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The debate between post-treatment Lyme disease syndrome (PTLDS) and chronic Lyme disease (CLD) reflects different views about the causes and treatment of persistent symptoms attributed to Lyme disease, including symptoms that continue after recommended antibiotic treatment. This study examines how competing positions in the controversy draw on different scientific evidence domains, and how findings from those domains are extended into broader clinical and mechanistic claims. We analysed a 2000–2024 literature corpus using a prompt-optimised three-model large language model ensemble to classify abstracts by stance, theme and model-derived study design. We then conducted targeted full-text audits of selected retreatment and treatment-duration trials, and preclinical persistence studies. Across the higher-volume evidence domains, model-derived claim orientations differed by study-design tier. Observational studies and commentaries showed PTLDS-oriented distributions, whereas case reports or series, animal models, and in vitro studies showed CLD-oriented distributions. The smaller RCT and guideline tiers were also PTLDS-oriented, but the small numbers and wide confidence intervals made this direction uncertain. The clinical trial audit showed that some trials reported short-term or symptom-specific improvements, while the interpretation of these findings depended on their durability, endpoint consistency, eligibility criteria, treatment burden, and safety. The citation-conditioned preclinical audit identified findings that support several candidate mechanisms and generate hypotheses for further study, but these findings did not by themselves establish viable infection as the cause of persistent human symptoms or demonstrate the efficacy of prolonged antimicrobial treatment. The findings show a recurring distinction between mechanism-level evidence and the evidence needed to establish patient-level causation or durable clinical benefit. They map how these different forms of evidence are distributed and translated across the PTLDS–CLD literature.




Keywords: chronic lyme disease, computational discourse analysis, epistemic filters, evidence translation, large language models, lyme disease, post-treatment lyme disease syndrome, scientific controversy





1 Introduction

Lyme borreliosis is a tick-borne infection whose recognised acute manifestations generally respond to recommended antimicrobial therapy, although treatment response and recovery vary by manifestation and disease stage (Lantos et al., 2021). A clinically important subset of treated patients nevertheless reports persistent fatigue, pain, cognitive symptoms, or functional impairment. In a prospective cohort of 1,084 patients included in the primary analysis, persistent symptoms were more frequent after treated Lyme borreliosis than in population and tick-bite comparison cohorts, although the background prevalence in both comparison cohorts was substantial (Ursinus et al., 2021). In research and clinical guidance, posttreatment Lyme disease syndrome (PTLDS) generally denotes persistent symptoms after documented and appropriately treated Lyme disease, subject to temporal, diagnostic, and exclusion criteria (Rebman and Aucott, 2020; Lantos et al., 2021; Marques, 2022). “Chronic Lyme disease” (CLD) has been used more heterogeneously for persistent symptoms attributed to ongoing or incompletely treated infection, unrecognised infection, co-infection, or a broader chronic multisystem illness (Feder et al., 2007; Cameron et al., 2014; Marques, 2022). These usages carry different diagnostic thresholds, causal assumptions, evidentiary standards, and assessments of the benefits and harms of antimicrobial retreatment. Neither category encompasses every patient with persistent symptoms after Lyme disease. A broader descriptive classification has therefore been proposed for symptoms attributed to Lyme disease that fall outside strict PTLDS criteria, while retaining uncertainty about causation (Baarsma and Hovius, 2024).

The relevant evidence domains answer different questions. RCTs estimate average treatment effects in defined populations; observational studies characterise associations and clinical heterogeneity; animal and in vitro studies test candidate mechanisms within defined experimental systems; and qualitative research examines patient experience, diagnostic uncertainty and institutional trust. Retreatment trials have not shown a consistent pattern of durable net benefit for the regimens and diagnostically bounded populations studied, although individual trials differed in eligibility, interventions, endpoints, and secondary signals (Klempner et al., 2001; Krupp et al., 2003; Fallon et al., 2008; Berende et al., 2016; Dersch et al., 2024). Proposed explanations for persistent symptoms include viable microbial persistence in a subset of patients, retained microbial antigens, inflammatory or autoimmune dysregulation, altered neurological processing or central sensitisation, and unrelated or overlapping conditions. Their relative contributions remain uncertain and may differ among patient subgroups (Batheja et al., 2013; Rebman and Aucott, 2020; Baarsma and Hovius, 2024). In this study, mechanistic plausibility denotes support within defined experimental systems for one or more such pathways; it does not establish which pathway causes persistent symptoms in patients. Preclinical, immunological, xenodiagnostic, and biomarker findings can support investigation of these hypotheses, but do not by themselves establish the cause of persistent human symptoms or the efficacy of prolonged treatment. The dispute therefore concerns both the findings and the rules used to translate evidence across domains.

Our previous study mapped publication patterns, stance distributions, and recurring themes in 8,630 abstracts published from 2000 through 2024 (Susnjak et al., 2026). The present study asks a different question: how model-derived claim orientations are distributed across study designs and how selected clinical and preclinical findings are extended into mechanistic, therapeutic, and guideline-level claims. Its new components are prompt-optimised ensemble reclassification, study-design and evidence-domain mapping, descriptive stance-orientation odds and targeted full-text evidence-translation audits. The analysis therefore distinguishes what each evidence domain can directly support from the broader mechanistic, therapeutic, or guideline-level claims sometimes drawn from it.

Large-scale evidence mapping requires consistent classification across a broad literature (Haddaway et al., 2020). LLMs can assist literature classification and extraction, but their outputs depend on the taxonomy, prompt wording, model endpoint and evaluation procedure (Gilardi et al., 2023; Dennstädt et al., 2024; Adam et al., 2025). We therefore treated prompt instructions as auditable decision rules, optimised them against inherited expert-agreed examples, applied a provider-diverse three-model ensemble for increased reliability, retained the model outputs and adjudication records and paired abstract-level mapping with targeted full-text appraisal. The resulting labels provide a structured representation of published claim orientation, enabling comparison across evidence domains and targeted examination of how findings are translated into broader mechanistic, therapeutic and clinical arguments.




2 Materials and methods



2.1 Study aim and design

This descriptive evidence-domain and evidence-translation study linked abstract-level stance labels to model-derived study-design categories and targeted full-text appraisal. It examined distributions of published claims rather than the correctness of individual PTLDS- or CLD-aligned interpretations. It did not rank the quality of every publication, estimate causal effects, or infer treatment efficacy from publication counts. We conducted a retrospective secondary analysis of a previously screened English-language abstract corpus, followed by stance, theme, and study-design labelling, evidence-domain mapping and targeted full-text analysis of selected high-leverage domains.




2.2 Corpus provenance and relationship to the prior study

This study builds directly on the screened corpus and classification framework developed in our prior scientometric mapping of the Lyme disease controversy (Susnjak et al., 2026). The prior study assembled a 25-year corpus of Lyme-related scholarly records using PRISMA-style screening and prespecified inclusion and exclusion criteria. That work established the bibliographic and abstract-level sampling frame, the five-class stance architecture, an expert-labelled reference set, and an eight-theme taxonomy capturing the main recurring points of contention in the PTLDS–CLD literature. The present study reused the prior sampling frame and coding architecture but generated the evidence-domain analysis reported here. Table 1 separates inherited and new components. Figure 1 summarises the workflow.


Table 1 | Components inherited from the prior study and components introduced in the present study.
	Component
	Prior study
	Present study



	Screened 2000–2024 corpus and bibliographic frame
	Created
	Reused unchanged


	Five-class stance architecture and eight-theme taxonomy
	Developed
	Reused for reclassification


	Two-expert 150-record exercise and 91 exactagreement subset
	Created
	Reused for prompt development


	DSPy/GEPA prompt optimisation and three-provider production ensemble
	Not performed
	Introduced


	Study-design labels, evidence-domain tiers, and stance-orientation mapping
	Not performed
	Introduced


	Targeted RCT and preclinical full-text audits
	Not performed
	Introduced
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Figure 1 | Methodological workflow of the follow-up evidence-translation study. The figure summarises the pipeline from the inherited PRISMA-screened corpus through DSPy/GEPA LLM prompt optimisation, three-model ensemble classification, evidence-domain tiering, stance-orientation odds mapping, targeted full-text audits, and final evidence-translation synthesis. The final integrated analysis contained 1,371 debate-relevant records, of which 1,044 carried a directional stance label.




2.3 Corpus and eligibility

The analysis used the fixed PRISMA-filtered Lyme disease abstract corpus from the prior study, covering publications from 1 January 2000 to 31 December 2024. Eligible records contained English-language bibliographic and abstract information and had passed the prior relevance screening. Publications appearing after this period were used only to contextualise the methods or interpretation and did not contribute to corpus classification, evidence-domain estimates, citation-conditioned sampling, or the full-text audits. Given the large size of the corpus, abstract-level classification was used because the aim was to map large-scale claim orientation across the published literature, rather than conducting a full-text systematic review of every included record. Abstracts are the most consistently available structured representation of article-level claims across bibliographic databases; however, it is also recognised that they omit methodological caveats and full evidentiary context. For this reason, abstract-level mapping was paired with targeted full-text appraisal of high-leverage clinical and preclinical domains in this study.




2.4 Inherited reference material and theme taxonomy

Three resources from the prior study were reused. First, the screened corpus and bibliographic metadata provided the sampling frame for reclassification. Second, the prior study provided human reference material for stance/routing prompt development. In that earlier study, two domain experts independently classified a random sample of 150 abstracts using the operational labels Supports PTLDS, Supports CLD, Neutral, Unrelated, and Animal Study. They assigned the same label to 91 abstracts and different labels to 59 abstracts. Human–human agreement across the complete sample was moderate (Cohen’s κ = 0.501), reflecting the interpretive difficulty of the task. We used the 91 exact-agreement labels as fixed prompt-development material, divided into training, internal-validation, and held-out prompt-development partitions. The 59 disputed records were excluded from optimisation because they lacked an adjudicated reference label. The prior study reported agreement of its classifier with the 91 human-agreed labels (κ = 0.709; accuracy = 0.769; macro-F1 = 0.754), with the weakest performance for Neutral. These metrics describe the classifier used in the prior study rather than the GEPA-optimised production ensemble used here. The inherited theme taxonomy also underwent targeted expert review in the prior study: 50 abstract–justification pairs, comprising 100 theme assignments, were reviewed, with 96% of assignments confirmed. These resources supported reference-based prompt development but did not independently validate all model-derived stance, theme, and study-design labels in the present analysis. Third, we reused the eight-theme taxonomy developed and validated in the prior study comprising Active Infection vs. Post-Infectious Immune Activity; Diagnostic Complexity and Uncertainty; Therapeutic Controversies and Antibiotic Efficacy; Neurocognitive and Neuropsychiatric Manifestations; Immune Dysregulation and Autoimmune Mechanisms; Patient-Centred Experiences and Advocacy; Mechanisms of Pathogen Persistence and Biofilm Formation; and Sociocultural and Ethical Factors. This taxonomy was treated as fixed, while theme assignments were re-estimated using new DSPy/GEPA-revised prompts and a three-model ensemble.




2.5 DSPy/GEPA prompt optimisation

Prompt optimisation refined the written classification instructions without altering model weights or the predefined label categories. GEPA applied candidate instructions to the inherited training examples, examined errors against their fixed labels, and proposed revised instructions in natural language. Candidate wording was selected using a separate internal-validation partition, while the held-out partition was reserved from prompt selection. This procedure addresses the sensitivity of biomedical screening performance to instruction wording, output structure, and task framing (Dennstädt et al., 2024; Cao et al., 2025). The 91 inherited exact-agreement records were divided into 54 training, 18 internal-validation, and 19 held-out prompt-development records. This compact development set was used to optimise and select instructions, consistent with the data-efficient setting for which DSPy prompt optimisers were developed (Khattab et al., 2023; Opsahl-Ong et al., 2024; Agrawal et al., 2025); it was not intended to estimate corpus-wide classification performance. Because it contained only exact-agreement cases, it may overrepresent clearer examples and underrepresent ambiguous boundary cases.

For each labelling task, the prompt instruction was treated as an optimisable decision protocol. Candidate instructions were generated using the training partition and selected using the internal-validation partition. The held-out partition was used to assess the selected instructions during prompt development. Candidate model configurations were compared during development, and the final production ensemble comprised gpt-5-mini, Grok-4 Fast, and Gemini 2.0 Flash. Full implementation details, including candidate models, optimiser roles, the feedback metric, optimisation budget, and recorded generation settings, are provided in the Supplementary Methods.




2.6 Classification pipeline

The present study applied three abstract-level labelling stages followed by evidence-domain mapping and targeted full-text appraisal. First, each abstract was assigned one mutually exclusive stance or routing label: Supports PTLDS, Supports CLD, Neutral, Unrelated, or Animal Study. Under the operational definitions, Supports PTLDS represented an overall post-infectious or non-persistent framing, or a conclusion against additional prolonged antimicrobial treatment, whereas Supports CLD represented an overall ongoing-infection or persistence framing, or a conclusion favouring extended antimicrobial treatment. Neutral indicated no clear directional position. Animal Study was used as a routing category rather than as a clinical stance. It identified non-human studies that did not make direct claims about human PTLDS or CLD, while allowing animal studies with explicit human-relevant interpretive claims to be assigned to a substantive stance category. For evidence-domain analyses, animal-model studies could enter the debate-relevant set only if the abstract was classified as Supports PTLDS, Supports CLD, or Neutral based on explicit interpretive claims relevant to the controversy. Thus, “Animal Study” as a routing label and “animal model” as an evidence-domain tier were analytically distinct.

Second, debate-relevant abstracts, defined as Supports PTLDS, Supports CLD, or Neutral, were assigned theme labels using the inherited eight-theme taxonomy. Third, each debate-relevant abstract was assigned one primary study-design label and, where applicable, secondary study-design labels. These labels were then aggregated into evidence-domain tiers, including RCTs, controlled non-randomised studies, observational studies, case reports or series, animal models, in vitro studies, diagnostic accuracy studies, methods or assay-development studies, reviews or meta-analyses, guidelines, editorials, commentaries, imaging-only studies, and other non-clinical contributions.




2.7 Three-model ensemble and adjudication

Each abstract-classification task was performed independently by three provider-diverse LLM endpoints selected on development-set performance, provider diversity, availability, structured-output suitability, and operational feasibility: gpt-5-mini, Grok-4 Fast, and Gemini 2.0 Flash. This design reduced reliance on one model family. A subsequent screening study similarly found distinct sensitivity and specificity profiles across LLMs and reported that combining outputs increased sensitivity while also increasing false-positive inclusion (Oami et al., 2025). The taxonomy and operational criteria were fixed before production classification. Each model received its own optimised prompt without access to the other models’ outputs, and a two-of-three majority determined the model-derived label where two models agreed. Complete three-way stance/routing disagreements entered a separate adjudication invocation using x-ai/grok-4-fast through OpenRouter. The invocation received the abstract, three candidate labels, and their short rationales and applied the same prespecified definitions. Because this step reused one production endpoint, it resolved the final label without adding an independent adjudicator. Complete three-way disagreements in primary study design were retained as unresolved design records without an additional model call.

Pre-resolution stability was summarised using the proportions of unanimous, two-to-one, and complete three-way disagreement outcomes, together with pairwise agreement and multi-rater agreement statistics. These measures characterise consistency among the production endpoints but do not establish correctness against a human reference standard. Full results are reported in Supplementary Table 1.




2.8 Thematic and study-design labelling

For debate-relevant abstracts, defined as records classified as Supports PTLDS, Supports CLD, or Neutral, we applied two additional labelling stages. First, we assigned thematic labels using the eight-theme taxonomy inherited from the prior study. Because the taxonomy had already been generated through multi-model thematic extraction and expert consolidation, the present study treated it as an established coding framework. The follow-up analysis assessed its adequacy for the reclassified debate-relevant subset and then applied it consistently under the DSPy/GEPA-assisted ensemble pipeline.

To assess whether the inherited taxonomy remained adequate for the reclassified debate-relevant corpus, each model reviewed batches of abstracts for recurring themes not represented in the eight-theme framework. No additional recurring theme was retained. For final thematic assignment, each model generated candidate labels for each abstract, and retained labels were determined under a strict cross-model consensus rule to limit inflation of theme prevalence and prioritise discriminative assignment over maximal coverage.

Second, each debate-relevant abstract was assigned one primary study-design label and, where applicable, up to three secondary study-design labels from a predefined study-design taxonomy. Primary study-design labels were then aggregated into evidence-domain tiers for analysis. These tiers included RCTs, controlled non-randomised studies, observational studies, case reports or series, animal models, in vitro studies, diagnostic accuracy studies, methods or assay-development studies, reviews or meta-analyses, guidelines, editorials, commentaries, imaging-only studies, and other non-clinical contributions. The primary study-design labels described document design as reported in titles and abstracts; they did not assess study quality, risk of bias, or evidentiary validity. Study-design instructions were refined on a development subset for which all three models assigned the same primary category. Because this subset was model-derived rather than human-adjudicated, the resulting study-design and evidence-domain labels were used for descriptive aggregation and selection of domains for full-text audit.




2.9 Analytical denominators

Table 2 summarises the main analytical denominators used in the follow-up study. The operational starting point was the abstract corpus that entered the prior semantic classification workflow. Larger pre-classification screening denominators reported in the prior study are treated as preceding corpus-construction stages rather than as direct denominators for the present evidence-domain analysis. Study-design agreement was calculated on 1,373 pre-resolution debate-relevant records. Reconciliation with the final integrated dataset produced a net reduction of two records, leaving 1,371 debate-relevant records, of which 1,044 carried directional stance labels. Agreement statistics therefore use n = 1,373, whereas the final evidence-domain and stance analyses use n = 1,371. Record-level reconciliation details are provided in the Supplementary Methods.


Table 2 | Analytical denominators linking the prior corpus to the follow-up evidence-domain analysis.
	Stage
	n
	Basis



	Prior operational abstract corpus used for semantic classification
	8,630
	Corpus inherited from the prior Scientometrics study and used as the starting frame for this follow-up analysis


	Pre-resolution study-design inputs
	1,373
	Workflow-stage debate-relevant records classified independently by the three study design models; denominator used for intermodel agreement


	Debate-relevant abstracts
	1,371
	Records classified as Supports PTLDS, Supports CLD, or Neutral in the final
integrated dataset


	Stance-bearing abstracts
	1,044
	Records classified as Supports PTLDS or
Supports CLD in the final integrated dataset;
Neutral records excluded


	Evidence-domain labelled debate-relevant records
	1,371
	Debate-relevant records assigned a primary study-design/evidence-domain label in the final integrated dataset


	RCT-labelled stance-bearing abstract records used in stance orientation odds mapping
	20
	Abstract records classified as RCTs and Supports PTLDS or Supports CLD; used in Figure 3


	Unique RCT or controlled treatment publications identified for full-text audit
	13
	Deduplicated or relevance-screened treatment records retained as full-text audit candidates


	Retreatment or treatment-extension trials discussed in Table 5
	6
	Four direct persistent-symptom retreatment or longer-term therapy trials and two
adjacent treatment-duration trials


	Preclinical full-text extraction set
	24
	Citation-conditioned, design-balanced sample of animal or in vivo and in vitro studies





The 8,630 abstracts constitute the operational starting set for this secondary analysis; preceding screening counts are reported in the prior study. The 1,373-record denominator applies to pre-resolution study-design agreement, whereas final evidence-domain analyses use the reconciled 1,371-record dataset.

RCT counts differ because stance-orientation analysis uses abstract-level records, while the full-text audit uses deduplicated and relevance-screened publications. Of 20 RCT-labelled stance-bearing abstracts and 13 retained treatment candidates, four direct persistent-symptom trials and two adjacent treatment-duration trials were selected for detailed appraisal.






2.10 Evidence-domain stance-orientation mapping

To characterise how stance-bearing claims were distributed across evidence domains, we estimated stance-orientation odds within each evidence-domain tier. Within each tier, stance-orientation odds were calculated as the number of Supports PTLDS records divided by the number of Supports CLD records. These are within-tier odds rather than odds ratios relative to a reference tier. Neutral abstracts were excluded because they did not express a directional stance. Tier-specific odds greater than one indicated a PTLDS tilt, while odds below one indicated a CLD tilt. Two-sided 95% confidence intervals were calculated as Wald intervals on the log odds, using variance 1/a + 1/b, where a and b are the Supports PTLDS and Supports CLD counts. The analysis code applied a 0.5 Haldane correction only when either cell was zero; no displayed all-theme tier required this correction. Results were plotted on a log scale to aid comparison across tiers with different counts. This analysis was used descriptively rather than as a causal test. Its purpose was to identify which evidence domains were disproportionately associated with each stance and to guide targeted full-text appraisal of high-leverage domains where cross-tier translation appeared most consequential.




2.11 Targeted full-text evidence-translation audit

The full-text phase was designed as an evidence-translation audit rather than as an exhaustive systematic review or meta-analysis. The RCT audit focused on retreatment and treatment-extension trials that are frequently mobilised in guideline reasoning about persistent symptoms after Lyme disease treatment. From 13 retained clinical candidates, we selected four trials directly evaluating retreatment or longer-term therapy in persistent-symptom populations (Klempner, Krupp, Fallon, and Berende) and two adjacent randomised treatment-duration trials in disseminated or late Lyme disease (Oksi and Dattwyler). Protocols, commentaries, secondary or biomarker reports, coinfection-specific interventions, and acute erythemamigrans duration studies were not included in the detailed appraisal. For each clinical trial, we extracted the enrolled population, diagnostic or serological eligibility criteria, treatment comparison, primary or major secondary treatment signal, durability interpretation, safety considerations, and the defensible evidentiary conclusion supported by the trial. For retreatment and treatment-extension trials, we also recorded trial design, sample size, primary endpoint, major secondary signals, follow-up duration, adverse events, and applicability to the PTLDS–CLD treatment question so that trial-internal findings could be distinguished from external applicability to broader contested CLD populations. Additional structured extraction fields are provided in the Supplementary Material.

The preclinical audit focused on a bounded, citation-conditioned, design-balanced subset of animal or in vivo and in vitro studies relevant to the persistent infection versus post-infectious interpretation. Selection was guided by evidence-domain tier, stance imbalance in the abstract-level stance-orientation analysis, citation uptake in guideline and review literature, and the need to cover major translation mechanisms. For each preclinical paper, we extracted the model system, treatment context, persistence measure, viability claim, directly supported inference, and broader clinical interpretation sometimes attached to the finding. This design allowed us to examine how evidence moves from mechanism to clinical argument without treating the selected full-text set as statistically representative of all Lyme disease research.




2.12 Selection of the preclinical extraction subset

The preclinical full-text phase was designed as a targeted evidence-translation audit rather than as an exhaustive review of all animal and in vitro Lyme studies. We therefore selected a bounded, purposive sample of 24 preclinical papers comprising 12 animal or other in vivo studies and 12 in vitro studies, using a citation-conditioned procedure intended to identify studies that were both mechanistically relevant and demonstrably influential in the guideline and review literature. The sampling frame was first restricted to corpus-derived records classified as active-infection preclinical studies, comprising animal-model and in vitro papers relevant to the persistence versus post-infectious interpretation. We then identified 53 eligible active-infection guideline, review, and meta-analysis source documents, including neutral evidence synthesis papers, because the purpose of this step was to map evidence flow rather than to reproduce stance-odds denominators. Reference lists from the available full-text conversions were extracted and matched against the preclinical target frame using DOI-exact matches as high-confidence evidence and title/year overlap as evidence requiring further review.

The final 24-paper subset was constructed to balance citation influence with design diversity and inferential coverage. Citation overlap supplied the initial influence signal, while inclusion also required representation across the main evidence types and translation mechanisms relevant to the persistence versus post-infectious interpretation. Specifically, the subset was constructed to include (i) animal or in vivo persistence models and in vitro mechanistic studies in equal numbers; (ii) papers cited by at least one guideline or review record where possible; (iii) studies addressing the major translation mechanisms identified in the abstract-level analysis, including persistence after antibiotic exposure, antigen or DNA detection versus viability, immune-evasion or immune-dysregulation mechanisms, pleomorphic or drug tolerant forms, and diagnostic caution around nucleic-acid detection; and (iv) papers that represented both infection-persistence arguments and post-infectious or immune-mediated counter-interpretations. This procedure treated the 24 papers as a citation-conditioned, design-balanced extraction set rather than as a statistically representative sample of all preclinical Lyme research.

Before finalising the subset, we verified the eligibility of all source documents and manually reviewed citation matches not supported by an exact DOI. The 53 eligible guideline, review, and meta-analysis documents yielded 4,304 reference strings and 147 citation links to 70 unique preclinical studies. From these, 24 papers were selected using the prespecified design and mechanism criteria. This procedure retained a transparent connection among corpus eligibility, citation uptake, reference matching, and design– mechanism coverage. The 24-paper subset is therefore an influential, citation-conditioned evidence-flow sample rather than a prevalence estimate for all preclinical Lyme research. Detailed matching diagnostics, source verification, unmatched candidates, and sensitivity records are provided in the Supplementary Material.




2.13 Transparency and data handling

The corpus-level inputs comprised bibliographic records and abstracts obtained through the prior literature screening workflow, while the targeted evidence-translation audits used published full-text articles. No private patient-level or unpublished clinical data were analysed. We retained the classification inputs, compiled prompts, operational definitions, endpoint identifiers, available generation settings, aggregation and disagreement-resolution rules, original model outputs, derived labels, and analysis scripts. Available workflow metadata place the runs in November 2025, record temperatures of 0 or 1 depending on the task, establish that no seed parameter was supplied to model calls, and identify JSON as the structured-output format. These materials support reconstruction of the reported analysis, but future runs may differ because hosted providers can change model weights, routing, system instructions, safety layers, or serving infrastructure while retaining a public endpoint name. Detailed implementation information and the limits of the available run metadata are reported in the Supplementary Methods.





3 Results



3.1 Overarching patterns, trends and themes

Table 3 reports final model-derived stance labels under the prespecified ensemble and adjudication procedure. The present study re-estimated rather than carried forward the earlier labels, and some records moved between Neutral, directional and routing categories. These distributions provide a structured representation of abstract-level claim orientation and form the basis for the subsequent comparisons across themes and evidence domains.


Table 3 | Distribution of model-derived stance labels among debate-relevant abstracts.
	Stance
	Number of records
	Percentage (%)



	Neutral
	327
	24


	Supports CLD
	509
	37


	Supports PTLDS
	535
	39







Table 4 shows that model-derived stance labels were not uniformly distributed across themes in this corpus. Theme counts are tagged occurrences rather than mutually exclusive study sets because an abstract may carry several themes. The largest theme, Active Infection vs. Post-Infectious Immune Activity (n = 844), was moderately tilted towards Supports CLD (43.5%) relative to Supports PTLDS (38.6%), with a smaller Neutral proportion (17.9%). Abstracts assigned to this theme were therefore more frequently given a directional stance than a Neutral label. The subsequent evidence-domain analysis examined which study designs were most frequently represented among infection-centred and post-infectious claims.


Table 4 | Distribution of model-derived stance labels among theme-tagged abstract occurrences.
	Theme
	n
	Neutral (%)
	PTLDS (%)
	CLD (%)



	Active Infection vs. Post-Infectious Immune Activity
	844
	17.9
	38.6
	43.5


	Diagnostic Complexity and Uncertainty
	792
	30.6
	39.1
	30.3


	Therapeutic Controversies and Antibiotic Efficacy
	522
	17.4
	45.2
	37.4


	Neurocognitive and Neuropsychiatric Manifestations
	237
	30.0
	38.8
	31.2


	Immune Dysregulation and Autoimmune Mechanisms
	233
	16.3
	53.6
	30.0


	Patient-Centred Experiences and Advocacy
	120
	50.0
	31.7
	18.3


	Mechanisms of Pathogen Persistence and Biofilm Formation
	121
	3.3
	2.5
	94.2


	Sociocultural and Ethical Factors
	70
	51.4
	30.0
	18.6





Stance and theme were assigned in separate abstract-level classification tasks. Percentages represent the model-derived stance labels among abstracts carrying each theme, rather than a stance inherent to the theme itself. For patient-centred and sociocultural records, the stance label reflects the abstract’s overall causal, diagnostic, or therapeutic framing rather than necessarily reflecting the patient’s own interpretation of illness.



Diagnostic Complexity and Uncertainty (n = 792) had a larger Neutral proportion (30.6%) and less separation between Supports PTLDS (39.1%) and Supports CLD (30.3%) than the Active Infection theme. This distribution indicates greater abstract-level neutrality within diagnostically oriented records and motivated examination of the evidence domains represented in this theme. Therapeutic Controversies and Antibiotic Efficacy (n = 522) was more frequently classified as Supports PTLDS (45.2%) than Supports CLD (37.4%). This pattern is consistent with a greater prevalence of PTLDS-aligned risk–benefit and controlled-efficacy framing among abstracts assigned to the therapeutic theme.

Immune Dysregulation and Autoimmune Mechanisms (n=233) is the most PTLDS-skewed theme (53.6%), suggesting that when immune-mediated explanations are foregrounded, authors more often frame persistent symptoms as post-infectious sequelae rather than ongoing infection. In contrast, Mechanisms of Pathogen Persistence and Biofilm Formation showed the strongest CLD orientation in the model-coded theme assignments, with 94.2% of theme-tagged occurrences classified as Supports CLD. This indicates that, within this corpus and coding framework, persistence-oriented mechanistic language was usually positioned as part of a CLD-aligned argument rather than as a neutral mechanistic observation. The predominantly neutral composition of Patient-Centred Experiences and Advocacy (50.0%) and Sociocultural and Ethical Factors (51.4%) suggests that these themes often function as meta-level commentary on lived experience, contested authority, and clinical relationships rather than as direct mechanistic argumentation. This pattern motivated the subsequent stratification of theme-linked claims by study-design tier and publication type.

Figure 2 shows that the model-derived debate-relevant set contained many observational studies and non-empirical discourse formats, with fewer RCTs and controlled non-randomised studies. The broad domains support different inferences: observational and case-based designs describe associations and heterogeneity; preclinical studies test plausibility and mechanisms; and RCTs estimate average treatment effects under defined conditions. Publication volume therefore should not be equated with evidentiary strength.

[image: Horizontal bar chart comparing the count of different study types, showing that observational, commentary, and case reports are most common, while imaging only and controlled non-random are least frequent.]
Figure 2 | Distribution of model-derived primary study-design labels among the 1,371 debate-relevant abstracts in the final integrated analysis, using the specified taxonomy and three-model ensemble procedure. In the figure, “cc” denotes case–control and “cross-sec” denotes cross-sectional.




3.2 Stance-orientation odds across evidence domains

Figure 3 reports stance-orientation odds among the 1,044 model-derived stance-bearing abstracts. High-volume tiers supplied the more stable descriptive patterns: observational studies were PTLDS-oriented (a = 163, b = 73), case reports/series were CLD-oriented (a = 79, b = 147), commentaries were PTLDS-oriented (a = 145, b = 66), and animal-model and in vitro tiers were CLD-oriented (a = 9, b = 49 and a = 22, b = 82, respectively). The RCT group contained 20 abstracts (a = 17, b = 3), and the guideline group contained 12 (a = 10, b = 2). Both groups were PTLDS-oriented, but their small sizes and wide confidence intervals make the apparent direction uncertain; we therefore use these results to guide closer full-text appraisal rather than as precise summaries of the wider RCT or guideline literature.

[image: Grouped horizontal bar chart restricted to abstracts assigned the Active Infection vs Post-Infectious Immune Activity theme. Randomised controlled trials contain 10 PTLDS-oriented and 3 chronic-Lyme-oriented abstracts; guidelines and consensus statements contain 9 and 2; observational evidence contains 95 and 52; and commentary and expert opinion contain 93 and 46. Animal-model studies contain 9 and 46, in-vitro mechanistic studies contain 22 and 76, and case reports and series contain 39 and 91. Diagnostic-method studies are balanced at 9 and 9, while systematic reviews and meta-analyses contain 9 and 18.]
Figure 3 | Stance-orientation odds across evidence-domain tiers for all stance-bearing abstracts. Values represent the odds that an abstract-level claim was classified as Supports PTLDS rather than Supports CLD within each evidence-domain tier. Neutral records were excluded. Values greater than 1 indicate PTLDS orientation; values below 1 indicate CLD orientation. In the annotations, a is the number classified as Supports PTLDS, b is the number classified as Supports CLD, and n = a+b is the number of stance-bearing abstracts in that tier. Odds are plotted on a log scale with confidence intervals. The figure displays 1,039 of the 1,044 stance-bearing records in the final dataset. Five records in sparse tiers were omitted: four controlled non-randomised records (two Supports PTLDS and two Supports CLD) and one imaging-only record (Supports PTLDS).

Before aggregation and tie resolution, the three production models agreed unanimously on 5,926 of 8,630 stance/routing records (68.7%), reached a two-to-one majority on 2,560 (29.7%), and produced complete three-way disagreement on 144 (1.7%). The 144 stance/routing disagreements entered model based adjudication. For primary study design, the models agreed unanimously on 1,011 of the 1,373 workflow-stage inputs (73.6%), reached a two-to-one majority on 325 (23.7%), and produced complete three-way disagreement on 37 (2.7%). The 37 study-design disagreements were retained as unresolved design records rather than model-adjudicated. These figures describe inter-model consistency before resolution; they do not establish correctness. Supplementary Table 1 provides the corresponding pairwise agreement estimates and Fleiss’ κ statistics and distinguishes this workflow-stage denominator from the final 1,371-record analytic file.



3.2.1 Stance-orientation odds within the core etiological theme

Figure 4 repeats the analysis for stance-bearing abstracts tagged with Active Infection vs. Post-Infectious Immune Activity. RCTs (a = 10, b = 3, odds ≈ 3.33), guidelines (a = 9, b = 2, odds ≈ 4.50), observational studies (a = 95, b = 52, odds ≈1.83), and commentaries (a = 93, b = 46, odds ≈2.02) were PTLDS-oriented. Animal models (a = 9, b = 46, odds ≈0.20), in vitro studies (a = 22, b = 76, odds ≈ 0.29), and case reports/series (a = 39, b = 91, odds ≈ 0.43) were CLD-oriented. Diagnostic accuracy studies were balanced (a = 9, b = 9, odds =1.00). Reviews/meta-analyses had a CLD-leaning point estimate (a = 9, b = 18, odds =0.50), but the interval crossed unity. The controlled non-randomised tier contained two Supports PTLDS records and no Supports CLD records; the plotted estimate therefore used the prespecified 0.5 zero-cell correction and remained highly imprecise. These active-theme results support directional interpretation rather than precise effect-size claims, particularly in sparse tiers.

[image: Grouped horizontal bar chart comparing PTLDS-oriented and chronic-Lyme-oriented abstract counts across evidence domains for all stance-bearing abstracts. Observational evidence contains 163 PTLDS-oriented and 73 chronic-Lyme-oriented abstracts. Case reports and series contain 79 PTLDS-oriented and 147 chronic-Lyme-oriented abstracts. Commentary and expert opinion contain 145 and 66, respectively. Animal-model studies contain 9 and 49; in-vitro mechanistic studies contain 22 and 82; randomised controlled trials contain 17 and 3; and guidelines and consensus statements contain 10 and 2. Diagnostic-method and systematic-review categories are also displayed.]
Figure 4 | Stance-orientation odds across evidence-domain tiers restricted to stance-bearing abstracts tagged with the Active Infection vs. Post-Infectious Immune Activity theme. Values represent the odds that an abstract-level claim was classified as Supports PTLDS rather than Supports CLD within each evidence-domain tier. Neutral records were excluded. Values greater than 1 indicate PTLDS orientation; values below 1 indicate CLD orientation. In the annotations, a is the number classified as Supports PTLDS, b is the number classified as Supports CLD, and n = a + b is the number of stance-bearing abstracts in that tier. An asterisk indicates that the prespecified 0.5 zero-cell correction was applied.

These figures map the distribution of model-derived claim orientations across evidence domains. The patterns indicate that different forms of evidence were associated with different orientations within the corpus and provide a basis for identifying domains that warranted closer examination. The targeted full-text audits complement this corpus-level mapping by examining how selected clinical and preclinical findings were interpreted and extended into broader mechanistic and therapeutic claims. Thus, the two analytical levels connect large-scale evidence-domain patterns with more detailed appraisal of high-leverage studies.





3.3 Mechanisms of translation in the RCT evidence tier

RCTs provide the most direct evidence on patient-level treatment benefit, durability, and safety under defined eligibility criteria. The abstract-level analysis identified 20 stance-bearing records labelled as RCTs. After deduplication and relevance screening for treatment-extension or retreatment relevance, 13 unique RCT or controlled treatment publications were retained as audit candidates. The resulting six-trial appraisal comprised four trials in persistent-symptom populations and two adjacent duration trials in disseminated or late Lyme disease. This purposive set covered the clinical contexts most often mobilised in the controversy; it was not an exhaustive systematic review and does not represent the complete Lyme RCT literature.

The key translation issue is how trial signals are interpreted when symptom-specific or short-term benefits are weighed against endpoint consistency, durability, diagnostic specificity, treatment burden, and safety. The RCT appraisal therefore identifies more than a simple absence of signal. However, transient or domain-specific responses do not by themselves establish persistent infection or justify extended antibiotic treatment.




3.3.1 Treatment signal, endpoint consistency, and durability

Several trials reported findings that acquire different interpretive force depending on which evidentiary criterion is prioritised. Fallon et al. (2008) reported short-term cognitive improvement after intravenous ceftriaxone in a narrowly defined group with post-treatment Lyme encephalopathy, but the cognitive benefit was not sustained after antibiotic discontinuation. Krupp et al. (2003) reported significant improvement in severe fatigue after intravenous ceftriaxone, without corresponding improvement in cognitive function or in the experimental CSF OspA marker. These findings show that the RCT evidence includes symptom-related treatment signals in selected populations.

The clinical interpretation of those signals depends on durability, breadth, endpoint consistency, and treatment burden. In the audited guideline-oriented sources, recommendations placed substantial weight on sustained patient-level benefit, consistency across clinically meaningful outcomes, adverse events, and the burden of intravenous or prolonged antimicrobial therapy (Lantos et al., 2021; Dersch et al., 2024). Selected CLD-aligned guidance and reviews assigned greater interpretive weight to symptom-specific or short-term responses, persistence hypotheses, possible responder subgroups, and the possibility that tested regimens did not exhaust the relevant treatment space (Cameron et al., 2014; Adkison and Embers, 2023). Published reassessments likewise differed in the weight assigned to fatigue-specific and short-term signals, durability, safety, and generalisability (DeLong et al., 2012; Klempner et al., 2013). The disagreement therefore concerns how far a trial signal can support inference from symptom response to mechanism and from mechanism to treatment recommendation.




3.3.2 Safety, treatment burden, and risk–benefit translation

Safety considerations remain central to the clinical interpretation of retreatment trials, particularly when benefits are transient, symptom-specific, not durable, or not clearly superior to shorter treatment. This is especially relevant where interventions require intravenous access, prolonged antimicrobial exposure, or regimens with non-trivial adverse-event risks.

Table 5 summarises this risk–benefit translation across the selected direct and adjacent trial evidence. The table separates eligibility criteria, treatment comparison, treatment signal, durability, safety considerations, and the evidentiary conclusion supported by each trial. Klempner et al. (2001); Krupp et al. (2003); Fallon et al. (2008) speak most directly to retreatment in documented post-treatment populations, although with different eligibility criteria and endpoints. Berende et al. (2016) addresses longer-term oral antibiotic therapy after initial ceftriaxone in patients with persistent symptoms attributed to Lyme disease. Oksi et al. (2007); Dattwyler et al. (2005) contribute adjacent treatment-duration evidence in disseminated or late Lyme disease. Additional extraction detail for the clinical trial audit is provided in the Supplementary Material.


Table 5 | Diagnostic eligibility, treatment signal, durability, and safety considerations in selected direct and adjacent Lyme treatment trials.
	Study
	Eligibility/population
	Treatment comparison and main signal
	Durability interpretation
	Safety considerations
	Defensible evidence-translation conclusion



	Klempner et al. (2001)
	Two parallel trials:
seropositive patients and seronegative patients
with well-documented, previously treated Lyme disease and persistent symptoms.
	Intravenous ceftriaxone for 30 days followed by oral doxycycline for 60 days versus matched placebo. No significant improvement over placebo on SF-36 physical or mental health-component outcomes at day 180.
	No durable clinical advantage was demonstrated at the main 180-day endpoint.
	Adverse events occurred in both antibiotic and placebo groups; serious
treatment-related
events were reported in antibiotic-treated patients.
	The study includes both seropositive and clinically documented seronegative patients, so its evidentiary scope is best understood as documented post-
treatment disease rather than symptoms attributed to CLD without comparable documentation.


	Krupp et al. (2003)
	Post-Lyme syndrome with severe fatigue at least six months after antibiotic therapy, with physician-documented
erythema migrans or CDC-defined late Lyme disease confirmed by positive ELISA and
Western blot serology.
	Intravenous ceftriaxone for 28 days versus intravenous placebo. Fatigue improved significantly with ceftriaxone, but cognition and CSF
OspA did not.
	Outcome was assessed at six months; the authors interpreted the fatigue-only response cautiously because it was not accompanied by cognitive or laboratory improvement.
	Treatment-associated adverse events requiring hospitalisation occurred in the trial, including events in both study arms; interpretation requires attention to event type and treatment attribution in the full report.
	Demonstrates a statistically significant fatigue-specific treatment signal in a documented post-Lyme syndrome population, but does not demonstrate cognitive benefit, microbiological clearance, or a generalisable rationale for routine additional intravenous ceftriaxone. The finding is best interpreted as hypothesis-generating for symptom-defined subgroups rather than as evidence for broad retreatment efficacy.


	Fallon et al. (2008)
	Post-treatment Lyme
encephalopathy with well-documented prior Lyme disease, at least three weeks of prior intravenous antibiotic therapy, current positive IgG Western blot, and objective memory impairment.
	Intravenous ceftriaxone for 10 weeks versus intravenous placebo. Cognitive performance improved at week 12 across cognitive domains, with secondary improvement in some physical symptoms.
	Cognitive benefit was not sustained to week 24 after antibiotics were discontinued, although some secondary pain and physical-functioning improvements persisted.
	Adverse events related to medication or PICC line occurred more often in ceftriaxone-treated patients, with no permanent injury reported.
	Supports a short-term cognitive treatment signal in a narrowly defined post-treatment Lyme encephalopathy subgroup, but does not establish a durable cognitive treatment strategy or prove that persistent viable infection was the mechanism of response.


	Oksi et al. (2007)
	Disseminated Lyme borreliosis, classified as definite or possible using symptoms, signs, and laboratory results. Adjacent treatmentduration evidence in disseminated Lyme borreliosis.
	Patients were randomised to oral amoxicillin or placebo for 100 days, with both groups first receiving intravenous ceftriaxone for 21 days.
	Clinical outcome was judged over 6–12 months; the authors concluded that adjunct oral antibiotics were not justified after initial intravenous ceftriaxone.
	No serious antibiotic adverse effects occurred. Diarrhoea was common, and rare C. difficile events were reported.
	Best interpreted as evidence against extended adjunct oral therapy after initial intravenous ceftriaxone in disseminated Lyme borreliosis, with relevance to evidence-translation questions about extended therapy, but limited direct applicability to PTLDS– CLD retreatment claims.


	Dattwyler et al. (2005)
	Late Lyme disease with
objective neurologic, rheumatologic,
or dermatologic manifestations and serological reactivity to B. burgdorferi.
Randomisation occurred before serological results, but seronegative patients were excluded from the efficacy analysis.
	Ceftriaxone for 14 days versus 28 days. Clinical cure rates at last evaluation were similar between groups, although there were more treatment failures in the 14-day group.
	Follow-up suggested continued improvement after treatment; the study was not powered to identify subgroups that might benefit from longer treatment.
	Treatment discontinuation due to adverse events was significantly more frequent in the 28-day group.
	Provides adjacent evidence on late-Lyme treatment duration and illustrates how serological eligibility restricts the population to which the findings apply.


	Berende et al. (2016)
	Persistent symptoms attributed to Lyme disease, either temporally related to proven Lyme disease or accompanied by positive IgG or IgM immunoblot evidence.
	All groups received open-label intravenous ceftriaxone for two weeks, then 12 weeks of doxycycline, clarithromycin– hydroxychloroquine,
or placebo. Longerterm-therapy did not
improve SF-36 physicalcomponent scores more than placebo.
	No additional longer-term treatment effect was found at later follow-up visits.
	Adverse events were common, but rates were similar among groups; serious drug-related adverse events occurred during the open-label ceftriaxone phase, with no serious drug-related adverse event during the randomised phase.
	Evidence weighs against longer-term oral antibiotic therapy after initial ceftriaxone in patients with persistent symptoms attributed to Lyme disease under the study’s entry criteria.





“Treatment signal” refers to statistically significant or clinically emphasised findings on primary or major secondary outcomes as reported in the trial papers. The studies differ in eligibility criteria, treatment structure, outcome targets, and relationship to the PTLDS–CLD retreatment question. Klempner, Krupp, and Fallon are retreatment trials in documented post-treatment populations, although with different entry criteria and outcome targets. Berende is a persistent-symptom trial comparing longer-term oral regimens after open-label ceftriaxone. Oksi and Dattwyler contribute adjacent treatment-duration evidence in disseminated or late Lyme disease and are interpreted here in relation to evidence translation rather than as direct PTLDS–CLD retreatment trials.



Across the audited trials, extended or repeated antibiotic regimens did not produce a consistent pattern of durable net clinical benefit in the diagnostically bounded populations studied. Their clinical interpretation therefore depends on the durability and breadth of any treatment signal, considered alongside treatment burden and safety. Evidence of a treatment effect and the strength of a clinical recommendation remain separate judgements because recommendation development also considers certainty, harms, burden, feasibility, and applicability (Guyatt et al., 2008). In the four trials directly involving persistent-symptom populations, active treatment courses ranged from 28 days to 14 weeks; the adjacent Oksi trial tested a 100-day oral extension after 21 days of ceftriaxone. The audited trials therefore do not address indefinite or substantially longer courses, and this evidentiary gap does not establish efficacy or safety for untested durations. These findings constrain conclusions about the regimens and populations examined, while questions concerning viable persistence or treatment-responsive subgroups require evidence designed to address those propositions directly.




3.3.3 Eligibility, diagnostic specificity, and external validity

A further translation issue concerns how trial eligibility shapes the population to which RCT findings can be generalised. Internal validity concerns the treatment contrast within the defined trial conditions, whereas external validity concerns applicability beyond the eligibility, intervention, comparator, outcome, and follow-up conditions (Rothwell, 2005). The pivotal retreatment and treatment-extension trials generally required documented prior Lyme disease, defined clinical manifestations, serological evidence, or a temporally specified relationship between persistent symptoms and a recognised Lyme disease episode. These criteria preserve diagnostic specificity and reduce heterogeneity, but they also narrow the population to which trial findings can be directly applied.

This distinction is especially important for interpreting Klempner et al. (2001), one of the central retreatment trials in the PTLDS–CLD debate. The study reported two parallel placebo-controlled trials: one enrolling seropositive patients and one enrolling seronegative patients, with both groups required to have well-documented, previously treated Lyme disease and persistent post-treatment symptoms. Its findings therefore apply to documented post-treatment populations, including a clinically documented seronegative group, rather than to the broader population of patients whose symptoms are attributed to chronic Lyme disease without comparable documentation.

Across the wider RCT set, eligibility criteria varied in clinically important ways. Krupp et al. (2003) enrolled patients with post-Lyme syndrome and severe fatigue at least six months after antibiotic therapy, but required physician-documented erythema migrans or a CDC-defined late manifestation of Lyme disease confirmed by positive ELISA and Western blot serology. Fallon et al. (2008) used a narrower neurological entry frame, requiring well-documented prior Lyme disease, at least three weeks of prior intravenous antibiotic therapy, current positive IgG Western blot, and objective memory impairment. Berende et al. (2016) used a broader persistent-symptom attribution framework, enrolling patients whose symptoms were temporally related to proven Lyme disease or accompanied by positive IgG or IgM immunoblot evidence. Oksi et al. (2007) contributes adjacent treatment-duration evidence in disseminated Lyme borreliosis, with patients randomised to adjunct oral amoxicillin or placebo while both groups received an initial 21-day course of intravenous ceftriaxone.

Dattwyler et al. (2005) provides a further adjacent example of how diagnostic specificity shapes the analysed trial population. It was an open-label randomised comparison of 14 versus 28 days of ceftriaxone for late Lyme disease with objective neurologic, rheumatologic, or dermatologic manifestations. Randomisation occurred before serological results were available, but patients with negative serology were subsequently excluded from the efficacy analysis. In total, 58 of 201 randomised patients were excluded for failure to meet serological criteria (Dattwyler et al., 2005). This illustrates how documentation requirements can materially restrict the evidence base in adjacent late-Lyme treatment trials.

The central evidence-translation issue is the trade-off between diagnostic specificity and external validity. From a trialist or guideline perspective, restrictive eligibility criteria make the average treatment effect more interpretable by reducing the risk that persistent, non-specific symptoms from unrelated causes will dilute the trial estimate. From a CLD-aligned or patient-advocacy perspective, the same restrictions may limit applicability to patients whose attribution to Lyme disease is clinically contested because documentation is incomplete, atypical, or disputed. Table 5 summarises this issue across the pivotal and adjacent evidence by separating eligibility criteria, treatment signal, durability, safety considerations, and the evidentiary conclusion supported by each trial.





3.4 Mechanisms of translation in the preclinical evidence tier

The treatment audit illustrates how selected clinical trial findings are translated into guideline-oriented risk–benefit reasoning. To examine the distinct mechanistic evidence stream, we conducted a targeted audit of 24 preclinical papers, comprising 12 animal or other in vivo studies and 12 in vitro studies. This citation-conditioned, design-balanced subset was assembled to trace influential evidence flows and compare the inferential boundaries of findings generated across different preclinical systems, rather than to estimate the prevalence of persistence findings across the wider literature.

The main result is that the preclinical tier provides experimental-system-specific support for several candidate mechanisms more strongly than it supports direct clinical treatment claims. The inferential reach of individual findings varied according to the experimental system and outcome measured. Animal post-antibiotic findings, retained antigenic material, immune-evasion mechanisms, drug-tolerant phenotypes and tissue pathology supported biological mechanisms within the systems studied, although they differed in what they established about organism viability. Nucleic-acid detection, altered morphology and in vitro antibiotic tolerance supported more limited inferences about viable persistence, human symptom causation and clinical treatment efficacy. Across the 24 papers, 14 involved a post-antibiotic or drug-exposure context, eight did not, one examined retained B. burgdorferi peptidoglycan in human Lyme arthritis samples, and one had an unclear treatment context. The mechanisms represented in the set included animal post-antibiotic persistence, non-human-primate tissue/pathology findings, antigen or peptidoglycan persistence, immune evasion, immune dysregulation, matrix-metalloproteinase-mediated tissue pathology, cellular invasion, complement resistance, drug-tolerant persister cells, round-body or cystic morphology, and diagnostic caution around nucleic-acid detection. The selected studies thus encompass several distinct pathways through which persistent organisms, retained microbial material and host responses have been linked to hypotheses concerning ongoing symptoms.



3.4.1 Detection of microbial material versus evidence of viability

A central evidentiary distinction concerns what constitutes evidence of infection after treatment. In the audited set, persistence was operationalised through culture or culture reactivation, PCR or other nucleic-acid detection, antigen or peptidoglycan detection, microscopy, xenodiagnostic or tissue signals, immune-response readouts, and drug-tolerance assays. These measurements carry different inferential weight. Human xenodiagnosis illustrates this distinction. In a first-in-human feasibility study, most treated participants had negative results, and detection of B. burgdorferi DNA associated with one participant did not establish viable organisms (Marques et al., 2014). Within the audited preclinical set, culture or reactivation findings provided more direct evidence relevant to viability than isolated nucleic-acid, antigen, or morphology findings, while remaining specific to the experimental system and not establishing human symptom causation. DNA-positive/culture-negative findings, antigen persistence, and morphology-based observations require more cautious interpretation because they can be compatible with either viable persistence or non-viable material. Interpretation also depended on the experimental model and measurement used. Non-human-primate pathology was suggestive rather than clinically decisive; DNA persistence in ceftriaxone-treated mice did not establish viability; matrix-metalloproteinase induction indicated host pathology rather than microbial persistence; and anti-TNF-associated reactivation represented an immunomodulation model rather than a direct rationale for antimicrobial retreatment.




3.4.2 Antibiotic-tolerance evidence and trial-protocol interpretation

The in vitro subset shows how antibiotic-tolerance findings generate hypotheses about alternative regimens, drug combinations, pharmacodynamic conditions, or outcome measures that may merit clinical testing. These findings do not establish that the regimens used in existing clinical trials were inadequate, nor do they demonstrate that alternative or prolonged regimens would be safe or effective in PTLDS or CLD populations. Their warranted inferential role is trial generation rather than direct clinical prescription.




3.4.3 Cross-tier translation and inferential reach

Across the selected full-text material, two recurrent cross-tier translation patterns were identified. The first used mechanistic possibility—including residual organisms, protected niches, immune evasion, persister forms, or morphology-dependent tolerance—to question whether existing RCTs fully cover the relevant biological mechanisms, treatment regimens, or patient subgroups. The second used patient-level evidence on efficacy, durability, treatment burden and safety to delimit what can be recommended clinically, even where persistent-infection mechanisms remained plausible within experimental systems. The audited material therefore indicates that the disagreement concerns not only whether preclinical persistence signals exist, but also how far those signals can be extended from animal and in vitro models to human symptoms, from detection to viability and from biological possibility to treatment recommendations. Accordingly, preclinical findings are complementary to, rather than a substitute for, patient-level treatment evidence. Animal persistence, antigen persistence, immune-evasion mechanisms, and in vitro drug-tolerance phenotypes can support mechanistic hypotheses and may inform biomarker development and targeted clinical trial design. Without additional clinical evidence, these findings do not establish that viable infection causes persistent symptoms in populations described as PTLDS or CLD, or that prolonged or non-standard antimicrobial regimens provide durable net clinical benefit.






4 Discussion

The descriptive analysis identified different distributions of abstract-level claim orientation across model-derived evidence domains. Among the better-populated tiers, observational studies and commentaries were PTLDS-oriented, whereas case reports or series and the animal-model and in vitro tiers were CLD-oriented. These corpus-level patterns were complemented by targeted full-text audits examining how selected clinical and preclinical findings were extended into broader mechanistic and treatment claims. Within the audited material, PTLDS-aligned interpretations foregrounded durable patient-level benefit, endpoint consistency, diagnostic eligibility, treatment burden, and safety, whereas CLD-aligned interpretations foregrounded persistence mechanisms, retained microbial material, protected niches, drug tolerance, and the possibility of treatment-responsive subgroups. Together, these analyses show how findings generated within different evidence domains acquired different significance when translated into broader clinical and mechanistic arguments.

The observed distribution is consistent with different evidence tiers serving distinct inferential roles within the controversy. RCTs provide direct evidence on patient-level clinical utility, durability, and safety under defined eligibility criteria. Preclinical studies provide support within defined experimental systems for candidate mechanisms and generate hypotheses requiring further clinical investigation. Research that connects these tiers more directly will require measures capable of distinguishing viable persistence, retained microbial material, and post-infectious host responses; clinically coherent patient classifications that do not presuppose one mechanism; and trials that test prospectively defined mechanistic hypotheses using clinically meaningful outcomes (Baarsma and Hovius, 2024). Human immune studies provide preliminary evidence of biological heterogeneity: post-treatment CCL19 concentrations were associated with later outcome groups in a prospective cohort, and a recent cohort identified differences in circulating Tcell phenotypes associated with PTLD status and symptom patterns (Aucott et al., 2016; Girgis et al., 2025). These associative findings do not establish a single causal mechanism or a validated treatment-responsive subgroup. Studies published after the corpus window provide further context for the distinction between viable persistence and retained microbial material: a prospective xenodiagnostic cohort found little evidence of detectable organisms after treatment while acknowledging limited sensitivity for very low-level or inaccessible persistence, and a murine study demonstrated tissue persistence of B. burgdorferi peptidoglycan and associated systemic responses without establishing viable organisms (Marques et al., 2026; McClune et al., 2025). The inferential boundaries summarised in Table 6 reflect established distinctions among association, causal inference, external validity, certainty of evidence, and recommendation strength (Hill, 1965; Rothwell, 2005; Guyatt et al., 2008).


Table 6 | Principal evidence-domain claims and defensible inferential boundaries in the PTLDS–CLD controversy.
	Evidence domain
	What it can support
	What it cannot support alone
	Illustrative overextension



	RCTs
	Average treatment effects, safety, and durability under defined
eligibility criteria
	Effects in unstudied subgroups or mechanisms underlying persistent symptoms
	A null average treatment effect excludes persistence in every patient


	Observational cohorts
	Associations, symptom trajectories,
risk factors, and subgroup
hypotheses
	Causal mechanisms or treatment
efficacy
	Association establishes
mechanism or treatment effect


	Case reports or series
	Clinical heterogeneity, rare presentations, and hypothesis generation
	Generalisable efficacy or prevalence estimates
	Response in selected cases establishes broad treatment benefit


	Animal models
	Tissue-persistence, retained material, and immune-response mechanisms within defined
experimental systems
	Human symptom causation or
clinical efficacy
	Persistence in animals establishes viable infection as the cause of persistent human symptoms


	In vitro studies
	Drug tolerance, morphology, and mechanistic pathways under
experimental conditions
	Viable persistence in patients or safe and effective human treatment regimens
	In vitro susceptibility or tolerance predicts clinical response


	Diagnostic studies
	Test performance under defined reference standards and sampling conditions
	Active infection or the aetiology of persistent symptoms without appropriate clinical linkage
	Test positivity establishes active infection


	Guidelines
	Clinical recommendations based on evidence synthesis and risk–benefit appraisal
	Biological impossibility of mechanisms not directly tested
	Clinical guidance resolves all mechanistic uncertainty


	Reviews and meta-
analyses
	Synthesis of existing evidence, pooled estimates where appropriate, and identification of heterogeneity
	Primary evidence or conclusions exceeding the quality and
applicability of included studies
	Evidence synthesis removes the limitations of the included studies


	Editorials and
commentaries
	Interpretive framing, controversy mapping, and hypothesis
articulation
	Empirical treatment effects or mechanistic conclusions
	Interpretive argument is treated as primary empirical evidence





The illustrative overextensions are schematic formulations used to mark inferential boundaries; they are not direct quotations from the literature.



By combining corpus-level mapping with targeted full-text appraisal, the study provides an auditable account of how evidence is translated across domains. The resulting framework supports testable questions about how mechanistic, observational, and clinical findings are connected and where additional evidence is needed to move from experimental-system-specific mechanisms to patient-level explanation or treatment evaluation.




5 Limitations

The corpus-level analysis used abstracts. Abstracts provide consistent coverage at scale but can omit eligibility criteria, null secondary outcomes, adverse events, caveats and mixed conclusions. The labels therefore represent abstract-level claims rather than complete reconstructions of each paper. Targeted full-text audits provided fuller evidentiary context for selected high-leverage domains but did not remove the limitations of abstract-level classification across the full corpus. Classification depended on the predefined taxonomy, prompt wording, model endpoints, available decoding settings, aggregation rules, and taskspecific handling of complete disagreement. Model provider diversity reduced reliance on one endpoint but did not eliminate correlated error. We reported pre-resolution agreement and disagreement burden across the three production models, but we did not conduct full corpus-scale sensitivity analyses using single-model outputs, unanimous-only inclusion, alternative ensembles, or alternative tie-resolution procedures. The reported distributions therefore remain conditional on the documented task-specific ensemble workflow.

The prompt-development set comprised 91 exact-agreement records inherited from the prior study rather than an independent validation sample. Conditioning on exact expert agreement favoured clearer cases, and the 19-record held-out prompt-development partition was too small for precise class-specific estimates.

The 59 expert-disagreement records lacked a single agreed target and could not support conventional accuracy, F1, or kappa without new adjudication. Independently adjudicated human labels were also unavailable for the study-design task. Model agreement does not establish correctness, and exact tier counts and odds may therefore contain unquantified classification error. Independent validation would require a prespecified study-design coding manual, stratified sampling, multiple blinded human reviewers, and formal adjudication.

Hosted-model inference has a temporal reproducibility limit. Archived inputs, prompts, original outputs, and scripts preserve the reported analysis, but a fresh run may differ after provider changes even under nominally identical settings. The workflow used temperatures of 0 or 1 depending on the task, and no seed parameter was supplied to the model calls; support for such a parameter varies across hosted endpoints and providers. The recorded settings and archived outputs improve auditability but cannot guarantee exact reproduction after provider-side changes. Stance-orientation odds are descriptive summaries of model-derived abstract labels. They are not measures of study quality, truth, treatment effect, or causal evidentiary strength. The RCT and guideline groups were small and had wide intervals, so their apparent direction should be used only to guide closer appraisal. Confidence intervals capture count-based imprecision but do not incorporate all classification uncertainty. The full-text components were bounded audits. The six-paper treatment audit comprised four retreatment or longer-term therapy trials in persistent-symptom populations and two adjacent treatment-duration trials in disseminated or late Lyme disease; it was not an exhaustive systematic review. The 24-paper preclinical set was citation-conditioned and design-balanced; it was suited to tracing evidence flow but may underrepresent less-cited null, negative, or cautious work and cannot estimate the prevalence of persistence findings. Finally, the PTLDS–CLD and study-design taxonomies compress heterogeneous positions and adjacent document categories. A paper may support persistence plausibility while rejecting prolonged treatment, or use PTLDS terminology while retaining mechanistic uncertainty. The classifications should be read as a corpus map of dominant abstract-level orientation, not a complete ontology of scientific positions.




6 Conclusion

This study combined prompt-optimised ensemble classification with targeted full-text appraisal to examine how claim orientations were distributed across evidence domains and how selected findings were translated into broader clinical and mechanistic arguments. Among the higher-volume tiers, observational studies and commentaries showed PTLDS-oriented distributions, whereas case reports or series, animal models, and in vitro studies showed CLD-oriented distributions. The smaller RCT and guideline groups were also PTLDS-oriented, but their small sizes and wide confidence intervals made these estimates too uncertain for interpretation beyond guiding closer appraisal.

The treatment audit preserved the distinct findings of individual trials while showing that their clinical interpretation depends on the durability and breadth of treatment effects, the populations enrolled, treatment burden, and safety. The preclinical audit identified experimental-system-specific findings that support several candidate mechanisms and generate hypotheses for further study, although their inferential reach varied with the experimental system and outcome measured. Together, these analyses clarify the distinction between evidence for a possible biological mechanism and evidence that the mechanism causes persistent human symptoms or identifies an effective treatment.

Future research should connect these evidence tiers more directly through measures that distinguish viable infection from retained microbial material or post-infectious immune activity, prospectively defined patient subgroups, and trials that link mechanistic eligibility criteria to clinically meaningful and durable outcomes. Such studies would test whether mechanistic signals identify clinically relevant subgroups and predict treatment response. The present study provides a structured descriptive account of how these evidentiary connections are currently represented across the PTLDS–CLD literature and where further evidence is required.





Data availability statement

Selected raw data not subject to third-party copyright, together with analysis code is available at https://github.com/teosusnjak/Lyme-disease-controversy.





Author contributions

TS: Data curation, Supervision, Methodology, Investigation, Conceptualization, Writing – original draft, Software, Project administration, Visualization, Funding acquisition, Writing – review & editing, Resources, Validation, Formal analysis. LB: Formal analysis, Methodology, Data curation, Writing – original draft, Software, Visualization, Writing – review & editing. KG: Writing – review & editing, Validation, Writing – original draft. GA: Writing – review & editing, Methodology, Writing – original draft. LG: Investigation, Writing – original draft, Funding acquisition, Formal analysis, Writing – review & editing, Conceptualization, Methodology.





Funding

The author(s) declared that financial support was not received for this work and/or its publication.




Acknowledgments

We thank Cole Palffy, Tatiana Zimina, and Nazgul Altynbekova for their contributions to data acquisition and to the methodology, implementation, and verification of the preceding study on which the present corpus and analytical framework are based.





Conflict of interest

KG and LG are affiliated with Tezted Oy, a diagnostics company active in tick-borne disease testing. The present study did not evaluate any Tezted product, assay, service, or commercial diagnostic claim. The authors declare that this affiliation did not influence the study design, analysis, interpretation, or manuscript preparation.

The remaining author(s) declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declared that generative AI was used in the creation of this manuscript. Large language models were used in two distinct ways. First, LLMs were used as research instruments in the analytic workflow described in the Methods, including prompt optimisation, stance labelling, thematic labelling, study-design labelling, ensemble comparison, and adjudication. These uses are part of the study design. Model identifiers, access dates, decoding settings, prompts, prompt-optimisation procedures, run metadata, and derived outputs are provided across the Supplementary Material or archived in the public repository associated with this study. Second, generative AI tools were used during manuscript preparation for language editing, grammar checking, readability improvement, and consistency checks. No generative AI system was listed as an author. All AI-assisted outputs were reviewed, verified, edited, and approved by the human authors, who take full responsibility for the accuracy and integrity of the manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2026.1913455/full#supplementary-material




Abbreviations

AI, artificial intelligence; B. burgdorferi, Borrelia burgdorferi; C. difficile, Clostridioides difficile; CDC, Centers for Disease Control and Prevention (United States); CLD, chronic Lyme disease; CSF, cerebrospinal fluid; DNA, deoxyribonucleic acid; DOI, digital object identifier; DSPy, Declarative Self-improving Python (LLM programming and prompt optimisation framework); ELISA, enzyme-linked immunosorbent assay; GEPA, Genetic-Pareto (reflective prompt-evolution optimiser used in DSPy); IgG, immunoglobulin G; IgM, immunoglobulin M; ILADS, International Lyme and Associated Diseases Society; LLM(s), large language model(s); OspA, outer surface protein A; PCR, polymerase chain reaction; PICC, peripherally inserted central catheter; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PTLDS, post-treatment Lyme disease syndrome; RCT(s), randomised controlled trial(s); SF-36, 36-Item Short Form Survey; TNF, tumor necrosis factor.





References

	 Adam G. P., Davies M., George J., Caputo E., Htun J. M., Coppola E. L., et al. (2025). Machine learning tools to (semi-)automate evidence synthesis: A rapid review and evidence map 2025 review update Tech. Rep. 25-EHC038 (Rockville, MD: Agency for Healthcare Research and Quality). doi: 10.23970/AHRQEPCWHITEPAPERMACHINE2


	 Adkison H., Embers M. E. (2023). Lyme disease and the pursuit of a clinical cure. Front. Med. 10, 1183344. doi: 10.3389/fmed.2023.1183344


	 Agrawal L. A., Tan S., Soylu D., Ziems N., Khare R., Opsahl-Ong K., et al. (2025). Gepa: Reflective prompt evolution can outperform reinforcement learning. Arxiv Preprint. 131, 4499–4532. doi: 10.48550/arXiv.2507.19457


	 Aucott J. N., Soloski M. J., Rebman A. W., Crowder L. A., Lahey L. J., Wagner C. A., et al. (2016). Ccl19 as a chemokine risk factor for posttreatment lyme disease syndrome: A prospective clinical cohort study. Clin. Vaccine Immunol. 23, 757–766. doi: 10.1128/CVI.00071-16


	 Baarsma M. E., Hovius J. W. (2024). Persistent symptoms after lyme disease: The role of the immune system. J. Infect. Dis. 230, S62–S69. doi: 10.1093/infdis/jiae203


	 Batheja S., Nields J. A., Landa A., Fallon B. A. (2013). Post-treatment lyme syndrome and central sensitization. J. Neuropsychiatry Clin. Neurosci. 25, 176–186. doi: 10.1176/appi.neuropsych.12090223


	 Berende A., ter Hofstede H. J., Vos F. J., van Middendorp H., Vogelaar M. L., Tromp M., et al. (2016). Randomized trial of longer-term therapy for symptoms attributed to lyme disease. N. Engl. J. Med. 374, 1209–1220. doi: 10.1056/nejmoa1505425


	 Cameron D. J., Johnson L. B., Maloney E. L. (2014). Evidence assessments and guideline recommendations in lyme disease: The clinical management of known tick bites, erythema migrans rashes and persistent disease. Expert Rev. Anti-Infective Ther. 12, 1103–1135. doi: 10.1586/14787210.2014.940900


	 Cao C., Sang J., Arora R., Chen D., Kloosterman R., Cecere M., et al. (2025). Development of prompt templates for large language model-driven screening in systematic reviews. Ann. Internal Med. 178, 389–401. doi: 10.7326/ANNALS-24-02189


	 Dattwyler R. J., Wormser G. P., Rush T. J., Finkel M. F., Schoen R. T., Grunwaldt E., et al. (2005). A comparison of two treatment regimens of ceftriaxone in late lyme disease. Wiener Klinische Wochenschrift 117, 393–397. doi: 10.1007/s00508-005-0361-8


	 DeLong A. K., Blossom B., Maloney E. L., Phillips S. E. (2012). Antibiotic retreatment of lyme disease in patients with persistent symptoms: A biostatistical review of randomized, placebo-controlled, clinical trials. Contemp. Clin. Trials 33, 1132–1142. doi: 10.1016/j.cct.2012.08.009


	 Dennstädt F., Zink J., Putora P. M., Hastings J., Cihoric N. (2024). Title and abstract screening for literature reviews using large language models: An exploratory study in the biomedical domain. Systematic Rev. 13, 158. doi: /10.1186/s13643-024-02575-4


	 Dersch R., Torbahn G., Rauer S. (2024). Treatment of post-treatment lyme disease symptoms—a systematic review. Eur. J. Neurol. 31, e16293. doi: 10.1111/ene.16293


	 Fallon B. A., Keilp J. G., Corbera K. M., Petkova E., Britton C. B., Dwyer E., et al. (2008). A randomized, placebo-controlled trial of repeated iv antibiotic therapy for lyme encephalopathy. Neurology 70, 992–1003. doi: 10.1212/01.wnl.0000284604.61160.2d


	 Feder H. M. Jr, Johnson B. J., O’Connell S., Shapiro E. D., Steere A. C., Wormser G. P., et al. (2007). A critical appraisal of “chronic lyme disease”. N. Engl. J. Med. 357, 1422–1430. doi: 10.1056/NEJMra072023


	 Gilardi F., Alizadeh M., Kubli M. (2023). Chatgpt outperforms crowd workers for text-annotation tasks. Proc. Natl. Acad. Sci. 120, e2305016120. doi: 10.1073/pnas.2305016120


	 Girgis A. A., Cimbro R., Yang T., Rebman A. W., Sewell T., Villegas de Flores D., et al. (2025). Aberrant t-cell phenotypes in a cohort of patients with post-treatment lyme disease. Front. Immunol. 16, 1607619. doi: 10.3389/fimmu.2025.1607619


	 Guyatt G. H., Oxman A. D., Vist G. E., Kunz R., Falck-Ytter Y., Alonso-Coello P., et al. (2008). GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 336, 924–926. doi: 10.1136/bmj.39489.470347.AD


	 Haddaway N. R., Callaghan M. W., Collins A. M., Lamb W. F., Minx J. C., Thomas J., et al. (2020). On the use of computer-assistance to facilitate systematic mapping. Campbell Syst. Rev. 16, e1129. doi: 10.1002/cl2.1129


	 Hill A. B. (1965). The environment and disease: Association or causation? Proc. R. Soc. Med. 58, 295–300. doi: 10.1177/003591576505800503


	 Khattab O., Singhvi A., Maheshwari P., Zhang Z., Santhanam K., Vardhamanan S., et al. (2023). Dspy: Compiling declarative language model calls into self-improving pipelines. arXiv preprint arXiv:2310.03714. doi: 10.48550/arXiv.2310.03714


	 Klempner M. S., Baker P. J., Shapiro E. D., Marques A., Dattwyler R. J., Halperin J. J., et al. (2013). Treatment trials for post-lyme disease symptoms revisited. Am. J. Med. 126, 665–669. doi: 10.1016/j.amjmed.2013.02.014


	 Klempner M. S., Hu L. T., Evans J., Schmid C. H., Johnson G. M., Trevino R. P., et al. (2001). Two controlled trials of antibiotic treatment in patients with persistent symptoms and a history of lyme disease. N. Engl. J. Med. 345, 85–92. doi: 10.1056/NEJM200107123450202


	 Krupp L., Hyman L., Grimson R., Coyle P., Melville P., Ahnn S., et al. (2003). Study and treatment of post lyme disease (stop-ld) a randomized double masked clinical trial. Neurology 60, 1923–1930. doi: 10.1212/01.wnl.0000071227.23769.9e


	 Lantos P. M., Rumbaugh J., Bockenstedt L. K., Falck-Ytter Y. T., Aguero-Rosenfeld M. E., Auwaerter P. G., et al. (2021). Clinical practice guidelines by the infectious diseases society of america (idsa), american academy of neurology (aan), and american college of rheumatology (acr): 2020 guidelines for the prevention, diagnosis and treatment of lyme disease. Clin. Infect. Dis. 72, e1–e48. doi: 10.1093/cid/ciaa1215


	 Marques A., Telford S. R., Turk S.-P., Chung E., Williams C., Dardick K., et al. (2014). Xenodiagnosis to detect Borrelia burgdorferi infection: A first-in-human study. Clin. Infect. Dis. 58, 937–945. doi: 10.1093/cid/cit939


	 Marques A. (2022). Persistent symptoms after treatment of lyme disease. Infect. Dis. Clinics North. America 36, 621–638. doi: 10.1016/j.idc.2022.04.004


	 Marques A. R., Ng S.-P., McCarthy J. E., Telford S. R., Dardick K., Wormser G. P., et al. (2026). Xenodiagnosis to search for Borrelia burgdorferi after antibiotic treatment of lyme disease: A prospective cohort study. Clin. Infect. Dis., ciag031. doi: 10.1093/cid/ciag031


	 McClune M. E., Ebohon O., Dressler J. M., Davis M. M., Tupik J. D., Lochhead R. B., et al. (2025). The peptidoglycan of Borrelia burgdorferi can persist in discrete tissues and cause systemic responses consistent with chronic illness. Sci. Transl. Med. 17, eadr2955. doi: 10.1126/scitranslmed.adr2955


	 Oami T., Okada Y., Nakada T. (2025). Optimal large language models to screen citations for systematic reviews. Res. Synth. Methods 16, 859–875. doi: 10.1017/rsm.2025.10014


	 Oksi J., Nikoskelainen J., Hiekkanen H., Lauhio A., Peltomaa M., Pitkäranta A., et al. (2007). Duration of antibiotic treatment in disseminated lyme borreliosis: A double-blind, randomized, placebo-controlled, multicenter clinical study. Eur. J. Clin. Microbiol. Infect. Dis. 26, 571–581. doi: 10.1007/s10096-007-0340-2


	 Opsahl-Ong K., Ryan M. J., Purtell J., Broman D., Potts C., Zaharia M., et al. (2024). “Optimizing instructions and demonstrations for multi-stage language model programs”, in: Proceedings of the 2024 Conference on Empirical Methods in Natural Language Processing, Miami, Florida, USA: Association for Computational Linguistics. 9340–9366. doi: 10.18653/v1/2024.emnlp-main.525


	 Rebman A. W., Aucott J. N. (2020). Post-treatment lyme disease as a model for persistent symptoms in lyme disease. Front. Med. 7, 524338. doi: 10.3389/fmed.2020.00057


	 Rothwell P. M. (2005). External validity of randomised controlled trials: “To whom do the results of this trial apply? Lancet 365, 82–93. doi: 10.1016/S0140-6736(04)17670-8


	 Susnjak T., Palffy C., Zimina T., Altynbekova N., Garg K., Gilbert L., et al. (2026). Large language models for scientometric mapping of scientific controversy: A validated hybrid ai–human framework. Scientometrics. 131, 4499–4532. doi: 10.1007/s11192-026-05681-3


	 Ursinus J., Vrijmoeth H. D., Harms M. G., Tulen J. H. M., Knoop H., Gauw S. A., et al. (2021). Prevalence of persistent symptoms after treatment for lyme borreliosis: A prospective observational cohort study. Lancet Regional Health – Europe 6, 100142. doi: 10.1016/j.lanepe.2021.100142







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2026 Susnjak, Brehme, Garg, Avramovic and Gilbert. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-16-1913455-g004.jpg
S et 7o

LD ariented(€1) - nodectons k() £ PTLOS areped 1)






OEBPS/Images/fcimb.2026.1913455_cover.jpg
frontiers
in Cellular and Infection
Microbiology

Evidence-domain translation in the Lyme
disease controversy over persistent post-
treatment symptoms





OEBPS/Images/fcimb-16-1913455-g001.jpg
Corpus and classfcation






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-16-1913455-g003.jpg
OO atemde<t)e- asdepeiipmaliigg— PO adutind D)
PN R i o





OEBPS/Images/fcimb-16-1913455-g002.jpg
it model
Dlgnosticacuracy sy
Methassassay devopment
e ran incal

[ ——
maging oy





