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ARTICLE INFO ABSTRACT
Keywords: Background: Compliance with appropriate hand hygiene practises is the most efficient and cost-
COVID-19 effective intervention that can be implemented in the healthcare setting. Given its importance,
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we tried to capture the compliance with hand hygiene practises and their appropriateness among
healthcare workers during the COVID-19 pandemic in public health facilities in Tamil Nadu.
Methods: This cross-sectional study involved doctors, nurses, and allied healthcare professionals
from various departments in 18 public healthcare facilities spanning six districts in Tamil Nadu. A
random-intercept model was employed for the multivariable logistic regression analysis to
evaluate the factors influencing hand hygiene compliance and its adequacy. The effect size was
presented as an adjusted odds ratio (aOR) accompanied by a 95% confidence interval (CI).
Results: In total, 2733 hand hygiene observations were made. Only during 19.4% (95%CI: 17.9%-—
20.9%) of these observations, hand washing was done. Only during 37.9% (95%CIL: 33.9%-—
42.1%) of these observations, hand washing was done appropriately by following all the essential
steps of hand hygiene. Nurses (aOR = 2.49; 95%CI: 1.90-3.26), healthcare workers in General
Surgery (aOR = 2.18; 95%CI: 1.53-3.10) and Obstetrics & Gynaecology departments (aOR =
1.75; 95%CI: 1.26-2.43), working in inpatient departments (aOR = 2.64; 95%CI: 1.38-5.04) had
significantly higher compliance to hand hygiene practices. Nurses (aOR = 2.58; 95%CI:
1.33-5.01) and General Medicine department healthcare workers (aOR = 1.98; 95%CI:
1.09-3.61) had significantly higher compliance to appropriate hand hygiene practices.
Conclusion: Our study shows that only during one-fifth of the observations did healthcare workers
do hand washing, and less than 10% did it appropriately by following all the essential steps of
hand hygiene.

1. Introduction

Hand hygiene practices among healthcare workers (HCWs) play a vital role in patient safety. Healthcare facilities are high-risk
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areas, where both the care providers and patients are exposed to numerous microorganisms. A breach in hygiene practices has often
resulted in nosocomial infections or healthcare associated infections (HAIs), which are unfortunate and accidental. HAIs caused by
resistant microorganisms pose a serious threat, as these infections are difficult to treat. This impacts the healthcare system in terms of
cost and quality of services in addition to contributing to significant rise in morbidity and mortality [1]. According to a WHO report,
7% of patients admitted to hospitals develop HAIs amongst developed countries, while this burden rises to 10% amongst developing
countries [2].

With the ongoing COVID-19 pandemic, awareness of hand hygiene has gained significant momentum globally. However, poor
compliance among healthcare workers still ranges from 9% in low-income countries to not more than 70% in high-income countries
[3]. The CDC reports that HCWs wash their hands less than half the time as recommended for them [4]. These calls for a greater
commitment to these life-saving practices, particularly in healthcare settings.

Hand hygiene compliance includes washing hands with soap and water using an appropriate technique to remove microorganisms.
If done appropriately, it is the most efficient and cost-effective intervention that can be implemented in the healthcare setting [5]. It
reduces the growth of microorganisms and has an inverse relationship with the incidence of HAIs [6]. To increase awareness among
HCWs, WHO launched the “Save Lives: Clean Your Hands” campaign in 2009. Every year, through this campaign, WHO aims to
galvanize the adoption of hand hygiene measures by HCWs at the right time and in the right way. The “five moments of hand hygiene”
were developed as a standard guide to be followed by HCWs [7]. In lower and middle-income countries, factors like overcrowding,
access to water resources, lack of awareness and proper training, etc. make it more challenging to adhere to hand hygiene protocols.
The lessons from the ongoing pandemic have been learned well. However, it is an undeniable fact that the healthcare facilities have
been overburdened like never before. With such a great burden comes even more greater responsibility to safeguard the well-being of
patients. There is a dearth of literature on compliance with hand hygiene in Indian settings during the COVID-19 pandemic. Our aim
through this survey was to observe the hand hygiene compliance of HCWs during the COVID-19 pandemic as per the “WHO five
moments of hand hygiene” in selected secondary and tertiary care facilities of Tamil Nadu.

2. Methods
2.1. Study design and study setting

This cross-sectional investigation was carried out within the framework of an extensive mixed-methods research project examining
patient safety practices in public healthcare facilities throughout Tamil Nadu [8]. Situated in the southern region of India, Tamil Nadu
features a three-tiered healthcare delivery system. Our survey was focused primarily on the secondary and tertiary care facilities in
Tamil Nadu, as the patient safety framework was primarily focused on the secondary and tertiary levels of the healthcare delivery
system.

This study was approved by Institutional Ethics Committee of ESIC Medical College & PGIMSR, Chennai dated 04.05.2021 with IEC
No. IEC/2021/1/12.

2.2. Sampling strategy

We employed a two-stage stratified random sampling technique to choose public healthcare facilities. Initially, districts were
categorized into low, medium, and high groups according to their respective human development index (HDI) scores [9]. Two districts
were selected randomly from each of these strata using the lottery method. Then, 18 public health facilities (6 medical colleges and 12
Government Hospitals) were selected.

2.3. Sample size calculation

The sample size was determined based on a prior study reporting a 22% non-compliance rate for hand hygiene [10], a 10% relative
precision, and a design effect of 2. With these parameters, we needed to observe approximately 2700 hand hygiene opportunities.
Given that our sample included 18 facilities, we aimed to observe 150 hand hygiene opportunities at each facility (150 x 18 = 2700).

2.4. Data collection process

We recruited research assistants as data collectors for this survey. They received a week-long training to familiarize them with the
data collection methods, tools, and facility-level observations. The research assistants then conducted direct, non-participant, struc-
tured, undisguised observations of healthcare professionals’ hand hygiene practices. Biomedical waste disposal practices were also
observed on a different day with different set of healthcare workers and the findings of the study are published elsewhere [11].

Various healthcare worker (HCW) cadres, including doctors, nurses, laboratory technicians, and pharmacists, were observed in the
chosen facilities. Observations took place in the following departments: General Medicine, General Surgery, Obstetrics & Gynaecology,
Orthopaedics, and Paediatrics. Within each department, observations were conducted in the outpatient department (OPD), inpatient
department (IPD), injection OPD, Procedure room, and intensive care unit (ICU). The Principal Investigator and Co-Investigators
periodically monitored the data collection process.

After consulting with subject experts and reviewing the literature, observation checklists were developed. Hand hygiene
compliance was assessed during the five moments of hand hygiene (as defined by WHO) [12]:
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e Before touching a patient,

e Before clean/aseptic procedures,

o After body fluid exposure/risk,

o After touching a patient,

e After touching patient surroundings.

Additionally, information regarding training and awareness sessions on hand hygiene was gathered at each facility as part of the
broader patient safety study.

2.5. Operational definitions

Compliance with hand hygiene practices: HCWs were considered compliant with hand hygiene practices if they performed
handwashing using soap and water or an alcohol-based hand rub during any of the five moments of hand hygiene, as outlined by the
WHO [13].

Appropriate hand hygiene practices: HCWs were deemed to have performed appropriate hand hygiene practices if they followed
all six essential steps of handwashing recommended by WHO. These steps include: palm-to-palm contact, right palm over the left
dorsum and vice versa, palm-to-palm contact with fingers interlaced, backs of fingers against opposing palms, rubbing of thumbs, and
rubbing of fingertips [13].

2.6. Statistical analysis

Data entry was completed using EpiCollect5, and analysis was conducted using STATA software version 14.2 (StataCorp, College
Station, TX, USA). Continuous variables were presented as mean and standard deviation (SD), while categorical variables were
expressed as frequency and percentages. Outcome variables, including hand hygiene compliance and appropriate hand hygiene
practice, were reported with 95% Confidence Intervals (CIs). Hand hygiene compliance and appropriateness were treated as dependent
variables, while factors such as HCW type, department, department section, and hand hygiene moment were considered explanatory
variables. A logistic regression model was employed to assess determinants of hand hygiene compliance and appropriateness. Factors
with p-values less than 0.20 in univariable analysis were incorporated in the multivariable analysis.

To account for the multiple levels involved in the sampling strategy, multilevel modeling was performed. The impact of clustering
at the level of healthcare facility was evaluated using a random-intercept model [14]. A likelihood ratio test (LR test) was conducted to
compare this model with the naive model (final model in multiple logistic regression). In cases where the LR test proved significant, a
multivariable logistic regression analysis based on the random-intercept model was performed. The effect size was reported as an
adjusted Odds Ratio (aOR) with a 95%CI. Variables with p-values less than 0.05 were deemed statistically significant.

3. Results

A total of 2733 hand hygiene observations were conducted throughout the surveyed healthcare facilities. Table-1 presents a

Table 1
Hand hygiene observations across public health facilities in Tamil Nadu (n = 2733).

Characteristics Categories Frequency (%)

Designation Doctor 887 (32.5)
Nurse 1552 (56.8)
Other allied staffs® 294 (10.7)

Department General Medicine 1475 (54.0)
General Surgery 251 (9.2)
Obstetrics & Gynecology 350 (12.8)
Pediatrics 333 (12.2)
Orthopedics 324 (11.8)

Division Outpatient department 863 (31.6)
Inpatient department 1297 (47.5)
Injection OPD 447 (16.3)
Procedure room 126 (4.6)

Which of the “5 moments of hand hygiene” was observed? After body fluid exposure 47 (1.7)
After touching the patients 1033 (37.8)
After touching patient surroundings 483 (17.7)
Before clean or aseptic procedure 69 (2.5)
Before touching patients 1101 (40.3)

Whether hand hygiene was performed during the event Yes 530 (19.4)
No 2203 (80.6)

Whether hand hygiene was performed appropriately during the event (n = 530) Yes 201 (37.9)
No 229 (62.1)

@ Laboratory technicians, pharmacists.
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summary of the hand hygiene observations made among healthcare workers in public health facilities across Tamil Nadu. Most ob-
servations were among nurses (56.8%), followed by doctors (32.5%) and other allied staff (10.7%). Over half of the observations took
place in the general medicine department. Almost half of the observations occurred in the IPD (47.5%), followed by general OPD
(31.6%) and injection OPD (16.3%). The majority of healthcare facilities (16 out of 18) provided hand hygiene training for HCWs,
while only 10 out of 18 facilities conducted awareness sessions on hand hygiene measures for the general public.

Majority of the observations were made before and after touching the patients amongst the “5 moments of hand hygiene”. Only
during one-fifth (19.4%; 95%CI: 17.9%-20.9%) of the observations, hand washing done by the healthcare workers. Among the 530
observations during which hand washing was done, only during 201 (37.9%; 95%CI: 33.9%-42.1%) of the observations, hand washing
was done appropriately by following all the essential steps of hand hygiene.

Tables-2 & 3 show the determinants of compliance and appropriateness for hand hygiene practices. Clustering at healthcare facility
level was found with significant LR test (p < 0.001) for both of these models. Intraclass correlation coefficient (ICC) was 0.36 and 0.14
respectively.

Initially, in the unadjusted analysis of the compliance model, factors such as designation, department, section of the department,
and moment of hand hygiene were found to be significant determinants. All of these factors were then included in the adjusted
analysis.

When compared to doctors, nurses (aOR = 2.49; 95%CIL: 1.90-3.26) and allied healthcare staffs (aOR = 2.61; 95%CI: 1.75-3.88)
had significantly higher compliance with hand hygiene practices. HCWs in General Surgery (aOR = 2.18; 95%CI: 1.53-3.10) and
Obstetrics & Gynaecology departments (aOR = 1.75; 95%CI: 1.26-2.43) had significantly higher compliance to hand hygiene practices
when compared to those working in General Medicine department. HCWs in IPD (aOR = 2.64; 95%CI: 1.38-5.04) had significantly
higher compliance with hand hygiene practices when compared to those in procedure room. HCWs had maximum compliance to hand
hygiene practices after exposure to body fluids (aOR = 15.8; 95%CI: 7.74-32.1), before clean or aseptic procedure (aOR = 8.70; 95%
CI: 5.10-14.85) and after touching the patients (aOR = 2.23; 95%CI:1.77-2.82).

In the unadjusted analysis of appropriateness model, designation and department were significant determinants. However, five
moments of hand hygiene had p-value less than 0.20 and were also included in the multivariable model.

Nurses exhibited notably better compliance to appropriate hand hygiene practices (aOR = 2.58; 95%CI: 1.33-5.01) compared to
allied healthcare staff. Additionally, HCWs in the General Medicine department demonstrated significantly higher compliance to
appropriate hand hygiene practices (aOR = 1.98; 95%CI: 1.09-3.61) in contrast to those working in the General Surgery department.

4. Discussion

Healthcare-associated infection is one of the most common complications associated with healthcare management [2]. It is a
serious complication as it can lead to high rate of morbidity and mortality, length of hospital stays, and costs associated with it [2].
Hence, implementation of effective infection prevention & control practices is central to the provision of high-quality care for patients
and HCWs in hospitals. The ongoing COVID-19 crisis has actually had a positive impact on the infection control measures, as most of
the public health facilities have conducted training for HCWs on hand hygiene, installed hand washing stations with sanitizers and

Table 2

Determinants of compliance to hand hygiene measures amongst HCWs in surveyed public healthcare facilities of Tamil Nadu (N = 2733).
Characteristics Total, N Compliance to hand hygiene, n (%) Adjusted Odds Ratio” (95%CI) P-value
Designation
Doctors 887 90 (10.1) Ref -
Nurses 1552 372 (24.0) 2.49 (1.90-3.26) <0.001*
Other allied staff® 294 68 (23.1) 2.61 (1.75-3.88) <0.001*
Department
General Medicine 1475 221 (15.0) Ref -
General Surgery 251 93 (37.0) 2.18 (1.53-3.10) <0.001*
Obstetrics & Gynaecology 350 106 (30.3) 1.75 (1.26-2.43) 0.001*
Paediatrics 333 57 (17.1) 1.31 (0.92-1.87) 0.13
Orthopaedics 324 53 (16.4) 1.04 (0.72-1.50) 0.83
Section
OPD 1310 175 (13.4) 2.05 (1.07-3.90) 0.03*
IPD 1297 341 (26.3) 2.64 (1.38-5.04) 0.003*
Procedure room 126 14 (11.1) Ref -
Five moments of hand hygiene
After body fluid exposure 47 35 (74.5) 15.8 (7.74-32.1) <0.001*
After touching the patients 1033 247 (23.9) 2.23 (1.77-2.82) <0.001
After touching patient surroundings 483 65 (13.5) 1.00 (0.72-1.37) 0.98
Before clean or aseptic procedure 69 39 (56.5) 8.70 (5.10-14.85) <0.001
Before touching patients 1101 144 (13.1) Ref -

Ref - Reference value.

*p value statistically significant.

$Laboratory technicians, pharmacists.

#Clustering at the level of healthcare facility was adjusted using random-intercept model.
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Table 3

Determinants of appropriate hand hygiene practices amongst HCWs in surveyed public healthcare facilities of Tamil Nadu (N = 530).
Characteristics Total, N Appropriate hand hygiene, n (%) Unadjusted Odds Ratio” (95%CI) P-value
Designation
Doctors 920 28 (31.1) 1.73 (0.90-3.54) 0.19
Nurses 372 157 (42.2) 2.58 (1.33-5.01) 0.005*
Other allied staff® 68 15 (22.1) Ref -
Department
General Medicine 221 87 (39.4) 1.98 (1.09-3.61) 0.02*
General Surgery 93 33(35.5) Ref -
Obstetrics & Gynaecology 106 44 (41.5) 1.78 (0.90-3.54) 0.09
Paediatrics 57 19 (33.3) 1.23 (0.56-2.71) 0.60
Orthopaedics 53 17 (32.1) 1.29 (0.56-2.95) 0.55
Section
OPD 175 66 (37.7) {Not included in the model}
IPD 341 129 (37.8)
Procedure room 14 5(35.7)
Five moments of hand hygiene
After body fluid exposure 35 18 (51.4) 1.91 (0.75-4.86) 0.18
After touching the patients 247 85 (34.4) 0.95 (0.51-1.79) 0.88
After touching patient surroundings 65 23 (35.4) Ref -
Before clean or aseptic procedure 39 18 (46.1) 1.43 (0.59-3.43) 0.43
Before touching patients 144 56 (38.9) 1.15 (0.58-2.27) 0.69

Ref - Reference value.

*p value statistically significant.

$Laboratory technicians, pharmacists.

#Clustering at the level of healthcare facilities was adjusted using random-intercept model.

awareness sessions for the patients.

Despite such positive findings regarding the implementation of hand hygiene facilities and regular staff training sessions in almost
all of the facilities, hand washing was done by the HCWs only during one-fifth of the observations and less than 10% did hand washing
appropriately by following all the essential steps of hand hygiene. This result was in line with prior research conducted in Southern
India and comparable settings [15-20]. However, few studies showed at least 30-60% compliance to hand hygiene practices, rep-
resenting a wide variation in the compliance with hand hygiene practices across public health facilities [21-23]. Nonetheless, findings
from our study are a primary area of concern, given that the WHO has cited hand hygiene as one of the crucial components of
COVID-19 containment, and for which overall compliance was less than 20% and appropriate practice was less than 10%. We further
explored hand hygiene compliance and appropriateness across several factors to understand the pattern of non-compliance and
generate workable recommendations.

We found that the nurses were more compliant to hand hygiene opportunities and appropriate hand hygiene practices than doctors
or allied healthcare staffs. This was also found to be similar to previous study findings across Indian settings and other low middle
income countries [19,20,22,24,25]. There might be various factors responsible for such poor compliance to hand hygiene among
doctors, like work pressure, high caseload, and possibility of superiority complex or following Monkey’s Rule (i.e., “why should I
follow when others are not Following”), which makes them less receptive to learning from other HCWs—especially nurses.

We found that compliance with hand hygiene was better in IPD compared to OPD and procedure room. However, there was no
significant difference in terms of appropriate hand hygiene practices across the settings. This again reiterates the fact that lack of time,
work pressure and high case load are the possible reasons for lower compliance with hand hygiene practices at OPD. However, the
most worrying finding is the lack of hand hygiene compliance in highly sterile settings like procedure room. But the number of ob-
servations in these setting was very low, given the lack of accessibility during the survey.

We have also assessed hand hygiene compliance and appropriateness based on the five moments of hand hygiene. We found that
HCWs who had exposure to body fluids had the highest compliance to hand hygiene practices followed by HCWs prior to performing
any clean or aseptic procedure, while the least compliance was found before touching any patient or after touching patient sur-
roundings. This finding was similar to the results reported in previous evidence in Indian setting [10,22,26]. The probable reason for
such difference could be the perception of HCWs towards practicing hand hygiene when there is higher risk of contracting infections
from the patients, i.e., exposure to bodily fluids. For a longer period of time, performing hand hygiene has been a routine practice
before performing any clean or aseptic procedure. Hence, the compliance was better during these moments. Nonetheless, it is crucial to
change these perceptions and ensure that HCWs comprehend the importance of each moment (as outlined in the WHO’s five moments
of hand hygiene) in preventing the spread of infection within healthcare facilities. However, a further root cause analysis should be
done to identify the possible reasons for the lower compliance and the difference identified across various factors. These data indicate
to policymakers which type of health worker, which setting, and what moment of hand hygiene should be prioritized in designing and
targeting the infection prevention & control interventions.

Our study possesses several strengths. We employed a standard framework (provided by the WHO) to evaluate hand hygiene
practices. Additionally, we conducted a survey of hand hygiene practices across varied tier of health facility (secondary and tertiary),
covering various settings (General OPD/IPD/Procedure room/Injection OPD/ICU/OT) and types of HCWs (doctors/nurses/allied
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staff). Despite these strengths, our survey faced some limitations. Observer bias could have been present during the hand hygiene
observations, as the hospital administrators were informed that such observations would be made on the HCWs within a specific
timeframe. Consequently, the dissemination of this information to all the HCWs in the facility might have influenced their practices
during the survey.

5. Conclusion

Our study shows that only during one-fifth of the observations, healthcare workers did hand washing and less than 10% did it
appropriately by following all the essential steps of hand hygiene. Further root cause analysis is necessary to identify the possible
reasons for the lower compliance and the difference identified across various factors.
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