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Abstract 
Background: Hand hygiene (HH) is essential in preventing healthcare-associated 
infections, especially during the COVID-19 pandemic, where SARS-CoV2 has 
shown the ability to survive on surfaces for days. In this study, we explore HH 
compliance rate and the factors associated with its increase during COVID-19 
pandemic. Methods: HH compliance was assessed amongst doctors in Anes-
thesia and Surgical Intensive Care Unit by direct observation between 2018 
and 2021. An anonymous survey was then sent to the doctors to understand 
factors influencing the observed improvement in HH compliance during the 
pandemic. Results: Compliance towards the five moments of HH has shown 
a statistically significant rising trend from a median HH compliance of 60% 
in 2018, to 70% in 2019 to 94% in 2020. However, HH compliance subse-
quently declined in the first quarter of 2021 to median of 87%. The follow-up 
survey had a response rate of 96% (n = 53). 90% of survey participants re-
sponded that their HH frequency had increased during the COVID-19 pan-
demic with 47% stating they were performing HH 11 - 20 times/day. 64% re-
sponded that this increased frequency had affected their skin condition. 62% 
responded that this increased frequency was sustainable even after the pan-
demic ends. Participants ranked considerations influencing HH compliance. 
“Prevent transmitting the infection to vulnerable patients” was ranked highest 
followed by “High infection rate”, “Fear of contracting COVID-19” and last-
ly, “Public health guidelines”. Conclusions: Despite the absence of new cam-
paigns, HH compliance reached an all-time high. The pandemic has provided 
opportunity for behavioral change through “reflective” drivers of behavior 
such as emotions (“Fear”) and knowledge (“High infection rate”). Under-
standing the motivations behind current increased HH compliance and rid-
ing on the increased initial uptake of behavior may help convert HH into a 
habitual action and not just a reaction to the pandemic. 
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1. Introduction 

COVID-19 has spread around the world with virtually no region left untouched. 
The speed of the spread and the alarming death rates have seen many countries 
and jurisdictions introduce measures to prevent the spread of COVID-19. Hand-
washing has received considerable attention during the COVID-19 pandemic. 

Hand hygiene (HH) is said to be the cornerstone of infection control. Lack of 
hand hygiene is an essential risk factor for transmitting microorganisms [1]. Mi-
croorganisms can survive on surfaces for extended periods and have often been 
found to contaminate and colonize Health Care Worker’s (HCW) hands result-
ing in cross-transmission [2]. Viruses are shed in large numbers in body secre-
tions during and after illness, including blood, feces, urine, saliva, and nasal fluid 
[3]. SARS-CoV and other coronaviruses can survive on environmental surfaces 
for up to 6 days [4]. As a result, environmental objects and surfaces become con-
taminated and act as fomites, while contaminated HCW hands serve as insidious 
vehicles for transmission. Contaminated HCW hands have been associated with 
endemic healthcare-associated infections (HCAI) and even outbreaks [1]. The 
necessity for improvement in the hand hygiene compliance rate amongst health 
care workers has been stressed multiple times over the years [5]. The exact con-
tribution of hand hygiene to the reduction of the direct and indirect spread of 
coronaviruses between people is unknown. However, hand washing mechanically 
removes pathogens, and studies demonstrate that alcohol-based hand rub for-
mulations inactivate SARS-CoV-2 [6] [7]. 

The results of pathogen transmission due to poor hand hygiene compliance 
have been extensively studied. In developed countries, 5% - 15% of hospitalized 
patients have HCAIs; of which, up to 9% - 37% require admission to intensive 
care units. As a result, HCAI is associated with prolonged hospital stay, increased 
resistance of microorganisms to antimicrobials, emotional stress and financial 
burdens for patients and their families, and increased morbidity and mortality 
[8]. 

Compliance with hand hygiene has been associated with decreased nosocomi-
al infections. It has been shown that improved compliance with HH from 48% to 
66%, through proper training and use of alcohol hand rubs in a teaching hospital 
in Geneva over a span of three years, reduced nosocomial infection rates by as 
much as 40% [9]. Achieving high HH compliance rates during epidemics and 
pandemics is crucial to prevent the spread of infection by HCW. HH compliance 
rate of 100% in such times is possible, as shown by a retrospective study in Chi-
na, which reported the absence of nosocomial infections during the Severe Acute 
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Respiratory Syndrome outbreak [10].  
HCWs across the world have responded to the pandemic with PPE measures. 

However, there is little detail on the HH compliance rate during the COVID-19 
pandemic. Prior to the pandemic, adherence to HH amongst HCW has been re-
ported to be variable, ranging from 5% to 89% with an overall average of 38.7% 
in both developed and developing countries [8]. Such a wide range of hand hy-
giene practice is bound to be detrimental in the COVID-19 pandemic. Com-
pliance with hand hygiene has been unacceptably low and not sufficiently recog-
nised by HCW [9].  

The causes behind poor adherence with HH have been extensively studied and 
narrowed down to the following categories of individual factors—occupation, 
environmental constraints and behavioral patterns [9]. This pandemic has forced 
all to change their behavior and beliefs towards hand hygiene. As such, our study 
aims to understand the behavioral theories involved in influencing hand hygiene 
compliance in our hospital, which will help in promoting sustained efforts at hand 
washing. The focus of our study was to investigate the changes to the hand hy-
giene compliance rates during the pandemic, quality initiatives to improve hand 
hygiene compliance prior to the pandemic and study the behavior factors affect-
ing the hand hygiene compliance in our setup.    

2. Materials and Methods  

Definition of hand hygiene referred to any action of hand cleansing. The appro-
priate use of alcohol-based hand rub gel or hand washing with soap and water 
aimed at reducing or inhibiting the growth of micro-organisms on hands is con-
sidered an essential requirement in hand hygiene. A hand hygiene opportunity 
was defined as a moment during health-care activities when hand hygiene is ne-
cessary to interrupt germ transmission by hands. The assessment of hand hy-
giene is performed by direct observation based on WHO guidelines [11]. Com-
pliance with HH is the percentage of the number of performed HH instances to 
the number of HH opportunities. 

The Hand Hygiene Observational Audit was performed by 20 nurse clinicians 
from the departments of Infectious Disease and Surgical Intensive Care. These 
nurse clinicians were adequately equipped with the skill and knowledge in HH 
and trained in assessing HH compliance through a half-day classroom training 
with simulation exercises. Detection of hand hygiene compliance by validated 
observers (direct observation) is currently considered the gold standard in hand 
hygiene compliance monitoring. Data was collated on a hard copy hand hygiene 
observation form and submitted to the Infection Control Department. The audit 
was designed based on the recommendations of World Health Organisation [11], 
which stated that the general guidance is that a minimum of 12 - 15 observations 
should be in the denominator before a percentage is calculated. On selected days 
of a week, a minimum of 15 observations of hand hygiene opportunities (the de-
nominator) were collected; and out of these opportunities determine the number 
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of times hand hygiene was completed properly (this is the numerator) to allow 
computation of the percentage of hand hygiene compliance.  

A sample size calculation at the design stage excludes the influence of chance. 
To show a difference between 70% and 95% in 2019 and 2020 respectively with a 
power of 90% and an alpha error of 5%, two times of 44 (44 × 2) opportunities 
had to be observed. As such, a minimum of 100 HH opportunities were conducted 
each week, adding up to a total of 400 HH opportunities a month.  

Convenience sampling was conducted in the form of an anonymous survey, 
that was sent out to the doctors of the Department of Anesthesia and Surgical 
Intensive Care regarding the personal views of hand hygiene and the factors in-
fluencing an increased HH compliance rate.   

Results were analyzed using SPSS Version 25. Questions with responses that 
were ranked were analyzed using Friedman test.  

Exemption from the review by the Singhealth Centralised Institutional Board 
was obtained (Ref 2020/2044).   

3. Results 

The Department of Anesthesia and Surgical Intensive Care at Changi General 
Hospital, a tertiary 1000-bed hospital in Singapore, achieved a high compliance 
rate over the period of the pandemic.  

Compliance towards the five moments of HH has shown a statistically signifi-
cant rising trend from a median HH compliance of 60% in 2018, to 70% in 2019 
to 94% in 2020. However, HH compliance subsequently declined in first quarter 
of 2021 to median of 87% (Figure 1). 

A follow up survey was conducted to obtain personal views of hand hygiene 
and the factors influencing an increased HH compliance rate amongst doctors in 

 

 
Figure 1. Hand hygiene compliance from 2018-2021 amongst anesthesia and surgical intensive care unit doctors. 
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the department. The response rate of the survey was 96% (53/55).  
96.4 % (n = 53) responded that the frequency of hand hygiene had increased 

during the pandemic, with the majority (47.2%, n = 25) saying 11 - 20 times/day, 
35.8% (n = 19) saying 21 - 50 times/day, 13.2% (n = 7) saying ≤ 10 times/day 
and 3.8% (n = 2) saying > 50 times/day. 64.2% (n = 34) responded that the in-
creased frequency had affected the skin over hands. 62.3% (n = 33) responded that 
this increased frequency is sustainable even after the end of the pandemic.  

The participants were asked to rate the factors influencing them to achieve a 
high HH compliance rate on a 7-point Likert scale (1: strongly disagree to 7: strong-
ly agree). “Preventing transmitting infection to vulnerable patients” was ranked 
the highest followed by “High infection rate”, “Fear of contracting COVID-19” 
and lastly, “Public health guidelines”. “Other reminders being put up e.g. post-
ers/announcements/guidelines”, “Worried about mortality rate”, “Little is known 
about the virus e.g. mode of transmission” were ranked the lowest (p < 0.001). 

Lastly, participants were asked to rank the following three factors influencing 
hand hygiene from most to least important. The majority ranked fear of con-
tracting COVID-19 as most important followed by care about patients, and lastly 
public health initiatives as least important. Other factors that were mentioned in 
the free text include less rushed workload, concern about vulnerable patients; 
more bottles of hand rub nearby.  

4. Discussion  

It is well known that hand hygiene is a complex behavior with a myriad of moti-
vators and barriers. Our hospital target for HH compliance rate has been 78.4% 
with a median of 60% - 70% pre-COVID (Figure 1). Over the years, there have 
been various interventions initiated globally by the WHO such as “Clean hands 
save lives”, “My Five Moments for Hand Hygiene” and the “Multimodal Hand 
Hygiene Improvement Strategy” to improve awareness about hand hygiene and 
generate enough motivation amongst health care workers to help decrease health 
care-associated infections. These have been adapted and used in our hospital 
with some success.  

In October 2018, a surgical task force team was formed at our hospital to help 
further improve HH compliance and to raise awareness. The team was com-
posed of doctors, nurses and allied health staff. The directives of the task force 
were coordinated and supported by the Office of Improvement Sciences, spe-
cially set up to assist with quality improvement initiatives in the hospital. A num-
ber of steps were carried out including hand hygiene audits along with direct 
feedback. Other initiatives included the recognition of wards with high partici-
pation in the direct feedback. Further hand hygiene quality initiatives by various 
surgical disciplines were shared with others to encourage and motivate teams to 
initiate quality improvement programs. HH compliance rates were mandated as 
a component in Junior Evaluation in an effort to further improve hand hygiene 
compliance. As a result of multiple initiatives in place, there was increased usage 
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of alcoholic hand rubs, handwashing stations, posters, as well as high awareness 
and knowledge amongst HCW. Compliance rose from 56% to 73% between Oc-
tober 2018 and October 2019 (Figure 1).  

During the COVID-19 pandemic, there have been scanty reports about HH 
compliance, despite numerous guidelines published by various health agencies. 
One report quoted an increase in hand hygiene rate from 54.5% to 100% in the 
initial months of the pandemic and only to decline to pre-pandemic rates in the 
subsequent months [12].  

In our study, despite the absence of new HH initiatives in 2020, we witnessed 
a significant uptrend in compliance rates from 73% in October 2020 to 90% in 
March 2020 (Figure 1). We found that the main drive amongst HCW for im-
proved HH was generally to prevent infection in vulnerable patients, followed 
by the fear of contracting COVID-19, public health guidelines and concerns of 
COVID-19’s high infectivity. A similar phenomenon was seen during the Severe 
Acute Respiratory Syndrome (SARS) outbreak in 2003, where a high HH com-
pliance (close to 90%) amongst HCW in Singapore General Hospital was seen; 
and was driven primarily by fear [13]. The increased HH compliance rate no-
ticed in the early months of the pandemic has shown a gradual decline but has 
remained higher than the pre pandemic hand hygiene compliance rates.  

Many behavioral theories have been studied to understand the behavior of 
HCW towards hand hygiene practices. This paper attempts to discuss some of 
these theories in the context of the pandemic. 

Firstly, the Protection Motivation Theory is likely the overarching motivation 
behind HH. The Protection Motivation Theory postulates that: 1) the magnitude 
of the noxiousness of a depicted event; 2) the probability of that event’s occur-
rence; and 3) the efficacy of a protective response are key to a behavioral change 
(Rogers, 1975). The cognitive appraisal of these factors elicits motivation to pro-
tect oneself from a threat. The triggered response, as depicted by fear appeal 
theories, is either adaptive or maladaptive-dependent on the 1) degree of threat 
that is perceived, 2) response efficacy i.e. the belief that HH can prevent cross- 
infection and 3) self-efficacy i.e. the belief that one can do it. In other words, 
people will only respond appropriately to a health threat if they perceive them-
selves to be at risk and the behavior to be efficacious [14].  

In the current context, the term “coronaphobia” has surfaced in studies [15]. 
Coronaphobia has been described as an excessive triggered response of fear of 
contracting the virus causing COVID-19, leading to accompanied excessive con-
cern over physiological symptoms, significant stress about personal and occupa-
tional loss, increased reassurance and safety seeking behaviors, and avoidance of 
public places and situations, causing marked impairment in daily life function-
ing. Despite the absence of new initiatives, “reflective” drivers of behavior [13] 
such as knowledge (“high infectivity”) and emotions (“fear”) played a prominent 
role in hand hygiene compliance, and likely led to the phenomenal increase in 
the HH compliance rate in our hospital. 
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As such intense emotions, such as fear, are not a common occurrence in the 
health care setup. Understanding the theoretical background of behavioral initi-
ation is crucial in utilizing models that provide a practicable framework for de-
signing, implementing and evaluating any intervention. These interventions will 
be necessary in the next challenge of converting this conscious “reflective” beha-
vior into an unconscious “reflexive” behavior. Habits are cue-driven behaviors 
learnt incrementally over time through repetition, and studies suggest the use of 
leverage context by disruption [16] to form habitual behavior.  

In the current context, disruption of usual routine by the donning of PPE (con-
textual cue) reminds HCW to be more mindful of circumstances and hygiene, 
hence allowing new opportunities for behavioral change. Psychological studies 
consistently show that through associative learning, mere repetition of an action 
in response to a consistent contextual cue results in the action being habitually 
performed upon subsequent exposure to those contextual cues [17]. Once initia-
tion of the action is “transferred” to these contextual cues, dependence on con-
scious attention or motivational processes is reduced, resulting in habit forma-
tion.  

Interestingly, although 61.5% of doctors in our department stated that this 
improved HH compliance was sustainable, the behavior was not sustained in the 
later part of the year. Failure of behavioral change in becoming a habit could be 
explained by the Theory of Rational Addiction [18] [19]. The development of 
habitual HH depends on: 1) Rationality—whether the agent conceptualises the 
behavior as a habit that then foresee their future consumption path given the in-
tertemporal complementarities in behavior, and make the decision of whether or 
not to engage accordingly; 2) Agent’s perceived returns versus true returns of an 
activity; and 3) Presence of social norms. Habit formation is generated by inter-
temporally linked preferences in consumption—the more one consumes in the 
past, the easier or more likely is consumption in the present. Hence, front-loading 
interventions to increase perceived returns and initial take up of a behavior can 
maximize habit stock and thereby, persistence in behavior than interventions 
spread over time. Additionally, interventions that monitor activity and invoke 
social pressure to engage can further effectively change behavior.  

In the current context, hospitals can encourage habitual HH through incen-
tives to maximize initial uptake and maintain the behavior through invoking so-
cial norms. This would imply directing incentives at the level of: 1) the individu-
al (intrapersonal); 2) interactions between individuals (interpersonal); and 3) the 
community [20], to increase perceived benefits. Coupled with interventions that 
encourage HH as a positive social behavior, it may lead to habit formation.  

Our understanding of behavioral theories and also the inability over several 
decades to motivate HCWs to achieve a consistently high level of compliance 
with HH suggests that changing hand hygiene behavior is a complex task [21]. 
Behavioral theories primarily focused on the individual have shown to be insuf-
ficient to effect sustained change. Interventions aimed at improving HH com-
pliance should thus be based on the various levels of behavior interaction and 
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include multiple models influencing the behavior towards hand hygiene [9].  

5. Conclusions 

Our study suggests that an increase in hand hygiene compliance can be achieved 
with motivation alone when all other ingredients such as education and resources 
are already in place. However for such results to be sustained, further interven-
tions will be needed to face the challenge, backed with the understanding of the 
theories of behavioral change influencing hand hygiene behavior. 

Programmes to improve hand hygiene compliance in HCWs cannot rely sole-
ly on awareness and motivational factors but must take into account the other 
major barriers to altering an individual’s pre-existing hand hygiene behavior.  

COVID-19 pandemic has resulted in an increase in HH adherence, which can 
be seen as an opportunity for behavioral change and habit formation. Institu-
tions should capitalize on this movement as well as the social influence HCWs 
have on each other to help retain the improved HH rate as a habitual action and 
not just a reaction to the pandemic. 
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