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Abstract 

Background: The problem of antimicrobial resistance (AMR) poses a threat to human health 

and is expected to further increase in the future. Current infection prevention and control (IPC) 

measures were found to be not sufficiently effective to counter these developments due to a 

non-compliance of healthcare workers to hygiene guidelines. Previous research revealed that 

undergraduate physicians hold incorrect beliefs about the importance of controlling AMR as 

well as the relevance of hygiene in this context. Therefore, this research aimed at investigating 

differences in attitudes and experiences regarding AMR and IPC of healthcare workers with 

short and long durations of work experience. In addition, recommendations about improvement 

processes in IPC and the control of AMR given by both groups were explored.  Methods: A 

survey design was applied and by using two exploratory factor analyses, scales were identified 

from this questionnaire. Those scales were then used to analyse differences in attitudes and 

experiences regarding AMR and IPC of healthcare workers with short and long durations of 

work experience by applying Mann-Whitney U tests. Recommendations about improvement 

processes in IPC were explored by an inductive coding process. Results: Of the 638 healthcare 

workers from Dutch and German hospitals who responded to the questionnaire, 150 had short 

durations of work experience, whereas the other 488 had long durations. No significant 

differences in attitudes and experiences between both groups were found. Regarding 

improvement processes, both groups focused on hygiene as most important area. Healthcare 

workers with short durations of work experience were further found to focus on screening and 

isolation processes, whereas their colleagues with long durations of work experience focused 

on communication to control AMR. Conclusion: Compared to healthcare workers with short 

durations of work experience, those with long durations had more negative experiences with 

AMR as well as more positive attitudes and experiences regarding perceived received support, 

logistics and diagnostic processes in IPC. Improvements in hygiene were recommended by 

both groups to control AMR. However, healthcare workers with short durations of work 

experience then concentrated on ad-hoc measures and their colleagues with long durations 

focused on more reflective improvement processes. Recommendations: Further research in 

investigating differences in AMR and IPC related attitudes and experiences of different 

healthcare occupations in inpatient settings is recommended due to their different 

responsibilities and insights at work. Also, participants recommendations about improvement 

processes should be checked for possibilities of realization in order to provide new approaches 

to control AMR.  
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Introduction 

In the middle of the 20th century, scientists made significant progress in the fight against 

microorganisms which cause diseases and infections. The development of antimicrobial drugs, 

especially antibiotics such as penicillin, enabled a decrease of mortality in humans (Tenover, 

2006). However, the availability and increasing use of these antimicrobials revealed a serious 

downside and threat to human health as well. During the past decades the promising 

development was worldwide increasingly challenged due to a rising number of bacteria which 

established resistance against various antimicrobials, also called antimicrobial resistance 

(AMR) (Holmes et al., 2016; Tenover, 2006). In a medical context, AMR is defined and 

identified if a bacterial pathogen happens to be unaffected by an antimicrobial and therefore by 

a failure of this antimicrobial to cure a certain infection. However, putting AMR in the 

framework of the darwinian selection process, this turns out to be a natural and evolution-based 

reaction of bacteria to an exposure to high concentrations of antimicrobials. Therefore, AMR 

can be seen as a naturally occurring survival mechanism of the exposed microbes (Holmes et 

al., 2016).  

Causes of increased cases of AMR over time include an increase in using antimicrobials 

in humans, animals, food processing technology, agriculture and environmental pollution 

(Acar & Rostel, 2001; Holmes et al., 2016). In inpatient-settings, especially the transmission 

of resistant microbes as well as the mis- and overuse of antibiotics is a significant part of the 

AMR problem. More specifically, in the U.S., 25% of healthcare workers were found to be 

carriers of resistant microbes and approximately 50% of antibiotic prescriptions were found to 

be unnecessary, incorrectly chosen, or given for prophylactic reasons, supporting the 

emergence of microbial resistance (Haddadin, Fappiano, & Lipsett, 2002; Harbarth, Samore, 

Lichtenberg, & Carmeli, 2000; Holmes et al., 2016; Lipsitch & Bergstrom, 2002). Due to the 

increasing ineffectiveness of widely used antibiotics, the treatment of several diseases became 

significantly more difficult within the past years (Acar & Rostel, 2001; Helms, Vastrup, 

Gerner-Smidt, & Mølbak, 2002; Tenover, 2006). Infections with resistant microbes in post-

surgical patients are associated with increased mortality (1.3 fold higher; p = .016), morbidity 

as well as length of hospitalization (11 vs. 7 days) and healthcare costs (1.4 higher; p=.017) 

compared to patients without infections (Cosgrove, 2006). 

Although cases of antimicrobial resistance in Europe, and more specific in the 

Netherlands and Germany are low in number compared to developing countries, the threat of 

AMR is expected to increase in the future (Cookson, 2005). Also, since the rate of newly 

developed antimicrobials have found to be stagnating, there are no expected short-term 
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solutions regarding factors outside the behaviour of healthcare workers, to control the threat of 

AMR (Cars et al., 2008). This increases the urgency of improving factors within the control of 

healthcare workers, such as Infection Prevention and Control (IPC) including identifying AMR 

in patients (diagnostics), the implementation of suitable hygiene measures as cleaning and hand 

washing, organizational aspects as isolation rooms (logistics), and actions and responsibilities 

during an outbreak (outbreak management) in order to provide guidelines and training for 

healthcare workers to control the emergence and transmission of AMR effectively (Cookson, 

2005). Although, in certain settings the rate of antimicrobial prescriptions has decreased within 

the past decade, the reduction in AMR cases was modest (Holmes et al., 2016). One explanation 

might be that a high number of AMR infections are not newly developed in an individual by 

mis- or overuse of antibiotics but evolve by transmission within inpatient settings. These 

findings lead to the relevance of focusing on transmission processes of AMR to identify factors 

responsible for the inefficiency of current IPC measures in order to improve these (Holmes et 

al., 2016). 

Previous studies have investigated reasons for the limited effectiveness of IPC. A 

research on the transmittance of methicillin-resistant Staphylococcus aureus (MRSA) in 

intensive care units has found that related hospital-acquired infections could be controlled by 

an increase in hand hygiene compliance of healthcare workers to guidelines published by the 

World Health Organization (WHO) (Lee, Cho, Jeong, & Lee, 2013). Compliance to hand 

hygiene and IPC guidelines however, is challenged by a common misbelief hold by healthcare 

workers that AMR is a widely national problem, but less relevant to the clinician’s own 

institution and patients (Giblin et al., 2004). The low rate of compliance was found to be based 

on complex attitudes and beliefs, which have to be altered in order to effectively change 

behaviour related to AMR prevention. The success of measures such as IPC depend on the 

individuals executing them, in this case, on the individual actions and behaviours of healthcare 

workers in inpatient settings. Due to this fact, this research will focus on healthcare workers 

attitudes towards and experience with AMR and IPC measures in order to find reasons for their 

non-compliance towards provided guidelines. 

In the context of work attitudes and beliefs it can be stated that these are significantly 

shaped by prior work experience (Loughlin & Barling, 2001). This relation also was found in 

the context of AMR- and IPC-related attitudes of healthcare workers (Pulcini, Williams, 

Molinari, Davey, & Nathwani, 2011). Studies have found that 37% of junior doctors, i.e. 

doctors qualified from medical school and in their first six years of non-specialized training, 

do not perceive AMR as a relevant topic in their daily practice. Also, regarding factors causing 
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AMR, insufficient hand hygiene practices were rarely included in their perception (Pulcini et 

al., 2011). These findings could get confirmed by another research, which stated that 24% of 

final-year medical student respondents perceived that hand hygiene practices are not at all 

relevant to the context of AMR (Dyar et al., 2013). However, the authors did neither study 

AMR-related experiences or attitudes of graduated physicians or other healthcare workers with 

more work experience, nor regarding IPC. Due to their daily experience with AMR as well as 

with the application of hospital guidelines in IPC, it can be assumed that healthcare workers 

with longer durations of work experience hold more serious-taking attitudes towards AMR and 

the importance of IPC as means to control AMR. Combining the two findings of low 

compliance to hygiene guidelines as well as AMR- and IPC-experience and attitudes of 

healthcare workers with different amounts of work experience, this leads to the relevance of 

investigating underlying attitudes of these two groups of healthcare workers regarding 

mechanisms of the transmission of AMR within inpatient settings as well as their experience 

with AMR and IPC.  

Due to healthcare workers everyday contact with work related processes regarding 

AMR, including experience with conducting existing guidelines and techniques of AMR 

control, they have a unique insight, which might also include potential lacks of efficiency in 

controlling AMR. Therefore, the relevance arises to investigate healthcare workers attitudes 

about current improvement processes in their work and related processes facilitating the control 

of AMR.  

On a concluding basis, this research will focus on the experience and attitudes regarding 

AMR and IPC of healthcare workers with different years of work experience. Therefore, the 

overall research question of this study is Are there differences in AMR and IPC related attitudes 

and experience between healthcare workers with different years of work experience? In this 

regard, the first sub-question is Are there differences in AMR and IPC related attitudes and 

experience of healthcare workers with short compared to long durations of work experience? 

Based on findings of previous research by Dyar et al. (2013) and Pulcini et al. (2011) it is 

hypothesized that there is a significant difference between attitudes of healthcare workers with 

long durations of work experience (graduated physicians) which are expected to be more 

negative regarding AMR as well as more positive regarding the importance of IPC as means to 

control AMR compared to healthcare workers with short durations of work experience (non-

graduated physicians).  

The second focus of this research will lie on healthcare workers attitudes about current 

work-related improvement processes regarding IPC and controlling AMR. However, in order 
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to answer the overall research question, the different improvement processes of healthcare 

workers with long durations compared to those with short durations of work experience will 

get explored. The second sub-question is therefore What different improvement processes 

regarding IPC and the control of AMR are recommended by healthcare workers with long 

compared to short durations of work experience? 

 

Methods 

Design and Pilot Study 

Regarding the setup of the research, a survey design was employed. In order to improve 

information quality and efficiency as well as to identify unclear wording or other limitations in 

advance, the study was preceded by a pilot study. This pilot study was conducted with one 

physician and one nurse and resulted in minor changes in wording to enhance clarity. Also, the 

information was added that some questions might not be directly related to the healthcare 

workers daily work tasks, however, should be answered by participants as best as they can 

based on their attitude and experience. 

 

Materials & Measures 

The questionnaire consisted of 29 closed-ended questions and one open-ended question (see 

Appendix A). All answers were anonymized. Since the questionnaire was newly developed, no 

validity or reliability of the questions were known in advance to the study. 

Socio-demographics. Each questionnaire started with seven questions measuring 

socio-demographic information about the healthcare worker, including age, gender, the 

department of the hospital they are working in, function within this department, years of work 

experience in this certain function, years of work experience within the hospital, and if the 

individual has already carried out an active function within the domain of hospital hygiene.  

Attitudes towards AMR. In the first part of the questionnaire, participants were asked 

to answer four closed-ended questions about their attitude towards AMR, including perceived 

leading causes of AMR and reasons for prescription of (broad-spectrum) antibiotics. An 

example question was ‘I belief that antibiotics are prescribed at the request of patients.’. 

Participants were instructed to indicate their attitude based on a scale ranging from I do not 

agree, coded as a 1, to I agree, coded as a 5 on a five-point Likert scale. 

Experience with AMR. Participants were asked to answer three closed-ended 

questions about their experience with AMR. For each question participants were instructed to 

indicate the level of which the given scale reflects their experience with AMR. An example 
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question was: ‘I believe that I can contribute sufficiently to limit AMR’. The scale to answer 

on ranged from I do not agree, coded as a 1, to I agree, coded as a 5 on a five-point Likert 

scale. Also covered were the respondent’s experience if they feel sufficiently informed about 

diagnostic policy as well as for which party AMR is a problem. These questions also belonged 

to the first part of the questionnaire. 

Attitudes towards IPC. Next, in the second part of the questionnaire, four closed-

ended questions were asked about participants attitudes towards IPC. These questions focused 

on four different domains of IPC, namely diagnostics, infection prevention, logistics, and 

outbreak management. Investigated were attitudes towards the role and importance of each 

domain in infection and transmission prevention of AMR. Firstly, the domain of diagnostics 

was defined as the process of finding out if a patient carries resistant bacteria including 

screening as well as taking and testing cultures. Secondly, the domain of infection prevention 

was defined as the implementation of suitable hygiene measures, e.g. hand hygiene, the use of 

personal protective clothing, the cleaning of equipment as well as rooms. Thirdly, the domain 

of logistics was defined as means as the use of isolation rooms and the transfer of AMR-patients 

to out- and inpatient institutions. And lastly, the domain of outbreak management was defined 

as actions and responsibilities during an outbreak of AMR. An example question for attitudes 

towards IPC was: How important do you think hygiene measures are to limit AMR?’. The 

answers ranged from unimportant coded as a 1, to very important, coded as a 5 on a five-point 

Likert scale.  

Experience with IPC. Participants’ experience with IPC were measured with 18 

closed-ended questions, three for the diagnostics and five for each of the other three previously 

mentioned domains of IPC. With these questions, experience with the perceived contribution 

of participants to each domain, as well as the received support from colleagues from different 

hierarchical levels and domains of the hospital were investigated. An example question was 

‘Do you have sufficient knowledge for hygiene measures to limit AMR? The answers ranged 

from insufficient coded as a 1, to sufficient, coded as a 5 on a five-point Likert scale. These 

questions also belonged to the second part of the questionnaire.  

Improvement processes. In the third part of the questionnaire, participants were 

instructed to answer one open-ended question by stating their attitude about current work-

related improvement processes regarding the control of AMR.  
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Participants 

A total of 638 individuals participated in this research (442 women (69%), 196 men (31%)). 

All respondents were healthcare workers in one of six hospitals in the north-east of the 

Netherlands or north-west of Germany. Two of them are large university hospitals with 

approximately 1300 - 1500 beds each, three of the others are smaller university hospitals with 

400 - 800 beds each, and the sixth hospital is a smaller general hospital with approximately 

700 beds. For participation in the study, the inclusion criterion was to be a healthcare worker 

working in hospital departments with relevant contact to AMR. Therefore, participants were 

selected in a purposive sampling selection. Participants were divided into two groups. The first 

group consisted of participants with less than five years of work experience identifying short 

durations of work experience, whereas the second group with five to ten years was identified 

for long durations of work experience. This process was based on the fact that the general 

medical training lasts six years of working and afterwards the specialization program starts, as 

previously explained (Pulcini et al., 2011). 

 

Procedure 

Three questionnaires, two of them in Dutch and one in German, were developed and 

administered using the website Qualtrics. The weblink to the respective questionnaire was sent 

via email or was personally communicated with contact persons of the participating hospitals, 

who then distributed it to all doctors and nurses of their respective AMR-relevant department. 

The distribution of each questionnaire depended on the country and hospital the healthcare 

workers were working in. Participants were informed that participation in this research takes 

approximately 15 minutes, is on a voluntary and confidential basis and that all data will be 

anonymized. Reminders for responding were sent twice via email to the contact persons, 

however, could not be tailored to reach only non-responding healthcare workers. Due to that, 

the total number of approached healthcare workers is unknown, so is the final response rate.  

The Ethics Committee of the Faculty of Behavioural Sciences at the University of Twente gave 

approval for the research (BCE18321) and all participants were thoroughly informed in 

advance to participation about the content of the study as well as the confidential treatment of 

the given information. Each respondent filled out the questionnaire individually.  
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Data Analysis 

 Data preparation. The data of each respondent were exported to SPSS 24 Statistics. 

All data were screened for invalid or incomplete responses. In case of missing values, pairwise 

deletion was conducted, since data were identified to be missing completely at random 

(MCAR) and missing cases on each variable are few compared to the total sample size. This 

method also minimizes the loss of data, because missing values get excluded in pairs and all 

observed values for each subject get retained (Dibal, Okafor, & Dallah, 2017; Field, 2013). 

 New variables short and long durations of work experience. Next, new variables 

were created for the work experience of participants. Therefore, the two groups of less than 

one year and one to less than five years were grouped to the variable short duration and the 

groups five to ten years and more than ten years were grouped to the variable long duration of 

work experience. 

 Exploration of data. The data were explored by descriptive analyses of the distribution 

of participants related to their years of work experience. This was also done to check for an 

adequate distribution between both groups of participants as well as to get an overview of their 

characteristics. 

Dimensionality of data.  In order to identify the dimensionality of the data, an 

exploratory factor analysis was conducted to analyse whether items are measuring a single 

construct or multiple, and consequently, if specific items contribute to constituting a scale. At 

first, the assumptions of a factor analysis were checked by analysing normality and linearity of 

data, as well as potential outliers (Leech, Barrett, & Morgan, 2013). The exploratory factor 

analysis was conducted separately for part one and part two of the questionnaire, because it 

was expected that part one measures experience with and attitudes towards AMR, whereas the 

second part of the questionnaire focused on IPC. After identifying all factors that have been 

measured by specific items, those latent variables were recoded as new variables and renamed 

according to their object of measure. Then, participants’ mean scores for each scale were 

calculated in order to perform further statistical tests. 

 Internal consistency. To check the internal consistency of the scales, Cronbach’s 

alpha, a lower bound to the true reliability of a scale was calculated for each identified factor. 

It should be at least 0.7 or higher for a scale considered to be reliable (Cronbach, 1951).  

 Answering Research Questions.  

 Sub-Question 1. It was hypothesized that healthcare workers with longer durations of 

work experience (LWE) have more negative attitudes and experience regarding AMR as well 

as more positive ones regarding the importance of IPC as means of controlling AMR, resulting 
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in higher mean scores of participants, compared to healthcare workers with short durations of 

work experience (SWE) (𝐻𝑎: µSWE < µLWE). To investigate this hypothesis, an independent-

samples t-test as parametric technique was used if data were normally distributed, or with a 

Mann-Whitney U test as non-parametric technique in case of not normal distribution of data. 

As the grouping variable, the duration of work experience was used, which was categorical, 

whereas the respective scales reflected the to-be compared variable and were ordinal. The null 

hypothesis being investigated states that there is no difference between the mean scores of 

participants with long durations of work experience (LWE) on the applied scales compared to 

participants with short durations of work experience (SWE) (𝐻0: µSWE = µLWE). A 

significance level of α = .05 was applied. 

Also, since the author of this paper is not aware if a power calculation was conducted 

prior to the data collection, a post-hoc power sensitivity analysis was conducted in order to 

check the sensitivity of the Mann-Whitney U test based on the sample size, significance level 

α and the kind of test conducted. Sensitivity refers to the probability that the respective test will 

reject a false null hypothesis as well as chance of committing a type II error (Murphy, 2002). 

The calculation was done with the software G*Power. A sensitivity of .03 is considered low, 

whereas .05 and .07 are considered moderate and high, respectively. 

 Sub-Question 2. The second research question was What different improvement 

processes regarding IPC and the control of AMR are recommended by healthcare workers with 

long compared to short durations of work experience? In order to answer this question, all 

given answers of participants to the open question ‘Which processes of improvement would 

you like to apply regarding the control of AMR?’ were imported into Atlas.ti 8.0. To give an 

in-depth overview of recommendations for one country, only German answers were 

investigated. Then, all answers not targeting processes related to the transmission of AMR were 

excluded, e.g. about the prescription behaviour of physicians. The first 40 questionnaires were 

used to create a coding scheme. The coding process was done in consultation with two other 

researchers to avoid subjectivity. Hereby, an inductive approach was applied, i.e. generating 

general principles (codes) from specific observations. During this process, each unit of similar 

answers was investigated separately to identify the overall topic. Repeating topics were given 

the same code, whereas new topics were given a new code. After establishing the coding 

scheme, all remaining questionnaires were coded based on this scheme by applying the 

constant comparison model, meaning that each new response was compared to the established 

codes. If one answer did not match into the coding scheme, a new code was generated after 

consultation with two other researchers to, again, avoid subjectivity. If one answer matched 
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multiple codes, each of these were applied to the answer. All codes were on the one hand clearly 

defined and differentiated from each other targeting specific topics, and on the other hand are 

they still broad enough to cover multiple subtopics related to the overall topic of the code. 

Eventually, the codes were assigned to the respective answers of participants with long 

durations and those with short durations of work experience. Then, differences in the 

distribution of the codes for both groups were analysed by giving a descriptive overview. 

Hereby, example quotes were translated from German into English. 

 

Results 

Exploration of data. As can be seen in Table 1, of the 150 participants with short durations of 

work experience, 101 were female and 49 were male. Their age ranged from less than 25 to 35 

years old (88%). Of the 488 participants with long durations of work experience, 341 were 

female and 147 were male. In contrast to the group of short durations of work experience, the 

age of participants in the group of long durations of work experience is relatively evenly 

distributed in age groups from 25 to 65 years (16-31%), showing that participants in the latter 

mentioned group were considerably older than in the former mentioned group. In both groups, 

the number of German and Dutch participants was almost evenly distributed.  

 

 

 

 



 

 

 

 

 

 

 

Table 1 

Distribution of work experience of healthcare workers (N=638) in gender, age and nationality 
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Dimensionality of data. For the first and second part of the questionnaire, the Kaiser-Meyer-

Olkin measure verified ‘good’ sampling adequacy with KMO = .72 and .78, respectively 

(Hutcheson & Sofroniou, 1999). This gets supported by Coakes and Ong (2011) who suggested 

a minimum sample size of five individuals per item for a factor analysis, thus a sample size of 

638 on 29 items can be considered sufficient. The Bartlett’s Test of Sphericity was significant, 

indicating moderate correlation between items (χ2 (66) = 1589.86, p < 0.001 and χ2 (231) = 

3214,82, p < 0.001, respectively). Also, for both parts a varimax rotation was applied since 

factors were found to be orthogonal and therefore correlated. 

 For the first part of the questionnaire, four factors with eigenvalues over Kaiser’s 

criterion of one were identified (Field, 2013). The scree plot was ambiguous to interpret, 

justifying the retaining of either two or four factors. Due to the large sample size and 

convergence of the Kaiser’s criterion and the scree plot, it was decided to retain four factors. 

The items that loaded on the same factor indicated that the first factor measures experience 

with AMR and had high reliability (𝛼=.84). Next, the second and third factor were excluded 

from further analysis due to low reliability (𝛼=.40 and 𝛼=.33, respectively). Also, the fourth 

factor was excluded since it consisted of only one item measuring attitudes towards the use of 

broad-spectrum antibiotics, which was perceived to not contribute to the investigation of the 

transmission of AMR in hospitals.  

 For the second part of the questionnaire, six factors with eigenvalues over the Kaiser’s 

criterion of one were identified (Field, 2013). The scree plot was again ambiguous, justifying 

the retaining of either two or six factors. Due to the same argumentation as for part 1, it was 

decided to retain six factors. The items that loaded on the same factor indicated that the first 

factor measures experience with received support from supervisors and colleagues in 

conducting different IPC tasks. The second and third factors measure experience with logistic 

processes as well as outbreak management in IPC, respectively. The fourth factor measures 

attitudes towards the perceived importance of diagnostics, infection prevention, logistic and 

outbreak management as components of IPC, and the fifth factor measures experience with 

infection prevention processes in IPC. The sixth and last factor was found to measure 

experience with diagnostics processes in IPC. All factors had high reliabilities (.70 - .87) and 

were considered subscales of the overall-scale measuring attitudes and experience regarding 

IPC for further analyses. Table 2 shows a summary of the exploratory factor analyses results 

for attitudes towards and experience with AMR and IPC. 



 

 Table 2 

Summary of exploratory factor analysis results including reliability of scales measuring healthcare workers attitudes towards and experience with AMR and IPC 
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Answering Research Questions 

Sub-question 1. Hypothesis 1: Healthcare workers with long durations of work 

experience have more negative attitudes and experience regarding AMR as well as more 

positive ones regarding the importance of IPC as means of controlling AMR compared to 

healthcare workers with short durations of work experience (𝐻𝑎: µSWE < µLWE).  

Since the data for all scales were found to be not normally distributed, a Mann-Whitney 

U test was applied to each of them. The distribution of scores in both independent groups was 

also found to be not equally shaped. As can be seen in Table 3, the Mann-Whitney U test 

revealed that there are significant differences in mean scores of participants with long 

compared to short durations of work experience regarding experience with AMR as well as 

with received support, logistic and diagnostics processes in IPC. The mean scores for the 

former mentioned group are higher than for the latter mentioned group, which supports that 

healthcare workers with long durations of work experience have more negative experience 

regarding AMR and more positive attitudes and experiences regarding the mentioned IPC 

domains compared to healthcare workers with short durations of work experience. However, 

no significant differences between both groups were found in regard to experience with 

outbreak management and infection prevention processes in IPC as well as attitudes towards 

the perceived importance of IPC components. Hereby it has to be noted that mean scores of all 

three, especially for the last two mentioned scales were considerably high with µSWE = 4.02 

and µLWE =4.03 for infection prevention, and µSWE = 4.40 and µLWE =4.46 for perceived 

importance of IPC components on a 5-point Likert scale. Consequently, one can conclude that 

the null hypothesis can only be partly rejected. In addition, the identified power sensitivity for 

the conducted tests was low with d = .31, implying a high chance of committing type II errors 

(Murphy, 2002).    
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Sub-question 2. What different improvement processes regarding IPC and the control 

of AMR are recommended by healthcare workers with long compared to short durations of 

work experience? 

The identified codes in answers given by the participants were hygiene, communication, 

screening, isolation, time, personnel and other, as can be seen in Table 4. The coding scheme 

was then ordered according to the occurrence of the respective codes in total, listing codes 

which are mentioned most often at first, and those which were mentioned less frequently at 

last.  

 

 

 

 

 

 

 

 

 

 

 

Table 4 

Codes of participants answers about their attitude towards 

work-related improvement processes to control AMR 

Table 3 

Results of the Mann-Whitney U tests showing differences between experiences with AMR and IPC 
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Hygiene. Regarding improvements in hygiene, it stands out that participants mostly 

focused on increasing the number of training events for the whole hospital staff as well as more 

time for implementing hygiene processes sufficiently (see Table 5). It was frequently 

recommended that all staff’s compliance to the hospital’s official hygiene guidelines should be 

checked on a regular basis, and some participants have mentioned specific ideas of 

improvement processes, such as changing gloves more often.  

Communication. Within the topic of communication, it became apparent that 

participants focus on interdisciplinary communication (see Table 5). They pointed out that a 

better collaboration between different occupational groups, such as microbiologists or 

pharmacologists should share their expertise providing concrete advice to healthcare workers 

about how to control AMR. Next, participants recommended more transparency about current 

AMR patients in specific registers as well as more communication of hospital’s hygiene 

guidelines.  

Screening. To focus on the most often recommended improvements in screening 

processes, participants suggested to screen patients in advance to their hospital stay (see Table 

5) by involving general practitioners in the screening process. By that, the results, i.e. if a 

patient carries a resistant pathogen or does not, would already be available to the hospital staff 

when the patient arrives. Another recommendation was to screen patients and healthcare 

workers themselves more often and on a regular basis as well as to increase the speed of 

screening processes in order to receive results faster which in turn enables faster reactions.  

Isolation. Within the topic of isolation improvements, it stands out that participants 

focused on isolating all incoming patients until the results of the initial screenings are available 

and negative. Also, patients with AMR should be isolated faster than is currently done, 

implying immediate reaction of healthcare workers to positive screening results. In addition, 

participants stated that the physical structure of hospitals needs to get adapted including more 

isolation rooms and sluices; also, nurses and physicians should get more trained in isolation 

processes and controlled in their compliance. 

Personnel. Regarding the topic of personnel, participants mentioned that more 

personnel are needed in order to deal sufficiently with patients, including AMR patients. They 

reported that too few personnel results in time pressure for caring for all patients adequately, 

which in turn often leads to misbehaviour in hygiene measures. 

Other. Lastly, as can be seen in Table 5, a few answers were coded with ‘other’, because 

their topics were rarely used by participants. However, due to the relevance of these 
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recommendations it was decided to not leave them out. For example, answers were related to 

logistic issues in e.g. transferring AMR patients to different rooms or institutions, or the 

establishment of clear outbreak management guidelines. 

Regarding differences in answers between participants with short compared to long 

durations of work experience, the content of given recommendations only differed slightly 

from each other; however, the order of importance of these topics is different in both groups. 

Hereby, the more often a code was mentioned within a group the more important it is 

considered to these participants. Both groups considered hygiene processes as the most 

important area for improvement, especially increasing the number of training events. However, 

the group of participants with short durations of work experience, then focused on screening 

and isolation processes; by contrast, the group of participants with long durations of work 

experience, considered interdisciplinary communication as the next most important 

improvement area after hygiene (see Table 5).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 

Distribution of codes and sub-codes within both groups of work-experience including example quotes of participants 



 

 Table 5 continued 
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Discussion 

This study aimed at investigating new insights into differences in AMR and IPC related 

attitudes and experience between healthcare workers with different years of work experience. 

To conclude the results of this research, experiences with AMR, as well as with perceived 

received support, logistic and diagnostic processes in IPC were different for healthcare workers 

with different years of work experience; whereby those with long durations have more negative 

experiences with AMR and more positive attitudes and experiences regarding IPC than their 

less experienced colleagues. However, experiences with outbreak management, infection 

prevention and attitudes towards the perceived importance of IPC components were not found 

to be different for both groups. Regarding concrete improvement processes, healthcare workers 

recommended explicit improvements in hygiene as means to control AMR. Whereas healthcare 

workers with short durations of work experience further concentrated on screening and 

isolation processes, healthcare workers with long durations of work experience focused on 

(interdisciplinary) communication.  

 Reflecting on differences in healthcare workers experiences with AMR and with certain 

domains of IPC, it can be stated that some results confirmed previous expectations about 

effects, whereas others were surprising. To start, the discovery that experiences with AMR are 

less negative for healthcare workers with short durations of work experience compared to long 

durations fits previous research results by Dyar et al. (2013) and Pulcini et al. (2011). The 

authors stated that undergraduate physicians do not experience AMR as a relevant topic in their 

work due to a considerable lack of creating awareness of this threat in medical studies. The 

awareness of AMR was expected to be higher for healthcare workers with longer durations of 

work experience due to their everyday contact with AMR and the application of hospital 

guidelines, which was confirmed by this present research. 

 The result that healthcare workers with long durations of work experience have more 

positive experiences with logistic and diagnostics processes, which were measured in terms of 

perceived influence, knowledge and resources, compared to their less experienced colleagues 

can be explained by their exposure to trainings events. Healthcare workers in Dutch and 

German hospitals have to attend training events in the context of AMR on a regular basis, 

which include logistics as well as diagnostic measures (Chaberny, Wriggers, Behnke, & 

Gastmeier, 2010). This leads to the fact that healthcare workers with long durations of work 

experience have attended more of these events than their colleagues with short durations of 

work experience, thus also received more information about those two topics. Consequently, 

this regular exposure to relevant information about logistic and diagnostic techniques might 
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explain the higher perception of knowledge in health care workers with long durations of work 

experience. This knowledge might lead to more confidence in having influence in the 

mentioned areas and awareness of applicable resources. 

The finding that healthcare workers with short durations of work experience feel less 

supported by supervisors and fellow colleagues in controlling AMR than their more 

experienced colleagues is an important disclosure. This could be explained by research 

conducted by Hertel et al. (2013) connecting work psychology models of motivation and stress 

with life-span models of aging. In this research, age differences of employees from a range of 

occupations, including social services, regarding work motivation and stress were investigated. 

Young employees were found to perceive higher levels of stress and require more guidance in 

their work compared to older employees, which were found to have higher self-regulation skills 

in form of active control strategies for perceived stress (Hertel et al., 2013). These findings can 

be applied to this present study, since healthcare workers with short durations of work 

experience were considerably younger than those with long durations of work experience. For 

that reason, healthcare workers with short durations of work experience might in fact not 

receive less support, but have higher needs for guidance at work than their more experienced 

colleagues, who rather strive for autonomy.  

Next, no indication of differences between groups could be revealed regarding 

experience with outbreak management and the perceived importance of IPC components, i.e. 

the importance of diagnostics, infection prevention, outbreak management, and logistics in 

controlling AMR. Therefore, one could argue that healthcare workers, despite their durations 

of work experience, make similar experience in their daily work regarding outbreak 

management and hold similar attitudes about what IPC should include in order to limit AMR. 

This gets supported by the fact that outbreak management, especially isolation processes, and 

IPC components, are incorporated in healthcare workers education and also are applied by them 

on a regularly basis during their practical work (Nicolle & Organization, 2001; Weinstein, 

2001). Therefore, both topics are present during healthcare workers education as well as daily 

practical work. This also explains their relatively high scores on the respective scales, 

indicating the perception of rather sufficient influence, knowledge and resources regarding 

outbreak management as well as high awareness about the importance of certain IPC 

components. 

However, it is surprising that no differences between groups in their experience with 

infection prevention, including relevant hygiene measures, were found, contradicting results of 

previous literature by Dyar et al. (2013) and Pulcini et al. (2011). In both researches, physicians 
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with short durations of work experience were found to perceive hygiene as less important in 

controlling AMR, which was expected to be different for healthcare workers with long 

durations of work experience. However, the mentioned studies are 6 and 8 years old and might 

therefore be outdated. During the past years, a number of campaigns promoting improved 

hygiene in hospitals were implemented in both the Netherlands and Germany (Hellweg, 2018; 

Preventie.nl, 2018). These campaigns could possibly have affected the awareness of less 

experienced healthcare workers regarding the importance of hygiene in controlling AMR and 

that therefore no significant differences were found between both groups. This gets supported 

by the fact that both groups had relatively high scores on the scale of infection prevention, 

indicating that they perceive to have sufficient knowledge, influence and resources regarding 

hygiene measures. 

Reflecting on the different recommendations given by healthcare workers with short 

and long durations of work experience, it became apparent that both groups focus on hygiene 

as most important improvement area; however, the former mentioned group further focused on 

rather ad-hoc approaches as screening and isolation processes, whereas the latter mentioned 

group further focused on communication processes which can be considered as a more 

reflective approach. This difference might be explainable by a study by Park and Kim (2015) 

on the effect of workforce aging on organizational performance. The authors stated that the age 

of employees is positively related to relying on exploitation in work processes. Hereby, 

exploitation is defined as making use of resources such as on accumulated knowledge or 

experiences, and is characterized by social cohesion and effective communication (Park & 

Kim, 2015). This finding can be applied to the context of differences in recommendations given 

by healthcare workers with different years of work experience. One can assume that those with 

long durations of work experience, which are also older than their less experienced colleagues, 

suggest more reflective approaches due to their use of exploitation. Therefore, they focus on 

social cohesion and the use of accumulated knowledge by applying interdisciplinary 

communication and collaboration. Their less experienced and younger colleagues, however, 

focus on less reflective measures, instead concentrating on rather apparent improvement 

processes directly related to their daily work with AMR patients. 

Formulating strengths and limitations of this study, a first strength that can be 

formulated is that this study provides new insights into healthcare workers’ attitudes towards 

and experience with AMR as well as IPC. To be more specific, this insight is not limited to 

general experiences, but contains information about different elements of IPC, such as logistic, 

diagnostics, outbreak management, infection prevention, as well as the perceived importance 
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of IPC components and perceived support by supervisors and colleagues in controlling AMR. 

Although the used scales were newly developed, they have shown to be highly internal 

consistent and to be promising in the investigation of in-depth elements of IPC. In addition, the 

mentioned insight is given for different years of work experience of various occupations, for 

instance undergraduate and graduated physicians, nurses, hygiene specialists and medical 

assistants. Also, participants were from six different hospitals as well as from two different 

countries, providing insights into healthcare workers attitudes and experiences with slightly 

different healthcare systems. 

Next, limitations for the design of the study can be formulated as well. At first, it has 

to be mentioned that there is a clear disadvantage of an open question used in a questionnaire 

survey in so far that there are several answers of participants which are difficult to interpret 

due to vague wording. These could also not get further clarified because participants could not 

get asked follow-up questions to elaborate on their statements, which negatively affected the 

precision of results. Also, the response rate was not known due to the procedure of contacting 

the participants. Therefore, in terms of credibility of the data, it is not known if the reported 

attitudes and experiences of participants are representative for all healthcare workers of the six 

involved hospitals, which affects the generalizability of results. In addition, it has to be 

mentioned that the scales were newly developed and therefore not validated yet. As a last 

limitation, the power sensitivity of the conducted tests was low, implying the possibility that 

more differences between groups could have remained undetected than would have been with 

a higher sensitivity. These mentioned limitations however are not perceived as too damaging 

for the study, since significant differences between groups were identified and the obtained 

data were not considerably negatively influenced by either of the limitations. Nonetheless, 

despite the limitations, this explorative study gave first insights into attitudes and experiences 

regarding AMR and IPC of healthcare workers with different durations of work experience. 

Next, recommendations for further research can be formulated. Although the newly 

developed scales have shown to be promising in measuring indications of expected effects, 

they should get further validated. This can be done by conducting a confirmatory factor analysis 

and then applying the potential adapted scales to groups with highly different attitudes and 

experiences regarding AMR and IPC, such as expected in experienced AMR-professionals 

within a hospital (e.g. hygiene-experts) and inexperienced interns. In addition, in order to 

prevent misinterpretations of answers by the researcher, open questions should be avoided in 

the questionnaire. However, in order to still get in-depth insights into healthcare workers 

attitudes regarding specific improvement processes in IPC to control AMR, interviews or focus 
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groups should be applied in addition to the questionnaire. By doing that, both attitudes and 

experiences regarding AMR and IPC as well as in-depth insight into improvement processes 

can be covered. Also, follow-up research should be focused on differences in attitudes and 

experiences of healthcare workers with different work occupations, such as physicians, nurses 

and medical assistants, as well as durations of work experience in order to investigate potential 

opposing views between these occupations throughout their work life. Each of the mentioned 

occupations has different responsibilities at work which might lead to unique and distinctive 

insights into the problem of AMR. The clarification of these might be the key to better 

understand the complex problem with AMR and its control. Next, it should be tested in how 

far the recommendations of participants about improvement processes can be realized by for 

example the hospitals or the government. For example, increasing the number of training events 

in hygiene imply considerations about additional costs and expenditure of time, which is 

already perceived as too few by healthcare workers. Therefore, some recommendations might 

contradict each other, which needs to get identified and aimed to solve.  

Lastly, practical applications of this study’s results for the field of healthcare can be 

formulated. Since healthcare workers with short durations of work experience have less 

negative attitudes towards AMR in general and also less positive experience with the domains 

of diagnostics and logistics in IPC, these topics should be addressed clearer and get more 

elaborated on during the respective studies or apprenticeships of healthcare workers. Increasing 

knowledge and awareness in these topics can get supported by additional training events for 

healthcare workers with short durations of work experience. By focusing on a theoretical as 

well as practical basis, a higher awareness of the importance of these topics can be achieved, 

which in turn is expected to lead to more serious taking in later work life. In addition, healthcare 

workers with short durations of work experience should receive more support from supervisors 

in all domains of IPC as means to control AMR, since indications were found that they feel 

less supported than their more experiences colleagues. Additionally, perceived organizational 

support at work was found to be positively related to higher work performances, especially in 

young employees, and could therefore be an effective approach in controlling AMR (Meyers, 

Kooij, Kroon, de Reuver, & van Woerkom, 2018).  

The content of answers from the open question regarding improvement processes in 

IPC can also be used for formulating recommendations in the field of healthcare. Hereby, the 

improvement of hygiene measures was identified as most important for controlling AMR. 

Whereas the specific recommendation of having more time for hygiene processes is rather 

difficult to implement due to personnel and economic matters, the suggestions about increasing 
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numbers of training events for the hospital staff as well as compliance of the staff to hygiene 

guidelines is implementable. In regard to attending staff, it should be focused on healthcare 

workers with short durations of work experience especially, in order to increase their awareness 

of AMR. However, also their more experienced colleagues should attend more training events 

in hygiene and the context of AMR in order to improve their hygiene practices and maintain 

their awareness and knowledge about this topic. Regarding the specific content of these training 

events, a study by Chassin, Mayer and Nether (2015) revealed the effectiveness of targeting 

concrete reasons of non-compliance to hygiene guidelines. This customized approach could be 

applied to each department or hospital separately in order to improve the efficiency compared 

to a ‘one-size-fits-all’ approach as most training events have (Chassin et al., 2015). It could 

further be effective to involve health care workers of different years of work experience in the 

development of those training events to identify topics that they personally perceive as difficult 

to apply in their daily work and which they perceive to need more advice about. 

It was further recommended to pre-emptive isolate patients in the beginning of their 

hospital stay, which was actually found to be effective in limiting the transmission of AMR in 

the Netherlands (Bode et al., 2011). Similarly, the pre-emptive screening of patients prior to 

their hospital stay was found to be effective in order to decrease the transmission of AMR. This 

preventive approach was investigated in previous research by Karkey et al. (2018), who 

focused on the transmission of the bacterial genus Serratia in a hospital in Nepal, India. 

Hospital outbreaks have been successfully overcome by pre-emptive screening of patients. 

Also recommended was interdisciplinary communication, which is already known to be 

effective in better understanding and controlling AMR (Knight, Lambert, Feil, Holmes, & 

Lindsay, 2018). This could be implemented by a monthly meeting with specialists of different 

occupations including microbiologists and hygiene experts as well as nurses, physicians and 

cleaning staff (Knight et al., 2018). A collaboration of these occupations can lead to more 

effective interventions to limit AMR as well as highlight transmission hotspots (Knight et al., 

2018). Also, the healthcare workers attending these meetings should have short as well as long 

work experience to make sure that both groups increase their knowledge and apply it during 

their work. 
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Appendix A 

Survey: Antimicrobial Resistance & 
Infection Control 
 

Combat antibiotic resistance 

The durability of modern healthcare is threatened by antibiotic resistance. The “hospital” and 

University of Twente (UT) are fighting together against antibiotic resistance within the 

framework of the European INTERREG project. 

 

This survey is about your experiences with antibiotic resistance and infection prevention in 

hospitals. 

It takes about 15 minutes to complete the questionnaire and the results are processed 

anonymously. Online version: “weblink“.   

 

Sociodemographic information  

Q1. What is your age? ( <25 years,  25-35 years,  36-45 years,  46-55 years,  56-65 

years,  >65 years) 

Q2. What is your gender? ( Female,  Male) 

Q3. In which hospital do you work? ( ”Hospital”, etc.) 

Q4. At which department do you work? ( ”Anaesthesiology”, etc.) 

Q5. What is your function? ( Medical specialist,  Nurse).  

Q6. How many years of experience do you have in this function? ( <1 year,  ≥1 year <5 

years,  5-10years,  >10 years) 

Q7. How many years of experience do you have at this hospital? ( <1 year,  ≥1 year <5 

years,  5-10years,  >10 years) 

 

You have indicated that you are a nurse. Perhaps not all questions can be answered based on 

your primary duties / responsibilities (e.g. prescribing antibiotics), but researchers expect you 

to have an opinion on these issues. We therefore ask you to answer the questions in the best 

possible way based on your work experience and your collaboration with doctors. 

 

Part 1: Your experiences with the antimicrobial resistance problem 
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Please indicate on a scale of 1 (Fully disagree) to 5 (Fully agree) to what extent you agree with 

these statements. 

Q1a. AMR is a problem for public health. 

Q1b. AMR is a problem for nursing homes. 

Q1c. AMR is a problem for our hospital. 

Q1d. AMR is a problem for my patients. 

 

Q2a. One of the leading causes of AMR is the improper use of antibiotics in farming animals. 

Q2b. One of the leading causes of AMR is the improper use of antibiotics by patients. 

Q2c. One of the leading causes of AMR is the transfer of nursing home patients to the hospital. 

 

Q3. I believe that antibiotics are prescribed at the request of patients. 

Q4. I believe that antibiotic prescriptions should be based on lab results. 

Q5. I am sufficiently informed about the diagnostic policy.  

Q6. I believe that broad spectrum antibiotics should be provided when there is doubt of an 

infection. 

Q7. I believe that I can contribute sufficiently to limit AMR. 

 

Part 2: Your experiences with hospital processes related to antimicrobial resistance 

Part 2A: Screening diagnostics  

The process of finding out if a patient carries a resistant bacteria (incl. screening, taking cultures 

and testing cultures).  

Q2A.1. How important do you think screening diagnostics are to limit AMR? (1: Not 

important-5:Very important) 

Q2A.2. Do you feel like you have sufficient influence on screening diagnostics to limit AMR? 

(1: Insufficient-5:Sufficient) 

Q2A.3. Do you have sufficient resources for screening diagnostics to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2A.4. Do you have sufficient knowledge for screening diagnostics to limit AMR? (1: 

Insufficient-5:Sufficient) 

 

Part 2D: Infection control 
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The implementation of suitable hygiene measures for infection and transmission prevention 

(e.g. antisepsis, hand hygiene, use of personal protective equipment, and cleaning of equipment 

and rooms). 

Q2D.1. How important do you think hygiene measures are to limit AMR? (1: Not important-

5:Very important) 

Q2D.2. Do you feel like you have sufficient influence on hygiene measures to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.3. Do you have sufficient resources for hygiene measures to limit AMR? (1: Insufficient-

5:Sufficient) 

Q2D.4. Do you have sufficient knowledge for hygiene measures to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.5. Do you have sufficient support from colleagues for hygiene measures to limit AMR? 

(1: Insufficient-5:Sufficient) 

Q2D.6. Do you have sufficient support from your supervisor for hygiene measures to limit 

AMR? (1: Insufficient-5:Sufficient) 

 

Part 2E: Logistics 

The planning of HRMO patients at treatment centers, OR’s, day admission and nursing unites 

(isolation rooms, single rooms).  

Q2D.1. How important do you think logistics is to limit AMR? (1: Not important-5:Very 

important) 

Q2D.2. Do you feel like you have sufficient influence on logistics to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.3. Do you have sufficient resources for logistics to limit AMR? (1: Insufficient-

5:Sufficient) 

Q2D.4. Do you have sufficient knowledge for logistics to limit AMR? (1: Insufficient-

5:Sufficient) 

Q2D.5. Do you have sufficient support from colleagues for logistics to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.6. Do you have sufficient support from your supervisor for logistics to limit AMR? (1: 

Insufficient-5:Sufficient) 

 

Part 2F: Outbreak management 

The actions and responsibilities during an outbreak.  
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Q2D.1. How important do you think outbreak management is to limit AMR? (1: Not important-

5:Very important) 

Q2D.2. Do you feel like you have sufficient influence on outbreak management to limit AMR? 

(1: Insufficient-5:Sufficient) 

Q2D.3. Do you have sufficient resources for outbreak management to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.4. Do you have sufficient knowledge for outbreak management to limit AMR? (1: 

Insufficient-5:Sufficient) 

Q2D.5. Do you have sufficient support from colleagues for outbreak management to limit 

AMR? (1: Insufficient-5:Sufficient) 

Q2D.6. Do you have sufficient support from your supervisor for outbreak management to limit 

AMR? (1: Insufficient-5:Sufficient) 

 

 

Part 3 

Q3.2. Which processes of improvement would you like to apply regarding the control of AMR. 

(open-ended question) 

 

End of the survey 

This is the end of the survey. Thank you for participating in this study on behalf of the research 

team.   

Would you like to be updated about the results of this study and participate in follow-up 

studies? Please enter you email-address here. 

 


