
during the education sessions, to capture the number of
attendees. Hand hygiene education was conducted by infection
preventionists based on the World Health Organization Five
Moments for Hand Hygiene. Hand scanning was performed and an
evaluation was provided to the attendees for feedback. The
proper hand hygiene technique was also demonstrated during the
education sessions.

3 Hand hygiene education workshop The annual hand hygiene workshop educated healthcare workers
on the importance of hand hygiene practise and reinforced hand
hygiene indications and technique. The hand hygiene session using
the hand scanner was one of the agenda items of the infection
prevention and control workshop. A post-test was administered to
determine participants’ knowledge of the World Health
Organization Five Moments for Hand Hygiene.

4 Hand hygiene direct observation audit Implementation
(overt)

A monthly hand hygiene audit of hand hygiene opportunities was
performed on healthcare workers and visitors by infection
preventionists and infection prevention and control link
practitioners. An audit tool and clear definitions (supplementary
material one) were provided to the observers to increase
interrater reliability, so that different data collectors interpreted
hand hygiene events in the same way.

5 Hand hygiene direct observation audit implementation
(covert)

The quarterly covert audit of hand hygiene opportunities was
performed on healthcare workers and visitors by covert auditors.
Data collectors were provided with an audit tool and clear
definitions (supplementary material 1) of what constitutes hand
hygiene to ensure that different data collectors interpreted hand
hygiene events in the same way to increase interrater reliability.

6 Consistent hand hygiene performance feedback to
healthcare workers of concern

This element provided prompt feedback on hand hygiene non-
compliance to healthcare workers who were found to be non-
compliant immediately after the observation when non-
compliance with hand hygiene was observed.

7 Consistent hand hygiene performance feedback to
department of concern

This element provided performance feedback on departmental
hand hygiene compliance status to unit or department managers
immediately after the overt audit. The feedback was also shared
with department chiefs and chairs, the senior management team,
the infection prevention and control committee, and at the
infection prevention and control link practitioner meeting and
daily and monthly safety huddles.

8 Provision of easily accessible and safe hand hygiene
agents (i.e., hand soap; alcohol-based hand solution)

The facility consistently provided hand hygiene agents that were
accessible and safe for the skin for patients, healthcare workers
and visitors to use. Hand soaps were only accessible in the toilets
of all patient rooms, except for the isolation unit where hand
soaps were available in all anterooms. Alcohol-based hand rub
facilities were available inside and outside all patient rooms.

120 W.K. Ng et al.



Table 4 Alcohol-based hand rubbing mean compliance within groups (overt and covert).

Variable (within
group)

Pre-intervention
% (95% CI)
(n Z 403)

Post-
intervention
% (95% CI)
(n Z 224)

Difference
% (95% CI)

Variable
(between
groups)

Pre-
intervention
% (95% CI)
(n Z 404)

Post-
intervention
% (95% CI)
(n Z 202)

Difference
% (95% CI)

Alcohol-based hand
rubbing overt
(intervention
group)

(n Z 627)

83 (79.3e86.7) 92 (88.5e95.6) 9
(3.4e14.6)**

Alcohol-based
hand rubbing
overt (control
group)
(n Z 606)

84
(80.4e87.6)

82 (76.7e87.3) 2 (�4.3e8.3)

Pre-intervention
% (95% CI)
(n Z 75)

Post-
intervention
% (95% CI)
(n Z 45)

Difference
% (95% CI)

Intervention
% (95% CI)
(n Z 75)

Control
% (95% CI)
(n Z 39)

Difference
% (95% CI)

Alcohol-based hand
rubbing covert
(intervention
group)

(n Z 120)

64 (53.1e74.9) 82 (70.8e93.2) 18
(1.2e34.8)*

Alcohol-based
hand
rubbing covert
(control group)
(n Z 114)

65
(54.2e75.8)

64 (48.9e79.1) 1
(e17.5e19.5)

**p < 0.01; *p Z < 0.05
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significantly higher in the intervention group than the
control group (Table 5). Mean covert alcohol-based hand
rubbing compliance did not differ significantly (Table 5).
Cross sectional survey

Sample demographics
Of 219 eligible participants, 199 (90.9%) responded: 114
nurses (57.3%), 57 medical staff (28.6%) and 28 allied
health staff (14.1%). Respondents’ mean age (years) was
37.45 (SD Z 7.86), and 65.8% were female, while 58% were
non-Muslim and 42% were Muslim. The intervention and
control groups contained 100 (50.3%) and 99 participants
(49.7%), respectively. The intervention group included 50
nurses, 35 medical staff and 15 allied health staff. The
control group included 64 nurses, 22 medical staff and 13
allied health staff.

Religious beliefs
Group (intervention/control) was statistically significantly
associated with religious beliefs (Table 6). After controlling
for age, gender, religion, profession, cultural factors and
Table 5 Alcohol-based hand rubbing mean compliance betwee

Variable (between
groups)

Intervention
% (95% CI)
(n Z 224)

Control
% (95% CI)
(n Z 202)

Difference
% (95% CI)

Alcohol-based hand
rubbing overt
(post-intervention)

(n Z 426)

92
(88.5e95.6)

82
(76.7e87.3)

10
(3.7e16.3)**

**p < 0.01
MCSD score, the intervention group had a significantly
(7.5%) higher religious beliefs score than the control group,
although the effect size was small.
Discussion

The purpose of this study was to examine the extent to
which religion-relevant culturally-specific interventions
influenced HCWs’ hand hygiene beliefs about, and compli-
ance with, ABHR use. This study, which is the first of its
kind, found that religion-relevant, culturally-specific in-
terventions in a modified hand hygiene program signifi-
cantly enhanced participants’ overall compliance with, and
beliefs about, ABHR use, in one setting in the UAE, which is
similar with several studies [4,5,9,21]. Specifically, reli-
gious beliefs about ABHR use were significantly more posi-
tive in the intervention group than the control group
following the intervention. Additionally, overt and covert
hand hygiene compliance with ABHR use increased signifi-
cantly in the post intervention period compared to the pre-
intervention period in the intervention group while
remaining unchanged in the control group. Overt hand
n groups (overt and covert).

Variable
(between groups)

Intervention
% (95% CI)
(n Z 45)

Control
% (95% CI)
(n Z 39)

Difference
% (95% CI)

Alcohol-based
hand rubbing
covert (post-
intervention)
(n Z 84)

82
(70.8e93.2)

64
(48.9e79.1)

18
(e0.8e36.9)



Table 6 Coefficients for religious beliefs and Marlowe-Crowne Social Desirability.

Parameter B Sig. 95% Confidence Interval B coefficient Partial Eta Squared

Lower Bound Upper Bound

Model 1: Coefficients for religious beliefs

Marlowe Crowne Social Desirability .566 <.001 .366 .767 .142 (L)
Cultural Factors .455 <.001 .355 .555 .301 (L)
Group: Intervention versus Control 1.075 .010 .257 1.893 .035 (S)
Profession: Doctors versus Nurses 1.330 .041 .057 2.603 .022 (S)
Profession: Allied Health versus Nurses .236 .739 �1.159 1.631 .001 (S)
Age .032 .312 �.030 .094 .005 (S)
Gender: Male versus Female �.628 .173 �1.533 .277 .010 (S)
Religion: Muslim versus non-Muslim �.050 .911 �.927 .828 .000 (S)
Model 2: Coefficients for Marlowe-Crowne Social Desirability

Religious Beliefs 1.000 <.001 .646 1.355 .142 (L)
Cultural Factors �.563 <.001 �.870 �.256 .065 (M)
Group: Intervention versus Control �.852 .002 �1.391 �.313 .049 (S)
Profession: Doctors versus Nurses �.288 .541 �1.214 .639 .002 (S)
Profession: Allied Health versus Nurses �.859 .047 �1.706 �.013 .021 (S)
Age �.001 .956 �.043

�.691
.040 <.001 (S)

Gender: Male versus Female �.087 .777 .518 <.001 (S)
Religion: Muslim versus non-Muslim �.616 .036 �1.193 �.040 .023 (S)
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hygiene compliance with ABHR use in the intervention
group was also higher post intervention than in the control
group, although changes to mean covert ABHR compliance
were not statistically significant between groups, possibly
because the sample size was underpowered to detect small
differences in compliance [13] or true mean compliance
was overestimated due to the Hawthorne Effect [22].

A research conducted in Saudi Arabia demonstrated that
religious beliefs could influence HCWs’ observed hand hy-
giene behaviour, while another conducted in Iran found
that religious beliefs could influence self-reported HCWs’
hand hygiene behaviour [4,9]. However, there was no
published research beyond this in related jurisdictions.
Additionally, to date there have been no published studies
that have attempted to influence observed hand hygiene
compliance with ABHR use through a hand hygiene program
that includes interventions to address religious beliefs
about ABHR, and no published research evaluating the ef-
fects on beliefs and observed behaviour.

Moreover, religious beliefs can influence community
culture [23]. As culture influences hand hygiene behaviour
[24], the diverse cultural backgrounds of HCWs should be
considered when introducing new interventions. Thus,
implementing a hand hygiene program featuring religious
interventions in a culturally appropriate manner is a crucial
aspect of maximizing compliance [25], particularly in a
setting where there are potentially widespread strong
religious beliefs that may proscribe the use of ABHR.

This study had several limitations. The results may not be
representative of population hand hygiene compliance [26]
due to the nature of overt and covert observation in
quasi-experimental studies and the smaller number of ob-
servations in the covert observation armmay have increased
the risk of type II error. It is also difficult to ascertain,
without sufficient information about implementation fidel-
ity, whether the impact of the strategies is due to the
strategy composition or the implementation process, a Type
III error [27]. In addition, convenience sampling may create
a selection bias [19] towards HCWs with an interest in hand
hygiene. It is also possible that contamination of the control
group (i.e., interventions on units A & B may have had some
effect on units C & D) may have occurred, although this is
unlikely given there was no significant change in hand hy-
giene compliance between the pre and post intervention
periods. Finally, the low allied health response restricts the
findings to nursing and medical staff and the lack of random
assignment makes it harder to exclude confounding vari-
ables, and determine causal relationships [28].

Conclusion

This is the first study to examine the effect of a modified
hand hygiene program with religion-relevant, culturally-
specific interventions on compliance and beliefs about ABHR
use in the UAE. The results suggest that introducing religious
interventions in a culturally appropriate way can positively
influence compliance with, and beliefs related to, ABHR
use. Local studies exploring this hand hygiene program will
provide a more accurate picture in specific contexts.
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