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(1) administrative support, (2) supplies availability, (3) education and training, (4)
reminders in the workplace, (5) process surveillance and (6) performance feedback.
The practices of health care workers were monitored during randomly selected 30-min
periods. We observed 3612 opportunities for HH. Overall adherence to HH increased
from 36.9% to 82% (95% Cl 79.3—84.5; P=0.0001). Multivariate analysis indicated that
certain variables were significantly associated with poor HH adherence: nurses vs.
physicians (70.5% vs. 74%; 95% Cl 0.62—0.96; P=0.018), ancillary staff vs. physicians
(43.6% vs. 74.0%; 95% Cl 0.48—0.72; P<0.001), ancillary staff vs. nurses (43.6% vs.
70.5%; 95% ClI 0.51—0.75; P<0.001) and private vs. academic hospitals (74.2% vs.
66.3%; 95% C1 0.83—0.97; P<0.001). It is worth noticing that in India, the HH compli-
ance of physicians is higher than in nurses. Adherence to HH was significantly increased
by implementing the IMHHA. Programs targeted at improving HH are warranted to

© 2014 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
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identify predictors of poor compliance.
Ltd. All rights reserved.
Introduction

Healthcare-associated infection (HAIs) pose seri-
ous threats to patient safety, including morbidity
and mortality [1]. Within the mainstream litera-
ture, the majority of studies on HAls have been
carried in high-income countries [2], whereas this
problem has not been studied thoroughly in limited-
resource countries. To counteract this, since 2002,
the International Nosocomial Infection Control Con-
sortium (INICC) has addressed the burden of HAls
by applying standardized definitions and methods
to measure and analyze HAIl rates worldwide [3—7].

Over a century ago, it was demonstrated that
appropriate hand hygiene (HH) before patient con-
tact was an essential intervention to prevent the
transmission of cross-infections by health care
workers (HCWs) [8]. It has been widely shown that
an increase in the adherence to HH was related to
the reduction of bacterial resistance and lower HAI
rates [9—11].

Successful interventions to improve HH have
been analyzed in studies both from developed
and developing countries [10,12—14]. Investigators
have assessed the effectiveness of interventions to
improve HH since the 1980s [15—17]. Since 1993,
Rosenthal et al. have implemented multimodal pro-
grams in Argentina combining administrative sup-
port, supplies availability, education and training,
process surveillance and performance feedback,
which produced sustained increases in HH compli-
ance [14], and associated reductions in the rates of
HAI [10].

The HH guidelines were published by the US Cen-
ters for Disease Control and Prevention (CDC) in
2002 [18], and by the World Health Organization
(WHO) in 2005 as part of the ‘‘Clean Care is Safer
Care’’ campaign [19], and in 2009, by presenting a

compilation of previously published data, and a new
formulation for alcohol-based hand rub products,
among other recommendations [11].

This is the first multisite study conducted in
India with the aim of determining the baseline rate
of adherence to HH by HCWs before patient con-
tact, analyzing risk factors for poor adherence and
assessing the impact of an INICC Multidimensional
HH Approach (IMHHA) in 3 hospitals from 2 cities.
The IMHHA includes the following components:
(1) administrative support, (2) supplies availabil-
ity, (3) education and training, (4) reminders in
the workplace, (5) process surveillance and (6)
performance feedback.

Materials and methods

Study design

From August 2004 through July 2011, we carried
out an observational, prospective, interventional,
before-and-after multisite cohort study, which was
divided into two periods: a baseline period and
a follow-up period. The baseline period included
opportunities registered at each hospital during
their first 3 months of participation, and the follow-
up period included opportunities documented after
the fourth month of participation. Each hospital
started to participate in the study at different
times, and therefore, they have different lengths of
follow-up (from 4 to 36 months); but for all ICUs the
length of the baseline period is exactly the same (3
months). For comparing the rate of HH adherence,
the ICUs were aligned independently of the date at
which they started their participation in the study
over the 7-year period.
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Study setting

This study was conducted in 3 ICUs of 3 INICC mem-
ber hospitals from 2 cities in India, which were
incorporated into the study over the 7-year study
period. Each hospital has an infection control team
(ICT) with at least one infection control practitioner
(ICP) and one physician. The ICT member in charge
of process surveillance at each hospital has a mini-
mum of two years of experience in infection control
practices and surveillance of HAI rates. Professional
categories of HCWs included physicians, nurses,
and ancillary staff (paramedical technicians, nurse
aides, patient care technicians, laboratory team
members, radiology team members, physiothera-
pists, patient lift teams, and other paramedical
personnel.)

Background on INICC

The INICC is an international, non-profit, open,
multi-center HAI surveillance network with
methodology based on the U.S. CDC/National
Healthcare Safety Network (NHSN) [20]. The
INICC is the first research network established
internationally to measure, control and prevent
HAls in hospitals worldwide through the analysis
of standardized data, which are collected on a
voluntary basis by its member hospitals. Gaining
new members since its international inception in
2002, the INICC is now comprised by nearly 1000
hospitals in 300 cities of 60 countries in Latin
America, Asia, Africa, Middle East, and Europe,
and has become the only source of aggregate stan-
dardized international data on the epidemiology of
HAIls worldwide [7].

The INICC Multidimensional Hand Hygiene
Approach (IMHHA)

The IMHHA was implemented at the participat-
ing ICUs when they began participation in the
INICC program. The IMHHA includes 6 elements:
(1) administrative support; (2) supplies availabil-
ity; (3) education and training; (4) reminders in
the workplace; (5) process surveillance and (6) per-
formance feedback. For the purposes of analysis,
we present the elements of the IMHHA individually.
Nevertheless, it is worth noting that for an effective
implementation of the approach, the 6 components
need to interact simultaneously.

Administrative support

Hospital administrators agreed and committed
to supporting the development of the IMHHA,
attended infection control meetings on a monthly

basis to discuss study findings, and allocated sup-
plies of HH products.

Supplies availability

Supplies were made available by placing alcohol-
based hand rub bottles in nursing stations, at the
ICUs’ and individual patient room entrances, and
near the site of patient care (at bedside tables
and/or on the feet of patient beds). Soap, paper
towels and sink water were supplied at the ICUs’
entrances, nursing stations, and common areas in
the ICUs.

Education and training

At each ICU, the investigators of the ICT pro-
vided 30-min education sessions on HH practices
to HCWs in each work shift, at the beginning of
the study period and periodically (every month,
every 2 months, and every 6 months, in the respec-
tive 3 ICUs) during the follow-up period. Sessions
included the provision of information about the cor-
rect opportunities and techniques for HH.

Reminders in the workplace

Posters reminding employees of HH techniques and
opportunities were displayed around the hospi-
tal settings (i.e., hospital entrance, corridors, ICT
office and entrances, nursing stations, and beside
each alcohol-based hand rub bottle). Reminders
included simple instructions on HH practice in
accordance with the contents of the education and
training sessions.

Process surveillance

Process surveillance of HH practices consisted of
recording the potential HH opportunities, and the
number of HH episodes observed, both with water
and soap, or with alcohol-based hand rub prod-
ucts. HCWs’ HH practices were directly monitored
by a member of the ICT, who had received train-
ing sessions from a reporting manual, and who was
not an observed HCW [3,11]. To improve the inter-
reliability of the data, observers used standardized
monitoring processes, following a protocol and
completing standardized HH surveillance forms that
contained a uniform questionnaire for monitoring
HH practices [3]. The ICT member conducted unob-
trusive observations (that is, without interference
from the observer) at specific time periods selected
at random, distributed three times a week, dur-
ing 30min each time and during all work shifts
(morning, afternoon and evening). HCWs were not
aware of the schedule of the monitoring period
by the ITC. The monitoring included HH compli-
ance before patient contact, and before an aseptic
task, because we started the study in August 2004,
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and the ‘‘Five moments for HH’’ proposed by the
WHO was not published until 2009. The potential
confounders of HH included the type of ICU, the
professional category, sex, the work shift, and the
type of contact.

Performance feedback

On a monthly basis, the INICC Headquarters in
Buenos Aires prepared and sent each ICU a final
month-by-month report on compliance with HH.
These reports displayed charts and contained a run-
ning tally of HH compliance by HCWs in the ICUs,
and compliance comparing several variables, such
as sex, HCWs’ professional status, ICU type, con-
tact type, and work shift. The results of the reports
were reviewed every month at ICT meetings and
the charts were posted in the participating ICUs to
provide performance feedback to the HCWs work-
ing in them [3]. Performance feedback started in
the third month of participation in this approach

[3].
Training for process surveillance

The ICT investigators were self-trained with a
procedure manual designed by the INICC, which
specified how to conduct HH process surveillance
and how to fill in the forms [3]. ICT members had
continuous telephone, email, and webinar access
to a support team at the INICC Headquarters.

Data collection and processing

Every month, the ICT members from each partici-
pating ICU completed INICC process surveillance HH
forms and sent them to the INICC Headquarters in
Buenos Aires, where the data were uploaded into
a database and analyzed. Next, the members of
the ICT at each participating ICU received a report
on the HH compliance, showing compliance rates
stratified by month, sex, HCWs’ professional sta-
tus, the ICU, the ICU work shift, and the type of
contact [3].

Statistical methods

Univariate analysis of variables associated with
poor hand hygiene, and the impact of the INICC
multidimensional hand hygiene approach

The aggregated independent variables (type of hos-
pital, sex of the HCWs, profession of the HCWs, the
type of ICU, and the type of contact) of all of the
observed HH opportunities and HH compliance dur-
ing the study, and the comparison of HH compliance
during the baseline period and during the follow-
up period were compared using the Fisher’s exact

test for dichotomous variables and the unmatched
Student’s t-test for continuous variables. 95% confi-
dence intervals (Cl) were calculated using Stata 11
(StataCorp LP, 4905 Lakeway Drive, College Station,
TX, US). Relative risk (RR) ratios were calculated for
comparisons of the analyzed variables associated
with HH using EPI Info™ V6 (Centers for Disease
Control and Prevention, 1600 Clifton Road Atlanta,
GA., US). P-values <0.05 by two-tailed tests were
considered significant.

Multivariate analysis of the variables associated
with poor hand hygiene

The aggregated described independent variables
of all observed HH opportunities and HH compli-
ance during the study were compared using logistic
regression for the dichotomous and continuous vari-
ables. Odds ratios (ORs) and their corresponding
95% Cl were calculated for comparisons of the
analyzed variables associated with HH using PASW
Statistics 18. P-values <0.05 by two-tailed tests
were considered significant.

Multivariate analysis of the impact of the INICC
multidimensional hand hygiene approach

HH opportunities and HH compliance during base-
line and during follow-up were analyzed for changes
in HH compliance rates following an ICU joining the
INICC. We looked at the follow-up periods strati-
fied by three-month periods over the first year, and
yearly following the second year of participation.
We present the results of a logistic regression model
to describe the changes in HH compliance in INICC
participating ICUs over time since the beginning
of the HH surveillance. Odds ratios are presented,
comparing each time period since the start of the
surveillance with the baseline of 3 months. This is
a large data set, with 3612 observations, and so
we were able to adjust for the effect of each ICU
on HH compliance as a categorical variable in the
analysis. Because of the different length of follow-
up at each ICU (from 9 months to 3 years), for each
time period only ICUs with follow-up in that time
period were included in the baseline period used
for calculating the OR of HH compliance for that
period.

Results

From August 2004 to July 2011 (7 years), we
recorded a total 3612 opportunities for HH before
patient contact, and before aseptic task. Char-
acteristics of participating hospitals are shown in
Table 1.
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Table 1

The characteristics of the participating hospitals (from August 2004 to July 2011).

Hospital type

ICU type

Observations of opportunities
for HH in ICUs, n

Hospital 1 — academic teaching Medical surgical 2060
Hospital 2 — private Surgical 310
Hospital 3 — private Medical surgical 1242
All hospitals 3612

ICU, intensive care unit; HH, hand hygiene.

Table 2 The distribution of hand hygiene compliance by the type of intensive care unit.

ICUs (n) Baseline period (HH Intervention period (HH RR (95% CI) P value
compliance/HH compliance/HH
observations) observations)
Medical 1 64.9% (72/111) 90.9% (1023/1131) 1.40 (1.1-1.8) 0.0039
Medical surgical 1 40.1% (87/217) 69.4% (1279/1843) 1.73 (1.4-2.2) 0.001
Surgical 1 13.5% (22/163) 19.7% (29/147) 1.46 (0.81—2.7)  0.1811
All 3 36.9% (181/491) 74.8% (2336/3121) 2.0 (1.7-2.4) 0.0001

ICU, intensive care unit; HH, hand hygiene; Cl, confidence interval.

Predictors of poor hand hygiene compliance

We observed 2060 opportunities in academic
hospitals and 1552 in private hospitals; 1084 oppor-
tunities in males, and 2528 in females; 2154 in
nurses, 1194 in physicians, and 264 in ancillary
staff; 2127 were prior to non-invasive patient con-
tacts, and 822 were prior to invasive procedures;
1440 during the morning, 1139 during the after-
noon, and 1033 during the night shift.

Table 2 shows HH compliance distribution among
the different ICU types in the baseline and inter-
vention period.

In Table 3, we present the HH compliance rates
for the whole study period comparing each variable
(sex, HCW professional status, type of procedure,
type of ICU, and work shift). Their associations with
poor HH were analyzed with univariate and multi-
variate statistical methods as also shown in Table 3.

Components of the INICC multidimensional
hand hygiene approach

During the follow-up period, the 6 components of
the IMHHA were applied simultaneously in each
ICU. All the aspects of the IMHHA were followed
by all 3 ICUs, with the exception of the posting of
reminders, which were only posted in 2 ICUs, at the
ICU entrance and in common ICU areas. All ICUs
counted on administrative support and available
supplies for HH and alcohol-based hand rub prod-
ucts. Process surveillance was conducted at the 3
ICUs. All HCWs working at the 3 ICUs were provided
with performance feedback and attended training

sessions at regular intervals: 1 ICU on a monthly
basis: 1 ICU every 2 months, and 1 ICU every 6
months.

The impact of the INICC multidimensional
hand hygiene approach on hand hygiene
compliance

In Table 4, we present the results of a regression
model to describe the changes in HH compliance in
the INICC participating ICUs over the whole study
period. The baseline period of the INICC ICUs was
3 months, and their average follow-up period was
17.2 months (range 4—52).

Discussion

Over the last decade, the INICC has constantly
struggled to reduce the burden of HAls in Latin
America, Asia, Africa, Middle East, and Europe,
achieving successful results. Through the INICC
multimodal programs, compliance with infection
control measures and tools has been increased sub-
stantially, thereby reducing the HAI rates and their
adverse effects, such as mortality, as shown in many
scientific publications [10]. Since 2002, in adult
ICUs in 15 countries, the INICC has reduced the
rate of central line-associated bloodstream infec-
tion by 54% [21], of catheter-associated urinary
tract infection by 37% [22], of ventilator-associated
pneumonia by 56% [23], and of mortality by 58%
[21]. In pediatric ICUs from 5 countries, the INICC
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Table 4 Hand hygiene improvement by year of participation from July 2004 to July 2011.

Years since joining INICC ~ HH Number of HH % (95% CI) Adjusted P value
observations ICUs Included OR (95% Cl)

First 3 months (baseline) 491 3 36.9% (32.5—41.3) 1.0

Months 4—6 437 3 44.4% (39.7—49.2) 1.04 (0.77—1.4) 0.803
Months 7—9 413 3 60.3% (55.4—65.1)  1.91 (1. 4 2.6) 0.001
Months 10—12 381 2 65.1% (60.1-69.9) 1.78 (1.3-2.5) 0.001
2nd year 1211 2 89.8% (88.1—91.5) 9.9 (7. 3 13.3) 0.001
3rd year 679 2 82.0% (79.3—84.5) 7.3 (5.3-9.9) 0.001

INICC, International Nosocomial Infection Control Consortium; HH, hand hygiene; ICU, intensive care units; Cl, confidence interval;

OR, odds ratio.

with the findings of Guinan et al., were higher
adherence to HH was found in females not related
to health care [32]; as well as in relation to the
type of contact and work shift, which also contrasts
with the previous findings, such as in the study by
Lipsett et al., which showed that lower HH compli-
ance was found in low-risk situations [33]. In regard
to the type of professional, compliance was lower
among ancillary staff, which is consistent with the
findings of Rosenthal et al. in 2005 in which com-
pliance was lower among ancillary staff compared
to nurses [10]. The most surprising outcome found
by this research is that in India, the HH compli-
ance of physicians is higher than nurses: nurses
vs. physicians (70.5% vs. 74%; 95% Cl 0.62—0.96;
P=0.018), which is in contrast with previous find-
ings in the mainstream literature [34,35]. This can
be explained by the strongest commitment to pre-
venting and controlling HAls in India by doctors, and
the lack of emphasis on hand hygiene importance
in the nursing curricula [36]. We found greater

compliance among physicians, which is the opposite
of the findings from other studies [37—39].

We think that the impact of the IMHHA is directly
related to its components. Regarding administra-
tive support, there is published evidence that
higher HH adherence was associated to the sup-
port of administrative authorities, as shown by
Rosenthal et al. [14] The IMHHA included supplies
availability. In 2000, Bischoff et al. [40] showed that
easily accessible dispensers of alcohol-based hand
rub products revealed that the more dispensers
per bed, the higher adherence to HH. The IMHHA
also included education and training sessions, which
were other basic independent interventions iden-
tified to foster adequate HH performance. As
described by Dubbert et al., the regularity of
educational sessions improved HH compliance by
97% over four weeks [41]. Likewise, but within
the context of limited-resource countries, Rosen-
thal et al. showed that educating HCWs increased
adherence to HH and that compliance percentages

100.0%
89.8%
90.0%
82.0%
80.0%
70.0% 65:1%
60.3%
60.0%
50.0% 24.4%
40.0% 36.9%
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Figure 1
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Hand hygiene improvement by year of participation.



184

M. Chakravarthy et al.

could be further improved if performance feed-
back was also provided to HCWs [14]. The IMHHA
also included reminders at the workplace, which
has been highlighted as an important tool to raise
HCWs’ awareness of the relation between cor-
rect HH performance and the reduction of HAls
[42]. The ICT team provided performance feed-
back to the HCWs in each ICU on a monthly basis.
This is the most motivating aspect of the IMHHA
for HCWs. Knowing the outcome of their efforts
reflected by the measurement of their practices
and HAl incidence can be a rewarding or conscious-
raising factor to ensure the IMHHA’s effectiveness
[43]. From 1998 in Argentina, and 2002 internation-
ally, the INICC has introduced process surveillance
and performance feedback to measure and improve
quality in healthcare by monitoring and providing
constant feedback to HCWs not only of outcome
data — that is, the HAI rates — but also by inform-
ing the HCWs about the results of the process
surveillance—rates of HH compliance and other
basic but highly effective, evidence-based infection
control practices — and we show that combining
education with surveillance feedback can substan-
tially reduce the risk of HAls in ICUs [3—7,10,14]

(Fig. 1).

Conclusions

The primary goal of the INICC is to promote infec-
tion control practices by providing free resourceful
tools to address the burden posed by HAls effec-
tively, thereby leading to greater and steady
adherence to infection control programs and guide-
lines. As demonstrated, the IMHHA improved HH
compliance in India, and as shown in other INICC
publications, thus contributing to the reduction of
HAls and the consequences attributable to them
[10,44,45].
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