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Background. Hospital acquired infections (HAIs) is the most frequent adverse event that causes the worsening of clinical outcome. Hand hygiene is an effective and simple way to prevent HAIs. 

Objective. To evaluate hand hygiene compliance, impact on HAIs and clinical outcome.
Method. A quasi-experimental study was conducted to evaluate the implementation of the ‘WHO multi-modal strategy’ that was adjusted to the local needs, in intensive care ward and some high-risk units of HAIs at Sardjito Hospital from June 2014 to April 2016. All workers who have frequent contact with the patients were observed for their hand hygiene compliance by trained observers. The incidence of HAIs and its related impact were documented through active surveillance. Data was analyzed with independent t-test for intervention-control comparation, repeated-measurement ANOVA for pre-initial-end-evaluation, chi-square for bivariate and multiple regression for multivariate analysis. 
 Results. This study involved 186 healthcare workers and 802 patients throughout the before-after intervention study period. There was increasing compliance on accuracy, consistency and sustainability of hand hygiene practices with the independent contribution factors were professional background, hand rub or hand wash practices and 5 moments indicated. The incidence rate of HAIs was decreased, while independent risk factors were patients’ high risk age (OR 3.7, 95%CI 1.9-5.8), underlying disease (OR 5.9, 95%CI 1.5-34.5) and their invasive intervention (OR 2.5, 95%CI 1.6-3.8). The length of stay, antibiotics usage and mortality rate among patients with HAIs significantly increased. Independent variables associated with the worsening of clinical outcome were elderly (OR 2.1, 95%CI 1.2-3.8), underlying comorbidity (OR 4.6, 95%CI 2.5-8.7), invasive intervention (OR 1.5, 95%CI 1.2-1.9) and HAIs (OR 7.7, 95%CI 4.5-13.3). 

Conclusion. Increased hand hygiene compliance affects the decreased in the incidence of HAIs and improved clinical outcome.   
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BACKGROUND
Hospital Acquired Infections (HAIs) is the most adverse event that cause worsening of the patients’ clinical outcomes.1,2,3 Global evidence shows its impact in increasing mortality rates of 18.7% - 75.1%, extending the length of stay (LOS) by 3.9 - 12 days, and increasing health costs by $593 - $40,000/case.4,5,6,7 The acquisition of infection is caused by multifactorial, but one of the most important causes is the poor practice of clean care in healthcare facilities.2,8,9,10 
Hand hygiene by all health care workers (HCWs), including those outside the medical or nursing staff, also by the patients and their relatives, is the key factor in clean care, the simple and cost effective method to prevent HAIs. Although hand hygiene is not the only element measured in infection control, there is much evidence to prove that improvements to hand hygiene is a strategic element in reducing the incidence of HAIs. Multi-modal hand hygiene improvement strategy (MHHIS) is developed by WHO to promote practical improvement for several decades in most hospitals worldwide.11,12,13 However, the HCWs’ hand hygiene practices at the point of care, in many developing countries’ hospitals, including those in Indonesia, are still at varying levels.14 In this study, we complemented the WHO MHHIS with our own local needs as the intervention, aimed at improving and sustaining hand hygiene practices for the realization of a safety culture and behavior of health professionals, albeit with limited resources.
This study evaluated the improvement in hand hygiene compliance among HCWs in the Intensive Care at Sardjito Hospital Yogyakarta, Indonesia, and its impact on HAIs incidence. The impact on clinical outcome (i.e. LOS, additional antibiotics usage and mortality) was then also evaluated between the HAIs patient compared to non-HAIs patients.
MATERIALS AND METHODS
Study design

This study was a quasi-experimental before and after analysis with non- equivalent control group designed to evaluate the implementation of the WHO MHHIS that was adjusted to local hospital’s needs, based on a qualitative study. This prospective study was conducted from June 2014 to April 2016, in the Intensive Care wards of Sardjito Hospital as the Intervention Group and post-surgical wards in the same hospital as the Control Group. 
The 23-month study period was divided into 4 steps which were: The first 7-months for collecting the pre-intervention data base, the second 5-months for the implementation period, the third 7-months for the initial post intervention evaluation and the last 4-months for the end post intervention evaluation. The integrative adjusted MHHIS was intensively implemented in January-May 2015. Hand hygiene compliance and HAIs incidence were measured throughout the study period. 
In part of this quasi-experimental study, the case control study was conducted to evaluate the patients’ clinical outcome related to HAIs. All patients included in the study who had HAIs were defined as the case group and the other patients among similar sources but had not HAIs were defined as the control group. 
Study Site

Sardjito general hospital is a public governance hospital providing tertiary care, which is one of the national reference and the main hospital of the Academic Health System in Yogyakarta Indonesia. It has 813 beds with an occupancy rate of 59.33%-74.56%. It was staffed by 3,000 employees consisting of 371 physicians, 1,171 nurses, and 564 other HCWs (pharmacist, dietician, public health specialists, physiotherapists, medical technicians), and the rest are non-medical staff. It has been operating the WHO MHHIS since 2010 and received an award from the Asia Pacific Infection Control Society for hand hygiene excellent in developing countries in 2011. 
Study population

The subjects consisted of HCWs and patients in the targeted units. The subject HCWs were all workers (medical staff, nurses, nurses’ assistants and other staff including dieticians, physiotherapists, administration staff and even cleaning service staff) who had frequent contact with the patients. Patients who were admitted to the targeted units were included as study subjects, consecutively. All subjects were given explanations of the study and voluntarily agreed to participate by signing informed consent forms. 
Hand hygiene observation

All the subject HCWs were monitored for their hand hygiene practice for one hour during their routine morning care activities by 18 trained observers (3 for each unit) independently and blindingly, resulting in at least 204 opportunity observations per month from each unit throughout the study period. The observation targeted the accuracy of the practices relating to hand hygiene indications and opportunities. Among the subjects, certain doctors (18) and nurses (36) in each intervention and control group, were monitored for the consistency of their hand hygiene practices, which produced a minimum of 30 opportunity observations for each person in each study period). The observations’ results were recorded in the hospital’s standardized hand hygiene observation checklist, which was created based on the WHO hand hygiene monitoring checklist, each specific for accuracy and consistency of the practice.


The observers were professionals, who have basic training and experiences in patient care, have a clear understanding of the logic care sequence and observation methodology. Re-education, training and the validation of the observers were performed to gain a correct understanding of the hand hygiene indication and its observation method during study period. Validation testing was targeted of 100% accurate and inter observer agreement was targeted of >0.8. Finally, to ensure independent observations, we randomly selected and replaced 1/3 of the amount of data collected by 3 internal observers in each unit with some equivalent data collected by external infection control nurse (ICN), monthly. All the data inputted on a weekly basis into the computer used the International Patient Safety Goals (IPSG) program. 

The accuracy of the hand hygiene practices is defined as the number of hand hygiene properly performed divided by the number of recommended opportunities observed during certain care activity periods. The consistency of hand hygiene practices was defined by the accuracy rate achieved by a certain doctor or nurse with at least 30 opportunities for observation during a certain period. The sustainability of the hand hygiene practices was the trend of the hand hygiene accuracy or its consistency rate between periods. Positive sustainability was defined if the accuracy or consistency of the hand hygiene practices’ rate increased or remained stable (for all level of the accomplishment rate) or decreased (for level rate > 90%) but should still be at the more than acceptable level’s targeted of (90%) between the initial and the end-evaluation period.   
Hospital acquired infections and clinical outcome 
All the subject patients who showed signs of infection during their hospitalization were assessed based on the active surveillance by infection control nurses. Infection that occur in the hospital after 2x24 hours of admission and not in the previous incubation period is defined as HAIs. There are 4 major targeted surveillance HAIs, those are blood stream infection (BSI), urinary tract infection (UTI), surgical site infection (SSI) and pneumonia (ventilator associated or hospital acquired). 
Intervention

We implemented the hospital’s adjusted WHO MHHIS. It is consisted of managerial component, mindfulness education, structuring facilities procurement for hand hygiene practices, developing participated hand hygiene reminder, video, and hand hygiene monitoring with real time feedback supporting IT (information technology). The intervention was provided by infection control and health promotion expert committee. 

Managerial component consists of the consistent commitment of the management team, hand hygiene campaign, coaching system, role models, reward and dis-reward system. Mindfulness education of hand hygiene is provided based on a module consisting of local evidence based practices, proof of themselves hand hygiene’s effectiveness based on laboratory data, an evidence based model of hand transmission and risk management, and the calculation method for hand hygiene facilities support. Structuring of supporting facilities procurement is provided by developing the actual plan based on real care activities and needs at place.11,14,15 
Statistical analysis

This study used an independent t-test to compare the numeric data between groups and a repeated measurement ANOVA to compare between periods. Chi square or Fishers’s exact test (for expected value < 5) was used to compare the categorical data before and after the intervention. An interrupted time series analysis was used to evaluate data trends by time. The confounder variables (providers’ characteristics and patients’ characteristics) were evaluated using multivariate statistic logistic regression. All the statistical analysis was performed using IBM SPSS statistic 22, stated a significance level at the p value < 0.05. 
RESULTS
There were 186 health care workers and 802 patients (401 in each group) involved throughout the before and after intervention study period. Health care workers consists of 36 medical doctors (18 in each group), 104 nurses (45 in intervention group and 59 in control group), 9 medical students (all in control group) and 37 other staffs (pharmacists, physiotherapists, nurses’ assistants, dieticians, administrative staff, and cleaning services staff-29 in intervention group and 8 in control group). All the HCWs subjects were monitored for the-accuracy of their hand hygiene practices. Among them, there were all doctors and 72 nurses (36 in each group) observed for the consistency of their hand hygiene practices.


Most of the subjects HCWs were government employees, officers, less than 55 years old, higher than diploma degree of education background and had received training within the last 3 years on WHO hand hygiene recommendation. There was no significant difference between those subjects age ( 35 years old vs > 35 years old or on the length of they had worked in their units. There were more female than male subjects (64.1% vs 35.9% in the intervention group; 71.3% vs 28.7% in the control group).   

Evaluation of hand hygiene compliance 

The evaluation of hand hygiene compliance consisted of the accuracy, consistency and sustainability of the practice which were compared between the study’s periods. There were 41,930 hand hygiene opportunity observations, which consisted of 16,889 opportunities (6,126 intervention group; 10,763 control group) in the pre-intervention period, 19,547 opportunities (7,078 intervention; 12,469 control) in the initial post-intervention evaluation period and 5,494 opportunities (3,109 intervention; 2,385 control) during the end-evaluation.
 
Table-1 describes the compliance rate of the accuracy practice between the various HCWs’ characteristics. Overall, there was an increase in the accuracy of hand hygiene practice after intervention. A significant increase was seen in the accuracy practice of the doctors, for the indication of Moment-1 (before touching a patient) and Moment-5 (after touching patients’ surroundings) and for the hand rub. Some parameter of our observations showed increasing levels in the post-intervention period but they were not significant. The increase also occurred significantly among various HCWs in the control group.
(Table-1)   

Table-2 describes the achievement of the targeted threshold of consistency in the post intervention evaluation periods. In the Intervention group, there was 100% achievement of target threshold vs 81.5% in Control group. There was however a significant difference of achievement level based on the subjects’ professional categories (specialist doctor showed lower prediction to achieve the target compare to nurses and residency physicians), for their hand rub accuracy and duration of the procedure (20 seconds for hand rub and 40 seconds for hand wash). 
(Table-2)

The accuracy and consistency of the level of hand hygiene practices was also described by an increasing trend over time among Intervention group compare to Control group. Fig.1 shows the trend of hand hygiene compliance levels among overall practices (Fig.1a), among physician (Fig.1b) and among nurses (Fig.1c) with R2 at the level of 0.861 (p = 0.021), 0.837 (p = 0.020), 0.923 (p = 0.043) for intervention group respectively and 0.742 (p=0.089), 0.751 (p=0.063), 0.809 (p=0.0001) for control group respectively. The control group showed the smoother increasing trend compare to intervention group. This gives good impression of a relatively sustainable practice, better in the intervention group. There is significant improvement trend among nurses in both intervention and control group.
(Figure1)
HAIs incidence, Risk factors and clinical outcome evaluation
The incidence of HAIs’ throughout study period and its continuum trend based on ITS analysis is described in Fig.3. There was decreasing trend of HAIs incidence that fluctuated over time. Phlebitis and UTI were the major infection. In the Intervention group, the fluctuation was not changed significantly by the time (p=0.148), and vice-versa in Control group (p=0.032) 
Further evaluation of HAIs’ incidence based on patient demographic and clinical appearance is presented in Table 3. In a bivariate analysis followed by multivariate logistic regression, the independent variable risk factors were high risk age (OR 3.7, 95%CI 1.91-5.83), high risk comorbidity (OR 5.88, 95%CI 1.54-34.48) and invasive intervention (OR 2.48, 95%CI 1.63-3.77). 
Table 3.

A multivariate analysis of outcome evaluation showed that HAIs contributed independently to all of the poor outcomes investigated, i.e. the extend of LOS (OR 7.73, 95%CI 4.49-13.33), the high risk of antibiotic usage and the additional attributable intervention (OR 3.18, 95%CI 2.02-5.02), and the mortality (OR 4.75, 95%CI 3.0-7.49) (Table 4). Additional interventions in this study (in the extension period of certain patient with HAIs during hospitalization time) recorded were: re-surgery, referral to ICU, usage of ventilator or central venous catheter (CVC).

Table 4.
DISCUSSION
We found hand hygiene practices were increased among HCWs after intervention period. The compliance was better in the intervention group compared to the control group. We also found that the HAIs incidences were both decreased in intervention group and control group after intervention period. The decrease of HAIs’ incidence fluctuated because of multifactorial causes of this adverse event, including the patients’ underlying conditions. 

This study showed the increasing levels in the accuracy, consistency and sustainability of all the HCWs hand hygiene practices. A significant increase in the average level of accuracy in hand hygiene practices was discovered among physician, hand rub procedures, for all indicated moments except the moment 'before aseptic or clean procedure' and 'after body fluid exposure risk'. The accuracy of hand wash practices and those two moments did not show any significant improvement after the intervention in the initial and end-evaluation period, this is assumed to be because they already had relatively high levels of compliance at the beginning of the study (88,4% and >90% accuracy, respectively). This level of compliance was accomplished because of their rational indications were clear and the HCWs already have positive perceptions on them.16 The consistency of 6 step hand hygiene procedure and the accurate duration of its performed were also increased significantly. The accuracy and consistency of the hand hygiene practice among HCWs is important for risk management in infection control area.16,17 The highlight message for the HCWs is how to perform hand hygiene procedure properly in every opportunity indicated due to its efficacy in reducing the hand transient germs flora fit to the hand transmission model. 
Sardjito Hospital has been awarded by APSIC on hand hygiene practices in 2011. Further practices monitoring after the award has been continued hospital wide but unsatisfactory practices were identified. Although the HCWs know that hand hygiene is an important element in the battle to prevent HAIs, and strategies have been in place to promote this, continuous creative and participative efforts are needed to maintain an acceptable level of compliance.18 The most important need is the serve of local evidence of any patients’ clinical outcome related to this practice.  We implemented a hand hygiene program that complements the WHO’s strategies (to be more comprehensive and fit to our hospital needs) and evaluated its impact on improvement in its compliance and maintenance. This approach is in line with the national program for hospitals’ quality improvement, infection control and health promotion, so it is easier to get support from all parties.19,20,21                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
The hospital has a target accuracy for hand hygiene of 90% in accordance with the development of an institutional safety culture and the benchmark for national equivalent hospitals as well as for those categorized as international hospitals. Variables that affected the achievement of the consistency threshold of hand hygiene practices were the intervention, the age, professional background and the type of hand hygiene. Physician, HCWs who less than 35 years old, the hand wash practices, gave a significant lower OR to be consistent (OR<1, p<0.05). It demonstrates more intensive and consistent specific strategic needs.12
The overall consistency of hand hygiene practices at ‘5 moments’ increased significantly in the post-intervention period and in the intervention group. The consistency of practice in procedure ‘steps’ and ‘duration’, both in the post-initial and end-evaluation period, indicates that changes in the staffs’ practice can be sustained over a fairly long period. The hand hygiene improvement which was also occurred in the control group indicated that there were factors influenced it beyond the intervention itself. We also considered the fact that the intervention impact could not be isolated just in intervention wards. 
Analysis on ITS described that there was fluctuating trend, both in intervention and control group, indicated some increasing or decreasing practices were led by several other factors beyond the intervention (i.e. accreditation surveys) (Fig.1). More the challenge to specific target achievement of the institution given, will make the stronger reinforcement, motivation, receive norms and outcome expectation of the staffs. The exposure intensity and duration (i.e. education, mentoring, campaign, other creative health promotion) will make various impact in each phase. Conversely, we found that there were the phenomenon of decreasing phases related to the ‘post-event’ session, long vacation period or other specific holidays, year end, and the spike in the number of patients. Although the post-intervention fluctuations were found to be diminishing, the understanding of specific and identifiable phases was the guidance of program managers to improve the supervision and intensify the feedback. The increasingly sloping trend of improvement in post-final evaluation (Fig.3), indicates that the 'booster' re-education process should be given in periods of no more than 7 months, proposed in 6 monthly periods. 

We realize that this study was at risk from various biases. We performed 3 methods to ensure its reliability as the observation of hand hygiene practices in a real point of care setting is very dynamic and cannot be replicated. Even though the observations were done blindingly, with participant observation, this study has a potential bias from the Hawthorne effect. Long-term observation with a relatively large number of observed opportunities aims to reducing this bias.14 Similar studies into the practice of hand hygiene in developed countries, generally used electronic equipment to monitor compliance.22,23

The trend of HAIs incidence decreased significantly in Control group (Fig.2). The incidence of HAI is influenced by many interacting factors, one of them is the clean care. Various other factors can be sourced from endogenous (patient factors) or exogenous (cross-linking). The advances in the development of equipment technology and modern maintenance methods increase the risk of infection from exogenous sources if the practice of clean care is not optimal.2,24 The endogen factor which was increased incidence of HAIs such ass disease severity and comorbidity (underlying disease), age and competence of immunity.
There is a significant variation in the incidence of HAIs between intervention activity, wards, population groups, types of invasive procedures/surgery/equipment. Vulnerable population groups are the elderly or very young (newborn), underlying disease, impaired immune status, recurrent hospital or other public health care facilities, length of stay, intensive care and history of antibiotic usage.10,12 The HCWs’ factors (the age, education background, duration of work, skills, commitment for quality) and environment factors (system and regulation, isolation standards, availability of facilities/equipment, cleanliness, etc.) are exogenous factors affect both on the clean care and other professional practices of infection control.20,25,26 There are also other clean care factors for transmission prevention that were not evaluated in this study, those are decontamination and sterilization, single used reused device and environment cleaning.

 The pattern of events in Intervention group is different from those in Control group according to the patient characteristics and the type of medical intervention given. In general, the incidence of HAIs has a trend to decrease in post-intervention, with some fluctuations, so statistically insignificant. Beyond the multi factors that influence the incidence of HAIs, the incidence in Intensive wards tend to be unchanged compared to Control wards. 

Various analyses of the observational data and measurements in this study indicate the factor of clean care with hand hygiene activities as the key has a contribution to improve clinical outcomes or otherwise provide a potential risk of worsening the results of medical and nursing care. These results are synergistic with global research results and are expected to encourage self-efficacy of healthcare professionals, making good hand hygiene practices to be a professional behaviour within an institutional climate that focuses on patient safety.27  
CONCLUSIONS
The increasing of hand hygiene compliance affects the decreased incidence of HAIs and improves the clinical outcome. It is important to continue the local evidence based hand hygiene program to maintain the level of compliance accomplished.   
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Figure 1. The trends of accuracy of hand hygiene practices (a) Overall (b) physicians (c) Nurses
                                           Observed                 Fit               upper and lower limit
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Figure 2. The trends comparison of the accuracy of hand hygiene practice between intervention and control group 
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Figure 3. The trend of HAIs incidence (a) intervention group (b) control group            

                                               Observed              Fit             upper and lower limit line
Table 1. Accuracy level of hand hygiene practices pre-post intervention
	Observation Criteria
	Intervention
	Control
	pa

	Physician
	
	
	

	· Pre
	67.1±5.9
	77.4±6.2
	0.092

	· Pasca-initial
	83.3±5.6
	88.9±2.8
	0.115

	· End-evaluation
	89.1±3.5
	88±4.2
	0.618

	· pb
	0.001*
	0.034*
	

	Nurses
	
	
	

	· Pre
	84.2±6.8
	88.8±2.2
	0.082

	· Pasca-initial
	89.2±2.6
	91.5±0.9
	0.121

	· End-evaluation
	91±2.5
	95.2±1.3
	0.004*

	· pb
	0.050
	0.047*
	

	Medical Students
	
	
	

	· Pre
	-
	82.2±8.6
	N/A

	· Pasca-initial
	-
	88.4±2.1
	N/A

	· End-evaluation
	-
	91±4.8
	N/A

	· pb
	-
	0.067
	

	Other HCWs
	
	
	

	· Pre
	83.2±12.1
	79.7±3.1
	0.587

	· Pasca-initial
	86.5±1.3
	90.3±2.5
	0.024*

	· End-evaluation
	80.3±35.7
	91.1±3.3
	0.456

	· pb
	0.678
	0.034*
	

	Hand Wash (total)
	
	
	

	· Pre
	88.4±11.8
	88±4.8
	0.677

	· Pasca-initial
	90.9±0.9
	93.3±2.2
	0.055

	· End-evaluation
	92.8±3
	93.7±2.6
	0.545

	· pb
	0.246
	0.246
	

	Hand Rub (total)
	
	
	

	· Pre
	70.5±9.3
	75.95±3.3
	0.281

	· Pasca-initial
	84.4±9.4
	87.7±2.7
	0.081

	· End-evaluation
	88.7±5.9
	89±1.6
	0.144

	· pb
	0.008*
	0.003*
	

	Before touching a patient
	
	
	

	· Pre
	77.3±18.1
	81.8±9.5
	0.314

	· Pasca-initial
	91.3±3.1
	91.1±3.2
	0.973

	· End-evaluation
	91.7±2
	86.4±5.4
	0.077

	· pb
	0.001*
	0.002*
	

	Before aseptic procedure
	
	
	

	· Pre
	95.7±9.6
	93.5±4.6
	0.911

	· Pasca-initial
	98.3±5.1
	93.7±8.9
	0.789

	· End-evaluation
	99.7±9.5
	94.6±5.3
	0.823

	· pb
	0.903
	0.982
	

	After body fluid contact
	
	
	

	· Pre
	95.1±6.7
	93.7±5
	0.761

	· Pasca-initial
	93.3±3.8
	97.4±1.8
	0.093

	· End-evaluation
	98.8±1.6
	93.3±6.6
	0.052

	· pb
	0.311
	0.112
	

	After touching a patient 
	
	
	

	· Pre
	90.2±4.5
	89±4.5
	0.713

	· Pasca-initial
	95.1±4.9
	94.6±5.9
	0.622

	· End-evaluation
	98.4±2
	97.2±1.1
	0.677

	Criteria
	Intervention
	Control
	pa

	· pb
	0.703
	0.032*
	

	After contact patient surrounding area
	
	
	

	· Pre
	72±7.9
	78.2±4.8
	0.893

	· Pasca-initial
	88.5±4.2
	88.2±3
	0.993

	· End-evaluation
	90.2±3
	91.4±3
	0.713

	· pb
	0.028*
	0.019*
	


Notes: value (%): x ± SD; pa independent t-test; pb repeated measurement ANOVA; * significance p < 0.05

Table 2. The proportion of accomplishment of post-Intervention hand hygiene consistency practices (for the target threshold: 90%) 
	Predictor Variable
	Target threshold of consistency (90%)

	
	(+)
	(-)
	p

	Intervention
	
	
	N/A

	· (+)
	54(100%)
	0
	

	· (-)
	44(81.5%)
	10(18.5%)
	

	Sex
	
	
	0.131

	· Male
	39(75%)
	13(25%)
	

	· Female
	46(82.1%)
	10(17.9%)
	

	Age
	
	
	0.005*

	· > 35 y.o
	51(86.4%)
	8(13.6%)
	OR 10.1

	· <= 35 y.o
	35(68.6%)
	14(31.4%)
	(1.3-76.7)

	HCWs category
	
	
	0.015*

	· Physician
	29(80.6%)
	7(19.4%)
	OR 0.2

	· Nurses
	69(95.8%)
	3(4.2%)
	(0.1-0.9)

	Physician
	
	
	0.0001*

	· Specialist
	9(69.2%)
	4(30.8%)
	OR 0.3

	· Resident
	20(87%)
	3(13%)
	(0.2-0.8)

	Education
	
	
	0.903

	· > Diploma
	57(90.5%)
	6(9.5%)
	

	· Diploma
	41(91.1%)
	4(8.9%)
	

	Hand hygiene
	
	
	0.021*

	· HW
	46(85.2%)
	8(14.8%)
	OR 0.2

	· HR
	52(96.3%)
	2(3.7%)
	(0.1-0.9)

	Prosedur
	
	
	0.117

	·  ‘moment’ criteria 
	98(90.7%)
	10(9.3%)
	

	· 6 steps
	95(88%)
	13(12%)
	

	· Duration of practice (+)
	88(81.5%)
	20(18.5%)
	


Notes : p x2 or Fishers’s exact test (for expected value < 5); * significance p < 0.05  ; OR was presented on significant proportion difference 
Table 3. Multivariate analysis on various risk factors for HAIs
	Variable of risk factor 
	OR
	95% CI
	p

	Male
	1.7
	0.96-2.8
	0.069

	High risk age
	3.7
	1.9-5.8
	0.023*

	Main Diagnosis of infection
	1.5
	0.7-3.1
	0.352

	High risk comorbidity 
	5.9
	1.5-34.5
	0.007*

	Under nutrition
	2.1
	0.95-4.9
	0.068

	Invasive intervention
	2.5
	1.6-3.8
	<0.001*

	Intensive wards
	5.2
	2.7-10
	<0.001*


             Notes : p logistic regression; * p value is significant <0.05 
Table 4. Multivariate analysis for clinical outcome of
	 Predictor variable
	LOS >
	Antibiotic >
	Mortality

	
	OR
	95% CI
	p
	OR
	95% CI
	p
	OR
	95% CI
	p

	HAI
	7.7
	4.5-13.3
	0.001*
	3.2
	2.0-5.0
	0.001*
	4.8
	3,0-7,5
	0,001*

	Elderly 
	2.1
	1.2-3.8
	0.010*
	2.3
	1.4-3.8
	0.002*
	4.2
	1,7-10,4
	0,002*

	The main diagnostic of infection
	1.99
	0.9-6.2
	0.667
	2.4
	1.3-4.5
	0.005*
	2.97
	1.7-5.1
	0.001*

	High risk comorbidity 
	4.6
	2.5-8.7
	0.001*
	1.9
	1.2-3.1
	0.005*
	1.5
	0.95-2.4
	0.083

	Under nutrition
	1.1
	0.9-11.1
	0.819
	0.7
	0.5-1.1
	0.126
	1.7
	0.8-3.4
	0.161

	Invasive Intervention 
	1.5
	1.2-1.9
	0.003*
	5.8
	1.99-16.95
	0.001*
	0.8
	0.4-1.7
	0.562

	History of hospitalization 
	2.7
	1.7-4.1
	0.001*
	1.5
	1.0-2.3
	0.035*
	0.98
	0.9-1.8
	0.513


Notes: p= regresi logistik ; *p<0.05

END MATERIALS
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