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[bookmark: _Toc166407151]Abstract:  

Antimicrobial resistance (AMR) is a global phenomenon recognised by World Health Organisation as one of the ten biggest threats to public health. There are several contributing factors to AMR including inappropriate antimicrobial prescribing, poor disease prevention programs, deficiency of research in production of new antimicrobials and infection surveillance programs (Murray, 2022). AMR means that clinicians are increasingly facing scenarios where treating relatively simple infections is becoming challenging as more pathogens develop resistance to antibiotics commonly used to treat those infections. Infections not treated in timely manner can not only be fatal to the patient but can also lead to spread of these resistant pathogens. To combat increasing AMR, antimicrobial stewardship (AMS) programs have been implemented globally.  
One of the important principles of AMS is appropriate use of antimicrobials. To use appropriate antibiotics, it is imperative that we understand infection prevalence and associated disease and patient factors. Infection prevalence study in 2016 found out that 6.4% in-patients suffered with a healthcare associated infection (Point Prevalence Survey of Healthcare- Associated Infections and Antimicrobial Use in European Acute- Care Hospitals Codebook V1.0, 2016). The second most common inpatient infection, according to this study, was urinary tract infection (UTI) which affected 17.2% patients. UTI has several types which included lower UTI and upper UTI as more common and uncomplicated whereas Urosepsis and Pyelonephritis are more serious UTIs. This article analyses the data collected for a set of patients who suffered UTIs between Sep 2023 and Nov 2023 across three District General Hospitals (DGHs) in Cwm Taf Morgannwg University Health Board (CTM UHB) with an aim to identify an association between patient factors that may predispose them to suffer with UTI. Understanding the relationship between patient and disease factors with infection prevalence can help devise better prevention and treatment plans thereby directly contributing to AMS goals.  
The outcome of this quantitative study did not find any direct relationship between patient attributes (age, gender, catheter etc) and disease prevalence thereby identifying need of further research to understand factors contributing to UTI infections in patients in acute care hospital settings.  There were several limiting factors that may have contributed to statistical analysis as not significant. 
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[bookmark: _Toc166407152]Introduction: 
Antimicrobial resistance (AMR) is a pressing global phenomenon which is rapidly turning into a global health crisis. World Health Organisation declared AMR as directly responsible for 1.27 million global death that occurred in 2019.  
In order to understand AMR as a phenomenon it is important to understand the background. “Microbe” term was coined in 1878 by a French professor Charles Sedillot and it literally comes from two Greek words “mikros” and “bios” literally translating to “small” and life” respectively. Microbes are those living organism that are too small to be seen by naked eye (Pelczar & Pelczar, 2018). Microbes colonise all parts of the global ecological systems and have a pivotal role in maintaining the ecology of global systems. Microbes include not only bacteria and viruses but several other forms such as fungi. A German physician, Robert Koch, identified the relationship with microbes and disease. Infectious diseases are the gross consequence of microbial colonisation in other living beings such as animals and humans. Term “infection” refers to a state where some microbes destroy the normal ecological system within a living being and cause disease threatening overall health and life of that living being (Drexler, 2010). 
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Figure 1

Antimicrobials, as the name suggests, are used to combat the harmful and disease forming effects of these microbes. Antimicrobials are used to treat, prevent, or reduce severity of the disease caused by microbes. In 1928, Alexander Fleming, discovered the first ever antimicrobial, later named as “penicillin”, by accident while studying colonies of bacteria. A decade later this antibiotic made its way into the world of medicine to treat common infections. Several other antimicrobials were discovered to combat several types of infections caused by microbes in the years that followed this discovery. In the WW2, antimicrobials were widely used and was responsible for a transformative approach to disease. Just like any form of life, microbes also demonstrated their ability to develop tolerance/resistance against the threat of their existence. In 1940s, only a couple of decades later since the start of antimicrobial use first “antimicrobial resistant” pathogen was identified. This led to a race of discovering more antimicrobials that work in in diverse ways to kill the microbes. As the antimicrobials got smarter in killing the bacteria so did they, in developing resistance against those antimicrobials. By 1950s, Japan had discovered pathogens (disease/infection forming microbes) that had the ability to genetically transfer the “antimicrobial trait” to next generations of bacteria making this resistance embedded into the genetic makeup of those microbes. Figure 2 outlines the timeline of antimicrobial and development of antimicrobial resistance (Davies & Davies, 2010).  
We now live in an era of “superbugs” or “multi-drug resistant” pathogens. It is extremely difficult to treat infections caused but these strains of bacteria. Just like any problem (actual or perceived) humans followed the pattern of embarking on a journey of finding the solution to this problem.  
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Figure 2
The recognition of “antimicrobial resistance” led to questions like “how we combat this problem?”  The initial solution was to discover more antibiotics that are more precise in their action and work in multiple ways however it was evident that the antibacterial resistance will continue to increase with potential multiple ways of “developed” resistance. Figure 3 below shows timeline of antimicrobial resistance as it follows discovery if new classes of antimicrobials (Public Health England, 2015).  
[image: ]Figure 3

It is important to note that antimicrobials were not only being used in humans to treat infections but also made their way in farming and agricultural industry where they were used widely to reduce impact of disease on crop productions. In 1969 Swann report was published which led to the Great Britain implementing a ban on use of antibiotics in farming industry (“Swann Song” for Routine Antibiotic Use, 50 Years On?, n.d.). 
Apart from this limited country specific effort there was not much being done at global level to combat this increasing problem. In 1981 a conference led by Stuart Levy, a scientist and clinician, issued “Statement Regarding Worldwide Antibiotic Misuse” by a group of 147 scientists. This statement then led to Alliance for the Prudent Use of Antibiotics (APUA) that formed the basis of global recognition of antimicrobial resistance as a concern and called for better use of antibiotic to preserve their effect for longer (Podolsky, 2018).  
In 2015 World Health Organisation issued a global action plan on tackling antibiotic resistance. Antimicrobial resistance is on national risk register in Great Britain and WHO has declared it as one of top 10 global threats to public health (NHS, 2023). It is important to note that AMR is not only responsible for disease and death burden but have a severe negative impact on global economy as well. It is estimated that AMR will be responsible for equivalent of 1 trillion to 3.4 trillion USD losses in Gross Domestic Product (GDP) by 2030 and 1 trillion USD additional health costs by 2050.  
Antimicrobial Stewardship (AMS) programs have been developed globally to make collaborative efforts to combat AMR. Cambridge dictionary defines stewardship as “the job of supervising or taking care of something such as organisation or property” (Stewardship Noun - Definition, Pictures, Pronunciation and Usage Notes | Oxford Advanced Learner’s Dictionary at OxfordLearnersDictionaries.com, 2023).  The United Kingdom issued 5 year plan to reduce AMR. One important aspect of this plan is “optimal use of antimicrobials in humans” (HM Government, 2019).   In order to improve the prescribing of any medicine it is important to understand current prescribing trends, associated challenges and finding ways to improve prescribing.  There are several barriers to implementing AMS programs such as timely access to diagnostic tests, local AMR prevalence, local and national guidelines implementation audits, as well as poor infection prevention programs.  
In order to improve antibiotic prescribing one important element is to understand the disease and patient factors which may have an impact on infection prevalence and management. Urinary tract infection (UTI) is the second most common infection in patients admitted in hospital for acute care. Understanding any patient factors that my increase the likelihood of UTI can help in development of infection prevention plans and improve prescribing for UTI across UTIs.  
[bookmark: _Toc166407153]Context of Study:  
Healthcare associated infections (HAI) are the infections that occur during a stay or visit to an acute care setting such as hospital. HAI are a serious threat to patients, healthcare staff as well as the visitors. Therefore, it is pivotal to reduce the risks associated with these infections. UTIs are second most common HAI and where the treatment is relatively simple and generally successful, failure of timely treatment can lead to complications such as sepsis (Healthcare-Associated Infections | Topic | NICE, n.d.).  
This study explores any relationship between patient factors such as age, gender, and catheter and disease prevalence. It also aims to identify if timely diagnostic tests improve prescribing trends for UTI across the three hospitals with CTM UHB. Identifying patient factors that may increase risk of UTI can help devise infection prevention strategies and understanding relationship between diagnostic tests and antibiotic prescribing can make a strong case for timely access for diagnostic tests and can influence the policies within the organisation.  
[bookmark: _Toc166407154]Aim of the Study:  
1. Evaluate patient specific characteristics that may have a correlation with UTI prevalence for in-patients.   
2. Evaluate aspects of clinical practice (diagnostic tests, catheter etc) that may have a correlation with appropriate antimicrobial prescribing.  
3. Identify trends, if any, between prescribing trends and resistance to antibiotics in the given data set.  
[bookmark: _Toc166407155]Objectives:  
1. Access appropriate data set suitable for the aim of the study.  
2. Identify patient characteristic such as age, gender, presence/absence of catheter, application of diagnostics tests and history of UTI.  
3. Perform and interpret statistical analysis to identify correlation between patient factors, infection, prevalence and prescribing trends.  


 
[bookmark: _Toc166407156]Methodology:   

This quantitative study takes on a positivist approach as it is built on the theoretical perspective that there is a single objective reality in relation to patient and disease factors. This “reality” can be measured and statistically analysed to confirm its presence or absence (Godwin et al., 2021).  
Ontologically, this study takes on a realist approach and from epistemological viewpoint seeks for objectivity and replicability of the results while establishing causality. The data collected and analysed for the purpose of this study will lead to an objective reality which can then be used to scope wider application of the results (Patel, 2015).  
 
[bookmark: _Toc166407157]Method: 
This health research study is aimed at identifying any disease or patient factors that may inform disease prevention or treatment decisions. From study design point of view it employs correlational research design while seeking to establish correlation between one or more variables.   
This study is undertaken on secondary data collected by AMS team. Secondary data has several advantages such as time saving and cost effectiveness. It is also readily available therefore can be used as needed avoiding any delay. Secondary data can also offer breadth of information which may or not be relevant to the study but can contribute to identify associated factors which may or may not affect the research question at hand. Moreover, existing data can be used to answer several question which may not have been explored when the data was initially collected.  
There are some inevitable disadvantages of using secondary data such as it may not contain all the relative information needed to answer the research question (Martins et al., 2018). Similarly the timeline or length of time over which the data was collected may not be appropriate which can result in affecting the outcome of study directly (Martins et al., 2018). For example if a study is exploring side effect of a certain treatment using secondary data then some side effects may not have come to light during the time of data collection and can be missed resulting in questionable application of the study outcome (Hassan, 2024).  

Sampling method appears to be convenience sampling which is type of non-probability sampling (Elfil & Negida, 2017) where patients with UTI indication were selected across wards seen by AMS team.  Therefore, the data is not representative of all cohort of patients across DGHs. 
It is important to consider the sample size before conducting statistical analysis. Sample size larger or smaller than the optimal sample size will have an impact on the accuracy/reality of the results and will also have ethical implications.  

“In hypothesis testing studies, this is mathematically calculated, conventionally, as the sample size necessary to be 80% certain of identifying a statistically significant outcome should the hypothesis be true for the population.” (Andrade, 2020) 
Data set is available in appendix 1. 
[bookmark: _Toc166407158]Ethical Approval:  
Ethical approval was not required as the data set made available by the AMs team did not contain any personal or identifiable patient data.  
 
[bookmark: _Toc166407159]Data Characteristics:   
Since the study employs correlation study design statistical tests were performed using SPSS to explore correlation between different variables in the data set.  
The data set comprises of 62 patients across 3 DGHs within CTM UHB. The data was collected from Sep 23 till Nov 23. Some characteristics of the data are represented in the graphs below.  
[bookmark: _Toc166407160]Type of Data:  
The secondary data used for this study is nominal in nature. Therefore, there were no numerical values except age of the patients. Nominal data is qualitative in nature and represents different characteristics such as patients’ gender, catheter and history of infection.  
Some aspects of the data set are binary. Binary data represents two conceptually opposite values such as yes, no or present, absent.  
Both types of data characteristics have been used for statistical analysis.  

[bookmark: _Toc166407161]Data normality: The data was tested for normality and it does not follow normal distribution curve.  
 
[bookmark: _Toc166407162]Graphical representation of data:  
Gender Distribution: 
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Among the data set female and male distribution was 34% and 66% respectively.  

 
 
 
 		Figure 4 ( Y= %age of sample, X= gender (male.female)


 
Age Distribution:  
Age range was 6 months to 95 years with median age 77.50 years.  
Figure 5 (Y = Age in years; X = sample)
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Distribution of lower UTI, Pyelonephritis and Urosepsis infections 
[image: C:\Users\Ra177043\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A039A3CB.tmp]
Figure 6 (Y=number of patients in the sample, x= Diagnosis)



 
 
 
 
 

 

Gender and UTI distribution 
Figure 7 :
 Y = number of patients, x= diagnosis
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Figure 8:
 ( Y= number of patients in sample,
 X= presence or absence of catheter)
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[bookmark: _Toc166407165]Statistical Analysis:  
 
Hypothesis 1: Correlation of gender and UTI prevalence; 
H0: There is no relationship between gender and diagnosis of UTI  
HI: There is a positive relationship between gender and diagnosis of UTI 
 
This claim was tested using a correlation test and reports the Pearson Correlation coefficient.  The correlation attempts to explore the direction of the relationship, i.e. the relationship is positive or negative.  Interestingly the result -.084 indicate, there is weak negative correlation between gender and UTI diagnosis. The outcome is not statistically significant thereby the result is more likely to be random/occurring by chance.  Therefore, the null hypothesis is accepted and confirms a weak negative relationship where .514 (51%) of the variance may be explained by gender.  
Hypothesis 1: Female are more likely to suffer from lower UTI, rejected. 
 
	Correlations 

	 
	Gender 
	UTIdiagnosis 

	Gender 
	Pearson Correlation 
	1 
	-.084 

	
	Sig. (2-tailed) 
	 
	.514 

	
	N 
	62 
	62 

	UTIdiagnosis 
	Pearson Correlation 
	-.084 
	1 

	
	Sig. (2-tailed) 
	.514 
	 

	
	N 
	62 
	62 


  
 
Hypothesis 2: Indwelling catheter is more likely to cause a UTI. 
 
H0: There is no association between Catheter in situ and UTI diagnosis 
H1: There is a positive relationship between Cather in situ and UTI diagnosis (variables are related to each other) 
 
Interpretation of result: Kendal’s tau-b correlation was run to determine if there is a relation between prevalence of UTI and indwelling catheter for a data set of 62 patients. 
The result -.092 shows a week negative correlation, and the result is statistically not significant.  
Consequently we will accept the null hypothesis and Hypothesis 2: Indwelling catheter is more likely with a UTI diagnosis, is rejected. , rs(62) = -.092, p <.05, and this is explained by .458 (46%) variance with the points along the line , where 46% of the variation in UTI diagnosis occurs for reasons that are unconnected with that variable's relationship to Cather in situ. 
 
	Correlations 

	 
	Catheter in situ 
	UTI Diagnosis 

	Kendall's tau_b 
	Catheterinsitu 
	Correlation Coefficient 
	1.000 
	-.092 

	
	
	Sig. (2-tailed) 
	. 
	.458 

	
	
	N 
	62 
	62 

	
	UTIdiagnosis 
	Correlation Coefficient 
	-.092 
	1.000 

	
	
	Sig. (2-tailed) 
	.458 
	. 

	
	
	N 
	62 
	62 


 
 
Hypothesis 3: Use of diagnostic test is associated with appropriate antibiotic prescribing. 
H0: Use of diagnostic test does not lead to appropriate antibiotic prescribing (they are not related to each other) 
H1: There is a positive relationship between the use of diagnostic test leading to appropriate antibiotic prescribing. 
Interpretation of results:  
Pearson correlation was performed on data of 62 patients who suffered with UTI (urinary tract infection) to evaluate a relationship between the use of a diagnostic test and appropriate antibiotic prescription. The result .242 shows low positive relationship, and the p-value associated with the correlation is .058 which is not statistically significant. It is almost statistically significant. Therefore, hypothesis 3: Use of diagnostic test leads to appropriate antibiotic prescribing, rejected. 
 
 
	Correlations 

	 
	Diagnostic tests 
	Appropriate Antibacterial 

	Diagnostic tests 
	Pearson Correlation 
	1 
	.242 

	
	Sig. (2-tailed) 
	 
	.058 

	
	N 
	62 
	62 

	Appropriate Antibacterial 
	Pearson Correlation 
	.242 
	1 

	
	Sig. (2-tailed) 
	.058 
	 

	
	N 
	62 
	62 


 
 
 
 
 
Hypothesis 4: Risk of resistance is more likely in females 
H0: There is no association between risk of resistance and patients gender (independent of each other) 
H1: There is an association between risk of resistance and patient’s gender 
Interpretation of results: A chi-squared test with 1 degree of freedom was performed resulting in a test statistic of 0.249.  
Since the p-value is larger than the selected significance level (α =0.05), therefore, it can be concluded that there is not enough evidence to suggest an association between Risk of resistance and gender.  X2 (df =1, N=62) = .249, p=0.618. Since no statistical association is found between gender and risk of resistance, therefore null hypothesis is accepted. The finding suggests that Risk of resistance is independent of gender. Hypothesis 4: Risk of resistance is more likely in females, rejected. 
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Hypothesis 5: Risk of resistance is independent of use of appropriate antibiotics 
H0: There is no association between risk of resistance and use of appropriate antibiotics (independent of use of appropriate antibiotics) 
H1: There is an association between risk of resistance and use of appropriate antibiotics   
Chi squared test was performed with 1 degree of freedom to establish if risk of resistance is independent of use of appropriate antibiotics.  
The graphic presentation shows that there is a little difference in the mode (count) for yes or no among the two groups.  
 
The chi-square test for independence shows that  there is not enough evidence to suggest an association between Risk of resistance and antibiotic administered  X2 (df =1, N=62) = .017, p=0.895. Since there is no association, therefore, null hypothesis is accepted. The finding suggests that there is not enough evidence to suggest an association between the use of appropriate antibiotic and risk of resistance. Hypothesis 5: Risk of resistance is independent of use of appropriate antibiotics, accepted. 
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[bookmark: _Toc166407166]Discussion:  
UTI prevalence and gender: Urinary tract infections occur commonly in women. UTIs are commonly caused by bacteria originating from gastrointestinal tract. Women have shorter urethra which makes it relatively easier for bacteria to enter the urinary tract in females. Another anatomical reason for females to suffer with UTIs more commonly is presence of urethral opening in close proximity to vulvar vestibules leading to easier inflammation in case of change in urine PH or intercourse. One more factor predisposing females to UTIs is excessive use of hygiene products which can affect normal vaginal flora making it possible for pathogens to flourish and cause infection. This also becomes important in females of post-menopausal age as change in hormonal balance can lead to vaginal dryness and atrophy and any change in urine PH is more likely to cause urinary tract inflammation and infection (Czajkowski et al., 2021).  
 
UTI is second most common healthcare associated infection. Therefore it would be useful to identify if there is significant difference between females and male patients suffering with lower UTI while in hospital. The data set evaluated for this study had 66% male patients and 34% female patients. However statistical analysis of this data set does not prove a positive relationship between gender and UTI diagnosis. Review of literate indicated that there is significant research done in identifying risk factors predisposing females to lower UTI in certain clinical areas such as during pregnancy, postnatal, during other chronic illness but no direct comparison of gender related prevalence was found for healthcare associated UTI. (Fu et al., 2014) compared a data of more than 80,000 patients to study prevalence of UTI among women and men especially after the diagnosis of Type 2 Diabetes Mellitus (T2DM). Although this paper was focused on UTI prevalence in patients with T2DM but also provided direct comparison of male vs female suffering with UTI. This study repots a direct relationship with gender and UTI prevalence.  
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Figure 12
 
The results obtained from secondary data set were not found to be statistically significant thereby it is possible that lack of association between gender and UTI occurred by chance. One of the reasons could be small data set and that the data set was complete i.e. not all female and male were included in the data set. National Institute of Clinical Excellence (NICE) recognises that UTI prevalence in elderly patients is similar for both male and females. Since median age in the data set was 77 years, it is likely that this was contributing factor in “no association” outcome of correlation between gender and UTI diagnosis test.  

Catheter as a risk factor of UTI: Having a catheter in situ is one of the major risk factors of developing UTI in or out of acute care settings including hospitals. Up to 46% of UTI infections are related to indwelling catheter (Loveday et al., 2014). In principle, urine is sterile while being produced by the kidneys. Urine accumulates in bladder until voided via urethra. Like other organs such as gut, mouth and mouth bladder also has its normal biome that is responsible for maintaining a healthy environment in the bladder and preventing infections. That biome film in catheter has been studies and there is limited literature on the variety of microbes found in the bladder. The existing literate on this topic also have limitation such as gender, age and comparison of comorbidities. Until these variables are studied in detail it is challenging to establish if microbes within Urobiom (bladder biome) can also cause UTIs or not (Wolfe & Brubaker, 2015).  
Catheters are sterile tubes inserted via urethra to the balder. Catheters are sterile while they are in packaging however after insertion they don’t remain sterile. Urine in itself is not sterile and contains microbes from urobiom. As a body fluid is has low PH and creates a hostile environment for external microbes to grow in it (Tang, 2017).When urine accumulates in the catheter bag over a period of time microbes start growing in the bag and can ingress to the urinary tract via the catheter tube leading to infection. The length for which a patient will have catheter will also have an impact on the likelihood of the infection (Werneburg, 2022). Additionally, catheter insertion as a procedure can cause irritation and micro trauma to epithelium of urinary tract making microbe adhesion easy which then leads to infection (Werneburg, 2022).  
This study evaluates the data set to investigate correlation of indwelling catheter and UTI prevalence in the given population. Kendal’s tau-b correlation did not find any correlation between the two variables. There could be several explanations for this. One obvious reason is that the data set was not studying all patients with catheter. In the data set 24% patients had catheter however the correlation cannot be established statistically. It is possible that data set was not varied or large enough leading to this outcome. The length for which the catheter has been in situ is not clear from the data set which can affect the prevalence of UTI. 24% females and 25% males among the data set had indwelling catheter. NICE recognises male with catheter are more likely to get a UTI to anatomical reasons compared to female however the dataset at hand in unable to establish the correlation found in literate (NICE, 2023). 

Diagnostic tests and use of appropriate antibiotics: Diagnostic tests are very useful tool for clinicians in practice. They not only help in confirming presence or absence of infection but depending on type of diagnostic test used they can also help in identifying the causative pathogen consequently making it easy to decide a treatment regimen (Ferrante di Ruffano et al., 2012).  
Although diagnostic tests have their limitations and cannot be used in isolation of clinical presentation to treatment ailment. For example a positive test does not always mean a confirmation of a problem (false positive) and vice versa (false negative). Therefor it is important to consider the tests alongside clinical presentation (Sheng et al., 2023). 
In the context of antimicrobial stewardship, diagnostic tests offer (especially microbial cultures) offer a unique insight into which pathogen has been found in the sample and if that pathogen is “sensitive” or “resistant” to antimicrobials  generally used to treat infections caused by those pathogens. This knowledge will provide the clinically precise knowledge of which antimicrobial to use thereby treating the infection prompting avoiding any delays and risk of infection related to complications such as sepsis.  
With regards to UTIs, diagnostic tests include urine dip stick and urine culture and blood culture (for Urosepsis). Urine dip stick tests for presence of white blood cells (which increase in acute infection and several other reasons), nitrates and leukocyte esterase (LEs) which are specific to by-products of bacterial metabolism. Absence of Nitrated and LEs reduce the likelihood of UTI by 40 to 60% (Simati et al., 2013). Accuracy of urine dip stick is not independent of clinical presentation (e.g. symptoms) and is limited e.g. if the urine sample is not collected with caution then nitrates and LE don’t necessarily mean bacteria in urine it can also mean bacterial cross contamination from the environment (Urethra). Similarly using urine dip stick for the sample collected from catheter bag is redundant and holds no value for diagnosis as catheter will inevitably have microbial growth since it is a non-sterile environment (Butcher & Baxi, 2023). Urine culture is superior to dip stick as it provides detailed information on which bacterial colonies grew on the sample and of their sensitivity information to antimicrobials.  
Both urine dip stick test and urine culture become less useful in diagnosing UTI in elderly. Around 50% of women over the age of 65 years and almost all patients with catheter have bacteria as part of urine, called bacteraemia and all clinical guidelines advise against treating asymptomatic bacteraemia (Morgan, 2021).   
For the data set used in this study, median age is 77 and only 10 patients are under the age of 65 so using urine dip stick in the absence of symptoms would not hold a clinical value. However, the data does not provide any information if patients were symptomatic or were treated empirically.  Pearson correlation ran on presence/absence of diagnostic test and use of appropriate antibiotic found that there was no correlation between these two variables. Since, this is a secondary data set it is unclear what is meant by “appropriate antibiotic” as it can have several meanings. For example does appropriate antibiotic mean appropriate based on culture, clinical guidelines or antimicrobial resistance to certain antibiotics in certain areas? Appropriateness of antibiotic can also related to other patient factors such as renal functions, history of allergy or other contraindications such as comorbidities. From this dataset it is not possible to establish replicability or causality. 

Risk of resistance and gender: Overuse of antibiotics is associated with increased risk of AMR (Llor & Bjerrum, 2014). It is important to note that excessive us of antimicrobials is not the only cause of AMR but there are other socio-economic and patient factors that contribute to AMR. Schröder et al (2016) identified that women are 27% more likely to have an antibiotic prescribed for them thereby linked to increased risk of AMR related to overuse of antimicrobials (Schröder et al., 2016). World Health Organisation recognises women to be at more risk of AMR due to both biological and social factors (World Health Organization, 2022). Healthcare is considered as female dominant profession which leads to increased exposure to infection consequently more antibiotic use.  
Chi-squared test was run to see if there is a relationship between “risk of resistance” and gender. Since the data set was small it and p value was greater than the significance level (α) a relationship between these two variables could not be concluded. Size of the data set could be the limiting factor in this matter. Moreover, it is unclear how did the data set identified “risk of resistance”.  For example if treatment failure was used to determine risk of resistance or if it was related to patient’s age. If the categorical data listing risk of resistant as “yes” or “no” cannot be explained then it is difficult to establish a relationship even if it was statistically present.   

Risk of resistance is independent of use of appropriate antibiotics: As discussed above inappropriate and overuse of antibiotics directly contributes to risk of resistance. Since the data set categorically indicates presence or absence of risk of resistance and appropriate use of antibiotics, it is prudent to attempt identifying a relationship between these variables. Due to the limitations discussed above including,  
a. Limited data set 
b. Lack of information how “risk of resistance” was categorised 
c. How “appropriateness” of antibiotic was established  
No statistical correlation could be established between these two variables.  
[bookmark: _Toc166407167]Conclusion:  
Antimicrobial resistance is a growing phenomenon and is currently recognised as a healthcare crisis (Michael et al., 2014). It is not only a threat to public health but also has a huge economic impact. Centre of Disease Control (USA) estimated that over 2 million infections are caused due to AMR out of which 23,000 result into deaths (Dadgostar, 2019). A review of AMR in the UK estimated global death to increase to 10 million death per year by 2050. Although, extrapolation of current data may not be accurate, importance of a coordinated global action is paramount (Murray, 2022).  Raising awareness on AMR and education public as well as healthcare professionals is an important part of battling AMR. To educate others, we must first understand patterns and risk factors of AMR within our communities.  
UTI is one of the most common healthcare associated infection affecting both patients and healthcare staff. A secondary data set on UTI infections within DGHs in CTM UHB was used to perform statistical evaluation which may help identify pattern or association between patient and disease factors. Outcome of this evaluation may directly contribute to UTI management policies with CTMUHB.  
Based on the existing information in the literate, 5 hypotheses were proposed on possible correlation between patient and disease factors as well as risk of resistance and appropriateness of antibiotic choice. The hypotheses tested included relationship between gender and UTI prevalence, catheter and likelihood of UTI infection, correlation between diagnostic test and use of appropriate antibiotic, risk of resistance and gender and, risk of resistance to appropriate antibiotic prescribing. Statistically no correlation was established between these variables.  Which could be due to number of factors such as data size, local population difference to global variation as well as the fact that data distribution was not normal. 

[bookmark: _Toc166407168]Limitations: The study was done on secondary set of data therefore some aspects of categorical data such as “risk of resistance” and “appropriate us of antibiotic” could not be explained without further insight into the data. This has been discussed in more detail within “discussion”.  
The data set also related to patients who were admitted to the hospital for acute care, their associated history of acute illness may have had an impact on the infection being studies i.e. UTI.  
The data set did not follow a normal distribution; gender, age, site (relevant DGH) distribution was not normal in the data set.  
Small sample size was a significant limitation of this study. Small sample size will affect “effect size” and “error rate” both of which can lead to false positive/negative premise i.e. Type I and Type II errors. The sample size or the power of the study is related to the “effect size” of the study (Serdar et al., 2021). Effect size explains how well independent variable related to dependent variable. Very small samples compromise the internal and external validity of a study (Faber & Fonseca, 2014).   
Chi-squared test is sensitive to sample size and needs an adequately large sample size since it is based on an approximation approach (Kim, 2017). 
For a significant Pearson correlation at a 0.05 level of significance, a power of 0.80, and a medium effect size, sample size of 62 is too small and could have affected the results.  
May, J., & Looney, S.W. (2020)., explains that Kendall Tau-b is robust test for testing correlation when data has non-normal distribution or have outliers although the variables need to have strong relationship.   
All three DHG are more than 500 beds and UTI being one of the most common healthcare associated infection and the data set was only for 62 patients over a 3 month period. The reason for a small data set is unclear.  
[bookmark: _GoBack]It is also not clear who the data was collected by. Since only patients from DGH within CTM UHB with UTI were included in the data set, purposive sampling technique was used (Suresh et al., 2011). However, it is it is unclear if data was collected was voluntary reporting, online survey, observation or any other.  
Due to the nature of the data only correlation tests were performed. In the absence of numerical data or mean values tests like T test could not be performed as not appropriate for the type of data within the data set.  

[bookmark: _Toc166407169]Declaration of Interest: 
The author is employee of CTM UHB. No funding was received to perform this study.  
 



[bookmark: _Toc166407170]References:  
· Andrade, C. (2020). Sample size and its importance in research. Indian Journal of Psychological Medicine, 42(1), 102–103. NCBI. https://doi.org/10.4103/IJPSYM.IJPSYM_504_19 
	· Czajkowski, K., Broś-Konopielko, M., & Teliga-Czajkowska, J. (2021). Urinary tract infection in women. Menopausal Review, 20(1), 40–47. https://doi.org/10.5114/pm.2021.105382   
· Elfil, M., & Negida, A. (2017). Sampling Methods in Clinical research; an Educational Review. Emergency (Tehran, Iran), 5(1). ncbi. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5325924/  

	· ‌ Ferrante di Ruffano, L., Hyde, C. J., McCaffery, K. J., Bossuyt, P. M. M., & Deeks, J. J. (2012). Assessing the value of diagnostic tests: a framework for designing and evaluating trials. BMJ, 344(feb21 1), e686–e686. https://doi.org/10.1136/bmj.e686   

	· ‌ Hassan, M. (2024, March 25). Research Methods - Types, Examples and Guide. Research Method. https://researchmethod.net/researchmethods/#:~:text=Quantitative%20research%20methods%20are%20used%20to%20collect%20and   

	· ‌ Llor, C., & Bjerrum, L. (2014). Antimicrobial resistance: risk associated with antibiotic overuse and initiatives to reduce the problem. Therapeutic Advances in Drug Safety, 5(6), 229–241. https://doi.org/10.1177/2042098614554919   

	· ‌ Martins, F. S., Cunha, J. A. C. da, & Serra, F. A. R. (2018). Secondary Data in Research – Uses and Opportunities. Revista Ibero-Americana de Estratégia, 17(04), 01–04. Researchgate. https://doi.org/10.5585/ijsm.v17i4.2723   

	· ‌ Martins, F. S., Cunha, J. A. C. da, & Serra, F. A. R. (2018). Secondary Data in Research – Uses and Opportunities. Revista Ibero-Americana de Estratégia, 17(04), 01–04. Researchgate. https://doi.org/10.5585/ijsm.v17i4.2723   

· Murray, C. J. (2022). Global Burden of Bacterial Antimicrobial Resistance in 2019: A Systematic Analysis. The Lancet, 399(10325), 629–655. https://doi.org/10.1016/S0140-6736(21)02724-0 

	· ‌ Sheng, T., Mayar Al Mohajer, Newton, J. A., Wilson, M. H., Monsees, E., Hayden, M. K., Messacar, K., Kisgen, J. J., Diekema, D. J., Morgan, D. J., Sifri, C. D., & Vaughn, V. M. (2023). Improving antimicrobial use through better diagnosis: The relationship between diagnostic stewardship and antimicrobial stewardship. Infection Control and Hospital Epidemiology, 44(12), 1901–1908. https://doi.org/10.1017/ice.2023.156   

	· ‌ Wolfe, A. J., & Brubaker, L. (2015). “Sterile Urine” and the Presence of Bacteria. European Urology, 68(2), 173–174. https://doi.org/10.1016/j.eururo.2015.02.041   

	· “Swann song” for routine antibiotic use, 50 years on? (n.d.). Retrieved May 10, 2024, from https://www.saveourantibiotics.org/media/1808/swann-song-for-routine-antibiotic-use.pdf  

	· Butcher, N., & Baxi, D. (2023, December). URINARY TRACT INFECTIONS Quick Reference Guide for the Diagnosis of UTI in Adults in Primary Care [Review of URINARY TRACT INFECTIONS Quick Reference Guide for the Diagnosis of UTI in Adults in Primary Care]. https://www.nottsapc.nhs.uk/media/vpbmirrm/diagnosis-of-uti-quick-reference.pdf   

	· Dadgostar, P. (2019). Antimicrobial Resistance: Implications and Costs. Infection and Drug Resistance, 12(12), 3903–3910. https://doi.org/10.2147/idr.s234610   

	· Davies, J., & Davies, D. (2010). Origins and Evolution of Antibiotic Resistance. Microbiology and Molecular Biology Reviews, 74(3), 417–433.)  

	· Drexler, M. (2010). How Infection Works. National Library of Medicine; National Academies Press (US). https://www.ncbi.nlm.nih.gov/books/NBK209710/  
· Faber, J., & Fonseca, L. M. (2014). How sample size influences research outcomes. Dental Press Journal of Orthodontics, 19(4), 27–29. NCBI. https://doi.org/10.1590/2176-9451.19.4.027-029.ebo 

	· Godwin, A., Benedict, B., Rohde, J., Thielmeyer, A., Perkins, H., Major, J., Clements, H., & Chen, Z. (2021). New Epistemological Perspectives on Quantitative Methods: An Example Using Topological Data Analysis. Studies in Engineering Education, 2(1), 16. https://doi.org/10.21061/see.18   

	· Healthcare-associated infections | Topic | NICE. (n.d.). Www.nice.org.uk. https://www.nice.org.uk/guidance/conditions-and-diseases/infections/healthcareassociated-infections   

	· HM Government. (2019). Tackling antimicrobial resistance. https://assets.publishing.service.gov.uk/media/6261392d8fa8f523bf22ab9e/UK_AMR_5_year_national_action_plan.pdf  
· Kim, H.-Y. (2017). Statistical notes for clinical researchers: Chi-squared test and Fisher’s exact test. Restorative Dentistry & Endodontics, 42(2), 152. https://doi.org/10.5395/rde.2017.42.2.152 

	· Loveday, H. P., Wilson, J. A., Pratt, R. J., Golsorkhi, M., Tingle, A., Bak, A., Browne, J., Prieto, J., & Wilcox, M. (2014). National Evidence-Based Guidelines for Preventing Healthcare-Associated Infections in NHS Hospitals in England. Journal of Hospital Infection, 86(1), S1–S70. https://doi.org/10.1016/S0195-6701(13)60012-2   
· May, J., & Looney, S.W. (2020). Sample Size Charts for Spearman and Kendall Coefficients. Journal of biometrics & biostatistics, 11, 1-7. 

	· Michael, C. A., Dominey-Howes, D., & Labbate, M. (2014). The Antimicrobial Resistance Crisis: Causes, Consequences, and Management. Frontiers in Public Health, 2(145). https://doi.org/10.3389/fpubh.2014.00145   

	· Morgan, J. (2021). Diagnosing UTI in the over 65s [Review of Diagnosing UTI in the over 65s]. GP information leaflet for the Prescribing of Lacosamide in Epilepsy (hey.nhs.uk)   

	· Murray, C. J. (2022). Global Burden of Bacterial Antimicrobial Resistance in 2019: A Systematic Analysis. The Lancet, 399(10325), 629–655. https://doi.org/10.1016/S0140-6736(21)02724-0   

	· NHS. (2023). NHS England» Antimicrobial Resistance (AMR). Www.england.nhs.uk. https://www.england.nhs.uk/ourwork/prevention/antimicrobial-resistance-amr/  

	· NICE. (2023). CKS is only available in the UK. NICE. https://cks.nice.org.uk/topics/urinary-tract-infection-lower-men/   

	· Patel, S. (2015, July 15). The research paradigm – methodology, epistemology and ontology – explained in simple language. Salma Patel. https://salmapatel.co.uk/academia/the-research-paradigm-methodology-epistemology-and-ontology-explained-in-simple-language/   

	· Pelczar, R. M., & Pelczar, M. J. (2018). microbiology | Definition, History, & Microorganisms. In Encyclopædia Britannica. https://www.britannica.com/science/microbiology  

	· Podolsky, S. H. (2018). The evolving response to antibiotic resistance (1945–2018). Palgrave Communications, 4(1). https://doi.org/10.1057/s41599-018-0181-x  

	· Point prevalence survey of healthcare- associated infections and antimicrobial use in European acute- care hospitals Codebook v1.0. (2016). https://assets.publishing.service.gov.uk/media/5c4f26a1e5274a491a413823/ECDC_PHE_HAI_AU_PPS_2016_single_codebook.pdf  

	· Public Health England. (2015, December 10). Health matters: antimicrobial resistance. GOV.UK. https://www.gov.uk/government/publications/health-matters-antimicrobial-resistance/health-matters-antimicrobial-resistance  

	· Salari, N., Karami, M. M., Bokaee, S., Chaleshgar, M., Shohaimi, S., Akbari, H., & Mohammadi, M. (2022). The prevalence of urinary tract infections in type 2 diabetic patients: a systematic review and meta-analysis. European Journal of Medical Research, 27(1). https://doi.org/10.1186/s40001-022-00644-9   

	· Schröder, W., Sommer, H., Gladstone, B. P., Foschi, F., Hellman, J., Evengard, B., & Tacconelli, E. (2016). Gender differences in antibiotic prescribing in the community: a systematic review and meta-analysis. Journal of Antimicrobial Chemotherapy, 71(7), 1800–1806. https://doi.org/10.1093/jac/dkw054   
· Serdar, C. C., Cihan, M., Yücel, D., & Serdar, M. A. (2021). Sample size, Power and Effect Size revisited: Simplified and Practical Approaches in pre-clinical, Clinical and Laboratory Studies. Biochemia Medica, 31(1), 27–53. https://doi.org/10.11613/bm.2021.010502 

	· Simati, B., Kriegsman, W., & Safranek, S. (2013). Dipstick Urinalysis for the Diagnosis of Acute UTI. American Family Physician, 87(10), online–online. https://www.aafp.org/pubs/afp/issues/2013/0515/od2.html   

	· stewardship noun - Definition, pictures, pronunciation and usage notes | Oxford Advanced Learner’s Dictionary at OxfordLearnersDictionaries.com. (2023). Oxfordlearnersdictionaries.com. https://www.oxfordlearnersdictionaries.com/definition/english/stewardship   

	· Suresh, G., Suresh, K., & Thomas, S. (2011). Design, data analysis and sampling techniques for clinical research. Annals of Indian Academy of Neurology, 14(4), 287. https://doi.org/10.4103/0972-2327.91951   

	· Tang, J. (2017). Microbiome in the urinary system—a review. AIMS Microbiology, 3(2), 143–154. https://doi.org/10.3934/microbiol.2017.2.143  

	· Werneburg, G. T. (2022). Catheter-Associated Urinary Tract Infections: Current Challenges and Future Prospects. Research and Reports in Urology, 14(14), 109–133. https://doi.org/10.2147/rru.s273663   

	· World Health Organization. (2022). The fight against Antimicrobial Resistance requires a focus on gender [Review of The fight against Antimicrobial Resistance requires a focus on gender]. https://iris.who.int/bitstream/handle/10665/352456/WHO-EURO-2021-3896-43655-61363-eng.pdf   


 
 
 
 
‌ 
 
‌ 
 
 
 
 
 
‌ 
 
‌

[bookmark: _Toc166407171]Appendix 1:  
 
[image: C:\Users\Ra177043\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\EFAB45DD.tmp]
 
 


Female	Lower UTI	Urosepsis	Pyelonephritis	11	3	5	Male	Lower UTI	Urosepsis	Pyelonephritis	33	5	5	



19 | Page

image1.jpeg




image2.jpeg
Antibiotic class

Antibiotic discovery @ revcns (@ macroues @ carearenems
and resistance timeline @ TeTracveunes () FLUORoquINOLONES
identified

Date of
discovery

Year | CLEEEE Y TR TR EE Y LR LT EEER T EERRTE T R BT T
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Date of
resistance

30 years
since a new class
of antibiotics was
last introduced




image3.png
Proportion of antibiotic resistance

Proportion of multi-resistant microorganisms (%)
in invasive isolates {anresis.ch)

2%
BQRE i
0 A g ! ket
ot gecm
\v4 \/ ot
-—
y BGe
o f
10% 3
@2/‘ e
QWO i s et
pensic
5% ww
Ve

Sz

0%
o T [ [ e
005 2007 009 01 2003 2005 007 019 2021 2023 .",‘Amm,,,mm
oci





image4.png
R R

Female

Male





image5.png
10000

2000

5000

oo [
oo [
o /

147 1013161922 2528 3134 37 40 43 46 49 52 55 58 61





image6.png
8

Count of Diagnosis

HBRE®SE

Lowerun

Pyeonephits

Urosepsis





image7.png
oBEBB8EY

Count of Catheter

No

Yes





image8.png
c5B8888

Count of Blood Culture

No Yes





image9.png
Blood Culture ~ Count of Blood Culture
No 49
Yes 13




image10.png
Urine Sample - Count of Urine Sample
No 1
Yes 43




image11.png
B8 &8

Count of Urine Sample

No Yes





image12.png
Chart Title

LoweruTy rel5E i

- -
Pyeonephrits




image13.png
Cases

Valid Missing Total
N percemt N Percent N Percent
Sex * Risk of Resistance 62 100.0% [ 0.0% 62 100.0%
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Sex Female Count 9 13 22
Expected Count 9.9 12.1 22.0
Male Count 19 21 40
Expected Count 18.1 219 40.0
Total Count 28 34 62
Expected Count 28.0 34.0 62.0
Chi-Square Tests
Asymprotic
Significance Exact Sig. (2-  Exact Sig. (1-
Value df (2-sided) sided) sided)
Pearson Chi-Square .249° 1 618
Continuty Correction® 054 1 816
Likelihood Ratio 250 1 617
Fisher's Exact Test 790 409
N of Valid Cases 62

2.0 cells (.0%) have expected count less than 5. The minimum expected count is 9.94.

b. Computed only for a 2x2 table

Symmetric Measures

Approximate

Value  Significance
Nominal by Nominal _Phi -.063 618
Cramer's V. .063 618
N of Valid Cases 62
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