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Background

Healthcare-associated infections (HCAIs) are associated 
with increased morbidity, prolonged hospital stays and a 
high number of in-hospital deaths (Herwaldt et al., 2006). 
Appropriate hand hygiene (HH) practices are the most 
effective preventative strategy for HCAIs (Pittet et al., 
2006), and are particularly important in intensive care units 
(ICUs) where patients are critically ill, immuno-compro-
mised and particularly vulnerable to HCAIs (Hughes, 2008). 
Accordingly, the World Health Organization (WHO) has 
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Background: Although appropriate hand hygiene (HH) practices are recognised as the most effective preventative 
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However, such studies did not control for other variables known to impact HH compliance.
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Background

Research on handwashing continued to draw researchers’ 
interest owing to its public health importance and signifi-
cance in the reduction of infectious diseases, including the 
current COVID-19 pandemic. Handwashing is the act of 
cleaning one’s hands to remove microorganisms or other 
unwanted substances, and has health benefits such as mini-
mising the spread of coronavirus, influenza and other infec-
tious diseases (Cowling et al., 2009; World Health 
Organization [WHO], 2020a), preventing infectious causes 
of diarrhoea (Luby et al., 2006), decreasing respiratory 
infections (Scott et al., 2003), averting child stunting 
(Saxton et al., 2016) and reducing infant mortality rate at 

home birth deliveries (Rhee et al., 2008). Handwashing 
also prevents diarrheal diseases, which limit the body’s 
ability to absorb nutrition from food (Gilmartin and Petri, 
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and significance in the reduction of infectious diseases. The aims of this study are to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods: Data of households where the place for handwashing was observed by the research investigators (n = 
582,064), gathered through the National Family Health Survey-4 (2015–2016), were used for this analysis. The availability 
of soap/detergent and water at the usual place of handwashing was assumed to be used for handwashing. Binary logistic 
regression was carried out to examine the adjusted effect of socioeconomic characteristics on the use of soap/detergent 
and water for handwashing. The univariate local indicator of spatial association (LISA) cluster map and Moran’s I statistics 
were applied for assessing spatial autocorrelations at the district level. Analyses were carried out with IBM-SPSS Software.

Results: Two-fifths of Indian households do not use both soap/detergent and water for handwashing. Households using 
both the cleansing elements vary considerably by socioeconomic characteristics— worse for the socioeconomically 
disadvantaged groups. There is spatial clustering in the use of soap/detergent and water for handwashing: lower in a 
cluster of districts in eastern India.

Conclusion: Results suggest the need to generate awareness, particularly among the socioeconomically weaker 
populations, about advantages of hand hygiene, which will reduce the prevalence of infectious diseases like COVID-19 
and be helpful to achieve many Sustainable Development Goals.
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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developed HH guidelines that outline the ‘five moments’ 
when HH is essential for protecting the healthcare worker 
(HCW) and the patient (WHO, 2009). These guidelines 
have been widely adopted in healthcare settings and are con-
sidered highly influential in improving HH practices. 
However, adherence to HH practices has continued to be 
suboptimal. A recent systematic review (Lambe et al., 2019) 
examining HH compliance across 61 ICU-based studies 
reported average compliance of 59.6% internationally.

Such data highlight a pressing need to develop an 
improved understanding of factors influencing HH in order 
to inform the development of appropriate and effective 
improvement strategies. Previous research has suggested 
that variables such as professional role and shift pattern 
impact HH compliance. Physicians have been found to 
comply less frequently with HH guidance than their allied 
health and nursing counterparts (Süzük et al., 2015). 
Further, significantly lower rates of HH compliance have 
been observed during morning shifts compared with even-
ing and night shifts (AlNakhli et al., 2014; Kouni et al., 
2014; Rosenthal et al., 2013).

It has also been suggested that levels of compliance dif-
fer across the WHO five moments of HH. HCWs are more 
likely to engage in HH after exposure to body fluids, and 
after contact with the patient and their surroundings, than 
before patient contact or before an aseptic task (Stahmeyer 
et al, 2017; Süzük et al., 2015). However, these assertions 
are based on limited empirical evidence. Among the rela-
tively small number of studies that provide such data, 
reporting is limited to descriptive statistics (e.g. Chavali 
et al., 2014) or univariate statistical analyses (e.g. Stahmeyer 
et al., 2017; Süzük et al., 2015). These analyses do not con-
trol for those variables outlined in the previous paragraph 
that are known to influence HH compliance. Therefore, the 
aim of the current study was to examine HH compliance 
rates in ICU settings, and identify whether there is a statisti-
cal difference in compliance between those HH moments 
that primarily protect the patient (i.e. Moment 1 and 2), and 
those that primarily protect the healthcare provider (i.e. 
Moments 3, 4 and 5). The rationale for grouping the 
moments as patient protective versus provider protective is 
because HH before patient contact (Moment 1) and before 
an aseptic procedure (Moment 2) are the moments that are 
most closely related with HCAI transmission in patients, 
compared to the other three moments (Süzük et al., 2015). 
Further, unlike in previous studies, logistic regression anal-
ysis will be used to control for variables known to influence 
HH compliance (i.e. healthcare profession, setting, shift 
time). The implications of these findings for the design of 
HH intervention and auditing are discussed.

Methods

Design

A cross-sectional observational study was conducted across 
four hospital units between February 2017 and June 2018.

Setting

The study was carried out in four units (three general ICUs, 
one high-dependency unit [HDU]) across three teaching hos-
pitals in the Republic of Ireland. Hospital A had an 11-bed 
ICU, of which two beds were in isolation rooms, and a six-
bed HDU, of which two were in isolation rooms. Hospital B 
had a five-bed ICU, and Hospital C had a six-bed ICU and 
four isolation rooms. Staffing ratios were one nurse to one 
patient in the ICU, and one nurse to two patients in the HDU.

Ethical approval

Ethical approval was received from the Research Ethics 
Board of each of the three hospitals in which the observa-
tions were completed. As it was considered potentially dis-
ruptive to patient care to obtain written informed consent, 
verbal consent was received from each HCW before 
observation.

Participants

All HCWs who came into contact with patients or the 
patient zone were observed. These included nursing staff 
(e.g. staff nurses, clinical nurse managers), physicians (e.g. 
doctors, consultants), allied health professionals (e.g. phys-
iotherapists, radiographers, healthcare assistants) and aux-
iliary staff (e.g. housekeeping staff, catering staff, porters 
and IT technicians).

Behavioural observation

Observers were five health service researchers. Before the 
beginning of the study, observers were trained in HH obser-
vation methods by an infection control practitioner in a uni-
versity teaching hospital. Training consisted of a 
presentation covering HCAI transmission awareness, HH 
moment recognition and recording methods. Further, in 
order to ensure accuracy of behavioural observation, and 
good interrater reliability (IRR), ‘practice sessions’ were 
conducted in a clinical unit, whereby two observers con-
ducted observations together and compared results, with a 
target IRR of at least 80% for validation of training and 
results (Artman et al., 2012). These IRR observations were 
not included in the analysis.

The standardised WHO protocol ‘Five moments for 
hand hygiene’(WHO, 2009), considered the ‘gold standard’ 
of HH observation, was applied to assess compliance. The 
five moments included: (1) before patient contact; (2) 
before an aseptic task; (3) after body fluid exposure risk; 
(4) after patient contact; and (5) after contact with patient 
surroundings.

The WHO HH audit form was modified for the Irish 
context. Data collected included HCW professional role 
(i.e. nursing staff, physicians, allied healthcare profession-
als and auxiliary staff), shift time (i.e. morning, noon, 
night), setting (i.e. Hosptial A/B/C), opportunity to perform 
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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HH and whether compliance was achieved. An ‘opportu-
nity’ was defined as the occurrence of any of the five indi-
cations during the observed care sequences. The primary 
dependent variable was HH compliance, which was 
achieved by performing either hand washing (with soap 
and water) or hand sanitizing (with alcohol-based hand 
rub). Failure to perform HH when indicated resulted in the 
recording of non-compliance. Overall compliance was cal-
culated as the number of compliant opportunities divided 
by the total number of opportunities.

The quality of HH performance was not evaluated. 
When two HH opportunities occurred together, the proce-
dure with the theoretically greater impact for HCAI risk 
was recorded (e.g. Moment 2 over Moment 1). If there was 
uncertainty surrounding compliance due to the HCW being 
partially or fully outside the view of the observer, the 
opportunity was not recorded.

IRR was established by having observers conduct a por-
tion of the observations together and assessing concord-
ance. IRR was calculated by dividing the number of times 
independent observers agreed on the outcome of an obser-
vation by the total number of opportunities for agreement.

Procedure

Six 2-h periods of observation were carried out over the 
course of five days at each hospital, across all three shifts 
(morning/daytime/night), for a total of 12 h of observation 
at each of the three participating hospitals (36 h of total 

observations). HCWs in each ICU were notified in advance 
of the 2-h periods of observation. Observers maintained a 
discreet presence, and randomly rotated across bedspaces, 
spending 15 min at each. Patient bedspaces were not 
observed if the HCW did not consent to observation, bed 
curtains were drawn before, or during, the observations, if 
the patient was receiving palliative care or in the case of an 
emergency (e.g. cardiac arrest).

Statistical analysis

Data were analysed using SPSS version 25 (IBM Corp., 
Armonk, NY, USA). Logistic regression analysis was per-
formed to assess the relationship between a number of fac-
tors (specifically professional role, hospital, shift time and 
HH moment) on HH compliance. The five HH moments 
were coded as either ‘patient-protective’ (i.e. Moments 1 
and 2) or ‘self-protective’ (i.e. Moments 3, 4 and 5). The 
outcome variable was binary, and coded as ‘1’ if the HCW 
complied with HH, and ‘0’ if not. The model included vari-
ables for each professional role, hospital, time and Moment 
contrasted against the ‘reference’ (i.e. nursing staff, 
Hospital A, morning and patient-protective moments).

Results

A total of 712 HH opportunities were recorded by observers 
across the four units. The total overall HH compliance was 
56.9%. See Table 1 for HH compliance across professional 

Table 1. Compliance observed across professional category, setting, shift time and HH moment.

Category Total opportunities Compliance 95% CI for compliance

Professional role  

 Nursing staff 560 342 (61.1) 57–65

 Physician 72 35 (48.6) 37–59

 Allied health + auxiliary staff 80 28 (35) 25–46

Setting  

 Hospital A 315 222 (70.5) 65–75

 Hospital B 141 78 (55.3) 47–63

 Hospital C 256 105 (41.0) 35–47

Shift time  

 Morning 430 225 (52.3) 48–57

 Afternoon 213 123 (57.7) 51–64

 Night 69 57 (82.6) 72–90

HH moment  

 Patient-protective 179 76 (42.5) 36–50

 Self-protective 533 329 (61.7) 58–66

Total 712 405 (56.9) 53–60

Values are given as n or n (%) unless otherwise indicated.
HH, hand hygiene.



 

2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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groups, shifts, setting and moments. As can be seen in Table 
1, nursing staff had the highest percentage compliance 
(61.1%) compared to other professional groups. At 70.5%, 
Hospital A had notably higher compliance than other hospi-
tals (55.3% and 41%, respectively). Compared to other shift 
patterns, compliance was highest during the night shift 
(82.6%), and self-protective moments were complied with 
more frequently (61.7%) than patient-protective moments 
(42.5%).

Inter-observer agreement

Over half of the total number of observations (54.5%) were 
observed concurrently by two observers. Of these observa-
tions, agreement was achieved for 92.9% of observations, 
which was considered adequate inter-observer agreement 
(Artman et al., 2012).

Predictors of compliance

Logistic regression analysis revealed that the full model 
containing all predictors was statistically significant (X2 (7, 
n = 712) = 112.85; P < 0.001), indicating that the model 
was able to distinguish between respondents who complied 
and did not comply with HH. The model as a whole 
explained between 14.7% (Cox and Snell R square) and 
19.7% (Nagelkerke R squared) of the variance in HH com-
pliance, and correctly classified 65.9% of cases.

As shown in Table 2, the majority of the independent 
variables made a unique statistically significant contribu-
tion to the model. With regards to professional role, it was 
found that physicians as well as allied health professionals 
and auxiliary staff were less likely than nurses to engage in 

HH compliance. HCWs were less likely to comply in 
Hospital B and C, compared to Hospital A. For shift time, 
the likelihood of engaging in HH increased later in the day, 
with HCWs 2.4 times more likely comply during night-
time shifts compared to morning shifts. Finally, participants 
were 2.6 times more likely to comply with HH if the oppor-
tunity was self-protective as opposed to patient-protective, 
controlling for all other factors in the model.

Discussion

In spite of the recognition of HH as the most important 
infection control practice, compliance continues to be sub-
optimal, as reflected in the overall compliance of the cur-
rent study. In addition to determining HH compliance rates 
in Irish ICU settings, the aim of this study was to consider 
variables that may impact compliance. It was found that 
professional role, setting, shift pattern and type of HH 
moment all impacted the likelihood of compliance. HH 
interventions have been suboptimal to date, with poor 
methodological rigour and much variability in effective-
ness (Lydon et al., 2017). Therefore, there is a need to con-
sider those factors that influence HH compliance and use 
this information to inform targeted intervention and best 
practice in audit.

Based on the observations carried out in this study, the 
average overall compliance was 56.9%. This level of com-
pliance is directly comparable to findings from a recent 
systematic review which derived an estimate HH compli-
ance rate of 59.6% across 61 ICU-based studies (Lambe 
et al., 2019). This is a notable discrepancy between the 
overall compliance rate and minimum targets for accepta-
ble HH compliance. Although there is no universally agreed 

Table 2. Logistic regression model for predictors of HH compliance in ICU settings.

Predictor B SE Wald P OR 95% CI for OR

Professional role Nurse Reference

 Physician –0.76 0.27 7.74 0.01* 0.47 0.28–0.80

 Allied/auxiliary –1.40 0.27 26.12 0.000† 0.25 0.14–0.42

ICU setting Hospital A Reference

 Hospital B –0.67 0.23 8.87 0.003* 0.51 0.33–0.80

 Hospital C –0.1.28 0.20 41.84 0.000† 0.28 0.19–0.41

Type of shift Morning Reference

 Day –0.00 0.18 0.00 0.99 0.99 0.70–1.43

 Night 0.88 0.36 5.88 0.02* 2.41 1.18–4.89

HH moment Patient-protective Reference

 Self-protective 0.95 0.19 24.29 0.000† 2.59 1.77–3.78

*P < 0.05.
†P < 0.001.
HH, hand hygiene; ICU, intensive care unit; OR, odds ratio.
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.

01_JIP973754.indd   104 27/04/2021   5:36:51 PM

Madden et al. 5

minimum acceptable level of compliance, a number of 
countries (e.g. Australia, Canada, New Zealand, Ireland) 
use 80% or 90% as a baseline compliance target, and the 
WHO recommends that HH role models have compliance 
of at least 80% (WHO, 2010). It is suggested that there is a 
need to examine the rationale behind these HH compliance 
targets.

The highest compliance levels were found among nurs-
ing staff, and physicians were the least likely professional 
group to comply compared to nurses. This is unsurprising; 
historically, compliance has been much higher in nurses 
than in physicians (Erasmus et al., 2010; Kouni et al., 2014; 
Mazi et al., 2013; Scheithauer et al., 2011) and inappropri-
ate attitudes towards HH have been identified among phy-
sicians (Erasmus et al., 2009), whereby they perceive a lack 
of evidence of HH effectiveness in the prevention of 
HCAIs. There may be a range of underlying factors that 
influence such attitudes. For example, there is potential that 
educational activities are primarily targeted towards nurses, 
while physicians and other HCWs are rarely captured or 
missed. It has also been suggested that compared to nurs-
ing, university programmes for physicians do not include 
specific training in infection prevention (Musu et al., 2017), 
resulting in a lack of basic HH training and preventive 
measures. Further, physicians have reported that they feel 
strongly influenced to abstain from compliance by negative 
role models (Erasmus et al., 2009), and frequently adjust 
their behaviour to match those that they witness in practice. 
Therefore, a multidisciplinary approach needs to be adapted 
in preventing transmission of HCAIs (AlNakhli et al., 
2014; Tajeddin et al., 2016), whereby innovative educa-
tional and behavioural modification strategies place a 
greater emphasis on professional role, and can be tailored 
to specific groups of HCWs (Reich et al., 2015; Salemi 
et al., 2002). Further, educational efforts need to place a 
greater focus on presenting evidence for HH effectiveness, 
and incorporating HH into the undergraduate curricula of 
HCWs. There is also a requirement for positive motivation 
by proper behaviour of role models of physicians (Snow 
et al., 2006), which could be achieved by encouraging sen-
ior staff members, particularly consultants, to function as 
role models for junior staff members (Szabó et al., 2015).

HCWs were statistically more likely to comply with HH 
requirements during the night shift than the morning shift. 
Similarly, previous research has found that morning or 
afternoon shifts were associated with significantly lower 
HH compliance than the night shift (e.g. Kouni et al., 2014; 
Rosenthal et al., 2013). This difference could be explained 
by increased ‘traffic’ and crowding in ICUs during morning 
shifts than night shifts; indeed, there is a confirmed a link 
between high workload and high demand for HH, and 
reduced compliance (Pittet, 2000). This highlights the need 
for audits to be conducted across a range of shifts, and for 
interventions to be focused on particular shifts to rectify the 
discrepancies that are associated with time of day.

When controlling for the above factors, it was found that 
HCWs were more likely to engage in HH practices that pro-
tect themselves (e.g. after exposure to body fluid, after 
patient contact) than those that protect the patient (e.g. 
before an aseptic task). This finding statistically confirms 
the tendency of HCWs towards prioritising the protection 
of oneself from infection rather than patient safety. It has 
been suggested that in order to improve compliance, 
attempts should be made to refocus from a self-protection 
practice to a practice that benefit of self and others (Whitby 
et al., 2007). A number of HH compliance interventions 
have been found to be effective in increasing HH compli-
ance in the ICU setting (Lydon et al., 2017). It is suggested 
that a consideration of practices that benefit HCWs and 
patients could be emphasised in HH compliance interven-
tions. One potential approach to foster such an approach 
could be to augment routine HH audits with individual and/
or unit-level feedback data to HCWs, supervisors and 
infection control committees (e.g. Kirkland et al., 2012; 
Sakihama et al., 2016). Refocusing could also be used to 
inform education efforts specifically targeted at less com-
pliant groups such as communicating values of others, 
focus on training other moments or auditing weaker 
moments more frequently.

Limitations and strengths

There are a number of strengths associated with this study. 
First, direct observation was used, which is considered the 
‘gold standard’ method of measuring HH compliance 
(Stewardson and Pittet, 2011). Further, the audit was com-
prehensive as it observed various HCWs, across multiple 
shifts, unlike much of the extant research (Lambe et al., 
2019). Second, a rigorously standardised HH observation 
tool with clearly defined standard operating procedures was 
utilised. Finally, IRR was calculated between multiple 
observers across a high proportion of opportunities and 
yielded a high agreement rate in line with recommenda-
tions (Artman et al., 2012).

There are also some limitations that should be noted. 
First, HCWs were aware that the observations were being 
carried out. This may have resulted in HCWs behaving dif-
ferently (i.e. complying more) to what they usually would 
due to being under observation (i.e. the Hawthorne effect 
(Buchanan and Huczynski, 2013), and has been considered 
in other HH observational studies (e.g., Kouni et al, 2014). 
However, a systematic review of over 60 ICU HH compli-
ance studies found similar levels of HH compliance regard-
less of whether the observation was covert or not (Lambe 
et al., 2019). Second, the current study did not give consid-
eration to other situational factors or conditions of the 
working environment that may have impacted on HH com-
pliance, such as patient dependency and acuity, staffing and 
other features of context. Such factors affect HCW work-
load, and in turn affect compliance (Pittet, 2000). Finally, 



 

2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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some of the samples within categories are relatively small, 
which will have influenced the generalisability of the find-
ings and resulted in wide confidence intervals. Further, 
considering the study was carried out solely in an Irish con-
text, the generalisability of findings to other countries may 
also be questioned. However, the fact that overall compli-
ance is similar to studies conducted across a range of geo-
graphical locations (Lambe et al, 2019) provides some 
support to the generalisability of the findings.

Conclusion

This study has shown that there are statistically significant 
differences in HH compliance levels between different pro-
fessional groups, settings, shifts and moments of HH. 
Considering the effectiveness of HH interventions has been 
found to be lower than desirable, it is suggested that a more 
targeted approach to HH compliance is likely to be more 
effective than generic unit-wide interventions. The infor-
mation provided in this study provides a data-driven 
approach that ICUs can use to tailor HH interventions to 
where, when and for whom they are most required.
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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