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Abstract 
Introduction: Hand hygiene (HH), one of the most important preventive measures of Healthcare-associated 
infections (HCAIs), is often neglected by healthcare workers (HCWs) in low and middle-income countries 
(LMICs).  
Purpose: The purpose of the study is to assess the role of a multimodal intervention (MMI) for enhancing hand 
hygiene compliance (HHC) of HCWs in a resource-limited setting. 
Methodology: A pretest-posttest quasi-experimental study was conducted in five hospitals of Bangladesh where 
984 HCWs (342 physicians and 642 nurses) were selected purposively. Using a structured checklist, a direct 
observational assessment was carried out on HCWs’ HHC both before and after the intervention. The MMI 
provided to HCWs comprised of: (i) system change, (ii) educational intervention, (iii) visual reminders, (iv) 
monitoring and performance feedback and (v) formation of infection control committees.  
Results: Following intervention, overall HH compliance before and after patient contact significantly increased 
(p<0.00) to 50.1% and 57.2% respectively across all hospitals, professional categories and activities. Nurses were 
more compliant to HH than physicians (OR = 1.1, 95% CI: 1.0-1.3, P < 0.01) after patient contacts. However, both 
groups showed equal HHC (OR = 1, CI: 0.9-1.1, P = 0.72) before patient contacts. HCWs of private hospitals were 
1.5 times more compliant to HHC than that of public hospitals.  
Conclusions: This study denotes that despite national policies on hand hygiene in Bangladesh, HCW’s 
compliance to HH is poor. Study findings also illustrate that a multimodal HH program resulted in significant 
improvement in HCWs’ HHC that deserves the potentials to assist the advancement of infection control practices 
targeting reduction of HCAIs. 
Keywords: hand hygiene, multimodal intervention, healthcare-associated infections, low and middle- income 
countries  
1. Introduction 
Recognizing the merits of hand hygiene (HH), World Health Organization (WHO) accepted it as the single most 
effective measure to prevent healthcare associated infections (HCAIs) (Allegranzi & Pittet, 2009) and adopted it as 
the core element of HCAIs reduction strategy (Pittet & Boyce, 2001; WHO, 2009a, 2009b). The Centers for 
Disease Control and Prevention (CDC) and WHO published guidelines for healthcare workers (HCWs) to 
maintain proper HH during service delivery (Allegranzi & Pittet, 2009; Boyce & Pittet, 2002). Alcohol-based hand 
rub (ABHR) is particularly recommended in acute care as it significantly reduces HCAIs (Boyce & Pittet, 2002; 
Stout, Ritchie, & Macpherson, 2007; WHO, 2009b). Despite the delineated instructions, hand hygiene compliance 
(HHC) among HCWs is globally suboptimal (Allegranzi et al., 2010).  
HHC is the set of behavior that ensure the adherence of HCWs to institutional HH guidelines (Aronson, 2007). 
Proper HH of HCWs interrupts the key pathway of pathogen transmission and reduces the incidence of HCAIs, a 
major public health challenge hampering the patient safety worldwide as it is responsible for increased morbidity, 
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mortality and healthcare cost (Allegranzi et al., 2013; Boyce & Pittet, 2002; WHO, 2011). Yet, on an average, 
HHC of HCWs is below 40% across the world (Erasmus et al., 2010). The rationales behind non compliance are 
often multi-dimensional and complex; nevertheless, knowledge, attitude and behavior of HCWs significantly 
affect HHC (Pittet et al., 2004; Sax, Uckay, Richet, Allegranzi, & Pittet, 2007; Whitby, McLaws, & Ross, 2006; 
Whitby et al., 2007). Education and training have had little impact on achieving long-term success in increasing 
HHC (Neo, Sagha-Zadeh, Vielemeyer, & Franklin, 2016). It is not only influenced by individual perception, but 
also by institutional deficiency of a surveillance system. Hence insufficient resources and infrastructure as well as 
lack of institutional commitment and active surveillance play vital roles (Erasmus et al., 2010; Gershon et al., 1995; 
Pittet et al., 2008). Multi-component interventions designed to target different aspects of this major public health 
issue have been proven successful in establishing sustainable behavioral change regarding compliance with HH 
(Naikoba & Hayward, 2001; Vindigni, Riley, & Jhung, 2011). Accordingly, WHO launched a world-wide 
multipronged intervention program, “Clean Care is Safer Care”, in 2005 to promote HH as the cornerstone of 
limiting HCAIs (Pittet & Donaldson, 2005). Acknowledging the progress of the program, instead of only 
education and training, WHO recommends undertaking multifaceted approaches to adapt local needs in improving 
HHC (WHO, 2009b).  
Bangladesh is a resource-limited country with higher risk of HCAIs compared to developed countries (Gurley et 
al., 2010). In 2011–2012, 2.3%–10.8% patients suffered from HCAIs in Europe (European Centre for Disease 
Prevention and Control, 2013) whereas, the rate is reported to be more than 30% in a tertiary hospital of 
Bangladesh (Hussain, Fazal, & Ahmed, 1991). Considering the higher burden of HCAIs and associated healthcare 
cost in low and middle-income countries (LMICs) including Bangladesh, prevention of HCAIs is declared as a 
global priority (Pittet et al., 2008). To attain this goal, compliance to HH guideline is critical. In 2007, Government 
of Bangladesh (GoB) and WHO jointly implemented the “Clean Care is Safer Care” as a pilot program in a 
government hospital to increase the HHC among HCWs (WHO, 2009b). Upon outstanding success of that 
initiative, a national guideline on HH was established (Bangladesh Directorate General of Health Services, 
2010–2011). Even after the existence of a national guideline, the most recent national survey on hand hygiene in 
2014 revealed, recommended HH behavior is practiced in only 2% opportunities in Bangladesh (Ministry of Local 
Government et al., 2014). This poor compliance, which is a potential contributor to HCAIs, has driven us to devise 
context-sensitive intervention strategies in light of the existing components of WHO multimodal strategy for a 
sustainable culture change regarding HHC in Bangladesh. To the best of our knowledge, no study was conducted 
among HCWs in large-scale involving multiple types of healthcare facilities (e.g. public, private, autonomous) in 
Bangladesh using multimodal intervention (MMI). Therefore, this study intended to enhance HHC of HCWs in 
various types of healthcare facilities through a MMI. The study also aimed to assess the role of MMI in improving 
HHC and compare the HHC among different groups of HCWs as well as activities associated with risk of 
cross-contamination.   
2. Materials and Methods 
2.1 Study Design 
A pre-post quasi-experimental study was carried out in three phases: (i) pre-intervention, (ii) intervention and (iii) 
post-intervention. In each study site, two trained research staff monitored the HH compliance through direct 
observation. All the observers were trained by the same instructors to ensure uniformity in observation. The 
observers were also responsible for monitoring, communication, and immediate feedback of HH performance to 
the study participants. Trainings were conducted by the principal investigator and research investigators.   
2.1.1 Pre-Intervention Phase 
Each observation period lasting for 30 minutes involved monitoring of study participants for their adherence to 
standard HH practices. The observational data was collected following a structured check-list. Potential HH 
opportunities and the actual number of episodes of HH performed by HCWs were recorded according to the 
predefined variables (mentioned under variables). Before commencement of the study, the participants were 
informed about its purpose and verbal consents were taken. Quality of data was periodically cross checked by the 
research investigators and the principal investigator.  
2.1.2 Intervention Phase 
A MMI was designed comprising of the following strategies: 

i. System change: Availability of alcohol-based hand rub (ABHR) in sufficient quantities was ensured at all 
prime points of patient care with cooperation from senior management of the respective study settings. 

ii. Educational intervention: A multifaceted HH educational intervention was provided to all participating 
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HCWs, which consisted of classroom lectures with audio-visual documentaries and hands on-trainings in 
the wards. The educational materials included ways of pathogen transmission through hands, standard 
technique and duration of HH, role of HH in prevention of HCAIs etc. On an average, 30 lectures were 
provided in each study settings and each lecture lasted for 60 minutes with discussion sessions where 
solutions to overcome the common constraints of standard HH practices and its importance were 
discussed (Table 1). Each participant practiced standard HH steps with practical demonstration by the 
trainer.  

iii. Visual reminders:  WHO’s “How To” and “Five Moments for Hand Hygiene” (5MHH) posters were 
displayed at all the point of patient care in different study settings.  

iv. Monitoring and performance feedback: After the intervention, compliance to standard HH practice was 
observed and continuous feedback was provided to the HCWs on their performances. Emphasizing the 
identified weaknesses, the theoretical and practical trainings were tailored accordingly and the program 
was reinforced.  

v. Development of safety climate: To ensure continuity of HH practices, a ten member infection control 
committee was formed in each of the study settings. Headed by a physician in charge, the committees 
consisted of Medical Officers, Staff Nurses, Residential Medical Officer and administrative personnel. 
The members of the committee were selected from the participants who received the training on HH 
practices. The committee was responsible for reporting HH practices among HCWs, ensuring supply of 
HH materials, sustaining the program and bringing system and cultural changes.  

2.1.3 Post-Intervention Phase 
After completion of the intervention phase, the participants were further observed for their rates of compliance to 
the standard HH practices. The compliance was measured in the same procedure as followed in the 
pre-intervention stage.  
2.2 Setting and Participants 
The study was conducted in three different periods: November 2012- January 2014, July 2014- September 2015, 
February 2016- April 2017 at five different hospitals of Mymensingh, Dhaka, Sirajganj and Sunamganj districts. 
The description of each facility is given in Table 1. To maintain the anonymity and confidentiality, names of the 
hospitals were coded. The hospitals were selected purposively on the basis of study objectives, absence of any 
active program addressing HH and facility’s own interest to participate in the study. Total 984 participants 
including 342 physicians and 642 nurses were selected by purposive sampling. All physicians and nurses, involved 
in direct patient care with the hospitalized patients during the study period, were invited and those who agreed to 
take part were included in the study.   
 
Table 1. Characteristics of the study sites 

Facilities Location Facility type Study Period  
Number of physicians Number of nurses 

Total Participated Total Participated 

HosA Mymensingh Private, tertiary 2012-13 181 120 97 96 

HosB Dhaka Autonomous, tertiary 2014-15 217 161 149 136 

HosC Sirajganj Government, secondary 2014-15 59 41 271 262 

HosD Sunamganj Government, secondary 2016-17 22 14 134 134 

HosE Sunamganj Private, secondary 2016-17 6 6 14 14 

Total       485 342 665 642 

Note. HosA= Hospital A, HosB= Hospital B, HosC= Hospital C, HosD= Hospital D, HosE= Hospital E. 

 
2.3 Variables  
The outcome variables were: (i) HHC before patient contact- “Disinfection of hands with ABHR before each 
patient care activities”, (ii) HHC after patient contact- “Disinfection of hands with ABHR after each patient care 
activities.” 
HHC to patient care activities based on risk of cross-contamination was also measured and was categorized as 
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follows: (i) Low risk activities: Touching sterile goods, making clean bed, making contact with patient notes, 
telephone and computer and administering oral and topical medicines during medication rounds. (ii) Medium risk 
activities: Stripping a non-soiled bed, making patient contact such as hand shake, operating medical devices in 
immediate patient environment, helping to move patient in/out of bed, cleaning beds and/or furniture, observing 
vital signs, setting up and removing intravenus fluids donning and removing gloves, performing bed bath and 
washing patients. (iii) High risk activities: Dealing with bodily secretions (urine, feces, blood) e.g. catheter bags, 
suctioning, tracheostomy care, wound dressings, phlebotomy, Cannulation and giving injections. 
2.4 Data Analysis  
Data collected from each phase of the study were statistically analyzed using Stata 13. HHC was determined as the 
proportion of actual hand rubbing episodes and potential hand rubbing opportunities. Chi-square test was 
performed to compare the change in HHC between pre and post intervention period as the outcomes of interest are 
categorical variables. Increase in HHC was calculated at 95% confidence interval and P value of <0.05 was 
considered statistically significant. To assess the strength of association between binary outcome variables, 
Binomial logistic regression model was fitted with the period of observation (pre vs. post intervention), 
professional category (nurses vs. physicians), and type of healthcare facilities (public, private and autonomous) as 
independent variables.  
2.5 Ethical Consideration 
Institional Review Board (IRB) of icddr,b approved this study and the IRB approval number is PR#17127. 
Informing the aims and objectives of the study, written permission was taken from the administrative authority of 
each study hospital through a Memorandum of Understanding (MoU). The participants were also provided with 
the information about the purpose of the study as well as risks and benefits associated with voluntary participation 
in it. Thus informed verbal consents were obtained from all the participants prior enrollment. The confidentiality 
of the collected data was ensured and the access kept limited to the Principle Investigator (PI) only. No personally 
identifiable information of the study participants was recorded throughout the study. 
3. Results 
Total 9,259 HH opportunities were observed and recorded across the five study hospitals: 4685 in pre-intervention 
phase and 4574 in post-intervention phase. The HHC of HCWs in five study hospitals, prior and post intervention 
is given in Table 2.  
 
Table 2. Increase in hand hygiene compliance after intervention 

Variables 
Hand hygiene compliance (%) 

Increase in HHC from pre-intervention 
period to post-intervention period (%) P value Pre-intervention 

Period 
Post-intervention 
Period 

Before patient contact 

HosA 15 (9.1%) 83 (50.3%) 41.2% 0.000 

HosB 8 (2.8%) 140 (51.8%) 49.0% 0.000 

HosC 7 (2.7%) 131 (55.3%) 52.6% 0.000 

HosD 1 (0.04%) 1148 (44.7%) 44.7% 0.000 

HosE 25 (1.9%) 779 (59.5%) 57.6% 0.000 

Overall 56 (1.2%) 2281 (50.2%) 49.0% 0.000 

After patient contact 

HosA 19 (11.5%) 95 (57.6%) 46.1% 0.000 

HosB 20 (7.0%) 159 (60.4%) 53.4% 0.000 

HosC 11 (4.2%) 142 (58.2%) 54.0% 0.000 

HosD 8 (0.3%) 1415 (55.0%) 54.7% 0.000 

HosE 45 (3.4%) 827 (63.2%) 59.8% 0.000 

Overall 103 (2.2%) 2638 (57.9%) 55.7% 0.000 

Note. HHC=Hand Hygiene Compliance. 
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Overall HHC before patient contact at the five study settings significantly improved (P < 0.00) from 1.2% to 
50.1% in post-intervention phase. Remarkable improvement (P < 0.00) in overall HHC was also observed after 
patient contact from 2.2% to 57.2% after the MMI. The rate of HHC after the MMI varied among the facilities. 
After the intervention, the overall HHC rates before patient contact in public, autonomous and private hospitals 
were 45.4%, 52.8% and 58.5% respectively, while the same after patient contact were 54.7%, 59.9% and 61.3% 
respectively (Figure 1). 

 
Figure 1. Comparison of HHC by type of facilities before and after patient contacts 

 
The results of logistic regression to consider the transform in HHC in five study hospitals over the whole study 
period are presented in Table 3. Substantial improvements in post intervention period both before (OR = 83.1, 95% 
CI: 63.4 – 108.8, P < 0.01) and after (OR = 59.4, 95% CI: 48.5 – 72.9, P < 0.01) contacting patients have been 
achieved. This outstanding advancement was due to the very low or almost no compliance at the pre-intervention 
phase. Nurses showed higher compliance (OR = 1.1, 95% CI: 1.0–1.3, P < 0.01) than that of physicians after 
patient contacts but both the groups were equally compliant (OR = 1.0, CI: 0.9–1.1, P = 0.72) before patient 
contacts. Overall, private facilities showed significantly greater compliance (before patient contacts: 1.5 times and 
after patient contacts: 1.3 times) than the public facilities.  
 
Table 3. Odds Ratio (with 95% CI) for Hand Hygiene Compliance from binary logistic regression  
  HH Before Patient Contact HH After Patient Contact Low Risk Medium Risk High Risk 

Phase 

Pre Intervention Reference Reference Reference Reference Reference 

Post Intervention 
83.2** 61.3** 108.6** 42.8** 47.2** 

(63.5, 109.0) (50.0, 75.1) (67.0, 176.0) (32.9, 55.8) (36.8, 60.5) 

Level of Hospital 

Secondary Reference Reference Reference Reference Reference 

Tertiary 
1.15 1.2* 0.7** 0.9 0.6** 

(0.9,1.3) (1.0, 1.4) (0.6, 0.8) (0.8, 1.1) (0.5, 0.8) 

Type of Hospital 

Public Reference Reference Reference Reference Reference 

Private 
1.5** 1.3** 1.2 1.8** 1 

(1.3, 1.7) (1.2, 1.5) (1.0, 1.3) (1.6, 2.1) (0.8, 1.2) 

Autonomous 
1.3* 1.3** 1 1.7** 1 

(1.0, 1.5) (1.1, 1.6) (0.8, 1.2) (1.3, 2.1) (0.8, 1.4) 
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Type of healthcare workers 

Nurse Reference Reference - - - 

Physician 
1 0.8** 

- - - 
(0.9, 1.1) (0.7, 0.9) 

Note. * = P < 0.05, ** = P < 0.01, HH = Hand Hygiene, CI = Confidence Interval. 

 
Compared to public healthcare facilities, private facilities showed better compliance both in low risk (OR = 1.2, 
95% CI: 1.0–1.3, P = 0.07) and medium risk activities (OR = 1.8, 95% CI: 1.6–2.1, P < 0.01). However, in case of 
high risk activities, rate of compliance did not vary significantly among the type of hospitals. But the striking fact 
was rate of compliance in activities associated with all type of risks of contamination were found to be 
substantially greater in the post intervention phase than those in pre-intervention, which is obvious as these 
activities were rarely practiced before providing intervention. HHC in activities associated with risk (low, medium 
and high) of transmission of infection is compared in Figure 2.  

 
Figure 2. HHC rate of HCWs in activities associated with risk for cross-transmission 

 
4. Discussion 
Since HHC is influenced by multiple predictors, the study aimed to improve the HHC of HCWs through a 
multi-dimensional approach as well as to assess the role of MMI in improvement. This multimodal intervention 
study substantially improved the HHC of HCWs in all study settings, but improvement was more apparent in 
private facilities. Improvements were also more marked for high-risk activities, after patient contact, prominently 
among nurses.  
At baseline, the overall HHC before and after patient contact as observed in this study was below 10% which was 
unexpectedly low. However, this result is concordant with the findings of a previous estimate of 6% use of alcohol 
sanitizer among HCWs in Bangladesh (Ministry of Local Government et al., 2014). Following the MMI, the 
average use of ABHR remarkably increased to 49% and 55% before and after patient contact respectively. These 
HHC rates are lower than a similar intervention study in Rwanda where HHC was 68.9% (Holmen et al., 2016). In 
addition to education and reminders, the former study provided ABHR bottles for HCWs, so the HHC was notably 
higher in that study.  However, the observed HHC rates of this study are higher than 44.07% hand rub use in 
Nigeria (Uneke et al., 2014). The difference in the findings might be related to the differences of participants in two 
settings. The Nigerian study assessed the HHC in all group of HCWs i.e. nurses, physicians, midwives, therapists 
etc.; so the overall HHC was slightly lower.  
Higher compliance was marked after patient contact than that of before patient contact. It matches the pattern 
frequently revealed by other researchers (Allegranzi et al., 2013; Barahona-Guzmán et al., 2014; Horng et al., 2016; 
Mahfouz, Al-Zaydani, Abdelaziz, El-Gamal, & Assiri, 2014; Mu et al., 2016; Salama, Jamal, Al Mousa, 
Al-AbdulGhani, & Rotimi, 2013; Santosaningsih et al., 2017; Uneke et al., 2014). The fear of acquiring infection 
through patient contact might motivate the HCWs to clean their hands more after touching patients in order to 
protect themselves (Allegranzi et al., 2013; Randle, Arthur, & Vaughan, 2010). Perceived risks associated with 
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cross-contamination might also be the cause of higher compliance found during high risk activities. This finding 
corroborates well with earlier studies (Amazian et al., 2006; Lam, Lee, & Lau, 2004; Pittet et al., 2004).  
In post intervention phase, standard HH was practiced equally by physicians and nurses before patient contact; but 
nurses were more likely to clean hands than physicians after patient contact. In general, the adherence was greater 
among nurses than physicians, which is consistent with preceding studies (Horng et al., 2016; Lam et al., 2004; 
Mahfouz et al., 2014; Nteli et al., 2014; Randle, Clarke, & Storr, 2006). This might be due to the fact that nurses 
more frequently come to the close contact of patients than physicians (Lam et al., 2004). In Bangladesh, general 
procedures (e.g. cannulation, catheterization etc.) are performed commonly by nurses (Asare, Enweronu-Laryea, 
& Newman, 2009), so we assume the level of awareness among nurses is greater than physicians. Physicians are 
probably more involved with diagnosis and treatment and less concerned about prevention. As noted by previous 
studies, high workload might also be associated with non-adherence of physicians (Erasmus et al., 2010; Pittet et 
al., 2004).  
Although there was overall improvement in HHC upon implication of the MMI, considerable variance was 
observed in unit-level. Each hospitals included in this study were unique in their type, infrastructure, care 
deliveries, patient load and economics. Comparably, private hospitals showed highest adherence than autonomous 
and public hospitals. This finding is in agreement with another study (Rosenthal, McCormick, Guzman, 
Villamayor, & Orellano, 2003) in which the author inferred that, better administrative support and accountability 
in private facilities persuaded the HCWs to act according to the HH guidelines. Among the five study hospitals, 
hospital E achieved the highest post-intervention compliance rates. This was a private facility with the lowest 
capacity and least number of HCWs, which might had some role on the elevated HHC rate of this facility. Besides, 
the concern of the private facilities for their reputation might also drive them for further improvement. 
The study did not meticulously explore the possible influences on HH behavior of HCWs but lack of essential HH 
infrastructure and infection control management, overcrowding of patients as well as poor supply of HH materials 
were found as barriers to absolute HHC, which is similar to former studies (Horng et al., 2016; Lee et al., 2011; 
Pittet & Boyce, 2001; Shahida et al., 2016; Whitby et al., 2006). At healthcare facilities in Bangladesh, sanitizers 
were reported to be available at only 32–39% locations for physicians and 39–51% for nurses (Ministry of Local 
Government et al., 2014). Autonomous and private facilities have more supplies of ABHR than government 
facilities, but maintenance of supplied products is poor in all sectors (Ministry of Local Government et al., 2014; 
Rosenthal et al., 2003). However, supply does not always ensure availability. From our observation, ABHR was 
often not available at the point of care at all facilities in spite of sufficient supply. Regardless of intense 
intervention, hospital authorities were not adequately motivated to boost ABHR availability in few cases. It 
suggests that, the health benefits of standard HH practice may be inexplicit to hospital administrative authorities. 
Yet, the intervention dynamically stimulated the administrative body to remove some system constraints and 
establish regular monitoring of HH practice through an infection control committee.   
Absence of a comparator group is one of the limitations of this study. As the intervention was multimodal, it is also 
impossible to assess the relative efficacy of each component.  However, in a meta-analysis of HH care bundles, 
bundles with education, feedback, reminder, access to ABHR and administrative support were found to be 
associated with considerable improvement in HH adherence (Schweizer et al., 2013). Though direct observation is 
the gold standard for measuring HHC, it possesses the inherent weakness of Hawthorne effect (Chhapola & Brar, 
2015). To minimize this effect, the participants were clearly informed about the purpose of the study but they were 
kept unaware of the exact date and time of observations. The study was unique by its multi-component and 
multicentre nature. From that point of view, this study is the first of its kind in Bangladesh. To render a general 
depiction of the actual scenario of the country, the study hospitals were selected from four distinct districts located 
at three different geographical regions of Bangladesh. All type of facilities - public, private and autonomous was 
included to induce generalizability. Furthermore, the study assessed the HHC in different patient care activities 
based on risks associated with cross-contamination, which was not determined formerly by any study in 
Bangladesh. 
5. Conclusion  
This multicenter study generates important evidence for enhancing HHC through effective and low cost MMI in 
resource poor settings like Bangladesh. Still, further investigations are required to identify and overcome the 
barriers to absolute compliance. In addition to the present MMI, we recommend increased supply of ABHR, as it is 
a more practical solution for overcrowded settings especially with poor hand washing facilities. Above all, being 
an LMIC, Bangladesh should concentrate on system change instigating the culture of accountability at both 
individual and institutional level for sustained compliance. Without long-standing institutional commitment for 
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HH promotion, retaining progress is ambitious. 
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