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“But what if in future one should tell such people that there are living more 

animals in the unclean matter on the teeth in one's mouth than there are 

men in a whole Kingdom?” 

 

Antoni van Leeuwenhoek, “Letter to the Royal Society” 

28th December 1683. 

 

Translation: Digitale Bibliotheek voor de Nederlandse Letteren, 1952 
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Thesis Abstract 
Over the last 10 years, the human microbiota has been identified as a 

major force in human health and disease. Microbiota are the bacterial 

communities that live on the internal and external surfaces of the body, and 
comprise ~50% of the total cell count of a human individual. Recent studies 
have indicted the role of cultural and environmental factors on shaping these 
bacterial communities, including diet, interaction with people and animals, 

and medical treatments. However, the majority of microbiota studies are in 
modern human populations or animal models. Consequently, there is limited 

knowledge on the diversity of microbiota in the past, and how this diversity 
has been altered through time. 

Ancient DNA analyses of the oral microbiota preserved in dental 

calculus (calcified dental plaque) offer a way to examine historical microbiota 
composition. Thus, microbiota alterations through time can be mapped, and, 
with use of detailed archaeological and historical records, the cultural and 

environmental factors that trigger change identified. Further, elucidating fine 
scale population structure may be possible due to the rapid response of 
microbiota to changing environments. Results from ancient DNA studies are 
critical in understanding historical microbiota composition and population 
substructure, examining how microbiota change and adapt through time, 
defining the health status of historical and modern populations, and 

indicating routes of investigation for medical manipulation of microbiota in 

disease prevention. 
This thesis provides the most detailed analysis of historical microbiota 

to date, complemented with comprehensive metadata. Initially, I explored 

methods to minimize the impact of environmental contamination on analyses 
of ancient dental calculus collected from museums and archaeological sites. 

This allowed me to identify the optimum decontamination protocol and 
prepare over 250 British dental calculus samples from the Pre-Roman period 

to the Early Victorian period (~ 2,000 years). Utilizing high-throughput 
shotgun sequencing, I identified distinct, unique bacterial community 
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structures present throughout history that are driven by the diets of different 

socio-economic classes and are not evident in the modern oral cavity. I then 

focused on an ~800-year period of London history (1066 – 1853) and 

identified the first associations of microbiota and disease in an ancient 

population. Ultimately, these studies alter our understanding of the modern 

oral microbiota and help define and calibrate ancient microbiota analysis as a 

powerful new tool for studying human history. 

Finally, I provided a framework for science communication within a 

research group that provides benefits and training to each member. I 

highlighted and demonstrated that science communication is a powerful tool 

for informing and engaging the public, and can provide direct research 

benefits. Moving forward, this framework should be utilized to disseminate 

research results to peers and the public with the aim to stimulate 

collaborations, and inform and engage public in new understandings of 

human biology, history, and medicine. 
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Author’s Note 
 
“I would like to introduce you all to 
Georgina. Georgina, as I’ve called her, 
lived in Medieval London during some of 
the worst disease epidemics to ever 
strike the city, beginning with the Black 
Death in 1348. Sadly, she died before her 
26th birthday, and was buried in an abbey 
cemetery close to the Tower of London. 
 

But today, I have recruited her, and over 200 other men and women from 
the last one and a half thousand years of British history, for a medical study. 
A study to look at how their life experiences impacted the bacteria that lived 
on their bodies.” 
 

I opened my 3-minute thesis presentation with these lines. They serve 
to impress upon the audience, and myself, that beyond the literature, 
protocols, contamination, bioinformatics, taxonomy, and functional 
pathways; that behind the samples, this is a human story. 

 

 
 
Image credits: 
    Top – Museum of London, UK. 
          “Georgina”, who provided a dental calculus sample during my visit to the Museum, March 2015. 
    Bottom –University of Queensland, Australia. 
          Presenting my research at the TransTasman 3MT final, October 2015.   
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