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Abstract

The Dancing Plague of 1518, in which hundreds of Strasbourg residents reportedly danced uncontrollably for
weeks, has long puzzled historians and medical researchers. Previous explanations including ergot poisoning
and mass psychogenic illness fail to account for key features of the outbreak: its duration, the physical
symptoms described, and crucially, the repeated occurrence of similar outbreaks in the same Rhine Valley
region over centuries. We propose that these outbreaks represent epidemic Sydenham's chorea—a post-
streptococcal autoimmune movement disorder—occurring in a genetically susceptible population. Drawing on
modern HLA association studies, medieval population genetics, and epidemiological modeling, we demonstrate
that the geographic clustering of dancing plagues correlates with regions of elevated HLA-DRB1*04 frequency,
an allele associated with dramatically increased Sydenham's chorea susceptibility. Our model accounts for the
outbreak's staggered onset, prolonged duration, repeated regional clustering, and reported symptomatology—
none of which are adequately explained by ergotism or psychogenic theories. Our analysis suggests that founder
effects in isolated medieval Rhine Valley communities, combined with the epidemiological conditions of pre-

modern urban centers, could have produced chorea attack rates consistent with historical accounts.

1. Introduction

1.1 The Historical Mystery
e July 1518: Frau Troffea begins dancing in Strasbourg (population ~20,000-25,000)

e 50-400 people eventually affected over ~2 months

e Contemporary accounts describe: involuntary movement, bloody feet, exhaustion, deaths



¢ Event well-documented in multiple civic records, physician notes, cathedral sermons, and city council

minutes
o City authorities initially encouraged dancing, later transported victims to St. Vitus shrines
e NOT an isolated event: 7+ similar outbreaks in Rhine Valley region between 1200-1600

e 1374 outbreak in Strasbourg occurred shortly after Black Death

1.2 Inadequacy of Current Explanations

Ergot Poisoning Hypothesis

e Ergot causes convulsions, vasoconstriction, hallucinations

e Ergot does not produce sustained, coordinated movement lasting weeks; its neurological effects are

convulsive, painful, and typically incapacitating, not rhythmic
e Does NOT explain: staggered onset over weeks, regional clustering over centuries

e Symptoms don't match ergotism clinical presentation

Mass Psychogenic Illness Hypothesis

¢ Currently dominant theory (Waller et al.)

e Problems:
e "Mass hysteria" is descriptive label, not mechanism
e Doesn't explain WHY same region repeatedly affected over centuries
e Doesn't explain weeks-long duration
e Doesn't explain physical symptoms (bloody feet, exhaustion deaths)
¢ Relies on unfalsifiable stress/belief explanations

e Psychogenic explanations do not account for the multi-century recurrence of nearly identical
outbreaks within the same geographically and genetically coherent region, nor do they explain the

prolonged, injurious motor symptoms documented in primary sources

It is noteworthy that contemporary accounts document men, women, and adolescents among the affected. This
demographic diversity challenges frameworks that implicitly or explicitly rely on sex-linked susceptibility to
psychogenic illness—frameworks historically applied disproportionately to women. The presence of male
participants undermines the explanatory adequacy of mass psychogenic illness models rooted in gendered
assumptions, a pattern mirrored in contemporary clinical overuse of psychogenic diagnoses for conditions later

revealed to have autoimmune or neurological bases.



1.3 The Overlooked Connection: St. Vitus' Dance

e Sydenham's chorea historically called "St. Vitus' Dance"

e Victims in 1518 transported to St. Vitus shrines

e St. Vitus = patron saint of dancers AND epileptics

¢ Sydenham's chorea was historically CALLED "St. Vitus' Dance"

e Medieval people made correct empirical connection even without mechanism knowledge
e This connection noted but DISMISSED by historians

e Historians correctly note the terminological link but dismiss Sydenham's chorea prematurely due to

assumptions about rarity in modern populations
e Dismissal rationale: "Sydenham's chorea is rare; couldn't affect so many people"

e This dismissal fails to account for population genetics

2. Sydenham's Chorea: Mechanism and Genetics

2.1 Clinical Presentation
e Involuntary, jerky, purposeless movements
e Affects face, hands, feet, limbs, trunk
e Duration: weeks to months (avg 2-4 months, can last >1 year)
e Associated symptoms: emotional lability, weakness, fatigue
e Onset: 2-6 weeks after streptococcal infection
¢ Movements cease during sleep but resume upon waking

e Historical descriptions of dancing plague MATCH chorea symptoms

2.2 Pathophysiology
¢ Post-streptococcal autoimmune response
e Molecular mimicry: strep antigens resemble basal ganglia proteins
e Autoantibodies attack brain tissue controlling movement

e Group A B-hemolytic Streptococcus (GAS) trigger



2.3 Genetic Susceptibility: The HLA Connection

Baseline Statistics

Only 3-6% of GAS-infected individuals develop rheumatic fever
Of RF patients, 12-15% develop Sydenham's chorea
Strong evidence for genetic predisposition

Twin studies, familial clustering, and HLA associations collectively suggest that genetic factors account

for up to two-thirds of susceptibility to rheumatic fever and its neurological sequelae

HLA Associations with Sydenham's Chorea

HLA-DRB1*04: elevated in RF/chorea patients
HLA-DQB1*0401-2: OR = 6.36 for chorea (Latvia study)
DRBI1-DQA1-DQB1 haplotype *04-*0301-*0401-2: OR = 78.0, p < 0.0001

These represent 6-78x increased risk with specific haplotypes
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3. Geographic Distribution of Susceptibility Alleles

3.1 Modern HLA-DRB1%*04 Distribution

Reference: Nunes et al. (2014), Tissue Antigens 83:307-323
Allele Frequency Net Database mapping
FINDING: Central-Western Europe (including Rhine Valley/Alsace) shows elevated DRB1*04 frequency

This correlates with historical dancing plague geography



¢ While modern maps reflect post-medieval population mixing, elevated frequencies in the Alsace/Rhine

region remain visible

3.2 Medieval Population Genetics Considerations

Founder Effects
e Medieval cities were relatively isolated gene pools
¢ Limited migration = concentrated allele frequencies
e Strasbourg population ~20,000-30,000 in 1518

e Repeated outbreaks in SAME REGION suggests stable genetic susceptibility

Post-Plague Population Dynamics
e 1374 dancing outbreak occurred shortly after Black Death
e Plague killed 30-50% of population
e Survivors' descendants would carry concentrated alleles

e Population contraction and survival bias would have increased the relative frequency of alleles conferring

strong immune responses, including those whose heightened reactivity carries autoimmune trade-offs
e Evidence that plague survivors carried elevated autoimmune-susceptibility alleles

e Antagonistic pleiotropy: plague resistance — autoimmune susceptibility

Ancient DNA Evidence

e Medieval European populations had HIGHER autoimmune-predisposing allele frequencies than modern

populations

e Reference: Polish medieval study showing elevated CTLA4 and HLA DQB57 frequencies

¢ Population mixing since medieval period has DILUTED these concentrations

3.3 The Regional Clustering Problem
e If "mass hysteria," outbreaks should be randomly distributed
¢ Instead: Rhine Valley repeatedly affected over 400 years
e This pattern is CONSISTENT with genetic susceptibility hypothesis

e Same gene pool = same vulnerability to post-strep autoimmune response



¢ Psychogenic explanations do not predict multi-century repetition in genetically related communities

4. Epidemiological Modeling

4.1 Parameters

These estimates are not intended as precise reconstructions but demonstrate that chorea case numbers consistent
with historical accounts arise naturally from biologically plausible parameters. These ranges reflect
epidemiologically plausible bounds, not retrospective exact counts, and are intended to test whether Sydenham's

chorea could feasibly produce the observed magnitude of the 1518 outbreak.

Streptococcal Infection Rate

Modern estimates: 15-30% attack rate in community outbreaks

Medieval conditions (crowding, shared water, no sanitation): 70-90% plausible

Rheumatic Fever Susceptibility
e Normal population: 3-6%

¢ Genetically susceptible population (elevated HLA risk alleles): 10-15% estimated

Chorea Development Rate

e Normal RF population: 12-15%

¢ Genetically susceptible population: 20-30% estimated

4.2 Calculations

Scenario A: Normal Population Genetics

e 50% strep infection x 4% RF x 13% chorea = 0.26%

e Town of 25,000 — ~65 chorea cases

Scenario B: Elevated Susceptibility (Conservative)
e 70% strep infection x 10% RF % 20% chorea = 1.4%

e Town of 25,000 — ~350 chorea cases

Scenario C: Elevated Susceptibility (High Estimate)



e 90% strep infection x 15% RF % 30% chorea = 4.05%

e Town of 25,000 — ~1,000+ chorea cases

4.3 Comparison to Historical Accounts
e Historical estimates: 50-400 dancers
e Our model range: 65-1,000+
e Lower bound of our elevated-susceptibility model matches upper bound of historical estimates

e Model successfully explains "too many people" objection

5. Why Previous Researchers Dismissed This Hypothesis

5.1 The "Too Rare'" Objection
e Britannica (2024): notes Sydenham's chorea connection but states "would unlikely affect so many"
e This objection uses MODERN population genetics

e Fails to account for: founder effects, medieval population structure, HLA concentration

5.2 The Wrong Question

e Historians asked: "How does a neurological condition spread?"
e Correct question: "What if the INFECTION that triggers it spreads?"

e This framing error—treating chorea as spreading person-to-person rather than arising from a shared

infectious trigger—precluded accurate modeling of staggered onset
e Strep is highly contagious; chorea is the autoimmune response weeks later

e Staggered onset (observed in 1518) is EXPECTED with strep — chorea timeline

5.3 Anticipated Objection: Lack of Documented Streptococcal Outbreak

e Pre-modern medicine did not differentiate bacterial infections
e Streptococcal pharyngitis would have been indistinguishable from other "throat ailments"

e Medieval urban conditions (sanitation collapse, crowding, shared water sources, multi-generational

households) created ideal strep transmission environments



e Absence of documented strep outbreak reflects diagnostic limitations, not absence of pathogen

5.4 Disciplinary Silos
e Medieval historians lack immunogenetics training
e Immunogeneticists don't study 16th century dance epidemics

e Cross-domain pattern matching required to see connection

6. Supporting Evidence

6.1 St. Vitus Shrine Connection
¢ Dancing plague victims transported to St. Vitus shrines
e St. Vitus = patron saint of dancers AND epileptics
¢ Sydenham's chorea was historically CALLED "St. Vitus' Dance"

e Medieval people made correct empirical connection even without mechanism knowledge

6.2 Symptom Correlation

Historical Description Sydenham's Chorea Symptom
Involuntary dancing Choreiform movements

Could not stop Continuous while awake
Ceased during sleep Chorea resolves in sleep

Lasted weeks/months Duration 2-6 months typical
Bloody feet Continuous movement — injury
Exhaustion/death Severe cases can be fatal
Emotional changes Emotional lability common
Affected all ages Primarily children/young adults

The reported cessation of movement during sleep but not while awake is consistent with choreiform disorders

and inconsistent with psychogenic motor episodes, serving as a key diagnostic discriminator.



6.3 Temporal Pattern
e Onsect staggered over weeks (not simultaneous like poisoning)
e Duration: weeks to months (matches chorea, not ergot or hysteria)

e Recovery: gradual (consistent with autoimmune resolution)

7. Testable Predictions

7.1 Ancient DNA Analysis

e If hypothesis correct: medieval Rhine Valley populations should show elevated HLA-DRB104 and
DQB10401-2 frequencies

e Testable via aDNA extraction from Strasbourg/Alsace archaeological sites

e Strasbourg maintains multiple medieval burial sites excavated in recent decades, making aDNA testing

logistically feasible

7.2 Modern Regional Studies

e Detailed HLA typing of modern Alsatian population

¢ Prediction: should show residual elevation even after centuries of mixing

7.3 Historical Record Analysis

e Other Rhine Valley dancing outbreaks should correlate with documented disease/famine years

e Prediction: streptococcal conditions (crowding, stress, malnutrition) should precede outbreaks

8. Conclusion
The Dancing Plague of 1518 is not a mystery requiring exotic explanations. It is the predictable outcome of:

1. A highly contagious streptococcal infection
2. A genetically susceptible population with concentrated HLA risk alleles

3. Medieval urban conditions maximizing transmission



4. Zero understanding of contagion (ensuring continued exposure)

The repeated occurrence of dancing plagues in the Rhine Valley over centuries—far from being evidence
against a biological explanation—is actually strong evidence FOR genetic susceptibility concentrated in that

region.

The historians' objection that "Sydenham's chorea couldn't affect that many people" is based on modern
population genetics that do not apply to isolated medieval communities with founder effects. Modern incidence
reflects antibiotic availability, lower streptococcal load, and greater genetic heterogeneity; applying
contemporary rarity assumptions to a pre-modern, genetically bottlenecked population yields systematically

incorrect conclusions.

We propose that the Dancing Plague of 1518 was an epidemic of Sydenham's chorea, and that this hypothesis is
testable through ancient DNA analysis and detailed modern regional HLA studies.

Limitations: As with all retrospective analyses, certain inferences rely on probabilistic modeling rather than
direct genomic evidence; however, the hypothesis yields clear predictions testable through ancient DNA and

modern regional HLA studies.

In light of convergent evidence across genetics, epidemiology, clinical neurology, and historical geography,
Sydenham's chorea in a genetically predisposed population emerges as the most parsimonious explanation for
the medieval dancing plagues.
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