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INTRODUCTION: 
Health Care associated infections (HCAI) occur in approximately one 
out of ten hospitalized patients. According to the World Health 
Organization, at any time about 1.4 million people worldwide suffer 
from HCAI. In developed countries 5-10 % of patients and in 
developing countries about 15% patients acquire one or more 
infections during hospital.(1)

HCAI affects 5–15% of hospitalized patients in developed countries. 
The impact on ICU patients is higher with 9–37% of patients being 
affected. Rates of hand hygiene compliance have been reported to be 
either insufcient or very low in both developed and developing 
countries. Adherence to recommended hand hygiene procedures by 
health care personnel have been reported variably, with rates ranging 
from 5% to 89% and an average rate of 38.7%.(1)

The burden of HCAI can be directly linked to increased length of 
hospital stay, morbidity and mortality. It has also resulted in 
disproportionate increase in cost of medical care, the effects of which 
are seen both in developed and developing nations. (2)

We started a campaign called “Ring the Bell”, in which health care 
professionals were asked to ring a bell hung next to the wash basin just 
prior to hand washing. This would produce the sound of a hand bell in 
the ICU and make other staff working in the ICU aware that someone is 
washing their hand. The campaign was received with lots of 
enthusiasm and became a fun activity in the ICU where it was started.

Since it sparked a lot of interest, we decided to study if this intervention 
would be of help in the real world of hospital infections. Keeping in 
mind the impact of poor hand hygiene practices on health care; we 
devised a simple study to see whether this simple, low cost positive 
habit reinforcement strategy and intervention can affect health care 
delivery.

We studied hand hygiene practices two Intensive care units in our large 
tertiary care hospital which had a similar bed capacity, bed occupancy 
and work load. We introduced ringing the bell before hand washing in 
one of the ICUs and compared it with the other ICU which acted a 
control limb.

Studies with such interventions have not been conducted elsewhere. 
Since this is an issue that is encountered on a daily basis and the subject 
needed to be effectively addressed, we decided to perform this study.

MATERIALS AND METHODS
The study was conducted at a large tertiary hospital of over 1000 beds. 
The hospital has two Intensive Care Units of 13 beds each. The ICUs 
were designated for the study purpose as ICU A and ICU B. The study 
was conducted between 01 Jan 2019 and 31 March 2019.

The stafng pattern of both ICUs was similar. ICU A dealt with mainly 
cardiac patients, both surgical and medical in nature. ICU B was a 
general ICU which dealt with general medical, surgical and 
neurosurgical patients.

ICUs A and B had a similar morning routine which included 
multispecialty ward rounds. Both ICUs were matched with regards to 
bed occupancy.

The study was performed as an observational case control study. For 
purpose of the study ICU A was designated as the control limb and ICU 
B was designated as the test limb. While the control limb was left as it 
was, a hand bell was hung next to the wash basin in ICU B with 
instructions to ring the bell before hand washing (Figure 1). The hand 
bell was placed a week prior to the start of the study. This was to ensure 
that all health care personnel working in ICU B got familiar with 
ringing the bell prior to hand washing and were adhering to the “ring 
the bell” campaign.
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After a week of running in of the campaign, when it was thought that 
the new practice was sufciently ingrained in the working staff, the 
study was began. The staff working in either ICUs and visiting teams 
of doctors was unaware of the study being conducted. 

Independent observers (one separate observer for each ICU) from the 
infection control committee of the hospital who are usually present in 
the ICUs during the morning rounds were nominated to observe the 
hand hygiene practices of each ICU. 

The independent observer was tasked to note down the number of foot 
falls in each ICU, hand washing events, hand rubbing events and in 
addition the observer in ICU B was tasked to note down the number of 
times the bell was rung prior to washing of hands in. Either hand 
washing or application of hand rub solution was considered as a hand 
hygiene event. Hand hygiene index was dened as the total number of 
hand hygiene events divided by the total number of footfalls in an ICU.
The independent observers were instructed to study their respective 
ICUs for a time period of one hour during the peak time of ICU activity, 
between 0800H and 0900H on each day for a period of 90 days. 

STATISTICAL ANALYSIS
Statistical software SSPS 13 was used for statistical analysis. The null 
hypothesis was that there would be no difference in the number of hand 
hygiene event incidence of both ICUs. The two sided Z test was 
applied and the Z value was calculated. A p value of less than 0.05 was 
considered signicant.

RESULTS
The health care personnel attending ICUs were categorized as Doctors, 
Nurses, Trainee Nurses, Medical Assistants and other personnel. 
Details of the foot falls of health care personnel in each ICU are 
tabulated (Table 1).

The number of foot falls in ICU A was 1584 health care personnel in the 
study period. Number of hand washing events in ICU A over the 90 day 
period was 909. The hand hygiene index for ICU A was 0.58%.

The number of foot falls in ICU B was 2706 health care personnel. 
Number of hand washing events in ICU B over the 90 day period was 
3870. The hand hygiene index for ICU A was 1.43%. Comparison of 
hand wash events in ICU A and B are depicted in Figure 2. Mean and 
Standard deviation of hand hygiene index of ICU A and B are depicted 
in Table 2.

There was a 125% increase in hand wash events in ICU B as compared 
to ICU A which amounted to an increase of 2.5 times when compared 
with ICU A.

The two sided Z test was applied and Z value was calculated to be 
12.34 (SE=0.068). Since p value (= 0.0001) was less than 0.05 the null 
hypothesis was rejected at 5% level of signicance indicating that the 
“ring the Bell” campaign led to signicant increase in hand hygiene 
events and there by hand hygiene compliance.

DISCUSSION
Health care associated infections are a dreaded reality. Eighty percent 
of infectious diseases are transmitted by touch. Such infections are 
directly related and associated with poor hand hygiene practices. 
Health care personnel's unclean hands are most often the commonest 
conduit for transmission of health care associated infection. 

Over the past few years many initiatives to facilitate early recognition 
of sepsis and improving treatment have been made with a high priority 
accorded to reduce mortality rates and improve outcomes.(3) The 
WHO accords high priority to the issue of hand hygiene compliance, 
and recently came out with its annual call for action to promote hand 
hygiene. The  WHO campaign slogan for the year 2018 is “It's in your  
hands—prevent sepsis in health care”.(4)

Hand hygiene has been described by the WHO as a generic term 
referring to any action of hand cleansing.(1) Hand hygiene practices 
encompass a plethora of terms including antiseptic hand washing, 
antiseptic hand rubbing, hand care, hand cleansing, hand disinfection, 
hygienic hand antisepsis, hygienic antisepsis, surgical hand antisepsis, 
surgical hand scrub, surgical hand rub and the likes.

Generally when the terms hygienic antisepsis are used it refers to 
eliminating transient ora on hands and not necessarily reducing the 
skin resident ora. Whereas when the terms surgical hand antisepsis or 
scrub/rub are used it usually refers to eliminating all transient micro-
ora from the hands and reducing the skin resident ora.

Transient micro-ora are the organisms acquired by health care 
personnel either from environmental surfaces adjacent to patients or by 
direct contact with patients and are the organisms usually associated 
with HCAI.(5)(6) Hands of health care personnel have total bacterial 

4 6 2counts that ranged from 3.9 x 10  to 4.6 x 10  CFU/cm  as seen by 
various studies.(7) (8)

In an effort to better hand hygiene practices WHO has actively 
promoted the “my five moments of hand hygiene” campaign. These 
include before touching the patient, before clean or aseptic procedures, 
after body uid exposure risk, after touching the patient and nally 
after touching patients surroundings.(1)

There are numerous factors affecting either adherence or non-
adherence to good hand hygiene practices. Factors causing poor 
adherence broadly include observed risk factors, self reported risk 
factors and additional perceived barriers to appropriate hand hygiene. 
Factors leading to good adherence include observed factors, predictive 
factors, self reported factors and factors for preferential recourse to 
hand rubbing rather than hand washing. (Table 3)
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Educational intervention has played a role in hand hygiene compliance 
improvement but its impact has been variable and inconsistent. In one 
study, there was an initial improvement in the rate of compliance at one 
month after the educational intervention [from 89% (168 of 189 
opportunities) to 100% (212 of 212 opportunities); P<.001], but the 
rate decreased to the baseline rate at three months [89% (85 of 96 
opportunities)].(9) Educational interventions have also been seen to be 
effective in a paediatric intensive care setting. (10)

Numerous strategies have been looked into to possible improve hand 
hygiene compliance. These strategies include administrative 
support, education and training, 'supplies', reminders, performance 
feedback, and surveillance. One mini systematic review concluded 
that multi-modal interventions are effective in improving 
compliance to a particular level after which the effect plateaus out 
and desired standards are not met. Methodologically good trials of 
combined strategies and interventions could augment the evidence 
about interventions to improve hand hygiene compliance among 
ICU staff. (11) 

Multi-modal approaches such as consultation and advocacy meetings, 
intensifying the provision of alcohol hand rub, training and education, 
intensifying use of reminders in the workplace, involvement of 
hospital leaders in hand hygiene improvement, evaluation and 
feedback and provision and insurance of a continuous supply of related 
consumables have helped improve hand hygiene compliance.(12) 
Signicantly better hand hygiene practices worldwide have resulted 
due to Implementation of the WHO multi-modal promotion 
strategy.(13) Such multi-modal strategies have been applied to 
infection control practices also.(14)

Hand hygiene protocols also helped in improving hand hygiene 
compliance as seen by one study which introduced a protocol which 
possibly shifted the focus from self protection to patient 
protection.(15)

Behavioral considerations may inuence hand hygiene compliance 
rates. Hand hygiene behavior varies signicantly amongst health care 
personnel within in the same institution or country. (16)(17) Modifying 
hand hygiene behavior is a complex task and the inability of behavioral 
modication methods to motivate health care personnel is well known. 
(18)

We explored the science of behavioural modication in our study to a 
reasonable extent. Bells sound good and they have been used to great 
effect at various places. They have been exploited by a very popular 
food chain which placed a bell near the exit and had a board with the 
words “ring the bell if you enjoyed yourself”. This increased 
perceived levels of customer satisfaction and translated to increased 
sales.

This was what sparked the idea for “ring the bell” campaign. Besides 
hand bells bring in a sense of peace and calm. One usually associates 
bells with tranquillity and serenity. We thought the pleasant sound of a 
ringing bell in the ICU would be only a welcome introduction to the 
existing chaotic environment.

We used a concept called classical conditioning in our study. 
Conditioning is a process of changing behavior by rewarding or 
punishing a subject each time an action is performed. Classical 
conditioning is another term which explains the same concept in 
greater detail. It is a process in which a previously neutral stimulus 
evokes a specic response by being repeatedly paired with another 
stimulus that evokes the response.

In our study the neutral stimulus was the sound of the bell. This sound 
was repeatedly paired with the process of hand washing. This ended up 
as a positive behavioral reinforcement loop. Whenever a health care 
personnel rung the bell and washed hands, it sent a clear message into 
the environment that a hand hygiene event was being performed. 

The hand washer never went unnoticed by others. Being noticed for 
washing hands by peers, acted as validation for a good act. In addition 
it acted as constructive feedback for the individual and encouraged him 
to continue the positively reinforced behavior. This furthermore acted 
as a trigger or reminder and led more staff either to washing hands or 
using hand rubs. This also possibly conditioned them to wash hands 
more frequently. 

In our study, though both the ICUs had similar bed strength, bed 
occupancy and stafng pattern, we observed that the number of 
footfalls in ICU B exceeded that of ICU A. This was due to the fact that 
while ICU A had only cardiac patients, ICU B had multi-specialty 
patients and were visited by treating teams consisting of more number 
of health care personnel. Hence we used hand hygiene index to 
compare the two ICUs. We observed that hand hygiene events 
exponentially increased during the study period by 125%, an increase 
of about 2.5 times as compared to the control limb. This increase in 
hand hygiene compliance was sustained over a period of time unlike 
what has been studied by previous researchers studying other methods 
to improve hand hygiene compliance.(9)

Our unique study of using this habit reinforcing tool was a very 
effective low cost, high impact and innovative experiment. This would 
certainly be well suited for resource limited set ups. Further 
improvements in the existing tool may enhance its value. For example, 
a tool that may work even better would be in the form of a bell linked to 
a digital counter. In this the health care personnel rings an electronic 
bell and washes her hand. The event gets recorded and displayed 
digitally for everyone to see. The ICU staff get notied real time of the 
number of hand washes in the day. Our team is in the process of 
devising such a hand wash digital counter.

Limitations of the study include it being performed at a single centre. 
The other limitation of the study was that it was performed for one hour 
daily for a period of 90 days and this may not be truly representative of 
the 24 hour hand hygiene events rate and patterns. We also need longer 
studies to ascertain that the effect of better compliance of hand hygiene 
practices is sustained. The nal limitation was that before starting the 
study we assumed a similar footfall pattern in both ICUs however on 
observation we found ICU B had more footfalls than ICU A. We 
however do not think it would have changed our observations. 

CONCLUSION
Health care associated infections are a common occurrence and good 
hand hygiene practices can go a long way in decreasing morbidity and 
mortality associated with them. We developed a simple innovative and 
effective low cost tool that has a high impact with sustainable 
improvement in hand hygiene compliance rates. This will be 
universally helpful in increasing hand wash compliance and would be 
especially useful in resource limited settings.
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