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Background: Nurses are considered as the key to infection prevention as they play a major
role in treatment as well as taking care of patients.
Aim: To assess the role of a multi-modal intervention (MMI) in improving nurses’ compe-
tency and adherence to standard infection control practices in Bangladesh.
Methods: The study adopted a pretestepost-test intervention approach, in three different
periods (from 2012 to 2017) in five hospitals (two public, two private, and one autono-
mous) in Bangladesh. Each study period was divided into three phases: pretest, MMI, and
post-test. Data were collected on 642 nurses using direct observation method through a
structured checklist.
Findings: After implementing the MMI, overall hand hygiene compliance significantly
increased before patient contact (from 1.3% to 50.2%; P < 0.000) and after patient contact
(from 2.8% to 59.6%; P < 0.000). Remarkable improvements were also achieved in
adherence to use of gloves (from 14.6% to 57.6%; P < 0.000), maintaining sterility of
equipment during aseptic techniques (from 34.9% to 86%; P < 0.000), biomedical waste
segregation (from 1.8% to 81.3%; P < 0.000) and labelling of procedural sites (from 0% to
85.7%; P < 0.000). Moreover, needlestick injury rate notably decreased (from 6.2% to 0.6%;
P < 0.000).
Conclusion: MMI can play a vital role in improving nurses’ compliance with the standard
infection control practices. Such context-specific interventions, which are crucial for pre-
venting healthcare-associated infections and for decreasing occupational hazards, should
be replicated in resource-poor countries for achieving universal health coverage by 2030.
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Introduction

Nurses hold the key to infection control challenges, repre-
senting a force of abilities that can shape and advance pa-
tients’ outcomes. Being at the frontline of healthcare delivery,
they are potentially regularly exposed to micro-organisms that
may cause serious infections, and they may transmit these
micro-organisms from one patient to another [1e4]. Therefore,
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Table I

Matrix of study participants and settings

Name of the hospital Study period No. of nurses

invited

No. of nurses

participating

District

PriA (tertiary level private hospital) 2012e2013 97 96 Mymensingh
PriB (secondary level private hospital) 2016e2017 14 14 Sunamganj
GovA (secondary level public hospital) 2014e2015 271 262 Sirajganj
GovB (secondary level public hospital) 2016e2017 134 134 Sunamganj
Aut (tertiary level autonomous institute) 2014e2015 149 136 Dhaka
Total (five study settings) 665 642

L. Ara et al. / Journal of Hospital Infection 102 (2019) 234e240 235
nurses can play a crucial role in reducing healthcare-associated
infections (HCAIs) through adopting standard practice guide-
lines including some simple but cost-effective interventions
such as maintaining hand hygiene, using personal protective
equipment, aseptic precautions, careful handling of sharps,
and proper waste disposal [5]. Nurses’ knowledge and practice
in infection control is therefore crucial in preventing trans-
mission of micro-organisms in hospitals [6]. In low- and middle-
income countries (LMICs), nurses working in most healthcare
systems lack the knowledge and skills, and they are inad-
equately trained; consequently, they show suboptimal
compliance with standard infection control practices [7e9].
This is probably a major contributor to HCAIs having a much
higher prevalence in LMICs than in developed countries [10].
This is the situation in Bangladesh. In 1991, in a cross-sectional
study in Dhaka Medical College Hospital, the nosocomial
infection rate was 30% [11]. In another study in an improved
setting, HCAI rate of 9.4% has been reported [12]. Several
studies in Bangladesh also revealed significant knowledge
deficit and poor compliance among nurses regarding universal
infection prevention measures [13e15].

Quality training can act as a tool for increasing knowledge
and improving nurses’ compliance [7,8,16e18]. In one study,
the educational intervention on hand hygiene improved the
healthcare workers’ compliance from 51% to 83% [19]. How-
ever, adopting only one strategy to control hospital infection
might not ensure the desired outcomes. In 2006, the World
Health Organization (WHO) piloted a multi-country multi-
modal intervention (MMI) for improving hand hygiene compli-
ance [20]. Based on evidence that these strategies improve
compliance and decrease the rate of HCAI, the current 2016
WHO guideline on infection prevention and control pro-
grammes emphasizes use of multi-modal strategies to reduce
the risk of HCAI [10].

There is a dearth of evidence for the role of the multi-modal
approach in increasing nurses’ adherence to standard infection
control practices in hospitals in Bangladesh as well as other
LMICs. This study was designed to investigate the influence of a
multi-modal hospital-based intervention on nurses’ compe-
tencies and compliance with standard infection control prac-
tices. We also sought to compare compliance at different types
of clinical setting (public, private, and autonomous) in
Bangladesh.
Methods

This study adopted a pretestepost-test quasi-experimental
approach which is widely used to evaluate the effectiveness of
a specific intervention [21]. The primary objective was to
compare nurses’ compliance with standard infection control
practices in different types of clinical setting, and to deter-
mine the role of a multi-modal intervention in improving
competencies and compliances with standard infection control
practices. Data were collected in three different periods
starting from 2012 to 2017 and lasted for one year in each study
setting (Table I). To compare nurses’ compliance with standard
infection control practices, five hospitals (two public, two
private, and one autonomous) from four different districts
(Dhaka, Mymensingh, Sirajganj, and Sunamganj) of Bangladesh
were chosen. Study sites were purposively selected, consid-
ering the lack of infection control practices as well as absence
of any previous infection control intervention in those settings.
To maintain anonymity, hospital names were also coded.

All nurses working in the hospitals were invited to partici-
pate, and verbal consent was obtained from those who agreed
to participate. A brief description of the study sites and par-
ticipants is given in Table I.

The study adopted a stepwise implementation approach in
three different phases: pre-intervention, multi-modal inter-
vention, and post-intervention.

Pre-intervention phase (three months)

Baseline data on nurses’ infection control practices were
obtained through a validated structured checklist by direct
observation.

Intervention (six months)

A multi-modal, multi-faceted intervention approach was
taken to educate the nurses as well as to assess their compe-
tency using the following variables: (i) use of alcohol-based
hand rub (before and after patient contact); (ii) use of per-
sonal protective equipment (PPE); (iii) maintain sterility of
equipment during aseptic techniques; (iv) sharp handling and
disposal; (v) biomedical waste segregation; (vi) labelling (date
and time for replacement) of procedural sites (cannula, cath-
eter, nasogastric tube, intravenous fluid).

The multi-modal strategy was composed of:

e System change: Colour-coded waste bins and sharp injury
reporting system were introduced as well as availability of
alcohol-based hand rub and gloves at the point of patient
care. These were ensured with the support from the senior
administration of the study settings.

e Educational intervention: The multi-faceted educational
intervention consisted of classroom training with visual
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representations (videos) and hands-on training in the
wards. Each educational session was interactive and
participatory in nature and w60 min in duration.

e Development of safety climate: A 10-member infection
control team (ICT), consisting of administrative personnel,
resident medical officer, medical officer, and nurses was
formed to ensure sustainability of the programme.

e Visual reminders: Colourful posters with the picture and
signs of different infection control measures were dis-
played in the wards including emergency ward, nursing
stations and corridors as visual reminders for increasing
compliance at the workplace.

e Monitoring and feedback: Nurses’ compliance with stan-
dard infection control practices was monitored and feed-
back was given accordingly to both the participants and the
administrative authorities regularly.
Post-intervention phase (three months)

After completion of the six-month intervention, a post-
intervention evaluation was done with the same checklist and
by the same observers to assess the compliance rate.

Direct observation is regarded as the reference standard
method for evaluating hand hygiene compliance [22]. Compli-
ancewas determined by number of observations against number
of opportunities. Data were collected by the study physicians
and study nurses who were trained before commencement of
the study by the samepersonnel to standardize observations and
reducing error as well as to ensure quality of data collection.
Data were coded and analysed by Stata 13 (Stata Corp., College
Station, TX, USA). Comparison of adherence rates to standard
infection control practices was calculated byc2-test. Univariate
logistic regression model was applied, taking the type of hospi-
tals as independent variable. The overall compliances and odds
ratio (OR) were calculated with 95% confidence interval (CI) and
P < 0.05 was considered as statistically significant.

Ethical clearance was obtained from the Ethical Review
Committee of icddr,b (protocol number #17127). Written per-
missions were also acquired from the different institutional
authorities of the study sites through signing of memoranda of
understanding. After explaining the objective, procedures and
activities of the study, rights of the participants and confi-
dentiality issues, informed verbal consent was obtained from
the participants. Participants’ confidentiality was strictly
maintained throughout the whole procedure and no personal
information was disclosed.
Results

Hand hygiene

After intervention, overall hand hygiene compliance
increased from 1.3% to 50.2% before patient contact, and from
2.8% to 59.6% after patient contact across the five study set-
tings (P < 0.000). In all the study settings, hand hygiene
compliance was greater ‘after patient contact’ compared to
‘before patient contact’ after the MMI (Table II). The rate of
compliance was significantly higher in private hospitals before
patient contacts compared to that of public hospitals, whereas
after patient contact the difference was not significant
(Supplementary Table I).
Use of personal protective equipment

Nurses’ overall adherence to the use of gloves increased by
43% after the intervention (P< 0.000). Before the intervention,
maximum compliance was observed in Aut (tertiary level
autonomous institute) (42.6%), whereas after the MMI highest
compliance (72.2%) was found in PriB (secondary level private
hospital) (Table II). Private hospitals were significantly more
compliant (15.8%) than the public hospitals both before and
after the intervention (Supplementary Table I).

Maintaining sterility of equipment during aseptic
techniques

Nurses’ overall compliance with maintaining sterility of
equipment during aseptic techniques improved significantly
from 34.9% to 86% in all the study settings (P < 0.000) after the
intervention. The pre-intervention compliance was signifi-
cantly lower in public hospitals compared to private settings.
PriA (tertiary level private hospital) showed highest compli-
ance both in pre-intervention (78.5%) and post-intervention
(100%) phases (Table II).

Rate of needlestick injury

The overall rate of needlestick injury in the five study sites
notably decreased from 6.2% to 0.6% (P < 0.000). This injury
rate was highest (32.3%) in PriA before the intervention, which
decreased to 4.2% after the intervention. In other facilities,
rate of decreasing needlestick injury was found to be very low
after the intervention (Table II). This rate of decrease was
significantly higher in private hospitals (5.1%) than in public
hospitals (Supplementary Table I).

Compliance with biomedical waste segregation

In pre-intervention phase, adherence to standard waste
segregation practice was almost absent in all study settings,
except GovA (secondary level public hospital) (8.8%). However,
during the post-intervention phase overall compliance with the
biomedical waste segregation improved greatly from 1.8% to
81.3% (P < 0.000). PriB showed the most marked improvement
(by 86%) in biomedical waste segregation (Table II). Again, af-
ter the intervention, private hospitals showed significant im-
provements (by 6.3%) over public hospitals (Supplementary
Table I).

Labelling of procedural site

Labelling (date and time for replacement) of procedural
sites (cannula, catheter, nasogastric tube, intravenous fluid)
was initially completely absent across all the study settings.
However, the MMI resulted in marked improvement across
the study sites from 0% to 85.7% (P < 0.000) (Table II). Once
again, private hospitals performed better, achieving signifi-
cantly higher compliance (16.9%) than public hospitals
(Supplementary Table I).

A logistic regression model showed that nurses’ compliance
with standard infection control practices was enhanced
significantly in all types of healthcare setting after the MMI
(Table III). Not only was the improvement significantly greater



Table II

Effect of World Health Organization multi-modal intervention on standard infection control practices in the five study settings

Study settings Standard infection control practices (no. of observations/

no. of opportunities) (%)

Improvements in rate of

compliance after the

multi-modal intervention (%)

P-value

Pre-intervention period Post-intervention period

Hand hygiene (before patient contact)
PriA 9/96 (9.4%) 54/96 (56.3%) 46.9% 0.000
Aut 3/145 (2.1%) 87/145 (60%) 57.9% 0.000
PriB 12/782 (1.5%) 427/755 (56.6%) 55.1% 0.000
GovA 5/137 (3.6%) 82/137 (59.1%) 56.3% 0.000
GovB 1/1241 (0.1%) 487/1130 (43.1%) 43.0% 0.000
Overall compliance 30/2401 (1.3%) 1137/2263 (50.2%) 49.0% 0.000

Hand hygiene (after patient contact)
PriA 10/96 (10.4%) 64/96 (66.7%) 56.3% 0.000
Aut 10/145 (6.9%) 99/145 (68.3%) 61.4% 0.000
PriB 32/782 (4.1%) 464/764 (60.7%) 56.6% 0.000
GovA 10/137 (7.3%) 81/137 (59.1%) 51.8% 0.000
GovB 6/1241 (0.5%) 647/1130 (57.3%) 56.8% 0.000
Overall compliance 68/2401 (2.8%) 1355/2272 (59.6%) 56.8% 0.000

Use of personal protective equipment
PriA 10/116 (8.6%) 62/113 (54.9%) 46.3% 0.000
Aut 46/108 (42.6%) 51/75 (68%) 25.4% 0.001
PriB 47/189 (24.9%) 143/198 (72.2%) 47.4% 0.000
GovA 18/127 (14.2%) 71/117 (60.9%) 46.8% 0.000
GovB 19/421 (4.5%) 157/338 (46.5%) 41.9% 0.000
Overall compliance 140/961 (14.6%) 484/841 (57.6%) 43.0% 0.000

Use of sterile equipment
PriA 91/116 (78.5%) 113/113 (100%) 21.6% 0.000
Aut 82/108 (75.9%) 74/75 (98.7%) 22.7% 0.000
PriB 129/189 (68.4%) 190/198 (95.1%) 27.6% 0.000
GovA 15/127 (11.8%) 62/117 (53.1%) 41.3% 0.000
GovB 18/421 (4.3%) 284/338 (84%) 79.7% 0.000
Overall compliance 335/961 (34.9%) 723/841 (86%) 51.1% 0.000

Rate of needlestick injuries
PriA 32/99 (32.3%) 4/96 (4.2%) e28.2% 0.000
Aut 8/101 (7.9%) 1/98 (1%) e6.9% 0.035
PriB 1/273 (0.4%) 0/261 (0%) e0.4% 0.327a

GovA 19/104 (18.5%) 1/102 (0.1%) e17.5% 0.000
GovB 0/398 0/432 0% b

Overall compliance 60/975 (6.2%) 6/989 (0.6%) e5.5% 0.000
Waste segregation

PriA 0/56 45/57 (78.1%) 78.1% 0.000
Aut 0/30 31/38 (81.6%) 81.6% 0.000
PriB 0/211 191/222 (86%) 86% 0.000
GovA 11/125 (8.8%) 84/122 (68.8%) 59.1% 0.000
GovB 0/194 161/191 (84.3%) 84.3% 0.000
Overall compliance 11/616 (1.8%) 512/630 (81.3%) 79.5% 0.000

Labelling of procedural sites
PriA 0/96 96/96 (100%) 100% 0.000
Aut 0/89 66/69 (95.7%) 95.7% 0.000
PriB 0/579 524/541 (96.9%) 96.9% 0.000
GovA 0/65 56/72 (77.8%) 77.8% 0.000
GovB 0/1388 1167/1449 (80.5%) 80.5% 0.000
Overall compliance 0/2217 1909/2227 (85.7%) 85.7% 0.000

a P > 0.05.
b P-value could not be computed as number of observations was zero.
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in private and autonomous settings compared to public set-
tings, but tertiary hospitals performed better than secondary
level hospitals, which were more likely to show poor compli-
ance with standard infection control practices.
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Discussion

The objective of this study was to improve nurses’ compe-
tencies and compliances with standard infection control
practices through MMI, and indeed we found that adopting the
WHOmulti-modal strategy was highly effective, at least for the
duration of the latter phase of the study.

Despite the existence of a national hand hygiene guideline
in Bangladesh since 2011, hand hygiene compliance was low
among the nurses in all types of setting before the intervention
[23]. This finding is consistent with a previous estimate of 9%
hand hygiene compliance by healthcare workers in Bangladesh
[15]. However, after the MMI, hand hygiene rates improved
markedly, which is consistent with experience in other coun-
tries [24,25]. The highest rates of post intervention compliance
were in private hospitals, probably because they are better
resourced and have better lines of accountability. As in previ-
ous studies, greater compliance was observed after patient
contact, which may be due to the instinctive tendency for
people to self-protect [15,20,24].

Before the intervention, compliance rates with the use of
gloves, and maintaining an aseptic field, during aseptic pro-
cedures was higher in private and autonomous settings. Some of
these procedures (e.g. surgeries, deliveries, vaginal examina-
tions, urinary catheterizations) were performed more
frequently in the autonomous institute, and we speculate that
this may have led to greater motivation among staff. Higher
rates of glove usage in such special settings accords with pre-
vious findings [26,27]. However, our study shows that imple-
mentation of an MMI can greatly improve compliance in all
settings. Effective self-supervision for quality improvement,
supported by local hospital management, appeared to underpin
the success, which was also found in other studies [28].

During the pre-intervention period, needlestick injuries
were higher in the PriA, GovA and Aut study settings. Lack of
knowledge and awareness may have been the determining
factor for this situation. One key measure in preventing nee-
dlestick injuries is segregation of hospital waste, but we found
that waste segregation was widely disregarded, as in previous
studies [13,29,30]. After ensuring provision of colour-coded
waste bins and institutional monitoring through the MMI,
waste segregation improved markedly and NSI rates fell in all
study settings; again this accords with previous studies
[26,31,32]. Although pre-intervention needlestick injury rates
were very low in GovB and PriB, this may have been due to
substantial underreporting, because we found that there was
no system for reporting of needlestick injuries in these
settings.

The risks of thrombophlebitis and peripheral catheter colo-
nization are greater when the devices are left for more than
72e96 h [33]. Thus, the simplest strategy to prevent these in-
fections is to document device insertion and schedule timely
replacement. Again, the MMI improved practice substantially.

Although improvements in infection control practices were
observed in all settings, public healthcare settings did less well
than private and autonomous settings. Previous studies have
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identified that factors such as low staffing levels, insufficient
logistic support, and lack of training and effective supervision,
which are frequent in public hospitals, contribute to poor
infection control practice [34]. Moreover, private and autono-
mous hospitals enjoy more autonomy in decision-making,
relating to both administrative and financial matters. As
other authors have found, we believe that this autonomy fa-
cilitates quality improvement [20,28,31,35]. A new approach
may be required for public hospitals to achieve compliance
comparable to that in the private sector. Nevertheless,
considering the limitations faced by all hospitals in Bangladesh,
it is encouraging that high levels of improvement from imple-
mentation of simple and cost-effective MMI were seen across
all sectors of the healthcare system.

The WHO has now recommended the MMI strategy as a core
component for infection prevention and control at both na-
tional and facility levels to combat the threats posed by anti-
microbial resistance [10]. Most previous MMI-based studies
have reported evidence on a limited number of indicators, e.g.
hand hygiene compliance or glove use. To our knowledge, ours
is the first report from an LMIC investigating an MMI covering a
wide range of components of the standard infection control
practice among nurses. Other commendable aspects of the
study were the relatively large sample size, and inclusion of
different types of hospital setting in different geographical
locations.

However, our study does have some limitations. The
implementation period and sample size differed between set-
tings, and it was not possible to run the project simultaneously
in all the facilities. Second, direct observation method was
used to collect data. Although this is regarded as the standard
method of data collection for observational studies it is
potentially subject to the Hawthorne effect [20,21]. Never-
theless, in this study, the long-term presence of the observers
in the facility probably helped minimize any such effect.
Finally, due to the absence of a control group the observed
improvements due to the MMI should be interpreted carefully.

In conclusion, we found that the WHO multi-modal
strategy was effective, feasible and successful in
improving compliance with standard infection control prac-
tices among nurses working at different settings in
Bangladesh. Like other LMICs, the healthcare system in
Bangladesh struggles with resource constraints. In this situ-
ation, the findings of this study are expected to be useful in
providing guidance to the healthcare settings of LMICs on the
use of simple and cost-effective standard infection control
practices to prevent or minimize the huge burden of HCAIs.
Further research is needed to capture patient outcomes
(HCAI incidence) related to improvements in standard
infection control practices.
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