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Figure 7: Study classifications on Lyme disease from 2000 to 2025. The yearly count of abstracts on Lyme disease
from 2000 to 2025 was classified into three classifications: Neutral, Supports PTLDS, and Supports CLD, which are
depicted as blue, orange, and green, respectively.

Figure 8: Smoothed trends in classification percentages by year using the Savitzky-Golay [129] filter. Lines represent
smoothed trends for Neutral and PTLDS-CLD classifications over the period 2000 to 2025.

Figure 8, presenting smoothed trends 5 in classification percentages, offers a longitudinal perspective on stance evolution.
The solid line confirms the enduring prominence of neutrality as a defining feature of the discourse. Its upward trajectory,
particularly in recent years, reinforces the interpretation of field-wide epistemic caution, reflecting researchers’ strategic
navigation of persistent uncertainties. The dashed line represents the smoothed difference in percentage points between
the Supports PTLDS and Supports CLD classifications. Values above the zero threshold on the figure represent a greater
predominance of PTLDS-supporting studies versus CLD and vice versa for negative values. The figure reveals a more
dynamic, fluctuating pattern indicative of the shifting balance of power between competing paradigms. The negative
dip in the early to mid-2000s, where CLD-supporting studies held a relative majority, suggests a historically contingent
phase of alternative viewpoints gaining temporary traction, potentially fuelled by early patient activism challenging
established biomedical narratives. However, the subsequent and sustained shift into positive territory, accelerating in
recent years, once more empirically substantiates the institutionalisation of the PTLDS framework as the increasingly
dominant paradigm. This longitudinal shift signifies a strengthening alignment with mainstream medical consensus and
biomedical authority. While fluctuations persist within the PTLDS-CLD difference, the overall trend underscores the
dynamic and continuously evolving nature of the Lyme disease controversy, reflected in shifts in research conclusions
and publication volume. Figure 8 thus provides a macro-level view of these long-term shifts, complementing the

5We applied the Savitzky-Golay [129] filter kernel to reduce noise while preserving the underlying signal characteristics, using a
second-order polynomial and a window size 10.
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granular yearly data presented in Figure 7 and offering a broader temporal context for understanding the evolving stance
landscape.

Shifting the focus to potentially latent journal-level biases, Figure 9 reveals a stratified epistemic landscape shaped by
publication venue. The figure displays the difference in percentage points between Supports PTLDS and Supports CLD
classifications across the top 20 journals by publication volume within our target dataset. Positive values indicate a higher
proportion of PTLDS-supporting studies, while negative values suggest a more significant presence of CLD-supporting
studies in the given journals’ outputs. This journal-centric view, analysed through STS and Bourdieu’s field theory [130]
specifically, underscores how a journal’s specialisation structures the Lyme controversy, channelling and differentiating
the representation of competing knowledge claims. Leading infectious disease and clinical medicine journals—Clinical
Infectious Diseases, The Journal of Infectious Diseases, and The American Journal of Medicine—predominantly publish
PTLDS-supporting studies (positive values) with respect to our dataset. This sociologically interpreted proclivity
reflects these field-defining venues reinforcing mainstream medical consensus and legitimising the PTLDS framework.
Aligned with established clinical guidelines and institutional authorities like the IDSA, these journals can be seen
as functioning as epistemic gatekeepers, preferentially disseminating research congruent with dominant biomedical
narratives.

Figure 9: Top 20 journals by volume representing our dataset and depicting their potential bias. Values are the difference
in percentage points between published papers classified as supporting PTLDS or CLD. Positive values indicate a
higher proportion of PTLDS-supporting studies for a journal and vice-versa for CLD.

Conversely, journals with broader, hypothesis-driven scopes—Medical Hypotheses and Antibiotics (Basel, Switzer-
land)—exhibit a contrasting bias towards CLD-supporting studies (negative values). This suggests that CLD-aligned
research, challenging mainstream paradigms, often finds outlets outside core infectious disease venues. While offering
platforms for heterodox perspectives, these journals occupy a more marginalised position within the biomedical field,
potentially limiting the broader impact of CLD-supporting research on clinical practice. The PTLDS preference in
immunology and neurology-focused journals—The Journal of Immunology and The European Journal of Neurol-
ogy—further highlights disciplinary influences on potential journal bias, reflecting a research emphasis on immune and
neurological dysfunction. Meanwhile, the slightly more balanced stance in Ticks and Tick-Borne Diseases and BMC
Infectious Diseases likely stems from their broader scope beyond Lyme-specific controversies. Figure 9 thus reveals a
segmented epistemic landscape, where journal specialisation and editorial practices actively shape and reinforce distinct
perspectives, contributing to the enduring polarisation of the Lyme disease controversy.

To further probe the epistemic influence of publications in Figure 9, we complement it with the analysis of citation
impact data. Our analysis shows that the top 20 most-cited abstracts—a mere 2% of the dataset—account for 45% of
all citations, thus highlighting a skewed distribution of epistemic power towards a small, highly influential subset of
publications. This concentration, viewed through STS, underscores how a limited number of studies disproportionately
shape the discourse’s trajectory and impact. Analysing stance distribution within these top 20 papers reveals a clear
bias: Supports PTLDS studies dominate (13 of 20), eclipsing Neutral (4) and Supports CLD (3) papers. Sociologically
interpreted, this citation bias suggests a reinforcement of the PTLDS framework as the most impactful paradigm. The
concentration of citations within PTLDS-supporting studies amplifies their visibility, credibility, and perceived scientific
authority. This pattern also extends to the overall citation share across the whole dataset. While PTLDS-supporting
papers constitute 34% of studies in our dataset, they accrue a disproportionate 52% of citations. Conversely, Neutral
studies, the largest abstract proportion (42%), garner a smaller citation share (26%), and CLD-supporting papers,
representing 24% of abstracts, receive the smallest share (22%). This discrepancy between publication volume and
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citation impact, analysed through the prism of Bourdieu [130], reveals an epistemic hierarchy. While Neutral studies
represent the largest research output, and CLD-supporting studies maintain a consistent presence, the PTLDS framework
commands greater epistemic influence, attracting disproportionate scholarly attention and citations. Citation analysis
thus further substantiates the institutionalisation of the PTLDS framework as the dominant paradigm, shaping not only
publication trends but also the perceived impact and influence of Lyme disease research.

5.1 Thematic Analysis

To systematically assess the dominant conceptual dimensions in the Lyme disease debate, we categorised each abstract
(see Step 4 in Figure 2) according to overarching themes (defined in Table 3) that capture distinct aspects of the
controversy. Table 4 presents the thematic distribution of 1,033 classified papers, illustrating their absolute counts and
proportional representation. Additionally, it highlights how each theme aligns with the broader debate by indicating the
proportion of papers classified as Neutral, Supports PTLDS, or Supports CLD. This analysis provides a structured view
of how different scientific perspectives are distributed across key areas of contention.

Neutral Supports Supports
Theme Papers Percent % PTLDS (%) CLD (%)

Active Infection vs. Post-Infectious Immune Activity 579 56.1 11.7 49.4 38.9

Diagnostic Complexity and Uncertainty 530 51.3 77.0 16.2 6.8

Therapeutic Controversies and Antibiotic Efficacy 365 35.3 20.8 40.5 38.6

Neurocognitive and Neuropsychiatric Manifestations 196 19.0 61.7 21.4 16.8

Immune Dysregulation and Autoimmune Mechanisms 192 18.6 28.1 62.5 9.4

Patient-Centered Experiences and Advocacy 149 14.4 82.6 8.1 9.4

Mechanisms of Pathogen Persistence and Biofilm Formation 30 2.9 10.0 0.0 90.0

Sociocultural and Ethical Factors 25 2.4 76.0 24.0 0.0

Table 4: Distribution of studies by theme and classifications supporting PTLDS/CLD or neutrality.

Among the themes in Table 4, Active Infection vs. Post-Infectious Immune Activity emerged as the dominant topic
associated with more than half of the studies. This theme reflects the fundamental divide in Lyme disease research,
where one faction attributes persistent symptoms to immune dysfunction (Supports PTLDS, 49.4%). At the same time,
the other endorses the hypothesis of bacterial persistence (Supports CLD, 38.9%). The relatively low proportion of
neutral papers (11.7%) compared to the overall percentage (42% refer to Figure 6) underscores the polarising nature of
this theme, as most studies align explicitly with one of the two competing explanatory models.

Closely related to this core controversy is the Diagnostic Complexity and Uncertainty theme, which also appears in
half of the target studies. In contrast to the previous theme, here there is an overwhelming neutrality of studies in this
category (77%), highlighting the ongoing challenges in establishing clear diagnostic criteria over the last quarter of a
century and is a problem that has been exacerbated by the limitations of serological tests and the absence of universally
accepted biomarkers [57, 75]. Despite the overwhelming neutrality that has sustained the controversy amidst diagnostic
ambiguity, a larger proportion of studies lean towards PTLDS (16%), while only 6.8% align with CLD, indicating that,
while uncertainty dominates, the prevailing inclination, although modest, favours an immune-mediated rather than
infection-driven explanation for persistent symptoms.

Discussions surrounding treatment strategies are equally contentious, as reflected in the Therapeutic Controversies
and Antibiotic Efficacy theme, which accounts for around a third of the studies. The classification breakdown reveals a
near-even split between PTLDS-supporting (40.5%) and CLD-supporting (38.6%) papers, with a significantly smaller
than average distribution to a neutral stance, illustrating the ongoing debate over whether extended antibiotic regimens
provide a therapeutic benefit or pose unnecessary risks. This division again mirrors the long-standing disagreements
between major health organisations regarding treatment guidelines, further reinforcing the unresolved nature of this
issue.

Beyond these core debates, several secondary themes provide insights into the broader implications of Lyme disease
research and discourse. The theme of Immune Dysregulation and Autoimmune Mechanisms, which is identified in a fifth
of studies, is predominantly associated with PTLDS (62.5%), suggesting a growing recognition of immune dysfunction
as a plausible driver of persistent symptoms. Conversely, bacterial persistence receives significantly less support within
this thematic category (9.4%), confirming that research into immune dysregulation tends to align more closely with the
PTLDS framework than the CLD perspective.
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A related but distinct theme, Neurocognitive and Neuropsychiatric Manifestations, also emerges in a fifth of the
studies. A significant majority of these, however, remain neutral (61.7%), reflecting the ambiguity surrounding
whether neurocognitive symptoms arise from residual infection, immune-mediated mechanisms, or other secondary
effects. While PTLDS-supporting papers (21.4%) slightly outnumber CLD-supporting papers (16.8%), the relatively
balanced distribution suggests that both explanatory models remain viable considerations in this domain in the presence
of predominant uncertainty. Outside of the biomedical discourse, the role of patient experiences and advocacy
remains a notable but underexplored dimension. The theme of Patient-Centered Experiences and Advocacy represents
approximately an eighth of all studies characterised by overwhelming neutrality (82.6%). This high neutrality suggests
that, while patient narratives are acknowledged, few studies explicitly frame them within either the PTLDS or CLD
paradigm. Nonetheless, small proportions of studies equally support PTLDS (8.1%) or CLD (9.4%), reflecting the
residual tensions between scientific discourse and patient advocacy efforts.

Although the theme of Mechanisms of Pathogen Persistence and Biofilm Formation is among the least represented
(2.9% of studies), it stands out for its strong association with CLD (90.0%). This overwhelming alignment suggests
that research on bacterial persistence may primarily be conducted within the CLD framework, reinforcing its position
as the central scientific rationale for the chronic infection hypothesis. However, the limited number of papers in this
category indicates that, despite its prominence in CLD discourse, empirical investigations into biofilms and persister
cells remain relatively scarce. Lastly, Sociocultural and Ethical Factors constitute the least explored theme, appearing
in only 2.4% of the studies. The high proportion of neutral papers (76.0%) suggests that while sociopolitical influences
are acknowledged, they are seldom the primary focus of scientific inquiry in this controversy. However, within this
small subset of studies, PTLDS receives more explicit support (24.0%) than CLD (0%), potentially reflecting how
institutional and ethical discussions more frequently align with the mainstream medical consensus rather than the
alternative chronic Lyme paradigm.

Table 5 recasts the above analysis into a temporal frame. The table, therefore, reveals temporal shifts in thematic focus
across the past three decades. The thematic analysis from this table identifies shifts in the scientific focus of Lyme
disease research and discourse over time, normalising the percentages to account for the incompleteness of the current
decade. The most studied theme, Active Infection vs. Post-Infectious Immune Activity, has declined from 33% of
papers in the 2000s to 24% in the 2020s, reflecting a broader transition from infection-centric to immune-mediated
explanations. Meanwhile, Diagnostic Complexity and Uncertainty have grown (21% → 25% → 29%), pointing toward
continued and unresolved challenges in establishing reliable biomarkers and diagnostic criteria. Similarly, Therapeutic
Controversies and Antibiotic Efficacy, though declining in prevalence (20% → 20% → 14%), remains one of the most
contested areas as discussed previously.

Theme 2000s (%) 2010s (%) 2020s (%)

Active Infection vs. Post-Infectious Immune Activity 33 28 24
Diagnostic Complexity and Uncertainty 21 25 29

Therapeutic Controversies and Antibiotic Efficacy 20 20 14
Neurocognitive and Neuropsychiatric Manifestations 11 8 11

Immune Dysregulation and Autoimmune Mechanisms 10 8 10
Patient-Centered Experiences and Advocacy 3 8 10

Sociocultural and Ethical Factors 1 1 2
Mechanisms of Pathogen Persistence and Biofilm Formation 1 2 1

Table 5: Shifts in the percentage of studies by thematic focus across decades.

These findings highlight distinct thematic patterns in Lyme disease research, reinforcing the entrenched divisions that
define the controversy. The central debate over persistent infection versus immune-mediated pathology remains a
dominant axis of discourse. Yet, its proportional representation has declined as research has increasingly shifted toward
diagnostic complexity and uncertainty. Studies focusing on diagnostic complexity have steadily increased over the
decades, now representing the most expanding area of research, underscoring the persistent difficulty in establishing
definitive diagnostic criteria. Treatment strategies remain a significant point of contention, though research on antibiotic
efficacy has proportionally declined, suggesting a decreased emphasis on therapeutic debates over time. While immune
dysregulation and neurocognitive symptoms continue to be actively explored within the PTLDS framework, research
on bacterial persistence and biofilm formation remains confined to a niche subset of CLD-focused studies, reflecting
its limited expansion within mainstream biomedical discourse. The high neutrality observed in patient-centred and
sociocultural discussions underscores the marginal integration of experiential perspectives into scientific debates despite
a modest increase in advocacy-related research in recent years. These thematic distributions illustrate the scientific
dimensions of the Lyme disease debate and its broader structural divisions where competing frameworks persist
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across clinical, immunological, and sociopolitical contexts, shaping the discourse, research priorities and institutional
positioning.

6 Discussion

Prior research has offered crucial insights into the contentious character of Lyme disease by examining patient advocacy,
the influence of alternative medical viewpoints, and the effect of scientific ambiguity on public confidence. Nevertheless,
these investigations have predominantly been qualitative, depending on discourse analysis, patient trajectory studies,
and theoretical frameworks. This research used a hybrid and novel AI-driven technology combined with the human-in-
the-middle oversight to identify attitudes and analyse themes in a large dataset spanning 25 years. This methodology
enabled a structured examination of the discussion on Lyme disease over time and at scale, offering a quantifiable view
of persistent debates that have exceeded prior research endeavours.

6.1 Evolution of the Academic Discourse on CLD and PTLDS

The evolution of Lyme disease research revealed a significant shift in stance distributions over time (RQ1). In the
early 2000s, CLD-supporting studies were relatively more frequent, reflecting ongoing debates about the persistence of
Borrelia burgdorferi post-antibiotic treatment. Yet, after 2010, PTLDS-supporting studies increasingly outnumbered
CLD-supporting ones, a trend that has accelerated in recent years. This shift coincided with the consolidation of the
PTLDS framework within major medical organisations and an increasing emphasis on immune-mediated rather than
infection-driven explanations for persistent symptoms. Alongside this shift, thematic trends revealed a transition in
research priorities. This trend underscored the prolonged difficulty in establishing reliable biomarkers and diagnostic
criteria, which remains a key barrier to consensus in the field. Similarly, research on therapeutic controversies, including
antibiotic efficacy, has proportionally declined (20% → 14%), suggesting a decreasing emphasis on long-term antibiotic
treatment trials. This shift may also reflect clinical trial results discouraging prolonged antibiotic use and institutional
funding trends prioritising alternative research directions. These findings indicate that while stance polarisation persists,
the scientific focus has reoriented from direct treatment interventions toward diagnostic and mechanistic questions. This
pattern aligns with more significant changes in discussions about Lyme disease.

This study’s primary contribution in quantifying discourse shifts throughout time on this controversy using a large-scale
dataset exceeds prior research efforts. Although, investigations by Pascal et al. [49], Puppo et al. [84], Hinds and
Sutcliffe [85] examined the polarisation and impact of conflicting medical viewpoints on Lyme disease discourse,
frequently highlighting the significance of social movements, patient advocacy, and media influence, these studies have
not incorporated a systematic chronological analysis. Our confirmation that since 2010, there has been a significant rise
in research endorsing PTLDS perspectives, especially in high-impact journals accompanied by disproportionate citation
volumes and impact, whilst studies supporting CLD have diminished, has provided empirical evidence of a shift in
scientific consensus, which was formerly assumed from limited qualitative evaluations.

6.2 Influence of Journal Specialisation and Editorial Focus

Our analysis also supports the notion that journal specialisations shape the discourse on Lyme disease (RQ2), where we
find that leading infectious disease and clinical medicine journals, predominantly publish PTLDS-supporting studies.
This reflects alignment with mainstream clinical guidelines, particularly those endorsed by the IDSA, which maintains
that prolonged antibiotic therapy for CLD lacks sufficient evidence. Uzzell et al. [83] and Bloor et al. [90] illustrated
that journalistic framing frequently favours established medical institutions, reinforcing mainstream opinions and
marginalising alternative viewpoints. In contrast, CLD-supporting studies are more frequently published in journals
with broader or hypothesis-driven scopes, underscoring the claim that research favouring bacterial persistence and
extended antibiotic treatment often finds publication outlets outside high-impact infectious disease journals, potentially
limiting its influence on clinical practice. The strong preference for PTLDS-supporting studies in neurology and
immunology-focused journals further indicates that PTLDS is increasingly framed as an immunological or neurological
disorder rather than an active bacterial infection. These journal-level biases may contribute to a self-reinforcing effect,
wherein PTLDS-supporting research is more likely to appear in high-impact venues, increasing its credibility and
citation impact. At the same time, CLD-supporting studies remain within a more restricted epistemic niche. Future
investigations could explore whether this distribution reflects methodological quality differences or broader editorial
and peer-review preferences that exclude CLD perspectives from mainstream discourse.

Despite the increasing acknowledgement of patient-centred perspectives in Lyme disease discourse, their representation
in high-impact journals remains limited. Studies by Rebman et al. [13], Baarsma et al. [86] and Singer [88] highlight
the medical scepticism and social stigma experienced by patients diagnosed with persistent Lyme disease symptoms,
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leading many to seek alternative healthcare solutions. While prior research has documented these qualitative aspects,
our study quantifies the growing scholarly emphasis on patient experiences, particularly since the late 2010s. However,
this research remains descriptive mainly, with limited integration into clinical or mechanistic frameworks.

6.3 Thematic Structures and Their Scientific and Institutional Implications

Our thematic analysis provided novel and deeper insights into framing Lyme disease debates (RQ3) across time.
While the infection persistence vs. immune-mediated pathology controversy has remained central, its proportional
representation has declined (33% → 24%) over the decades, suggesting a shift in research emphasis. In contrast,
studies on diagnostic complexity and uncertainty have increased (21% → 29%), highlighting ongoing methodological
challenges in standardising Lyme disease diagnostics. Therapeutic debates remain polarised but have decreased in
prominence (20% → 14%), reflecting a redirection in focus toward immune and neurological complications rather than
antimicrobial persistence. Research on bacterial persistence and biofilm formation remains a niche field, with over 90%
of studies in this category aligning with CLD perspectives. However, this area has not expanded significantly within
mainstream Lyme disease research.

Beyond biomedical discourse, research on patient-centred experiences and advocacy has grown (3% → 10%), reflecting
increasing acknowledgment of patient narratives. However, high neutrality within this category (82.6%) suggests that
patient experiences are often studied descriptively rather than integrated into clinical or scientific frameworks. Similarly,
sociocultural and ethical discussions have remained a small but expanding domain, underscoring the broader societal
implications of the Lyme disease controversy. Our findings align with prior studies by Pascal et al. [49] and Dumes [87],
which examined the role of media in shaping public and scientific perceptions of Lyme disease. While these studies
analysed these trends qualitatively, our research quantifies the increasing prominence of patient-centred research relative
to infection-focused studies, providing empirical validation for the reciprocal influence between scientific discourse and
public narratives.

6.4 Implications of the Hybrid AI-Computational and Human-in-the-loop Text Analysis Methodology

This study’s hybrid computational-interpretive methodology offers a scalable yet theoretically rigorous approach to
systematically analysing large-scale textual datasets in social science research and beyond. This study demonstrated its
value for studying complex and contested medical conditions. Combined with structured human oversight and validation
grounded in established social science frameworks, it has demonstrated how AI-assisted classification and content
analysis can be leveraged without displacing critical human interpretation or compromising reliability. The proposed
methodological approach ensured the robustness and validity of replicable results, with the approach transferable to
similar domains.

6.5 Broader Implications and Future Directions

Beyond specific stance distributions, this research highlights structural and epistemic challenges in Lyme disease. Key
considerations include:

• The continued diagnostic uncertainty signals a need for better biomarkers and molecular tools to bridge
discordant perspectives.

• Reduced emphasis on infection persistence and therapeutic controversies suggests shifting funding and research
priorities toward immune-mediated explanations and diagnostic improvements.

• The incremental attention to patient advocacy underscores the importance of inclusive research integrating
qualitative and patient-reported data.

• The limited expansion of bacterial persistence research indicates remaining contention over empirical evidence,
funding, or shifting clinical frameworks.

• Institutional factors and clinical guidelines shape research agendas. Additional examination of policy, medical
guidelines, and funding mechanisms will elucidate how shifts in public health priorities affect the landscape of
Lyme disease research.

Our study aligns with agenda-setting [131], diffusion of innovations [132], and framing theory [100] to illustrate how
institutional gatekeepers, clinical norms, and framing tactics shape the discourse, and how scientific disagreements are
influenced by communication and institutional factors, offering a new viewpoint on the underlying reasons for ongoing
Lyme disease challenges by applying these theories. This research also underscores the interplay between scientific
authority, patient autonomy, and public health communication for disputed medical conditions [89, 90].

22

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted April 4, 2025. ; https://doi.org/10.1101/2025.04.03.25325216doi: medRxiv preprint 

https://doi.org/10.1101/2025.04.03.25325216
http://creativecommons.org/licenses/by-nc-nd/4.0/


AI-Driven Discourse Analysis of the Lyme Disease Controversy SUBMITTED FOR REVIEW

Overall, our large-scale, AI-assisted analysis deepens and extends prior qualitative findings, emphasising the sociopolit-
ical factors that render Lyme disease a complex, evolving controversy. These insights reinforce the need for policy
interventions supporting equitable research funding, patient-centred care, and improved diagnostic clarity. Future
research should bridge biomedical consensus with authentic patient experiences, employing AI-driven methodologies to
detect emerging patterns and improve health communication strategies. The persistence of unresolved debates around
Lyme disease calls for a balanced approach integrating scientific rigour with empathetic, patient-focused practice.

6.6 Limitations

Several limitations must be acknowledged. First, the paper classification relied on abstracts, which may not fully capture
nuanced positions or methodological details that may have been more clearly expressed in the full texts of the studies.
The dataset was limited to indexed, peer-reviewed literature, excluding unpublished and non-English studies, potentially
biasing stance distributions. The IRR findings highlighted some degree of variability in reasoning and outputs between
the LLMs and human experts. It is possible that ensembling models’ outputs and aggregating their classifications
instead of relying on only one LLM could have enhanced classification reliability further. Journal-level biases may
suggest editorial influence on discourse, but this study does not account for factors such as funding sources or peer
review dynamics that may shape publication trends. Thematic categorisation, while informative, may oversimplify
overlapping topics and emerging interdisciplinary perspectives - some abstracts may have spanned more than two
themes. Additionally, stance shifts over 25 years may reflect evolving clinical definitions rather than changes in
underlying scientific evidence. This study has mapped the structure of Lyme disease research but does not assess the
empirical validity of competing claims.

7 Conclusion

Over the past quarter-century, the academic discourse surrounding Chronic Lyme Disease (CLD) and Post-Treatment
Lyme Disease Syndrome (PTLDS) has become a deeply entrenched and complex controversy, fuelled by scientific
disputes, patient activism, and pervasive media narratives. This study offers an unprecedented, large-scale quantification
of this epistemic landscape through a rigorous and innovative hybrid AI-driven methodology. Our research transcended
the limitations of traditional qualitative approaches for content analysis by analysing thousands of scholarly studies
spanning this period, providing a temporally sensitive and granular understanding of the evolving dynamics of this
enduring medical debate. The core novelty lies in our synergistic combination of cutting-edge large language models
with structured human validation, enabling a level of systematic and scalable discourse analysis previously unattainable.

With our novel hybrid approach, our analysis revealed a significant and consequential shift in the academic conversation
on this controversy, indicating that a clear transition from infection-centric models of Lyme disease towards immune-
mediated explanations for persistent symptoms has occurred. This trend is particularly pronounced within high-
impact clinical and immunology journals, signalling a growing institutional endorsement of the PTLDS perspective.
Conversely, research supporting CLD, while consistently present, has remained largely relegated to hypothesis-driven
publications, highlighting a persistent epistemic asymmetry within mainstream biomedical discourse. This divergence
powerfully underscores the impact of journal specialisation and potential editorial biases in shaping competing scientific
perspectives’ dissemination and perceived validity. Furthermore, our AI-driven thematic analysis showed the enduring
centrality of diagnostic complexity and therapeutic controversies, even as the dominant explanatory models and research
priorities undergo significant transformation, demonstrating the robustness of our methodology in capturing nuanced
thematic evolutions.

The key contribution of this study has been twofold: first, the provision of empirically grounded, large-scale insights
into the structural and epistemic dynamics of the Lyme disease controversy, and second, the establishment of a robust
and replicable hybrid AI-driven methodology for analysing complex medical debates. This innovative approach,
demonstrably effective in dissecting the Lyme disease discourse, offers a powerful new tool for social science research
in other fields. Our findings have direct implications for policymakers, clinicians, and communication strategists. For
policymakers, they highlight the urgent need for equitable research funding policies that actively promote diverse scien-
tific inquiry and challenge epistemic marginalisation. The persistent diagnostic ambiguity, revealed with unprecedented
clarity through our AI-driven analysis, necessitates a renewed commitment to establishing standardised diagnostic
criteria. For clinicians, our study reinforces the critical importance of adopting patient-centred care models that validate
lived experiences, irrespective of diagnostic uncertainties. For communication strategists, we underscore nuanced and
empathetic communication strategies are pivotal in bridging the persistent divide between scientific consensus and
patient narratives.
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A Classification Prompts and Example Outputs

Below is the prompt used for pre-screening classification GPT-4o-mini to execute the Step 2a of the methodology
depicted in Figure 2.

You are a world-leading expert in medical literature, specialising in Lyme disease and the controversies
surrounding chronic Lyme disease (CLD) and post-treatment Lyme disease syndrome (PTLDS).

Your task is to evaluate a single scientific paper abstract at a time to determine if it has
relevance to either CLD or PTLDS for further processing.

Definitions:
- Chronic Lyme Disease (CLD): A contested condition wherein some believe symptoms result from an ongoing
Borrelia burgdorferi infection is often cited as requiring extended antibiotic therapy.
- Post-Treatment Lyme Disease Syndrome (PTLDS): Refers to persistent symptoms (e.g., fatigue, pain,
cognitive issues) following standard Lyme disease treatment, generally understood not to involve active
infection.

Categories:
Each abstract should be categorised into one of the following three categories:

1. Potentially Related to CLD/PTLDS:
- Select this category if the paper involves human studies and contains explicit or implicit references,
findings or terminology potentially related to CLD or PTLDS. This includes abstracts where the
connection to CLD or PTLDS is indirect, uncertain, or requires additional processing to
determine relevance.

2. Definitely Unrelated:
- Select this category if the study has no relevance to CLD or PTLDS in human subjects.
Abstracts discussing other medical conditions and unrelated tick-borne diseases.

3. Animal Study:
- Select this category if the study is entirely focused on animal subjects with no direct relevance to
human cases of CLD or PTLDS.

Input:
For each abstract, you will receive an index number, a paper title, and the abstract text.

JSON Output Structure:
Your output must be a JSON object containing only the evaluation of the current abstract. Each response
should include the following fields:

- ‘index‘: The index number of the abstract, which MUST match the input.
- ‘classification‘: One of "Potentially Related to CLD/PTLDS," "Definitely Unrelated," or "Animal Study."
- ‘confidence‘: Confidence level in the classification ("High," "Medium," or "Low").

Example Output:
{

"index": 700,
"classification": "Potentially Related to CLD/PTLDS",
"confidence": "High"

}

ABSTRACT:
< input >

Following the above classification, stance-framing detection was then executed as outlined in Step 2b of the methodology
in Figure 2 with the abridged prompt below, where the three abstracts provided to the LLM as part of few-shot learning
are omitted for brevity, but can be found on the Github repository of the project:

You are a world-leading expert in medical literature analysis and particularly in medical literature,
specialising in Lyme disease and the debates surrounding chronic Lyme disease (CLD) and post-treatment
Lyme disease syndrome (PTLDS). Your task is to evaluate a series of scientific paper abstracts related
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to Lyme disease and determine each abstract’s stance on PTLDS and CLD. This task requires scientific
impartiality to minimize any bias in classifying abstracts concerning disputed subjects such as CLD or
PTLDS. The current literature on this topic is polarised and can be expressed as follows:

"Some medical experts argue that post-treatment symptoms, experienced by a subset of patients after
completing standard antibiotic therapy, can be attributed to what they define as Post-Treatment Lyme
Disease Syndrome (PTLDS). According to some health organisations, these symptoms—ranging from fatigue
to cognitive impairment—are likely caused by immune responses or tissue damage, rather than persistent
infection. PTLDS concerns patients who experience persistent symptoms for at least six months after the
completion of recommended treatment for Lyme disease.

Conversely , other organisations advocate for the recognition of chronic Lyme disease (CLD), contending
that ongoing infection or immune dysfunction may be responsible for these symptoms and recommend extended
antibiotic regimens, pointing to contested evidence of patient improvement. CLD is a broader term that
encompasses a range of unexplained symptoms that patients attribute to a persistent Lyme disease infection
that survives recommended treatment. Both PTLDS and CLD involve persistent symptoms, such as fatigue,
pain, and neurological issues, and both face with diagnostic difficulties due to nonspecific symptoms
and lack of clear biomarkers, contributing to ongoing debates in the medical community."

Based on the above context and the debate, your task is to classify each abstract and determine each
abstract’s explicit or implicit stance regarding CLD or PTLDS based on the following classifications:

- Supports PTLDS
- Supports CLD
- Neutral
- Unrelated
- Animal Study

Definitions for Classification:
1. Supports PTLDS:

- Attributes persistent symptoms after successful Lyme disease treatment to other factors like
immune dysfunction, chronic fatigue syndrome, or depression.
- Opposes the use of prolonged or repeated antibiotic treatments for PTLDS.
- Suggests or implies that CLD lacks scientific support.

2. Supports CLD:
- A contested condition wherein some believe symptoms result from an ongoing or active *Borrelia
burgdorferi* infection after standard treatment, often cited as requiring extended antibiotic therapy.
- Suggests that persistent symptoms may require prolonged or repeated antibiotic treatment.

3. Neutral:
- Presents balanced arguments without clearly supporting or refuting either PTLDS or CLD.
- Discusses aspects of Lyme disease that relate to both sides of the PTLDS and CLD debate without
taking a clear stance.
- No clear stance or support or refutation is provided regarding PTLDS or CLD, either explicitly or
implicitly.

4. Unrelated:
- The abstract does not mention PTLDS or CLD, or the surrounding debate at all.
- Focuses on other aspects of Lyme disease, such as acute Lyme disease, vector control, ecological
studies, epidemiology, or diagnostic methods without mentioning chronic conditions.
- References CLD without any explicit or implied previous treatment.

5. Animal Study:
- The abstract pertains exclusively to animal models or non-human subjects without direct implications
for PTLDS or CLD in humans.
- Does not involve human clinical data or direct conclusions about PTLDS or CLD in humans.
- If the animal study provides evidence directly relevant to PTLDS or CLD in humans, classify it
accordingly under "Supports PTLDS", "Supports CLD", or "Neutral".

Additionally, assign a Confidence Level to each classification you make: High, Medium, or Low, based
on how confident you are in the given classification.
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- High: The chosen classification is indisputably true and cannot possibly be any of the other options.
The abstract contains explicit wording relating to its stance.
- Medium: The chosen classification requires a mix explicit and implicit evidence in the abstract. There
is some degree of certainty, but the classification is inferred rather than explicitly stated. Typically
arises from indirect language, ambiguous terms, or implied support for a stance.
- Low: The classification is uncertain due to lack of clear evidence or conflicting information in the
abstract, relying more on inference and contextual understanding. Typically occurs when the abstract is
vague, uses ambiguous language, or includes evidence that could be interpreted in multiple ways. Reflects
significant uncertainty in the classification, but that the chosen classification is more likely than the
others.

Also, provide a reason comprising 2-3 sentences for your classification above. Clearly state your
justification and if the abstract implicitly or explicitly supports PTLDS or CLD in humans. When determining
the abstract’s stance, consider both explicit statements and implications of the abstracts given context
and chosen topic. Look for language that suggests support or opposition even if not directly stated.
Input:
For each abstract, you will receive an index number of the abstract, a paper title, and the abstract text.

JSON Output Structure:

Your output must be a JSON object containing the following fields:
- ‘index‘: The index number of the abstract, which MUST match the input.
- ‘classification‘: One of "Supports PTLDS", "Supports CLD", "Neutral", "Unrelated", or "Animal Study"
- ‘confidence‘: Confidence level in the classification ("High", "Medium", or "Low").
- ‘reason‘: Provide a 2-3 sentence justification for your classification.

< few-shot learning examples comprising 3 abstracts and their classification >

ABSTRACT:
< input >

A.1 Example classification results post self-reflection

A selection of abstracts whose classification changed from one category to the next post self-reflection prompting
together with the justification texts, are shown in Table 6.

B Inter-rater Reliability Web Application

B.1 Web App with Example Texts and Outputs

Figure 10 illustrates our custom-built web application created specifically for the human validation process (Step 3
in Figure 2). In this interface, a user (in this case, a subject-expert rater) logs in to evaluate a given abstract. The
application displays the original abstract text and prompts the user to choose one of several classification labels (e.g.,
Supports PTLDS, Supports CLD, Neutral, or Animal Study). Next, the rater selects a confidence level in their choice
(e.g., Low, Medium, or High) and selects one of the two options that best describes the justification for the classification.

Figure 11 depicts another view of the same web application but for a different abstract. This example emphasizes the
classification process itself, highlighting how a user can read through the abstract, reflect on the core content (e.g.,
whether it focuses on CLD, PTLDS, or otherwise), and then decide upon the appropriate classification label. The
interface displays the choices that a user has selected in green. Together, both figures demonstrate the workflow that
expert human raters followed in the IRR analysis process to validate the AI-based stance detection and justification
texts provided for the rationale behind the LLM’s decisions.

32

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted April 4, 2025. ; https://doi.org/10.1101/2025.04.03.25325216doi: medRxiv preprint 

https://doi.org/10.1101/2025.04.03.25325216
http://creativecommons.org/licenses/by-nc-nd/4.0/


AI-Driven Discourse Analysis of the Lyme Disease Controversy SUBMITTED FOR REVIEW

Table 6: Selected examples of abstracts with original and revised classifications and justifying text.
Abstract Original

Classi-
fication

Revised
Classi-
fication

Original Justification Revised Justification

Background: IL-26 has demonstrated antimicrobial properties, as well
as in the degradation of DNA from the Lyme disease spirochete Borrelia
burgdorferi (Bb). Additionally, IL-26 can promote macrophage activa-
tion and enhance Bb phagocytotic activity. It is unclear if cell-mediated
immune responses are modulated through TLR9 signaling when exposed
to IL-26 Bb DNA complexes in post-treatment Lyme disease syndrome
(PTLDS). Objective: We here aim to explore the effect of IL-26 in human
Toll-like receptor (TLR)-9’s activation upon the recognition of Bb DNA.
Methods: We utilized a single-receptor cell system, HEK-DualTM hTLR9
cells, which harbors two reporter plasmids for the NF-κB and IL-8 sig-
naling pathways. Bb DNA was exposed to increasing concentrations
of IL-26 in monomeric or dimeric form and then used to stimulate the
cells for 4 h. The TLR-9 ligand CpG was used as a control. Results:
We observed that NF-κB and IL-8 activation was maximal when the
cells were stimulated with Bb DNA that had been treated with 5 µM

of IL-26 monomer and 1 µM of IL-26 dimer. The same was observed
for IL-8 activation upon CpG stimulation. We observed, however, a
decrease in NF-κB activation when treated with either form of IL-26.
An NF-κB activation increase did not occur with IL-26-treated TLR9
ligand CpG. Conclusions: Our study shows an enhancement in NF-κB
and IL-8 activation upon the recognition of IL-26-treated Bb DNA by
TLR9, which suggests an increase in sensing by the TLR9 of Bb DNA
when it is in the form of an IL-26-Bb DNA complex. These findings will
prompt further studies on the interaction between IL-26 and Bb DNA.
145

Neutral Supports
PTLDS

The abstract discusses the role of IL-
26 in the immune response to Bor-
relia burgdorferi DNA and its poten-
tial implications for post-treatment
Lyme disease syndrome (PTLDS).
However, it does not take a clear
stance on whether persistent symp-
toms are due to ongoing infection
or other factors, nor does it advo-
cate for or against the concepts of
PTLDS or chronic Lyme disease
(CLD). The focus is primarily on
the biochemical interactions and im-
mune mechanisms without explicit
support for either side of the debate.

Upon reevaluation, the abstract ex-
plicitly mentions ’post-treatment
Lyme disease syndrome (PTLDS)’
and explores immune responses re-
lated to this condition. The focus on
IL-26’s role in enhancing immune
sensing of Bb DNA suggests a mech-
anism that aligns with the PTLDS
perspective, which attributes persis-
tent symptoms to immune dysfunc-
tion rather than ongoing infection.
This indicates a clear inclination to-
wards supporting PTLDS, justifying
a revision to ’Supports PTLDS’ with
a High confidence level.

Arthritis is the most common late manifestation of Borrelia burgdorferi
infection in the United States, usually beginning months after the tick bite.
In most patients with Lyme arthritis (LA) today, arthritis is the presenting
manifestation of the disease. Patients have swelling and pain in one or a
few large joints, especially the knee. Serologic testing is the mainstay
of diagnosis. Responses to antibiotic treatment are generally excellent,
although a small percentage of patients have persistent, postinfectious
synovitis after 2 to 3 months of oral and IV antibiotics, which respond to
anti-inflammatory therapies. Herein we review the clinical presentation,
diagnosis, and management of LA. 7787

Unrelated Neutral The abstract focuses on Lyme arthri-
tis as a manifestation of Borrelia
burgdorferi infection, discussing its
clinical presentation, diagnosis, and
management. While it mentions per-
sistent postinfectious synovitis, it
does not engage with the debates sur-
rounding PTLDS or CLD, nor does
it imply a stance on these conditions.
The content is primarily concerned
with the acute and post-treatment as-
pects of Lyme arthritis rather than
chronic conditions.

Upon reevaluation, the abstract does
mention persistent postinfectious
synovitis, which could be inter-
preted as a connection to ongoing
symptoms after treatment, poten-
tially linking it to the PTLDS de-
bate. However, it does not explicitly
support or refute either PTLDS or
CLD, making it more appropriate
to classify it as Neutral rather than
Unrelated. The confidence level is
adjusted to Medium, as the abstract
does touch on relevant themes but
lacks a clear stance.

The immuno-pathogenetic mechanisms underlying chronic Lyme neu-
roborreliosis are mainly unknown. Human Borrelia burgdorferi (Bb)
infection is associated with Bb-specific secretion of interferon-γ (IFN-
γ), which may be important for the elimination of Bb, but this may
also cause tissue injury. In order to increase the understanding of the
pathogenic mechanisms in chronic neuroborreliosis, we investigated
which cell types that secrete IFN-γ. Blood mononuclear cells from 13
patients with neuroborreliosis and/or acrodermatitis chronicum atrophi-
cans were stimulated with Bb antigen and the phenotypes of the induced
IFN-γ-secreting cells were analyzed with three different approaches.
Cells expressing CD8 or TCRγδ, which both have cytolytic properties,
were the main phenotypes of IFN-γ-secreting cells, indicating that tissue
injury in chronic neuroborreliosis may be mediated by cytotoxic cells.

Supports
CLD

Neutral The abstract discusses the im-
munological response in patients
with chronic Lyme neuroborrelio-
sis, suggesting that the secretion
of interferon-γ by specific cell
types may contribute to tissue injury.
This aligns with the CLD perspec-
tive, which posits that ongoing im-
mune responses and potential persis-
tent infection could lead to chronic
symptoms. However, the abstract
does not explicitly advocate for pro-
longed antibiotic treatment or di-
rectly state that ongoing infection
is the cause of symptoms, leading to
a medium confidence classification.

Upon reevaluation, the abstract pri-
marily focuses on the immunologi-
cal mechanisms involved in chronic
Lyme neuroborreliosis without ex-
plicitly supporting the notion of on-
going infection or the need for pro-
longed antibiotic treatment. While
it discusses the role of immune re-
sponses in tissue injury, it does not
provide clear evidence that aligns
with the CLD perspective. There-
fore, it is more accurately classi-
fied as Neutral, as it does not take a
definitive stance on either PTLDS or
CLD.
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Figure 10: IRR web app showing the user abstract classification interface
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Figure 11: IRR web app demonstrating the classification process
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