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Abstract 

 
Tuberculosis (TB) is a bacterial, infectious disease, currently responsible for millions of deaths 

worldwide. Although the aetiology of the disease in its current form is well documented in the 

clinical literature, little is known of the form the disease took in earlier times, or the time at 

which it first entered Britain. This study aimed to test the hypotheses that TB was present in 

British prehistory, (as it was in Europe), prior to that previously identified in the Iron Age (Mays 

and Taylor, 2003) and that the infection was caused by both M. tuberculosis and M. bovis; the 

latter most commonly contracted from cattle. The objective of the project was to use ancient 

DNA (aDNA) from human skeletons to study the bacteria responsible for TB (M. tuberculosis 

complex) in order to then study the origin and evolution of the strains of the bacteria causing TB 

in prehistoric Britain. Thirteen individuals from Neolithic, Bronze and Iron Age sites in the south 

of England (comprising inhumations of reasonable preservation), were selected for inclusion in 

the project, based on non-specific evidence of infection, potentially representative of early 

tuberculous skeletal involvement. A biocultural approach was employed in order to better 

understand the environmental and social context from which the samples originated. The 

geographical area under study was limited to the south of Britain, (with the exception of 

Wetwang Slack in Yorkshire) because of the direct contact between Britain and the continent in 

this region. Biomolecular analysis did not produce positive results for TB, the reasons for which 

may include poor preservation of pathogen aDNA, and thus, no conclusive evidence was found 

of the presence of TB in prehistoric Britain prior to that already identified. Problems 

encountered during the project were highlighted in an effort to improve efficiency of future 

projects, with suggestions as to how this study may be extended in order to allow development 

of a much more comprehensive history of TB in Britain to be formed; its origins, spread and 

possible impact on ancient British populations.          
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predating the current earliest example, and identifying the specific infecting agent, may 

allow for development of a much more comprehensive history of the disease to be formed; 

its origins, spread and possible impact on ancient British populations.            

 

The project forms part of a wider NERC funded project: Biomolecular archaeology of ancient 

tuberculosis in Britain and Europe 

(http://www.dur.ac.uk/archaeology/research/projects/?mode=project&id=353) joint 

between Durham University and Manchester University.  

 

1.4 Methods 
 

There are two main elements to the study; macroscopic analysis and pathogen aDNA 

analysis. Skeletons were selected for aDNA analysis based on the outcome of the 

macroscopic analysis, i.e. those exhibiting possible or probable evidence of the disease.  TB 

can manifest itself on the human skeleton in many different ways, and thus there are many 

different skeletal indicators that must be identified before TB can be suggested as the cause. 

This may include both bone formation and/or destruction (Roberts and Buikstra, 2003: 88) 

and possible evidence of the disease includes both direct and indirect skeletal indicators. 

Direct evidence such as Potts disease (destruction and collapse of the vertebral bodies, 

leading to kyphosis) is perhaps the most recognisable and convincing of all skeletal 

indicators. TB affects the skeleton in 3-5% of people with the disease, and it is thought to 

affect the spine 25-50% of the time in those untreated (Resnick and Niwayama, 1995: 2462). 

Second to spinal involvement, weight bearing areas of the body, particularly the hip and 

knee, are also commonly affected, the hip accounting for 20 per cent of skeletal 

involvement (Aufderheide and Rodríguez-Martín, 1998: 138). Indirectly, lesions on the 

visceral surfaces of ribs, indicative of a respiratory infection, may also be suggestive of TB 

(Roberts, 1999).  

 

A number of studies have provided evidence of skeletal TB based on macroscopic study 

alone and many provide convincing evidence of the disease (Anderson, 2001, Formicola et 

al., 1987, Pfeiffer, 1984), but differential diagnoses must always be considered, and there 

http://www.dur.ac.uk/archaeology/research/projects/?mode=project&id=353
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wide range of possible applications. Other biomolecular methods are also touched upon, in 

order to place the advantages and disadvantages of aDNA techniques into a wider context. 

 

Chapter three explores the prehistoric periods to which the study pertains, being the British 

Neolithic, Bronze Age and Iron Age, with a clear focus on the aspects most connected with 

disease susceptibility, transmission and maintenance of the pathogen. Areas discussed, 

include the role of climate, diet, population, migration and, crucially, the health impacts of 

the transition to agriculture. Modern studies are combined with archaeological evidence to 

explore the health impact of the many social, economic and environmental changes seen 

over the long time span of these periods and their relevance to TB. 

 

It is hoped that this chapter will enable the reader to better appreciate the need for 

interdisciplinary studies of this kind, and the need to collate data from a wide range of 

sources in order to re-evaluate current levels of understanding of past human health, in this 

case, specifically the past human relationship with TB, based on the material available for 

analysis.  

 

Chapter four presents the materials and methods utilised during the course of the study. 

This chapter is split into three main sections. Firstly, the sites from which the skeletal 

material originates are briefly described, with a focus on their geographical location and the 

details surrounding the recovery of the specific individuals chosen for analysis. The bone 

sample selected for aDNA analysis is then presented including a basic description, the 

reason why it was selected, and the method by which it was removed from the skeleton.  

 

The second section presents the methods employed during the macroscopic element of the 

study. This includes basic osteological techniques for estimating biological sex, age at death 

and recognition of pathology. Many of these techniques have been modified since their 

original inception, the reasons for this, and their reliability are discussed. 

 

Section three refers specifically to the aDNA analytical methods employed, with a detailed 

step by step account of the process, from preparation and extraction through to PCR 
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Table 2-2 Estimated Global, Incidence, Prevalence and Mortality Rates, 2009 (WHO, 2010). 

Summarised Data Table from most recent WHO Report (2010) available, this version available at: 
http://www.who.int/mediacentre/factsheets/fs104/en/  

  
 

2.1.3 TB in Britain Today 
 
Britain is spared the high death toll seen in other regions of the world, but TB has not been 

eradicated in this country as once hoped. Occasional outbreaks have been noted, in recent 

years, in certain British schools, which may be linked to foreign travel, particularly to India 

(Hodgson, 2008, BBC News, 2001); comparison of TB data demonstrates the high burden of 

the disease in India in comparison to the UK (Table 1.3). The UK, and thus Britain, has a low 

burden of TB in a global context but there are problems in densely populated cities, and this 

is clearly demonstrated in London. London accounts for almost half of the cases of TB in 

Britain, and a 2007 study reported an increase in reported cases in the 15 years prior 

(Anderson et al., 2007). Of note is the fact that the vast majority of patients with 

tuberculosis in London were born abroad, with India, again, being the most frequently 

stated country of birth. Earlier studies also noted this increased burden in urban areas and 

high rates of TB in those recently arriving from high prevalence areas of the world (Rose et 

al., 2001, Crofts et al., 2008). Others have found that socio-economic status has more 

bearing on TB rates than ethnic origin (Bhatti et al., 1995) although these two factors are 

http://www.who.int/mediacentre/factsheets/fs104/en/
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bacteria. Sneezing, coughing, talking, singing and spitting can all lead to the release of 

infectious particles into the air (Figure 2-3) (WHO, 2010b) which can remain there for hours; 

the infectious dose is highly efficient, being just one to ten bacilli (Russell et al., 2009). M. 

tuberculosis is the primary cause of TB in humans and M. bovis is the primary cause of TB in 

animals although, as a zoonotic disease, both humans and animals can be affected by either, 

most usually M. bovis being passed to humans from animals. There are numerous animals 

which can be affected by TB but cattle are considered to pose the greatest infection threat 

to humans (Grange, 1995). Although humans are more likely to acquire the disease caused 

by M. bovis by drinking infected milk or eating infected meat, it can also be acquired 

through droplet infection. Depending on the type of infecting bacillus and its pathway into 

the body, the bacilli will lodge themselves in the lungs or gastrointestinal tract and from 

there may spread around the body via the blood or lymphatic system.  

 

 
 

Figure 2-3 Release of sputum during sneezing; TB bacilli can also be released into the air via this method by a 
person suffering from active TB. (Source unknown, supplied by Charlotte Roberts). 

 

Known as a biphasic disease, primary infection (where a patient has not been infected 

before) occurs usually in childhood and a secondary infection can follow (also referred to as 

post-primary infection) by a process of reactivation of dormant bacilli or re-infection (Chan 







 - 34 - 

 

Figure 2-4 Histological Progression of the Human Tuberculosis Granuloma (Russell et al. 2009) 
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likely to experience additional health problems which, in turn, can lead to an increased 

susceptibility to TB; this is reflected clinically where elderly patients with TB often exhibit 

atypical radiographic appearances present with non-specific complaints (Chan et al., 1995). 

Older people also have more adverse drug reactions, and greater TB-related mortality than 

younger people (Salvadó et al., 2010). It has been thought that children do not contribute 

significantly to the TB burden, but this has been shown to be an inaccurate assumption, 

especially in endemic areas (Marais et al., 2006). The risk of disease after primary infection 

is greatest in children less than four years of age, declining slowly between the ages of five 

and ten, a rapid increase in risk between 15 and 19 years and, finally, a second peak 

associated with the ages of 20 to 30 years (Marais et al., 2004). Overall, there is a difference 

in both response to infection and clinical features of the disease between different age 

groups (Donald et al., 2010). One of the reasons is that tubercle bacilli tend to locate in 

areas of high red marrow content in the bones and  Infants and children have a greater 

amounts (Ortner, 2003: 229) 

 

Age can also impact on the way in which people live. It could be argued that young and 

middle aged adults, as a rule, travel more extensively, perhaps for business. This will expose 

them to a greater diversity of people than in their home communities, varying prevalence 

rates of TB in different countries and therefore, increased transmission risk. Age may also 

dictate the occupation of a person, and as a result, there may be differing levels of 

occupationally related health risks, in addition to different standards of living. 

 

2.3.2 Biological Sex 
 
Biological sex also appears to affect susceptibility to TB as do many diseases. More male TB 

cases are diagnosed and reported to WHO each year than female (Diwan and Thorson, 

1999) (Figure 2-6) for which there may be many reasons, biological or more socially 

constructed. Infection rates are similar, however, between males and females until 

adolescence, after which males demonstrate a distinct increase (Holmes et al., 1998).   

 
Some studies clearly demonstrate this sex bias in relation to TB susceptibility (Salim et al., 

2004) but it has been shown that the higher figure of reported cases for men, is not 
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The link with TB and poverty is also well illustrated as a result of research into the 

resurgence of TB in New York City, reaching its height between 1984 to 1992; the incidence 

of TB was intimately associated with the level of poverty in any given area (Figure 2-7) (Barr 

et al., 2001).  

 
Figure 2-7 Tuberculosis incidence in New York City in 1992 plotted by decile of neighbourhood rates of 
poverty and abject poverty (Barr et al, 2001). 

 

Bhatti et al. demonstrated a national rise in TB in England and Wales between 1980-92 that 

only affected the poorest areas, with an increase of 35% in the very poorest 10th of the 

population, 13% in the following two poorest 10ths, and for the remaining 70% of the 

population no increase at all (1995). It should be noted that this study found socioeconomic 

factors to play a major role in the increase of TB but much less so for migrants from endemic 

areas. A study into the relationship between the decline of TB and improving social 

conditions during the Victorian period in England and Wales demonstrated that, in addition 

to improving living conditions, other factors must have played a part, of which natural 

selection was suggested as probably the most significant (Davies et al., 1999). Natural 

selection in this case, was based on the assumption that TB primarily affected young adults, 

those susceptible to TB and of child bearing age, and thus the morbidity and mortality rates 

of the disease would limit the number of children born to those susceptible to TB, or would 

deprive young children of susceptible parents so that child mortality rates would increase. 

Ultimately this would result in fewer children born of people susceptible to TB, and would 

leave others naturally resistant to the disease to reproduce (Davies et al., 1999: 91).  

 












































































































































































































































































































































































































































































































































































































































































































































































































































































