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ABSTRACT.

Background.

The remains of a 3-5 year-old child from the late medieval cemetery serving the Priory of St. Peter
and St. Paul, Taunton, Somerset, UK was the subject of an aDNA study.

Objective.

The aim was to distinguish between two differential diagnoses suggested by earlier osteological
examination of the remains; either tuberculosis or Langerhans cell histiocytosis.

Findings.

The remains tested positive for MTB complex markers, corroborating this diagnosis reached on
osteological grounds. Based on positivity for the mtp40 element and a deletion in the pks15/1
locus, we conclude that infection was due to a strain of the human pathogen M.tuberculosis
belonging to lineage 4 . Although DNA recovered from the case was heavily fragmented, sex
determination by amelogenin PCR suggested these are the remains of a young male child. The
findings are discussed considering additions to the literature since the original report.
Conclusions.

Descriptions of tuberculosis in children from this period are rare and burial SK2077 represents the
first UK example of a pre-adolescent individual to have a molecular diagnosis combined with
osteological pathology. This provides an important reference of childhood tuberculosis and insight

into the likely presence of tuberculosis in the mediaeval adult population served by this cemetery.

Keywords. Tuberculosis, extrapulmonary, mediaeval, Taunton, mtp40 PCR.
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1.1 BACKGROUND.

One of us (HD-H) has previously described the remains of a young child (AD 1150-1539) from the
late mediaeval cemetery associated with the Priory of St. Peter and St. Paul, Taunton, Somerset,
UK [1]. The priory was an Augustinian house of canons founded in the early 12" century by
William Giffard (or Gyffarde), Lord Chancellor of England (1093-1101) and Bishop of Winchester
(1100-1129 AD). The Priory was in use until the Dissolution in 1539 AD and much of it was
demolished by the mid 16" century [2]. Osteological analysis carried out on 190 inhumations

excavated during 2005 showed a mixed cemetery population, indicating it served a lay community

[3].

The remains under review in the present study, Sk2077, come from burials recovered from area 4
of the 2005 excavations, sited towards what appears to be the northern edge of the cemetery

(Figure 1).

The remains are those of a young child aged between 3-5 years at the time of death. A number of
skeletal indicators suggested a probable diagnosis of tuberculosis. These included a circular lytic
lesion on the right parietal bone at the posterior medial corner, close to where the sagittal and
lambdoidal sutures meet. The cranial lesion penetrates through both the inner and outer tables as
a circular hole 10mm in diameter. Ectocranially, the hole has a smooth edge and some porosity
surrounds the area. The endocranial surface has a larger circular area of bone destruction,
involving the diploic space, 16mm in diameter with a sharp edge. The occipital bone exhibits
resorptive endocranial lesions, also known as serpens endocrania symmetrica (SES) along the area
of the occipital sulcus, covering 45mm length and 12-15mm width. There are slight lytic lesions on
the atlas, on the superior edge of the posterior rim, and on the axis, on the inferior edge of the
lamina; destructive lytic lesions on the visceral surface of three rib fragments and a small area of
periostitis (woven bone) present on one rib and periosteal new bone formation (woven bone) on
both femora [1]. It has been shown that in documented cases of tuberculosis in juveniles,
periosteal reaction on long bones may not be uncommon [4]. An alternative diagnosis considered
at the time of the previous examination was eosinophilic granuloma, a variant of Langerhans cell
histiocytosis [5]. The main aim of the present study was to investigate and if possible confirm the

diagnosis of tuberculosis using an ancient DNA (aDNA) approach.
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2. METHODS.

2.1 Estimation of age.
SK2077 was aged by dental eruption and formation [6]; radiographs of the sub-adult mandibles
from this collection were taken, where intact, to aid in the identification of tooth formation

stages; this was the case for SK2077.

2.2 Samples collected.

Bone samples were collected from three locations on the skeleton of individual Sk2077 for aDNA
analysis. These sites included fragments of two ribs, one with a lytic lesion and a section of the
posterior rim of the atlas with lesion. Initially, DNA extracts were prepared from bone powder
taken from the two ribs. These ranged from 80 to 152 mg. The cervical vertebra (atlas) was
treated differently to avoid any destruction of the sample and lesion. It was immersed in 5ml of
6M GUSCN extraction buffer in a 50ml conical tube and gently vortex-mixed several times over the
course of 1hr. It was then left for one week at 37°C to prevent buffer precipitation. Buffer was
recovered by gentle centrifugation (2000 x rpm for 10 mins) and taken forward for DNA recovery
using a silica slurry (see below). The atlas sample was washed in an ascending alcohol series (50,
70 and 100% ethanol) to remove residual GUSCN traces and then air-dried. It was eventually

returned to the other elements of the burial.

2.3 DNA extraction.
The bone samples were taken through a GUSCN/silica DNA extraction procedure [7], a

modification of the original Boom method [8]. DNA was eluted from the silica in either 65l (ribs)

or 30ul (atlas) of HPLC grade water.

2.4. PCR methods.

2.4.1. Mycobacterium tuberculosis (MTB) complex species.

A PCR for the IS6110 insertion element was performed as previously described [9]. This is a
modification of the method originally reported by Thierry and colleagues (1990) [10]. The element
can be present from low to high copy number in isolates of M.tuberculosis. Copy number and
preferential insertion site of IS6110 are linked to tuberculosis lineages, reflecting ancestral
phylogeography [11]. Whilst some isolates from Southeast Asia can lack IS6110 [12] these are
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extremely unlikely to be encountered in European strains. Extracts were also tested with a second
PCR for the IS element IS1081, which is present in 6 copies in members of the MTB complex. A
variety of IS1081 primer combinations were used to assess template size preservation in the
extracts [13,14]. A dual-labeled hybridization probe [(HEX) 5’-ATT GGA CCG CTC ATC GCT GCG TTC

GC-3’ (BHQ-1)] was used to report formation of any product.

2.4.2. Differentiation of M.tuberculosis complex species.

A polymerase chain reaction (PCR) for mtp40 was performed using primers which amplify a 113-bp
fragment from the mpcA gene (Rv2351c). The sequences of these were: F 5’-
GGTCTGGTCGAATTCGGTGGAGT-3 and R 5’-ATTCGCGCCCGGTTCGGCGT-3’. The mtp40 element can
be used to identify differences within the M. tuberculosis complex. It is present in the vast
majority of M. tuberculosis isolates and absent from M. bovis isolates. It was originally thought
that some strains of M.bovis retained mtp40 [15,16] but these have since been shown to be
strains of M.africanum [17], which are endemic in West Africa and unlikely to have been present
in mediaeval Somerset. Absence of mtp40 from M. bovis strains is associated with RD5, an early
deletion event in the evolution of the MTB complex. RD5 is 8,964 nucleotides in size and located

between genome positions 2,626,067—-2,635,031 on the H37Rv reference strain [18].

2.4.3. Genotyping using the polymorphic pks15/1 locus of M.tuberculosis complex.
We amplified the pks15/1 polymorphic locus to determine whether a characteristic 7-bp deletion
event had occurred in the Sk2077 isolate [19]. The forward and reverse primers used were: F 5’-
GCCATAAGTCGACCCGCCTGC-3’ and 5-GCAGAGGCGCCGGTTGAGGC-3'. These generate a 118-bp
amplicon from strains belonging to lineage 4 (L4 or Euro-American) and 125-bp from other
M.tuberculosis lineages. Amplicon formation was monitored using a specific dual-labelled
hydrolysis probe (5'[HEX]JAAAGCACCGGGGGCCGCGGCCGTCGAT[BHQ1]-3’). The products were
run out on 3% agarose gel to check size and excised bands were purified using a Geneclean

DNA isolation kit (Cat. No.1001—- 200, MP Biomedicals, California, USA). These were Sanger

sequenced at Genewiz Ltd., Takely, Essex, UK.

2.4.4. Screening for brucella species DNA.

Brucellosis is often a differential diagnosis in skeletal tuberculosis involving the spine and weight-

bearing joints [20]. Therefore the extract prepared from the rib with a lytic lesion was tested for
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brucella pathogen DNA by PCR with primers which amplify an 85-bp fragment from the IS711
repetitive element. This is conserved in multiple copies across the brucella species and biovars.
Product was reported using a specific FAM/BHQ1 dual-labelled hybridization probe (Table S3,
Supporting information in Bendrey et al, 2020) [21].

2.5. Sex determination by amelogenin PCR.

A sex-determining PCR based on polymorphisms in the amelogenin gene was also applied. In this
method, males are identified by two PCR bands, one of 105-bp from the Y chromosome and
another of 290-bp from the X chromosome. Females generate only the 290-bp product. The
sequences of the primers used in this method were (F2) 5-TGACCAGCTTGGTTCTAWCCC- 3’ and
reverse (R1) 5'-CARATGAGRAAACCAGGGTTCCA-3’ [22].

2.6. PCR reaction conditions.

PCR for all methods was performed in a final volume of 15 pl, using the HotStart Taq Master Mix
Kit from Qiagen (product 203445). The reactions contained 25 pmol of forward and reverse
primers, each in 1 ul, 7.5 ul of kit master mix, 1.5-ul non-acetylated bovine serum albumin (BSA,
10 mg ml, Sigma B4287) and 3 pl of the template. The intercalating dye EVAGreen® (Biotium,
code BT31000) was used to report product formation in non probe-based PCR reactions. The kit
magnesium ion concentration of 1.5mM per reaction was supplemented to 2mM for PCR methods
using EVAGreen® dye and to 3mM MgCl; for real-time PCR when using any of the labeled
hybridization probes. All probes were used at a final concentration of 100 nM. The volumes were
made up to 15 pul with molecular biology grade water (Sigma-Aldrich). After an initial activation
step of 14 min at 95°C, 41-45 cycles of amplification were performed on an Mx3005P RT-PCR
platform (Agilent Technologies). When using the GC-rich pks15/1 probe, an extra 4" PCR step of
10s was included to acquire fluorescence data at 85C. Non-template controls contained water in

place of DNA extract.
2.7. Gel electrophoresis.
PCR products were run out on 3% agarose gels in a TAE buffer system alongside DNA size markers

(100-bp DNA ladder, Promega) to confirm amplicon size.

2.8. Measures to prevent contamination.
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Separate laboratories were used for each of the three main stages of the aDNA analyses, these
being extraction, amplification and post-PCR steps such as gel electrophoresis. The pre- and post-
PCR laboratories were physically separated and independently equipped with pipettes, fridge
freezers, mixers and bench top centrifuges, disposable plastic ware, filter pipette tips and other
reagents dedicated to the project. Surfaces and equipment in the clean ‘set-up’ laboratory in
contact with sample tubes (centrifuges, rotors, mixers, etc.) were cleaned before each assay.
Template blanks were run alongside bone extracts in the PCR machine to screen for random
contamination. Except for one amelogenin PCR, positive controls were not included in any of the

experiments.
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3. RESULTS.

3.1. Estimation of age.

Based upon formation and eruption of the dentition, age of individual Sk2077 was estimated to be

3-5 years of age at the time of death.

3.2. MTB complex screening.

a). Both rib extracts and the atlas were all found to be positive for IS6110 PCR. This IS element can
be present in up to 30+ copies in the M. tuberculosis genome, depending on strain lineage and is
one of the most sensitive markers of complex members. Figure 2 shows IS6110 amplification and

dissociation profiles (melt analysis) in the extracts from one of the rib samples and from the atlas.

The extract prepared from the atlas displayed a shallower amplification profile, reaching a lower
final fluorescence value compared to the rib extract. This was also reflected in the melt analysis
curve. This might suggest that inhibitors of the PCR reaction could have been co-extracted along
with remnant aDNA templates. A number of substances present in the environment are known to
cause PCR inhibition, particularly humic and fulvic acids [23, 24] and can quench fluorescence
values. In most instances, the amplification buffer system we use, which includes a final

concentration of 1mg/ml non-acetylated BSA, overcomes such problems.

b). Screening for the IS element 1IS1081 was successful when applied to the extract prepared from
the atlas (Figure 3). However, we found that successful product amplification size was restricted to
primers which generated an amplicon of 79-bp and was not positive when trying to amplify either
135-bp templates or the intermediate size of 113-bp, suggesting particularly fragmented DNA
(Table 1).

3.3. Species testing with mtp40 PCR.

The extract prepared from the atlas was tested for the mtp40 element and was found to be
positive (Figure 4). Repeat testing for IS6110 was performed at the same time and this test was

again seen to be positive, generating the expected 123-bp product.

3.4. Genotyping using the polymorphic pks15/1 locus.
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The real-time PCR probe for the pks15/1 locus reported product formation in duplicate samples of
the atlas extract (Figure 5a). Subsequent gel electrophoresis showed band sizes of about 120-bp.
When sequenced, the amplicon clearly showed that it was identical to lineage 4 isolates of the

M.tuberculosis complex in which a 7-bp deletion event has occurred (Figure 5b).

3.5. Screening for brucella species DNA.

There was no indication of brucella pathogen DNA in either of the ribs or cervical vertebra.

3.6. Sex determination by amelogenin PCR.

One of the two rib extracts generated a single peak on real-time PCR which melted at 79.7°C, the
same temperature as the Y chromosome product in the melt curve analysis (Figure 6, panel a).
Furthermore, when run out on a 3% agarose gel the product was seen to be a single band of
expected size (Ca. 105-bp), matching the male reference sample smaller band (Figure 6, panel b).
The second expected X chromosome product of 290-bp was not amplified from Sk2077, consistent

with heavily fragmented template DNA in this individual.
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4. DISCUSSION.

A re-examination of the remains of Sk2077 has confirmed a diagnosis of infection with a member
of the MTB complex. This is indicated by the positive PCR findings for both 1IS6110 and IS1081. The
fact that Sk2077 was additionally positive for the mtp40 element indicates that the species
involved was a strain of M.tuberculosis sensu stricto, rather than M.bovis as the latter have lost
this locus as part of the RD5 deletion event [18]. Further genotyping with the polymorphic pks15/1
locus showed that a 7-bp deletion, characteristic of lineage 4 had occurred. Strains of
M.tuberculosis with this deletion are deficient in the production of phenolphthiocerol derivatives
[19]. The isolate in Sk2077 therefore belongs to this ancestry, sometimes referred to as the Euro-

American lineage [25]. This is one of the more globally widespread of the M.tuberculosis lineages.

All the biomolecular findings indicated that DNA remaining in the burial was heavily fragmented.
For this reason and to avoid further destruction of precious material, Individual Sk2077 was not
considered to be a suitable candidate for wider genome characterisation by next generation
sequencing (NGS). A non-destructive means of DNA extraction was tried here for the atlas bone
and this allowed a fairly easy means of preserving an important specimen without loss of the
physical lesions. The GUSCN buffer and vortex mixing dislodged some looser bone particles but

otherwise the sample showed no evidence of having been processed and was eventually returned

to the burial.

Although unlikely, our study does not completely rule out that the individual may have suffered
from concomitant Langerhans cell histiocytosis (LCH). The etiology of LCH is still poorly understood
but there is growing evidence to suggest that it represents a rare cancer and is associated with
specific gene mutations. The most frequent genetic association is with the oncogenic V600E BRAF
mutation, which has been reported to occur in approximately 60% of LCH cases [26]. Assay of
aDNA for such markers of LCH, and indeed other non-communicable diseases, is possible but due
to the limited and degraded DNA, we restricted our “host” analysis in this study to sex

determination.

Thus, as well as demonstrating the presence of tuberculosis pathogen DNA, we were able to show

that the remains were those of a young male child. In adults the overall tuberculosis sex ratio

10
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(male: female) is often quoted at around 2:1 [27,28]. However, the male: female ratio of
tuberculosis infection for younger children like Sk2077 is nearer 1:1. This ratio increases with age,
with males having a higher ratio than females from the 2" decade onwards, peaking in the 6
decade (to 3.4:1) then decreasing until the eighth decade, when it rises again [28]. However,

Information for the male: female ratio of tuberculosis in the medieval period is lacking.

In children of this age (3-5 years), infection is often the result of exposure to an infected adult,
usually a parent or other household member with contagious pulmonary tuberculosis. The
positivity of Sk2077 infers that it is very likely that tuberculosis was present amongst the adult
population that this cemetery served, even though it may not be apparent on the skeletal
remains. This is unsurprising, as only a small percentage of tuberculosis cases result in

characteristic skeletal patterning [29].

Young children once exposed, also have a higher risk of progression to disease and are more likely
to develop severe or disseminated TB. It is thought that up to 50% of children exposed to
tuberculosis may go on to develop symptoms of the disease within 6-9 months. In comparison, the
rates in immuno-competent adults exposed to tuberculosis may be only 5-10% over the course of

their whole lifetime [30].

The bone lesions indicative of tuberculosis in Sk2077 point to a chronic infectious process of at
least several months duration or possibly longer [31]. The rib lesions and other widespread signs
of tuberculosis suggest this probably started in the lungs and spread to the ribs, lymph nodes [32]
and other soft tissues, followed by other parts of the skeleton including the cranium, possibly
ultimately resulting in tuberculous meningitis. Calvarial involvement is generally a very rare
manifestation of extrapulmonary tuberculosis. The spread to the right parietal bone in Sk2077
may have been via the haematogenous route with seeding to the spongy cancellous diploé

separating the inner and outer layers of skull cortical bone [33].

Since Dawson and Robson Brown (2012) [1] published their initial findings on Sk2077, research
into the palaeopathology of children has continued to flourish with new comparison studies
illustrating the presence of the types of lesions present on Sk2077 and their association with TB as
cause of death.

Clinical cases of cranial lesions in association with TB in living individuals have been reported by

11
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Datta et al. 2017 [34], including a young adult male exhibiting a 4-mm defect in the outer table of
the calvaria near the parieto-occipital suture and an adolescent girl with lytic destruction of the
left frontal and squamous part of the temporal bone. Archaeological examples with lesions similar

to those on Sk2077 are presented in Table 2.

Lytic cranial lesions have been reported by Columbo et al. (2015) [35] on a mediaeval child (1-2.5
years) from France, and they also suggested a diagnosis of either Langerhans cell histiocytosis or
TB, or in fact perhaps both conditions, as well as by Abegg et al. (2020) [36] on a Neolithic child (2-
6 years) from Switzerland, and Geber (2015) [37] on a post medieval child (9 years) from Ireland.
Examples of endocranial lesions (SES) in association with periosteal new bone formation (PNB) on
the long bones have been reported by Hershkovitz et al. (2015) [38], Abegg et al. (2020) [36] and
Collins (2020) [39]. Hershkovitz et al. (2015) [38] detected M. tuberculosis aDNA from an infant
Neolithic skeleton from Atlit-Yam in the Eastern Mediterranean. The infant had both endocranial
lesions (SES) and periosteal lesions on the long bones, whilst a young adult female in the same
grave presented periosteal lesions on one tibia bone also tested positive.

Lytic lesions on the ribs of a 9-10 year old child from a Christian cemetery site, Roman Pécs,
Hungary, show a similar scooped out appearance to those of Sk2077 and were reported in
association with more classic lesions of the vertebrae causing collapse and kyphosis [40];
periosteal new bone formation was also noted on the femur and tibia. Molecular analysis was

undertaken in this case but the sequencing failed to provide sufficient data for a diagnosis.

The presence of lesions on the cervical vertebrae, as seen in Sk2077, appears to be rare in the
literature, something noted by Lewis in 2018 [41]. Spekker et al. [42] present a case of TB from a
12 year old child with pitting and slight cortical remodelling on the first to fifth cervical vertebrae
with more marked destructive lesions on the rest of the spine. Pitting was also noted on the
proximal ends of the ribs. A case of a five year old child from Neolithic Italy has clustered pitting
and cavitation on the inferior surface of the body of the fourth cervical vertebra alongside
evidence for lytic lesions on the ribs and some PNB on the long bones (Sparacello et al. 2017) [43].
Cases described by Walker (2012) [44] and Collins (2020) [39] show lytic activity affecting the
laminae of the atlas and/or cervical vertebrae (as was seen in the atlas and axis of Sk2077) a
diagnosis of possible TB was given in these cases. One case of a 17 year-old male from the Terry
Anatomical collection, USA and known to have died from TB in the twentieth century, shows

destructive lesions of the atlas [45], although in this case most of the vertebral column was also
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affected by destructive lesions.

Relatively little is known of TB lineages present in archaeological material from Britain. The earliest
confirmed case of tuberculosis in Britain dates to the late Iron Age and comes from Tarrant Hinton
in Dorset [46]. It involved a male individual of about 40 years of age at death showing signs of
Pott’s disease. Genotyping showed this was due to a strain of M.tuberculosis rather than M.bovis.
In addition, the strain was shown to have undergone the TbD1 deletion, indicating the isolate
would belong to one of three possible lineages of “modern” M.tuberculosis, these being lineages

two, three or four [25].

In a wide-ranging study of British and European cases of probable TB Miiller et al, (2014) [47]
confirmed the pathogen DNA in a total of eight cases from Britain using PCRs for both IS6110 and
IS1081 insertion elements, with confirmation by either probe or sequencing of the cloned
amplicons. The dates of these cases ranged from 11t to mid 19t centuries. They confirmed that
ribs with visceral lesions were generally good samples to select to study for evidence of MTB
complex DNA. However, there was no attempt to identify the species involved or to which

lineages the strains belonged.

A study of burials from the deserted mediaeval village of Wharram Percy (WP) verified ancient TB
DNA in a total of nine cases. Six were male and three female, with ages ranging from 25-50 plus
years. The dates of these individuals spanned from early 10t right up to late 16%" century [48]. A
variety of genotyping PCRs were applied and all cases were again found to be due to
M.tuberculosis sensu stricto based on either a characteristic mutation in the oxyR pseudogene, or

the presence of species-specific spacer patterns in the spoligotyping procedure [49].

A further three cases of tuberculosis including burials G658, EE002, and EEQO5 (all juveniles, with
age estimated around 10-11 years) from WP were later identified through the study of individuals
either with or without periostitic rib lesions, seen as a proxy marker for pulmonary tuberculosis
[50]. One further individual from WP, EE062, a male aged 30-40 years with hypertrophic
pulmonary osteopathy (HPO) was also found to be positive for a strain of M.tuberculosis [51],

suggesting HPO was induced by tuberculosis infection in this case.

Finally, Bouwman and colleagues [52] used hybridization sequence capture followed by next

13
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generation sequencing (NGS) to successfully analyse a strain of M.tuberculosis recovered from a
19t century female burial (Sk4006, 16-18 years) from St. George’s crypt, Leeds, West Yorkshire.
Additionally, a number of loci were independently amplified by PCR and sequenced to confirm the
capture array data. The strain found by these workers can also be described as “modern”, having
lost the TbD1 deletion. It had also undergone the 7-bp deletion in the pks15/1 locus, indicating it
too belonged to the Euro-American clade (lineage 4). This remains one of the most fully typed

historic isolates of M.tuberculosis from Britain, although late in the sequence of known cases.
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5. CONCLUSIONS.
Biomolecular analysis extracts prepared from skeletal elements of a young child from late
mediaeval Taunton, Somerset, England confirmed a diagnosis of infection with a strain of

M.tuberculosis belonging to lineage 4. These findings point to the presence of tuberculosis in

adult members of the same mediaeval community. Sex determination using amelogenin PCR was

able to show these were the remains of a young male child.
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TABLES.

Table 1.
1S1081 PCR Amplicon size Result
(bp) Expt.1 Expt.2
Primers F2/R2 135 - -
(no Cq) (no Cq)
Primers F2/R3 113 - -
(no Cq) (no Cq)
Primers F3/R3 79 + +
(38.2) (36.7)

Table 1 caption.

Sk2077 atlas extract screened for MTB complex using the 1IS1081 PCR with product reported using

a specific HEX-BHQ1 dual-labelled hybridization probe with various primer combinations.

+ = PCR positive and — = PCR negative. Cycle threshold values (Cq, mean of duplicates) are given

below positive results.
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Table 2.

Location Period Age Description Reference
Atlit-Yam Neo 0-1year  Endocranial lesions and periosteal  Hershkovitz et
new bone formation on long al. (2015) [38]
bones, aDNA confirmation
Italy Neo 5yrs Pitting and cavitation on the Sparacello et al.
inferior surface of the body of the  (2017) [43]
fourth cervical vertebra alongside
evidence for lytic lesions on the
ribs and some PNB on the long
bones
Sion Chemin des Neo 8 £2 yrs Endocranial lesions (SES), Abegg et al.
Collines, periostitis on the tibia (2020) [36]
Switzerland
1-2 yrs Endocranial lesions (SES)
Sion Petit- Neo 4 £2 yrs Small circular lesion on the right
Chasseur, parietal, SES on occipital
Switzerland
Pécs, Hungary Roman 9-10 Lytic lesions on ribs and vertebrae, Hlavenkova et
PNB on long bones al. (2015) [40]
France Med 1-2.5yrs lytic lesions on the cranium Columbo et al.
(2015) [35]
Hofstadir, Iceland Med 2-5mo lytic lesions and plaque-like bone Collins (2020)
on the atlas and some vertebral [39]
arches
Skeljastadir, Med 12-14 yrs Endocranial lesions of the occipital,
Iceland visceral surface lesions of multiple
ribs, destructive lesions of
vertebral bodies C5-7, periosteal
reaction on dorsal atlas
Gydrszentivan- Med 12 yrs Destructive lesions of the Spekker et al.
Revhegyi tag, vertebrae including pitting on C1-  (2021) [42]
Hungary C5 and rib ends
Kilkenny Union PM 9yrs Osteolytic crater on the frontal Geber (2015)
Workhouse, bone 137]
Ireland
Terry anatomical PM 17 yrs Destructive lesions of the Palfi et al.
collection vertebrae including the atlas (2012) [45]
Bow Baptist PM 7 yrs Destruction of vertebral bodies Walker (2012)
church, London including C5-7, pitting on visceral [44]
surface of the ribs
St Marylebone old PM 2yrs Lytic lesions of cervical spine
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church

St Mary & St PM 1 year C5-7 lytic activity and remodelling
Michael on the laminae

Table 2 caption.
Comparative archaeological cases of child tuberculosis published since 2012.

Neo = Neolithic; Med = Mediaeval; PM = Post Mediaeval. PNB = periosteal new bone.
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CAPTIONS TO FIGURES.

Figure 1a. Plan of the excavation areas of the Taunton priory cemetery which took place in 2005.
The location of the remains of Sk2077 in area 4 are shown by the red dot.
Figure 1b. The East-facing burial of Sk2077 photographed during excavation of the site. Post

mortem damage is seen on the cranium on the left parietal bone.

Figure 2. Real time PCR for the 1IS6110 element of MTB complex applied to Sk2077 extracts
prepared from a rib and the cervical vertebra. Panel a): Amplification profiles from rib 1 without
lesion (blue traces) and the cervical vertebra (pink traces). Panel b): Dissociation analyses from the
same experiment with specific product showing a melt temperature of around 90.5C. Experiments

were run on an MxPro 3005P real-time platform (Agilent Technologies).

Figure 3. 1S1081 real-time PCR amplification profiles for Sk2077 atlas (red traces) and for two
template blanks (black traces). IS1081 product amplified using primer pair F3/R3 was reported
with a HEX labelled specific hybridization probe. These are the results of experiment 2 mentioned

in Table 1.

Figure 4. Gel electrophoretic separation of IS6110 and mtp40 PCR products from Sk2077 run on
3% agarose. Lanes 1 and 2 = 1S6110 PCR product (123-bp). Lanes 3 and 4 = template blanks. Lane L
= 100-bp DNA size markers. Bright band (arrowed) represents 500-bp size marker. Lanes 5 and 6:
mtp40 PCR product (113-bp). Lanes 7 and 8: Template blanks for the mtp40 PCR experiment.

Figure 5. Upper panel a): Real-time PCR amplification profile of the pks15/1 locus from Sk2077
(blue traces) and a water blank (black trace) with product monitored with a specific dual-labelled
hydrolysis probe. Lower panel b) shows sequencing of the purified PCR product with position of

the 7-bp deletion (6GGCCGC) [19] highlighted in yellow.

Figure 6, panel a). Dissociation (melt) curve analyses of amelogenin PCR showing profiles of male
subject DNA (blue trace, two peaks), female subject DNA (red trace, one peak) and rib extract
from Sk2077 (green trace, one peak). A template or water blank negative control is included (black
trace, flatline). Note same Tmelt of Sk2077 as the smaller male peak from reference male DNA at

79.7C.
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Figure 6, panel b). Extended gel electrophoretic separation of products from the same experiment

shown in panel a). Lane 1 = template blank. Lane 2 = Sk2077 rib product. Lanes 3 and 4, nil.

Lanes 5 and 6 contain male and female reference DNA respectively. Lane 7 shows 100-bp DNA size

markers for comparison. Position of arrow indicates position of expected 105-bp Y chromosome

product generated from Sk2077.
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