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Introduction 

 

According to the Luxembourg declaration on patient safety, access to high-quality healthcare is 

a key human right that is recognized and valued by the European Union (EU), and also by its 

institutions and citizens [1]. Healthcare-associated infections (HAIs), also termed nosocomial 

infections, are complications of healthcare provision that contribute to increased patient 

morbidity and mortality [2]. HAIs lead to increased healthcare costs for patients, their insurers 

and hospitals, due to unanticipated duration of hospital stay and associated treatment. There is 

also a psychological burden placed on patients, their carers, and their families, in addition to 

opportunity costs arising from patients and their carers’ inability to work, attend school, etc., 

while hospital capacity impacts the efficiency of healthcare [3]. 

 

In England alone, over 6% of hospital patients acquire an infection during their hospital stay (i.e. 

not present at the time of admission) with projected costs to the National Health Service reaching 

nearly £1 billion annually [4]. Internationally, 5–10% of patients admitted to acute care hospitals 

in developed countries will acquire an infection, while the rate for developing countries can 

exceed 25% [4]. According to the estimation of Stone et al., in the USA about two million 

patients are involved annually by HAI, of whom approximately 90.000 die [5]. This corresponds 

with the data gathered by Walker et al. stating that in 2014 an estimated 2 million patients will 

acquire an infection during their hospital stay that might have been easily prevented [6]. Also 

the numbers are not showing much improvement in the consequence of HAI since Klevens et al. 

years before Stone estimated and published the burden of HAI on pateins’ lifespan accounting 

for approximately 100.000 deaths annually [7]. In the EU, based upon the data of the European 

Centre for Disease Prevention and Control (ECDC), approximately 4.1 million patients in acute 

care facilities acquire a HAI annually, with the number of deaths directly related to HAI 

estimated to be at least 37.000 [8]. 

 

Thus HAIs pose a serious public health issue and not only have adverse effect on patients’ health, 

but also place a significant economic burden on an already taxed healthcare system [9–10]. In 

order to prevent the formation of HAIs and reduce occupational health hazards in healthcare 

facilities, the utilisation of standard precautions (SPs) is mandatory. SPs are motivated by the 

principal that all patients are potentially infectious, and therefore precautions should be used to 

manage risk. SPs guidelines contain several protective measures such as hand hygiene (HH) 

procedures; the use of protective barriers, e.g.: gloves, masks, and goggles; appropriate handling 
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and disposal of sharps and other contaminated or infectious waste; and furthermore, the use of 

aseptic techniques [11]. Although not all HAIs are preventable [12], HH is considered to be the 

most effective way of preventing microbial transmission and to reduce the spread of 

antimicrobial resistant bacteria [13]. Studies are revealing negative correlations between the HH 

of healthcare workers (HCWs) and HAIs, estimating that HCWs’ correct hand sanitation could 

prevent up to 50% of HAIs [4]. Since Ignaz Semmelweis demonstrated dramatic reductions in 

puerperal sepsis after instituting a disinfectant hand-washing regimen in 1847, HH has been 

known to reduce HAIs and is recommended by the Centers for Disease Control and Prevention 

(CDC) as the single most effective method of preventing the spread of nosocomial infections 

[14]. Aiming to reduce both HAIs and to decrease the spread of antimicrobial resistance, the 

World Health Organization (WHO) World Alliance of Patient Safety launched the first Global 

Patient Safety Challenge in October 2005 under the banner, ‘Clean Care is Safer Care’. A major 

element of the challenge is the development of new, evidence-based guidelines for the promotion 

of HH in healthcare. Given the growing evidence it became obvious that preventing the spread 

of infection requires performing HH properly and at key moments during patient care as the 

critical preventive measure [15]. 

After the introductions of international HH campaigns and guidelines [16], the Hungarian 

guideline was launched in 2009 [17], which recommends the proper surgical skin scrubbing 

technique and other important HH rules, such as the indications, when and how should HH be 

performed. The “5 moments of Hand Hygiene” protocol describes five fundamental indications 

to when should HH performed (Figure 1.). Simultaneously “How to rub” protocol was formed 

to demonstrate the essential hand cleaning technique (Figure 2.). 
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Figure 1. The 5 moments of Hand Hygiene 
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Figure 2. Protocol for demonstrating the essential hand cleaning technique. 
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Hand-washing and hand disinfection with alcohol-based hand rubs (AHRs) removes 

microrganisms effectively, and is the reference standard for effective HH. Although the 

mentioned procedures are quite simple and easily accomplishable, HH compliance remains low 

among HCWs, with reported adherence rates ranging from 20% to 50% [18–19]. This was 

confirmed by Pittet et al. stating that most HCWs practice HH less than half as often as they 

should [20]. These data are in accordance with the findings of the WHO [16]. Still today, despite 

being aware of the prevalence of HAIs, HCWs’ compliance remains suboptimal, therefore it is 

highly important to continuously monitor this problem and improve compliance, possibly 

leading to increased number of HH events. Besides monitoring HCWs compliance, emphasis 

should be put on proper education for all students in related to healthcare studies or teaching 

programs in order to eliminate inadequate compliance before it even develops in the younger 

generation. This is a highly relevant issue since students learning to become nurses perform 

various nursing tasks and procedures to a large number of patients during their clinical practice, 

requiring extensive patient contact. It is crucial that they learn and practice correct HH to develop 

a good compliance in order to prevent HAIs. Monitoring the adherence to HH guidelines has 

become inculcated into the standard expectations and requirements of a majority of hospitals in 

the world, and data on rates of HH are routinely reported to administrative groups and infection 

control (IC) or quality monitoring committees [21]. Ultimately, the goal of any monitoring is to 

improve performance. In Hungary, IC practitioners regularly measure the HCWs’s HH 

compliance in all healthcare facilities and forward the data to the National Center for 

Epidemiology. 

 

To increase HH compliance among HCWs, direct observation combined with feedback data has 

been described as the best way to convince staff of the need for improvement and motivate them 

to achieve and sustain best practice targets [13]. In the literature ‘direct participant observation’ 

is considered the gold standard in measuring HH compliance [22], but it has several drawbacks. 

The limitations of this supervision technique are the following: the observation is time and 

resource intensive, also when interpreting findings, the Hawthorne effect and the potential for 

bias must be considered. The Hawthorne effect means that when the observer enters the patient 

room or the HCW is aware of the fact that he is being watched, compliance may be overestimated 

because of the change in HCW behaviour when being observed. Last but not least, direct 

observation is often not performed in a standardized way, making interhospital comparison 

difficult. Ensuring the comparability of results depends, to a great degree, on the types of 

observer, the level and type of training that the observers receive, the duration of observation 
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periods, and the number of HH opportunities observed [13, 23]. Given these limitations, there is 

considerable interest in new technologies for audit and feedback of HH compliance, including 

electronic and video monitoring systems [24]. These new systems vary widely, ranging from 

simple systems that track only the number of times that soap or hand sanitizer is dispensed to 

complex systems that integrate information on the timing of HH dispensing events and the 

location of the HCW in order to provide an estimate of HH compliance [24]. Video monitoring 

means continuous monitoring of the patient environment via a video camera, with human 

reviewers assessing compliance. The advantage of both systems are their ability to monitor HH 

on a continuous basis, allow measurement of compliance and even feedback at the individual 

level. 

 

Measuring AHR consumption for HH performance is a simple way to be able to describe and 

calculate the frequency of HH actions and also to compare them between units or hospitals [25]. 

Good correlations have been found in studies between AHR consumption and HH compliance 

rates, and also between AHR consumption and HAI reduction [26–27].  

AHR consumption is calculated and reflected on 1000 patient days, which represents a standard 

population and time period for interpretation of the usage. From this value we can easily calculate 

how many times were HH performed at one patient during 24 hours [17, 28]. This data does not 

contain the amount of used surgical hand scrubs.  In Hungary, the national average of AHR 

consumption has improved in all healthcare facilities due to national HH campaign (from an 

average 7L/1000 patient days in 2011–2012 to 9.9L/1000 patient days in 2015) [29]. Despite the 

above mentioned increase in AHR consumption, compliance still cannot be deemed acceptable. 

As listed by Davis and colleagues, barriers to correct HH practices include forgetfulness, lack of 

knowledge about expected standards, low priority, time constraints and inaccessible HH supplies 

[4]. IC professionals must analyse each system or workflow at the wards in order to identify 

critical points in patient care. This is also recommended by Song et al. [30] (Figure 3.). 
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There are further factors which can reduce the pace of improvements in HH compliance despite 

all efforts, i.e. differences in gender [31], differences between doctors and nurses [32], when 

working at intensive care unit (ICU) [33], working on weekdays or on weekend [26] and also 

time limit [34]. Regarding the difference between doctors and nurses, the findings are 

controversial. Similar to many studies in the literature [35–36], compliance with HH among 

nurses was reported to be better than doctors by Karaaslan et al. [37]. These results contradict 

the findings of Song et al. stating that when compared with physicians, nursing staff consistently 

had lower HH compliance rates and lower improvement rates [30]. Interestingly, despite 

continued efforts from infection prevention teams, hospital systems across the United States 

continue to struggle with HH participation, with a reported national compliance rate of <50% [6, 

38]. 

 

It is important to note that findings gathered from surveys and questionnaires on HH practice of 

HCWs often shed light to the existence of behaviours or attitudes, which are originated from 

inadequate knowledge in this topic. Such behaviours are clearly not a consequence of 

indiscipline but a misconception based on faulty information and lack of knowledge or previous 

erroneous beliefs. Improving HH compliance and sustaining a positive behavioural change 

remains a significant challenge, given the complexities of the healthcare environment and the 

difficulty of changing behaviour [15]. 

Besides the fact that the level of HH is not perfect among HCWs partly due to misbeliefs or 

deficient information and partly due to their inadequate compliance originating from multiple 

factors, the occurrence of multi-drug-resistant (MDR) bacteria is even aggravating the situation 

since the handborne route is of critical importance in nosocomial cross-infections. 

The appearance of MDR bacteria is a major concern among medical care providers all over the 

world [39–41]. MDR Gram-negative bacterial infections have become prevalent already in some 

European countries. Moreover, increased use of broad-spectrum antimicrobial agents selects 

organisms with resistance and, by increasing their numbers, increases their chance of spread 

[42]. Of these, extended-spectrum beta-lactamase (ESBL)-producing Gram-negative bacteria are 

especially problematic, as they are becoming increasingly resistant [43–44]. The group of ESBL-

producing bacteria typically includes Escherichia coli, Enterobacter cloaceae and Klebsiella 

pneumoniae. Once involved in HAI, the situation can become quite dangerous. 

Nosocomial infections are one of the leading causes of mortality and morbidity in the neonatal 

intensive care unit (NICU) [14].The young patients’ low level passively acquired antibodies, 
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along with the diminished functional capacity of many components of the immune system, 

thinness and poor keratinization of skin, colonisation of mucous membranes and skin with 

endemic microorganisms present in the NICU, exposure to antibiotics, frequently insufficient 

gastrointestinal feeding and insufficient supply of mother’s milk, invasive procedures and the 

frequent contacts with HCWs, expose these newborns to high risk of infection [45]. Neonatal 

nosocomial infections are late-onset infections (appearing after the first 72 h of life) in 

hospitalised infants. Based upon the data provided by Edwards [46] and Adams-Chapman et al. 

[47] the incidence of infections (7–24.5%) at the NICUs depends on environmental factors and 

on differences in clinical practice. 

The above mentioned ESBL-producing bacteria are highly dangerous to neonates, especially 

low-birthweight preterm infants, and their nosocomial persistence may lead to prolonged 

hospital stay, higher mortality and growing costs [43, 48–49]. Gram-negative organisms account 

for 18 to 31.2% of infections at the NICU. Therefore, their increasing presence is a significant 

risk factor in NICU, which must be dealt with [50–51].  

The NICU of the Department of Paediatrics at the University of Szeged at the time of the study 

was a 17-bed tertiary care centre, with annual admissions of 210-250 newborns with the most 

severe perinatal conditions from the Southeast region of Hungary (with a population of almost 

1.5 million).  At this unit, the first ESBL-producing infection was detected in 2002. By 2008, 

ESBL-producing bacteria became standard nosocomial bacteria, and a total eradication was 

never achieved. The problem became critical in the second half of 2011, when more than half of 

the neonates on the ward were colonised, which called for immediate intervention. In the 

following I would like to describe a complex, multitask infection control (IC) project 

highlighting the period January 2011–September 2012, which finally led to successful IC 

management at our NICU. 

Aims 

I. Reaching a significant increase in the number of HH events in case of HCWs at the 

NICU by implementing a multimodal strategy.  

II. Reducing the number of future infections and colonisations by identifying and 

subsequently eliminating all potential sources of infection.  

III. Implementing non-invasive treatments at the ward which would possibly lead to the 

reduction of device-related infections.  

IV. Assessing the current knowledge of nurse students on HH in order to identify 

potential factors related to future insufficient HH compliance.  
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Methods 

 

As a consequence of the spread of ESBL-producing bacteria, a specific IC task force was formed, 

with representatives from the NICU, the Institute of Clinical Microbiology and the IC Unit. The 

group met weekly to discuss the situation. A three-step complex management plan was devised 

in September 2011, which involved retrospective data analysis aimed at identifying risk factors, 

education of staff and introduction of new hygienic measures based on the retrospective analysis, 

and a follow-up phase. We conducted the retrospective study from January 2011 to September 

2011 and the prospective study from January 2012 to September 2012. Between the two periods 

we allowed the staff three months to become accustomed to the new protocols and strategies 

introduced. Patient-days/month [52] were calculated by the electronic patient documentation 

system (eMedSolution® by T-Systems Hungary Ltd, Budapest), which provides up-to-date data 

and automatically generates statistical information upon the user’s request.  

 

Retrospective Analysis 

Data were gathered retrospectively from the January-September 2011 period regarding HH 

compliance among HCWs and ESBL colonisation/infection data among patients treated at the 

NICU. HH compliance was assessed indirectly, based on the recorded use of AHR, from which 

the average number of HH procedures could be estimated according to the WHO Guidelines on 

Hand Hygiene in Health Care [53]. 

Indirect HH compliance, which refers to the number of HH procedures performed in the case of 

one patient during one day at hospital, was calculated as follow: the quantity of HH liquid (total 

millilitres) supplied to the clinic per month was checked. At the end of the month the quantity of 

HH liquid remaining in the dispensers was evaluated (dispensers were marked at the level of 

remaining product at the end of the month). This way we managed to count the monthly 

consumption of AHR. This amount was divided by 3mL, because our dispensers provide 3mL 

AHR with each hit. According to multiple studies 3mL of AHR is adequate to insure proper HH 

[54–55] for the user. This calculated number is an indirect measure of the number of HH 

procedures performed. This was further divided by patient-days regarding the same month, 

which is continuously generated by software (eMedSolution®) at our facility. With this formula 

we are able to calculate the number of HH procedures performed in the case of one patient during 

one patient-day at hospital. According to our observations these dispensers are only used by staff, 

so the number of visitors does not cause a distortion in the results. Patient files were surveyed 
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for microbiological documentation, in an attempt to determine the types of ESBL-producing 

bacteria on the ward, and the findings were recorded. 

 

Preventive Measures and Prospective Analysis   

Based on the findings of the retrospective phase, a number of preventive measures were 

introduced in the October–December 2011 period. 

First of all, in September 2011, the intubation, surfactant therapy and extubation (INSURE) 

protocol was introduced [56]. With INSURE, the mechanical ventilation time can be reduced, 

which helps reduce the number of ventilation-associated infections. Monthly mechanical 

ventilation days/ ventilated patient numbers were calculated from data acquired from the medical 

software database (eMedSolution® by T-Systems Hungary Ltd, Budapest). 

The antibiotic protocol was also modified. On admission, blood culture and gastric aspirate were 

collected from each new patient. Ampicillin or a combination of ampicillin and tobramycin was 

started as primary antibiotic therapy, but the administration of these antibiotics was stopped after 

48 hours if the cultures taken on admission proved to be negative and the inflammatory markers 

were also negative. Similarly, if surface cultures were positive without an elevation of 

inflammatory markers (i.e. C-reactive protein <10 mg/dL and procalcitonin <10 ng/mL at the 

age of 24 hours) and the patient did not show clinical signs of infection, positive surface cultures 

were considered as colonisation and the course of antibiotics was discontinued [57]. If late onset 

sepsis was suspected, the choice of antibiotics was changed. Third-generation cephalosporines 

and a combination of amoxicillin and clavulinate, which are reported to be the strongest inducers 

of ESBL-production [58], were banned from the ward. In suspected cases of Gram-negative 

sepsis, meropenem was administered. If there was a predisposition to Gram-positive sepsis (e.g. 

central venous line inserted), vancomycin was also started and the therapy was changed 

according to the results of the blood culture. Progressive feeding was started within the first two 

hours after admission. The neonates received their own mother’s breast milk through a gastric 

tube, if available. If not, premature and neonatal formulae were administered. Probiotics 

containing both Bifidobacteria and Lactobacilli were also provided.   

As a new preventive measure the neonates were bathed every four days, which is in accordance 

with the latest guidelines [59–60]. Immersion baths were stopped. This was important because 

the risk of infection by biofilm-forming bacteria (i.e. on the surface of the basin or in the 

waterlines) could thus be reduced [61–62]. 
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Due to the potential risk of cross-infection with ESBL-producing Klebsiella pneumoniae 

transferred via the hands of HCWs at the NICU [63] our team has put great emphasize on proper 

HH. HH training was a central step in the complex intervention. Multiple education sessions 

were provided for all staff, including video-assisted instruction and hands-on practice. 

Disinfected hands were also examined under UV light to ascertain efficacy (Figure 4).  

  

Figure 4. Evaluation of hand hygiene technique with a software based UV lamp (Hand in 

Scan® Semmelweis Scanner). The area remained untreated is presented in red.  
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The data collected in the retrospective phase were shared with the staff and information posters 

were placed at the NICU (Figure 5 and 6). The aim was to draw attention to the growing problem 

of ESBL-producing bacteria in the ward so as to enhance compliance with the IC and prevention 

protocol [64]. 

  

Magyarországon évente 
legalább 1000 beteg 

hal meg 
egészségügyi ellátással 
összefüggő fertőzésben!

A megelőzés lehetősége 
a mi kezünkben van!

Figure 5. Hand hygiene poster, which was placed in the nurses’ room. 

The poster says the following: “Almost 1000 patients die due to 

healthcare-associated infections! The possibility of prevention is in our 

hands!” 
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Tudja-e Ön, hogy a 
kezével több, mint 100 
féle baktériumfajt tud 

terjeszteni!

Ez csak  
kézfertőtlenítéssel 

előzhető meg!
A beteg érintése előtt és 

után mi mindig kezet 
fertőtlenítünk!

Figure 6. Hand hygiene poster, which was placed near the infant incubators. 

The poster says the following: “Do you know, that hundreds of germs can be 

spread via your hands? This can be prevented by hand sanitizing. We use 

alcohol-based hand rub before and after touching a patient!” 
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In order to identify potential reservoirs and risk factors, environmental screening was performed 

and samples were taken from various surfaces. ESBL-producing bacteria were first detected in 

these samples in October 2011. Multiple surfaces and areas were colonised, including in the 

wash basins and taps and a tray used for drying dishes in the nurses’ room. Previously, 

Pseudomonas aeruginosa was detected from samples taken from these taps and wash basins. As 

part of the preventive intervention, samples were taken more frequently (every second month 

instead of semiannually).   

 

New filters were used on taps and the sinks were regularly dismounted and disinfected, while 

the staff was instructed that hand-washing with soap and water should be done as far as possible 

at the wash basins outside the hospital rooms. This was important since germs may be emitted 

as aerosols from the siphon traps into the ambient air during water drainage [65]. Additionally, 

new AHR dispensers were placed in the ward wherever healthcare procedures are performed.  

The quality of cleaning was also evaluated and monitored. In this specific ward the cleaning staff 

is only allowed to perform cleaning on “non-critical surfaces” (e.g. floor, walls, wash basins), 

whereas the “critical surfaces” (e.g. therapeutic devices, infant incubator, respiratory devices) 

are cleaned by the nurses responsible for the care of a particular neonate. The term “critical 

surface” in this context refers to surfaces which are highly important in terms of the potential 

spread of HAIs. The cleaning of these surfaces is performed multiple times a day according to a 

more frequent schedule (twice per shift, instead of once per shift).  

 

In order to stop the spread of ESBL-producing bacteria, patients were screened for these on 

admission, and if the patient presented symptoms of infection at any time during treatment, 

multiple samples were taken (rectal swab, blood, urine and nasopharyngeal swab). Samples were 

collected from every patient in contact with an infected patient. Rectal swabs were performed on 

all neonates not only on admission, but also every other week thereafter. Once colonisation or 

infection was detected, contact precautions were implemented and maintained throughout the 

hospital stay. Furthermore, colonised and non-colonised babies were nursed separately by 

individual nurses. Since the ward contains separated boxes for the treatment of the patients, it 

was easy to implement the separated nursing.  

So as to monitor the efficacy of our interventions, the number of newly infected and newly 

colonised patients, monthly costs of antibiotics and monthly mechanical ventilation days were 

analysed throughout the prospective period and compared with the data derived from the 

retrospective interval.  
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Microbiological Analysis  

Identification of isolates was carried out with the conventional biochemical identifications and 

VITEK GN (bioMérieux, France). Antibiotic susceptibility testing to different antibiotics was 

performed with a disk diffusion method in line with the CLSI EUCAST recommendation. If 

necessary, antibiotic MIC value was determined with gradient MIC test strips (Liofilchem, 

Roseto, Italy), and the results were evaluated according to the EUCAST guidelines [66]. The 

putative production of an ESBL was detected with the ESBL Detection Set (MAST Diagnostica, 

Reinfeld, Germany) or the modified double-disk synergy test using ceftazidime (30µg), 

cefotaxime (30µg), aztreonam (30µg) and cefepime (30µg) disks opposite an amoxicillin 

(20mg)/clavulanic acid (10 mg) disk. The blaCTX-M, blaSHV genes were detected and characterised 

as described previously (ESBL-PCR) [67]. Genetic relationships between Klebsiella 

pneumoniae and Enterobacter cloacae isolates were investigated with the pulsed field 

electrophoresis method (PFGE) using XbaI restriction endonuclease according to the 

standardized PulseNet protocol [68]. Results were interpreted and pulsotypes were assigned in 

line with the criteria set by Tenover et al. [69]. The selected K. pneumoniae blood isolate was 

subjected to multilocus sequence typing (MLST) according to Diancourt et al. [70]. 

 

Statistical Analyses 

The Mann-Whitney U-test, Wilcoxon- test, and Student’s t-test were used, as appropriate. Level 

of significance was set at p<0.05. Statistical analyses were performed with SPSS 19 (IBM Corp., 

Armonk, NY). 

 

Knowledge Survey for Students  

Also within the mentioned retrospective period, simultaneously with the multitask IC 

intervention at the NICU, knowledge assessment was performed via a questionnaire on HH 

among nurse students. The students who participated in the assessment were already involved in 

patient care during their practice, therefore they hold the possibility of spreading pathogens in 

the healthcare environment. The questionnaire aimed to assess the basic knowledge regarding 

HH among the participating students attending at higher and lower educational courses. These 

students had active gradual student status in the 2011–2012 autumn semester either at the Faculty 

of Health Science and Social Studies in the BSc Nursing and Patient Care nursing specialization 

program (college students) or at the Secondary Vocational School (certification course students).  
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All together 126 questionnaires could be evaluated. All of the participating students have already 

attended at practices at healthcare facilities by the time of our knowledge survey. The participants 

were selected in a non-randomized manner, namely the students who were present on the specific 

day when the IC unit visited the Faculty and Secondary Vocational School and agreed to fill in 

the questionnaire were included in the study. This meant a total of 48 college students and 78 

certification course students).  The questions were gathered from the „Hand Hygiene Self-

Assessment Framework 2010” and the „Hand Hygiene Knowledge Questionnaire for Health-

Care Workers” published by the WHO and were mixed with our own questions. Both above 

mentioned official questionnaires are available on the webpage of the WHO. A total of 20 points 

could be reached on the questionnaire with each good answer giving one point. The questions 

which were adapted from the two WHO questionnaires are related to the following topics: 

 

- Assessment of knowledge on HH 

- Knowledge regarding the potential materials and tools to clean hands and their usage 

- Preventive measures against nosocomial infections 

- HH promoting techniques 

Our own questions aiming to supplement the WHO questions: 

- Questions dealing with compliance 

- Questions dealing with everyday HH practice 
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Results 

 

Compared to the retrospective period, in the prospective period the average number of patient-

days decreased from 343.72 days per month to 292.44 days per months, though this difference 

is not significant (p=0.058). In the prospective period a significant reduction was observed both 

in the number of colonised (from 72/188 to 26/167; p=0.029) and infected patients (from 9/188 

to 3/167; p=0.033) when compared to the retrospective examination interval. It is worth 

mentioning that in the retrospective period five infected patients died, while no deaths occurred 

after the introduction of the new measures.  

 

The number of invasive mechanical ventilation days per patient care days was also decreased 

significantly, almost by 50% (Table I).  

 

 

Table I. Descriptive statistics of the study parameters from the two examined periods. 

 

Variables 

2011 January–

September 

Retrospective period 

2012 January–

September 

Prospective period 

Patient day /month 324.50 (306.00-403.5) 296.00 (175.50-376.50) 

Admitted patients/month  22 (14-28) 19 (15-22) 

ESBL colonised patients 7 (1-15) 2 (0-8)* 

ESBL nosocomial infected patients 2 (0-4) 0 (0-1)* 

ABHR consumption/L 26.5 (19.5-34.5) 32.5 (23.0-46.4)* 

Monthly mechanical ventilation 

days / ventilated patients  

9.77 (5.88-18.11) 5.00 (3.24-8.88)** 

Performed hand 

hygiene/patient/day [average] 

27.39 (17.22-31.08) 

[26,02] 

39.17 (33.28-44.07)*** 

[33,6] 

Values are given as median (minimum-maximum). The significance of the given parameter 

between the two periods is indicated at: *p<0.05; **p<0.01; ***p<0.001 
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There was no statistically significant difference between the two examination phases in terms of 

the cost of antibiotic consumption related to patient-days (from 7.5 euros/patient-day to 6.3 euros 

/patient-day, p=0.519).   

 

Regarding the samples taken from the ESBL-positive patients, during the whole interval, 26 out 

of 29 Klebsiella pneumoniae isolates exhibited pulsotype Z, and the remaining three isolated 

were of the KP083, KP085 and L pulsotypes. The pulsotype Z isolate belonged to sequence type 

525 and harboured the blaCTX-M-15 ESBL gene. As for the 25 Enterobacter cloacae isolates 

studied, 23 belonged to blaSHV-bearing pulsotype EbC052, one to EbC054 and another to 

EbC038. 

170 environmental swab samples were taken during the intervention period (October to 

December 2011). These samples were collected from 107 critical and 63 non-critical surfaces. 

25 out of 107 critical and 14 out of 63 non critical surface samples were culture positive, 

respectively, thus highlighting inadequately cleaned areas. Of these samples, a few were taken 

from a wash basin, three taps, a common warming bath for feeding bottles and the dish tray in 

the nurses’ room; all of these contained ESBL-producing Enterobacter cloacae, belonging to 

pulsotype EbC052. In February 2012, we also took samples from HCWs’ stool in search of 

ESBL-producing bacteria and further potential sources of infection because these caregivers are 

in close, direct contact with the infants. Two samples from 32 HCWs showed ESBL-producing 

Escherichia coli positivity; however, no infants showed ESBL-producing Escherichia coli 

positivity at the ward. 

 

In a comparison of the two periods under examination, a significant increase can be seen in the 

prospective period regarding the consumption of AHR solutions (p=0.03). In the first phase this 

represented an average of 77.90 L AHR per 1000 patient-days, while in the second interval this 

figure increased to 114.96 L per 1000 patient-days. Compared to the baseline data at the 

beginning of the retrospective period under examination (81 infected and colonised patients out 

of 188 inpatients leading to 26.18 ESBL-positive patients per 1000 patient-days), a significant 

reduction can be seen in the incidence of ESBL-positive patients by the end of the prospective 

phase (only 29 infected and colonised patients out of 167 inpatients leading to 11.01 positive 

patients per 1000 patient-days, p=0.02), as it is clearly visible from Figure 7.  

Indirect HH compliance showed a significant increase in the prospective examination period 

compared to the retrospective examination period (p< 0.001) (Figure 7).   
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In the retrospective phase, 26.02 HH procedures were performed on average per patient per 

hospital day, and this increased to 33.6 in the prospective phase. As a result of the HH education 

performed for the staff and with the useful aid of a UV lamp for supervision, the efficacy of hand 

cleaning among HCWs also improved significantly. In the retrospective period, when HH 

practice was examined, the nail beds and dorsal surfaces of the thumbs were usually missed 

(perfect results were only achieved in 14% of the cases). During a three-week period, staff was 

supplied with a UV lamp for detecting fluorescent AHR to provide them with an opportunity to 

practice and evaluate their own HH technique. During the UV lamp-supported training, perfect 

HH practice increased to 77%. 

 

Regarding the knowledge test among students there was no significant difference between the 

levels of correct answers between the two students groups, thus their knowledge regarding basic 

HH seemed to be similar. (OR: 0.984 95%; CI: 0.954–1.016). Only 41.3 % of the students 

recognised the contaminated hands as the main source of cross-infection in patient care. Only 

19% of the responders identified the patient as one of the potential sources of HAIs, which is 

deemed the most important source by the WHO. Fortunately 83% of the responding students are 

aware of the fact HH with AHRs is more effective against pathogens than hand-washing with 

soap and water. In respect to this a lot of students could give correct answer to the question 

dealing with which HH technique (hand-washing with soap and water or HH with AHR) to use 

in different situations (OR: 0.721 95%; CI: 0.535–0.972). On average the reached value was 

60.36% (SD: 11.57%). The worst values were 30% (for 3 students), but there was one who 

managed to reach 90 % with his answers. 
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Discussion 

 

IC has a remarkable historical connection with the paediatric population. Ignác Semmelweis 

already found a link between HH and perinatal infection rates in the nineteenth century [71].  

The aim of our intervention was to roll back colonisation and infections caused by ESBL-

producing bacteria at our NICU, and as our results suggest, we have managed to reach that aim. 

Most importantly, there was a sharp decrease in the number of patients colonised and infected 

with ESBL-producing bacteria after the above mentioned steps were implemented. Invasive 

mechanical ventilation days were successfully reduced almost by half. This result is mostly due 

to the introduction of INSURE therapy [72–73]. However, INSURE not only caused a decrease, 

but also reduced the chance of ventilator-associated infections and so contributed to the drop in 

late bacterial colonisations and the occurrence of late onset sepsis and thus may have contributed 

to the fall in late invasive ventilatory support demand [74]. 

ESBL-producing Gram-negative bacteria can survive on environmental surfaces, preferably in 

moist sites, for weeks; environmental decontamination is therefore a highly important issue in 

ICUs [75]. In accordance to other studies [76–78], we also detected ESBL-producing bacteria 

on moist surfaces and places. After an evaluation of the results and an identification of possible 

sources, the usage of wash basins was minimised and the dish tray was removed permanently 

from the nurses’ room. Also, the local specific warming method (i.e. that all feeding bottles were 

warmed in a common warming bath) was immediately banned from the ward and the bottles 

were warmed individually from that point on. As a further preventive measure, the water in these 

new individual warming devices was also changed several times a day, and devices were cleaned 

with disinfectant solutions after use and stored dry. This intervention caused a remarkable 

reduction in the number of new ESBL-positive patients. 

In the study carried out by Lin et al. the potential sources of infection at the NICU were the 

gastric tubes, the incubators and the healthcare personnel [63]. Although none of the mentioned 

surfaces or the care providing staff were justified as real sources of infection, with the multistep 

intervention we managed to improve these fields also. The quality of cleaning critical surfaces 

near the patients improved, as none of these surfaces have produced positive samples after the 

introduction of the new cleaning regimen. 

We also carried out faecal sampling from HCWs’ stool in search of ESBL-producing bacteria. 

Although two samples from 32 HCWs exhibited ESBL-producing Escherichia coli positivity, no 

infants showed positivity with this specific species at the ward. Therefore, the two positive cases 

cannot be regarded as potential sources of the infection, which occurred among the infants.  
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Patients in the NICU are more likely to be infected by MDR microorganisms and most of these 

infections are spread by carriage of microorganisms on the HCWs’ hands, thus outbreaks of 

infections resulting from cross-transmission are frequent here [38]. This is justified by several 

studies pointing out that microorganisms that cause nosocomial infection in NICU are most 

commonly transmitted by the hands of physicians, nurses, physiotherapists, and other hospital 

personnel [79–82]. 

It has been emphasized that HCWs’ compliance with HH protocols in the NICU is highly 

important to limit the spread of pathogens by the hands of HCWs and thus to prevent nosocomial 

infections [83]. In the process of improving HH compliance it is a key element to clarify those 

essential questions in the field of HH which could either cause confusion among HCWs or they 

were under the influence of anecdotal misbeliefs regarding these questions or topics, inhibiting 

them from reaching adequate HH compliance. By analysing the collected questionnaires from 

nurse students, knowing the possible weak points in HH from previous surveys, reviewing 

current evidence in the literature in this topic, and also with the experience gathered on the field 

during the direct observations and regular supervisions in practice, 10 key questions were 

highlighted and discussed thoroughly: 

 

1. Is it really true that we do not have enough time for HH in practice?  

 

HCWs many times state that there is no time for HH due to the stressful environment and 

excessive workload. Nurses also tend to say that the reason behind the inadequate HH rates is 

the not enough nurses for the number of patients needing treatment, which leads to inappropriate 

HH practices. According to the recommendation of the WHO, the key element of hand sanitizing 

is the usage of AHRs [16]. 

During this the disinfectant is spread onto the hands of the individual who rubs them together till 

the product dries, producing its antibacterial effect and eliminating all pathogens (approximately 

within 20-30 seconds). This technique is used during patient care in every situation when the 

hands are not visibly contaminated or dirty, and also before putting on or removing gloves. The 

newest HH regulations and recommendations have been adapted to the raised time problem, 

since the previous recommendation of at least 2 minutes of hand rubbing has been modified to 

20 seconds [17]. This is in accordance with the study of Voss et al. who demonstrated that at 

their ICU, the usage of disinfectant soap for HH took 17% of their total working time compared 
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to the usage of AHRs for the same amount of HH events, which only took 3% of their working 

time [34]. If the infection control team provides access to and education on the latest HH 

guidelines, and simultaneously the HCWs adapt to these, they will have enough time to perform 

HH adequately whenever necessary. 

 

2. Do AHRs dry the hands? 

 

According to the guideline developed by the WHO, when HCWs do patient care, they must 

perform HH in the following 5 cases: before and after direct contact with patients, after having 

direct contact with patients’ discharge, before performing aseptic intervention, and after having 

direct contact with the surroundings of patients [16]. If the hands of HCWs are not visibly 

covered with blood or discharge, then the adequate HH procedure in these cases means the usage 

of AHRs. Some HCWs admit that they intentionally avoid using AHRs, since they think that no 

matter which type they use, all AHRs would damage their skin. This can only happen if the 

management thinks that there is no difference among AHRs, and they buy the cheapest ones, 

which can lead to skin damage for some HCWs. Several studies have shown that the quality of 

the used AHRs influence whether it damaged the skin or not. It is interesting to note that the 

potential harmful effect on the skin is not caused by the active agent in the solution, but by the 

additives (e.g.: colorant) and impurities. Products of good quality are free of these and even 

contain emollients [75, 84]. 

If the application of AHRs causes pain, then it is not surprising that HCWs will try to avoid its 

usage in a way that they simply wash their hands with water and soap instead of the use of AHRs. 

This violation of IC regulations can pose great threat to all participants in the healthcare sector, 

since in this specific case the HH event performed by the HCW will not guarantee patient safety 

as hand-washing only reduces the number of bacteria and pathogens on the hand. But hand-

washing removes the emollients and moisturising factors of the skin which jeopardises the safety 

of HCWs. If we list the most frequent occupational diseases among HCWs, skin diseases are in 

the second place, right after musculoskeletal abnormalities [85]. 80% of occupational skin 

diseases are contact dermatitis [86].  

Damaged skin can get invaded and colonised by pathogens easier than intact skin [87]. In the 

study of Larson et al. samples were collected from nurses’ hands on which dermatitis has 

developed earlier and Staphylococcus hominis, Staphylococcus aureus, Gram-negative bacteria, 

Enterococci and Candida species could be identified from the samples [88]. Therefore when 

trying to choose the proper AHR, the HCWs’ individual sensitivity,  should be the most 
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important factor rather than the price of each product, which means the provision of those 

product for the staff that their skin could tolerate the most. This is the first principle, which can 

improve those HCWs’ HH compliance who use these products many times during their work 

[89]. It is advisable to keep multiple AHR products in healthcare facilities with many employees, 

providing a choice for each HCW based on their own perception and sensitivity. In practice, this 

is accomplished by firstly collecting the names of the already tried and preferred products from 

the staff, and then competing them in order to choose the ones with the best value for money. 

Professionals should encourage the management team to do so in the future. 

 

3.  Is it true that the alcohol within AHRs could reabsorb through the skin and 

the airway, and even alcohol abuse may develop? 

 

Studies dealing with this matter found no or barely traceable amount of alcohol in the blood as 

a result of using AHRs, and also no accompanying symptoms were documented [90–92]. In the 

study of Turner et al. it was pointed out that by the frequent use of AHRs containing 52.6% 

isopropyl alcohol (in every 10 minutes for 4 hours) the collected blood samples showed 0.005-

0.18 mg/dL isopropyl alcohol levels in 9 out of 10 cases. However, in order to form a mild 

intoxication, at least the level of 50 mg/dL of alcohol is necessary [91]. Also the reabsorption of 

propanol is negligible, so it cannot produce acute toxic symptoms, and since the human 

metabolism can rapidly process propanol, it cannot accumulate in the body. Although Brown 

and his colleagues found that by the use of ethanol-containing AHRs intensively and frequently 

(in their study it was 30 HH events in 1 hour), mild amount of ethanol could reabsorb through 

the skin. Some amount could also be inhaled from the solution, while it had been evaporating 

from the hands, in cases when the operator had been in closed places [90]. These amounts were 

not enough for ethanol probes to indicate alcoholic influence during roadside surveys. 

Interestingly, Kinnula et al. showed that AHRs were even safe to be used by children in 

kindergarten, which could aid the prevention of viruses transmitted via hands in this specific 

community [93].  

 

4. Is HH truly responsible for the elevated Bisphenol  A (BPA) levels in the 

human body? 

 

BPA is one of the chemical agents that are produced in the greatest amounts in the world, and 

its hazardous effects on general health (leading to e.g. hormonal disorders, heart disease, asthma, 
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obesity, etc.) are well documented. It is clear that AHRs or soaps do not contain BPA. The 

misconception of linking AHRs to BPA is related to the fact that the surface of the receipts from 

cash terminals, cash registers, fax machines and medical analysing machines are covered with 

BPA. The study by Hormann et al. found that if AHRs were used to clean hands, and 

subsequently thermal receipt paper had been held for more than 45 seconds, the penetrating 

agents within the AHR solution could aid the dissolution of the BPA from the paper [94]. If this 

was followed by eating with hands, BPA could get into the individual’s mouth and be reabsorbed 

through the oral mucosa. This was the basis for the rumour that was spread in social media 

encouraging people to not use AHRs anymore. Clearly, this reflects the complete lack of 

knowledge or even the most basic understanding of HH regulations in healthcare, or even the 

most fundamental regulations of basic personal hygiene. Albeit the mentioned social media 

reaction is not only not evidence-based, but also a distortion of misunderstanding and lack of 

knowledge, still it holds some useful information for HCWs, namely to avoid unnecessary 

touching of these thermal receipts, or if someone is working with these constantly then protective 

gloves should be worn.  

 

5. Should the hands be washed first, and then disinfected or should it be the 

other way around? Is the order of hand-washing and hand disinfection 

important at all? 

 

There are two ways to do HH procedures: either washing hands with disinfectant soap and water, 

or disinfecting the hands by rubbing them together with AHRs [16, 55]. While the purpose of 

applying AHRs is to eliminate the transient flora from the hands, the aim of using disinfectant 

soap with water is not just the elimination of this flora, but to remove the impurities and dirt from 

the hands as well. This is possible due to the unique composition of these disinfectant soaps 

(which contain surface-active agents). The same effect can be attained in 2 steps when there is a 

separate hand-washing with regular soap and water prior to the use of AHRs. The order of these 

two steps has changed many times in the past few years, making it extremely difficult to be 

incorporated into everyday practice. In 1973 only regular soap was available for cleaning hands, 

thus the HH procedure then was performed using the two separate steps mentioned above. Back 

then the Ministry of Health ordered in their official recommendation titled “Personal 

disinfection” that when dealing with communicable diseases hand disinfectant solution should 

be used prior to performing hand-washing with soap and water to avoid the contamination of the 

soap, tap and sink. This was to be followed by another hand rubbing with AHRs to eliminate any 
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potential remaining pathogens on the otherwise clean hands. This time consuming and 

complicated procedure was rationalized by the National Center for Epidemiology in their official 

recommendation, which applies to and is compulsory for all healthcare facilities [95–97]. It states 

that hands should be disinfected with AHRs at first, and what was eliminated by this solution 

should be washed off with soap and water. Currently, it is strictly forbidden to use any bar soap 

in healthcare. From 2009, according to the recommendation of the WHO, the usage of AHRs is 

the preferred choice for HH and hand-washing with soap and water should only be performed in 

exceptional situations, e.g. if the hands are covered with visible amount of organic materials 

(blood or discharge) [16]. Interestingly, in these exceptional cases the order of HH steps have 

been changed once more, namely the hands need to be cleaned with soap and water, and only 

after this should AHRs be applied. There is a logical explanation for this, since the perfect level 

of HH cannot be reached else way due to the fact that the highly and rapidly volatile AHR 

solutions are unable to get into direct contact with the surface of the skin because of the presence 

of organic materials on it. This is in accordance with the Hungarian National Guideline [17] and 

the Recommendation published by the National Center for Epidemiology [98]. 

Despite the fact that currently there are disinfectant wipes on the market in order to provide a 

solution to keep the frequently contaminated surface of taps and sinks promptly germ free, the 

WHO has not incorporated their usage as an alternative into their guideline. The reason behind 

this is the following: the sink and its surrounding is the most contaminated part of the care giving 

zone, enabling quite easy recontamination through the splashing water even in cases of elbow 

operated taps. It could be helpful to HCWs for maintaining the correct order of HH steps to 

provide them disinfectant soap instead of plan liquid soap, with which the procedure of HH could 

be performed in one session, if needed. This way the mix-up of these steps would be impossible, 

and performing hand-washing with soap and water instead of performing adequate hand 

disinfection could also be prevented. 

 

6. When should we perform hand-washing with soap and water, and when 

should we perform just hand rubbing with AHRs? 

 

Washing hands with soap and water is a mechanical cleaning action in a 0.5–1 minute long 

session, during which we just rub our hands together with the liquid soap in order to spread it 

evenly on the surface of the hands. Extra attention should be paid to the nail beds, fingertips and 

thumbs during this session [99]. After this the hands should be washed with running water and 

thoroughly dried by disposable paper towels. It is of key importance that by performing hand-
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washing with soap and water we are not able to reach the sufficient reduction of bacterial counts, 

which is still not reachable through the extension of the time spent with the hand-washing [100]. 

The hands can easily become contaminated by water favouring bacteria (e.g. Pseudomonas 

aeruginosa) again when we touch the handles of the tap to close it, or even from the splashing 

water itself [101]. This is one of the reasons why AHRs should be used in all situations after 

hand-washing with soap and water (HH in two sessions). It should be emphasized that in case of 

treating patients with Clostridium difficile infection, mechanical cleaning of the hands by hand-

washing is mandatory before using AHRs, since the AHRs are not capable to destroy the spores 

of this bacteria [102]. 

 

7. Do protective gloves provide perfect protection against pathogens? Is it really 

necessary to disinfect the hands before putting on or after removing the 

protective gloves? Can we extend the lifespan of protective gloves by disinfecting 

them while wearing, and can we use them again after removal?  

 

The usage of protective gloves provides an important protective barrier for HCWs from the 

patients’ blood or discharge, and from direct contamination from patients’ skin or oral mucosa 

[103]. Wearing protective gloves can influence HH compliance, since it provides a safe sensation 

for the operator, which could easily lead to not changing the gloves between treating different 

patients, and it may potentially lead to cross-infection [104–105]. The study by Loveday et al. 

highlighted that missing HH events was frequently caused by HCWs wearing gloves, and also 

gloves were worn unnecessarily leading to a 37% increase in the risk of cross-infection [106]. 

Some HCWs previously thought that if gloves are worn to cover and protect the whole hand, 

then there is no need to use AHRs before putting them on. This doubt was shared by Rock and 

colleagues in their study [107], in which they took samples from the hands of HCWs before 

putting their gloves on. The two sampled group included one using AHRs and one omitting it 

before putting the gloves on. Their results showed no significant difference between the two test 

groups. Although another study showed that even an opened box containing unworn gloves can 

become contaminated (most frequently with Gram-positive bacteria) from HCWs’ hands, if they 

touch the new gloves without a preceding hand disinfection [108]. These “new” gloves can be a 

potential source of infection regarding patient care. Therefore, it is fundamental to disinfect the 

hands before inserting them into this open box to remove a new pair of protective gloves. During 

their removal, both the environment [109], the hands and neighbouring parts, such as the wrist 

or forearm of the operator, [110] could easily become contaminated. It is also possible that the 

gloves become accidentally damaged (e.g. torn) or liquid (e.g. blood, discharge or bathwater) 
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can run down on the arm of the operator into the glove leading to the contamination of the hands. 

Thus, after the removal of the gloves, the hands need to be disinfected. Based on the current 

recommendations, it is strictly forbidden to reuse or disinfect the gloves [11]. According to the 

WHO regulations, only third world countries may be exceptions [16] due to their extremely poor 

financial resources. It is highly important that HCWs should be aware of and use correctly 

protective glove wearing indications, and they need to know the type of gloves they should use 

in different situations (e.g. sterile gloves or protective gloves), and they definitely should be 

aware of the fact that both before putting on and after removing gloves, disinfection must be 

performed [16, 111]. 

 

8.  Is the spread of infections via a contact pathway ( i.e. with the hands) related 

only to the HH compliance of the HCWs?  

 

Several studies draw the attention to the fact that not only the hands of HCWs, but also the hands 

of patients can play a potential role in the spread of infections [112–114]. After sampling the 

hands, mostly Gram-negative [113–114] and Staphylococcus aureus among Gram-positive 

bacteria were identified [112]. HH performed after the fifth moment of HH, namely after the 

contact with patients’ surroundings is very important, since most of the pathogens present in the 

body or on the skin of the patient can usually be found within the patient’s zone, which is a 

spherical area of 3 metres in diameter centred around the patient. The reason for its existence is 

the fact that patients during their everyday movement often touch the surrounding surfaces 

around the bed, which can harbour germs for a long time [115]. Many of these surfaces (e.g. the 

handles and other surfaces of the bed and bedside desk) are often touched by the HCWs, which 

can lead to hand contamination by the bacteria mentioned above, originated from patients. This 

leads to the conclusion that simultaneously with doing HH education for the staff, the education 

must emphasize patient HH as well [116]. The patient zone is often “invaded” by visitors, even 

their hands can become contaminated. This was the finding of Birnbach and colleagues who took 

samples from visitors’ hands at an intensive care department [117]. In this study the samples 

gathered from visitors who performed HH was negative in all cases, whereas the ones gathered 

from patients not cleaning their hands showed positive results for culturing. Among the detected 

bacteria from visitors’ hands, 12 different species were pathogens, mostly those that are related 

to HAI (mostly Gram-negative bacteria, but MRSA was also spotted in one case). HH 

compliance of patients and visitors are sensitive issues, therefore, despite its importance, only 

limited amount of research has been dealing with it. However, it was already noted in 1996 that 
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only 7% of visitors perform HH before touching an ill child [118]. Later, Randle et al. received 

better results in this field with 56% of patients, and 57% of visitors performing HH [119]. There 

is a theory that in order to increase the HH compliance of HCWs, patient should be encouraged 

to draw the HCWs’ attention to disinfect their hands before performing patient care [4]. 

 

9. Can it be allowed for HCWs to wear artificial nails or nail polish during 

work?  

 

Artificial nails and long nails can tear protective gloves. Artificial nails not only lead to the 

thinning of the underlying normal nail structure, but tapping their tips to hard surfaces can also 

cause slight, unnoticeable detachments in the underlying nails, leading to the development of a 

gap between them. This gap can be contaminated by dirt or hand cream, and once this happens, 

it is impossible to remove them from the gap, leading to the colonisation and spreading of 

bacteria and fungi in this narrow area [120]. 

Several studies indicate that there is an epidemiological connection between wearing artificial 

nails and spreading infections and outbreak caused by Gram-negative pathogens (especially 

Pseudomonas aeruginosa) [121–123]. 

The study by Moolenaar et al. conducted in a neonatal intensive care centre showed that not only 

the artificial nails, but natural long nails of HCWs could also play a role in the occurrence of 

Pseudomonas aeruginosa outbreak [124]. In order to reach both patient safety and HCW safety, 

HCWs (especially surgical staff) must not wear artificial nails, and their nails must not be longer 

than the tip of their fingers [125].   

Regarding the usage of nail polish, some studies showed no significant difference between the 

amounts of pathogens on the hands of HCWs using nail polish compared to the ones without the 

use of it [125]. Although another study found a significant difference in nail contamination 

between those HCWs who used nail polish and kept it in a good condition, and those who used 

nail polish and let its condition deteriorate (e.g. cracked upper layer,  or some parts missing) and 

those HCWs who did not use nail polish. From these groups bacteria mostly favoured the 

damaged or incomplete nail polish layer [126]. It is important to note that the nail polish can 

obscure any impurity or dirt stuck beneath the nails. Furthermore, nail polishes are not for single 

use, meaning the whole bottle can become contaminated, especially in beauty salons, where they 

use the same bottle and applicator for multiple customers. Wearing artificial nails or using nail 

polish is strictly banned from healthcare by the recommendation of the WHO [16] and the CDC 

[127]. The Association of periOperative Registered Nurses even advises HCWs to avoid the use 
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of new nail solutions (e.g. gel or shellac) due to the limited empirical evidence on them, and 

because of the potential similarity with the compounds found in acrylic artificial nails [128]. 

 

 

10. Can it be allowed for HCWs to wear rings (e.g. wedding ring) during patient 

care? 

 

HCWs usually give the following explanations for not removing their ring during patient care: 

“I do not want to lose it, and if I removed it, I would surely do so” or “It is stuck and I cannot 

remove it” or “This is my wedding ring, therefore I must not remove it”. According to the 

literature, wearing a ring during patient care is a well-known source of potential cross-infection 

in healthcare [129–130]. Since the adequate cleaning of the nails and nailbed is a difficult task, 

this is one of the main focus in teaching how to perform adequate HH with AHRs. If the HCW 

is wearing a ring, it is likely that we will find more microorganisms on his hand compared to 

someone not wearing a ring. Hoffman et al. managed to show that even Enterobacter cloacae, 

Klebsiella pneumoniae, Acinetobacter calcoaceticus and Pseudomonas aeruginosa can be 

present on HCWs hands, if they wear rings, and if rings are worn constantly, this will lead to 

such severe contamination of the hands that could not be removed with routine HH procedures 

[130]. This is in accordance with other studies stating that Enterobacteriacae species frequently 

and significantly colonise the hands of HCWs wearing rings [131–132], and consequently can 

easily lead to HAIs. Moisture can get trapped under the rings serving as a potential nutritional 

source for bacteria and even for irritating agents (e.g. particles from the powdered protective 

gloves) can get trapped under it, leading to contact dermatitis. Furthermore, rings can tear the 

gloves hinder their protective barrier function and diminish the barrier between the skin and the 

touched surfaces or materials, etc. [133]. Moreover, wearing rings can even cause occupational 

accidents, for instance, when the ring adheres to or sticks to something. Therefore both the WHO 

and the National Center for Epidemiology advises HCWs to stop wearing rings during patient 

care [16–17]. 

 

The above detailed correct answers were explained to the HCWs in small groups, and they have 

been published in order to aid the education of all healthcare personnel in our healthcare facilities 

and other Hungarian ones also [29]. As a result of the hygienic interventions, namely the 

examination of hands under UV light and small-group training sessions for clinicians and staff, 

including instruction on correct HH procedure, indirect HH compliance showed a significant 
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increase. Our results are in accordance with Zahar et al. [134], who also found a significant rise 

in AHR use in the period following interventions.  

 

If looking at international data, Hansen et al. analysed data from 24 countries and 309 hospitals 

on AHR availability and consumption, to determine the structure and performance of HH in 

hospitals in Europe [13]. Their findings on AHR consumption showed a median hospital-wide 

consumption of 21 mL/patient-days, which is in accordance with the Point Prevalence Survey of 

HAI and Antimicrobial Use in Europe showing an average 18.7 mL/patient-days in 805 hospitals 

in 2011–2012 [135]. This low data must be considered with caution since AHR usage varies by 

hospital type, with lower consumption in primary and secondary hospitals, which is not 

surprising, given that there are fewer HH opportunities per patient-days in such hospitals. At 

ICU and NICU level this amount is usually much higher. Moreover AHR consumption among 

the ICU data varied between countries: consumption was higher in Western Europe (average 81 

mL/patient-days) than in Eastern Europe (average 48 mL/patient-days). In the same study, the 

supervised ICU’s in Hungary presented an average 49 mL/patient-days in AHR consumption. 

This is lower than even our initial AHR consumption before the interventions (in the first phase 

this represented an average of 77.90 mL/patient-days), showing that the reached AHR 

consumption at our NICU can be considered superior (in the second interval the amount 

increased to 114.96 mL/patient-days). Though it must be mentioned that the provided and 

mentioned data by Hansen et al. are for ICU departments and not specifically for NICU [13]. 

Variations in key IC practices in Europe have been reported in the literature, and could be 

explained by differences in resources, social and legal perspectives, and cultural norms [136–

137]. 

 

Currently it is clear that HH is recognized as the single most important measure for preventing 

the spread of HAIs [16, 127] and has been embraced as a standard for healthcare settings by the 

CDC, the WHO and The Joint Commission as a critical component of IC programs [138]. Such 

standards mandate that to promote HH compliance, HH resources must be made readily 

accessible at critical locations, and behaviour change must be supported through the use of a 

multimodal strategy that includes education, training, monitoring, feedback, and organizational 

support [16, 139]. These principles are reflected by evidence reported in the literature [140]. 

Previously published HH programs typically consist of some combination of the following: 

education, engaging HCWs accountability, visual cues, reminders, convenience, availability and 
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easy access of hygiene products, warning signs, electronic surveillance, alarm systems, and even 

the use of family and patients as monitors [6]. 

 

HCW compliance with HH is universally acknowledged as one of the most important tools in 

preventing transmission of HAIs [16, 141]. However, compliance has still not risen to acceptable 

levels. Inadequate HH compliance is a multifactorial phenomenon. In order to achieve better 

results in this field, one should be aware of the potential burdens at each healthcare facility (e.g.: 

lack of knowledge about expected standards, low priority, forgetfulness, time constraints and 

inaccessible HH supplies, etc.) [142]. 

Regarding the problem of inaccessibility to HH supplies, the WHO recommends a ‘system 

change’, which includes the availability of AHRs at the point of care as one key component of 

its ‘Clean Care Is Safer Care’ campaign. Dispensers should be located at the point of care to 

assure access to AHRs, and make HH moments easier to perform [16, 143]. Though this key 

element cannot be implemented without involving the management in this fundamental issue. IC 

professionals play an essential role in bringing different stakeholders and interests together in 

order to improve HH and IC [144]. During our multimodal intervention greater accessibility has 

been achieved by placing AHR dispensers in the vicinity to the infant incubators and by 

distributing individual bottles of AHR to HCWs. According to Thomas et al. the location of the 

AHR dispenser is more important than the quantity of dispensers on an ICU [145]. In their study, 

the AHR dispensers were secured at the end of the patient’s bed with a special apparatus in a 

way that the dispenser remains at eye level for attendants standing at bedside. This location led 

to a higher volume of use for AHRs compared to placing dispensers at the customary locations. 

This was confirmed by Birnbach et al. who found that if the location of an AHR dispenser was 

in clear view of the physicians this resulted in better compliance [146].  

 

Furthermore it is well known that globally, the level of SPs compliance, knowledge, and attitudes 

among HCWs is considered to be low [147–149]. Nurses are frontline HCWs and have the most 

direct contact with patients, thus their compliance towards and knowledge on HH and IC is of 

pivotal importance [150]. Previous studies by Efstathiou et al. and Gammon et al. indicated that 

the compliance rates of SPs among nurses ranged from 9.1%-73% [151–152] necessitating 

improvement in this field.  Pereira et al. showed that the compliance rate was 69.4% among 560 

nurses in Brazil and 57.4% among 260 nurses in Hong Kong [153]. Irrevocably lack of 

knowledge of SPs is directly related to nurses’ noncompliance [154]. Ideally, SPs training should 

be completed early in nurses’ training as part of a formal education curriculum. This was the 
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reason why we included nurse students in our knowledge survey. The use of evaluation 

questionnaires is an important feature, especially in educational programs, because it permits 

measuring the effects of teaching and learning and possible changes in attitudes toward the 

discussed topic [155]. Our results showed that the knowledge of nurse students on HH and SPs 

is also low on general. The reasons for this must be identified and future improvements are 

needed in this field, though the results of our questionnaire should be considered carefully due 

to the limited number of students attending in this trial knowledge survey on HH and SPs. Also 

further specific education should be delivered and the results should be monitored with another 

questionnaire later on. 

 

This is in accordance with the results of Xiong et al. showing that nursing students demonstrated 

low levels of knowledge and application of SPs, further highlighting the need to implement 

interventions to improve SPs uptake [2]. It is mandatory for nurse students to receive adequate 

information in these fundamental safety measures and the adverse consequences of neglecting 

them. Moreover it could be much easier for students to adapt to new requirements than to 

integrate them into the daily routine of someone who has not shown enough interest or 

compliance to these precautions or guidelines throughout the years of work. This corresponds 

also with the study of Xiong et al. demonstrating the significant effect of a mixed media 

intervention for nursing students applied at the beginning of clinical training [2]. This is 

confirmed by the finding that their compliance during the intervention was high. Trying to 

modify the behaviour of healthcare personnel has been a long battle. 

 

As stated by Whitby et al., current models and theories that help to explain human behaviour 

related to health education can be directed at the level of: (1) the individual (intrapersonal); (2) 

interactions between individuals (interpersonal); (3) the community [156]. Intrapersonal factors 

are individual characteristics that influence behaviour such as knowledge, attitudes, beliefs, and 

personality traits. Interpersonal factors implicate primary groups that provide social identity, 

support and role definition, i.e. family, friends, and peers. Last but not least social cognitive 

models attempt to relate both intra- and interpersonal determinants of behaviour. Our 

understanding of behavioural theories and also the inability over several decades to motivate 

HCWs to achieve a consistently high level of compliance with HH suggests that changing HH 

behaviour is a complex task [156–157]. In our proposed multistep intervention, posters were 

placed at the ward to draw the attention to current, specific IC problems. The posters as reminders 

address the issue of ‘forgetting’, which has been identified as a common cause of missed HH 
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opportunities [127, 158]. The efficacy of posters have been confirmed by Nevo et al. reporting 

that compliance was improved when such posters were in the line of sight on entering the room 

[159].  

Furthermore, aiming to produce peer and even leader pressure or motivation, the head of the 

NICU on purpose continuously paid attention to show a good example for the HCWs at the Unit. 

Marra et al. demonstrated that setting a good example for others as positive deviance was 

associated with a 2-fold increase in the use of HH products with significant reductions in HAI; 

and these gains were sustained over several years [160–161]. Positive deviants are usually 

frontline staff members who have been already recognized as having consistent and effective 

HH and therefore serve as role models. So far positive deviance has been used successfully to 

improve weight loss, student performance, and, more importantly in our case, adherence to HH 

practices [162]. 

 

Traditionally, strategies aimed at improving HH focused on the HCWs themselves, and typically 

involved behavioural modification or several observational techniques [163]. Unfortunately 

these strategies have yielded only short-term success [164–165], and the longer-term impact was 

negligible with often returning to baseline values [166]. In order to sustain the reached superior 

results compared to the baseline ones, continuous feedback was and is still provided by the IC 

task force to the wards.  

Numerous strategies to increase and later maintain the frequency and effectiveness of HH 

indicate that education in combination with performance feedback is the most successful 

approach [82, 167]. A study by Conly et al. showed that when an education program was 

introduced the hand-washing compliance increased from 28% to 81% [172]. This increase was 

accompanied with a significant drop in the number of nosocomial infections. However, 3 years 

after the intervention (education), the number of nosocomial infection rose again, and the 

repeated survey draw light on a significant decrease in hand-washing compliance. 

The same phenomena was discovered by Mayer et al. in an ICU showing improved compliance 

by providing performance feedback in the form of a daily memo to HCWs on their hand-washing 

frequency [169]. After 6 months a washout effect was noted, indicating the need to repeat the 

previous intervention. This leads to the recognition that in order to modify human behaviour 

such as HH habit, it is mandatory for interventions to be more specific and ongoing at regular 

intervals. This is supported by a later work of the same group who developed an intervention 

bundle that explicitly addressed cognitive behavioural factors and positive reinforcement with 

annual changes in incentives, resulting in significant improvements in HH sustained over 6 years 
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of follow-up [170]. Hysong et al. explored the characteristics of successful feedback associated 

with high levels of adherence to clinical practice guidelines [171]. He showed that the four 

important characteristics associated with high adherence were that feedback given was timely, 

nonpunitive, individualized, and customizable therefore it was meaningful to staff [171]. These 

principles are always integrated in our continuous feedback events, aiming to provide motivation 

and improvement. This is supported by multifaceted approach to HH which including education, 

reminders and feedback was effective in increasing HH compliance and improving rates of HAIs 

[172]. 

 

As stated earlier, currently direct observation of HH practices by a trained observer is still 

considered the gold standard for evaluating compliance [16]. Haynes and Horn were the first to 

investigate the reactive effects on behaviour improvement when subjects are being observed 

[173]. These findings have been consistently supported over the last 25 years, demonstrating that 

HH compliance improves when participants are aware of being under observation [174–

175].Albeit as pointed out by Ward et al., covert direct observation of HH by a trained observer 

can be time-consuming, costly, limited, and subject to bias [176]. Direct observation is limited, 

however, providing only a “snapshot” of compliance behaviour and quality control. Deficiency 

in standardised criteria in the observation techniques for compliance permit variability, making 

interfacility comparisons impossible or misleading if carried out [177]. An alternative to human 

observers could be the use of video monitoring or other indirect monitoring using electronic 

surveillance, counting devices, and product volume tracking to improve assessment 

measurements [6]. Nowadays a wide-range of electronic or electronically assisted HH 

monitoring systems are being developed [178]. New technologies include automated counting 

systems (e.g., counters in pump bottles), video monitoring, and fully automated monitoring 

systems. The later mentioned surveillance technologies minimize human resources, feedback 

time, human error, and observation bias. Fully automated systems generally include a 

wearable/mobile component, ways to record all HH opportunities, provision of a feedback or 

reminder system, and, ideally, responses to HCWs’ behaviour and actions [176, 179]. Video 

audits using computer software programs can provide immediate compliance data for feedback 

on performance to HCWs. Some studies found that immediate feedback coupled with direct 

monitoring effectively increases HH compliance [175, 180]. In one study video cameras were 

placed in ICU rooms with views of the sink and sanitizer dispensers. HCWs were made aware 

of round-the-clock video observations 16 weeks before feedback was provided. As a result HH 

compliance rates increased significantly, from 6.5% to 89% [181].  
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The video monitoring technology may create an enhanced Hawthorne effect as HCWs become 

aware that they are being monitored on a continuous basis [158]. Additionally, the ability to 

provide more frequent and individual level feedback should improve compliance [182]. 

At our healthcare facilities video monitoring has not been adapted due to possible incompatibility 

with personality rights, however, another electronically assisted HH monitoring system named 

Semmelweis Scanner has been launched. Since its introduction the Semmelweis Scanner has 

been involved in the daily IC supervision and education routine to aid evaluation and 

interpretation of HH practice for the HCW and for students also. This system consists of a 

monitoring device giving immediate feedback of the untouched areas of the hand after 

performing HH procedure [183]. 

Performance feedback is a core behaviour improvement strategy in healthcare and HH promotion 

[184]. With this specific system if an area remained untreated, it presented in red on a digital 

image which also calculates the extension of the untreated area making the efficacy of the HH 

procedure measurable and comparable. HH was considered sufficient if at least 95% of the 

hand’s surface were covered with the hand rub solution, on the palmar and dorsal sides of both 

hands. As a valuable tool in this system a personalized card allowed to monitor the participant’s 

improvement by saving the individual’s HH data for future comparisons with himself/herself 

and other HCWs. Already known from the work of Ivers et al. [182] performance feedback is 

most effective when it is personalised, immediate, and accompanied by goal setting, this is 

fortunately integrated in this new system. With the aid of using the Semmelweis Scanner at the 

ward we managed to see and show the individual improvements to each HCW. 
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Conclusion 

 

During our work, we could reach the aims of the study:  

I. There was a significant increase in the number of HH events in case of HCWs at the 

NICU by implementing a multimodal strategy.  

II. We could reducing the number of HAI and colonisations by identifying and 

subsequently eliminating all potential sources of the infections.  

III. We implemented non-invasive treatments at the ward which lead to the reduction of 

device-related infections.  

IV. We assessed the actual knowledge of nurse students on HH and identified potential 

factors related to future insufficient HH compliance. 

 

It is universally agreed that the prevention of HAIs is an important patient safety activity, and 

good HH has both a financial and ethical imperative. Therefore hospitals are under enormous 

pressure to improve HH and reduce HAIs. In our proposed case, rolling back ESBL-producing 

bacteria at our NICU was successful. We attribute this success mainly to the multidisciplinary 

approach, the continuous feedback and monitoring, and the high compliance of the staff. 

Although the staff of a NICU is in closer contact with neonates, compared to a ward with older 

patients, colonisation of HCWs did not play any role in the nosocomial persistence of ESBL-

producing bacteria. Applying a multimodal approach involves the use of multiple strategies 

simultaneously. Our proposed multimodal IC strategy process constituted of 3 critical steps: 

measuring baseline compliance rate, identifying barriers, and instituting measures to remove 

barriers prohibiting effective HH. This multimodal intervention is verified by multiple studies 

proving that behaviour change must be supported through the use of a multimodal strategy that 

includes education, training, monitoring, feedback, and organizational support. Despite the 

diversity of participants in our case, the data collected from HCWs was useful to identify focused 

areas for improvement and eventually led to improvements in compliance. As stated by Pittet 

parameters for noncompliance with HH are not just related to individual health professionals, 

but also to the team and the institution they belong to. HAI prevention is the responsibility of 

everyone, and cannot be delegated to experts in the field of IC and prevention. However, IC 

activities need to be organized and managed by competent experts in the field. 
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