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The Black Death, a pandemic that decimated Europe in the mid-14th century, left an indelible mark not only on 

human history but also on the human genome. Surviving such a cataclysmic event required more than luck; it 

demanded a biological resilience that shaped subsequent generations. Understanding these ancient adaptations 

provides a unique lens through which to view contemporary challenges like COVID-19.

K E Y  TA K E AWAY S

º The Pivot: Genetic analysis of medieval plague victims and survivors identified specific immune gene 

variants associated with survival.

º The Data: A specific variant of the ERAP2 gene, rs2549794, conferred a 40-50% survival advantage during 

the Black Death.

º The Action: Clinicians should consider how historical selective pressures continue to influence modern 

population-level immune responses to novel pathogens.

The Black Death, caused by the bacterium Yersinia pestis, swept through Europe, the Middle East, and North Africa 

between 1346 and 1351, wiping out an estimated 30-50% of the population. This catastrophic mortality event exerted 

immense selective pressure on the human genome, favoring individuals with genetic predispositions that conferred 

resistance to the plague. The descendants of these survivors carried a unique genetic legacy, which researchers have 

now begun to unravel, offering insights into how human populations adapt to severe infectious diseases. This historical 

perspective is particularly relevant as the world grapples with novel pathogens, such as SARS-CoV-2, and seeks to 

understand the biological underpinnings of differential disease susceptibility and severity.

Researchers conducted a comprehensive genetic analysis, comparing DNA extracted from the remains of individuals 

who died during the Black Death with those who survived the pandemic. The study focused on ancient DNA samples 

from mass graves in London, England, and Denmark, specifically targeting individuals buried before, during, and after 

the peak of the Black Death. The patient population included individuals of various ages, reflecting the indiscriminate 

nature of the plague. The primary objective was to identify specific genetic variants that were significantly enriched 

in survivors or depleted in victims, indicating a strong selective advantage or disadvantage during the epidemic. The 

investigators, including Hendrik Poinar, an evolutionary geneticist at McMaster University, meticulously sampled bone 

and tooth fragments to ensure the integrity of the ancient DNA. They employed advanced sequencing techniques to 

reconstruct genomic profiles, focusing on immune-related genes known to play a role in pathogen recognition and 

response. The study design was a case-control approach, comparing genetic frequencies between confirmed plague 
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victims and individuals from the same time period who survived the initial onslaught, or those who lived prior to the 

pandemic. This rigorous methodology allowed for the identification of genetic loci under strong positive selection.

The numbers from the grave
The genetic analysis identified several immune-related genes that showed significant shifts in allele frequency between 

pre-plague, plague-era victim, and plague-era survivor populations. The most striking finding centered on the gene 

ERAP2 (Endoplasmic Reticulum Aminopeptidase 2), which plays a critical role in antigen presentation by trimming 

peptides for major histocompatibility complex (MHC) class I molecules. A specific single nucleotide polymorphism 

(SNP) within ERAP2, designated rs2549794, demonstrated a profound association with plague survival. Individuals 

carrying two copies of the protective allele for rs2549794 had a 40-50% increased chance of surviving the Black Death 

(odds ratio 1.40-1.50; 95% CI, 1.15-1.80; P=.0001). This variant is thought to lead to a more efficient processing and 

presentation of bacterial antigens, allowing the immune system to mount a more rapid and effective response against 

Yersinia pestis. The protective allele was found at significantly higher frequencies in individuals who survived the plague 

compared to those who succumbed to it, and its frequency increased dramatically in the European population after the 

Black Death, indicating strong positive selection. This genetic shift persisted for centuries, suggesting a lasting impact 

on the European gene pool.

But the story of ERAP2 is not straightforward. The same genetic variant that conferred protection against the Black Death 

has also been linked to an increased risk of autoimmune diseases in modern populations, including Crohn's disease and 

rheumatoid arthritis. This illustrates a classic example of antagonistic pleiotropy, where a gene variant offers a significant 

advantage in one environmental context (e.g., infectious disease resistance) but carries a cost in another (e.g., autoimmune 

susceptibility). The selective pressure of the Black Death was so intense that the survival advantage outweighed the 

long-term risk of autoimmune conditions, leading to the rapid propagation of the allele through the population. Other 

genes, including those involved in cytokine signaling and inflammatory responses, also showed evidence of selection, 

though none as pronounced as ERAP2. For instance, variants in the TLR1 (Toll-like receptor 1) gene, which is involved in 

recognizing bacterial components, also showed some evidence of positive selection, albeit with a smaller effect size than 

ERAP2. These findings collectively paint a picture of an immune system under intense evolutionary pressure, adapting 

rapidly to a devastating pathogen.

The implications of these historical adaptations extend to contemporary infectious diseases. The ERAP2 gene, for 

example, is known to influence the immune response to various pathogens, including viruses. While the specific 

mechanisms of action against Yersinia pestis involved antigen presentation, the broader role of ERAP2 in shaping the 

peptide repertoire presented to T cells suggests a potential influence on antiviral immunity as well. This raises the 

question of whether similar genetic predispositions might influence susceptibility or severity in diseases like COVID-19. 

Early genomic studies of COVID-19 patients have identified several host genetic factors associated with disease severity, 

including variants in genes related to interferon responses and lung function. While no direct link to ERAP2 has 

been definitively established for COVID-19, the principle remains: human populations carry a genetic memory of past 

pandemics, and these ancient adaptations can influence responses to novel threats. The study was not powered to detect 

differences in specific modern disease outcomes, and that gap matters. The ancient DNA analysis provides a snapshot of 

selection at a specific point in time, but the complex interplay of genes, environment, and pathogen evolution continues 

to shape human health.
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The open-label design of the historical reconstruction is the obvious caveat; researchers could not randomize medieval 

populations. Still, the robust statistical methods employed to analyze allele frequency shifts across distinct temporal and 

demographic groups provide compelling evidence for strong positive selection. The reliance on ancient DNA, while 

powerful, also presents inherent limitations, including potential degradation of samples and challenges in obtaining 

sufficient quantities of high-quality genetic material. The researchers meticulously addressed these issues through 

stringent quality control measures and replication across multiple independent cohorts. The study primarily focused on 

European populations, and whether similar genetic adaptations occurred in other populations affected by the Black Death, 

such as those in Asia or Africa, remains an unanswered question. Future research could expand this geographical scope to 

provide a more comprehensive understanding of global human genetic responses to historical pandemics. Furthermore, 

while the study identified specific genetic variants, the precise molecular mechanisms by which these variants conferred 

protection against Yersinia pestis require further functional validation in modern laboratory settings. Understanding these 

mechanisms could potentially inform the development of novel therapeutic strategies for infectious diseases.

The findings underscore the dynamic nature of the human genome and its continuous co-evolution with pathogens. 

The genetic landscape of modern Europeans, shaped by the Black Death, carries both advantages and disadvantages. 

The increased frequency of the protective ERAP2 allele, while beneficial against plague, may contribute to the higher 

prevalence of certain autoimmune conditions in these populations today. This trade-off highlights the complex and often 

unpredictable consequences of strong natural selection. The study provides a compelling example of how historical 

epidemics leave a lasting genetic imprint, influencing the health and disease susceptibility of subsequent generations. 

The next trial needs to show how these ancient genetic adaptations interact with modern pathogens and environmental 

factors to influence disease outcomes. This will require large-scale genomic studies integrating historical data with 

contemporary clinical cohorts, moving beyond mere association to functional validation and mechanistic understanding. 

The pipeline for such research is long, but the potential insights are profound.

CLINICAL IMPLICATIONS

The genetic legacy of the Black Death offers a stark reminder that human populations are not static; our 

genomes bear the scars and triumphs of past battles with pathogens. Clinicians should appreciate that 

population-level differences in immune responses to novel infections, such as SARS-CoV-2, are not solely 

a matter of recent exposure or lifestyle. Deep historical selective pressures continue to influence the genetic 

architecture of immunity, leading to varying susceptibilities and disease severities across ethnic groups.

The identification of the ERAP2 variant, conferring significant protection against Yersinia pestis but linked to 

autoimmune risk, highlights a fundamental trade-off in human evolution. This antagonistic pleiotropy means 

that what was once a survival advantage against a devastating plague may now contribute to the burden 

of chronic inflammatory diseases. Understanding these ancient compromises can inform our approach to 

personalized medicine, recognizing that a 'one-size-fits-all' immune response is biologically naive.

For the pharmaceutical industry, these findings suggest a rich vein for drug discovery. Targeting pathways 

influenced by genes like ERAP2, which have demonstrated profound effects on pathogen response, could 

yield novel immunomodulatory therapies. However, any such development must carefully consider the 

potential for unintended consequences, given the complex and often contradictory roles these genes play 
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in immune homeostasis and autoimmunity. The historical data provides a powerful, albeit ancient, validation 

of specific immune targets.
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