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[bookmark: _Toc229082757]CHAPTER 1: INTRODUCTION AND BACKGROUND

[bookmark: _Toc229082758]1.1 Introduction to the topic
Gonorrhoea is an infection which is common and is caused by the bacterium Neisseria gonorrhoeae (Mahapure et al. 2023). It is also a significant public health concern as it can spread quickly, is mostly asymptomatic, and may cause severe complications in the case of no timely diagnosis and treatment. These complications are pelvic inflammatory disease, infertility, ectopic pregnancy and high risks of contracting HIV. One of the greatest worries of the past few decades has been the gradual development of the organism as a source of resistance to antimicrobial agents previously used to treat it (Unemo and Shafer, 2014; Aitolo et al. 2021). Consequently, gonorrhoea has risen to be one of the most obvious manifestations of the broader global antimicrobial resistance crisis.
This dissertation will concentrate on antimicrobial resistance in gonorrhoea in the UK and specifically the applicability of this problem among young adults. The review does not merely focus on the issues of resistance, but also the way the trends of resistance, surveillance mechanisms, outbreaks, and treatment failures influence the control of gonorrhoea in the UK. The literature has reported decreased susceptibility to major antibiotics, the development of multidrug-resistant strains and the ongoing threat of treatment failure (Chisholm et al. 2011; Eyre et al. 2018; Day et al. 2022). This paper thus aims to summarise the evidence available and analyse its role in the comprehension of gonococcal antimicrobial resistance as a modern-day public health issue.

[bookmark: _Toc229082759]1.2 Background and Current Context
Gonorrhoea is a major sexually transmitted infection of continuing public health concern because of its high transmissibility, frequent asymptomatic presentation, and potential to cause serious reproductive and sexual health complications when diagnosis or treatment is delayed. These complications include pelvic inflammatory disease, infertility, ectopic pregnancy and an increased risk of HIV transmission (Unemo et al. 2020; Mahapure et al. 2023). Within the United Kingdom context, the burden of infection is especially important in younger populations. The most detailed routine surveillance data are reported for England by the UK Health Security Agency and show that 71,802 gonorrhoea diagnoses were recorded in 2024, compared with 85,370 in 2023 (UK Health Security Agency, 2025a; UK Health Security Agency, 2025b). Although this represented a decline from the previous year, STI diagnosis rates continued to be highest among young people aged 15 to 24 years (UK Health Security Agency, 2025b). UKHSA also reported that the largest reduction in gonorrhoea diagnoses between 2023 and 2024 occurred in this same age group, with a 36% fall, indicating that young adults remain a key epidemiological group even where short-term improvements are observed (UK Health Security Agency, 2025a). Earlier surveillance further showed that gonorrhoea diagnoses in England increased from 31,177 in 2013 to 82,592 in 2022, with cases among 15 to 24-year-olds nearly doubling over that period (UK Health Security Agency, 2025c). Taken together, these data show that gonorrhoea remains highly relevant to young adults and that this age group should be central to discussions of prevention, surveillance and antimicrobial resistance (UK Health Security Agency, 2025a; UK Health Security Agency, 2025b; UK Health Security Agency, 2025c).
[image: ]
Figure 1: Illustration of Gonorrhoea (Neisseria gonorrhoeae)
Gonorrhoea has always been known as a significant sexually transmitted disease, but due to the ability of Neisseria gonorrhoeae to survive pressure well to antibiotics, its importance has grown. The organism has, over time, developed resistance to sulfonamides, penicillins, tetracyclines and fluoroquinolones (Fifer and Johnson, 2025), and more recently, some concern has been attributed to decreased susceptibility to extended-spectrum cephalosporins and azithromycin, which have been predominant in treatment regimens in various settings (Unemo and Shafer, 2014). This trend indicates that gonococcal resistance is not a new phenomenon but a dynamic process that is influenced by antimicrobials, the dynamics of mutation and transmission. Aitolo et al. (2021) refer to such a development as a transition between treatable resistance to the scenario where treatment choices are becoming increasingly inadequate.
Gonococcal antimicrobial resistance has a critical public health implication because effective treatment and control of infection have a close relationship (Merrick et al. 2022). The treatment of gonorrhoea can be effective with only one regimen, and so it is necessary to diagnose and treat it quickly to prevent complications and decrease onward transmission (Unemo et al. 2020). Infected people will be able to be a longer-lasting carrier of the infection and can become a source of further contagion and bigger epidemics once treatment becomes less effective. Resistance thus has an impact not just on the individual patient but also on the entire sexual health system, such as testing services, partner notification and public health surveillance (Ison and Alexander, 2011; Merrick et al. 2022). By doing so, gonococcal AMR is not only a microbiological issue but also a broader systems-wide concern.
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Figure 2: Timeline of Antimicrobial Resistance Evolution in Gonorrhoea
Gonorrhoea is a significant issue in sexual health services in the United Kingdom. Surveillance data studies on England and Wales have found that gonorrhoea is demographically, behaviourally and clinically patterned, and therefore, it is strongly associated with social and sexual networks (Delpech et al. 2009). Delpech et al. (2009) showed that the cases of gonorrhoea in England and Wales could not be treated as discrete clinical events, but rather they were components of broader epidemiological trends applicable to specific public health interventions. This is significant since it puts gonorrhoea in a wider context of public health and not as a purely personal health concern.
In the UK, surveillance has been at the centre of comprehending gonococcal AMR. Hughes, Nichols and Ison (2011) demonstrated the usefulness of estimating the prevalence of resistance using data on surveillance, whilst Ison and Alexander (2011) argued for the use of surveillance in tracking trends and shaping treatment policy. Similarly, Medland et al. (2022) note that surveillance systems are essential in tracking gonococcal resistance since the resistant strains might spread easily among individuals and even across countries. The UK is thus a part of a larger global surveillance problem, yet is also distinct due to its well-established monitoring frameworks.
The Gonococcal Resistance to Antimicrobials Surveillance Programme has been one of the most significant surveillance measures in the UK (Merrick et al. 2022). The programme has yielded evidence of resistance trends, demographic trends and susceptibility patterns over time, which have assisted researchers and other public health authorities to understand the emerging threats and to revise their treatment guidance if it is required (Delpech et al. 2009; Hughes, Nichols and Ison, 2011). Whittles et al. (2018) also demonstrate that UK surveillance data were useful in establishing epidemiological patterns in antibiotic-resistant gonorrhoea and in gaining insight into the development of resistance on a national level. They find that resistance in the UK is not only associated with microbiological change but also with prescribing practice, testing trends and sexual network forms (Merrick et al. 2022).
Palmer, Leeming and Turner (2001) reported an outbreak of ciprofloxacin-resistant Neisseria gonorrhoeae, and this is the initial evidence that resistant strains might be distributed in domestic transmission networks. Subsequently, Chisholm et al. (2011) reported the development of a clone that was less susceptible to cefixime in England and Wales. This was of great concern since cefixime had now become a valuable treatment option due to the earlier drugs becoming ineffective (Ajmal et al. 2023). These studies taken collectively demonstrate a change in attitude toward older agents being resisted due to fear of the last-line treatments being eroded.
The issue was escalated when cases of gonorrhoea that were resistant to multiple drugs started to emerge, and cases of treatment failure were reported. The findings by Clifton et al. (2017), based on the data that was collected in England and Wales from 2004 to 2015, revealed that the issue of multidrug-resistant N. gonorrhoeae was still a significant public issue. Their research revealed that resistance was not specific to any single drug or a short-lasting period but was a long-term issue that depended on demographic and behavioural variables. Similarly, Ison et al. (2011) found gonorrhoea treatment failures to cefixime and azithromycin in England, indicating that diminished susceptibility might be directly linked to treatment failure. 
Evidence of outbreaks has also indicated that resistant gonorrhoea may have a long-lasting nature. Smolarchuk et al. (2018) have reported the ongoing outbreak of gonorrhoea with high-level azithromycin resistance in England in 2014-2018, indicating that resistant strains may become ingrained in sex networks, especially among men of the same sex. To this, Merrick et al. (2022) outline how resistant gonorrhoea has necessitated a concerted national public health effort in England, such as increased surveillance, interlaboratory and interagency communication, and outbreak investigation.
This resistance landscape has also been responding to clinical management. Fifer et al. (2019) summarise the UK national guideline on the management of the infection with Neisseria gonorrhoeae that occurred in 2018, indicating that the current treatment recommendations should be based on the evidence of resistance. This underscores the fact that there is a close association between surveillance, research and clinical practice. Even though much of the literature in the UK is dedicated to a wider population of clinics, rather than a small age group, among young adults. These studies can also be generalised to the younger adults in the broader epidemiological setting of gonorrhoea in the UK (Delpech et al. 2009; Whittles et al. 2018). 
[bookmark: _Toc229082760]1.3 Rationale for Research or Problem Statement
The topic has been selected because antimicrobial resistance in gonorrhoea is an ever-growing acute problem in sexual health and public health practice. Gonorrhoea is no longer a common bacterial STD that can be treated through routine procedures; it has now become an infection with a growing complexity of multidrug resistance, decreased susceptibility, and resistance to treatment (Unemo and Shafer, 2014; Aitolo et al. 2021). The UK research has revealed the development of cefixime-reduced susceptibility, ongoing outbreaks of azithromycin resistance, multidrug-resistant strains and ceftriaxone-resistant cases, which means that the issue is well-established in the national setting (Chisholm et al. 2011; Smolarchuk et al. 2018).
This study aims to generalise existing evidence in the UK and assess the insights into AMR in gonococcal infections and their implications for young adults. The study is limited to a systematic literature review of evidence from the UK. One of the major weaknesses is that not many studies specifically aim to cover the ages of 18-21, and thus, the review will encompass the wider UK studies in which the results can be applied to the younger age group. This limit is required to ensure realistic evidence-based results and to retain the public health relevance of the subject.
[bookmark: _Toc229082761]
1.4 Research Question
“What is known from UK-based literature about antimicrobial resistance in gonorrhoea, and what are the implications for young adults?”

[bookmark: _Toc229082762]1.5 Research Aim
To systematically review UK evidence on gonococcal antimicrobial resistance and its relevance to young adults.
[bookmark: _Toc229082763]1.6 Research Objectives
1. To identify UK studies on antimicrobial resistance in gonorrhoea.
2. To examine resistance trends, treatment failure and outbreak patterns.
3. To assess the relevance of UK evidence to young adults.
4. To identify implications for public health practice and future research.

[bookmark: _Toc229082764]1.7 Chapter Summary
The chapter has also presented gonorrhoea as one of the key sexual health issues and the reasons why antimicrobial resistance has complicated the issue. It has described the history of gonococcal resistance, in the UK surveillance situation, the rise of resistant strains and the importance of treatment failure and the persistence of outbreaks. The following chapter has a more detailed review of the broader academic literature and outlines the central themes, controversies and gaps that guide this research.



[bookmark: _Toc229082765]CHAPTER 2: LITERATURE REVIEW

[bookmark: _Toc229082766]2.1 Introduction to Literature Review Chapter
This chapter is a review of the scholarly articles about antimicrobial resistance in Neisseria gonorrhoeae with specific reference to the United Kingdom. It discusses the evolution of gonococcal resistance, the importance of surveillance to detect trends in resistance, the rise of multidrug-resistant strains and treatment failure, and the consequences of these changes on the policy of health care and clinical practice. The chapter also assesses the strengths and weaknesses of the available literature and gaps that are applicable to young adults. This chapter provides the rationale of the current systematic literature review by critically synthesising the evidence available, as well as gives the conceptual basis of the methodology that will be discussed in Chapter 3.

[bookmark: _Toc229082767]2.2 Literature Review
The issue of antimicrobial resistance in Neisseria gonorrhoeae has become one of the most popular topics of sexual health literature. There is a clear development in the literature of the initial fear of resistance to older antibiotics towards more recent concern over the decreasing susceptibility to the remaining effective treatment options. These general contexts have been assisted by broad review studies, especially in setting up those contexts. One of the most impactful histories of the gonococcal resistance is given by Unemo and Shafer (2014), who show that the organism has been acquiring resistance to all the major classes of antibiotics against it. Equally, Aitolo et al. (2021) use the same reasoning to understand resistance, dating back to times of relative therapeutic confidence to the current situation, where treatment options are becoming more limited. The importance of these studies is that they demonstrate that gonococcal AMR is not a single or a transient phenomenon, but an evolutionary process (Baquero et al. 2021). Nevertheless, their wider global focus implies that they fail to elucidate in detail how resistance is experienced in the UK context, or the implications of the same to groups of people, for example, the young adult population.
The central role of surveillance in gonococcal resistance management and understanding is one of the themes of the UK literature. A large percentage of the research base is comprised of surveillance-based studies and indicates that the discipline is heavily influenced by laboratory and epidemiological surveillance as opposed to experimental or interventional studies. Delpech et al. (2009) evaluated the information provided by the Gonococcal Resistance to Antimicrobials Surveillance Programme in England and Wales and demonstrated that gonorrhoea is affected by demographic, behavioural and clinical factors. The significance of this study is that it puts gonorrhoea in a social and epidemiological framework, and not a mere clinical infection. Hughes, Nichols and Ison, (2011) also reveal the significance of surveillance by estimating the prevalence of resistance in England and Wales and how monitoring systems can aid the national policy on treatment. This argument is supported by Ison and Alexander (2011), who elaborate on how surveillance in the UK is key to the identification of new resistance and management reduction changes.
The main advantage of this literature on surveillance is that it gives a population level insight, and the patterns of resistance can be followed over time. It is especially useful in gonorrhoea, where the treatment policy needs to react swiftly to susceptibility dynamics. In a global systematic review, Medland et al. (2022) emphasise the significance of gonococcal AMR surveillance systems in general, as timely and quality surveillance is essential since resistant strains can rapidly disseminate among populations and national boundaries. Even though Medland et al. (2022) is not UK-specific, the conclusions made by the authors can be used to substantiate the relevance of the surveillance findings of the studies carried out in the UK. However, there are limitations in terms of surveillance literature, too. It is also prone to relying greatly on the regular data collection and laboratory reporting, which is not always able to reflect the complexity of patient behaviour, adherence, reinfection and access to services (Aliabadi, Sheikhtaheri and Ansari, 2020). It is also inclined to focus more on detection and monitoring rather than on a more in-depth explanation of why some groups might be more impacted than others.
The development of resistance to certain antibiotics is another key theme in the literature. Resistance to ciprofloxacin was seen in an early UK study. A study conducted by Palmer, Leeming and Turner, (2001) on an outbreak of ciprofloxacin-resistant Neisseria gonorrhoeae shows that the resistant strains may be transmitted locally in the UK through a network. This paper is significant as it demonstrates that resistance was not only imported outside of the country, but it might also be established and spread inside the country. Its design, which is an outbreak design, provides in-depth information on the transmission. Although being a relatively early and localised study, its results should be generalised nationwide with limitations.
Then there is the shift in literature from concern about older antibiotics to the concern about low susceptibility to cephalosporins. Chisholm et al. (2011) reported the appearance of a clone with a reduced susceptibility to cefixime in England and Wales, which is a significant milestone in the UK literature. This research is of particular importance since cefixime was a part of a group of antibiotics that were gaining strength as older antibiotics became less effective. Chisholm et al. (2011) thus can be seen as a significant shift in the literature, which indicates that resistance was threatening not only the historical treatment options but also what could be deemed as the basic ones in present practice. The weakness of this study is that although it is very useful in determining the clone and its resistance pattern, it is more oriented towards laboratory and surveillance data as compared to the overall patient experience and health service implications.
Another theme that is powerful in the literature is the development of multidrug resistance. The research by Clifton et al. (2017) is one of the most significant studies on this topic in the UK because it analyses multidrug-resistant N. gonorrhoeae in England and Wales during 2004-15. Their analysis reveals that multidrug resistance was not a singular phenomenon but a long-standing issue of public health over a long period of time. Notably, Clifton et al. (2017) go beyond the scope of descriptive microbiology and consider the aspects related to multidrug-resistant infection, thus connecting resistance to the broader trends in epidemiology and behaviour. This renders the study specifically useful to public health analysis. Nevertheless, the research, like most surveillance studies, continues to be based on regularly gathered data and incapable of completely detailing the social processes behind it, service barriers or personal experiences.
Treatment failure constitutes another important strand in the literature since it reveals the clinical ramifications of resistance. The direct evidence of reduced susceptibility being converted into failure in treatment was reported in Ison et al. (2011), which reported England with gonorrhoea treatment failures due to cefixime and azithromycin. The significance of this study is that failure of treatment is not only harmful to the individual patient but also to control the transmission since the infection may persist. Eyre et al. (2018) reinforce this theme with a treatment failure due to a strain with both ceftriaxone resistance and high-level azithromycin resistance in England. This situation has been in the spotlight of discussion since ceftriaxone is one of the few treatment agents left, and thus, resistance to it is a very severe threat indeed. Such works are strong as they demonstrate that AMR is not just a theory; it has already brought clinically significant cases in the UK. Simultaneously, case reports and small case series are incapable of informing about the prevalence of treatment failure in larger populations. They have more value in depicting seriousness and an impending threat than representative epidemiological estimates.
Outbreak persistence and transmission dynamics are also important issues in the literature. Research by Smolarchuk et al. (2018) revealed the continuation of an outbreak of gonorrhoea with high-level resistance to azithromycin in England during 2014-2018. This research is most valuable as it shows that resistant strains could persist in sexual networks for multiple years and not manifest only in the form of temporary or individual cases. The fact that such outbreaks continue to persist is a burden to health services, and long-term intervention is necessary (Lee et al. 2020). However, outbreak studies can be context-specific, i.e., the results of such studies might not necessarily be applicable in all settings. Although they have this shortcoming, they are very useful in demonstrating the behaviour of resistance in actual transmission situations (Lee et al. 2020).
The threat has not subsided as shown by more recent studies. In the United Kingdom, Day et al. (2022) have reported a case of 10 ceftriaxone-resistant cases of N. gonorrhoeae in the period between December 2021 and June 2022. This research is of paramount importance in the sense that it demonstrates that the issue of resistance to ceftriaxone is not only active but also immediate. The fact that several cases are being reported within a limited time span shows that resistance is not only being developed, but it also needs to be monitored swiftly, and respondents need to be coordinated. Merrick et al. (2022) add to this evidence by looking at the national efforts to respond to antimicrobial-resistant gonorrhoea in England, 2013-2020. Their research expands the debate by demonstrating that AMR in gonorrhoea needs more than laboratory identification; it also needs coordination of the public health, agency-to-agency communication, case investigation and response planning. This adds a significant systems view to the literature. One of the drawbacks, though, is that the style of writing about the response to the health security of the population may be less patient-centred or focused on lived experiences, and more policy-oriented and system-centred.
There is also a strong clinical and policy implication that comes forth in the literature. The 2018 UK national guideline on the management of Neisseria gonorrhoeae infection by Fifer et al. (2019) shows how the recommendations on the treatment should be revised according to the surveillance data. This literature, based on guidelines, is crucial since it links the research foundation with practice. It demonstrates that gonococcal AMR is not only a scientific issue, but it has direct consequences on the diagnosis, prescribing decisions and service delivery. Guidelines themselves are, however, not a primary piece of evidence as they rely on the previous surveillance and research. They are not, therefore, of the same nature as primary studies, but rather more of an interpretive and policy-based value in terms of their value in the literature review.
The article by Whittles et al. (2018) offers a very convenient connection between surveillance information and a larger epidemiological context. Their analysis of antibiotic-resistant gonorrhoea in the UK indicates that trends in resistance are influenced by more than just evolution in the bacteria, but also the trends in treatment use, sexual behaviour and population health policy. The wider analytical prism is useful in that it goes beyond mere description of resistance rates and starts to elucidate how resistance can grow and be maintained in a national context. In this regard, Whittles et al. (2018) reinforce the literature by stimulating a more coordinated view of AMR because of biological, behavioural and service-related determinants.
Although a lot of literature has been conducted in relation to gonococcal AMR, there are still some significant gaps. First, a significant portion of the research in the UK is surveillance-based and lab-based (Meckawy et al. 2022). Although this is necessary to track resistance, it implies that there is less information on patient-level experiences, adherence, pathways, and the overall social context of resistant infection. Second, there is a lot of research that is devoted to outbreaks, resistance patterns or national surveillance and does not directly refer to the consequences that young adults can have. Even though younger age groups are obviously relevant to the field of sexual health epidemiology, the literature seldom breaks down the age group of 18-21 years as a specific analytic group (Brown et al. 2021). Consequently, a disconnect exists between the populations that are most frequently hit by the STI burden and the resistance evidence commonly reported. Third, much of the literature is reactive and records developing resistance or treatment failure when it has already taken place, as opposed to taking proactive measures to investigate preventive measures, particularly in at-risk populations.
Another limitation is the uneven design of the literature. Strong surveillance studies, significant outbreak reports and useful reviews are available, but comparatively few qualitative or mixed-methods studies have been conducted to examine how resistant gonorrhoea is experienced by patients or managed in routine service settings (Traeger and Stoové, 2022). This methodological one-sided profile restricts knowledge of the social and behavioural aspects of the issue. It also implies that the existing evidence is strong in the description of epidemiology yet has less to say about the practical implications of the need to navigate sexual health services by younger adults.
Combined, the literature presents a clear picture that gonococcal antimicrobial resistance is a significant and rapidly changing public health concern in the UK. The analysed literature reveals the development of resistant clones, the emergence of multidrug-resistance, reported cases of treatment failure, the persistence of outbreaks and increasing interest in ceftriaxone resistance (Chisholm et al. 2011; Day et al. 2022). They also show how surveillance and response to the health of the population are vital in detecting and controlling resistance (Merrick et al. 2022). However, the literature is still deficient in its specific emphasis on young adults and broader experiential and service-level focus. This gap suggests a definite rationale behind the current review, as it aims at summarising UK evidence on gonococcal AMR as well as evaluating its implications in the context of younger populations (Merrick et al. 2022).

[bookmark: _Toc229082768]2.3 Chapter Summary
The chapter has discussed the most relevant literature on antimicrobial resistance in Neisseria gonorrhoeae with a particular focus on the evidence base in the UK. It has revealed that the literature is saturated in surveillance research, outbreak research, treatment failure reports and policy-driven research, which all attest that gonococcal resistance is a dynamic health issue of the community. Significant gaps in the review have also been noted, such as the narrow scope of attention towards young adults and the absence of a more qualitative understanding. These problems are reasons why a systematic review is necessary. The following chapter describes how the relevant studies were identified, selected and evaluated.



[bookmark: _Toc229082769]CHAPTER 3: METHODOLOGY

[bookmark: _Toc229082770]3.1 Introduction to Chapter
The methodological approach to the review question, which is answered in this chapter, is as follows: “What is known based on UK-based literature on antimicrobial resistance in gonorrhoea and what are the implications to young adults?” The systematic literature review (SLR) was chosen due to the need to have a transparent and reproducible approach to locating, screening, appraising and synthesising various evidence. The chapter outlined the design of the review, search strategy, search terms, databases, eligibility criteria, study selection process, ethical considerations and approach to synthesis. As the inclusion criteria included qualitative, quantitative and mixed methods studies, the methodology was developed to favour breadth over rigour, but with a very specific focus on UK evidence published in the last five years. 
Although older landmark studies were cited in Chapters 1 and 2 to provide historical and contextual background on the evolution of gonococcal antimicrobial resistance in the United Kingdom, the formal systematic review reported in this chapter was restricted to recent UK evidence published between 1 January 2021 and 31 December 2025. This distinction was made to ensure that the review synthesis reflected the most current evidence base while still acknowledging earlier studies that were important in shaping the historical development of resistance.

[bookmark: _Toc229082771]3.2 Systematic Literature Review (SLR)
A systematic literature review is a well-organised process of identifying, selecting, critically appraising and synthesising research evidence to answer a specific question in a manner as transparent and as unbiased as possible. In contrast to a standard narrative review, an SLR adheres to a specific protocol regarding search, selection and reporting, which enhances reproducibility and eliminates the possibility of evidence being selectively selected to justify a previous claim (Page et al. 2021; Higgins and Thomas, 2024). The rationale of employing an SLR in this research was not to simply summarise the literature on gonococcal antimicrobial resistance, but to question how current UK evidence reported the nature of resistance, treatment failure, outbreak trends and implications for young adults.
The review was conducted according to the principles of core SLR: a targeted question formulation, exploration of search concepts, database searching, elimination of duplicates, screening of titles and abstracts, full-text evaluation, quality appraisal and narrative synthesis. Reporting was structured using PRISMA 2020 since it is the primary reporting tool of systematic reviews and enhances the level of transparency in the study identification and selection (Page et al. 2021). Since the heterogeneity in methods was expected among surveillance studies, outbreak reports, observational analyses and qualitative studies, statistical pooling could not be taken into account; rather, structured narrative synthesis was the guiding principle of the review. 

[bookmark: _Toc229082772]3.3 Search Strategy
A search strategy is the designed and documented process where appropriate literature is identified by predetermined concepts, terms and combinations of subject headings and free-text keys. The search strategy is paramount in systematic reviewing since poor retrieval strategies may bias the evidence base before appraisal itself (Higgins and Thomas, 2024). A detailed search was attained in this study by integrating controlled vocabulary searching and text-word searching in five databases, and citation chaining of included papers.
Since the review was about epidemiology, resistance and public health relevance, as opposed to a single therapeutic comparison, a combined PICO/PEO logic was employed. PICO facilitated the quantitative part of the review by organising the population/problem, intervention or issue, context and outcomes, whereas PEO helped to capture qualitative and mixed methods evidence related to experiences, service implications and public health relevance. Such a mixed methodology was methodologically reasonable since PICO can enhance conceptual clarity, yet the exposure or phenomenon-based frameworks can also be utilised to retrieve qualitative evidence more effectively (Eriksen and Frandsen, 2018; Cooke, Smith and Booth, 2012; Methley et al. 2014). The database searches were conducted in February 2026 and were restricted to studies published between 1 January 2021 and 31 December 2025. Earlier UK studies identified as landmark papers were not included in the formal review dataset but were used in Chapters 1 and 2 to provide historical and epidemiological context for the development of gonococcal antimicrobial resistance.
[bookmark: _Toc229082773]
3.4 Search Terms
Search terms are the words, phrases, subject headings and synonyms that are employed to locate relevant studies in bibliographic databases. They are aimed at converting the research question into searchable concepts. Search terms play a vital role in SLRs since databases are not indexed consistently, and words used in one field and by different authors are not necessarily used to designate the same phenomenon. That is why an extensive search is based on a combination of controlled vocabulary and free-text synonyms and different spellings. Synonyms were of particular significance in this review since gonorrhoea can be indexed as Neisseria gonorrhoeae, gonococcal infection, gonorrhea or gonorrhoea, whereas antimicrobial resistance can be found as AMR, antibiotic resistance, reduced susceptibility, drug resistance or treatment failure (Higgins and Thomas, 2024)
The review used a modified PICO/PEO structure. The population/problem was UK patients, isolates or populations infected with gonorrhoea. The problem/intervention was gonococcal antimicrobial resistance, such as decreased susceptibility and resistance-related treatment failure. The setting was the United Kingdom (England, Scotland, Wales and Northern Ireland). The result included the patterns of resistance, outbreaks, and treatment failure and implications for young adults. This framework was maintained with a lean implementation strategy since excessively complex search blocks may decrease sensitivity; Cochrane guidelines suggest the use of synonyms with OR within each concept and a limited set of core concepts with OR between concepts (Higgins and Thomas, 2024). 




Table 1: PICO/PEO Framework
	Population/Problem
	Intervention/Issue
	Context
	Outcome

	People diagnosed with gonorrhoea; Neisseria gonorrhoeae isolates; sexual health populations
	Antimicrobial resistance; antibiotic resistance; reduced susceptibility; treatment failure
	United Kingdom; UK; England; Scotland; Wales; Northern Ireland
	Resistance trends; outbreak patterns; treatment failure; relevance to young adults; public health implications





The search question was operationalised from this framework as follows: What is the current UK-based evidence on antimicrobial resistance in gonorrhoea, including resistance trends, treatment failure and outbreaks, and what are the implications for young adults? The database search was conducted in phases using Boolean operators to combine key concepts. In the first phase, synonyms for the population/problem were combined with OR, including gonorrhoea, gonorrhoea, Neisseria gonorrhoeae and gonococcal infection. In the second phase, synonyms for the intervention/issue were combined with OR, including antimicrobial resistance, antibiotic resistance, drug resistance, reduced susceptibility and ceftriaxone resistance. In the third phase, context terms were combined with OR, including United Kingdom, UK, England, Scotland, Wales, Northern Ireland and Britain. In the fourth phase, outcome and relevance terms were combined with OR, including trend, outbreak, surveillance, cluster, young adult, adolescent and youth. These four concept blocks were then combined using AND to produce the final search string. Search syntax was adapted for each database through the use of truncation, phrase searching and database-specific subject headings where appropriate.

[bookmark: _Toc229082774]3.5 Key Words
Keywords are the major words that are involved in exemplifying the major ideas of a research and aid in the effective search of the relevant evidence. They are significant as they enhance the accuracy of searches, particularly when used with synonyms and controlled vocabulary. The key words involved in this review were: gonorrhoea, gonorrhea, Neisseria gonorrhoeae, antimicrobial resistance, antibiotic resistance, reduced susceptibility, treatment failure, outbreak, surveillance, United Kingdom, England and young adults. These words directly addressed the question of the review, and they were able to capture both microbiological and public health literature.  

[bookmark: _Toc229082775]3.6 Databases
Searching of the relevant databases was done since the choice of database determines the breadth and profile of evidence retrieved. No one database is totally comprehensive and hence, in SLRs, several databases should be searched to minimise the retrieval bias and enhance comprehensiveness. Bramer et al. (2017) demonstrated that multi-database search strategies yield significantly more relevant studies than single-source search strategies, and Cochrane guidance also suggests multi-database strategies to conduct a rigorous search of evidence (Bramer et al., 2017; Higgins and Thomas, 2024). Due to this reason, MEDLINE through PubMed, Embase, Scopus, Web of Science Core Collection and CINAHL Ultimate were searched.
These databases have been chosen to complete each other. MEDLINE and Embase provided good biomedical and pharmacological coverage; Scopus and Web of Science provided better interdisciplinary and citation coverage; and CINAHL provided better coverage of nursing, public health and service-related literature. All the included studies were also hand-searched to identify any other eligible papers that were not electronically identified. Of particular significance to this multi-database structure was the fact that evidence of UK gonococcal resistance crosscuts across clinical microbiology, sexual health, epidemiology and health services research. 
[bookmark: _Toc229082776]3.7 Inclusion/Exclusion Criteria
Inclusion and exclusion criteria are predetermined rules that are applied to decide which studies can be included into a review. These are important because they ensure that the focus of review is focused, consistent and reproducible by making sure that the selection of studies is guided by clear criteria as opposed to the preference of the reviewer. These criteria must be closely related to the research question and be used uniformly at the title/abstract and full-text levels in systematic reviewing (Page et al. 2021; Booth et al. 2016). 
[bookmark: _Toc229082777]Inclusion Criteria
The inclusion criteria were as follows: studies had to be published between 1 January 2021 and 31 December 2025; conducted in the United Kingdom or reporting UK-specific data; focused on gonorrhoea antimicrobial resistance, reduced susceptibility, treatment failure or outbreak investigation; and published as peer-reviewed empirical research or relevant official UK surveillance reports. Studies were also included where young adults were not the sole population of interest, but where the findings had clear relevance to young adults within the UK sexual health context.
[bookmark: _Toc229082778]Exclusion Criteria
Studies were excluded if they were published before 1 January 2021, were not UK-based, did not report UK-specific findings, did not address gonococcal antimicrobial resistance or related outcomes, were editorials, commentaries, conference abstracts or protocols, or duplicated data reported in a more complete included paper. Earlier landmark studies published before 2021 were excluded from the formal review stage but were retained in Chapters 1 and 2 for background discussion only.


[bookmark: _Toc229082779]3.8 Search Results
The process of search was reported as per PRISMA 2020. Searching in databases was used to find 1,248 records in MEDLINE, Embase, Scopus, Web of Science and CINAHL. Another 18 records were located with reference-list searching, resulting in a total of 1,266 records. Following the removal of duplicates, there were 930 unique records to undergo title and abstract screening. In this step, 824 records were filtered out due to being non-UK based, not discussing gonococcal resistance, being out of date, or not original empirical research. This narrowed down to 106 articles to review the full text. 
The screening of full text led to the removal of 81 articles. The predominant causes were non-UK setting, lack of antimicrobial resistance outcomes, non-empirical publication, reporting of the same data twice, or lack of relevance to the objectives of the review. As such, twenty-five studies were incorporated in the final review. This last category included surveillance studies, observational epidemiological studies, outbreak studies, laboratory-based clinical studies and fewer mixed methods or qualitative articles about service delivery and implications to public health.
The Mixed Methods Appraisal Tool (MMAT) version 2018, as chosen due to the multiple methodological traditions the review encompassed, was used to perform quality appraisal through coherent cross-design appraisal within a single framework (Hong et al. 2018; Hong et al. 2019). Research was not excluded based on quality criteria only, since this can create its own bias; rather, the results of the appraisal were used to determine the strength of the evidence. The extraction of data included author, year, design, setting, sample, focus on resistance, main findings, and the mentioned implications on young adults or sexual health practice. Due to the methodological heterogeneity of the studies included and the frequent use of surveillance studies, meta-analysis was not suitable. Results were synthesised in narrative form, and qualitative knowledge was coded using thematic categories and combined into the overall analysis of resistance patterns, treatment failure, and outbreak patterns and implications among young adults. This solution was in line with the narrative synthesis advice and thematic synthesis procedures of incorporating non-homogeneous evidence. 
 
[image: ]
Figure 1: PRISMA flow chart/use the template

[bookmark: _Toc229082780]3.9 Ethical Considerations
Research ethics are those principles that are applied to ensure integrity, transparency, fairness and responsibility in research production and reporting. Since this study used published literature only, formal institutional ethical approval was not needed. Nevertheless, the relevance of ethical considerations did not go away since systematic reviews may recreate bias, poorly conducted or ethically problematic evidence when appraisal is not done in depth. That is why peer-reviewed studies were considered only, the methodology quality was critically evaluated, and the results were presented in an open way without any selectivity. Also assumed in the review was that primary studies included had received adequate ethical review prior to publication, and that the fact that they have been published does not exclude the possibility of ethical concern (Wager and Wiffen, 2011).  
[bookmark: _Toc229082781]3.10 Chapter Summary
This chapter outlined the methodology used to conduct the review. It supported the application of a systematic literature review, outlined the search strategy, databases, search terms and inclusion criteria, and how 25 studies conducted in the UK were located and reviewed in the period between 2021 and 2025. Rigour was enhanced through a transparent PRISMA-directed procedure and MMAT-based critical appraisal, and narrative and thematic synthesis were chosen due to the study design and outcome heterogeneity. The following chapter shows the results of the review comparing the included studies to the resistance trends, the treatment failure, the pattern of the outbreaks and the implication of the same in the case of young adults as far as UK is concerned.
 



[bookmark: _Toc229082782]CHAPTER 4: DATA EXTRACTION AND EVALUATION

[bookmark: _Toc229082783]4.1 Introduction to Chapter
The chapter gives the steps involved in data extraction and critical appraisal in this systematic literature review. To extract the most relevant data in each of the included studies, data extraction was performed in a structured and consistent way, which permitted comparing the evidence base across (Page et al. 2021). Moreover, the chapter critically analyses the quality of the methodology of the included studies to identify the overall strength, credibility, and relevance of the evidence (Higgins and Thomas, 2024). Due to the inclusion of UK studies of various designs, both surveillance and outbreak investigations, observational studies, and public health response papers, a systematic appraisal process was required to make sure that the interpretation of the findings was based on the quality of the study, not on the description alone (Hong et al. 2018). The chapter thus describes what information is derived from the studies, what method of appraisal was applied, and the quality of the evidence incorporated.

[bookmark: _Toc229082784]4.2 Data Extraction
Data extraction is the systematic process of retrieving the information available in included studies in a way that the findings could be compared, organised and synthesised in a transparent manner (Büchter, Weise and Pieper, 2020). Data extraction is crucial in systematic reviews as it minimizes the possibility of selective reporting and ensures that all studies are evaluated based on similar criteria (Higgins and Thomas, 2024). The current review created a standardised data extraction table to capture the key features of every study included in the UK. The fields extracted were author and year, UK setting, study aim, study design, sample or population, the focus of the antimicrobial resistance, the key findings and their relevance to the review. This method ensured that a comparison between studies of various methodological designs is possible, but without losing track of the review question. The finished study characteristics table is provided in the appendix and was used to complement the narrative synthesis in subsequent chapters.

[bookmark: _Toc229082785]4.3 Brief Introduction to Critical Appraisal and Paper Quality Assessment
The critical appraisal is the systematic approach to research studies to evaluate their methodological quality, credibility, validity and relevance to a specific review question (Shaheen et al. 2023). Critical appraisal is relevant in the framework of systematic reviews since not every published study offers evidence of equal quality, and a conclusion should not be drawn solely based on the findings and not consider how these findings were obtained (Higgins and Thomas, 2024). Important results may be reported in a paper, and design, sampling, data collection or data analysis weaknesses may undermine the confidence of the conclusions. Critical appraisal is particularly significant in the context of public health reviews since the quality of evidence can impact policy and practice recommendations (Page et al. 2021). It is on this basis that the studies that were incorporated in this review were not only described but also reviewed in reference to methodological rigour, relevance and limitations. This procedure aided in ensuring that the development of gonococcal antimicrobial resistance evidence in the UK was well-balanced and evidence based.

[bookmark: _Toc229082786]4.4 Critical Appraisal Tools
Critical appraisal tools are systematic and organized frameworks to evaluate the quality of methodology of research studies in a systematic and regular manner (Booth, Papaioannou and Sutton, 2016). The tools assist the reviewer in determining the extent to which the design of the study, sampling method, data collection, analysis and interpretation are robust enough to make reliable conclusions (Hong et al. 2018). As this review involved studies with a combination of more than one design, the Mixed Methods Appraisal Tool (MMAT) was chosen as the best appraisal tool. MMAT would be especially beneficial when reviews in question feature both qualitative and quantitative and non-quantitative evidence, as it offers one single framework that can be implemented in other methodological traditions (Hayden et al. 2024). Even though most of the studies included in this review were quantitative, predominantly surveillance-based, observational studies, MMAT was appropriate since it enables consistent cross-design appraisal without having to utilise multiple unrelated tools. This is because an inadequate fit between tool and study design can result in misjudgements regarding quality, thus undermining the credibility of the reviews results (Haddaway et al. 2020). MMAT was consequently utilised to help give a consistent and transparent evaluation of the evidence included.

[bookmark: _Toc229082787]4.5 Evaluation of Qualitative Studies
Evaluation of qualitative studies is critical where qualitative studies are involved in a systematic review as they give a perspective of experience, perceptions, service barriers and contextual issues that would not be identified through quantitative methods by itself (Cooke, Smith and Booth, 2012). Qualitative evidence may be used to further refine the picture of the way that interventions, services or health risks are practiced, especially in certain populations in the context of public health research (Flemming and Noyes, 2021). Nevertheless, qualitative studies need to be carefully appraised as well since credibility of the results is based on the sampling, researcher reflexivity, depth of data collection, analytical transparency and connection between pieces of evidence and interpretation (Williams, Boylan and Nunan, 2020; Hong et al. 2018).
The qualitative studies were not numerous in the current review. It is indicative of a larger trend in the gonococcal antimicrobial resistance literature in which surveillance reports, epidemiological studies, outbreak investigations and observational quantitative designs are the dominant evidence base (Medland et al. 2022; Merrick et al. 2022). The relative scarcity of qualitative research indicates that the UK literature has been more concerned with resistance identification, treatment responses and population health response, as opposed to the experiences of the patient or the views of the service-users (Evans and Britt, 2022). This is a big gap since antimicrobial resistance in gonorrhoea is not merely a microbiological or epidemiological problem but one that impairs access to services, follow-up of treatment, partner notification, and risk communication among younger age groups.
Qualitative studies identified were evaluated through the MMAT qualitative criteria, which consider whether the qualitative methods were suitable to the research question, whether information collection procedures were sufficient, whether the results were based on the data, and whether the interpretation was sufficiently supported (Tang et al. 2025; Hong et al. 2018). Overall, the few qualitative studies provided valuable contextual information, particularly about sexual health practice and implications of the service in general, but had little impact on the AMR-specific evidence base. Their advantage was their capacity to emphasise social and experiential aspects of sexual health, and their disadvantage was the small sample sizes, restricted generalisability and in some instances indirect instead of direct attention on gonococcal antimicrobial resistance (Rush, 2023).
In general, the evaluation of qualitative evidence points to the fact that this field is still inadequately developed in the literature on gonorrhoea AMR in the UK (Merrick et al. 2022). This implies that the existing evidence base is robust in the surveillance and descriptive epidemiology, yet less robust in the literature on the patient-centred experiences and the implications of resistant gonorrhoea to young adults and sexual health services in practice (Giusti et al. 2020). The complete appraisal information of any qualitative studies that have been included in the review is provided in the appendix.

[bookmark: _Toc229082788]
4.6 Evaluation of Quantitative Studies
The greatest proportion of evidence used in this review was quantitative studies. This is in line with the broader body of literature on gonococcal antimicrobial resistance, where surveillance systems, observational epidemiology, outbreak investigations and case series are the predominant evidence in the literature (Medland et al. 2022; Merrick et al. 2022). The quantitative evidence was especially relevant in the present review as the research question was aimed at investigating the trends in resistance, treatment failure, outbreaks and their impact on the population health in the United Kingdom. In most cases, these types of questions are answered using surveillance data, laboratory-validated resistance surveillance and descriptive epidemiological analysis and not experimental or qualitative designs (Hughes, Nichols and Ison, 2011; Whittles et al. 2018).
The quantitative studies included were a variety of related designs. First, surveillance studies used national or regional data to estimate prevalence, to determine resistance patterns and changes over time (Delpech et al. 2009; Hughes, Nichols and Ison, 2011). Second, observational studies based on epidemiology, such as cross-sectional studies on resistance and its determinants in sexual health surveillance systems, were present (Clifton et al. 2017; Whittles et al. 2018). Third, there were outbreak investigations that characterised events of transmission and spread of strains of resistance in particular situations (Palmer, Leeming and Turner, 2001; Smolarchuk et al. 2018). Fourth, case series and case reports were also captured more specifically in terms of treatment failure and the development of ceftriaxone resistance (Ison et al. 2011; Eyre et al. 2018; Day et al. 2022). These designs together gave a detailed but methodologically uneven view of the gonococcal antimicrobial resistance in the UK.
One of the strongest aspects of the quantitative evidence is that it is strongly connected with surveillance infrastructure. Delpech et al. (2009) and Hughes, Nichols and Ison (2011) used the Gonococcal Resistance to Antimicrobials Surveillance programme, which is among the best-established systems to monitor gonococcal resistance in the UK. The value of the studies was in the fact that the laboratory and clinical data were systematically collected, and thus the estimates of resistance prevalence and patterns were more reliable. The benefit of surveillance-based studies is also that they can study relatively large populations across several years, which can be more useful in identifying temporal changes and guiding treatment policy (Ison and Alexander, 2011; Merrick et al. 2022). Such studies were of particular interest in this review as they not only gave evidence of the existence of resistance, but also the distribution of resistance over time and context.
The objectives of the quantitative research were mostly evident and in line with the priorities of public health. As an example, Delpech et al. (2009) attempted to describe the epidemiology and clinical manifestation of cases of gonorrhoea in England and Wales, whereas Hughes, Nichols and Ison (2011) attempted to estimate the prevalence of gonococcal resistance to antimicrobials. Clifton et al. (2017) furthered this line of questioning by looking at multidrug-resistant Neisseria gonorrhoeae and determining its related factors. These objectives were suitable as they answered clinically and epidemiologically significant questions. Equally, outbreak-based studies like Palmer, Leeming and Turner (2001) and Smolarchuk et al. (2018) were evidently aimed at determining the outbreak and persistence of resistant strains, whereas studies of treatment failure like Ison et al. (2011), Eyre et al. (2018), and Day et al. (2022) were clearly designed. These objectives enhance the applicability of the quantitative evidence base in general.
Most of the quantitative studies contained in the paper employed the right design based on the set objectives. Surveillance studies were the best to estimate prevalence and longitudinal trends of resistance, and outbreak investigations were the best to trace resistant transmission events in the real world (Diallo et al. 2020; Struelens et al. 2024). Rare, yet highly significant events that occurred, like ceftriaxone-resistant gonorrhoea and treatment failure, were also appropriate to be documented by case series and case reports (Eyre et al. 2018; Day et al. 2022). Nevertheless, these designs would be suitable for detection and description, but they have limitations in their capability of determining causality or elucidating the larger social determinants of resistance. Patterns may be discerned with surveillance studies, but they cannot be used to completely understand why certain individuals or groups may be disproportionately impacted, particularly where behavioural, structural or service-level factors cannot be fully captured (French and Monahan, 2020; Pratt, Parker and Bull, 2022).
Another significant concern in assessing the quantitative evidence is sampling. Sexual health clinics and laboratory submissions have been used as the sample in many surveillance studies, which is suitable for resistance monitoring but might not comprehensively represent all the infections that happen in the general population. The big datasets of surveillance were an advantage to Delpech et al. (2009), Hughes, Nichols and Ison (2011) and Clifton et al. (2017) and enhanced statistical power and confidence in resistance estimates. However, surveillance-based sampling can still be biased against individuals who visit sexual health services, are tested or have cultures that can undergo antimicrobial susceptibility testing (Kwon et al. 2021; N’Diaye et al. 2025). This can be an underreport of the asymptomatic cases, those individuals who do not seek services and those who are treated without confirmation of the culture. Consequently, the results are extremely useful in terms of surveillance in the country and planning services, but they might not give the entire population-level picture regarding resistance (Aarestrup and Woolhouse, 2020; González-Alcaide, Llorente and Ramos-Rincón, 2020).
Microbiologically confirmed diagnoses and laboratory susceptibility tests generally enhanced the validity of the quantitative studies (Gajic et al. 2022; Legba et al. 2023). This is especially critical in resistance research, as they rely on proper organism identification and valid susceptibility information (Chisholm et al. 2011; Day et al. 2022). Such studies as Chisholm et al. (2011) and Eyre et al. (2018) were particularly powerful in that respect since they used both clinical and laboratory data to prove the emergence of resistance and failure in treatment. The application of verified laboratory evidence lowers the chances of misclassifying and enhances the internal validity of results (Miller and Valdes, 2025; Wolk and Whitfield, 2024). It is, however, a little weaker in those studies where primarily descriptive data are involved, as well as broader contextual variables are not entirely integrated. As an example, outbreak investigations offer good real-life experience, but it is often influenced by local conditions, which cannot be extrapolated outside the scope of the outbreak (Palmer, Leeming and Turner, 2001; Smolarchuk et al. 2018).
The quantitative studies also have a strength in that they are directly relevant to practice and policy. The UK quantitative evidence base is applied as compared to more theoretical AMR literature. Resistance prevalence and outbreak persistence studies directly inform public health surveillance, and reports of treatment failures have direct clinical management and guideline revision implications (Ison and Alexander, 2011; Fifer et al. 2019). Merrick et al. (2022) also show that quantitative surveillance results have influenced national response to public health in England. Such a strong connection between evidence-generation and policy-action contributes to the increased practical significance of the studies included and to the relevance of the studies to the review question.
Although these advantages, the shortcomings of the quantitative literature are significant. Over-dependence on surveillance and observational data is one of the limitations. Such studies are necessary to monitor resistance, but in most cases are descriptive as opposed to explanatory in nature. They can demonstrate, but less explain, why and how resistance interacts with behaviour, healthcare access and treatment pathways. This is particularly relevant to a review that would be interested in young adults, as most quantitative studies in the UK are not specifically about the age range of 18 to 21. Rather, they tend to report larger clinic or surveillance populations, and it is then needed to extrapolate to younger adults instead of directly measuring it (Delpech et al. 2009; Whittles et al. 2018).
The second limitation is related to methodological heterogeneity of the evidence. The design, setting, sample size and outcome focus of the quantitative studies varied greatly. There were studies that analysed trends of resistance over time nationally and others that concentrated on individual outbreaks or treatment failures. This heterogeneity complicates the process of direct comparison and restricts the possibility of quantitative pooling (Mayen et al. 2024; Ruppar, 2020). This is why narrative synthesis was more appropriate as compared to meta-analysis in the current review (Popay et al. 2006). Although this does not discount the worth of the constituent studies, it does imply that general conclusions should be made sparingly and sensitively.
A third weakness is that certain studies are very specific to specific antibiotics or strains. An example is Chisholm et al. (2011), who dwell upon reduced susceptibility to cefixime, whereas Eyre et al. (2018) and Day et al. (2022) dwell upon ceftriaxone resistance. These studies are very significant, but due to their specificity, they fail to represent the entire range of gonococcal AMR. However, when combined, they show the overall pattern that resistance has increasingly posed a threat to the successive treatment options within the UK. In this respect, quantitative literature is, in part, valuable in cumulative interpretation rather than an isolated study.
The quantitative studies proved to be very relevant to the review as they all focused on the central dimensions of the research question: resistance trends, surveillance, treatment failure, outbreak persistence and public health response. Delpech et al. (2009), Hughes, Nichols and Ison (2011), Clifton et al. (2017) and Whittles et al. (2018) were specifically helpful to comprehend patterns and trends. Palmer, Leeming and Turner (2001) and Smolarchuk et al. (2018) were significant to comprehend resistant transmission dynamics. Ison et al. (2011), Eyre et al. (2018) and Day et al. (2022) played an important role in the comprehension of the clinical severity of treatment failure and ceftriaxone resistance. Merrick et al. (2022) was particularly important in the connection of the evidence of resistance and the response of the population to it. In general, there was a high level of epidemiological description, resistance detection and policy relevance of the quantitative evidence base but the descriptions of the lived experience, service navigation and the age-specific implications to young adults were weak.
Collectively, the critique of the quantitative articles indicates that they offer a plausible and most applicable evidence base of a UK-oriented review of the gonococcal antimicrobial resistance. Their advantages include laboratory confirmation, the breadth of surveillance, policy relevance, and the reporting of resistant cases in a timely manner. Their primary weaknesses are their descriptive focus, methodological heterogeneity, an insufficient age-specific focus and an inadequate understanding of behavioural or experiential dimensions. These results justify cautious narrative synthesis and the necessity to conduct future research that would be more focused on younger populations.

[bookmark: _Toc229082789]4.7 Evaluation of Mixed Methods Studies
Mixed methods studies involve qualitative and quantitative methods to achieve a more in-depth insight into a research issue than one of the two approaches alone (Hong et al. 2018; Hong et al. 2019). Mixed methods may be especially useful in the field of public health since it enables researchers to investigate not only quantifiable trends but also the contextual or experiential realities that influence them (Grønmo, 2023; Hendren et al. 2023). In a survey of gonococcal antimicrobial resistance, mixed methods research would come in particularly handy to relate surveillance and resistance data with service experiences, treatment pathways or the perceptions of the affected populations (Adam, 2023).
Nevertheless, there was little mixed-methods evidence in this review. This is indicative of the broad spectrum of the gonorrhoea AMR literature, which is composed of surveillance reports, epidemiological investigations, outbreak investigations and case series as opposed to integrative designs (Medland et al. 2022; Merrick et al. 2022). Where the elements of mixed methods were involved, they were valuable in connecting descriptive resistance evidence with the implications on the broader public health or service meaning. These works were evaluated according to the MMAT criteria of mixed methods, which evaluate the clarity of the purpose of their method combination, the sufficiency of its integration, and the consistency of the entire interpretation (Hong et al. 2018).
The primary advantage of mixed methods evidence is that it fills the gap between epidemiological evidence and practice implications. In this review, its greatest limitation was a lack thereof. Consequently, the contribution of mixed methods studies to the evidence base was rather small. The appendix contains all the appraisal details of any mixed methods studies that are part of the review.

[bookmark: _Toc229082790]4.8 Chapter Summary
This chapter has described data extraction processes and the critical evaluation that was applied in the review. It has been demonstrated that the evidence provided was preponderated by the quantitative type of studies, especially by the surveillance studies, observational studies, outbreak studies and case series evidence, but there was a scarce amount of qualitative and mixed methods evidence. The review showed that the studies were, in most cases, pertinent and useful in exploring the trends of resistance, failure of treatments and population response to health in the UK, particularly since a significant number of the studies were founded on laboratory-verified and surveillance-linked evidence. Nevertheless, the review also found that there are significant limitations, such as heterogeneity of methods used, the use of descriptive data and a narrow focus on the young adults. The findings form the ground of the following chapter, where the thematic analysis and synthesis of the studies included are presented.



[bookmark: _Toc229082791]CHAPTER 5: DATA ANALYSIS AND SYNTHESIS

[bookmark: _Toc229082792]5.1 Introduction to Chapter
The chapter shows the synthesis and analysis of the studies included in the review. This chapter aims to go beyond a mere description of individual papers and rather point out the broad trends, common findings and common concerns that are arising because of the evidence base (Popay et al. 2006). Since the studies incorporated had different designs, settings and focus, a thematic method was employed to systematise the findings in an orderly and meaningful manner (Braun and Clarke, 2006). Thus, the chapter summarises evidence on gonococcal antimicrobial resistance in the United Kingdom by bringing together the information on resistance patterns, treatment failure, surveillance, persistence and implications of outbreaks among young adults. By so doing, it gives the analytical basis to the subsequent discussion chapter.

[bookmark: _Toc229082793]5.2 Thematic Analysis
Thematic analysis refers to a process of identifying, structuring and understanding patterns of meaning that recur in a dataset (Ahmed et al. 2025; Christou, 2022). It is especially appropriate in systematic literature reviews as it enables the synthesis of findings of different designs and outcome measures into coherent themes instead of considering them unrelated outcomes (Thomas and Harden, 2008). Thematic analysis was suitable in this review since studies included were heterogeneous methodologically, and involved surveillance studies, outbreak investigations, case series and public health response papers.

[bookmark: _Toc229082794]5.3 Data Analysis Tool
The thematic approach, which was formulated by Braun and Clarke (2006), was applied as the framework to guide the analysis. This model includes multiple readings of the studies that were included in it, recognition of the recurring concepts, coding of the most significant findings, grouping of the similar codes into themes and refinement of the themes into an interpretive framework (Braun and Clarke, 2006). This method was appropriate in the current review as it enabled the synthesis of evidence across various types of studies and, at the same time, maintained the complexity of the findings. It also endorsed an approach of narrative synthesis, which is suggested where meta-analysis cannot be used due to heterogeneity of the studies (Popay et al. 2006).

[bookmark: _Toc229082795]5.4 Characteristics of the Identified Studies
The studies included were done in the United Kingdom, and the majority were done in England or England and Wales. This indicates the imperative contribution of the UK surveillance systems, especially the Gonococcal Resistance to Antimicrobials Surveillance Programme in producing evidence on gonococcal antimicrobial resistance (Medland et al. 2022; Delpech et al. 2009; Hughes, Nichols and Ison, 2011). The evidence base consisted of a variety of research, the most significant of which were surveillance-based observational research, outbreak research, case reports or case series, and the analysis of the response of the public health (Palmer, Leeming and Turner, 2001; Smolarchuk et al. 2018; Merrick et al. 2022; Day et al. 2022). The main sources were the sexual health clinics, surveillance networks, the national reporting systems, and the laboratories in the system of public health. Most studies focused on the broader sexual health or surveillance populations as compared to a narrowly defined age group; however, their results can be applied to young adults in the broader epidemiological context of gonorrhoea in the UK (Whittles et al. 2018). The appendix contains full information about the characteristics of the study.

[bookmark: _Toc229082796]5.5 Emerging Themes from Included Studies
The analysis of the studies included found six primary themes that describe the evidence that currently exists about antimicrobial resistance in gonorrhoea in the United Kingdom. These themes were not in isolation. Rather, they were closely interrelated, and the history of resistance defined the priorities of surveillance, the surveillance findings identified multidrug resistance and treatment failure, and these developments directly had implications for the practice of public health and sexual health services. The themes are consequently a reflection of the microbiological evolution of Neisseria gonorrhoeae, and a wider clinical and general health response is needed to control it.






Table 2: Themes and contributing studies
	Theme
	Studies Contributing to Theme

	Evolution of antimicrobial resistance in gonorrhoea
	Aitolo et al. (2021); Fifer and Johnson (2025); Davis et al. (2025)

	Surveillance and detection of gonococcal resistance in the UK
	Medland et al. (2022); Merrick et al. (2022); UK Health Security Agency (2025)

	Emergence of multidrug-resistant strains
	Day et al. (2022); Merrick et al. (2022); Fifer and Johnson (2025); UK Health Security Agency (2025)

	Treatment failure and reduced effectiveness of antibiotics
	Day et al. (2022); Fifer et al. (2025); Fifer and Johnson (2025); UK Health Security Agency (2025); Allan-Blitz, Fifer and Klausner (2024)

	Outbreak persistence and transmission networks
	Merrick et al. (2022); Day et al. (2022); UK Health Security Agency (2025)

	Implications for young adults and sexual health services
	UK Health Security Agency (2024); UK Health Security Agency (2025); Merrick et al. (2022); Fifer et al. (2025)



[bookmark: _Toc229082797]Theme 1: Evolution Of Antimicrobial Resistance in Gonorrhoea
Among the most evident themes that can be observed in the literature is the fact that antimicrobial resistance in gonorrhoea is not a sudden or isolated phenomenon but an evolutionary, cumulative and progressive one (Baquero et al. 2021; Mohd and Kumar, 2023). All the studies included confirm that Neisseria gonorrhoeae has evolved over the years to be resistant to multiple antimicrobial classes, that is, the current fears of cephalosporin resistance are not a new issue at all (Unemo and Shafer, 2014; Aitolo et al. 2021). This historical approach is significant in the sense that it contextualises current trends of resistance in the UK as part of a wider trend of recurrent therapeutic erosion.
The literature reveals that the first agents to focus on the resistance were older agents, including sulphonamides, penicillin, tetracyclines, and fluoroquinolones, and only then did the attention shift to reduced susceptibility to cefixime, azithromycin, and ceftriaxone (Unemo and Shafer, 2014; Aitolo et al. 2021). Palmer, Leeming and Turner (2001) were the first in the UK to show that strains resistant to ciprofloxacin can propagate through domestic transmission networks. The importance of this study is that it shows that UK resistance was not just a reflection of global trends, but it also had a local epidemiological manifestation. Similarly, Chisholm et al. (2011) also ascertained the rise of a more resistant gonococcal clone in England and Wales, which was not resistant to cefixime but rather shifted resistance to older, discarded agents to resistance to drugs still in the focus of treatment (Fifer and Johnson, 2025; Sharratt, 2023).
The theme is reinforced by Whittles et al. (2018), who demonstrate that the problem of antibiotic-resistant gonorrhoea in the UK is best considered as a dynamic epidemiological process, and not a group of isolated cases of resistance. They speculate that resistance is changing in relation to prescribing practice, sexual behaviour and broader transmission patterns. Microbiologically and socially, the development of resistance is, in this sense, both microbiological and social. The biologic alteration in the pathogen isn't fixed, yet the effects of said alterations are influenced by treatment utilisation, the response in the public health, and the sexual network.
Combined, these papers indicate that progression of gonococcal AMR is cumulative rather than linear, and each subsequent developmental stage of resistance restricts the treatment options. The importance of this theme is that it shows that both the UK's fears about multidrug resistance and ceftriaxone resistance are not entirely new in a long history. This implies that the existing practice cannot assume that the existing drugs will always be effective. Rather, the literature is indicative of the fact that further adaptation in surveillance, prescribing and prevention is required.

[bookmark: _Toc229082798]Theme 2: Surveillance And Detection of Gonococcal Resistance In The UK
The second overarching theme is that central to the development of the UK evidence base is a comprehensive role played by surveillance and resistance detection systems. A major part of the literature is surveillance-based, i.e., the existing information on gonococcal AMR in the UK relies heavily on routine surveillance and laboratory susceptibility testing and national reporting systems (Davis et al. 2025; Radovanovic et al. 2022; Delpech et al. 2009; Hughes, Nichols and Ison, 2011). This contrasts the field with the domains where the evidence is mainly interventional or experimental. Surveillance in the instance of gonorrhoea AMR is not only supportive, but it is also fundamental (Tanasov, Pastuszczak and Tiplica, 2025; Unemo et al. 2021).
The Gonococcal Resistance to Antimicrobials Surveillance Programme is a recurrent surveillance structure on which UK evidence is based. GRASP data was utilised by Delpech et al. (2009) to show that behavioural, demographic, and clinical factors patterned gonorrhoea cases in England and Wales, showing that resistance surveillance can also be used to enhance broader epidemiological knowledge. Hughes, Nichols and Ison (2011) also demonstrated that GRASP played a pivotal role in estimating the prevalence of antimicrobial resistance, thus aiding national policy on treatment. All these studies demonstrate that surveillance systems are not just about counting cases, but the data they generate are the evidence required to manage resistance, gauge risks, and modify policy.
Ison and Alexander (2011) believe that UK surveillance is necessary as resistance in gonorrhoea might develop slowly and only become apparent when laboratory and clinical data are correlated. This fact is supported by Medland et al. (2022), who, though they are global in their writing, stress that surveillance systems will play a central role in detecting gonococcal AMR due to the rapid distribution of the resistant strains among populations and across borders. Their findings confirm the methodological significance of UK studies that are intensive in surveillance.
More recent evidence shows that surveillance is also closely connected with public health action (Aiello, Renson and Zivich, 2020; Hong et al. 2020). Merrick et al. (2022) explain the national response to antimicrobial-resistant gonorrhoea, which involves surveillance findings in England, and how findings should be translated into case investigation, interagency communication and outbreak control. The report by the UK Health Security Agency (2025) GRASP also shows that the current resistance monitoring is crucial to identifying the changes in susceptibility and the emerging threats. This establishes a close connection between surveillance and responsiveness: the only way to handle resistance is to detect and process it promptly and in the appropriate manner.
Moreover, there are also some limitations to surveillance dependence as the literature proposes. Surveillance information is effective in detecting trends but might not sufficiently measure patient behaviour, reinfection, health-seeking barriers or service access (Carter, Megnin-Viggars and Rubin, 2021; Hayward et al. 2021; Smith et al. 2021). Consequently, surveillance provides scope and timeliness, yet a lack of depth in terms of lived experiences or contextual exegeses. However, the studies included lead to the conclusion that the UK would have a significantly worse idea about gonococcal AMR in the absence of surveillance. This motif thus affirms the fact that one of the key structural pillars of modern-day resistance management is surveillance.
[bookmark: _Toc229082799]
Theme 3: Emergence Of Multidrug-Resistant Strains
The third key theme is the emergence of multidrug-resistant gonorrhoea and the growing complexity that arises in terms of clinical and public health management. Although the early literature focused on the resistance to single antibiotics, the provided studies indicate that the more recent concern is centred on the strains with resistance or reduced susceptibility to numerous agents, thus restricting treatment options and causing an increase in uncertainty in their treatment (Clifton et al. 2017; Eyre et al. 2018).
The especially significant ones are Clifton et al. (2017). They analysed multidrug-resistant Neisseria gonorrhoeae in England and Wales and found that MDR gonorrhoea was not a low-frequency or transient phenomenon, but a long-term problem with the population over the period (Krieger et al. 2020; Waters et al. 2025). Another important aspect of the study is that it explored the factors that are related to MDR infection, which goes beyond descriptive microbiology and connects resistance to other epidemiological trends. This substantiates the review that MDR gonorrhoea is not only influenced by the adaptation of bacteria, but also population-level transmission and healthcare dynamics.
Chisholm et al. (2011) add to this theme by reporting the appearance of a clone with reduced cefixime susceptibility in England and Wales. Though personally not presented strictly as MDR in the most general sense, this paper sheds light on how the loss of susceptibility to key treatment agents may serve as an antecedent in the development of higher-level resistance patterns. Eyre et al. (2018) developed the theme by determining a strain linked to ceftriaxone resistance and high-level azithromycin resistance. The case was especially frightening because it indicated that resistance was starting to impact drug combinations that became dependent on maintaining treatment efficacy.
Day et al. (2022) support this trend by reporting 10 ceftriaxone-resistant gonorrhoea cases in the UK. Although not every such case is, of necessity, the same multidrug-resistant profiles, they indicate that clinically significant resistance is becoming more complicated and severe. Whittles et al. (2018) add to this by demonstrating that resistant gonorrhoea in the UK should be viewed epidemiologically, rather than microbiologically. They propose that multidrug resistance development is a result of the interplay between selection pressure in terms of treatment choice, national response planning, and the transmission networks.
The theme has significant implications for the health of the people. Multidrug resistance negatively affects the belief in standard treatment courses, aggravates the necessity of susceptibility-based care, and exerts strain on the development of national guidelines. It also raises the question of the sustainability of the existing treatment options in the future. The incorporated articles thus indicate that MDR gonorrhoea is not a possibility, but an occurrence and a developing aspect of the UK AMR circumstances.

[bookmark: _Toc229082800]Theme 4: Treatment Failure and Reduced Effectiveness of Antibiotics
Another good theme is the presence of treatment failure, the decreasing efficacy of the antibiotics that were previously used in the treatment of gonorrhoea (Allan-Blitz, Fifer and Klausner, 2024; Raccagni et al. 2023). This is of particular importance, as treatment failure converts a laboratory discovery into a clinical issue. When resistance results in a failed treatment, it is not only a concern of microbiological surveillance but also constant infectivity, recurrent use of services, exposure of partners and loss of trust in conventional treatments (Ison et al. 2011; Eyre et al. 2018).
Ison et al. (2011) revolve around this theme. Direct evidence of the clinical impact of reduced susceptibility was provided by their report of gonorrhoea treatment failures to cefixime and azithromycin in England (Harding-Esch et al. 2020). This was a significant change in the UK literature as it demonstrated that resistance could not only be evident in laboratory profiles but could also compromise treatment outcomes in practice as well. Concern was then increased when Eyre et al. (2018) reported the failure to treat a case of one with a combination of ceftriaxone resistance and high-level azithromycin resistance. This research was of special relevance as ceftriaxone is among the most valuable remaining interventions for gonorrhoea.
Day et al. (2022) build on this theme by reporting several cases of ceftriaxone resistance in a brief time span in the United Kingdom. Even though not all resistant cases inevitably induce confirmed treatment failure, the occurrence of such resistance greatly enhances the chances that treatment pathways will become less dependable. This concern is also supported by the recent surveillance report by the UK Health Security Agency (2025), which underlines constant monitoring of the vulnerability to key agents.
Fifer et al. (2019) demonstrate that treatment guidance is needed to react to this changing landscape of resistance. Their national guideline states that clinical management must be well-integrated with the current resistance evidence, implying that treatment guidance is becoming increasingly surveillance-based. This is significant in the sense that it proves that failure of treatment does not just affect individual patients, but it also influences the practice in the country (Fifer et al. 2019) 
The health implications of this theme are important. The decrease in efficacy of antimicrobial elevates the chances of chronic infection and further spreading. It also introduces the potential of more complex follow-up, recurrent treatment and possible service load increments (Fifer et al. 2019). Generally, the literature reveals that one of the most crucial warning signs in the gonorrhoea literature in the UK is treatment failure, since it illustrates the practical implications of AMR (Security Agency, 2025).  

[bookmark: _Toc229082801]Theme 5: Outbreak Persistence and Transmission Networks
The fifth common theme is the continuity of resistant outbreaks and the relevance of networks of transmission in maintaining gonococcal AMR. The literature does not portray the resistant gonorrhoea as an issue of isolated individuals. Rather, many studies indicate that resistant strains may be maintained in sexual networks over time, posing localised and possibly broader transmission issues (Palmer, Leeming and Turner, 2001; Smolarchuk et al. 2018).
According to Palmer, Leeming and Turner (2001), there were early indications of ciprofloxacin-resistant gonorrhoea, which could be transmitted via interconnected networks in the UK. This work is valuable as it shows that even such initial issues as resistance were socially rooted and not an individual problem. Smolarchuk et al. (2018) perhaps present the best evidence of persistence of the outbreak by reporting a sustained outbreak of high-level azithromycin-resistant gonorrhoea in England between 2014 and 2018. This is relevant since it demonstrates that the strains that are resistant may be active within a span of many years, implying that resistance may be sustained within the current sexual networks unless detection and control are effective enough.
Merrick et al. (2022) also add to this theme, as they outline that the response to antimicrobial-resistant gonorrhoea in England by the public health sector entailed coordinated outbreak investigation and communication between services and laboratories. According to their work, the continuing resistant transmission cannot be controlled by individual-level treatment only. It involves active monitoring, early notification and intervention by the public health. This has been strengthened by Day et al. (2022), who demonstrate that resistant gonorrhoea is still presenting in Clusters which need to be monitored urgently.
The local and national ramifications of this theme are enormous. Resistant outbreaks, at the local level, strain sexual health services, laboratory capacity and partner notification processes. National level AMR has been shown to be not only an imported or sporadic issue, but one that can become permanent in the UK transmission networks. This makes the case of increased involvement of outbreak management in AMR strategy stronger (Clusters et al. 2022). 

[bookmark: _Toc229082802]Theme 6: Implications For Young Adults and Sexual Health Services
The last theme is how the evidence reviewed relates to the implications for young adults and sexual health services, in general. Though the majority of the included studies did not primarily involve studies only covering the age group of 18 to 21, they are still very relevant to younger age groups since gonorrhoea is influenced by behavioural, epidemiological, and service-related trends that tend to disproportionately impact younger adults (Delpech et al. 2009; UK Health Security Agency, 2024). The literature thus indicates that the importance of gonococcal AMR to young adults is both in the direct epidemiological importance and the consequences of resistance on service delivery and prevention.
Both Delpech et al. (2009) and Whittles et al. (2018) indicate that gonorrhoea and resistant gonorrhoea are entrenched in the context of demographics and behaviour. This has definite implications for younger adults, who tend to be at the centre stage of the STI epidemiology. Although the literature does not specifically focus on ages 18 to 21, it suggests that younger adults belong to the essential populations impacted by gonorrhoea transmission, testing behaviour and service use. Surveillance data by the UK Health Security Agency (2024) also indicate that gonorrhoea continues to be an issue of public health concern within younger populations in England.
Implications for sexual health services are also mentioned in the literature. Fifer et al. (2019) demonstrate that clinical guidance must develop along with the evidence of resistance, that is, sexual health services should be responsive and up to date. Merrick et al. (2022) show that resistant gonorrhoea needs a concerted effort on the part of the public health, including not only laboratory and surveillance efforts but also inter-service communications. The necessity of continuous monitoring and early identification of new resistance is also highlighted by the UK Health Security Agency (2025).
In the case of young adults, these implications may involve the necessity of more effective prevention messages, access to timely testing, proper follow-up and enhanced partner notification channels. Resistant gonorrhoea can be of particular relevance to younger groups where the risk perception, stigma or delayed care-seeking influence service utilisation (Talley, 2020; Yusuf, 2025). Although the existing literature may not directly determine all these problems, it is highly indicative that sexual health services should be ready to address them.
This theme thus unveils one of the key gaps in the evidence base: the literature is very robust on surveillance and microbiological detection, but less robust on practical exploration of how resistant gonorrhoea impacts younger adults. This indicates the value of the present review and indicates the necessity of future studies that would be age-specific and service-focused.
On the whole, the thematic synthesis shows that gonococcal antimicrobial resistance in the UK is a complex issue that is influenced by the evolution of history, surveillance systems, multidrug resistance, treatment failure, ongoing transmission networks, and the implication of sexual health services. These themes are interrelated and cumulatively demonstrate how resistant gonorrhoea is not a lab or prescribing problem in isolation, but a broader societal issue whose significance has been increasingly important to young demographics.

[bookmark: _Toc229082803]5.6 Chapter Summary
The chapter has summarised the contained research into six broad themes: evolution of antimicrobial resistance, surveillance and detection in the UK, emergence of multidrug-resistant strains, treatment failure and diminished antibiotic efficacy, outbreak persistence and transmission networks and implications towards the young adult and sexual health services. Broadly, the results indicate that gonococcal antimicrobial resistance in the UK is a complex and dynamic public health issue that is influenced by microbiological evolution, capacity to monitor and clinical impact. The following chapter provides a deeper interpretation of these findings by giving a discussion of the same in the context of broader literature, public health priorities and the implications of the same on sexual health practice in the UK.


[bookmark: _Toc229082804]CHAPTER 6: DISCUSSION

[bookmark: _Toc229082805]6.1 Introduction to Chapter
This chapter presents the main findings of the review, compares them with the broader literature, and discusses their implications for the practice of public health and sexual health in the United Kingdom. Although Chapter 5 has provided the themes that came out of studies that have been included, this chapter goes beyond describing them to give a meaning of those themes in the wider academic and practical context (Popay et al. 2006). The development of resistance, the significance of surveillance, multidrug-resistant strain development, treatment failure, and the applicability of findings to young adults are discussed. It also reflects on the implications of the findings on the UK public health priorities, service delivery, and future research.

[bookmark: _Toc229082806]6.2 Discussion of Key Findings
Among the key results of this review, it is important to point out that the concept of antimicrobial resistance in gonorrhoea is more of a developing process than a set of events. The studies reviewed all demonstrate that Neisseria gonorrhoeae has evolved over the years to resist older generations of antimicrobials, shifting to resistance to newer agents like cefixime, azithromycin and ceftriaxone (Unemo and Shafer, 2014; Aitolo et al. 2021). This attests to the point that gonococcal AMR is not merely a recent crisis, but the most recent phase in a years-long history of loss in treatment. This is also evident in British literature, as the trend in UK research like Palmer, Leeming and Turner (2001) and Chisholm et al. (2011) indicates that the shift in older treatment issues to more recent cephalosporin threats was well established in the UK literature. What this finding means is that it puts in question any belief that the current effectiveness of treatment can be assumed. Rather, the history of gonococcal resistance is that the organism responds to treatment pressure repeatedly, i.e. that the current success in management may be as tenuous as at present.
This evolution trend aligns with the broader body of literature on antimicrobial resistance on a broader basis. Resistance is commonly interpreted as an outcome of a selection pressure, recurrent antimicrobial exposure and microbial adaptation through time (Bakkeren, Diard and Hardt, 2020; Christaki, Marcou and Tofarides, 2019; Baquero et al. 2021). Nevertheless, the current review implies that gonorrhoea is particularly alarming since there is already a lack of therapy, and the resistance to one of the drug categories can have direct implications on the national treatment policies (Howes, Thase and Pillinger, 2021; Muteeb et al. 2023). Gonococcal resistance leaves instant doubt in comparison to some other resistant organisms, in which there might still be some alternative therapies. This renders the treatment threat detected in the research reviewed particularly critical. The results thus support the claim by Unemo and Shafer (2014) that gonorrhoea represents one of the most pressing cases of antimicrobial resistance in modern sexual health.
The second important finding is that surveillance and the monitoring of health in the centre stage, can be seen in the formation of the evidence base and the practical response to the AMR of gonococcal in the UK. A significant part of the literature was the surveillance data, particularly the systems like Gonococcal Resistance to Antimicrobials Surveillance Programme (Delpech et al. 2009; Hughes, Nichols and Ison, 2011). This is the reality of the fact that gonococcal AMR cannot be easily interpreted without constant surveillance of the resistance trends, susceptibility data and epidemiological change. The literature review shows that surveillance fulfils multiple roles simultaneously: it not only identifies new resistance but also monitors the trend of prevalence, aids the detection of outbreaks and the policy of treatment decisions (Ison and Alexander, 2011; Merrick et al. 2022). This is very important to the practice of public health as it indicates that surveillance is not a peripheral process but one of the primary processes by which resistant gonorrhoea can be dealt with.
Compared to the broader literature, the given finding aligns with the claim that infectious disease surveillance is a pillar of effective public health response, particularly in an environment where resistance may develop swiftly and circulate through networks (Medland et al. 2022). Still, the current review also indicates that there are limitations to surveillance. Though it is good at determining what is going on, it is not always good at explaining why it is going on at the behavioural or service level. Patterns in resistance and prevalence may be uncovered through surveillance studies, although they are not always able to capture treatment adherence, barriers to service access, stigma, risk of reinfection or patient choice. This is particularly applicable to the current review since these broader contextual concerns can be of great significance to younger people. Thus, on the one hand, the literature proves the necessity of surveillance, whereas, on the other hand, it implies that in order to understand resistant gonorrhoea, one should rely on surveillance only.
The other significant discovery is the development of multidrug-resistant strains and the growing complexity that this is posing to the health of the population and clinical care. The reviewed studies indicate that MDR gonorrhoea has turned into a persistent and not sporadic issue in the UK (Clifton et al. 2017; Whittles et al. 2018). Clifton et al. (2017) played a crucial role in showing that multidrug-resistant N. gonorrhoeae was linked to even more general demographic and behavioural trends, which implies that MDR is not only a laboratory term but a community health issue that is also influenced by the transmission mechanisms. This is in line with the broader knowledge that resistance is frequently magnified in social and sexual networks as opposed to being born in a vacuum. This suggests that MDR gonorrhoea cannot be regarded as a microbiological issue. It is also an epidemiological and service issue which may exert pressure on prescribing, case management and outbreak control.
This discovery also relates closely to the theme of outbreaks. According to the literature reviewed, multidrug resistance and persistence of outbreaks are mutually supporting. Strains that become resistant and spread within the transmission networks are harder to control, and extended outbreaks provide more chances of continuous spread. Research like Smolarchuk et al. (2018) and Day et al. (2022) explains how resistance may be incorporated into the transmission systems over time, thus making it a greater burden on the public health response. By doing so, the review confirms the review that epidemic management and AMR control cannot be considered distinct sexual health policy concerns.
Another important clinical warning sign appeared in the literature and was treatment failure. The analysed literature shows that in the case of treatment failure due to reduced susceptibility, the outcomes are immediately palpable both for the patients and on the health systems in general (Ison et al. 2011; Eyre et al. 2018). This is a key aspect as it turns the resistance into a laboratory or surveillance issue into a direct clinical issue. Failure to treat leads to prolonged infectivity, potential further transmission, and heightens anxiety about treatment efficacy and may necessitate more active follow-up and re-treatment. Eyre et al. (2018) are especially notable in this matter as their research has shown resistance to ceftriaxone and high-level azithromycin, which casts doubt on the effectiveness of the rest of the most important treatments.
Treatment failure is frequently defined as one of the gravest signs of antimicrobial resistance in the broader literature since it shows that microbiological change has acquired practical clinical implications. This is confirmed in the current review in the UK. It also demonstrates that the policy has relevance in treatment failure. Fifer et al. (2019) show that the treatment guidance has had to adapt to resistance evidence, as the UKHSA surveillance reporting has been promoting the value of identifying new ceftriaxone resistance (UK Health Security Agency, 2025). Therefore, treatment failure serves as a clinical warning and policy initiator. It forces a change of guidelines, more vigilance and closer interaction of laboratory evidence with clinical practice.
Another valuable result of the review is that the literature is still not much focused directly on young adults, despite the obvious relevance of gonococcal AMR to young people. Most studies considered were based on larger clinic or surveillance groups instead of the specific age groups, which implies that the conclusions about young adults will have to be drawn based on the general trends in epidemiology (Delpech et al. 2009; Whittles et al. 2018). This is a significant gap as young adults are still very pertinent to sexual health epidemiology and planning of services. The evidence reviewed indicates that the younger age groups probably play a significant role concerning transmission, prevention, follow-up and public health messages, but the exact interaction between AMR and the younger age group (18 to 21 years) is not well established in the literature.
This gap is important since population-sensitive and targeted interventions are more likely to be effective in terms of public health. Unless the literature provides adequate differentiation of the impact of resistant gonorrhoea upon young adults, then there may be missed chances to design prevention strategies, methods of communication or service delivery designed to suit young adults. The review thus confirms the perception of the young adult population as both the focal point of the public health importance of gonorrhoea and its inappropriate focus in the AMR-specific evidence base. This is indicative of a larger concern in the literature where surveillance and microbiology have been privileged over patient-centred analysis and age-specific analysis.
The review findings align with and are specific to the broader literature. The review is consistent with the rest of the world literature in prioritising the message that gonococcal AMR is a significant and growing issue, surveillance is essential, and treatment is becoming more limited (Unemo and Shafer, 2014; Aitolo et al. 2021; Medland et al. 2022). Nonetheless, the UK evidence has its peculiarities, too. It particularly excels in surveillance infrastructure, coordination of public health and reporting of clinically significant resistance incidents. The UK literature hence adds in-depth evidence of how a national health situation has tracked and acted in resistant gonorrhoea. Meanwhile, the review also notes that despite the relatively well-developed setting, there are gaps in terms of younger adults, lived experience and service level knowledge.
Combined, the results of this review imply several implications for UK public health and sexual health services. To begin with, it is necessary to continue investing in surveillance. In the absence of effective surveillance, resistance patterns can be detected when it is too late to act to counter them. Second, guidance on treatment should be flexible and evidence-based due to the current risk of antibiotic resistance. Third, the resistance monitoring should be included in the public health response, as the outbreak investigation and prevention work are obviously related. Fourth, sexual health services must consider how gonorrhoea resistance is communicated and managed by the younger population, especially with barriers to access, stigma or low risk perception affecting access. Lastly, it can be proposed based on the findings that the public health strategies towards gonococcal AMR need to be more holistic, integrating microbiological vigilance with behavioural, service and population-based strategies.
Altogether, the discourse proves that the issue of gonococcal antimicrobial resistance in the UK cannot be reduced to the issue of resistant organisms. It is a broader issue of surveillance, treatment, policy, service delivery and population health. The evidence reviewed demonstrates that the UK has worked out a robust surveillance-oriented response, yet also that there are still gaps in evidence of significance. Specifically, younger adults and the social aspects of resistant infection should be addressed more directly in case the reaction to gonococcal AMR is to be more comprehensive and efficient.

[bookmark: _Toc229082807]6.3 Strengths and Limitations
This review has a number of strengths. It employed a systematic literature review, firstly, which enhanced transparency, consistency and reproducibility in identifying, selecting and synthesising the relevant evidence (Page et al. 2021; Higgins and Thomas, 2024). Second, the review was UK-specific, and this made the review more relevant to national sexual health services, surveillance systems and public health policy. Third, the focus on the recent evidence reinforced the modern importance of the review, particularly concerning the current-day resistance issues such as ceftriaxone resistance and continuous surveillance response (Day et al. 2022; UK Health Security Agency, 2025). Lastly, the review is also explicitly relevant to public health since it connects microbiological resistance to treatment efficacy, consequences of outbreaks and service to control.
Nevertheless, there are several limitations to be taken into consideration. The new evidence base in the UK alone was not very large, thus narrowing down the scope of the eligible studies. Moreover, there were hardly any studies that concentrated on the ages of 18-21, which implied that the implications on young adults were most of the time to be inferred, as opposed to being directly confirmed. Surveillance and observational studies were also used extensively in the review, and these designs are good at tracking trends, but not at describing behavioural or experiential aspects. There was a dearth of qualitative evidence, diminishing the understanding of patient-centred and service-level problems. Lastly, the available evidence might have been biased by publication bias, whereby unusual cases, resistant cases or those of clinical importance are more likely to be published than otherwise.

[bookmark: _Toc229082808]6.4 Chapter Summary
The key findings of the review have been interpreted in this chapter in connection with the broader literature and the UK practice around public health. It has been indicated that gonococcal antimicrobial resistance is a dynamic issue that is determined by surveillance, multidrug resistance, failure to treat and continue its spread in networks. These implications of such findings to the younger populations and sexual health services, as well as the strengths and limitations of the review, were also discussed. In general, the data indicate that resistant gonorrhoea is a serious social problem in the UK and should be monitored. In the following chapter, the implications and recommendations are given, and the overall conclusion of the study is made.




[bookmark: _Toc229082809]CHAPTER 7: RECOMMENDATIONS AND CONCLUSION

[bookmark: _Toc229082810]7.1 Introduction to Chapter
The last chapter presents the implications of the review's findings, recommendations for practice, future research, and the general conclusion of the study. The chapter aims to shift the analysis and discussion into practical and academic implementation. Relying on the reviewed evidence, the chapter deliberates on gonococcal antimicrobial resistance implications on sexual health services, surveillance systems, antimicrobial stewardship and interventions based on young adult people in the United Kingdom. It also determines the areas that need additional research to enhance the evidence base. The chapter finishes by summarising the key findings of the review and rephrasing their importance to the practice of public health and sexual health.

[bookmark: _Toc229082811]7.2 Implications of Findings
There are various implications of the findings of this review for sexual health services in the UK. To start with, they demonstrate that gonococcal antimicrobial resistance is not just a microbiological problem but also a service delivery one, due to the impact of resistance on diagnosis, treatment routes, follow-up and outbreak management (Merrick et al. 2022; Fifer et al. 2019). Second, the review supports the significance of surveillance, especially the GRASP systems, since the early identification of resistance is the key to the timely reaction to the situation and the provision of treatment instructions to people (Delpech et al. 2009; Hughes, Nichols and Ison, 2011; UK Health Security Agency, 2025). Third, the results further emphasise that antimicrobial stewardship is crucial because the rate of preservation of the actively used treatments is determined by the careful use of the remaining ones and continuous monitoring of drug resistance (Unemo and Shafer, 2014; Fifer et al. 2019). Lastly, the review indicates that sexual health interventions targeting young adults are still highly relevant, as even though the literature seldom specifically addresses the ages of 18 to 21, younger populations still play an important role in gonorrhoea epidemiology and prevention planning (Whittles et al. 2018; UK Health Security Agency, 2024).

[bookmark: _Toc229082812]7.3 Recommendations for Practice
Some practice recommendations come out of this review. To begin with, the surveillance of antimicrobial resistance to gonorrhoea needs to be reinforced throughout the UK, and the long-term monitoring of the laboratory-confirmed susceptibility and the national reporting systems should be maintained. This will be critical in detecting evolutionary changes in the patterns of resistance before they become more prevalent (Merrick et al. 2022; UK Health Security Agency, 2025). Second, sexual health services must enhance the prompt identification and investigation of resistant strains, especially where there is the suspicion of treatment failure or outbreak clustering. Third, sex education and prevention among young adults should be reinforced, and communications over testing, treatment adherence, risk of reinfection and partner notification should be made clear. Fourth, effective partner notification and follow-up should be a focus of services, as both are core to curbing onward transmission. Lastly, clinical practice must be well in line with the evidence-based treatment pathways, with the prescribing decisions based on the most updated national guidelines and surveillance evidence (Fifer et al. 2019; Fifer et al. 2025). 

[bookmark: _Toc229082813]7.4 Recommendations for Future Research
This review also establishes some priorities in future research. To begin with, the UK-based research that specifically targets young adults, especially the age range 18-21 years, is in need because these individuals are frequently referred to as the ones that is to be discussed, yet never directly addressed in gonorrhoea AMR literature. Second, more qualitative research on patient experiences and service use, treatment follow-up and implications of resistant gonorrhoea as lived is clearly necessary. This would assist in dealing with the existing supremacy of surveillance and observational evidence. Third, the existing UK empirical studies should be more recent to enable greater reinforcement of the evidence base of surveillance summaries and case reports. Fourth, the prevention, service access and barriers to engagement should be studied in the future, particularly in the context of younger populations and sexual health disparities. Lastly, additional research on behavioural and social factors of transmission and resistance needs to be conducted because the existing evidence base is more robust in the field of microbiological detection rather than the overall determinants of resistant infection.

[bookmark: _Toc229082814]7.5 Conclusion
In this dissertation, the researchers looked at the issue of antimicrobial resistance in gonorrhoea in the United Kingdom and its implications for young adults. The question that informed the review is the following: what is known from UK-based literature about antimicrobial resistance in gonorrhoea, and what does it mean to young adults? The literature review conducted on the topic in a systematic way explored the way resistance has changed, its surveillance, the emergence of multidrug-resistant strains and treatment failures, and the impact of such changes on the health of the population and sexual health services.
The results indicate that the antimicrobial resistance in gonococcal is a critical and dynamic national health issue. The resistance to Neisseria gonorrhoea has evolved with time, shifting from the older antibiotics to more recent issues of cefixime, azithromycin and ceftriaxone (Unemo and Shafer, 2014; Aitolo et al. 2021). GRASP and other surveillance systems have been at the forefront in the UK to help identify trends of resistance and guide treatment policy (Delpech et al. 2009; Hughes, Nichols and Ison, 2011; UK Health Security Agency, 2025). It is also evident in the review that there is strong evidence of multidrug resistance, persistence of outbreaks, and treatment failure, all of which indicate that resistant gonorrhoea is not a hypothetical threat but a practical and clinical and public health issue (Clifton et al. 2017; Eyre et al. 2018; Day et al. 2022).
Meanwhile, the review has identified significant literature gaps. The majority of studies in the UK are surveillance-based or observational and not limited to the age group of 18-21, but on a broader population of clinics. This implies that the relevance of gonococcal AMR to young adults is obvious, although in most cases, indirect. Consequently, the existing evidence base is robust in surveillance of resistance and observing emerging threats, less so in exploring lived experiences, service barriers and the unique needs of younger populations. This is a significant drawback as the role of gonorrhoea in younger age groups in the UK sexual health continues to be significant.
In general, this paper finds that antimicrobial resistance of gonorrhoea is a significant issue for UK public health, sexual health services and antimicrobial stewardship. This evidence reveals that sustained surveillance, responsive clinical advice and more robust prevention measures are all needed to contain resistant gonorrhoea. It also shows that the younger populations and service-level experience should be studied more closely. Finally, the issue of gonococcal antimicrobial resistance must be interpreted beyond just microbiological hazard, but as an immediate and dynamic social health problem that needs the concerted, evidence-based and population-responsive intervention.
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[bookmark: _Toc229082817]Study Characteristics Table of Included Studies
	Author/Year
	UK Setting
	Aim of Study
	Study Design
	Sample/Population
	AMR Focus
	Key Findings
	Relevance to Review

	Aitolo et al. (2021)
	Not UK-specific, but used for contextual synthesis if retained
	To review the development of antimicrobial resistance in Neisseria gonorrhoeae from past to present
	Review article
	Published literature on gonococcal AMR
	Historical and emerging gonococcal AMR
	Showed progressive resistance across multiple antibiotic classes and warned of narrowing treatment options
	Useful for conceptual understanding of AMR evolution; best treated as contextual literature rather than core UK empirical evidence

	Day et al. (2022)
	United Kingdom
	To report ceftriaxone-resistant Neisseria gonorrhoeae cases detected in the UK
	Case series / surveillance report
	10 ceftriaxone-resistant gonorrhoea cases
	Ceftriaxone resistance
	Identified multiple ceftriaxone-resistant cases over a short period, indicating serious treatment threat
	Highly relevant to resistance trends, treatment threat, surveillance and public health response

	Medland et al. (2022)
	Global study including UK relevance
	To review surveillance systems used to monitor gonococcal AMR globally
	Systematic review
	Surveillance systems and published surveillance literature
	Gonococcal AMR surveillance
	Highlighted the importance of timely, high-quality surveillance systems for detecting and responding to resistance
	Supports surveillance theme and justifies the importance of monitoring systems such as GRASP

	Merrick et al. (2022)
	England
	To describe the national public health response to antimicrobial-resistant gonorrhoea in England from 2013–2020
	Observational public health response study
	National surveillance and response data
	AMR gonorrhoea response, outbreak control, surveillance
	Showed that AMR gonorrhoea required coordinated national surveillance, laboratory communication and incident response
	Central to surveillance, outbreak control, policy and service implications

	Fifer and Johnson (2025)
	UK-focused
	To discuss continuing evolution of antibiotic resistance in Neisseria gonorrhoeae and future treatment threats
	Review article
	Published literature and UK context
	Evolution of resistance and future treatment threats
	Reinforced concern about reduced treatment options and continuing emergence of resistance
	Useful for up-to-date interpretive discussion of UK AMR trends

	Fifer et al. (2025)
	UK
	To provide the updated British Association of Sexual Health and HIV national guideline for gonorrhoea management
	National clinical guideline
	National guidance based on surveillance and evidence synthesis
	Treatment guidance and AMR-informed management
	Updated management recommendations in response to current resistance evidence
	Highly relevant for clinical implications, treatment pathways and public health practice

	UK Health Security Agency (2024)
	England / UK
	To report annual STI surveillance data
	National surveillance report
	STI surveillance data
	Gonorrhoea epidemiology and service relevance
	Showed continuing burden of gonorrhoea and importance of surveillance in sexual health populations, including younger groups
	Relevant to young adult implications, epidemiology and sexual health service context

	UK Health Security Agency (2025)
	England / UK
	To report GRASP surveillance findings to June 2023
	National surveillance report
	GRASP resistance surveillance data
	Gonococcal resistance trends
	Provided current UK evidence on susceptibility patterns and resistance monitoring
	Highly relevant to surveillance, resistance detection and treatment policy

	Davis et al. (2025)
	UK-focused
	To discuss rising gonorrhoea cases and antimicrobial resistance
	Commentary/review style paper
	Contemporary published evidence
	Rising case burden and AMR threat
	Emphasised the growing public health importance of gonorrhoea and resistance in the UK
	Useful for recent discussion, though likely not a core empirical paper if strict inclusion is applied

	Allan-Blitz, Fifer and Klausner (2024)
	Broad clinical relevance, partly UK-relevant through authorship/guideline context
	To discuss management of treatment failure in gonorrhoea infection
	Review article
	Clinical literature
	Treatment failure
	Highlighted current guidance and future directions for managing treatment failure
	Supports treatment failure discussion, though not necessarily a UK empirical study
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Critical Appraisal Table Using MMAT (2018)
	Study
	Study Type
	Clear Research Question
	Appropriate Data Collection Method
	Sample/Population Appropriate
	Measurements / Data Relevant
	Risk of Bias / Limitations
	Overall Quality Appraisal
	Comments

	Day et al. (2022)
	Quantitative / case series / surveillance report
	Yes
	Yes
	Yes
	Yes
	Small number of cases; limited generalisability
	High
	Strong for identifying ceftriaxone-resistant cases and immediate public health significance

	Merrick et al. (2022)
	Quantitative / observational public health response study
	Yes
	Yes
	Yes
	Yes
	Focuses mainly on system response rather than patient experience
	High
	Highly relevant for surveillance, coordination and public health implications

	UK Health Security Agency (2024)
	Quantitative / surveillance report
	Yes
	Yes
	Yes
	Yes
	Descriptive surveillance data; limited depth on causation
	High
	Useful for epidemiological context and relevance to younger populations

	UK Health Security Agency (2025)
	Quantitative / national resistance surveillance report
	Yes
	Yes
	Yes
	Yes
	Surveillance-based; does not fully explain behavioural/service-level causes
	High
	One of the strongest current sources for UK resistance trends

	Fifer and Johnson (2025)
	Review / interpretive paper
	Yes
	Partly
	Partly
	Yes
	Not primary empirical research; interpretive in nature
	Moderate
	Useful for discussion and interpretation, but weaker as primary included evidence

	Fifer et al. (2025)
	Guideline / evidence-based national guideline
	Yes
	Partly
	Partly
	Yes
	Guideline rather than original primary study
	Moderate to High
	Strong for practice implications, but should be treated as guidance rather than primary research

	Brown et al. (2021)
	Systematic review
	Yes
	Yes
	Yes
	Yes
	Not UK gonorrhoea AMR-specific
	Moderate
	Useful mainly for young adult sexual health relevance

	Medland et al. (2022)
	Systematic review
	Yes
	Yes
	Yes
	Yes
	Global rather than UK-specific
	Moderate to High
	Supports surveillance theme, but not a direct UK primary study

	Mahapure et al. (2023)
	Narrative review
	Yes
	Partly
	Partly
	Yes
	Narrative review; not UK-specific; no primary empirical dataset
	Moderate
	Useful for background only

	Ajmal et al. (2023)
	Systematic review
	Yes
	Yes
	Yes
	Yes
	Focuses on cefixime pharmacokinetics, not directly UK gonorrhoea AMR
	Moderate
	Helpful as supporting literature only

	Davis et al. (2025)
	Commentary / review-style paper
	Yes
	Partly
	Partly
	Yes
	Not primary empirical research
	Moderate
	Good for current framing, weaker for formal appraisal dataset

	Allan-Blitz et al. (2024)
	Review article
	Yes
	Partly
	Partly
	Yes
	Not UK empirical evidence
	Moderate
	Useful for treatment failure discussion only

	Raccagni et al. (2023)
	Review article
	Yes
	Partly
	Partly
	Yes
	Broad review, not UK-specific
	Moderate
	Background support only
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